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FOREWORD
This Development Proposal and Environmental Management Plan (DPEMP) has been prepared to support
a development application by Hellyer Gold Mines Pty Ltd (HGM) to the Waratah–Wynyard Council (WWC).
HGM is the project proponent for the Hellyer TSF 2 project. The application is for the construction and
operation of a new tailings storage facility (TSF) to be called TSF 2, located downstream of the existing
Hellyer main TSF (TSF 1) at the Hellyer Mine site in North West Tasmania. The TSF 2 will be used to store
process residue tailings (PRT) formed when the existing tailings are reprocessed through the existing mills.
This DPEMP describes the development, construction, management and operational closure of TSF 2. The
DPEMP also describes tailings management and remediation of existing pollution at the site. Discharge
limits for release of water from the TSF 1 impoundment during operations have been set by the Tasmanian
Environment Protection Authority (EPA) under Permit Conditions Environmental (PCE) 7386.
The DPMEP has been written to contribute significantly to the basis by which Tasmania’s EPA Board can
conduct an environmental impact assessment (EIS) under the Environmental Management and Pollution
Control Act 1994 (EMPCA) and assess the applications for Land Use Permits to be held by HGM.
Preparation of the DPEMP has been undertaken in accordance with guidelines prepared by the EPA Board.
The guidelines were issued to HGM on 14 January 2018.
The purpose of this DPEMP is to provide:
• supporting documentation to the development application to the WWC
•

a basis for the WWC and the Board of the Environment Protection Authority (EPA) to consider
the planning and environmental aspects of the proposal under the Land Use Planning and
Approvals Act 1993 (LUPAA) and the Environmental Management and Pollution Control Act 1994
(EMPCA)

•

a basis for the conditions under which any approval can be given

•

a source of information for interested individuals and groups to gain an understanding of the
proposal.

In accordance with Section 25 of the EMPCA, WWC will refer the application to the EPA Board for
assessment under that Act and will provide to the EPA Board copies of representations they receive
pursuant to the advertisements.
The EPA Board will undertake its assessment in accordance with Section 74 of the EMPCA, and will notify
WWC of any condition or restriction, which must be included in any permit granted by Council, or direct
Council to refuse to grant the permit.
Once the EPA Board has issued direction to the planning authority, i.e. WWC, and decisions concerning the
issue of Land Use Permits have been made, advertisements will be placed in local newspapers and notices
given as required under the LUPAA. Parties who had previously lodged a submission will then have 14 days
in which to lodge an appeal against the decision.
The development application will be advertised by the WWC in relevant newspaper(s) and the DPEMP will
be available for public scrutiny at:
• the WWC offices at 21 Saunders Street, Wynyard, Tasmania 7325
•

the EPA’s internet site

•

Service Tasmania, 134 Macquarie St, Hobart.

A Planning Permit will be required from WWC for the development.
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GLOSSARY
Access – The driveway by which vehicles and/or pedestrians enter and/or leave property adjacent to a
road.
Acid–base accounting (ABA) – The use of chemical reactions and indicators as a tool to identify in advance
any mine materials that could potentially produce acid and metalliferous rock drainage (AMD). Static
laboratory procedures that evaluate the balance between acid generation processes and acid neutralising
processes.
Acid forming (AF) – A sample with a significant sulfur content and a low pH indicating that oxidation has
commenced.
Acid neutralising capacity (ANC) – The inherent acid buffering that occurs when acid formed from pyrite
oxidation reacts with acid neutralising minerals contained within the sample.
Acid and metalliferous drainage (AMD) – Drainage or seepage produced by the exposure of sulfide
minerals such as pyrite to atmospheric oxygen and water.
Annual average daily traffic (AADT) – The total number of vehicles travelling in both directions passing a
point in a year divided by the number of days in a year.
Average daily traffic (ADT) – The average 24-hour volume being the total number of vehicles travelling in
both directions passing a point in a stated period divided by the stated number of days in that period.
Austroads – The association of Australian and New Zealand road transport and traffic authorities and
includes the Australian Local Government Association.
JANIS – JANIS criteria are the ‘Nationally Agreed Criteria for the Establishment of a Comprehensive
Adequate and Representative Reserve System for Forests in Australia’, aiming to protect 15 per cent of
each forest type as existed before European arrival, at least 60 per cent of old-growth forest and 99 per
cent or more of high quality wilderness. ‘JANIS’ stands for the Joint ANZECC/MCFFA National Forest Policy
Statement Implementation Subcommittee, which developed the criteria.
Kinetic net acid generation (KNAG) – The kinetic NAG test is the same as the single addition NAG test
except that the temperature, pH and sometimes EC of the liquor are recorded. Variations in these
parameters during the test provide an indication of the kinetics of sulfide oxidation and acid generation
during the test.
Level of service (LOS) – Level of service is a qualitative measure describing operational conditions within
a traffic stream, based on service measures such as speed and travel time, freedom of manoeuvre, traffic
interruptions, comfort and convenience. Level of service ranges from A to F with A being the best rating.
Electrical conductivity 1:5 (EC1:5) – EC1:5 results are a measure of electrical conductivity on a 1:5 soil
water extract (w/w) determined by equilibrating the waste samples in deionised water overnight, at a solid
to water ratio of 1:5 (w/w). This gives an indication of the inherent salinity of the waste material when
initially exposed.
Maximum potential acidity (MPA) – The MPA of a sample is calculated from the total sulfur content and
assumes that all the sulfur measured in the sample occurs as pyrite (FeS2) and that the pyrite reacts under
oxidising conditions to generate acid.
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Net acid generation (NAG) – The NAG test involves reaction of a sample with hydrogen peroxide to rapidly
oxidise any sulfide minerals contained within a sample.
Net acid producing potential (NAPP) – Represents the balance between the capacity of a sample to
generate acid (MPA) and its capacity to neutralise acid (ANC).
Non–acid forming (NAF) – A sample classified as NAF may, or may not, have a significant sulfur content
but the availability of ANC within the sample is more than adequate to neutralise all the acid that
theoretically could be produced by any contained sulfide minerals.
Potentially acid forming (PAF) – A sample classified as PAF always has a significant sulfur content, the acid
generating potential of which exceeds the inherent acid neutralising capacity of the material.
Safe intersection sight distance (SISD) – The sight distance provides sufficient distance for a driver of a
vehicle on the major road to observe a vehicle on a minor road approach moving into a collision situation
and to decelerate to a stop before reaching the collision point.
Sight distance – The distance, measured along the road, over which visibility occurs between a driver and
an object or between two drivers at specific heights above the carriageway in their lane of travel.
Stopping sight distance (SSD) – The distance to enable a normally alert driver, travelling at the design
speed on wet pavement, to perceive, react and brake to a stop before reaching a hazard on the road ahead.
Trip – A one-way vehicular movement from one point to another excluding the return journey. Therefore,
a vehicle entering and leaving a land use is counted as two trips.
Uncertain (UC) – An uncertain classification is used 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). Uncertain samples are generally given a tentative classification that is shown in brackets, e.g. UC
(NAF).
Vehicles per day (VPD) – The number of vehicles travelling in both directions passing a point during a day
from midnight to midnight.
Vehicles per hour (VPH) – The number of vehicles travelling in both directions passing a point during an
hour
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EXECUTIVE SUMMARY
Hellyer Gold Mines Pty Ltd (HGM) is proposing to construct a new tailings storage facility (TSF), to be called
TSF 2, downslope and to the south of the existing Hellyer Main TSF (TSF 1) at the Hellyer Mine site in North
West Tasmania. The TSF 2 will be used to store process residue tailings (PRT) formed when the existing
tailings are reprocessed through the existing mills.
HGM owns Consolidated Mining Lease (CML) Number 103M/87 over the area and the Land Use Permit No.
DA 138/7386 (which contains Permit Conditions – Environmental (PCE) No. 7386 for tailings mining and
reprocessing. The permit stipulates the volume of material to be processed on an annual basis and sets
the water quality limits for discharge from the site via the TSF 1 outflow. HGM anticipates that these
emission limits will be applicable to TSF 2 and will similarly protect downstream environmental values.
HGM has approval under the permit to mine tailings from TSF 1 using a dredge, process the tailings in the
existing mills and deposit the new tailings (PRT) in the finger pond of TSF 1 until TSF 2 is approved,
constructed and commissioned.
The construction and use of TSF 2 presents an opportunity to provide a secondary impoundment below
the existing TSF 1 dam wall, improve long-term water quality and reduce the long-term risk of sulfide
oxidation on site. TSF 2 appears to be the best option in terms of cost, geotechnical stability and
geochemical stability, both operationally and for permanent closure.
Although the company and the operation is called Hellyer Gold Mines, this is an inheritance from an earlier
ownership and direction. The approved operation does not mine but recycles and reuses an existing
resource (tailings) to extract maximum value. While there will be some gold credits in the precious metal
concentrate sold, there is no actual gold extraction process on site. This avoids the need to stock, transport
or use cyanide.

Overview of the project and process
The already approved operation involves dredging approximately 10 Mt of tailings from the existing TSF 1,
which comprises the main dam and its eastern and western arms (Figure 4). The tailings will then be
processed to form three high-grade metal concentrates: lead, zinc and precious metals/pyrites. The
processing will utilise the existing plant and machinery installed in the Hellyer mills. The metal
concentrates produced will be sold under contract both to base metal smelters in the region (including
Tasmania and mainland Australia) and to pyrite processing facilities in China.
The recovery of pyrite will significantly reduce the quantity and acid producing potential of the PRT
produced which will then need to be stored in perpetuity as tailings (approximately 55% reduction by
mass).
HGM plans to extend the operational life of Hellyer until 2028. To achieve this , HGM will need to construct
and operate TSF 2 to securely store PRT in perpetuity.
Utilising the existing plant and machinery installed in the Hellyer mills, the processing involves regrinding
the Hellyer tailings to liberate the metal sulfide grains followed by flotation to separate the metal sulfides
from the gangue material.
TSF 2 will be located approximately 550 m downstream of the existing TSF 1 dam wall. TSF 2 will be a zoned
earth and rockfill dam with a synthetic low-permeability upstream liner and rockfill downstream shoulders.
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It is proposed that TSF 2 will be constructed in two stages:
1. A starter dam will be constructed to RL 638 m.
2. Downstream construction will then be used to raise the dam wall to an ultimate height of
RL 646 m.
Based on the projected production figures, it is expected that Stage 1 will provide approximately 2.5 years
of storage with 1.2 Mm3 of capacity. The final capacity at the ultimate height embankment is estimated at
3.4 Mm3.
The final height will be just below the current crest of the TSF 1 dam embankment, which is RL 650 m.
When TSF 2 is available, all PRT from ongoing processing will be stored in TSF 2. The existing Fossey tailings
in the eastern arm of TSF 1, which have a high barite and low metal content, will also be transferred to
TSF 2 using a sludge pump. This will facilitate the rehabilitation of Mill Creek and the eastern arm areas.
PRT will be deposited into the water body formed by the TSF 2 embankment and stored sub aqueously.
The fully saturated PRT will fill the void created between TSF 2 and the TSF 1 dam walls.
During operations, a floating pontoon and pump with a capacity of 100 L/s will be located within the
storage area to transfer supernatant back into the TSF 1 to maximise recirculation of water through the
mills via the dredging operation and to reduce the TSF 2 overflow which is still predicted to overflow into
the Que River. A modelled water balance suggests this is likely for most months of the year. The return of
supernatant water will be managed to ensure that the PRT are maintained in a fully saturated state to
prevent the development of acid and metalliferous drainage (AMD).
TSF 2 water management will be integrated into the water management of the existing TSF 1. Existing
diversion drains which transfer fresh water around TSF 1 will be diverted into TSF 1 once TSF 2 is
commissioned. Topography to the east of TSF 2 makes the transfer of this fresh water from upstream of
the site around TSF 2 impractical. The immediate consequence of this is that to provide sufficient residence
time for the co-precipitation of pollutants within the TSF 2 supernatant water body, the fresh water from
upstream will need to be diverted into TSF 1 adjacent to the current embankment wall.
On closure, supernatant water will overflow to the Que River via a dedicated spillway constructed on
natural ground to the east of TSF 2.
Operational controls on transporting PRT from the mill to the TSF 2 will include daily inspections of the
pipeline route. Any breaks will result in stoppage of production followed by immediate pipeline repairs
and clean-up of any exposed PRT. The resultant PRT would be then transferred to TSF 2 for disposal and
storage. The risk of oxidation is minimal due to the slow oxidation rate of PRT (relative to original Hellyer
tailings) and especially due to the identified oxidation lag phase of more than two years.
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Figure 1 Overview Hellyer Mine site
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Dam design
TSF 2 will be a zoned earth and rockfill dam with a synthetic low-permeability upstream liner and rockfill
downstream shoulders.
The settling and consolidation behaviour of the PRT was evaluated through settling column testing, slurry
consolidometer and shear vane testing to simulate the placement of up to 23 m depth of PRT. Short-term
density was estimated at 1.3 t/m3, which is considered conservative for initial filling. The final filling density
for completion of the ultimate TSF 2 density is expected to increase to 1.65 t/m3 average at a depth of
10 m PRT deposition. A settled density of 1.3 t/m3 has been used for the initial dam design. Field surveys
of realised density will then inform the final stages for embankment construction. The dam will be
designed to provide a minimum of 2 m of water cover over all PRT stored in the facility.
The proposed embankment comprises the internal zoning of low-permeability clay or silt underlying a
Bituminous Geomembrane Coletanche ES2 compacted clay liner. The internal zoning selection is designed
to provide acceptable stability and seepage control while minimising the embankment volumes and
allowing future lifts on the embankment. Fine rockfill and coarse rockfill materials will be primarily sourced
from excavation within the storage area to maximise the storage capacity of the dam.
Dam design features will include grouting along fault lines in basement conditions and beneath the
embankment. This will reduce hydraulic conductivity and minimise seepage. Seepage collection drains will
be installed to collect any seepage that does occur below TSF 2 during operations. Seepage will be returned
to TSF 2.

Construction management issues
HGM will manage run-off generated during site preparation and the construction of the TSF 2. A suite of
erosion and sediment control mitigation measures will be implemented during the construction phase and
maintained as necessary as the project moves into operation. These measures include diverting surface
flows away from the work area by continuing and moving the current clean water diversion drains around
TSF 1.
The proposed TSF 2 construction activity will be contained within the footprint of previous mining activities
and existing disturbed land, as much as practicable, to reduce the requirement for additional cleared areas.
The extent of additional clearance required for the project will be clearly defined; appropriate measures
(including marking tape, signs, site plans, site inductions and work inspections as required) will be
undertaken to ensure no unnecessary vegetation disturbance occurs. All works, vehicles and materials will
be confined to the designated works areas.
Where practicable, vegetation that needs to be removed will be mulched and stockpiled for later use in
rehabilitation activities. Rehabilitation of other disturbed areas will be undertaken progressively and will
be commenced as soon as practicable.

AMD testing
Because HGM will be producing and selling three high-grade metal concentrates: lead, zinc and precious
metals/pyrites, the operation will be removing approximately 55% by mass of the pyrite that exists in the
Hellyer tailings, which will significantly reduce the long-term environmental risk at the site.
This was assessed and confirmed by quantitative XRD (X-ray diffraction) analysis, which showed that there
was a reduction of pyrite content in PRT compared to original Hellyer tailings, from 48 ±4 wt.% in the TSF 1
Hellyer tailings to 24–27 wt.% in the PRT; and by acid–base accounting, which included characterisation of
PRT and consisted of MPA (maximum potential acidity, based on Total S), MPA* (based on CRS sulfide S),
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ANC (acid neutralisation capacity), NAPP (net acid producing potential) and NAPP* (NAPP calculated using
CRS sulfide). PRT is classified as potentially acid forming.
The kinetic net acid generating rate (KNAG) result for the PRT did not produce acid (or peroxide
decomposition) during the duration of the test (1500 min) and the pH increased to 6.5 over the test period.
These results suggest that the pyrite has been passivated by maintenance of the high pH in TSF 1. This
would correspond to more than 2 years’ lag time before oxidation will commence.
Two kinetic leach columns (KLCs) were set up to assess the rate of AMD release from subaqueous storage
of the PRT only and to mimic the layering likely when PRT and non-reprocessed eastern arm tailings are
pumped to the TSF 2. Regular decant samples were collected from the top of each column to represent
supernatant water in TSF 2 and also from under drained water to represent seepage from TSF 2.
Results from these pH measurements after 246 days (KLC 1) and 247 days (KLC 2) showed that once
quiescence had been achieved with settling over 15 days, the pH has been maintained above 7.4 with no
decline over time in either column. This suggests that sulfide oxidation under a water cover is unlikely to
occur.
The KLC solution assays after more than six months have confirmed:
•
•
•
•
•

•
•

No significant Al (<0.05 mg/L).
Arsenic below 0.015 mg/L (limit 0.02 mg/L) for top and bottom solutions of both KLC1 and KLC2.
Cu below 0.01 mg/L (limit 0.2 mg /L) for top and bottom solutions of both KLC1 and KLC2.
Pb below 0.027 mg/L (top) and 0.011 mg/L (bottom) solutions (limit 0.6 mg/L).
Zn (<0.7 mg/L) in top solutions and bottom solution from KLC2 all below the acceptable limit of
0.8 mg/L. Although 3.1 mg/L was measured in the bottom solution from PRT in KLC1, this will be
underneath TSF 2 storage and may not be relevant to control. Minor lime addition may still be
required if monitoring of Zn levels suggests that the pH may need to be raised above 8 to
maintain these acceptable Zn concentrations.
Fe concentrations fell from 6–14 mg/L in top solutions in the first 4 weeks to <0.1 mg/L after
12 weeks in all solutions.
It is also noted that measured Si at around 14 mg/L is enough to provide the full passivation layer
on pyrite, reducing the acid generation rate by 50−90%.

Based on the forecast of climate change by CSIRO for western Tasmania, it was predicted that the rainfall
will increase up to 20% in winter and decrease by 33% in spring. These percentages have been applied to
the average rainfall modelled for a closure water balance. A cross-check has also been applied for the
driest three consecutive months’ rainfall in the closure water balance model. It was found that the TSF 2
will have a positive water balance throughout the year, indicating that the minimum 2.0 m water cover
will be maintained even in dry summer months.
During operations, the supernatant water released by the PRT deposition in TSF 2 will be pumped back to
the existing dam for reuse in the dredging operation. The TSF 2 decant arrangement will be a floating
pontoon. Return of supernatant water will be managed to ensure that PRT are maintained in a fully
saturated state to prevent the development of AMD. During operations, the supernatant water in TSF 2
will overflow into the Que River for most of the year.
Closure of TSF 2 would require removal of the floating return water pump station. TSF 2 closure discharge
would be via an overflow from the final spillway constructed on the eastern abutment.
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On closure, the TSF 1 water level will drop to match the TSF 2 water level at 646.5m, to ensure there is a
constant pond level for both facilities. TSF 1 will overflow into TSF 2 on closure. The TSF 2 spillway will be
sized to cope with overflow from TSF 1 and TSF 2 on closure.

Description of receiving environment and potential impacts
The Que River is a moderately to severely disturbed system, which has received polluted discharge from
both the Hellyer and Que River mines into its headwaters for decades.
The tributaries of the Que River dissect the Que River plateau and flow in a generally south-westerly
direction and eventually enter Lake Pieman via the Huskisson River. TSF 2 will be contained entirely within
the Que River catchment.
The groundwater flow regime at Hellyer is typical of the west coast of Tasmania and dominantly influenced
by the high rainfall, local topography and crystalline fractured bedrock. The proposed TSF 2 is located to
the west of the flooded existing Hellyer mine void and not within the catchment of the Hellyer and Fossey
adits, which are within the Southwell River catchment.
Three-dimensional conceptual groundwater modelling suggests that any seepage from TSF 2 is highly likely
to enter the Que River. No seepage flow is possible to occur up-gradient from the proposed TSF 2 so there
will be no impact on a potential Tertiary basalt aquifer to the north. The underground void (Hellyer and
Fossey) are also located up-gradient from TSF 2 and TSF 1, with any seepage from the voids reporting to
TSF 1.
The modelling shows that the TSF 1 waters may express at surface downstream of the proposed TSF 2,
especially where they currently appear to surface in the Que River valley and constructed wetland area,
and the apparently ephemerally saturated area downstream of the proposed TSF 2 toe.
Groundwater seepage may potentially present laterally into the surface drainage features primarily to the
west of the facility through the western catchment/saddle. The anticipated elevations for surface reporting
are:
•
•

626 m AHD in the Que River tributary. Potential discharge location 530 m from toe of TSF 1
through the western saddle – Que River Shale
622 m AHD in the Que River tributary. Potential discharge location along strike of the known
fault from the toe of TSF 1 through the western saddle – Que River Shale.

The footprint of the TSF 2 will ultimately inundate approximately 46.5 ha, of which approximately 39.5 ha
is existing native vegetation. Within the TSF 2 total disturbance area, which includes the buffer around the
inundation area for construction and the spillway, the artificial wetlands cover 4.3 ha, and a further 7.8 ha
is covered by other existing disturbance, such as tracks, cleared areas, costeans, drainage lines and parts
of the transmission easement, leaving approximately 49.6 ha of existing native vegetation that could
potentially be disturbed by the proposal.
The plant communities at the Hellyer mine site are typical of north-western Tasmania. These communities
characteristically form a complex mosaic of different stages of successful development. These are a
function of time since last burning, together with local effects of elevation, soil types and drainage.
The Hellyer area has a habitat structure of dense temperate rainforest interspersed with wet sclerophyll
forest, which is common along the Tasmanian west coast.
No threatened flora communities listed under the Tasmanian Nature Conservation Act 2002 (NCA) or the
Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) will be
impacted.
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No threatened flora species listed under the Tasmanian Threatened Species Protection Act 1995 (TSPA) is
known from, or thought likely to occur within the Hellyer Mine TSF 2 area. No flora species listed under
the EPBCA is known from, or thought likely to occur within the Hellyer Mine TSF 2 study area.
Very few non-native plants are present and these tend to be confined to areas of disturbance. None of the
introduced species are considered significant environmental weeds.
Some areas supporting buttongrass communities are located to the west and south of the TSF 2 and may
form a component of the western Tasmania blanket bogs in limited areas, but it is likely that in many
situations buttongrass does not overlay peats of sufficient depth to be properly classified as ‘blanket bogs’.
The more extensive buttongrass moorlands to the west of the TSF 2 are both outside the disturbance
footprint and upstream of any surface water flows (which should also run from north-west to south-east
along the power easement towards the Que River).
Appropriate hygiene protocols, including washdown procedures for weeds, will be maintained on the site
during the construction and operation of the project. Protocols will be consistent with the Weed and
Disease Planning and Hygiene Guidelines - Preventing the spread of weeds and diseases in Tasmania (
Department of Primary Industries, Water and Environment, 2015).
Weed management will form part of the general environmental management of the site to both manage
and reduce existing infestations (minimal) and to prevent movement from the site. Site hygiene measures
and the management of declared weeds and pathogens will form part of employee induction information.
A weed management program will be instigated before site works commence. The program will include
the following:
•

monitoring to identify any additional outbreaks of weeds

•

annual weed management including chemical treatment where necessary.

No direct impact to individual Tasmanian devils or spotted-tailed quolls is anticipated, assuming works can
be conducted outside the period when any maternal dens may be occupied. These species have large
home ranges and will adjust the ranges accordingly to avoid the site during construction.
The project will involve the loss of some habitat for the Tasmanian devil and the spotted-tailed quoll . The
removal of approximately 61.9 ha of habitat within the range for this species will marginally reduce the
effective carrying capacity of the forests in the area. This will not, however, lead to any measurable longterm decline in the size of a population.
Fauna management plans have been introduced on site and apply to Tasmanian devils and spotted-tailed
quolls within the HGM proposed TSF 2 survey area at Hellyer.
The objectives of this management plan are to:
•
•
•
•

protect Tasmanian devils and spotted-tailed quolls
maintain the abundance and geographical distribution of Tasmanian devils and spotted-tailed
quolls
minimise the impact to natal den sites and breeding activities of Tasmanian devils and spottedtailed quolls
mitigate against any potential negative impacts on Tasmanian devils and spotted-tailed quolls
from the Hellyer TSF 2 development works.

xiii

HGM has installed virtual fences along the mine access road and is committed to sponsoring the
installation of virtual fences along the Belvoir Road between the mine and the Murchison Highway to
reduce long-term road kill in the vicinity of the mine.
A long-term adverse residual impact on the Tasmanian devil or the spotted-tailed quoll has been evaluated
as unlikely.
The Hellyer mining lease does not cover any previously undisturbed sites and no previously undiscovered
evidence of European or Aboriginal cultural heritage is expected to arise during the construction or
operation of the TSF 2.
The Hellyer mining operation has been operating or under care and maintenance since 1980. The Hellyer
Mine is not a conspicuous visual intrusion in the landscape. The proposed TSF 2 will not be an obvious
element in the landscape. The site is not visible from the north or the west, where stands of vegetation
block any views of the mine and facilities from both the Belvoir Road and the Murchison Highway. The
nearest sensitive land uses are in the tourist hotels along the Cradle Mountain Road (C132) more than
17 kilometres to the east, the township of Tullah located more than 20 kilometres to the south and the
township of Waratah some 21 kilometres to the north-west.
By 2028, the original Hellyer tailings will have been removed from TSF 1 with potentially a thin layer of
remnant tailings remaining under a very deep (>20 m) water cover; the potential for sulfide oxidation in
that dam is low. The current environmental management plan commitment for TSF 1 is to place a layer of
limestone and sand over remnant tailings in TSF 1. HGM has allowed for this in its current closure plan.
However, HGM will undertake further geochemical testwork to determine whether this commitment is
necessary, because the low volume of tailings and the very deep water cover should reduce available
oxygen enough to effectively prevent sulfide oxidation. These tests will inform future Environmental
Rehabilitation Plans for the site.
On closure the TSF 2 supernatant water will be at least 2 m deep. As demonstrated in KLCs run since
October 2017, the underlying PRT should not oxidise, resulting in low concentrations of metals and an
excess of alkalinity over acidity within the water column. The saturated KLCs, which were run for more
than six months, showed that concentrations of potential contaminants reduced to below levels of
concern.
The construction and use of TSF 2 will provide a secondary impoundment below the existing TSF 1 dam
wall, thus enhancing the structural stability of TSF1, improving long-term water quality and reducing the
long-term risk of sulfide oxidation on site. TSF 2 appears to be the best option in terms of cost, geotechnical
stability and geochemical stability, both operationally and for permanent closure.
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INTRODUCTION

1.1 Background
Hellyer Gold Mines Pty Ltd (HGM) is proposing to construct a new tailings storage facility (TSF), to be called
TSF 2, downstream and to the south of the existing Hellyer TSF 1 at the Hellyer Mine site in North West
Tasmania. The TSF 2 will be used to store process residue tailings (PRT) formed when the existing Hellyer
tailings stored in TSF 1 are recovered through dredging and reprocessed through the existing mills to form
three high-grade metal concentrates: lead, zinc and precious metals/pyrites.

1.2 The Proponent
HGM is a subsidiary company of NQ Minerals Plc (NQM). NQM is a UK listed, Australia-focussed exploration
and mining company, targeting projects where past exploration work has established the presence of
mineral occurrences. NQM also owns 100% of the issued share capital in NQ Minerals Pty Ltd, ACN 165
670 271. NQ Minerals is an Australian company registered in Queensland.
NQM completed the acquisition of 100% interest in the polymetallic Hellyer Mine in Tasmania on 18 May
2017 by buying HGM. The company aims to commence production in August 2018 under its existing permit
following a period of refurbishment and environmental remediation work.
HGM owns Consolidated Mining Lease (CML) Number 103M/87 over the area and the Land Use Permit No.
DA 138/7386 (which contains Permit Conditions – Environmental (PCE) No. 7386 for tailings mining and
reprocessing. The permit specifies the environmental conditions required for operation, including
discharge limits, production limits and monitoring requirements.

1.3 Scope and history of the site
1.3.1 Hellyer Mine
The Hellyer ore body was discovered by Aberfoyle Resources Limited in 1983. The ore body was located
4 km north of the Que River deposit (Figure 11) and shown to contain approximately 15 million tonnes of
ore. Aberfoyle Resources developed the Hellyer Mine following the passage through the Tasmanian
Parliament of The Hellyer Mine Agreement Ratification Act in 1987. Full-scale production commenced in
February 1989. The Hellyer Mine Agreement Ratification Act no longer applies to the operation.
The original development was based on a minimum mining production rate of 1,000,000 tpa, which
increased to 1,490,000 tpa.
Aberfoyle was purchased by Western Metals Resources Limited in 1998. Western Metals ceased mining
the Hellyer orebody in April 2000 and ceased production in June 2000, and the company was then placed
in receivership in July 2003.
The Hellyer tailings dam resource consists of sulfide-rich (or bearing) or sulfidic tailings from the former
Hellyer mining and milling operation stored subaqueously. In 2006, it was reported as a JORC-compliant
resource estimated at 9.5 Mt containing gold, silver, lead and zinc.
Intec Hellyer Metals Ltd (Intec) acquired the Hellyer assets from the Receiver to Western Metals in January
2004. The assets included the Hellyer tailings resource, the Hellyer mill (under care and maintenance) and
various exploration tenements.
Intec and Polymetals (Hellyer) Pty Ltd (Polymetals) formed the Hellyer Zinc Concentrate Project Joint
Venture (HZCJV) in 2006. Under this agreement Polymetals obtained Land Use Permit No. DA 138/7386,
refurbished the Hellyer mills and acted as the operators of the HZCJV until the HZCJV ceased on 31 August
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2008. The Hellyer operation continued under Intec control until 9 September 2008 when Intec placed it
into care and maintenance.
During December 2008, Intec agreed to sell the Hellyer site to Bass Metals Ltd (BSM). The sale process was
finalised during early 2009. BSM operated the site, obtained PCE 7785 and 7759 and developed the Fossey
underground mine, which operated until March 2012 when the site was placed into care and maintenance
due to the high unit cost of campaign milling and a significant inrush of groundwater into the Fossey
underground workings.
BSM sold the Hellyer tailings resource, the Hellyer mills and plant and CML 103M/87 to Ivy Resources Pty
Ltd (IVY) in February 2013. IVY retained the site in its care and maintenance status and formed HGM to
evaluate the treatment of the Hellyer tailings for gold and silver recovery. BSM retained a sublease and
some base metal rights. The BSM sublease entitles the sublessee to deposits (excluding gold deposits and
tailings) of resource where the base metal grades have a greater economic value than gold and silver.
As noted above, NQM completed the acquisition of 100% interest in the polymetallic Hellyer Mine in
Tasmania on 18 May 2017 by buying Keen Pacific Ltd which owned 100% of IVY.

1.4 Legislative approval
HGM owns Consolidated Mining Lease (CML) Number 103M/87 over the area and Land Use Permit
No. DA 138/7386 (which contains Permit Conditions – Environmental (PCE) No. 7386 for tailings mining
and reprocessing. HGM plans to reprocess tailings under this permit and to extend the operational life
until 2028.

1.4.1 Commonwealth assessment process
Under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), actions that have,
or are likely to have, a significant impact on a matter of national environmental significance require
approval from the Australian Government Minister for the Environment. The Minister will decide whether
assessment and approval is required under the EPBC Act.
The EPBC Act is potentially triggered by this proposal because a number of listed threatened fauna species
and one listed threatened ecological community are potentially likely to occur within 5,000 m of the
proposed TSF 2 site.
HGM referred the construction of the TSF 2 to the Commonwealth Minister for the Environment under
the EPBC Act on 15 February 2018. On 22 June 2018, a delegate of the Minister for the Environment and
Energy determined that the Hellyer Mine TSF Project (EPBC 2018/8147) is not a controlled action for the
purposes of the EPBC Act (See Appendix J).
This decision was made on the basis of the referral, which included commitments for the installation of
virtual fencing and implementation of a devil and quoll management program. These are included in
commitments also made in this DPEMP (Sections 8.13.4 and 8.13.4.2). HGM notes that virtual fences have
already been installed along the mine access road (Plate 7and Plate 8) and that the Commonwealth
Department of Environment and Energy has an active audit program for proposals that have been referred
under the EPBC Act which aims to ensure that proposals are implemented as planned.

1.4.2 Relevant legislation, Regulations, codes and policies
HGM operates under and complies with a variety of Acts, Regulations, policies and guidelines that are likely
to be significant for this development, including:
•
•

Aboriginal Relics Act 1975
Crown Land Act 1976
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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Environmental Management and Pollution Control Act 1994 (and associated policies and
Regulations)
Environment Protection Policy (Noise) 2009
Environment Protection and Biodiversity Conservation Act 1999
Forest Practices Act 1985
Historic Cultural Heritage Act 1995
Land Use Planning and Approvals Act 1993
Mineral Resources Development Act 1995
National Parks and Reserves Management Act 2002
National Environmental Protections Council (Tasmania) Act 1995
Native Forestry Agreement Act 1980
Native Title (Tasmania) Act 1994
Forestry (Rebuilding the Forest Industry) Act 2014
Resource Management and Planning Appeal Tribunal Act 1993 (and associated amendments)
State Policy on Water Quality Management 1997
Threatened Species Protection Act 1995
Water Management Act 1999 (and associated Regulations)
Weed Management Act 1999
Workplace Health and Safety Act 1995.

DESCRIPTION OF PROPOSED PROJECT

HGM is proposing to construct and operate a new TSF (TSF 2) with the embankment approximately 550 m
downstream of the existing Hellyer Main TSF (TSF 1) dam wall. The TSF 2 will provide storage for the PRT
in perpetuity after extraction of Hellyer tailings from TSF 1 and processing them through the existing mills
to produce the PRT. It will also serve as the water supply for the dredging of tailings from TSF 1, thus
minimising water use and discharge. Ultimately the project will reduce the volume of and potential risks
associated with the existing tailings, by providing a geochemically and geotechnically safe, permanent
storage facility for the PRT.
It is proposed that TSF 2 will be constructed in two stages:
1. A starter dam will be constructed to RL 638 m to accommodate approximately 1.2 Mt, i.e.
equivalent to about 2.5 years’ production of PRT at current forecast production rates.
2. Downstream construction will then be used to raise the dam wall to an ultimate height of
RL 646 m to contain approximately 5 Mt of tailings in total.
The final height will be just below the current crest of the TSF 1 dam, which is RL 650 m. The downstream
toe of the ultimate TSF 2 dam will be constrained on the western abutment adjacent to the existing power
transmission line running in a north–south alignment.
The consequence from a dam failure can vary and ANCOLD’s Guidelines on the Consequence Categories
for Dams (ANCOLD, 2012) defines a range of consequence categories according to the severity of the
impacts. Given that TSF 2 will be located downstream of the main embankment of the current Hellyer
Dam, TSF 2 will adopt a similar consequence category of ‘High C’ to TSF 1.
Although this DPEMP is designed to facilitate the environmental assessment of the construction and
operation of TSF 2, because of the continued use of TSF 1 and its relationship to TSF 2 in terms of site
discharges, HGM has provided detail on the ongoing management on both facilities and described future
management changes and their impacts.
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2.1 Location
2.1.1 Hellyer Mine
The Hellyer Mine, TSF 1, proposed TSF 2, the concentrator and associated infrastructure, plant and
equipment are located entirely on CML 103M/87 about 80 kilometres south of Burnie in North West
Tasmania. Figure 2 shows the location of the site in relation to North West Tasmania.
The Hellyer mill and tailings storages are located within the Que River catchment, on the edge of the Que
plateau, approximately 700 m above sea level, west of the with the Southwell River catchment. Prior to
mine development on the site, the land area in the vicinity of the concentrator had been disturbed by
logging, construction of an electrical transmission line and mineral exploration activities.
The nearest sensitive land uses are the tourist hotels along the Cradle Mountain Road (C132) more than
17 kilometres to the east, the township of Tullah located more than 20 kilometres to the south (Figure 3)
and the township of Waratah some 21 kilometres to the north-west.
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Figure 2 Locality plan

.
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Figure 3 Regional location
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Figure 4 Hellyer CML 103M/87 and site descriptor
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2.2 TSF 2
HGM has approval under Land Use Permit DA 138/2006 to mine tailings from TSF 1 using a dredge, process
the tailings in the existing mills and deposit the new process residue tailings (PRT) in the finger pond of
TSF 1 until TSF 2 is approved, constructed and commissioned.
TSF 2 will be used to store approximately 5 Mt of PRT, which equates to a total tailings storage capacity of
3.4 Mm3 with allowance for a 2 m water cover, with an initial settled density of 1.3 t/m3 and a final settled
density of 1.65 t/m3. TSF 2 will be a zoned earth and rockfill dam with a synthetic low-permeability
upstream liner and rockfill downstream shoulders.
HGM envisages that TSF 2 will be constructed in the 2019/2020 summer period. Table 1 shows the
proposed timing for TSF 2 construction and operation. When the TSF 2 has been approved HGM will tender
the construction contract. Early contractor engagement may mean that there is potential for late 2018–
2019 summer works to accelerate the schedule, including mobilisation, infrastructure removal, and
installation of sediment control structures. Ecological and erosion management commitments – such as
requirements for pre-clearance surveys, permits to take, where applicable, and significant vegetation
removal as close as practicable to dam works – will still take precedence. The removal of timber (firewood
logs) and wetland species for stockpiling and re-use may be able to be brought forward once pre-clearance
surveys, permits to take and sediment control structures have been installed.
The TSF 2 will be constructed by contractors experienced in dam construction using plant and equipment
as tendered. This is expected to be a combination of 40 t haul trucks or similar, excavators of varying sizes,
dozers, rollers and possibly graders. Blasting may be needed to be win dolerite for dam embankment
construction. Once the upper weathered layers have been won with excavators, the deeper borrow
material may need blasting. This will not be known until the upper weathered layer have been removed.
The existing site amenities will be utilised with the addition of a laydown area, and a portable construction
crib room and office within the TSF 2 footprint. Blasting is not expected to be need for spillway
construction through upper level weathered rock. It is also likely that a small crushing plant will be used
by the construction contractors to size material to meet other specialist areas of the dam specifications.
Concrete pumping will also be needed to shotcrete drains and spillway excavations if shales are
encountered.
The construction contractor will determine the necessary construction workforce however the expectation
is between 10 and 20 full time employee equivalents for the life of the construction. These will include
plant operators, surveyors, and engineering supervision. The construction contract is being drafted to
these estimates. For the operation of the TSF 2 no additional employment is envisaged with maintenance,
management and monitoring being undertaken by the current HGM workforce. Some additional
engineering or specialist consultancy engagement may be required from time to time however it is likely
these will be integrated into the current operational requirements.
Figure 5 shows the location of the proposed TSF 2 as well as the proposed redirection of clean water
drainage. The extent of proposed vegetation clearing is also marked in Figure 5. Figure 6 provides a plan
view of the proposed TSF 2 and shows the general layout of the ultimate dam, the diversion systems,
pipelines for tailings delivery and return water, seepage toe drain and the proposed 50 m buffer zone
around the inundation area. The dam wall is planned to be 26 m high with the ultimate crest at RL 646.0 m.
The ultimate water level is planned to be at RL 644.5 m with the final PRT height at RL 642.5 m, providing
a minimum 2 m water cover over the PRT. Geochemical testwork, which described the necessity for the
minimum final water cover requirement, is set out in Section 8.6.5.4.
The dam inundation area is inside the electricity transmission lines that cross the site and covers the
wetlands constructed by Aberfoyle. These are visible in the centre of the proposed inundation area. The
total area inundated is approximately 46.5 ha. Within the TSF 2 total disturbance area, which includes the
8

buffer around the inundation area for construction and the spillway, the artificial wetlands cover 4.3 ha,
and a further 7.8 ha is covered by other existing disturbance, such as tracks, cleared areas, costeans,
drainage lines and parts of the transmission easement, leaving approximately 49.6 ha of existing native
vegetation that could potentially be disturbed by the proposal.
The fully saturated PRT will fill the void between TSF 2 and the TSF 1 dam wall, which currently has a
maximum water level at RL 649.4 m.
During operations the supernatant water released by the PRT deposition in TSF 2 will be pumped back to
the existing dam for reuse in the dredging operation. The TSF 2 decant arrangement is expected to be a
pontoon located at the north-east or south-east end on natural ground. The return of supernatant water
will be managed to ensure that PRT are maintained in a fully saturated state to prevent development of
acid and metalliferous drainage (AMD).
The operation of TSF 2 will be integrated into the tailings dredging and mineral reprocessing operations
on site. No additional resourcing is envisaged after the dam has been commissioned. Once commissioned,
the TSF 2 will operate (for deposition of PRT) 24 hours per day. Maintenance activities associated with the
dam will be confined to day shifts between 0700 and 1700
.
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Mar-27

Mar-26

Mar-25

Mar-24

Mar-23

Mar-22

Jun-21

Mar-21

Mar-21

Sep-20

Aug-20

Jul-20

Jun-20

May-20

Apr-20

Mar-20

Feb-20

Jan-20

Dec-19

Nov-19

Oct-19

Sep-19

Aug-19

Jul-19

Jun-19

May-19

Apr-19

Mar-19

Feb-19

Jan-19

Dec-18

Nov-18

Oct-18

Sep-18

Table 1 TSF 2 construction timing

Contractor Tendering
Tender review and award contract
Contractor mobilisation
Sediment control structures
Permit to "take" wombat burrow
Access roads
Grout and decommission TSF 1 decant
Pre clearance surveys
Permits to "take" any devil dens identified in surveys
Decommission and removal of existing infrastructure
Construction water management drains
Storage clearing to stockpiles
Topsoil stripping to stockpiles
Foundation stripping and preparation
Grouting plinth/grouting
Borrow area development
Downstream shell embankment placement
Compacted clay liner
Bituminous Liner
Spillway
Instrumentation
TSF 2 Starter Dam Operation
TSF 2 Raise 1 Operation (Construct Jan–Mar 2022)
TSF 2 Raise 2 Operation (Construct Jan–Mar 2024)
TSF 2 Closure
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Figure 5 Proposed TSF 2 location
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Figure 6 TSF 2 general layout
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2.3 Mining and processing
The already approved operation involves dredging approximately 10 Mt of tailings from the existing
TSF 1, which comprises the main dam and its eastern and western arms (Figure 4). The tailings will then
be processed to form three high-grade metal concentrates: lead, zinc and precious metals/pyrites. The
processing will utilise the existing plant and machinery installed in the Hellyer mills. The metal
concentrates produced will be sold under contract both to base metal smelters in the region (including
Tasmania and mainland Australia) and to pyrite processing facilities in China.
The recovery of pyrite will significantly reduce the quantity and acid producing potential of the PRT
produced, which will need to be stored in perpetuity as tailings (approximately 55% reduction by weight).
The removal of approximately 55% of pyrite (by mass) from the site also significantly reduces residual
risks from AMD on site.
The process flow sheet was optimised using testwork conducted on Vibracore samples (Appendix H) of
original Hellyer tailings. These were obtained by drilling across the TSF 1 and sampling at varying depths
for each hole.
The approved mineral processing comprises two main components:
•

grinding of the ore to liberate the metal sulfide grains from each other and from the
accompanying gangue material

•

flotation to separate the metal sulfides from the gangue materials.

With the optimised process, the original flow sheet has been slightly modified to increase the grind to
liberate more metals. All tailings from the Pb and Zn circuits report to the pyrite circuit where pyrite
removal to form a pyrite concentrate is optimised. There are two pyrite cleaner circuits. Tailings from the
pyrite cleaner 2 circuit report back through the pyrite cleaner 1 circuit to maximise pyrite removal. This
reduces pyrite in the PRT reporting to the TSF 2 while increasing pyrite in the pyrite concentrate to be
sold. It also simplifies the tailings pumping system because PRT is only produced from the pyrite
rougher/scavenger circuit (at ~70% wet weight) and the pyrite cleaner 1 circuit (at ~ 30% wet weight).
The process flow sheet is shown in Figure 7.
The pH and alkalinity of the PRT are increased relative to untreated tailings in several of the process
stages. In the flotation stage, lime equivalent of 3.6 kg/tonne is added to the mill feed. In the subsequent
zinc circuit, the pH is raised to between 11.5 and 12 pH and then this pH decays as the material progresses
through the pyrite circuit. This has resulted in surplus Ca and alkalinity in the PRT produced
(Sections 8.6.4.1.3 and 8.6.4.1.4 and Table 41), resulting in a potential long lag time before oxidation
commences.
Although the company and the operation is named Hellyer Gold Mines, this is an inheritance from an
earlier ownership and direction. The approved operation does not mine but recycles and reuses an
existing resource (tailings) to extract maximum value. While there will be some gold credits in the
precious metal concentrate sold, there is no actual gold extraction process on site. This avoids the need
to stock, transport or use cyanide.
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Figure 7 Hellyer concentrator flow sheet
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The current mining schedule of the project is shown in Table 3, indicating the project has a projected
mine life of 10 years. The schedule will likely be subject to minor change over time as dredging and
processing performance is reviewed and optimised. Annual processing throughput will start at
720,000 tpa and ramp up to 1.2 million tpa once the TSF 2 is operational. Subject to economic viability
(including market prices prevailing at the time) the scope of the project may be extended to include the
processing of tailings material currently stored in the shale quarry. Table 3 also notes some of HGM’s
rehabilitation and remediation commitments and their projected timeframes.
The tailings currently stored at Hellyer will be removed from the existing impoundment areas for reprocessing by dredging, with the process resultant PRT deposited into TSF 2. This will be followed by
hydraulic mining of the TSF 1 to wash as much remnant tailings as practical to a collection sump. These
remnant Hellyer tailings will then be recovered for processing.
Mining and reprocessing of tailings is scheduled to commence in late August 2018 after a period of
refurbishment and environmental remediation. The refurbishment will include recommissioning the
dredge and initially dredging the finger pond (Figure 1) to increase its carrying capacity. The base of the
finger pond contains at least five years of hydroxide sludges and alkalinity from unreacted lime slurry.
Based on the current lime budget for the finger pond, since March 2012 an estimated 1,500 t of lime has
been slurried into the finger pond. It is expected that up to 70% of this has remained unreacted due to
the short residence time and lack of effective mixing. As a result, there is expected to be approximately
1,000 t of carbonate alkalinity available in this material. It is envisaged that as the dredge is commissioned
in the finger pond, this alkalinity will be moved into the TSF 1 along with approximately 114,000 t of highgrade Hellyer tailings.
When TSF 2 is available, all PRT from ongoing processing will be stored in TSF 2. The existing Hellyer and
Fossey tailings in the eastern arm of TSF 1, which are too low grade to reprocess, will be transferred to
TSF 2 using a sludge pump. This will facilitate the complete rehabilitation of Mill Creek and the eastern
arm areas.
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Table 2 Project scheduling

Stage
Stage 1A

Description
Initial dredging of TSF 1 (10 m deep and
>300 m TSF 1 wall) – Bench 1
Initial dredging of TSF 1 (10m deep and
>300 m TSF 1 wall) – Bench 1

Receiving TSF
Finger pond

Start
Sep-18

Finish
Sep-20

TSF 2

Oct-20

Mar-21

TSF 2

Apr-21

Oct-22

TSF 2

Nov-22

Feb-24

Same as above

Stage 4
Stage 5

Initial dredging of TSF 1 (10 m deep and
>50 m TSF 1 wall) – Bench 1
Initial dredging of TSF1 (15 m deep and
>50m TSF 1 wall) – Bench 2
Dredging of western arm
Lower water level and dredge TSF 1

Hydrology management
TSF 1 overflows no change from current
discharge
Eastern clean water discharge diverted into
TSF 1; TSF 2 commissioned with 100 L/s pump
back to TSF 1 to prevent overflow and
maximise recirculation. TSF 2 expected to
overflow within five months of commissioning.
Same as above

TSF 2
TSF 2

Mar-24
Sep-24

Aug-24
May-27

Same as above
Eastern clean water discharge diverted into
eastern arm with modulated flow piped
downstream of TSF 2

Stage 6
Closure

Shale pit
Dredging activity completed

TSF 2
N/A

May-26
Jul-27

Jun-27

Same as above
Divert TSF 1 overflow through TSF 2;
permanent spillways commissioned

Stage 1B

Stage 2
Stage 3
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2.4 Water management
The planned management of water within TSF 2 has been informed by the management and treatment
of supernatant TSF 1 water during the various iterations of the operations on site as noted in Section
1.3.1. The significant lessons learned include the need for effective pH management to maximise coprecipitation of metals solids from the water column and the need for sufficient residence time within
the active (receiving tailings or PRT) TSF to maximise this benefit through settlement.
TSF 2 water management will be integrated into the water management of the existing TSF 1. Existing
diversion drains that transfer fresh water around TSF 1 will be diverted into TSF 1 once TSF 2 is
commissioned. Steep topography to the east of TSF 2 makes it impractical to transfer this fresh water
from upstream of the site around TSF 2. The steep eastern topography and the location of current
diversion drains can be seen in Figure 6. A desktop estimate for the cost of the excavation alone exceeds
$1.2 million. Bank stabilisation, engineering design, drainage works and the loss of additional vegetation
would all add to this overall cost and to the difficulty of extending the clean water drainage around TSF 2.
A significant consequence of this is the need to maximise residence time for the co-precipitation of
pollutants within the TSF 2 supernatant water body, by moving the current clean water drainage channels
to divert fresh inputs away from TSF 2 before TSF 2 becomes the ongoing active storage facility.
The clean water drainage channels are located around the north-eastern and north-western sides of TSF 1
as indicated in Figure 1 and are also shown at the southern side of TSF 1 in Figure 42.
During Stages 1 to 4 of the operation (Table 3) clean water will be diverted into TSF 1 to provide maximum
retention time in TSF 2. Once the project enters Stage 5 and the consequent need to drop the water level
in TSF 1, the now empty eastern arm impoundment will be converted into a modulation pond to facilitate
the ongoing diversion of fresh water from the upper catchment away from TSF 2. At this time fresh water
from the upper catchment will also be diverted away from TSF 1.
The project stages with regard to water management are presented in Table 3. Schematic water flows
are illustrated in Figure 37, Figure 38 and Figure 39 in Section 8.3.4.2.
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Table 3 Project stages: water management

Stage
Stage 1A

Description
Initial dredging of TSF 1 (10 m deep and
>300 m TSF 1 wall) – Bench 1
Initial dredging of TSF 1 (10 m deep and
>300 m TSF 1 wall) – Bench 1

Receiving TSF
Finger pond
TSF 2

Water requirement
Maintain TSF 1 pond level at
RL 649.4 m (spillway invert)
Same as above

TSF 2

Same as above

TSF 2

Same as above

Same as above

Stage 4
Stage 5

Initial dredging of TSF 1 (10 m deep and
>50 m main dam wall) – Bench 1
Initial dredging of TSF 1 (15 m deep and
>50 m TSF 1 wall) – Bench 2
Dredging of western arm
Lower water level and dredge TSF 1

Hydrology management
TSF 1 overflows no change from
current discharge
Eastern clean water discharge
diverted into TSF 1; TSF 2
commissioned with 100 L/s pump
back to TSF 1 to prevent overflow
and maximise recirculation
Same as above

TSF 2
TSF 2

Same as above
Lower pond level to maintain a
maximum water depth of 18 m
(limit of the dredge reach)

Stage 6
Closure

Shale pit
Dredging activity completed

TSF 2
N/A

N/A
Minimum water cover of 2 m in
TSF 2

Same as above
Eastern clean water discharge
diverted into eastern arm with
modulated flow piped downstream
of TSF 2
Same as above
Divert TSF 1 overflow through
TSF 2; permanent spillways
commissioned

Stage 1B

Stage 2
Stage 3
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2.5 Closure concept
The closure method for TSF 2 will be permanent subaqueous storage of PRT. This is described in more
detail in Section 8.6 and Section 11. It will involve the provision of a catchment area with a positive water
balance to provide a permanent minimum water cover of 2 m and maintain the PRT in a saturated state.
During remediation works HGM proposes to transport all existing exposed tailings from the distal reaches
of TSF 1 into the TSF 2, effectively submerging all sulfidic tailings on site. This will provide a significant
improvement to the existing site where tailings in the distal reaches (eastern and western arms) are
currently exposed and generating AMD to varying degrees. The removal of all tailings from the TSF 1 will
allow the closure water level to be reduced to suit TSF 2 and optimised to ensure a sufficient water cover
for TSF 2.
Closure is described in more detail in Section 11. Technical information pertinent to successful closure of
TSF 2 is also provided in Sections 8.6 and 0.

3

ALTERNATIVES

Alternatives to TSF 2 are to operate for a shorter time frame or to develop alternative, long-term options
for tailings storage.
HGM has evaluated alternative tailings storage options to provide PRT storage capacity past 2020,
including:
1.
2.
3.
4.
5.

Utilising the eastern arm and the finger pond for tailings storage in perpetuity.
Raising the shale quarry dam wall to increase capacity in that dam.
Investigating whether an additional raise to the existing TSF 1 dam wall can be constructed.
Evaluating the potential for a small dam on Mill Creek above the current eastern arm.
Evaluating other options such as producing paste and or low sulfide tailings.

3.1 Utilising the eastern arm and the finger pond for tailings storage in perpetuity
This area contains remnant tailings from earlier operations (Aberfoyle, Polymetals and Fossey). Many of
these tailings are too low grade to process and many are stored subaerially and consequently produce
AMD. The use of TSF 2 will allow HGM to move these tailings to the new TSF 2 and store them
subaqueously. The main factors that mitigate against using the eastern arm, and finger pond for
permanent storage of PRT are:
•
•

•

Insufficient current volume to cope with the projected PRT production.
Increasing the volume would compromise the existing clean water diversion drains around the
TSF 1, which would in turn compromise both the residence time of water in the dam and the
ability to manage surface water levels and provide an effective closure plan.
Expansion of the current eastern arm footprint would also mean removing native vegetation
around the eastern end of the TSF 1.

3.2 Raising the shale quarry dam wall
The current shale quarry dam was constructed to RL 682 m by Polymetals in 2006 to increase the storage
capacity of the shale quarry. Raising the current shale quarry dam wall to RL 690 m would provide an
additional 470,000 m3 of storage and would require 250,000 m3 of earthworks. At a settled density of
1.3 t/m3, this equates to storage for 611,000 t of PRT, or 17 months’ capacity. Not only is this capacity
insufficient and costly, the shale quarry has a direct hydraulic connection with the Hellyer underground
void. In addition, utilising the shale quarry for PRT storage would sterilise existing Polymetals tailings as a
resource and infrastructure adjacent to the eastern side of the quarry (such as transmission power lines,
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a mine shaft and a building) would further complicate any potential for extending the crest height beyond
RL 690 m.

3.3 An additional raise to the existing TSF 1 dam wall
The existing TSF 1 dam embankment comprises a rockfill embankment with an upstream clay core. The
main embankment has an assigned Hazard Category of ‘Significant’ under the Australian National
Committee of Large Dams (ANCOLD) Guidelines on Assessment of the Consequence of Dam Failure (2000).
Although the dam was constructed to ANCOLD standards at the time of construction, it lacks filters to
reduce piping risks as required to meet current ANCOLD standards. Consequently, additional storage
capacity in the current dam is not feasible.

3.4 A small dam on Mill Creek above the current eastern arm
HGM commissioned GHD to prepare a high-level concept for an alternate TSF option located upstream
on Mill Creek. GHD concluded that a Mill Creek TSF provided a high risk for seepage to the Hellyer
underground void and to the Southwell River, due to its proximity to Hellyer void, historical drill holes,
vent rises and subsidence zones. Potential stability risks may also be present for a saddle dam to the east
(preventing discharge to the Southwell River) and the need for a lined storage area due to the proximity
of the subsidence zones beneath the transmission lines (Figure 1). In the case of catastrophic failure, the
Mill Creek TSF would increase the consequences of overtopping failure on the TSF 1 dam and could also
result in tailings release to the Southwell catchment should the saddle dam fail.

3.5 Other alternatives
Other alternatives would be to passivate the highly sulfidic tailings and construct a lime-dosed paste tailing,
which will remain geochemically and geotechnically stable in the long term. There are significant risks
associated with this alternative, in terms of capital and operational cost as well as geochemical feasibility.
In 1999 Golder Associates Pty Ltd (Golder) was commissioned by Western Metals Resources Limited to
evaluate the feasibility of re-treating tailing and using paste technology to manage the re-treated tailings.
Golder found that the paste was structurally unsuitable for long-term storage.
Golder did not evaluate the removal of sulfides, which would be necessary for subaerial deposition.
Assuming that flotation could remove more than 99% of sulfide S from the PRT, new equipment would be
needed to replace the tailings management equipment downstream of the existing milling circuit:
cyclones, thickeners, tailings pumps and pipelines would need upgrading to manage a thickened or paste
tailing.
This would make the project uneconomic. The evaluation time to assess and develop the sulfide removal
and paste circuits would also render the project uneconomic, especially because obtaining the finance
required to undertake this option would necessitate a known workable solution.

3.6 Conclusions
The construction and use of TSF 2 provides an opportunity to provide a secondary impoundment below
the existing TSF 1 dam wall, improve long-term water quality and reduce the long-term risk of sulfide
oxidation on site. TSF 2 appears to be the best option in terms of cost, geotechnical stability and
geochemical stability, both operationally and for permanent closure.

4

STAKEHOLDER CONSULTATION

HGM has maintained dialogue with key stakeholders during the development of this proposal with that
input guiding the development of the DPEMP.
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Key stakeholders include:
•

municipal councils and organisations
−

•

•

state government departments
−

Environment Protection Authority

−

Department of State Growth including Mineral Resources Tasmania

−

Department of Primary Industries, Parks, Water and Environment (including Nature
Conservation and Heritage)

Australian Government departments
−

•

Waratah–Wynyard Council

Department of Environment and Energy

state authorities
−

Port of Burnie

−

Sustainable Timber Tasmania

−

TasRail

−

TasNetworks.

HGM has discussed this proposal with Braddon Members of Parliament and candidates for the 2018 state
election and has provided their offices with summaries of the proposal to facilitate the release of
information into the general community.
HGM has joined the Tasmanian Minerals and Energy Council (TMEC) and has also provided its executive
with summaries of the proposal.
The Tarkine National Coalition has reviewed summaries of the proposal and detailed threatened fauna and
flora management plans and has expressed support for the proposal on the basis that it addresses
remediation of legacy issues on site and is situated entirely on an existing ML.
Detail on stakeholder consultation is provided in Table 4.
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Table 4 Project consultation
Date

Consultation

Focus

31 May 2017

Meeting: EPA Tasmania, Mining Unit

Advice that NQM had purchased Hellyer Gold and were looking to restart
tailings processing operations with the development of an EMP. Noted
that a new TSF would eventually be constructed downstream of the TSF 1

31 May 2017

Meeting: Mineral Resources Tasmania

Discussions with Director, Environmental Officer, Mines Inspector and
Exploration Manager re Hellyer Gold purchase and looking to restart
tailings processing operations with the development of an EMP. Noted
that a new TSF would eventually be constructed downstream of the TSF 1

2 June 2017

Meeting: EPA Tasmania, Mining Unit and Assessment
Unit Manager

Advice that NQM had purchased Hellyer Gold and were looking to restart
tailings processing operations with the development of an EMP. Noted
that a new TSF would eventually be constructed downstream of the TSF 1

Meeting: Waratah–Wynyard Council Planning and
Development Manager and Planning Officer

Advice that NQM had purchased Hellyer Gold and were looking to restart
tailings processing operations with the development of an EMP. Noted
that a new TSF would eventually be constructed downstream of the TSF 1

20 June 2017

Site inspection: EPA and MRT officers current site and
location of proposed TSF 2

Review current site status including environmental aspects and issues,
inspect current TSF and site of proposed TSF 2

30 Aug 2017

Meeting: Coordinator General’s Office

Discussed operational restart and new TSF proposal and approval process

31 Aug 2017

Meeting: EPA Tasmania, Mining Unit

Update on EMP development and AMD management

31 Aug 2017

Meeting: TasRail

Update on EMP and TSF 2 development and transport of concentrate

1 Sep 2017

Meeting: MRT Director and Environmental Officer

Update on EMP development, closure planning and bonds and AMD
management

18 Sep 2017

Meeting: EPA Tasmania, Mining Unit and Water/AMD
specialist

Update on EMP development, closure planning and AMD and water
management; review latest data and reports

10 Nov 2017

Discussion: Joan Rylah – Braddon MP (at that time)

Discussion and advice that NQM had purchased Hellyer Gold and were
looking to restart tailings processing operations with the development of
an EMP. Noted that a new TSF would eventually be constructed
downstream of the TSF 1

29 Nov 2017

Site inspection: EPA and MRT officers current site and
proposed TSF 2 location and environmental aspects

Site inspection after submission of NOI (notice of intent) to facilitate EPA
provision of DPEMP guidelines

19 June 2017
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Date

Consultation

Focus

15 Jan 2018

Discussion: Tas Networks re DPEMP comments

Location of TSF 2 dam wall in regard to high-voltage easement and
providing of future information

17 Jan 2018

Site inspection: TMEC CEO

Discussion HGM plans and consultation process for TSF 2 DPEMP

23 Jan 2018

Meeting: EPA Tasmania, Assessment Officer and
Assessment Unit Manager

Project Specific Guidelines: water balance, climate change, flux modelling

30 Jan 2018

Meeting: Liberal Braddon MPs (Rylah, Brooks), Minister
Barnett

Discussion re proposed operation restart and TSF 2. Provision of advice
for MPs and constituents

30 Jan 2018

Meeting: Jacquie Lambie Network head

Discussion re proposed operation restart and TSF 2. Provision of advice
for candidates and constituents

30 Jan 2018

Meeting: Greens Braddon candidate and Tarkine
National Coalition Principal (Scott Jordan)

Discussion re proposed operation restart and TSF 2. Provision of advice
and discussion re devil roadkill mitigation works

31 Jan 2018

Meetings: Labor Braddon MP (Broad) and Liberal
Braddon MP (Jaensch)

Discussion re proposed operation restart and TSF 2. Provision of advice
for MPs and constituents

31 Jan 2018

Meetings: Representatives from Mercury and Advocate

Discussion re proposed operation restart and TSF 2. Environmental and
economic benefits

31 Jan 2018

Meeting: Braddon MLC Member (Forest)

Discussion re proposed operation restart and TSF 2. Provision of advice
for MLC and constituents

1 Feb 2018

Meeting: State Growth and Major Projects Australia

Discussion re proposed operation restart and TSF 2. Focus on EPBC Act
referral

13 Feb 2018

Meeting and presentation: EPA Assessment Office, AMD
specialist and Mining Unit officer

Update and discussion re latest AMD data and KLC results from
geochemical testing

14 Feb 2018

Site inspection: Sustainable Timber Tasmania

Timber resource and potential royalties in TSF 2

14 Feb 2018

Meeting: Tarkine National Coalition

Discussion re EPBC Act referral document. Scott Jordan, no issues with
referral document, happy for HGM to submit referral as is

19 April 2018

Meeting and presentation: EPA Assessment Office, AMD
specialist and Mining Unit officer

Update and discussion re latest AMD data and KLC results from
geochemical testing

20 April 2018

Meeting: Reporter and editor Hobart Mercury

Discussion re HGM and project including TSF 2
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5

EXISTING ENVIRONMENT: PLANNING ASPECTS

A development application and permit (subject to compliance with the relevant acceptable solutions or
performance criteria) is required from Waratah-Wynyard Council (the Council). Because the project is a
Level 2 activity under Schedule 2 of the Environmental Management and Pollution Control Act 1994
(EMPCA), the Council is required to refer the development application to the Board of the Environment
Protection Authority (EPA) for environmental assessment and deal with the application in accordance with
Section 57 of the Land Use Planning and Approvals Act 1993 (LUPAA)
The EPA assessment will be on the construction and operation of TSF 2. The Council will consider the
application against the provisions of the planning scheme unless an exemption for a referred activity
applies. Where standards relate to environmental issues, information contained within this DPEMP may be
utilised in assessment against these standards. Section 25(2) of EMPCA also states that the planning
authority is not required to assess any matter addressed in the Board’s assessment.
The Hellyer Mine is located in the Waratah–Wynyard municipal area on Permanent Timber Production
Zoned land (Crown land). The site is close to Future Potential Production Forest which is to the east of the
shale quarry and the Hellyer mills and extends to the floor of the Southwell River valley.
The Hellyer Mine lies within a strategic prospectivity zone established under the Mining (Strategic
Prospectivity Zones) Act 1993. The Act zones areas of high prospectivity and prohibits changes to tenure of
land within those zones without the approval of both Houses of Parliament if those changes will lead to
mining being excluded. The proposed project is consistent with the intent of Parliament to protect and
foster the mining of mineral resources in this area.
The site is not close to any sensitive uses.
The site is located within an area subject to the Waratah–Wynyard Interim Planning Scheme 2013 (the
Scheme). The Scheme prescribes the standards applicable to use or development. Figure 8 shows the
zoning surrounding the proposed development.

5.1 Waratah–Wynyard Interim Planning Scheme 2013
The mine will meet the relevant acceptable solutions and or performance criteria standards of the Rural
Resources Zone and applicable codes through the measures described in this DPEMP and summarised
below.
All proposed use and development must fall into a category listed in Table 8.2 of the Scheme. The proposed
development falls within the Extractive Industry use category, defined as follows:
Use of land for extracting or removing material from the ground, other than Resource
Development, and includes the treatment or processing of those materials by crushing, grinding,
milling or screening on, or adjoining the land from which it is extracted. Examples include mining,
quarrying, and sand mining.
The proposed development is the operation of a tailing storage facility (Activity Type: Other (non-inert)
Waste Depots). This is an integral part of the existing Hellyer Mine. A mine is classified under the Scheme
as an Extractive Industry Use Class. This is identified in the Table of Uses, as a permitted use in the subject
Rural Resource Zone (Clause 26.2 of the Scheme) if not on prime agricultural land. There is no prime
agricultural land (Class 1, 2 or 3 land as defined within the Land Capability Handbook, Second Edition, C.J.
Grose, 1999) affected as a part of this development.
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5.1.1 Rural resource zone
The development site, mine lease, and surrounding area are mapped as being within the Rural Resource
Zone (see Figure 8). In Figure 8, mining leases 68M/1984 and 10W/1980 are owned by BSM, with HGM
holding the large 103M/1987 lease.
Figure 8 Hellyer Mine – zoning

Source: LIST Maps (http://www.thelist.tas.gov.au/listmap)

The Rural Resource Zone Purpose Statement is:
•
•

to provide for the sustainable use or development of resources for agriculture, aquaculture,
forestry, mining and other primary industries, including opportunities for resource processing
to provide for other use or development that does not constrain or conflict with resource
development.

The development proposed is for the sustainable use and development of resources by providing a
geochemically and geotechnically safe, permanent storage facility for the PRT. Mining is a primary activity
recognised in the Zone Purpose Statement.
The Local Area Objectives are as follows:
(a)

The priority purpose for rural land is primary industry dependent upon access to a
naturally occurring resource;

(b)

Air, land and water resources are of importance for current and potential primary
industry and other permitted use;
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(c)

Air, land and water resources are protected against –
(i)

permanent loss to a use or development that has no need or reason to
locate on land containing such a resource; and

(ii)

use or development that has potential to exclude or unduly conflict,
constraint, or interfere with the practice of primary industry or any other
use dependent on access to a naturally occurring resource;

(d)

Primary industry is diverse, dynamic, and innovative; and may occur on a range of
lot sizes and at different levels of intensity;

(e)

All agricultural land is a valuable resource to be protected for sustainable
agricultural production;

(f)

Rural land may be used and developed for economic, community, and utility activity
that cannot reasonably be accommodated on land within a settlement or nature
conservation area;

(g)

Rural land may be used and developed for tourism and recreation use dependent
upon a rural location or undertaken in association with primary industry

(h)

Residential use and development on rural land is appropriate only if –
(i)

required by a primary industry or a resource based activity; or

(ii)

without permanent loss of land significant for primary industry use and
without constraint or interference to existing and potential use of land for
primary industry purposes

The proposed development is consistent with the Local Area Objectives as it provides for the continued use
of an existing mine, a primary industry where there is access to a naturally occurring resource. The mining
lease area is a previously disturbed area that has a high standard of existing access. The subject land is not
considered to be valuable agricultural production land.
There are additional desired future character statements that apply to the Rural Resource Zone. The
Desired Future Character Statement is as follows:
Use or development on rural land –
(a)

may create a dynamic, extensively cultivated, highly modified, and relatively sparsely
settled working landscape featuring –
(i)

(b)

expansive areas for agriculture and forestry;

(ii)

mining and extraction sites;

(iii)

utility and transport sites and extended corridors; and

(iv)

service and support buildings and work areas of substantial size, utilitarian
character, and visual prominence that are sited and managed with priority for
operational efficiency

may be interspersed with –
(i)

small-scale residential settlement nodes;

(ii)

places of ecological, scientific, cultural, or aesthetic value; and

(iii)

pockets of remnant native vegetation
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(c)

(d)

(e)

has a high level of likelihood to create disturbance to –
(i)

physical terrain;

(ii)

natural biodiversity and ecological systems;

(iii)

scenic attributes; and

(iv)

expectation for bucolic residential and visitor amenity;

may involve sites of varying size –
(i)

in accordance with the type, scale and intensity of primary industry; and

(ii)

to reduce loss and constraint on use of land important for sustainable
commercial production based on naturally occurring resources;

is significantly influenced in temporal nature, character, scale, frequency, and intensity
by external factors, including changes in technology, production techniques, and in
economic, management, and marketing systems.

The proposed development is consistent with the Desired Future Character Statements, as it provides for
the continuation of a mine within an existing mine site (sub clause a) of the DFCS). The disturbance to the
physical terrain, scenic attributes and natural biodiversity and ecological systems has been considered and
discussed within the main body of the DPEMP with mitigation measures to be implemented throughout
the operational life of the mine and rehabilitation plans to be undertaken when the mining activities cease.
Clauses 26.3 and 26.4 of the Scheme specify the use and development standards for the Rural Resource
Zone. Table 5 and Table 6 provide responses to each of the applicable standards. There are no use standards
applicable to the proposed development as per Table 5. The proposed use is permissible within the Zone.
Table 5 Rural Resource Zone Use Standards
Scheme

Response

provision

Clause 26.3.1 – Requirement for discretionary non-residential use to locate on rural resource land
This provision is not applicable as the proposed use is listed at Clause 26.2 of the Scheme
A1
as a permitted non-residential use.
Clause 26.3.2 – Required residential use
This provision is not applicable as the proposed use is use is listed at Clause 26.2 of the
A1
Scheme as a permitted non-residential use.
Clause 26.3.3 – Residential use
This provision is not applicable as the proposed use is listed at Clause 26.2 of the Scheme
A1
as a permitted non-residential use.
Table 6 Rural Resource Zone Development Standards
Scheme
provision

Response

Clause 26.4.1 – Suitability of a site or lot on a plan of subdivision for use or development
A1

A2

The site, comprising the mine lease has an area greater than 1 hectare consistent with
subclause a).
No building is proposed as part of this developments, so subclause b) is not applicable.
There are existing access provisions from the Cradle Link Road into the mining location
(Section 8.22). The Cradle Link Road is a State Road managed by the Department of State
Growth. As the access is an existing access used for the current mining activities, no
additional works will be required to upgrade this access and it is considered that the
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Scheme

Response

provision

access conditions are in accordance with the requirements of the Department of State
Growth as the relevant road authority.
A3

There is no reticulated water supply, however the development will not alter the existing
arrangements and does not require a new water supply connection.

A4

There is no reticulated sewage available, however the development will not alter the
existing on-site disposal and does not create any additional impact on the existing
system.

A5

There is no Council storm water system on the site, any additional storm water drainage
resulting from the development (for example from any required access tracks) will be
managed within the site consistent with subclause b)ii). Details of the proposed
stormwater drainage are separately assessed as part of this DPEMP.

Clause 26.4.2 – Location and configuration of development
A1

There are no new buildings associated with the proposal. Also, the proposed dam will
accord with the required frontage, side and rear setbacks. The site comprises Crown
Land for which there is no building area.

A2, A3.1 & A3.2

Not applicable as no building or utility structure is proposed. The proposed tailing dam,
its embankment and inundation footprint are not within 30 metres of the Que River
(see Figure 10) and are approximately 840 m east of future potential production forest
(See Section 5.3).

Clause 26.4.3 – Location of new sensitive use development
Definition of
‘sensitive use’
(Clause 4.1)
A1

means a residential use or a use involving the presence of people for extended periods
except in the course of their employment, such as in a caravan park, childcare centre,
dwelling, hospital or school.
This standard is not applicable as the proposed use is not for a sensitive use.

Clause 26.4.4 – Subdivision
A1

This standard is not applicable as the proposed development is not for a subdivision.

5.2 Planning codes
5.2.1 Bushfire-Prone Areas Code
Not applicable as the development is not a subdivision of land or proposes the construction of habitable
buildings, and the use is not a vulnerable use (as per E1.5.1 of the Scheme) or hazardous use (as per E1.5.2
of the Scheme).

5.2.2 Airport Impact Management Code
Not applicable as the use and development proposed is not going to occur upon land within or adjacent to
an airport, beneath or within operational airspace, within the 20 m airport noise exposure forecast (ANEF)
contour, within the airport public safety area, or within or beneath an aviation facility’s operational
sensitive area.

5.2.3 Clearing and Conversion of Vegetation Code
The proposal is exempt from this Code pursuant to Clause E23.4.1c) of the Scheme as this development is
a Level 2 activity.

5.2.4 Change in Ground Level Code
Clause E4.4.1(a) of the Scheme states that use or development is exempt from the Change in Ground Level
Code if the development is for extractive industry.
28

5.2.5 Local Heritage Code
The Local Heritage Code is not applicable as there are no listed buildings or places and no conservation
areas identified within the table referred to in Clause E5.2.1 of the Scheme.
The overall heritage values of the site relate to mining activity from the 1900s until the 1990s. An
archaeological survey of the historic Hellyer Mine concentrating mill was undertaken by Parry Kostoglou in
1999. Further detail is provided in Section 6.7.2 Historic heritage.
Aboriginal Heritage Tasmania (AHT) undertook a desktop assessment in 2017 and deemed no further
assessment by them was necessary. Further detail is provided in Section 6.7.1.

5.2.6 Hazard Management Code
The proposed tailings dam is on land in an area exposed to risk from landslide as shown on the
Landslide(Low) Hazard Map (Figure 8) and from potential contamination as a result of previous mine use
which is an activity listed activity in Table E6.1 of this Code. In terms of land hazards the proposed use is
not a critical use, a hazardous use or a vulnerable use and the level of landslide risk identified is low.
As this development is a Level 2 activity Clause 25(2)(f) of the EMPCA states that a planning authority is not
required to assess any matter addressed in the Board of the EPA’s assessment. The Board will assess natural
hazards as per the General Guidelines for the Preparation of a Development Proposal and Environmental
Management Plan found on the EPA’s website and also the DPEMP Project Specific Guidelines. Section 9
provides a Risk Assessment for the proposed development. Further detail on the assessment of stability
issues within the Dam Design (GHD, 2018d) can be found in Appendix I.
Figure 9 Landslide (low) hazard map and Hellyer Mine

Source: LIST Maps (http://www.thelist.tas.gov.au/listmap)

5.2.7 Sign Code
This Code is not applicable as no signage is proposed as part of this application.
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5.2.8 Telecommunication Code
This Code is not applicable as the proposed use and development is not a telecommunication facility.

5.2.9 Traffic Generating Use and Parking Code
Car parking spaces are currently available for HGM staff and any contractors or visitors who might visit the
site. The car parks are located close to the existing office buildings and processing plant and are not visible
from the Belvoir Road. Car parking spaces have been designed and surfaced to facilitate stormwater
infiltration into surrounding unpaved and landscaped areas within the boundaries of the development site.
Scheme provisions in relation to traffic generating use and parking codes use are addressed in Table 7 and
Table 8.
Table 7 Traffic Generating Use and Parking Code Use Standards
Scheme

Response

Provision
Clause E9.5.1 – Provision for parking

A1

Provision is currently available for more than 30 car parking spaces for light vehicles and at least
five spaces for trucks. This is consistent with the provisions of Table E9A, which states that spaces
must be provided to service the likely workforce and attendance on the land. In accordance with
A1, there is no corresponding requirement for any motorbike parking, parking spaces for people
with disabilities or bicycle parking.

Clause E9.5.2 – Provision for loading and unloading of vehicles
A1

Table E9A prescribes 1 truck space to be provided as the minimum loading area requirement. This
truck space has been provided within the proposed development.

Table 8 Traffic Generating Use and Parking Code Development Standards
Scheme

Response

Provision

Clause E9.6.1 – Design of vehicle parking and loading areas
A1.1 & A1.2

No change is proposed to the existing car parking and loading area design. The existing car park
provides for appropriate stormwater management within the existing site.

A2

The proposal will utilise the existing internal access road to Belvoir Road. The proposal includes
an extension of the existing limited use internal access roads which will be located in the
clearance areas identified in Drawings C004/C005 (see Appendix I). The access roads will be
located around the perimeter of the TSF 2 tailings dam and are not shown as the final alignment
will be developed in the detail/construction phase. The access roads will be limited access (i.e.
not public) and accessed by HGM employees and contractors. TasNetworks staff and contractors
will access the TSF 2 location along the transmission line easement for transmission line
maintenance. The extension will be constructed to a similar standard as the existing access tracks.

5.2.10 Water and Waterways Code
As this development is a Level 2 activity. Clause 25(2)(f) of the EMPCA states that a planning authority is
not required to assess any matter addressed in the Board of the EPA’s assessment. The Board will assess
the water and waterways matters as per the General Guidelines for the Preparation of a Development
Proposal and Environmental Management Plan found on the EPA’s website and also the DPEMP Project
Specific Guidelines. The location of the TSF 2 tailings dam with regard to waterways is shown in Figure 10.
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Figure 10

TSF 2 location in relation to lease boundary and Que River
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5.3 Land use and tenure
HGM owns CML 103M/87 (Figure 11 and Figure 4) in which the Hellyer Mine operates and in which the
proposed TSF 2 will be situated. The proposed TSF 2 inundation area currently contains access tracks, a
disused clarifier installed by Aberfoyle to reduce Pb concentrations in its TSF 1 discharge and wetlands
constructed by Aberfoyle to provide passive water treatment, again to reduce Pb concentrations in its TSF 1
discharge.
The proposed TSF 2 sits within the boundary of an area of Permanent Timber Production Zone Land, hence
the land managers are Sustainable Timber Tasmania (STT) (formerly Forestry Tasmania). A CAR reserve is
located to the north of TSF 1 while Nonproduction Forest is shown on STT maps along the power line
easements below the TSF 1 (See: https://www.sttas.com.au/forest-operations-management/interactivemap-viewer). Figure 11 shows CML 103M/87. HGM owns the infrastructure and facilities at Hellyer, while
Bass Metals Ltd (BSM) owns the infrastructure associated with the Que River Mine lease, 68M/1984 –
located to the south of CML 103M/87. (Figure 8).
Figure 11

HGM mining lease

5.4 Regional reserves and conservation areas
The Reynolds Falls Nature Reserve is situated 9.5 km south-west of the TSF 2, with the Hatfield River Forest
Reserve 8.9 km west of the TSF 2. The Granite Tor Conservation Area is south of Lake Mackintosh, 8.8 km
south of the TSF 2 (Figure 12). The Vale of Belvoir Conservation Area is approximately 17 km to the east,
and the Cradle Mountain – Lake St Clair National Park is 20 km east of the TSF 2.
The proposed development and construction of a new TSF does not conflict with the objectives of the
Regional Reserve system.
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Figure 12

Regional reserves
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6

EXISTING ENVIRONMENT: ENVIRONMENTAL ASPECTS

6.1 Topography
The Hellyer operation (comprising the mineral processing facilities and infrastructure, the former Hellyer
underground mine and the Fossey development owned by Bass Metals) is located on the Que River plateau
at approximately 700 m AHD. It is bounded to the east by the Southwell River valley, which slopes steeply
to the east with thick rainforest cover descending to around 400 m AHD. To the west of the divide, the site
slopes generally to the west where the Que and Bulgobac rivers flow to the south and west. The evenness
of the topography to the west along the plateau has been exploited to support major power transmission
lines, which cross the mining lease (Figure 13).
Figure 13

CML 103M/87 local topography

Source: LIST Maps (http://www.thelist.tas.gov.au/listmap)
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6.2 Climate
At approximately 700 m AHD, the climate of the Hellyer area is characterised by cool temperatures and a
high annual rainfall. BOM records for the site from 1989 to 1998 show a mean annual rainfall of
2022.7 mm. Original Hellyer records from 1985 to 1994 recorded an average annual rainfall of 2421 mm.
Rainfall exceeds evaporation by more than 4:1 with no months where evaporation exceeds rainfall.
Average monthly rainfall figures for the Hellyer site exhibit a range from approximately 85 mm in February
to 270 mm in August. The mean maximum temperature ranges from 29oC in January to 11oC in July. Winds
tend to be dominated by north-westerly followed by westerly and south-westerly patterns during autumn,
winter and into spring. Nearby open BOM weather stations: at Waratah which is 21 kilometres to the
north-west and at an elevation of 609 mm show a mean annual rainfall of 2180 mm; and at the Cradle
Mountain visitors centre which is 17 kilometres to the east and at 810 m elevation show a mean annual
rainfall of 2376 mm. Figure 14 shows that average monthly rainfall, temperature and evaporation records
collected on site during the Aberfolye operation.
Figure 14

Climatic averages – Hellyer 1985 to 1994

Table 9 shows modelled monthly average rainfalls for Hellyer taken from BOM records for Waratah and
Cradle Mountain Visitors Centre.
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Table 9 Monthly rainfall and evaporation records

Month

Average
monthly rainfall
(mm)

Average pan
evaporation
(mm)

Calculated site
evaporation
(mm)

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

109.00
96.72
128.09
181.63
226.25
230.14
254.94
270.09
233.84
203.73
166.89
140.59

138
113
90
55
35
30
30
40
60
90
113
138

96.6
79.1
63
38.5
24.5
21
21
28
42
63
79.1
96.6

6.3 Hydrology
The Hellyer Mine lies in the headwaters of the Que and Southwell river systems. The regional drainage
pattern including flow gauging stations, is shown in Figure 15. The escarpment on the eastern side of the
CML 103/87 is the boundary between the Que and the Southwell River catchments. The outflow from the
lease flows into the Que River. The Que River flows from the mining lease in a south-westerly direction
where it joins the Huskisson River. The Huskisson river in turn flows to Lake Pieman, a Hydro-Electric
Corporation constructed storage, opposite the Renison mine.
From a water quality perspective, the water measured at the H1 sample site below the proposed TSF 2
embankment would be diluted by around 50 times based on catchment areas before flowing into Lake
Pieman. Using zinc as a surrogate for environmental impact. And assuming the current emission limit of
800 µg/L is achieved, it is expected that concentrations from the Hellyer lease would be well below 20 ug/L
at the point of discharge into Lake Pieman. Further major dilution would also be expected due to the water
travelling through Lake Pieman which also receives water from Lake Rosebery which in turn is fed by Lake
Mackintosh.
The Southwell River flows in a southerly direction past the former Hellyer underground mine portal before
emptying into Lake Mackintosh, another hydropower impoundment that discharges into Lake Pieman, via
Lake Rosebery.
Before the TFS 1 was constructed, the headwaters of the Que River were to the north of the TSF 1
impoundment. Figure 15 shows the practical Que River headwaters of today which are effectively below
the Que River mine. This section of the Que River is 120 m south of the proposed TSF 2 downstream
embankment.
.
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Figure 15

Que River hydrology
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6.3.1 Que River catchment
This catchment contains the Hellyer concentrator site, existing TSF 1, access roads and the closed Que
River Mine to the south. TSF 2 will be contained entirely within the Que River catchment.
Several drainage lines currently traverse the proposed TSF 2 inundation area: the eastern and western
clean water diversion drains, which transfer upstream run-off from an 11 km2 catchment away from the
TSF 1 into the Que River, and an ephemeral creek that drains run-off from the ridge to the west of TSF 2
into the Que River. These are shown in Figure 42. The western clean water diversion drain picks up the
supernatant discharge from the TSF 1.
The tributaries of the Que River dissect the Que River plateau and flow in a generally south-westerly
direction. Some areas of the Que River catchment have been substantially disturbed. In the west and north
of the catchment are the Murchison Highway and the Cradle Mountain Link Road. To the north of the
Cradle Mountain Link Road are eucalypt plantations on freehold land. Major TasNetworks high-voltage
transmission line corridors trisect the area. In the east, the native forests have been logged. The southern
portion of the catchment contains the Que River Mine.
Que River flows have been monitored at the Murchison Highway. Flow data from the Hydro Tasmania
gauging station are summarised in Table 10.
Table 10 Que River flow data

Location

Year span

Que River at Murchison Highway
Que below Bulgobac River

1987–1998
1987–1995

Average monthly Average monthly
peak flows (m3/s) flow (m3/s)
3.20
1.07
22.56
6.03

6.3.2 Southwell River
The Southwell River has a catchment of approximately 16 km2. The Southwell River gorge is in a steep
precipitous valley, which runs north–south and is thickly forested. The catchment has been disturbed to a
limited extent by decades-old logging operations, tree plantation establishment, TasNetworks
transmission line works and the Cradle Mountain Link Road.
The original Hellyer underground mine portal is located close to the Southwell River.

6.4 Surface water quality
6.4.1 Southwell River
The Southwell River is, in general, slightly acid in pH, low in conductivity (indicating organic acids) and
carries low to moderate concentrations of most metals. Reasonable quality creek water and
uncontaminated intercepted groundwater are directed from the Hellyer Mine portal into the Southwell
River.

6.4.2 Que River
The Que River is a moderately to severely disturbed system, which has received discharge from both the
Hellyer and Que River mines for decades, and continues to receive the overflow from TSF 1. The river also
receives discharge from the Que River settlement dam. Table 11 shows selected water quality parameters
in the Que River at the Murchison Highway gauging station, which is 2.8 km below the Hellyer TSF 1
outflow and 3.6 km below the Que River settlement dam outflow.

38

Table 11

Que River at Murchison Highway Sep 06 – May 17

Mean
Median
Maximum
Std. deviation
90th percentile
75th percentile
20th percentile
10th percentile

Acidity
to pH 8.3
mg/L

Ph

Al
(Total)
mg/L

Cd
(Total)
mg/L

Cu
(Total)
mg/L

Pb
(Total)
mg/L

Ni
(Total)
mg/L

Zn
(Total)
mg/L

10.06
8
37
7.29
22
12
5
4

6.12
6.21
8.1
0.88
7.2
6.77
5.37
4.9

0.59
0.47
3.16
0.44
1.04
0.72
0.28
0.21

0.004
0.002
0.098
0.01
0.006
0.004
0.0013
0.001

0.02
0.01
0.12
0.01
0.03
0.02
0.008
0.006

0.07
0.05
0.56
0.08
0.14
0.08
0.01
0.007

0.02
0.019
0.06
0.01
0.04
0.03
0.01
0.01

0.87
0.68
6.48
0.71
1.69
1.02
0.40
0.287

The environmental conditions for the tailings reprocessing operation, specify emission limits for discharge
from the current permitted discharge point, the TSF 1 outflow (Table 12). These have been set to safeguard
the PEVs for the receiving waters, in this case the Que River.
Table 12

TSF 1 discharge emission limits

Parameter

Maximum emission limit
(mg/L)

pH (minimum)
Sulfate
Total lead
Total zinc
Total copper
Total aluminium
Total arsenic
Total suspended solids

8 (pH units)
300
0.6
0.8
0.2
0.5
0.02
30

Historically, zinc has been the most difficult limit to meet at the TSF outfall. The AMD-related reasons for
this are discussed in Sections 8.6 and 8.3. Figure 16 shows pH and Total Zn concentrations since 2015.
There has been a steady decline in Zn concentrations since an autumn flush in May 2016. Figure 17 shows
TSF 1 outlet laboratory pH units from January 2015 until January 2018.
Figure 18 shows emission limits compared to the compliance limits in Table 12 for sulfate and metals from
January 2015 until December 2017. Significant improvements and stability are noticeable since 2016.
HGM’s improved management protocols, such as adding a lime slurry directly into the eastern arm spillway
and into the western arm impoundment before they overflow into the TSF 1, have been responsible for
most of the improvements evident in Figure 18.
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TSF discharge pH and Total Zn since January 2015

9
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8

3.5

7

3

Lab pH Units

6

2.5
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4

1.5

3

1

2
1

0.5

0

0

Lab pH Value TSF Outlet

Figure 17

Total Zn mg/L

Figure 16

Total Zn mg/L

TSF 1 outlet laboratory pH Jan 2015 – Jan 2018

40

Figure 18

Emission improvements since 2015
Zinc (Total) as Zn mg/L

Lead (Total) as Pb mg/L

3.5
3
2.5
2
1.5
1
0.5
0

Zinc

0.7
0.6
0.5

0.2
0.1
0

Lead

Copper (Total) as Cu mg/L

Aluminium (Total) as Al mg/L

Aluminium (Total as Al mg/L

Copper (Total) as Cu mg/L

0.15
0.1
0.05
0

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Copper

Aluminium

Copper Emmission Limit

350
300

Sulphate as SO4 mg/L

Arsenic (Total) as As mg/L

0.025

0.005

Aluminium Emmission Limit

Sulphate as SO4 mg/L

Arsenic (Total) as As mg/L
0.03

0.01

Lead Emmission Limit

0.8

0.2

0.015

0.4
0.3

Zinc Emmission Limit

0.25

0.02

Lead (Total) as Pb mg/L

0.8

e

Zinc (Total) as Zn mg/L

0.9

250
200
150
100
50
0

0

Sulfate as SO4

SO4 Emission Limit

As shown in Table 12, environmental permit conditions for the site since 2006 have required a minimum
pH of 8.0 and a maximum Total Zn of 0.8 mg/L at the TSF outfall. Figure 19 shows the relationship between
the pH at the TSF outfall discharge and the Total Zn from mid-2006 until mid-2012. When the pH is above
8.0, the discharge is usually compliant at the TSF 1 outfall.
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Figure 19

TSF discharge pH versus Total Zn

6.5 Groundwater
6.5.1 Hellyer Mine
The hydrogeological units at this site mainly constitute a fractured rock aquifer where groundwater is
stored and transmitted by fractures, joints and other discontinuities within the rock mass. Although the
shale and sandstone and coarser grained sediments within the sequence may have primary porosity,
secondary porosity mechanisms are expected to dominate flow processes.
Golder detailed pre-mining natural discharge to the steeply incised Southwell River and its tributaries along
the western valley side and also to the broad Que River valley. The gullies show continuous water flow
after days without rain, indicating groundwater base flow (Golder, 1999).
Site investigations in 2006 by Golder (2006) identified five groundwater discharge locations:
•
•
•
•
•

Hellyer adit portal – pool of water showing iron staining – outflow of approximately 0.5 L/s
overflow from the shale quarry
Jed’s Spring which is over the north west of the Heller void and has flowed continuously except
when Fossey was mined.
Elly May’s Spring which is north of the Hellyer void and flows less often than Jed’s
Borehole HL345 – small surface flow.

These are shown in Figure 20, along with other springs (Elly May which ) , diversion drains and water quality
monitoring locations. The former Hellyer and Fossey ore bodies can be seen as well as the outline of TSF 1
shown in brown. The original Que River is portrayed in blue.
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Figure 20

Hellyer plan showing bores and springs 2006
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Figure 21

TSF 2 standing water levels
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6.5.2 TSF 2
The proposed TSF 2 (Figure 5 and Figure 21) is located immediately down-gradient of the existing TSF 1
at the site. The downstream toe of the proposed TSF 2 embankment (at 620 m AHD) is 575 m downgradient of the existing TSF 1 toe at 626 m AHD. The crest of the proposed TSF 2 embankment is at
RL 646 m, which is lower than the existing TSF 1 at RL 650 m. The dam inundation area is north and
upstream of the electricity transmission lines that cross the site and covers the wetlands constructed by
Aberfoyle. The wetlands are visible in the centre of the proposed inundation area. Figure 21 shows Lidargenerated 1 m contours with existing standing water levels. These are effectively the artificial wetlands
in the centre of the TSF 2 site.
6.5.2.1

Hydrogeological setting

Figure 22, from GHD, shows an outline of TFS 1 and the proposed TSF 2. Local geology as shown in Figure
22 includes Tertiary basalts and Cambrian Mount Charter dolerite, as well as Cambrian metasediments
(notably the Que River Shale) and meta-volcanics (the Que–Hellyer Volcanic, part of the Mt Reid Volcanics),
which dominate the footprint of the TSF 1 (Corbett, 1995).
The Hellyer ore body, which is shown in Figure 20, is dissected along strike by the Jack Fault. Numerous
faults splay approximately normal to the Jack Fault across the area including one within the footprint of
the proposed TSF 2.
Colhoun and Augustinus (1984) document glacial diversion of the Que River downstream of the TSF 2 area.
Locally, only minor glacial deposits are present and are associated with glaciation in the Southwell River
valley. These deposits are outside of the proposed TSF 2 footprint. The TSF 2 is outside the Central
Highlands Glacial Area, which is a geoconservation area.
Tertiary basalts, which are known to be highly prospective for good quality and good yielding significant
aquifers, may exist to the north of TSF 1 but well beyond the footprint of the TSF 2. These Tertiary basalts
should not be confused with the considerably older and more altered Cambrian basaltic lavas within the
footprint of the TSF 2, which are not known to be significant aquifers. Hence, the project is not likely to
impact on any significant aquifers.
While the bedrock geology is relatively complex, the key local hydrogeological units (HGU) are significantly
simpler (Table 13), (Appendix D). Only the Cambrian complexes are within the footprint of the proposed
TSF 2.
Table 13

Hydrogeological units (HGU) and hydrogeological complexes (HGC)

HGU name

HGU_Id

HGC

HGC_Code_text

Quaternary glacial and talus complex

10040

1010

QGTC

Tertiary basalts

10110

1060

TBC

Cambrian to Ordovician sedimentary complex

10650

1190

COSC

Cambrian ultrabasic igneous complex

10730

1210

CmUMC

Of note, during previous operation, groundwater inflows to the Fossey and Hellyer mines were recorded
to be in the order of 75 L/s (GHD, 2011) and 67 L/s (Bass, 2011 based on 1991–1999 pumping),
respectively. The Fossey and Hellyer mine portals (adjacent to the Southwell River) were both plugged at
closure.
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Figure 22

Site geology
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6.5.2.2

Groundwater flow regime

The groundwater flow regime is typical of the west coast of Tasmania and dominantly influenced by the
high rainfall, local topography and crystalline fractured bedrock. In addition, the anthropogenic influence
of the flooded existing Hellyer Mine void also requires consideration. The proposed TSF 2 is located to the
west of the flooded existing Hellyer Mine void and outside the catchment of the Hellyer and Fossey adits,
which are within the Southwell River catchment. The proposed TSF 2 is within the adjacent Que River
catchment. Seepage from TSF 1 will flow into TFS 2 and seepage from TSF 2 will flow towards the Que
River, approximately 120 m south.
The area immediately down-gradient from the proposed TSF 2 appears from aerial/satellite photography
to be at least ephemerally saturated at or near surface.

6.6 Natural values
6.6.1 Hellyer Mine
Miedecke (1987) described flora and fauna habitat surveys conducted in April 1987. One hundred and
twenty-nine taxa of higher plants were observed at the Hellyer site. Twenty-eight species were endemic
to Tasmania. North Barker has undertaken flora and fauna habitat surveys of the Hellyer lease in 2006.
The plant communities are typical of north-western Tasmania. These communities characteristically form
a complex mosaic of different stages of successful development. These are a function of time since last
burning, together with local effects of elevation, soil types and drainage.
The Hellyer area has a habitat structure of dense temperate rainforest interspersed with wet sclerophyll
forest, which is common along the Tasmanian west coast.
The distribution of fauna at the Hellyer site reflects the fact that mining and processing operations have
occurred in the vicinity since the early 1980s when the Que River Mine was established. Original habitat
has been replaced by infrastructure and in some cases rehabilitated land. This favours some species, such
as reptiles, at the expense of others.
Outside the immediate footprint of the mine and processing facilities, available habitat in the various
vegetation communities is believed to be typical of the Tasmanian west coast.

6.6.2 TSF 2
In 2006 as part of the investigations for the preparation of a DPEMP for the implementation of the Intec
Process at Hellyer, a botanical survey and fauna habitat assessment was undertaken by North Barker
Ecosystem Services (NBES) in an area adjacent to and east of the proposed TSF 2 location. This approximate
location of TSF 2 is shown in Figure 23 as a yellow outline, with the 2006 surveyed area outlined in red.
HGM engaged NBES to undertake a flora and fauna habitat assessment of the natural values in the TSF 2
area for this proposal which was undertaken in July 2017. The study area of approximately 80 ha is outlined
in black in Figure 23. The footprint of the dam wall and inundation area will ultimately occupy
approximately 46.5 ha. Within the TSF 2 total disturbance area, which includes the buffer around the
inundation area for construction and the spillway, the artificial wetlands cover 4.3 ha, and a further 7.8 ha
is covered by other existing disturbance, such as tracks, cleared areas, costeans, drainage lines and parts
of the transmission easement, leaving approximately 49.6 ha of existing native vegetation that could
potentially be disturbed by the proposal.
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Figure 23

Proposed and previously assessed TSF study areas
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6.6.2.1

Field survey

Field work for the current assessment was undertaken on foot by two ecologists between 18 and 20 July
2017. A survey route was designed to capture the full range of habitat features and vegetation types
determined from the existing TASVEG 3.0 mapping and aerial photography.
Full natural values assessments were made for each vegetation community encountered, involving
detailed flora inventory, vegetation community classification and fauna habitat assessment (including
direct or indirect indicators of presence, e.g. sightings, scats, tracks, dens).
Botanical nomenclature follows the current census of Tasmanian plants (de Salas and Baker, 2016).
The survey included a range of investigative techniques because the natal dens of both spotted-tailed
quolls and Tasmanian devils are usually well hidden and difficult to find without radio tracking animals
(especially so in rainforest/wet sclerophyll forest and scrub environs, such as those found within the study
area). In order to gather a picture of current activity within the area, den habitat assessment via
understorey inspection and scat surveys were undertaken. Suitable den habitats were inspected where
encountered. This included searching old trunks for fresh scats, evidence of inactivity (cobwebs), tracks
and suitability for dens (e.g. dry/wet/sunny aspect). Due to the dense vegetation in some areas, visibility
was difficult; therefore, animal trails and old tracks were the prime focus. Evidence of tracks, where
encountered, were recorded and photographed. Both spotted-tail quoll and Tasmanian devil are known
to prefer using tracks/roads and this is where their scats are generally recorded.
Two representative carnivore scats were collected from the site for detailed analysis.
Observations of relevant elements, including threatened species (Tasmanian Threatened Species
Protection Act 1995 [TSPA] and/or the Commonwealth Environment Protection and Biodiversity
Conservation Act 1999 [EPBCA]) and their habitats, environmental weeds, plant pathogens (notably
Phytophthora cinnamomi – PC) were recorded with a handheld GPS and subsequently mapped.
Two motion-response cameras were set to capture wildlife along fauna tracks to corroborate scat
identifications.
Forest identified on the wedge-tailed eagle nesting habitat model (Forest Practices Authority, 2014) with
score of 6 or above within 1 km of the study area was assessed for potential suitability. This information is
used to determine the need for conducting aerial nest searches.
The results of the assessment are summarised below.
6.6.2.2

Vegetation

The native vegetation communities within the study area include the following TASVEG classifications, as
mapped n Figure 24 and Figure 25:
•
•
•
•
•
•
•
•

Nothofagus–Atherosperma rainforest (RMT)
Nothofagus–Phyllocladus rainforest (RMS)
Eucalyptus nitida forest over rainforest (WNR)
Eucalyptus nitida over Leptospermum (WNL)
Eucalyptus delegatensis forest over rainforest (WDR)
Leptospermum lanigerum scrub (SLL)
Pure buttongrass moorland (MBP)
Pure buttongrass moorland with emergent Eucalyptus nitida (MBPEN)
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No threatened communities listed under the Tasmanian Nature Conservation Act 2002 (NCA) or the EPBCA
were identified within the survey area.
Figure 24

TASVEG units TSF 2
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6.6.2.3

Flora

No threatened species listed under the Tasmanian Threatened Species Protection Act 1995 (TSPA) is known
from, or thought likely to occur within the Hellyer Mine TSF 2 study area. No species listed under the EPBCA
is known from, or thought likely to occur within the Hellyer Mine TSF 2 study area.
6.6.2.4

Fauna

Table 14 reviews threatened fauna and migratory and marine species identified in the relevant natural
values databases, within the context of the available habitat in the TSF 2 area. The assessment was carried
out by ecologists from North Barker (see Appendix A).
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Table 14 Fauna species of conservation significance

Species

Status
TSPA / EPBCA

Likelihood
of
occurrence 1

Preferred habitat and observations
MAMMALS

Dasyurus maculatus maculatus
spotted-tailed quoll

Dasyurus viverrinus
eastern quoll

Rare /
VULNERABLE

—/
ENDANGERED

PRESENT

This naturally rare forest-dweller most commonly inhabits rainforest, wet forest
and blackwood swamp forest. It forages and hunts on farmland and pasture,
travelling up to 20 km at night, and shelters in logs, rocks or thick vegetation.
Three records of this species are attributed to within 5 km of the TSF 2 area.
The TSF 2 area is highly likely to be within the home range of resident spottedtailed quolls; however, the location is outside the core range. Scats were
observed in the TSF 2 area with one confirmed from hair analysis.

LOW

This species was previously widespread in mainland south-eastern Australia, but
is now restricted to Tasmania. Records from the Tasmanian Natural Values Atlas
indicate that the eastern quoll occurs in most parts of Tasmania, but is recorded
infrequently in the wetter western third of the state; the Hellyer site is located
around 15 km west of the boundary between areas of relatively high and
relatively low density of eastern quoll observations – i.e. it is 15 km within the
low-density third of the state. The species’ distribution is positively associated
with areas of low rainfall and cold winter minimum temperatures. Within this
distribution, it is found in a range of vegetation types including open grassland
(including farmland), tussock grassland, grassy woodland, dry eucalypt forest,
coastal scrub and alpine heathland, but is typically absent from large tracts of
wet eucalypt forest and rainforest.
Although this species could occur at low density in the Hellyer area, the habitat
on site and the general environmental conditions do not make the area highly
suitable. Thus, it is considered unlikely that the proposal would have a
meaningful impact on the species should it occur in the TSF 2 footprint.

1 For broad-ranging ecological generalists, such as eagles and devils, this refers to the likelihood of breeding activities as predicted by the potential for breeding structures such as nests or
dens.
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Species

Perameles gunnii
eastern-barred bandicoot

Sarcophilus harrisii
Tasmanian devil

Status
TSPA / EPBCA

—/
VULNERABLE

Endangered /
ENDANGERED

Likelihood
of
occurrence 1

Preferred habitat and observations

NIL

Inhabits grassy woodlands, native grasslands, and mosaics of pasture and
shrubby ground cover, favouring open grassy areas for foraging with thick
vegetation cover for shelter and nesting.
The range does not extend to this area. The nearest confirmed record is 18 km
away, with current core populations around the major cities of Launceston and
Hobart.

PRESENT

Inhabits a range of habitat types, with the protection of den sites currently
seen as more important than other habitat values.
No den sites were observed within the TSF 2 inundation and buffer area
surveyed. Some parts of the site are not suitable for denning, while others are
sub-optimal.
The TSF 2 area is highly likely to be within the home range of resident devils.
Several carnivore scats and latrine sites were found during surveys. One
sampled scat was confirmed from hair analysis. An additional twenty-five
records of this species have been reported from within 5 km of the TSF 2 area
according to the Natural Values Atlas.
BIRDS

Accipiter novae-hollandiae
grey goshawk

Endangered /
—

PRESENT

Inhabits large tracts of open wet mixed forest and rainforest, particularly
favouring mature blackwood and riparian areas. No known nest sites or
observation records occur within 5 km of the TSF 2 area, but core habitat is
potentially present within that range according to the Natural Values Atlas.
No prime nesting habitat (mature blackwood or tea tree) occurs within the
TSF 2 area. The areas of rainforest (particularly riparian areas) containing
mature myrtle trees are structurally suitable for nesting, but current habitat
descriptions define potential nesting habitat as confined to altitudes below
600 m (Forest Practices Authority, 2016), which is below the range of the TSF 2
area. Thus, nesting on site would be atypical for this species. It may use the site
for foraging; however, general observation records are largely known only
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Species

Status
TSPA / EPBCA

Likelihood
of
occurrence 1

Preferred habitat and observations
below the same altitudinal limit. Therefore foraging is unlikely, despite the
suitable foraging habitat.

Actitis hypoleucos
common sandpiper

Apus pacificus
fork-tailed swift

Aquila audax subsp. fleayi
Tasmanian wedge-tailed eagle

Ardea alba
great egret

—/
Migratory
Wetland Listed
Marine

—/
Migratory Marine
Listed Marine

Endangered /
ENDANGERED

—/
Listed Marine

Shorebird species with no habit on site.
NIL

NIL

Most Tasmanian records of the fork-tailed swift are from Bass Strait islands,
with fewer on mainland northern Tasmania and very few in the south. It has a
predominantly coastal distribution in Tasmania.
The species is almost exclusively aerial, flying from less than 1 m to at least
300 m above ground. Because of this behaviour, and the fact that it is a nonbreeding visitor to Australia, there are no significant threats to the species in
Australia and it is unlikely to be impacted by terrestrial habitat changes.
This species has not been recorded on the Natural Values Atlas within 5 km of
the TSF 2 area.

MODERATE

Requires large eucalypt trees in sheltered locations for nesting, and is highly
sensitive to disturbance during the breeding season. No nest site records of
this species have been recorded within 5 km of the TSF 2 area.
The wedge-tailed eagle nest habitat model suggests the locality is of low
suitability.
The study area, therefore, is likely to be part of a larger foraging territory, but
has a low likelihood of being used for breeding.

NIL

In Australia, the great egret breeds in northern mainland Australia only. It is a
regular non-breeding visitor to Tasmania, where it favours freshwater
wetlands, farm dams, tidal flats and brackish lagoons.
No records of this species have been recorded within 5 km of the TSF 2 area
according to the NVA.
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Species

Status
TSPA / EPBCA

Likelihood
of
occurrence 1

Preferred habitat and observations

Ardea ibis
cattle egret

—/
Listed Marine

NIL

The cattle egret breeds along the central eastern coast of Australia and to a
lesser extent elsewhere. It is a regular non-breeding winter visitor to
Tasmania, favouring cattle grazing pasture, especially along the north coast
and south-east.
No records of this species have been recorded within 5 km of the TSF 2 area
on the Natural Values Atlas and no suitable habitat occurs within the TSF 2
area.

Botaurus poiciloptilus
Australasian bittern

—/
ENDANGERED

NIL

The Australasian bittern occurs mainly in densely vegetated freshwater
wetlands and, rarely, in estuaries or tidal wetlands.

Calidris acuminata
sharp-tailed sandpiper

—/
Migratory
wetland Listed
Marine

Calidris ferruginea
curlew sandpiper

—/
CRITICALLY
ENDANGERED
Migratory
wetland Listed
Marine

Calidris melanotos
pectoral sandpiper

—/
Migratory
wetland Listed
Marine

Ceyx azurea diemenensis
Tasmanian azure kingfisher

Endangered /
ENDANGERED

No suitable habitat occurs within the study area.
NIL
Shorebird species with no habit on site.
NIL

Shorebird species with no habit on site.
NIL

NIL

Occurs along the forested margins of major river systems. It usually occurs in
shady and often overhanging vegetation of riverine forests dominated by wet
sclerophyll and mixed forest supporting mainly eucalypt species (DPIPWE,
2012). It is historically also known from eastern Tasmania. Suitable habitat
consists of slow-moving water, typical of larger rivers, and banks composed of
sediments for nesting in.
55

Species

Status
TSPA / EPBCA

Likelihood
of
occurrence 1

Preferred habitat and observations
No known nest sites or records occur within 5 km of the TSF 2 area and no
suitable habitat is present.

—/

Gallinago hardwickii
Latham’s snipe

Haliaeetus leucogaster
white-bellied sea-eagle

Hirundapus caudacutus
white-throated needletail

Lathamus discolor
swift parrot

Migratory
wetland
Listed Marine

NIL

This is a non-breeding migrant to southern Australia and Tasmania. It
occupies a variety of habitats, including swamps, wet grasslands and
freshwater or brackish wetlands, and is widespread across the state.
No suitable habitat occurs within the study area. No records of this species
have been recorded within 5 km of the TSF 2 area.

VERY LOW

This species nests and forages mainly near the coast, but will also live near
large rivers and inland lakes or dams, often moving on a seasonal basis. The
area around Lake Mackintosh, approximately 10 km to the south of the TSF 2,
is potential habitat for this species. This species has not been recorded within
5 km of the TSF 2 area.
The existing tailings dam does not support any fish prey. The absence of other
large fresh water bodies within the vicinity of the TSF 2 area means that it is
considered very unlikely to be used for foraging or breeding.

—/
Migratory
Terrestrial Listed
Marine

VERY LOW

This species occurs throughout Tasmania for a brief period at the southernmost point of its annual migration during the non-breeding season, with most
records between February and March. It is an entirely aerial species during
this time and hence is unlikely to be impacted by alterations to terrestrial
habitat.
It could fly over the site occasionally; however, no impact is anticipated if this
occurs. This species has not been recorded on the Natural Values Atlas within
5 km of the TSF 2 area.

Endangered/
CRITICALLY
ENDANGERED

VERY LOW – only
a possible visitor
as fly over or
short stop off

Vulnerable/
Migratory
Terrestrial Listed
Marine

This migratory species is occasionally recorded throughout the highlands of
Tasmania, where non-breeding birds and/or post-breeding dispersers are
recorded foraging in flowering plants, including E. delegatensis, which is
present at this site. These habitat elements are, however, not considered to
be critical to the persistence of the species, nor limited in extent. Critical
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Species

Status
TSPA / EPBCA

Likelihood
of
occurrence 1

Preferred habitat and observations
habitat for these species includes tree hollows for nesting in proximity
(<10 km) to flowering stands of blue gum (E. globulus) and black gum (E.
ovata).
No records of this species have been recorded within 5 km of the TSF 2 area
on the NVA. The survey area is not considered suitable breeding habitat, but
may on occasion be visited by migrating and non-breeding dispersing birds.

Numenius madagascariensis
eastern curlew

CRITICALLY
ENDANGERED
Migratory
wetland Listed
Marine /
ENDANGERED

NIL

Pterodroma leucoptera leucoptera
Gould’s petrel

—/
ENDANGERED

NIL

Tyto novaehollandiae castanops
Tasmanian masked owl

Endangered /
VULNERABLE

Shorebird species with no habit on site.

VERY LOW

Pelagic species with no habit on site.
Preferred habitat is lowland dry forest and woodland; nesting occurs in old
growth eucalypts with large main stem hollows. The TSF 2 area is outside of
the core range for this species, which is dry forest with mature trees,
particularly that below 600 m (Forest Practices Authority, 2016). Significant
habitat is limited to large eucalypts within dry eucalypt forest in the core
range.
The wet vegetation types within the TSF 2 area are considered to be suboptimal habitat, despite the presence of mature large hollow-bearing trees.
No known nest sites or observation records occur within 5 km of the TSF 2
area.
REPTILES

Pseudemoia pagenstecheri
tussock skink

Vulnerable /
—

NIL

It is found in tussock grassland habitats where trees are absent or form a very
open woodland.
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Species

Status
TSPA / EPBCA

Likelihood
of
occurrence 1

Preferred habitat and observations
The nearest records, which are around 15 km away at the Vale of Belvoir, are
part of an outlying population. Most records are found in the Midlands, over
100 km away.
No suitable habitat occurs within the TSF 2 area.
FISH

Galaxiella pusilla
Dwarf galaxias

Prototroctes maraena
Australian grayling

Vulnerable /
VULNERABLE

Vulnerable /
VULNERABLE

NIL

In Tasmania, it is restricted to lowland areas in the far north-west and far
north-east of the state, as well as on Flinders Island. Distribution of
populations is generally disjunct and patchy, due to the nature of its lowland,
shallow, swampy habitat.
Habitat is slow-flowing and still, shallow, permanent and temporary
freshwater habitats such as swamps, drains and the backwaters of streams
and creeks, often (but not always) containing dense aquatic macrophytes and
emergent plants.
The TSF 2 area is beyond the potential range of this species, with the nearest
known records over 100 km away.

NIL

Inhabits the middle and lower reaches of rivers and streams that open to the
sea.
There are no creeks of any size on site. The fast-flowing constructed perimeter
drains are considered unlikely to provide habitat. These drains all flow into the
Pieman River dam and so are isolated from the sea.
INSECTS

Oreixenica ptunarra
Ptunarra brown butterfly

Vulnerable /
ENDANGERED

NIL

Found in highland tussock grassland habitats dominated by Poa spp. and
where trees are absent or form a very open woodland.
Nearest records are around 3.5 km away around Romney Marsh and Murrays
Plain. No suitable habitat occurs within the TSF 2 area.
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6.6.2.5

Field survey fauna

Signs of threatened fauna found during the field survey conducted in 2017 are shown in Figure 25.
The spotted-tailed quoll is listed as vulnerable on the EPBCA and rare on the TSPA and is present within
the vicinity of the mine. Potential quoll habitat extends across most of the native vegetation within the
Hellyer Mine lease.
The Tasmanian devil is listed as endangered on both the EPBCA and the TSPA and is present within the
vicinity of the mine. Potential devil habitat extends across most of the native vegetation within the Hellyer
Mine lease.
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Figure 25

TSF 2 site-specific natural values

The Tasmanian wedge-tailed eagle is listed as endangered on both the EPBCA and the TSPA. The Hellyer
Mine lease area is likely to be part of a larger foraging territory, but the TSF 2 footprint has very limited
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nesting habitat. There is an extremely low likelihood of nests being present within the vicinity of the site
(Figure 26).
Figure 26

Wedge-tailed eagle nesting habitat

Source: Forest Practices Authority, 2013
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Other threatened fauna recorded from the vicinity or thought to potentially occur have been considered
in this assessment and determined to be extremely unlikely to be affected.
6.6.2.6

Weeds

Very few non-native plants are present and these tend to be confined to areas of disturbance. None of the
introduced species are considered significant environmental weeds.
6.6.2.7

Plant pathogens – Phytophthora cinnamomi

Symptomatic evidence of Phytophthora cinnamomi (PC) is apparent at one location on the edge of the
existing TSF 1. No evidence was recorded of PC within the proposed TSF 2 disturbance area. It is however
likely that PC occurs elsewhere on the mining lease.
6.6.2.8

Geoconservation

The distribution of western Tasmania blanket bogs in the vicinity of TSF 2 is identified in Figure 27. These
very closely correspond to the location of TASVEG Moorland, Sedgeland, Rushland and Peatland mapping
units (all coded starting with the letter M in TASVEG ). These are present in and around the TSF 2 site but
are not ‘completely underlying’ the site.
Pemberton et al. (2006) defined the extent and character of Tasmanian blanket bogs:
Tasmanian blanket bogs or buttongrass moorlands are unique to Tasmania and have contributed
to the listing of the Tasmanian Wilderness World Heritage Area which contains over 300,000 ha of
buttongrass moorland which is nearly two thirds of the State’s total (Balmer et al. 2004). They
provide examples of long-ongoing ecological processes initiated in late Pleistocene to early
Holocene times, which have resulted in the development and survival of highly distinct
communities of plants and animals.
In the western part of the State, Tasmanian blanket bogs cover about 1,000,000 ha of undulating
terrain. They occur in regions which experience more than 1600 mm of rainfall per annum, have
high humidity (typically greater than 80%) and low evaporation (Pemberton, 1989). From a world
perspective they appear to be very marginal mire systems mainly as a consequence of relatively
dry and mild summers and could be further impacted by climate change. They occur on a range of
geological types, but appear best developed on inert siliceous substrates where mineral soil
development is minimal. They extend from close to sea level to altitudes of just over 700 m and
from relatively flat ground to slopes of over 40 degrees. The deepest peats occur in lowland
depressions and can be up to 4 m deep whilst they shallow to less than 0.3 m on slopes. In these
locations it is arguable whether they qualify as organosols (Isbell, 1996), but with virtually no other
soil development it is impossible to classify them as any other soil type. This, together with
marginal organic contents in some instances, make them quite distinct peatlands on a world scale.
The Tasmanian State of the Environment Report 2009 states:
Whilst there is an apparently large area of internationally significant geoconservation sites, this
area relates mainly to the entire extent of western Tasmanian blanket bog moorlands. Whilst this
formation is internationally important for a number of reasons, individual parts of the blanket bog
moorlands may not necessarily provide representative examples.
Bridle et al. (2003) state:
The soils of southwest Tasmania are characterised by the predominance (at least in the upper
horizons) of organic matter (Pemberton, 1989). Organic soils occur on most geological substrates
found in the region and across a wide range of topographical situations. They occur in association
with most of the major vegetation formations found there including buttongrass moorland, scrub
communities, wet sclerophyll forest, rainforest, and subalpine and alpine vegetation. Where
intact, the soils of the region are dominated by organic horizons. Red/brown fibrous peats
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overlying mineral soils of varying composition and depth usually occur under forest vegetation.
Very dark brown or black fibric or amorphous (sapric) peats overlying sand, gravels and bedrock
form large areas of blanket bog in the region. These latter soils are found on nutrient poor
substrates which are very slow to weather. They are usually associated with sedgeland-heath and
related scrub communities, termed buttongrass (Gymnoschoenus sphaerocephalus) moorlands
(Jarman et al., 1988).
Also:
Blanket bog peat soil – Organic-rich soils are characteristic of blanket bogs, which only develop
under certain climatic conditions and are globally rare. In Tasmania they are associated with
extensive buttongrass moorlands.
From these various statements it can be interpreted that the areas supporting buttongrass communities
located to the west and south of the TSF 2 form a component of the western Tasmania blanket bogs, but
only where peat formation exceeds 30 cm. There are very small and discontinuous areas of potential
buttongrass and organic-rich soils are present in the TSF 2 site, but are not blanket bogs due their limited
extent. With 1,000,000 Ha of blanket bogs in south-west Tasmania, impacting a small area of buttongrass
is not significant.
This is because the distinct character of a bog is that it derives nutrients through rainfall and not from
underlying subsoils and rocks and so is limited to situations where the peat forms sufficient depth to
separate the surface plant-growing medium from the bedrock. It is likely that in many situations
buttongrass does not overlay peats of sufficient depth to be properly classified as ‘blanket bogs’.
The more extensive buttongrass moorlands to the west of the TSF 2 are both outside the disturbance
footprint and upstream of any surface water flows, which should also run from north-west to south-east
along the power easement towards the Que River.
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Figure 27

Western Tasmanian blanket bogs
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6.7 Heritage values
The proposed Hellyer retreatment process and TSF 2 does not cover any previously undisturbed heritage
sites and no previously undiscovered evidence of European or Aboriginal cultural heritage is expected to
arise during its operations.

6.7.1 Aboriginal cultural heritage
Miedecke (1987) reported that a study of the Hellyer Mine site area was carried out in April and May 1987.
This included a literature search. The field study was carried out in May 1987 and involved systematic
survey of the then proposed tailings dam site, the concentrator site and the haulage road between the
portal and the mill. The survey was carried out over two days with no Aboriginal sites detected.
McCullough Robertson undertook a due diligence on the potential Hellyer acquisition for NQM in March
2017. They requested a desktop assessment of the area of CML 103M/87 to confirm whether any
Aboriginal relics have been recorded. Aboriginal Heritage Tasmania (AHT) advised that there are no
Aboriginal relics recorded within the project area. Further, AHT, referring to Meidecke’s report, advised
that an archaeological survey was undertaken at the Hellyer Mine site in 1987, and no relics were identified
at that time. As a result, AHT is of the opinion that the area has a low probability of Aboriginal relics being
present.
AHT has advised that it has no objection to the project proceeding but noted that if at any time during
works the presence of Aboriginal relics is suspected, works must be ceased immediately and AHT
contacted for advice.

6.7.2 Historic heritage
The Hellyer Mine is relatively modern in terms of West Coast mines; it had a short life of less than 20 years
and had no town site or main highway associated with it. These factors tend to limit the heritage values of
the site and as a consequence most old workings were removed during the original rehabilitation process.
In terms of mining heritage, the discovery and development of the original project marked the use of
techniques that are now commonplace and did not warrant registration on the Tasmanian Heritage
Register at the time of the 2000 closure.
Kostoglou (1999) conducted an archaeological survey of the Hellyer Mine in 1999 for Mineral Resources
Tasmania. He noted that the concrete adit portal itself is the only feature at this site that was deemed to
be of any nominal heritage-related significance. This is outside of the project area and will not be affected
in anyway by the development.

6.8 Visual amenity and landscape
The Hellyer Mine is not a conspicuous visual intrusion in the landscape. The proposed TSF 2 will not be an
obvious element in the landscape. The Que River and Hellyer operations have been operating or disturbed
since 1980. Figure 28 shows the Hellyer lease in relation to Mt Beecroft, which is one of the highest peaks
in the district. Figure 29 provides a photo montage taken from the peak of Mt Beecroft in the mid-1990s.
Mt Beercroft was used for annual photos to assess the visibility of the Aberfoyle operation. Other than
bushwalking, there is no easily accessible vantage point or lookout at the site.
The site is not visible from the north or the west, where stands of vegetation block any views of the mine
and facilities from both the Belvoir Road and the Murchison Highway.
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Figure 28

Location in relation to Mt Beecroft
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Figure 29

View from Mt Beecroft mid-1990s
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7

EXISTING ENVIRONMENT: SOCIOECONOMIC ASPECTS

The mining industry in Tasmania is a major source of wealth within the state. The population decline in the
north-west mining region of Tasmania seen during the 1990s and early 2000s is in part attributable to the
changing viability of the local mining industry during the recession of the late 1980s and the failure of
mining operations such as Renison. Developments in the late 1990s and early 2000s, however – such as
the reopening of the Savage River Mine in late 1997 by Australian Bulk Minerals (ABM) and the opening of
the Goldfields (Tasmania) Ltd mine at Henty – helped reverse this decline. The drop in metal prices and
high Australian dollar associated with the global financial crisis has led to the closure of some operations,
such as the Bass Metals Fossey mine at Hellyer, the Avebury nickel mine and the reopened Mt Bischoff
mine.

7.1 Demographics
Population growth information was obtained from the Australian Bureau of Statistics Census of Population
and Housing (2016). In the 2016 Census, there were 32,439 people in Braddon (Mersey) State Electoral
Division. This comprised 6.636% of the Tasmanian pollution. Table 15 from the 2016 Census data shows
that the Tasmanian population grew by 5.8% between 2006 and 2016, whereas in the Murchison division
of the Braddon electorate, which encompasses the Hellyer Mine, the population fell by 5.3% over the same
period.
Table 16 from the 2016 Census data compares employment in the Braddon Mersey district with census
data from Tasmania and Australia. There were 14,132 people who reported being in the labour force in
the week before Census night in Braddon (Mersey) State Electoral Division. Of these, 51.1% were employed
full time, 35.4% were employed part time and 7.8% were unemployed. The unemployment rate of 7.8%
compares unfavourably with Tasmania at 7% and Australia at 6.9%. It is anticipated that most of the Hellyer
workforce will be drawn from the Braddon Mersey district along the north-west coast of Tasmania.
Table 17 compares employment by profession. The most common occupations in Braddon included
technicians and trades workers 15.2%, labourers 14.4%, professionals 14.4%, community and personal
service workers 13.1%, and clerical and administrative workers 11.6%. The percentage of labourers,
machine operators and trade-skilled employees in Braddon is higher than the Tasmanian average and
much higher than the Australian average. Conversely the percentage of professional workers is lower.
This is reflected in the education profiles shown in Table 18. The percentage of the population with a higher
education qualifications in Braddon is lower than the Tasmanian and Australian averages. Of people aged
15 and over in Braddon (Mersey) State Electoral Division, 9.6% reported having completed Year 12 as their
highest level of educational attainment, 20.3% had completed a Certificate III or IV and 7.1% had
completed an Advanced Diploma or Diploma.
In the Waratah statistical region, which also encompasses the Hellyer Mine, the population recorded in
the 2016 Census was 3,689 with a median wage of $41,146. The median wage in Tasmania was $42,069.
These compare unfavourably with the median total income (excluding Government pensions and
allowances) in Australia of $46,854.
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Table 15

Braddon population growth

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

Braddon
(Mersey)
Braddon
(Montgomery)
Braddon
(Murchison)
Braddon
(Western Tiers)

28,739

29,070

29,550

30,086

30,449

30,672

30,652

30,687

30,774

30,896

31,160

30,575

30,844

31,147

31,430

31,568

31,659

31,471

31,343

31,250

31,095

37,021

36,992

37,246

37,382

37,356

37,138

36,786

36,347

35,878

309

322

317

339

361

395

403

433

Total Tasmania

489,302

493,262

498,568

504,353

508,847

511,483

511,848

512,520

Table 16

Employment

2006–2016
%
Total
8.4

2,421

30,997

1.4

422

35,441

35,066

–5.3

–1,955

455

468

483

56.3

174

513,839

515,396

517,588

5.8

28,286

Labour force status (15 years of age or more) 2016

Braddon
%
Tasmania
%
(Mersey)
People who reported being in the labour force, aged 15 years and over
Worked full-time
7,228
51.1
121,822
52.3
Worked part-time
4,999
35.4
81,601
35
Away from work
797
5.6
13,162
5.7
Unemployed
1,108
7.8
16,365
7

Australia

6,623,065
3,491,503
569,276
787,452

%

57.7
30.4
5
6.9
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Table 17

Employment by occupation

Occupation
Employed people aged 15 years and over
Technicians and trades workers
Labourers
Professionals
Community and personal service workers
Clerical and administrative workers
Sales workers
Managers
Machinery operators and drivers

Braddon
(Mersey)
1,979
1,880
1,869
1,701
1,507
1,457
1,355
1,062

%

Tasmania

15.2
14.4
14.4
13.1
11.6
11.2
10.4
8.2

30,243
25,183
40,772
26,754
28,194
21,402
26,467
13,800

%

14
11.6
18.8
12.4
13
9.9
12.2
6.4

Australia

1,447,414
1,011,520
2,370,966
1,157,003
1,449,681
1,000,955
1,390,047
670,106

%

13.5
9.5
22.2
10.8
13.6
9.4
13
6.3
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Table 18

Highest qualification level (15 years of age or more) 2001

Level of highest educational attainment
People aged 15 years and over
Bachelor Degree level and above
Advanced Diploma and Diploma level
Certificate level IV
Certificate level III
Year 12
Year 11
Year 10
Certificate level II
Certificate level I
Year 9 or below
No educational attainment
Not stated

Braddon
(Mersey)
2,592
1,886
799
4,585
2,564
1,296
5,730
36
0
3,351
62
2,996

%

Tasmania

9.7
7.1
3
17.2
9.6
4.9
21.6
0.1
0
12.6
0.2
11.3

67,863
31,487
12,132
62,121
50,460
19,697
73,242
384
48
43,314
1,641
46,190

%

Australia

16.2
7.5
2.9
14.8
12
4.7
17.4
0.1
0
10.3
0.4
11

4,181,406
1,687,893
551,767
2,442,203
2,994,097
941,531
2,054,331
13,454
2,176
1,529,897
145,844
1,974,794

%

22
8.9
2.9
12.8
15.7
4.9
10.8
0.1
0
8
0.8
10.4
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8

POTENTIAL EFFECTS AND THEIR MANAGEMENT

8.1 Air emissions
Air emissions could occur during the construction and operational phases of the project.
The primary potential air pollutant sources during the construction phase include:
•

dust generation from clearing of the site; stockpiling of vegetation, topsoil and clay; and
construction of the TSF, processing plant and access tracks

•

emissions from the operation of construction and transportation equipment.

The primary potential air pollutant sources during the operational phase will be emissions from light
vehicles and occasional heavy machinery.

8.1.1 Existing conditions
There are currently no known air pollutant sources in the area other than emissions from light vehicles
and occasional heavy machinery at the Hellyer dredging and mineral processing operation.

8.1.2 Performance requirements
Air emissions from the mining and processing operations must comply with the following:
•

Tasmanian OHS requirements (Workplace Health and Safety Regulations 2012)

•

Tasmanian Environment Protection Policy (Air Quality) 2004

•

Tasmanian Quarry Code of Practice 1999

•

Tasmanian Environmental Management and Pollution Control Act 1994 – Environmental nuisance
provisions

•

Waratah–Wynyard Council Interim Planning Scheme 2013.

8.1.3 Potential effects
Dust has the potential to cause an environmental nuisance if it is blown beyond the boundary of the lease
and affects sensitive receptors. It can cause respiratory annoyance, reduce visual amenity and fall out onto
land or surfaces in other ownership, with the potential to soil clean surfaces and contaminate roofcollected water supplies. In addition, dust can fall onto vegetation and, in extreme cases, retard plant
growth by blocking photosynthesis. Diesel exhaust fumes can cause an environmental nuisance and
contribute to greenhouse gases. If allowed to dry out the PRT could become a source of dust.
The prevailing winds at the site are north-westerly to south-westerly. The nearest sensitive land uses are
in the tourist hotels along the Cradle Mountain Road (C132) more than 17 kilometres to the east, the
township of Tullah located more than 20 kilometres to the south (Figure 3) and the township of Waratah
some 21 kilometres to the north-west.
Given the buffer distances to the closest sensitive receivers it is unlikely that dust and exhaust emissions
from the activity would result in an environmental nuisance.
Under certain weather conditions, however, such as particularly hot, dry windy periods, if appropriate
management measures are not undertaken, dust may be carried from the site by the prevailing winds.
HGM will therefore put in place appropriate mitigation measures, described below, to ensure dust
generated from the activity will not be carried from the site.
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8.1.4 Avoidance and mitigation measures
The following mitigation measures will be utilised to minimise the generation of dust and emissions during
construction and operations:
•

Vegetation clearance during construction will not be undertaken during hot, dry and windy
periods.

•

Existing native vegetation outside the immediate inundation and access track footprint will be
maintained for windbreaks.

•

Site roads and materials stockpiles will be watered as necessary during hot, dry and windy
conditions.

•

Exhaust emissions will be minimised by ensuring that all equipment is properly maintained;

•

Local contractors with good reputations and with well-maintained equipment will be used on
site.

•

PRT will be transported and stored sub aqueously.

Commitment

When

Dust will be managed to prevent migration beyond the lease
boundary

During construction / ongoing

The extent of exposed bare land will be kept to a minimum at any one
time, thereby reducing the risk of aeolian sediment loss

Ongoing

8.1.5 Assessment of residual effects
Dust generation associated with the construction is expected to be low as the area has a relatively high,
regular rainfall, and management activities will ensure the extent of bare ground is kept to a minimum.
Roads and soil and vegetation stockpiles will be watered during hot, dry windy periods.
Adoption of the above mitigation measures and commitments will therefore ensure dust and air emissions
will not cause environmental nuisance. It is the intent of the mitigation measures and commitments to
avoid dust being blown beyond the lease boundaries, and to minimise impacts on workers on site.
Air emissions associated with the operation of the light vehicles and mining and transport equipment are
expected to be kept to acceptable levels by use of appropriate and properly maintained equipment.

8.2 Liquid waste
Liquid waste will be generated during the construction and operational phases of the TSF 2. Because
precipitation exceeds evaporation at the site on an annual basis and on average for each month, it will be
necessary to discharge water from the site.
The potential primary sources of liquid waste include:
•
•
•
•
•

stormwater
mill water used as a transport medium for the PRT
TSF supernatant water
seepage from the existing TSF 1
storage and use of fuel, oils and grease.

8.2.1 Existing conditions
The relevant receptors considered in this section are surface waters, particularly the downstream
environment, and groundwater. Existing conditions are described in Sections 6.4 and 6.5.
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8.2.2 Performance requirements
Aqueous emissions, including both diffuse and point source emissions to surface waters and groundwater,
during construction must meet the requirements of the State Policy on Water Quality Management 1997.

8.2.3 Avoidance and mitigation measures
Avoidance and mitigation measures in relation to the liquid wastes noted above are described in Sections
8.3 and 8.5.

8.2.4 Assessment of residual effects
Residual risks associated with the liquid wastes noted above are described in Sections 8.3.6 and 8.5.5.

8.3 Surface water
8.3.1 Existing environment
Existing conditions are described in more detail in Section 6.4. In summary, the existing receiving
environment for surface waters is the Que River, which is a moderately to severely disturbed system and
has been receiving water discharged from both the Hellyer and Que River mines, often polluted, into its
headwaters for decades. The Que River at Murchison Highway downstream of both mines has recorded a
mean concentration of Total Zn of 0.87 mg/L since 2006.
Historical TSF 1 supernatant water quality has been used to inform and guide proposed water
management for TSF 1 and TSF 2. The discussion below provides information about key factors in
controlling the quality of TSF 1 and TSF 2 supernatant water. For example, the need to provide sufficient
residence time for the co-precipitation of pollutants within the TSF 2 supernatant water body has come
from reviewing data on TSF 1 supernatant water management since 2000 and determining the ongoing
need to co-precipitate metal pollutants. More detail on TSF 1 supernatant water quality is provided in
Appendix C.
The improved management practices on site, particularly in the past 18 months, have focussed on
controlling pH and mitigating acid sources and have resulted in a steady decrease in Total Zn emission
concentrations (Section 6.4 and Figure 16). The most recent months, from December 2017 to April 2018,
have recorded TSF 1 emission concentrations of Total Zn below 0.5 mg/L. The permit concentration for
this site is 0.8 mg/L. The pH has been well controlled with 75% of values above pH 7.6 for this time.
8.3.1.1

TSF 1 seeps

At present, seeps from TSF 1 flow into the receiving environment either by entering the western clean
water diversion drain, which reports to the Que River, or via the artificial wetlands below TSF 1. The
monitoring locations of the seeps are marked in Figure 30. From this figure I can be seen that the TSF 1
seeps will report to TSF 2 once constructed. The western diversion drain is marked in Figure 42. The water
quality data was collected to assess the effect of inflow from the TSF 1 seeps on PRT stored within the
TSF 2. The collection of water samples occurred between June 2017 and March 2018. During this time the
seepage flow rates were similar to the longer-term flows rates observed since May 2016.
The seep water quality is characterised by low flow with relatively high levels of aluminium, with pH results
for the seeps averaging between 4.1 and 4.2. Table 19 presents a summary of the pollutant concentrations
and mass loads monitored at these sites. The average total concentrations are not flow weighted.
Flows are low due to the depth of low-permeability tailings stored within the TSF 1 and the lowpermeability clay core of the TSF 1 dam embankment.
The mass loads of pollutant are low. The total acidity load measured from this dam wall is 6.6 kg/day. The
acidity is mainly due to aluminium in the discharge. The iron levels are very low at 50 g/day. The potential
for iron to promote sulfidic tailings oxidising in the absence of O2 is discussed in Section 8.6.
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Table 19

Pollutant mass loads from the TSF 1 seeps

Seep 1
Average
Flow with water quality L/sec
Flow long-term average L/sec
pH
EC
Acidity as CaCO3 mg/L
Aluminium Total mg/L
Iron Total mg/L
Lead Total mg/L
Zinc Total mg/L
Flux acidity as CaCO3 kg/day
Flux aluminium Total kg/day
Flux iron Total kg/day
Flux lead Total kg/day
Flux zinc Total kg/day
n

0.18
0.2
1.2
573.3
48
7.4
0.14
0.0034
0.52
0.8
0.13
0.0022
0.000056
0.0085
9

Standard
deviation
0.046
0.11
0.18
68.8
12
3.1
0.062
0.0011
0.091
0.38
0.078
0.0012
0.000026
0.0035

Seep 2
Average
0.34
0.38
4.29
608.1
47
6.4
1.4
0.0026
0.46
1.4
0.19
0.044
0.000076
0.013
9

Standard
deviation
0.047
0.15
0.18
73.15
13
1.8
3.7
0.00073
0.11
0.51
0.07
0.12
0.000029
0.002

Seep 3
Average
0.64
0.38
4.09
651.8
70
10
0.053
0.0016
0.55
4.5
0.66
0.003
0.000079
0.031
9

Standard
deviation
0.39
0.15
0.17
91.71
26
4.2
0.005
0.00073
0.086
4.1
0.61
0.002
0.00006
0.022

All seeps
(totals)
Total
1.2
0.97
4.2
611
55
8
0.52
0.0025
0.51
6.6
0.97
0.049
0.00021
0.053

75

During the operation of TSF 2 it is expected that a small amount of additional alkalinity will be required to
neutralise the seeps. A conservative estimate of this requirement is 20 kg of lime per day. If necessary,
HGM will increase the lime dose to TSF 2 to account for this. On closure, the sufficient alkalinity associated
with PRT will be present in TSF 2 to neutralise the seeps (Table 44, Table 46). It is likely that the increased
hydraulic pressure in TSF 2 from the low-permeability PRT at full depth will reduce the hydraulic gradient
between TSF 1 and TSF 2 and reduce the flow of TSF 2 seeps towards TSF 2.
Figure 30

8.3.1.2

TSF 1 seeps 2017

H1 monitoring site downstream

Monitoring site H1, as shown in Figure 30 above, was established by Aberfoyle in the 1990s to measure
pollution downstream of the operation before it enters the Que River. H1 captures discharge from the
TSF 1 below the clean water diversion drains and after the Aberfoyle clarifier and wetlands. At present
monitoring site H1 provides long-term data on water quality from TSF 1 supernatant water and seepage
discharge before it reaches the Que River (Table 20). Once TSF 2 is operational, H1 will provide data on the
impact of construction on surface waters (Que River) and downstream seepage from TSF 1 that reports to
the wetlands.
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Table 20

H1 water quality June 2006 – Dec 2017

10th percentile
20th percentile
Mean
Median
75th percentile
90th percentile
Maximum
Std deviation

Acidity to
pH 8.3
mg/L
(CaCO3)
4.00
5.00
11.60
8.00
13.00
22.80
53.00
10.33

Alkalinity
(Total)
mg/L
1.00
1.00
12.29
5.00
9.00
15.00
514.00
52.11

Lab pH
units
5.13
5.42
6.32
6.54
6.92
7.21
8.25
0.83

Cadmium
(Total) as
Cd mg/L

Cobalt
(Total) as
Co mg/L

Copper
(Total) as
Cu mg/L

Lead
(Total) as
Pb mg/L

0.001
0.002
0.003
0.003
0.003
0.005
0.066
0.006

0.004
0.005
0.008
0.007
0.009
0.012
0.027
0.005

0.008
0.010
0.029
0.024
0.041
0.055
0.101
0.020

0.02
0.03
0.11
0.08
0.15
0.20
0.79
0.11

Manganese
(Total) as
Mn mg/L
0.280
0.324
0.579
0.460
0.611
1.058
2.250
0.396

Nickel
(Total) as
Ni mg/L
0.015
0.019
0.034
0.027
0.037
0.070
0.097
0.021

Zinc
(Total) as
Zn mg/L
0.415
0.542
0.859
0.749
0.983
1.282
3.720
0.500

Sulphate
as
SO4 mg/L
62.0
81.6
153.0
115.0
172.5
308.0
766.0
115.8
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8.3.2 Performance requirements
The EPA has established emission limits for the current activity (operation of a tailings dredging and
mineral processing operation) under the EMPCA that are consistent with the State Policy on Water Quality
Management 1997 and the Australian and New Zealand Guidelines for Fresh and Marine Water Quality
2000 (ANZECC, 2000).
During the operational phase, when TSF 2 overflows it will discharge as a point source from its spillway
overflow and report to the Que River to the south of the transmission line easement, upstream of the
existing TSF 1 discharge, but downstream of the inflow from the Que River Mine. The flow will be
monitored via a level gauge and calculated flow over the weir from the gauge at the outfall.
The TSF 1 overflow discharge will be redirected to a discharge point to the west of its current site, from
where it will pick up the western clean water drain and report to the Que River via its western tributary,
downstream of where western seeps from TSF 2 are expected to report. Because the eastern upstream
catchment will be diverted into TSF 1, the TSF 1 is likely to overflow continuously. The flow will be
monitored using an automated level gauge and calculated flow over the weir from the gauge.
Figure 31 shows the location of the current TSF 1 overflow and the proposed TSF 2 overflow and their
drainage paths to the Que River.
To compare the former and proposed additional flows, the annual calculated outflows during the last site
operation (BSM, Fossey) have been compared with the estimated TSF 1 outflow for the HGM operation
with the eastern diversion entering TSF 1. Annual flows have been used to avoid seasonal fluctuations. A
dilution factor (Table 21) has been calculated by comparing the catchment areas, resultant fresh water
inflows and other fresh water inflows and consequent TSF 1 outflows during the BSM operation, against
the calculated annual TSF 1 outflows.
Table 21

Dilution factor TSF 1 discharge

Catchment and TSF 1 inflow components
Main Creek catchment and excess Southwell River water 5 used for
processing, which continually overflowed into TSF 1 via Mill Creek
during the BSM operations
TSF 2 6, eastern diversion flows and TSF 1 catchment
Calculated dilution factor

Annual TSF 1
outflows (ML)
9.02
14.33
1.59

The TSF 2 overflow discharge will meet the TSF 1 discharge in the Que River above the Que River at
Murchison Highway site (Figure 31).
Over the life of the operation the proportion of water discharged from the two TSFs will vary, and
operational considerations will result in variable water quality between the two streams, but the net
discharge of pollutants from the site will not increase with the operation of TSF 2. The emission limits set
by the EPA for the TSF 1 discharge (Table 12) are designed to protect the downstream PEVs based on the
pollutant emissions from TSF 1. The limits were set for the PMH operation in 2006 and the BSM operation
in 2012. To assess the applicability of these emission limits the following logic train was used:
1. The downstream PEVs are protected when the concentration limits specified by the EPA for the
TSF 1 discharge are met.
2. The proposed diversion of the eastern fresh water channel into TSF 1 will decrease the
5
6

A review of BSM pumping records indicates that a conservative supply tank overflow of 80 L/s is applicable.
Specified supernatant return pump back rate of 100 L/s
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3.
4.

5.
6.

concentrations of pollutants emitted from TSF 1 because of dilution but should not increase the
mass loads emitted.
The proposed diversion of the eastern fresh water channel into TSF 1 will significantly reduce the
pollution concentrations and mass loads emitted from TSF 2 by increasing the residence time of
that facility resulting in an increase in metal removal through precipitation and settlement.
If water management practices in TSF 1 allowed the emission of pollutants to increase by allowing
the concentrations to increase despite the dilution provided by the fresh water inflow then the
mass loads would increase significantly. This does not meet the best practice environmental
management (BPEM) requirements of EMPCA.
However despite the increased flows then downstream PEVs should not be compromised as they
are based on toxicity risks linked to concentrations.
The overall site point source discharges in terms of toxicity risks, protection of downstream PEVs
and BPEM requirements are best served by applying the current TSF 1 emission limits to each point
source discharge while calculating a combined flux discharge and managing the discharges to
ensure that there is no overall increase in pollutants from the site.

As noted in Section 6.4, the emission limits for discharge from TSF 1 have been set by the EPA to manage
the point source pollution from the site. The emission limits have been set to safeguard the protected
environmental values (PEVs) for the receiving waters, in this case the Que River. No specific water quality
objectives have been set for the Que River under the State policy on water quality management. Sitespecific water quality objectives can be established where sufficient scientific data is available. The
emission limits set for the Hellyer TSF 1 outflow reflect the protection of environmental values (PEVs)
through the implementation of best practice environmental management as determined by the EPA in
setting site limits.
It is proposed that TSF 1 discharge, with the addition of freshwater inflows, continues to operate to its
current emission limits (Table 12), with a commitment to manage supernatant water quality to reduce
emission concentrations as much as practically achievable in line with BPEM and provide annual mass
loads discharged from the site in the company’s annual environmental management reports showing
trends.
It is proposed that TSF 2 discharge meets the current TSF 1 emission limits for pollutant concentrations;
however, the pH limit should be increased to a pH end point of 8.5 (Table 22) along with a similar
commitment to manage supernatant water quality to reduce emission concentrations as much as
practically achievable in line with BPEM and provide annual mass loads discharged from the site in the
company’s annual environmental management reports showing trends.
The need for a higher supernatant pH was demonstrated in Section 8.3.3.3.2 and shown in Table 25 where
the blue cells in the initial pH of 9.5 test column (highlighted grey cells) show the resultant concentrations
of metal pollutants which had reduced to acceptable concentrations, i.e. below current TSF 1 emission
limits for metals (Table 12) and proposed TSF 2 emission limits for metals (Table 22). The water in the pH
of 9.5 test column settled to a pH end point of 8.37. Hence HGM is proposing a pH end point of 8.5 to be
conservative.
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Table 22

Proposed TSF 2 discharge emission limits

Parameter

Maximum emission limit
(mg/L)

pH (minimum)
Sulfate
Total lead
Total zinc
Total copper
Total aluminium
Total arsenic
Total suspended solids

8.5 (pH units)
300
0.6
0.8
0.2
0.5
0.02
30

Site-specific water quality and toxicological information collected at Hellyer shows that these emission
limits are consistent with the protection of the protected environmental values (PEVs)s in the region
(Aquatic Science, 2009). This is described in more detail in Appendix C.
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Figure 31

TSF 1 and TSF 2 current overflow channels to Que River
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8.3.3 Potential impacts
Irrespective of any tailings treatment process prior to deposition, water contained within the TSF 2 has the
potential to allow mobilisation of metals through AMD processes. If this occurred and the TSF 2
supernatant was not subsequently treated, discharge could result in surface and/or groundwater being
discharged outside of the prescribed emission limits into the Que River. During operations this risk will be
managed by the continuous monitoring of pH and adapting lime dosing as required. Section 8.3.3.3
provides details about the anticipated water quality discharged from site and demonstrates compliance
with the existing TSF 1 emission limits.
AMD is known to exist on site as a legacy of past operations (Sections 6.4.2 and 8.6.2). If left without
remedial action, these areas will continue to generate AMD and impact surface and groundwater
associated with the site. The ongoing operation at the site provides an opportunity to fully remediate these
legacies.
8.3.3.1

TSF 1 supernatant overflow

The management of supernatant in TSF 1 and the resultant quality of its overflow has informed the
management proposed for TSF 2. This is described in more detail in Appendix C.
Key points are summarised as:
•

•

•

•

The management of zinc on site is a key focus. Historically, if zinc concentrations meet emission
limits then other parameters also meet emission limits. The high pH needed to precipitate Zn is a
major factor in this management protocol.
The control of Pb was problematic for this site during the Aberfoyle operations, with colloidal Pb
flowing across the surface to the outfall, especially when the supernatant pH was raised above
12.0 at the mill discharge. This practice effectively increased the dissolution of Pb (also see Figure
57) (AMDEL, 1991; ANSTO, 1991). Testwork undertaken on PRT for HGM has also demonstrated
that increased lime dosing into the tailings stream at the mill discharge does not provide optimal
water quality management. As a result, this practice will not be undertaken, so the Pb problems
experienced by Aberfoyle should be eliminated. Historic data from the site also shows that Pb
concentrations have been lower since the cessation of Aberfoyle operations, than during the
Aberfoyle operations when the practice of lime dosing to raise the pH at the mill discharge above
12.0 also ceased. Recent testwork has shown that, as with Zn, Pb concentrations should generally
decline during the proposed operation of TSF 2 as the pH increases in the TSF 2 supernatant.
Therefore, maintaining the pH in TSF 2 (to a pH endpoint of 8.5) will be a priority for controlling
both Pb and Zn. The process flow sheet for the project has a lower final pH value than the Aberfoyle
operation, greatly reducing the risk of elevated Pb values entering the TSF 2. Pb will be further
reduced through the water return strategy via TSF 1 water.
Sulfide oxidation during mineral processing and tailings disposal drives up sulphate oxidation.
During the Aberfoyle, Polymetals and Intec operations, which focused on Hellyer ore and tailings,
sulfate production was elevated compared with the BSM Fossey operation. Acid base accounting
results indicates that that sulphide generation by the PRT will be similar to that observed with the
Fossey operation, which is considerably lower than the original Aberfoyle, Polymetals and Intec
operations. This is attributable to the much lower pyrite content of the PRT. As a consequence,
less sulphate is expected to be generated during PRT deposition than occurred when Hellyer or
Polymetals tailings were being deposited in TSF 1.
The recirculation of supernatant water from TSF 2 through the milling operation via dredge return
from TSF 1 will also reduce sulfate concentrations in TSF 2 through gypsum precipitation.
However, sulfate levels may not be elevated enough for this to occur. Polymetals and Bass
operations on site did not result in scale forming in pipes and it is expected that the sulphate
production from the sulphide oxidation will be less than in previous operations, so this is not
expected to be an operational problem.
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•

The long retention time in TSF 1 has been critical to the provision of acceptable water quality. It
is envisaged that there will be a similar need to maximise retention time in TSF 2.

8.3.3.2

TSF 2 supernatant

Supernatant water from TSF 2 will discharge from the dam’s overflow spillway (Section 8.3.4.2 and Figure
40). The pollutant fluxes will be calculated for any discharge to the environment.
The mixing tests described in Section 8.3.3.3 indicate that the TSF 2 discharge will meet the proposed
emission limits with pH adjustment to a supernatant endpoint of 8.5.
There will be a constant supernatant return of 100 L/s from TSF 2 to TSF 1. The return point in TSF 1 will
be close to the finger pond i.e. distal to TSF 1 overflow, to maximise the use of alkalinity and to encourage
co-precipitation of metals.
8.3.3.3

Mixing tests: evaluation of operational TSF 2 supernatant water quality

To confirm the adequacy of proposed operational surface water management, mixing tests were carried
out with a low Py PRT sample (16.3%): Test A, and a high Py sample PRT (28%): Test B, to provide results
that could be applied to the operation as varying feedstock was processed.
The testwork was designed to replicate field conditions where PRT will be piped to the receiving TSF and
store subaqueously. The tests were designed to assess the impact of lime addition to improve supernatant
water quality. Mixing tests were run to:
•
•
•

observe the effect of direct lime addition to the TSF supernatant water
compare this with adding lime to the PRT delivery line
observe the effect of ferrous iron addition.

8.3.3.3.1

Methodology

Subsamples containing 60 g of PRT were used to conduct settlement tests. The settlement tests were
conducted with a Platypus 4 by 2 Litre jar test unit. The low pyrite sample came from locked cycle tests on
low S feedstock tailings (see Section 8.6.4.1.1). To obtain the high pyrite (Py) sample, a composite derived
from equal quantities of PRT from Py cleaner 1 tailings, Py cleaner 2 tailings and Py scavenger tailings batch
tests was used. The feedstock came from a composited Hellyer tailings taken from Vibracore samples
(Appendix H) from across Bench 1. By increasing the proportion of Py cleaner 2 tailings and Py scavenger
tailings, the concentration of Py was increased to represent a worst-case scenario for the testwork
The assay results from the PRT used for the testwork are provided in Table 23 and Table 24. The laboratory
methodology for the tests is presented in the following sections.
Table 23

Metal and sulfur composition of the low Py PRT sample

Wt % All Cu%
Pb %
Zn %
Fe %
As %
S%
Py Cl1Tail
21.2
0.14
1.76
0.45
20.4
1.23
19
Py RoTail
78.8
0.06
0.63
0.22
7.1
0.24
5.89
Tails Combined
100
0.08
0.87
0.27
9.9
0.45
8.7
Table 24

Metal and sulfur composition of the high Py PRT sample

Wt % All Cu%
Pb %
Py Cl2Tail
33.3
0.11
Py Cl1Tail
33.3
0.12
Py RoTail
33.3
0.03
Tails Combined
100
0.09

2.1
2.1
0.62
1.61

Zn %

0.51
0.51
0.21
0.41

Fe %

25.6
13
8.95
15.9

As %

3
2.06
0.54
1.87

S%

27.1
11.1
8.81
15.7

83

The tests were also run to compare the efficacy of direct lime addition to the TSF supernatant with lime
addition to the PRT and also the addition of ferrous in addition to lime.
8.3.3.3.1.1

Direct lime addition to supernatant

Step 1: The mixing speed of the jar test unit was set at a speed of 180 rpm, which suspended the majority
of the PRT, for five minutes. The water volume was minimised to replicate a slurry density during piped
PRT transfer.
Step 2: TSF 1 supernatant water (for low Py test) and rainwater (for high Py test) were collected on the day
of testwork and placed over the tailings to fill the two-litre jar. Mixing continued for a further 60 seconds
at 180 rpm and then switched off.
Step 3: After mixing, the sample was allowed to settle for four hours. At this time mixing restarted with
the supernatant slowly stirred and with only minimal disturbance of the settled PRT. During the mixing the
supernatant was titred with a 1% lime solution until the pH increased to set end-points (8.0. 8.5, 9.0 and
9.5) . The lime dose required to get to the end pH was recorded along with temperature and conductivity.
Controls with no lime addition for each batch were also completed.
Step 4: After the Step 3 mixing, the sample was allowed to settle for another 20 hours. In situ
measurements for pH, EC and temperature were undertaken. Subsamples of supernatant were taken for
analysis including total and soluble metals, silica, sulphate, TSS, major cations and alkalinity.
8.3.3.3.1.2

Lime addition to PRT slurry

This was only undertaken in the B tests.
Step 1: The water volume added to the PRT sample was minimised to replicate a slurry density during
piped PRT transfer. The lime dose added to the PRT slurry was the same (8 mg) used to achieve the pH 8.5
endpoint for direct supernatant addition; however, the resultant pH from this test was only 8.0. The mixing
speed of the jar test unit was set at a speed of 180 rpm, which suspended the majority of the PRT, for five
minutes.
Step 2: Rainwater was collected on the day of test work and placed over the tailings to fill the two-litre jar.
Mixing continued for a further 60 seconds at 180 rpm and then switched off.
Step 3: After the Step 2 mixing, the sample was allowed to settle for another 24 hours. In situ
measurements for pH, EC and temperature were undertaken. Subsamples of supernatant were taken for
analysis including total and soluble metals, silica, sulphate, TSS, major cations and alkalinity.
8.3.3.3.1.3

Lime and ferrous iron addition

This was only undertaken in the B tests. This test was run as described in Section 8.3.3.3.1.1. Additional
lime was required to counteract the acidity from the ferrous iron added to meet the initial pH 8.5 endpoint.
8.3.3.3.2

Mixing test results and discussion

The complete results are provided in Table 25.
The results from the A tests were better than expected but did not represent the expected median or
mean Py PRT, hence the development of the worst-case B tests. Mixing the B samples in rainwater instead
of TSF 1 supernatant water was undertaken to lower the ionic strength of the water because water with
high ionic strength can enhance precipitation and coagulation and improve subsequent metal removal and
therefore provide overly positive results.
As has been discussed earlier, lead and zinc have been critical parameters for managing water quality in
TSF 1 during earlier operations. The lead and zinc concentrations are plotted against pH of the water after
the 24-hour settlement of solids with the jar tests in Figure 32 and Figure 33.
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The lead and zinc concentrations do show an increased level of removal via precipitation with increased
pH for the addition of lime directly to the supernatant. In Table 25, it is worth noting that the pH of the
mixing test was up to one pH unit higher after initial dosing compared with the pH measured after
settlement. This may be an important factor for in situ management because higher pHs around the tailings
deposition point could be required to maximise precipitation.
When lime was added directly to the PRT, the pH did not rise as much as when the lime was added directly
to the supernatant. This can be seen in Figure 32 and Figure 33, with the green arrows pointing to mixing
tests with the same lime dose. The subsequent metal removal was also lower with lime added directly to
the PRT.
Figure 32

pH versus the total lead concentrations after settling
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Figure 33

pH versus the total zinc concentrations after settling
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The mixing test conducted utilising a ferrous iron dose of 5 mg/L to the supernatant also required an
increased lime dose to achieve a pH 8.5 endpoint (at the start of settling). The ferrous iron dose
corresponds to 10 mg/60 g of tailings. The lime dose increased from 4 mg/L to 14 mg/L in the supernatant.
The increased lime dose was required because the ferrous iron consumes alkalinity as it oxidises and
precipitates from solution. By comparing the results for the tests with the same pH end point, it is evident
that there is a substantive increase in the Pb and Zn removal rate for the same target pH endpoint.
Deductions from this result are:
•
•
•

Co-precipitation of ferrous iron may be a mechanism used to enhance metal removal.
Reduced redox potential from the ferrous iron may also be playing a role in metal removal.
However, any direct economic advantage of adding the ferrous iron was offset by the increased
lime dose.

Table 25 shows highlighted grey cells within the initial pH of 9.5 test column where the columns water
settled to a pH end point of 8.37. The blue cells in this column show the resultant concentrations of metal
pollutants which had reduced to acceptable concentrations, i.e. below current TSF 1 emission limits (Table
12) and proposed TSF 2 emission limits (Table 22). Sulfate levels are also well below the levels encountered
for previous operations of these facilities. As a result gypsum precipitation is not expected. From the test
work, the other parameters cited in Table 25 are considered low.
Notwithstanding that the results of the mixing tests were within the emission limit guidelines for TSF 1,
because the laboratory-based testwork is on a small scale compared to the actual operation, HGM will
undertake repeat water management testwork to confirm the validity of the proposed management
program using PRT produced in the operation and report this in the inaugural Annual Environmental
Management Report.
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Table 25

Set-up parameters and PRT mixing test results

8.3.4 Potential impact on downstream users
The major downstream user of surface water downstream of Hellyer is Hydro Tasmania, which is a
significant manager of water within the Pieman River Hydro-Electric Water District.
As noted in Section 6.3, the outflow from the TSF 1 and TSF 2 flows into the Que River, which flows from
the mining lease in a south-westerly direction where it joins the Huskisson River. The Huskisson River, in
turn, flows to Lake Pieman, a Hydro-Electric Corporation constructed storage. Figure 34, from the Pieman
Sustainability Review: Information review of the Anthony-Pieman hydropower scheme, February 2015
(Hydro Tasmania, 2015, p. 5), shows the catchment feeding into Lake Pieman and the power stations and
dams associated with that. It can be seen that the Reece Dam and the Reece Power Station at the western
end of Lake Pieman are the only hydro storage and infrastructure downstream of the proposed TSF 2
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development. The upper reaches of Lake Pieman, below the Que and Huskisson Rivers, are approximately
42 km downstream of the TSF 1 and TSF discharges. The Reece Power Station is a further 43 km
downstream along Lake Pieman.
Figure 34

Hydro storages Pieman River Hydro-Electric Water District

Source: Pieman Sustainability Review: Information review of the Anthony-Pieman hydropower scheme, February 2015
(Hydro Tasmania, 2015, p. 5)
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From a water quality perspective, using rudimentary dilution calculations based on catchment areas, the
water quality measured at the H1 sample site below the proposed TSF 2 embankment would be diluted by
around 50 times before flowing into Lake Pieman. Using zinc as a surrogate for environmental impact, and
assuming the proposed emission limit of 800 µg/L is achieved at the TSF 2 outfall, it is expected that
concentrations from the Hellyer lease would be well below 20 µg/L at the point of discharge into Lake
Pieman. Further major dilution would also be expected due to the water travelling through Lake Pieman,
which also receives water from Lake Rosebery, which is in turn fed by Lake Mackintosh.
The geochemical (closure-related) and mixing (operational) tests conducted on PRT to replicate the
performance of PRT after it has been deposited and stored in TSF 2 demonstrated that the proposed
emission limits are easily achievable (Sections 8.3.3.3 and 8.6.4.1.9). The EPA has established emission
limits under the EMPCA for the current activity (operation of a tailings dredging and mineral processing
operation) that are consistent with the State Policy on Water Quality Management 1997 and the Australian
and New Zealand Guidelines for Fresh and Marine Water Quality 2000 (ANZECC, 2000). The same emission
limits are proposed for pollutant concentrations discharged from TSF 2.
In addition, Section 8.3.5 notes that the operation of TSF 2 will alter the water management on site, but
not the overall quantity of water discharged from the site, so maintenance of the current emission limits
for the final discharge from the site should protect the downstream PEVs. Because the two TSF discharges
will enter the Que River independently, flow measurement infrastructure will be installed at both the TSF 1
and TSF 2 overflow weirs and a flow-weighted concentration and flux is proposed to be used by HGM to
compare the overall site performance to the proposed emission limits, and a calculated flux will provide
overall mass loads for site discharge.
Long-term measurement of water quality and flow at the monitoring site Que River at Murchison Highway,
approximately 1.7 km downstream of the proposed discharge, will be undertaken as well as monitoring
upstream of the proposed discharge at a new site to be called H2. It is not envisaged that a change in water
quality or pollutant fluxes will be discernible at the Que River at Murchison Highway site as a result of this
proposed operation.
8.3.4.1

TSF 2 supernatant overflow

The treatment of acidity by neutralisation is a key focus of the proposed water management. The mixing
tests for the high pyrite (Py) batch of PRT showed that a lime dose of up to 20 mg per 60 g of PRT was
required to achieve a zinc concentration of 0.8 mg/L. 20 mg per 60 g of PRT equates to doses of 9.6 t per
month in Stage 1 with an annual production rate of 720,000 t; 12.8 t per month in Stage 2 with an annual
production rate of 960,000 t; and 16 t per month in Stage 3 with an annual production rate of 1,200,000 t.
It should be noted that these treatment estimates are based on the worst-case, high-Py PRT sample. The
low-Py sample required a lime dose that was an order of magnitude lower to achieve a supernatant zinc
concentration of 0.16 mg/L.
The lead concentrations from the mixing tests were low compared to the zinc values, consistent with the
previous experience that targeting zinc removal achieves all emission limits. The lime dose used to reduce
the zinc concentration to <0.8 mg/L achieved a lead concentration of 0.124 mg/L, which is well below the
permit condition of 0.6 mg/L.
The sulfate concentrations derived from the mixing tests are expected to be less than sulfate produced in
TSF 2 because the ratio of water to PRT in the mixing (jar) test is designed to represent the PRT deposited
into a large water mass with precipitation of metals. Sulfate is a mostly conservative pollutant that will
stay in solution once it is liberated from the PRT, unless concentrations increase to the extent that gypsum
is precipitated. This is not considered likely. The mixing tests generated sulfate concentrations of between
150 mg/L and 270 mg/L. The highest concentrations occurred in the A test where TSF 1 supernatant water
was used. This water was already high in sulfate.
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By comparison, the concentrations observed in the KLC tests (Section 8.6.4.1.9) were initially high but
reduced over time to below 300 mg/L. The high initial values represent an extreme example because there
was a similar volume of tailings to water in the columns. In the TSF 2 there will be a large dilution of the
supernatant by catchment influent. Sulfate will also be returned when supernatant is recirculated to the
mill via dredge water from TSF 1. Higher sulfate levels in the TSF 2 supernatant than in the mixing tests
may also enhance metal precipitation with increased ionic strength from the sulfate.
In the mixing tests the range of total metal concentrations at a pH of 8.37 were aluminium (0.04–
0.06 mg/L), arsenic (0.01 mg/L), copper (0.008–0.009 mg/L), nickel (0.011–0.013 mg/L) and iron (0.19–
0.23 mg/L). These elements were effectively reduced by adjusting pH and are not expected to be of
environmental concern with the proposed water management practices.
Cadmium varied with the two tests. The result from Test A was below 0.0018 mg/L and results from Test B
ranged between 0.015 mg/L and 0.026 mg/L, with some improvement with increased lime addition.
Previous operations on the lease have typically emitted cadmium concentrations below 0.01 mg/L, with
concentrations reducing as pH increased.
Cobalt and manganese do not tend to decrease with the pH treatments that will be proposed in the TSF 2.
These elements are not expected to be of environmental concern, given the concentrations encountered
(Table 25).
Chromium was not detected in the tests.
8.3.4.2

Operational water balance

A hydrological model has been developed using RORBWin software to determine the size of the TSF 2
Starter Dam’s spillway, which is required to pass a 1:100,000 AEP rainfall event safely with an additional
wave run-up allowance for a 1:10 AEP wind event. This model has also been used to assess flows into TSF 1
and TSF 2, and from that to develop operational water balances for the facilities.
8.3.4.2.1

Catchment properties

The total area of the catchment is estimated to be 10.98 km2. The catchment is divided into 9 subcatchments based on their different flow characteristics, as shown in Figure 35.
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Figure 35

8.3.4.2.2

Catchments

Water requirement

The mining stages planned by HGM are summarised in Table 26, below. A water balance was undertaken
for Stages 1 to 5 for the following purposes:
•

•
•

to determine the drawdown effect of the TSF 1/TSF 2 ponds due to dredging activities under
varying climatic conditions. This will be used to inform the mill of the amount of water needed to
be pumped from other water resources for dredging activities during the dry season while
maintaining the minimum water cover of 2 m in all TSFs
to determine the need for decant/siphon to remove excess water from the TSF 1/TSF 2 to
facilitate the mining process during the wet season
to assess the ability for TSF 2 to maintain a 2 m water cover on closure through various climate
change scenarios.
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Table 26

Stage
Stage 1A

Mining schedule and water requirement

Receiving TSF
Finger pond

Stage 4
Stage 5

Description
Initial dredging of TSF 1 (10 m deep
and >300 m TSF 1 wall) – Bench 1
Initial dredging of TSF 1 (10 m deep
and >300 m TSF 1wall) – Bench 1
Initial dredging of TSF 1 (10 m deep
and >50 m TSF 1 wall) – Bench 1
Initial dredging of TSF1 (15 m deep
and >50 m TSF 1 wall) – Bench 2
Dredging of western arm
Lower water level and dredge TSF 1

Stage 6
Closure

Shale pit
Dredging activity completed

Stage 1B
Stage 2
Stage 3

Figure 36

TSF 2

Water requirement
Maintain TSF 1 pond level at
RL 649.4 m (spillway invert)
Same as above

TSF 2

Same as above

TSF 2

Same as above

TSF 2
TSF 2

Same as above
Lower pond level to maintain a
maximum water depth of 18 m
(limit of the dredge reach)

TSF 2
N/A

N/A
Minimum water cover of 2 m in
TSF 2

Sub-catchment areas and flow directions

The inflows and outflows assumed for water management and water balances for TSF 2 are illustrated in
Figure 37 for Stages 1––4 and in .
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Figure 37

Operational water balance flow diagram stages 1 – 4

Figure 38

Operational water balance flow diagram stage 5
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Figure 39

Operational water balance flow diagram stage 6

Based on average rainfall data, both TSF 1 and TSF 2 will have excess water throughout the year, with
maximum and minimum water storage occurring in August and February, respectively.
Figure 40 shows the modelled water discharge from TSF 1 and TSF 2, with positive values indicating water
in excess of a 2 m water cover. The results show that by diverting the upper eastern catchment flows into
the TSF 1 for Stages 1B to 4, TSF 2 will take five months to fill and then will spill for most months. Figure
41 shows that when the three driest months on record (December 1960 – February 1961) are modelled
consecutively with no refill from TSF 1, the water level in TSF 2 will continue to provide a minimum 2 m
water cover.
For TSF 1 with the extra fresh water diverted through for Stages 1B to 4, the spillway outflow is estimated
to range from 227,600 m3/month (86 L/s) to 1.35 Mm3/month (520 L/s).
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Figure 40
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8.3.5 Avoidance and mitigation of impacts
The clean water diversions around the TSF 1 have been critical to maintaining water quality within TSF 1
because of the resulting increase in retention time. A similarly long retention time is considered necessary
to maximise water quality when PRT is stored in TSF 2 (see Section 8.6.4.1.9 and Table 48). However, once
TSF 2 becomes the active TSF, the recent improvements in water quality emanating from TSF 1 (Figure 16,
Figure 18) should become constant due to the lack of pollutant input. As legacies are remediated in the
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distal reaches of TSF 1 (Table 3 and Table 68), many before commissioning of TSF 2 (Mill Creek and the
distal reaches of the eastern arm), water quality should improve further and maintaining good water
quality will become less of a challenge.
Because of the need to maximise retention time in TSF 2, the current eastern clean water drain (Figure 42)
will be diverted through the TSF 1 and a new outflow location will be constructed for TSF 1 to the west of
its current discharge. Topography on the eastern side of TSF 2 makes any other diversion prohibitively
expensive and or technically difficult. This is described in Section 8.7.
As a result, during operations the dominant point source site discharge will be supernatant overflow from
the TSF 1, which will report to the Que River to the west of the TSF 1 and will incorporate the eastern and
western clean water diversion systems while supernatant overflow from TSF 2 will report to the Que River
to the south-east of the facility (Figure 43 and Figure 44).
The operation of TSF 2 will alter the water management on site, but not the overall quantity of water
discharged from the site, so maintenance of the current emission limits for the final discharge from the
site should protect the downstream PEVs. Because the two TSF discharges will enter the Que River
independently, flow measurement infrastructure will be installed at both the TSF 1 and TSF 2 overflow
weirs and a flow-weighted concentration and flux is proposed to be used by HGM to compare the overall
site performance to the proposed emission limits and a calculated flux will provide overall site discharge
mass loads.
To do this the following calculation formulas will be used. The formula used for total zinc concentrations
(TSF (Tot) [Zn]) can also be used for other parameters such as lead and sulphate.
Equation 1

Combined TSF flow calculations

TSF (Tot) Flow = TSF 1 Flow + TSF 2 Flow
Equation 2

Combined TSF flux calculations

TSF flux calculations
Equation 3

TSF (1flux) [Zn] = TSF 1 Flow × TSF 1 [Zn]
TSF (2flux) [Zn] = TSF 2 Flow × TSF 2 [Zn]

Combined TSF concentration calculations

TSF (Tot) [Zn] = TSF 1 Flow × TSF 1 [Zn] + TSF 2 Flow × TSF 2 [Zn]
TSF (Tot) Flow
The advantage of the above approach is that it will:
•
•
•

8.3.5.1

Enable past performance to be compared with this operation.
The mass loads can be determined for each TSF independantly and can assist with pollutant
auditing within the mine and wider catchment.
The instigation of the recirculation strategy for TSF 2 is likely to push up concentrations, while
reducing loads due to decreased discharge volume. The above calculations will reflect this
change.
TSF 1

As described in Section 6.4.2 and shown in Figure 16 and Figure 19, the past control of pH within the TSF 1
has been pivotal to effective surface water management. The ongoing management strategy will combine
pH control with preventative measures to lower the acidity loads entering the TSF 1 catchment.
Preventative measures include the removal of exposed sulfidic tailings around this watercourse and
remediation of Mill Creek. The tailings removal strategy is discussed in more detail in Section 8.6.2.2. The
resulting lower acidity load will reduce the amount of alkilinity needed to raise the pH to optimal levels for
metal precipitation and removal within TSF 1. Once the TSF 1 has been emptied of Hellyer tailings and Zn
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inputs have been removed (by cleaning up Mill Creek and the eastern arm), future water quality from TSF 1
should show a significant consistent improvement.
The key management tool to prevent long term adverse surface water impacts is subaqueous disposal and
storage of tailings. This is best practice management for sulfidic material. Previous operations have left
tailings exposed on the edge of the TSF 1 water bodies, including the western arm impoundment and the
upper reaches of the eastern arm impoundment. As the beaches are removed and placed under water,
the sulfide oxidation occurring within the material will reduce commensurate with the drop in oxygen
availability, and in turn, acidity production will reduce. This relocation and acidity reduction will reduce
the long-term AMD production and metal release from the lease.
During operations a dilute lime slurry will be pumped directly from the mill to the TSF 1 water body. The
water quality data from the last quarter of 2017 shows that in the absence of new zinc sources entering
TSF 1 and low acidity inputs, the TSF 1 outfall complies with the Zn emission limit.
Additional lime slurry doses will continue to be added to the western arm if the water within it drops in
pH. This mitigation strategy is currently implemented with a lime slurry feeding into the western arm water
body.
8.3.5.2

TSF 2

The management of water quality in the TSF 2 will focus on adding alkalinity in the supernatant water
column to maintain the TSF 2 supernatant water at pH 8.50 to reduce metal concentrations. Mixing tests
with artificially high pyrite content have demonstrated that at this pH, significant reduction in metal
concentrations in the TSF 2 supernatant water will occur through precipitation of metal hydroxides
including zinc (Section 8.3.3.3). This data interpreted from the mixing tests indicated that a higher pH
around the tailings deposition point could be required to maximise precipitation. HGM proposes to provide
a deducted lime slurry line to TSF 2 with discharge adjacent to the tails return line.
The mixing tests have shown that delivering additional alkalinity directly into TSF 2 by pumping dilute lime
slurry from the mill to the TSF 2 water body should produce better metal precipitation than by adding
additional lime at the mill discharge. In addition, KLC tests have shown that after PRT mixing then settling
the pH remains above 7.0 (Section 8.6.4.1.9). As a result, HGM does not propose to add additional lime
slurry to the PRT discharge line at the mill discharge. An active line dosing system is proposed whereby pH
is measured near the outfall with an automatic feedback loop to increase lime dosing near the PRT
discharge inflow when the outfall pH drops below 8.5.
The high pH in the mixing tests demonstrated that ferrous iron is rapidly converted to ferric iron to form a
hydroxide precipitate. This will enhance co-precipitation of other metals including zinc, lead and arsenic
and will result in low metal concentrations at the TSF 2 outlet.
Rapid stirring of PRT followed by quiescence in both the KLC tests (Section 8.6.4.1.9) and mixing tests
(Section 8.3.3.3) has demonstrated that sufficient residual alkalinity from mineral processing maintains a
pH above 7.0 in the tailings pipeline.
To further enhance the environmental performance of the operation, supernatant water from TSF 2 will
be recirculated back to the TSF 1. The return line will be situated to maximise dredge capture to recirculate
it through the milling operation. This should promote additional precipitation and capture or recovery of
metals and sulfate. Reusing water has the following benefits:
•
•
•

It reduces the discharge flow from TSF 2 and the associated pollutant load (Section 8.3.3.2).
It reduces the operational reliance on Southwell River water as a raw water source for the entire
operation, and the subsequent effect on river flows.
Further reductions in pollutants are expected to occur during the reuse process (e.g. more metal
may be removed via precipitation during the high pH portions of the flotation circuit).
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Section 2.2 describes the decant pumping options. The TSF 2 decant arrangement to return supernatant
will be a floating pontoon. Supernatant water return will be managed to ensure that PRT in TSF 2 are
maintained in a fully saturated subaqueous state to prevent development of AMD (Section 8.3.3.3).
Commitment

When

HGM will undertake repeat geochemical and water management testwork
to confirm the validity of the proposed management program and report
this in the inaugural Annual Environmental Management Report (AEMR)
and Environmental Rehabilitation Plan (ERP).
HGM will redirect the eastern clean water drain through the TSF 1 to
maximise retention time in TSF 2.
A lime slurry will be dosed directly into both TSF 1 and TSF 2 during
operations to maximise co-precipitation of metals from the supernatant
water columns.
HGM will manage supernatant water quality to reduce emission
concentrations as much as practically achievable in line with best practice
environmental management and provide annual mass loads discharged
from the site in the company’s annual environmental management reports
showing trends.
HGM will calculate flow-weighted concentrations of emissions for the
combined TSF discharge from the site as a secondary reassurance that
downstream PEVs are not being compromised.

Once the milling
operation has been fully
recommissioned and is
producing a stable PRT
At the start of
construction
During operations
During operations with
annual reporting

After commissioning of
TSF 2

8.3.6 Assessment of residual effects
The construction and operation of TSF 2 should reduce residual risks from the site due to the proposed
remediation of exposed sulfidic tailings in the distal reaches of TSF 1. The removal of approximately 55%
of pyrite (by mass) from the site also significantly reduces residual risk.
The expected emissions from the TSF 2 during operations and after closure indicate that long-term residual
impacts should not be significant.

8.4 Erosion and sediment loss review
TSF 2 construction will take place in areas upslope from the Que River.

8.4.1 Existing conditions
The relevant receptor considered in this section is the Que River downstream of the TSF 2. A summary of
existing water quality is provided in Section 6.4.2.
Several drainage lines currently traverse the TSF 2 construction area: clean water diversion drains, which
transfer upstream run-off from an 11 km2 catchment away from the TSF 1 into the Que River and an
ephemeral creek which drains run-off from the ridge to the west of TSF 2 into the Que River. These are
shown in Figure 42. The western clean water drain picks up the supernatant discharge from the TSF 1 via
its overflow spillway.
The clean water diversions are the only main drainage paths within the construction zone of TSF 2 and will
be diverted into the Que River but away from the works area before construction begins. This is depicted
in Figure 43 and Figure 44.
When construction begins on the TSF 2, the supernatant discharge from the TSF 1 will be directed to the
west of TSF 2. This will be a new drainage channel carried in a culvert beneath the transmission easement
into the Que River. This will also cut off flow from the western diversion drain. The eastern clean water
diversion will be directed into TSF 1.
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The eastern clean water diversion through the TSF 1 will need to be modified when the water level in TSF 1
is dropped to allow for dredging deeper than 15 m from the surface (Table 3). This is due to happen in late
2022. Although the design of the final clean water diversion system has not been completed, options being
assessed for cost–benefit analysis and effective engineering are:
1. Rerouting the clean water diversion system into the eastern arm impoundment (Figure 44) to
use the eastern arm as a modulation pond to facilitate piping the regulated flow around the
northern side of TSF 1 and across the western arm before discharge to the receiving
environment.
2. Constructing lined channel lined with a low-permeability membrane pinioned across a high
“bench” in the TSF 1 embankment.
3. Investing in a dredge capable of removing all Hellyer tailings without the need to drop the water
level in TSF 1.
For the purposes of this assessment, option 1 above, the development of a piping system to reroute the
upstream clean water around the northern side of TSF 1 and across the western arm before discharge to
the receiving environment is proposed. The piped water will be managed in the eastern arm impoundment
to ensure it meets the current TSF 1 emission limits.
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Figure 42

Pre-TSF 2 drainage lines from TSF 1 to Que River
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Figure 43

TSF 2 construction diversions and stormwater controls
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Figure 44

Prospective future diversion systems
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8.4.2 Performance requirements
The performance requirements outlined in Section 8.2.2 apply.

8.4.3 Potential effects
The potential for erosion and sediment is considered to be relatively high due to the rainfall on the west
coast of Tasmania.
Erosion and sediment loss may occur during the preparation and construction of the TSF and during
stockpiling of rehabilitation materials. The proposed laydown area is shown in Figure 45. Stockpiles of
rehabilitation materials will be established in existing cleared areas behind the core sheds. This will
facilitate ease of management.
Sediment loss to the drainage systems has the potential to:
•
•
•
•
•

increase turbidity
displace aquatic organisms from riverbed
affect fish health
degrade aquatic habitat
alter geomorphology.

Given the typically low rainfall during the summer construction months, erosion and sediment loss to the
Que Rive from exposed surfaces should be low and able to be managed properly. The proposed
construction schedule provided in Table 1 shows the stripping, grouting, borrow area development, and
embankment, liner and spillway construction to be undertaken between December 2019 and April 2020.

8.4.4 Avoidance and mitigation measures
HGM will manage run-off generated during site preparation and the construction of the TSF 2. A suite of
erosion and sediment control and mitigation measures will be implemented during the construction phase
and maintained as necessary as the project moves into operation.
8.4.4.1

Mitigation measures for erosion and sediment loss during construction

The specific management standards and protocols to be used during the initial construction works (before
upstream grouting and vegetation removal) will be:
•
•
•
•
•
•
•
•
•

•

Divert clean upstream run-off (cut-off drains) away from the to-be-disturbed areas (Figure 43).
Extend the western diversion drain to divert the western catchment downstream of TSF 2.
Extend the TSF 1 spillway to divert flows downstream of TSF 2.
Block the exit of the eastern diversion drain into the TSF 2 storage area and cut a new section of
drain to divert the upper eastern catchment into the TSF 1.
The remaining flow paths will be treated as destinations for seepage and minor on-site flows.
The western drainage path will be diverted into the wetland by joining the current bypass drain
The constructed cells will dissipate and reduce flow velocities. The lower section of the western
cut-off drainage path will have a sediment trap installed before the flow path meets the
transmission easement (Figure 43).
Construct a new diversion drain around TSF 2 eastern abutment to capture and divert southern
catchment flows to the downstream of TSF 2.
This lower section of the eastern cut-off drainage path will continue to receive run-off from the
western side of “roller hill” below the shale quarry. A sediment trap will be installed above the
intersection of this overland flow and the eastern cut-off drain and another will be installed
before the flow path meets the transmission easement (Figure 43).
Development of a local coffer dam upstream of TSF 2.
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•
•

Pumping captured run-off from the coffer dam upstream of TSF 2 to TSF 1 if sediments are
retained in water due to storage disturbance.
Silt fencing will be installed between the construction area and the transmission easement
(Figure 43).

With major overland flows diverted away from the construction area, the existing wetlands can be utilised
to reduce on-site overland flows during construction. The wetlands were built with a cellular construction
and this will be retained during construction of the TSF 2 embankment. Figure 46 is reproduced from
Lichon (2000) and depicts the original Aberfoyle wetland construction in a north–south alignment. This
can also be seen in Plate 1 where the top cells are the transverse OW cells closest to the TSF 1 dam
embankment, with the longitudinal NW cells at the bottom of the plate.
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Figure 45

TSF 2 construction site layout
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Plate 1 Wetland construction
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Figure 46

Wetland cells

The catchment for the TSF 1 and TSF 2 is described in Section 8.3.4.2 and shown in Figure 35. With the
above diversion in place, the immediate catchment area that could have an impact on construction of
TSF 2 is 53.3 ha. Table 27 has been reproduced from BOM (2016) and shows the annual exceedance
probabilities for rainfall events in the Western Tasmania region.
107

Table 27

Rainfall depth for durations, exceedance per year (EY), and annual exceedance probabilities (AEP)
Annual exceedance probability (AEP)

Duration

63.2%

50%#

20%*

10%

5%

2%

1%

1 min

1.37

1.52

2.04

2.42

2.82

3.4

3.88

2 min

2.44

2.69

3.5

4.07

4.66

5.38

5.95

3 min

3.22

3.55

4.65

5.43

6.24

7.27

8.09

4 min

3.84

4.24

5.59

6.57

7.58

8.94

10

5 min

4.35

4.82

6.39

7.55

8.75

10.4

11.8

10 min

6.19

6.88

9.25

11

12.9

15.7

18.1

15 min

7.48

8.32

11.2

13.4

15.7

19.2

22.1

30 min

10.2

11.4

15.2

18

21.1

25.4

29

1 hour

14.2

15.6

20.5

24

27.6

32.5

36.5

2 hour

19.8

21.8

27.9

32.2

36.4

41.8

46

3 hour

24.3

26.6

33.8

38.6

43.2

49.2

53.7

6 hour

34.6

37.7

47.3

53.5

59.4

67.3

73.2

12 hour

48.9

53.2

66.5

75.2

83.5

95.6

105

24 hour

67.8

73.8

92.5

105

118

138

154

48 hour

92.5

100

126

144

163

193

219

72 hour

111

120

150

172

194

230

260

96 hour

127

137

171

194

219

257

289

120 hour

142

153

189

214

239

278

310

144 hour

157

169

207

232

257

295

326

168 hour

171

185

224

249

273

310

338

# The 50% AEP IFD does not correspond to the 2 year Average Recurrence Interval (ARI) Intensity Frequency Duration.
Rather it corresponds to the 1.44 ARI.
* The 20% AEP IFD does not correspond to the 5 year Average Recurrence Interval (ARI) Intensity Frequency Duration.
Rather it corresponds to the 4.48 ARI.

108

Figure 47

Rainfall depth for durations, exceedance per year (EY), and annual exceedance probabilities (AEP)

Table 28 shows the average total monthly rainfall for the Hellyer area (Section 6.2 and Table 9) over the
summer months when construction will take place. The two-hour duration event for a 20% AEP produces
more than 46% of the average monthly rainfall in two hours. The two-hour duration ARI of 10 years has
been chosen for design of stormwater controls.
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Table 28

Rainfall averages and ARI events for TSF 2 catchment during construction months

Month

December
January
February
March
April

Rainfall
(mm/mth)

139
109
96.7
128.1
181.6

Run-off
(m3/mth)

51,708
27,454
33,815
45,570
63,277

2 hour
duration
event 20%
AEP
27.9

Total TSF 2
run-off m

20,758

2 hour
duration
event ARI
10 years

Total TSF 2
run-off m

15

11,160

The following general measures to control potential erosion and sediment loss arising from clearing and
construction of the infrastructure area will be implemented:
•
•
•
•
•

•

•

•

•
•
•
•

Vegetated buffer areas will be maintained along the Que River.
Diversion of current clean water drains into the Que Rive and away from the works area.
Dam construction to be undertaken in summer to minimise influent rainfall.
Clearing for construction will be staged to occur as close as practicable to the commencement of
construction activities.
No clearance or construction works will be undertaken during high rainfall conditions (greater
than 10 mm per hour) that may present an unacceptable risk of sediment loss to the
environment.
Overland drainage flow from the construction areas will be directed to drains prior to discharge
as overland flow. Drains and discharge areas for clean surface run-off will be treated with rock
armour or rip rap where necessary to prevent scouring and to reduce flow velocities to 1.5 m/s
given the current drainage channels are on bare but erosion-resistant soils.
Temporary silt fencing will be utilised where required to prevent transport of any eroded
material into the Que River prior to construction of stormwater diversion infrastructure. Silt
fences will be installed and maintained appropriately, based on Institute of Engineers Australia
guidelines.
Stockpiled peat, topsoil and vegetation will be managed to encourage water infiltration and
microbial activity, and to prevent erosion in the period between stockpiling and use in site
rehabilitation.
Disturbance areas will be kept to the minimum practicable level required for construction.
Any laydown areas not required after the construction phase will be rehabilitated as soon as
practicable.
Erosion and sedimentation controls will be established as needed prior to the commencement of
works.
Sediment loads will be monitored at H1 during construction to measure the impact of
construction activities and guide construction actions (see Section 13 and Figure 108).

The proposed laydown area is shown in Figure 45. The vegetation stockpile, to be used as three stockpiles
for peat, topsoil and vegetation, will be established in existing cleared areas behind the core sheds. This
will facilitate ease of management. When trees have been removed the timber will be trucked to and
stockpiled behind the core sheds (Figure 100) prior to reuse.
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8.4.4.2

Mitigation measures for erosion and sediment loss during operation

The following mitigation measures will be implemented to control potential erosion and sediment loss
from the infrastructure work areas during operations:
•
•
•

•

8.4.4.3

Clean water in the clean water diversion drains will be kept separate from contamination from
oils and fuels, sewage or AMD.
Access roads and tracks will be designed and maintained to minimise rapid flow and will be
inspected and maintained regularly.
Drainage structures will conform to standards specified in Environment Australia’s Best Practice
Environmental Management in Mining series and the International Erosion Control Association’s
Best Practice Erosion and Sediment Control, 2008.
The major diversion drain will be the south-east diversion drain. It will need to cater for a 1:100
AEP storm event. The time of concentration is estimated to be 0.5 hr; the rainfall intensity is
51.6 mm/hr as provided by BOM. Given a catchment area of 24.3 ha and run-off coefficient of
0.8, the drain will need to be 3 m wide × 0.6 m deep with a minimum grade of 0.5% to carry the
design flow of 2.8 m3/s.
Contingencies for failure of control measures, such as during heavy rainfall or flooding

A coffer dam will be constructed upstream of the TSF 2 starter dam embankment to enable foundation
preparation, embankment works and upstream face lining to be undertaken at this location. The coffer
dam will be an earth/rockfill structure.
The water contained in the coffer dam will be pumped over the TSF 2 embankment or pumped back to
TSF 1 if there is sediment in retained water due to storage disturbance. The coffer dam will provide an
additional layer of protection in the event of failure of the control measures described above.
Commitment

When

The clean water diversion drains from TSF 1 will be relocated to divert runoff from the TSF 2 construction area
Surface water monitoring will be undertaken at the H1 site and H2 site.

Before and during
construction of the TSF 2
Before and during
construction of the TSF 2
Construction and ongoing

Sediment will be prevented from entering waterways

8.4.5 Assessment of residual effects
There is not expected to be any impact on the drainage systems as a result of excessive erosion and
sediment loss during the construction or operational phase of the project.
The emphasis will be on preventing erosion by minimising cleared areas and by diverting stormwater away
from construction areas. Sediment loss will be prevented by a suite of erosion control measures to be
applied across the site as described in Section 8.4.4.

8.5 Groundwater
8.5.1 Existing environment
The existing environment is described in Section 6.5.2 and in more detail in Appendix D.
The Hellyer Mine site area has a high rainfall, averaging between 1.89 m and 2.42 m/year (Section 6.2),
and relatively low evaporation rate, averaging 0.48 m/year. The mine site is located on a plateau, which
would have been a natural recharge area before mining. Groundwater would have discharged by seeps
and springs in the valleys running out to the north-west and to the east. Based on observations in open
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boreholes away from the mine in 1998, the pre-mining groundwater levels above the orebody may have
been between RL 675 m and RL 685 m.
Based on the understanding of the groundwater regime from the flooding of Hellyer Mine, the Hellyer area
could be considered a high groundwater point relative to both the Southwell River and the Que River. The
Que River flows into the Huskisson River and ultimately into Lake Pieman and the Pieman River. The
Australian Landscape Water Balance (AWRA-L model, BOM, 2017) reports a deep drainage (recharge) of
~50 mm, actual evapotranspiration of ~900 mm and a precipitation of 2000–3000 mm (therefore an
overall recharge = 2–3% of precipitation) for the Pieman catchment.
There are no known uses of groundwater, other than likely discharge for environmental flows in the Que
River. At a regional scale no groundwater bores exist in the area according to the Groundwater Information
Access Portal (DPIPWE, 2017). The underlying and surrounding crystalline Cambrian Que River Shale, Que–
Hellyer Volcanics and Mount Charter Dolerite of the area are not known to be exploited for groundwater
use.
8.5.1.1

Baseline groundwater quality

A review of groundwater movement on site, which formed the starting point for the conceptual
groundwater model below, indicated that seepage from TSF 1 through the TSF 2 area to the Que River was
likely (Figure 48).
The location of new bores constructed for TSF 2 are shown in Table 29 and Figure 48. Figure 49 shows the
location of these bores in relation to current surface water flows around TSF 1 and the proposed TSF 2.
Baseline groundwater sampling was undertaken by sampling from MB 2 and MB 3A in March 2018. The
results are presented in Table 30 below along with recent sampling from the adjacent surface monitoring
sites.
Table 29

TSF°2 groundwater bores

Bore

Easting

Northing

MB1
MB2
MB3A
MB3B
MB4

391449
391436
391523
391521
392520

5396567
5396400
5396258
5396294
5396013

SWL
(mbTOC)
5.33
2.04
1.16
N/A
10.26

mAHD
(Lidar)
633.75
623.5
623.71
624.62
671.87

SWL
(mbgl)
4.75
1.44
0.71
N/A
9.61

SWL
(mAHD)
629.00
622.06
623.00
N/A
662.26
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Table 30

Baseline groundwater

Date
Site
Analyte
Suspended solids mg/L
Total alkalinity as mg/L CaCO3
Acidity as mg/L CaCO3
Sulfate as SO4 mg/L
EG020F: Dissolved metals mg/L
Aluminium
Arsenic
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Nickel
Zinc
Iron

21-Mar-18
MB2

21-Mar-18
MB3

32.0
27.0
55.0
4.0

<5
78.0
40.0
17.0

10
7.3
3.3
91.7

<5
15.7
5.8
147.3

<5
8.3
4.0
2.5

0.02
<0.001
0.0002
<0.001
0.004
0.002
0.001
0.5
0.0
0.0
0.2

0.0
<0.001
<0.0001
<0.001
0.0
<0.001
0.0
0.2
0.0
0.0
2.1

0.14
0.00
0.00
0.00
0.01
0.00
0.00
0.39
0.02
0.21
0.17

0.04
0.001
0.001
<0.001
0.00
0.001
0.002
0.33
0.01
0.49
<0.05

0.22
0.00
0.00
0.002
0.00
0.001
0.002
0.03
0.00
0.01
0.57

H1

Average Oct 17 – April 18
TSF 1
Western
outfall
diversion drain

When reviewing the data in Table 30 and the proximity of sites shown in Figure 49, the current
groundwater in MB 2and MB 3 show increased alkalinity concentrations compared to the TSF 1 outfall and
western arms. This may be due to seepage from the artificial wetlands where sulfate-reducing bacteria
have developed (Section 8.6.2.1).
The increased alkalinity and acidity in the MB2 and MB3 sites is likely to be due to increased carbonate
buffering. The carbonate buffering, common in groundwater, is most likely due to biological activity within
the wetlands but contributions could also come from:
•
•

biological activity within the surrounding forest
acidity being neutralised within carbonate rock (dolerite within and adjacent to the TSF 2
inundation area (see Figure 22).

In Figure 49 the proximity of MB 2 and MB 3 to the current clean water diversions, the TSF 1 outflow and
the wetland outflow can be seen (between <20 and 50 m). Given these are artificial drainage channels, it
is not conceivable that sub surface seepage from these drainage paths does not impact the bore water
quality. In particular, the groundwater quality at MB2 is impacted by TSF 1 outfall diluted by the western
clean water diversion drain which is less than 20 m away water.
8.5.1.2

Conceptual groundwater model TSF 2

A conceptual hydrogeological model was developed from a desktop assessment, including groundwater
level monitoring within exploration bores, which has occurred at the Hellyer Mine (Table 32), and
confirmed by geotechnical drilling undertaken by GHD. The monitoring bores shown in Figure 49 (TSF 2)
and Figure 50 (site) were drilled and constructed to confirm the likely local flow regime. The variation in
groundwater levels reflects some of the different operating conditions of the time including a slight draw
down of the Hellyer void while the Fossey Mine was operating.
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Key elevations and standing water levels (SWL – see Figure 50 and Figure 51) that were reviewed to evaluate
site topography and the existing regional groundwater flow regime are:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

360 mAHD Southwell River adjacent to the Hellyer adit
382 mAHD Hellyer adit
541 mAHD Fossey adit
619 mAHD Que River
620 mAHD downstream toe of proposed TSF2
646 mAHD crest of the proposed TSF2
626 mAHD toe of existing TSF (and location of borehole HAT9)
649.5 mAHD existing TSF SWL
626 mAHD in the Que River tributary potential discharge location (530 m from toe of existing TSF
through the western saddle – Que River Shale)
622 mAHD in the Que River tributary potential discharge location (along strike of known fault
from toe of existing TSF 1 through the western saddle – Que River Shale)
650–695 mAHD known Hellyer bore and shaft SWLs
673 mAHD sinkhole SWL
680 mAHD shale pit (quarry) SWL
699 mAHD rail quarry SWL.

A notable observation during the drilling within the vicinity of the proposed TSF 2 embankment was the
presence of relatively high bore yields in some areas, suggesting relatively high hydraulic conductivity for
the bedrock (and potential north–south faults, see Figure 22). This confirms the likely requirement for at
least localised grouting during construction of the dam embankment and enhancement of the basement.
The conceptual hydrogeological model developed from the above data is summarised in Table 31 relative
to the embankment and catchment features and depicted in Figure 48.
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Table 31

Likely groundwater flow direction and seepage pathways

Location

Likely groundwater Likely seepage pathways
flow direction

Dominant geology

Western
catchment
and saddle

Minor inwards;
however,
potentially
outwards to
adjacent tributary
catchment
Outwards

Primary – Fractured
bedrock
Secondary – Potential
fault flow

Que River Shale

Likely relative
hydraulic
conductivity
High

Primary – Fractured
bedrock
Secondary – Potential
fault flow to the east
Primary – Fractured
bedrock
Secondary – Potential
fault flow to the south

Que River Shale

High

Que River Shale and
Que–Hellyer
Volcanics

High

Primary – Fractured
bedrock

Que River Shale and
Que–Hellyer
Volcanics

Moderate –
Low

Primary – Fractured
bedrock
Secondary – Potential
fault flow inwards
Inwards from TSF 1, Primary – Fractured
western catchment bedrock
and potentially
Secondary – Potential
from eastern
fault to the east
catchment,
otherwise outwards

Que–Hellyer
Volcanics

Moderate –
Low

Que River Shale,
Que–Hellyer
Volcanics,
and Mt Charter
Dolerite

Moderate –
Low

Inwards to TSF 2

Que River Shale,
Que–Hellyer
Volcanics, and Mt
Charter Dolerite

High

Northern
embankment

Centre
Outwards
embankment

Eastern
Outwards
embankment

Eastern
catchment
Footprint

TSF 1

Inwards

A current seepage
locations in toe of TSF 1
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Figure 48

Potential seepage reporting to surface waters
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Figure 49

Monitoring bores
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Table 32

Hellyer and Fossey historical groundwater standing water level (SWL) monitoring

Drill hole or mine
feature

Northing
(MGA)

Easting
(MGA)

Collar

EOH
(m)

Min.

Max.

HLD1011

694.2

681.29

683.00

Average,
largest or
latest SWL
683

Monitoring
period

Source

2011

Bass (GHD, 2011)

Fossey SH0016

670

631.80

664.20

643

2011

Bass (GHD, 2011)

Fossey SH0017

670

624.14

631.20

626

2011

Bass (GHD, 2011)

Hellyer southern rise

694

668.20

672.78

671

2010 to 2011

Bass (GHD, 2011)

HL893

685.17

670.79

675.07

673

2011

Bass (GHD, 2011)

Hellyer main rise

696.99

668.95

673.34

671

2011

Bass (GHD, 2011)

Hellyer central rise

695

667.37

671.33

670

2011

Bass (GHD, 2011)

Hellyer escapeway
rise
HLD1002

691

667.94

672.30

670

2010 to 2011

Bass (GHD, 2011)

677.95

671.31

672.08

672

2011

Bass (GHD, 2011)

HLD1012

692.44

687.78

688.32

688

2011

Bass (GHD, 2011)

HL068

5396518.2

393408.7

714.6

175.5

673.00

673.00

673

1995 and 1998

Rust PPK (1995); Golder (1999)

HL246

5396783.9

393035.6

679.5

360

649.70

655.70

656

1995 and 1998

Rust PPK (1995); Golder (1999)

HL345

5397203.9

393867.6

665.5

893.2

620.7

666

666

1995 and 1998

HL518

5396326

393320.7

691.4

90

643

653

653

1995 and 1998

Rust PPK (1995); Golder (1999),
Bass DPEMP
Rust PPK (1995); Golder (1999)

HL541

5396874.4

392271

656.5

844

653

653

653

1995 and 1998

Rust PPK (1995); Golder (1999)

HL571

5396083.5

393324.5

701

377

676

681

681

1995 and 1998

Rust PPK (1995); Golder (1999)

HL629

5395465.5

393831

516.6

1112

516.6

516.6

517

1995 and 1998

Rust PPK (1995); Golder (1999)

HL641

5396291.5

393136

674.3

152

673

673

673

1995 and 1998

Rust PPK (1995); Golder (1999)

HL683

5396228.6

393058

673.4

272

669

669

669

1995 and 1998

Rust PPK (1995); Golder (1999)

HL786

5395857.4

393725.5

669.1

115.5

669

669.1

669

1995 and 1998

Rust PPK (1995); Golder (1999)

HL798

5396297.8

393261.3

692.4

180.2

600

660

660

1995 and 1998

Rust PPK (1995); Golder (1999)

HL841

5397367.5

394255.8

678.46

475.2

664

668

668

1995 and 1998

Rust PPK (1995); Golder (1999)
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Drill hole or mine
feature

Northing
(MGA)

Easting
(MGA)

Collar

EOH
(m)

Min.

Max.

Monitoring
period

Source

668

Average,
largest or
latest SWL
668

HL922

5395857

393727.3

667.98

666

668

1995 and 1998

Rust PPK (1995); Golder (1999)

MAC011

5396075

393915.4

690.5

839.9

663

673

673

1995 and 1998

Rust PPK (1995); Golder (1999)

MAC015

5397641.2

391199.4

654.2

160.6

654.2

654.2

654

1995 and 1998

Rust PPK (1995); Golder (1999)

MAC017

5396004.9

392818.6

679.9

481.2

679.65

680

680

1995 and 1998

Rust PPK (1995); Golder (1999)

MAC018

5395759.4

392630.5

696.2

484.2

689

690.2

690

1995 and 1998

Rust PPK (1995); Golder (1999)

MAC038

5397162

393073.7

667.06

787.2

663

664.2

664

1995 and 1998

Rust PPK (1995); Golder (1999)

XDA003

5395381.4

392705

669.3

271.7

611

657.5

658

1995 and 1998

Rust PPK (1995); Golder (1999)

BH1

5396297.6

393261

692.24

672.7

672.7

673

BH2

5396320.9

393279.7

671.4

671.4

671.4

671

Jed’s Spring

5396911.5

393682.8

671

671

671

671

Bass DPEMP (2012)

Elly May’s Spring

5397057

393879.5

668.76

669

669

669

Bass DPEMP (2012)

Shale quarry outflow

5396769.5

393150.2

672

672

680

680

Bass DPEMP (2012), Lidar
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8.5.2 Performance requirements
Groundwater emissions from mining activities must comply with the following:
•
•
•
•

State Policy on Water Quality Management 1997
Environmental Management and Pollution Control Act 1994
Water Management Act 1999
Groundwater Act 1985.

8.5.3 Potential effects
Potential effects on groundwater include the following:
•
•

impacts to groundwater quality from contaminants of potential environmental concern
associated with TSF 2 through seepage either downstream of the TSF 2 embankment or to the
west.
impacts on groundwater quality from hydrocarbon spills or leaks where the spills meet potential
conduits to groundwaters such as faults.

In each case the potential effect would be on shallow aquifers with groundwaters reporting to surface
waters as described below.
8.5.3.1

Seepage assessment

The proposed TSF 2 is down-gradient from a potential Tertiary basalt aquifer to the north. As a result there
is no prospect of seepage flow in that direction.
Three-dimensional sections of the existing environment (topography from Lidar) have been used to
demonstrate the likely directions of current flow (Figure 50 to Figure 55 and Appendix D). Dominant
directions are from higher topography to the north and from a local current groundwater high to the west
of the proposed TSF 2.
Although the Southwell River is significantly lower in elevation, these local groundwater highs (Table 32
and Figure 51 to Figure 55) demonstrate that the downstream receiving environment of any seepage is
highly likely to be the Que River to the west of the TSF 2.
8.5.3.1.1

TSF 1

TSF 1 seepage appears at the downstream toe of the TSF 1 embankment and my also express at the surface
downstream of the proposed TSF 2, especially where they currently appear to surface in the Que River
valley and in the constructed wetland area, and the apparently ephemerally saturated area downstream
of the proposed TSF 2 toe. The seepage is effectively shallow sub surface flow reporting to the surface as
topography changes.
As a result, the plan for dam design and construction is to grout the basement upstream of the TSF 2
embankment and beneath the embankment. This should reduce any seepage to the south of TSF 2 to
negligible flow rates.
8.5.3.1.2

TSF 2

In addition to potential TSF 2 seepage downstream of the TSF 2 embankment (similar to the current TSF 1
seepage described above), groundwater seepage from TSF 2 could potentially present laterally to the west
of the facility through the western catchment/saddle due to increased surface drainage due to locally
increased water levels in the dam. The anticipated elevations for surface reporting are:
•
•

626 m AHD in the Que River tributary. Potential discharge location 530 m from toe of TSF 1
through the western saddle – Que River Shale
622 m AHD in the Que River tributary. Potential discharge location along strike of the known
fault from the toe of TSF 1 through the western saddle – Que River Shale.
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Figure 50

Key locations in conceptual hydrogeological model
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Figure 51

Standing water levels
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Figure 52

3D visualisation of the A B D E section lines in the conceptual hydrogeological model, looking north at 45 degrees
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Figure 53

3D visualisation of the A B D E section lines, standing water levels and the proposed TSF 2 embankment (black dots)
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Figure 54

Looking north at the section lines, standing water levels and TSF 2
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Figure 55

Looking west at the section lines, standing water levels and TSF 2
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8.5.3.2

Seepage analysis

Seepage analysis has been completed to determine the likely seepage rates from the proposed dam (See
Section 8.5.3.1.2. The analysis has been based on the ultimate embankment crest height of RL 646 m to
provide long-term seepage estimates. A 2D seepage model and a 3D bedrock seepage model have been
developed. More detail on seepage modelling is provided in Appendix I.
8.5.3.2.1

2D seepage model

The 2D seepage model was developed using the Rocscience Slide 7.0 software package to perform the 2D
finite element method seepage analysis using the hydraulic properties documented in Table 33.
Table 33

Summary of adopted material parameters

Material

Zone 1 – compacted clay liner
Zone 2 – fine rockfill
Zone 3 – coarse rockfill
Foundation (<10 m depth)
Foundation (>10 m depth)
Tailings
Grout curtain

Unit
weight
(kN/m3)

Cohesion
(kPa)

17
22
22
24
24
10
24

5
0
0
40
45
0
200

Phi (deg)

30
35
38
35
40
25
35

Permeability,
ks (m/s)
9.0 × 10–10
1.0 × 10–4
1.0 × 10–3
5.8 × 10–6
2.0 × 10–7
1.0 × 10–8
5.0 × 10–7

Flux sections were set up to estimate seepage through the embankment and into the foundations as
shown in Figure 56. The section was cut through the deepest part of the valley.
Figure 56

8.5.3.2.2

2D seepage model

3D seepage model

3D bedrock seepage modelling was undertaken by GHD using GMS software. The concept behind the 3D
model was to validate the 2D modelling and provide conceptual assessments of flows associated with
bedrock and potential faults and to understand grouting options. Thus, the values applied were consistent
with the 2D model for horizontal hydraulic conductivity and are considered more reliable for impact
assessment.
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The key model measure is the seepage (or difference in seepage) from the model area reporting to:
• the area downstream of the proposed TSF 2
• the adjacent tributary to the west of the proposed TSF 2.
The model outputs from the 3D seepage analysis are presented in Table 34.
Table 34

Key 3D model outputs bedrock seepage

Description

Tributary
(western) seepage
(L/s)

Downstream
seepage (L/s)

Calibration scenario 1 (prior to TSF 2)

1.1

1.9

Predictive scenario 1 (post filling TSF 2) no grouting along fault

1.1

6.1

Predictive scenario 1 (post filling TSF 2) grouting along faults

1.2

4.2

Comparative increase in seepage

9%

152%

The results show that when TSF 2 has been filled with PRT there is potential for groundwater flow and
seepage to increase by 9% towards the western tributary and 152% downstream of the embankment once
the fault lines along the basement have been grouted. The 3D model predicted a decrease in downstream
seepage of 31% after basement grouting compared to the seepage rate with no grouting. It should be
noted that the model predictions provide an average seepage flow across the entire downstream
embankment. In actual conditions, preferential seepage flow would occur along fault lines. Grouting
reduces fault line seepage, so the seepage reductions from grouting would likely be greater than the model
predictions. Limitation in grouting depth was also assessed. It was found that the seepage is effectively
mitigated by grouting the foundation from 2 m to >10 m.
8.5.3.3

Groundwater quality

The quality of seepage to the downstream receiving environment has been assessed by running saturated
KLCs for six months and collecting and analysing the seepage from the base of the columns. The results,
which are discussed in Section 8.6.4.1.9, showed that for pollutants of concern the concentrations were
within the current TSF 1 emission limits.
8.5.3.4

Groundwater seepage fluxes

Fluxes of key pollutants are presented in Table 35 and Table 37. A simple model was developed which used
the KLC bottom concentrations after 29 weeks, multiplied by the modelled seepage rate to obtain a flux
estimate. The total flux was apportioned based on the distribution of layered versus unlayered PRT in the
TSF to calculate a combined flux emission. Given the flows in the Que River (Table 10) and the recent water
quality (Table 11), the additional fluxes from the western seepage should result in an increase in mean
concentrations of pollutants under average monthly flow conditions of 0.03 mg/L for Zn and 0.15 mg/L for
Mn. Remaining metals show increases well below the errors of the estimations.
It should be noted that the trend for metal release in the KLCs was continuing downwards and this is
expected to continue.
Seepage from downstream of TSF 2 will be collected in a toe drain (Figure 6) and returned to TSF 2 during
operations.
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Table 35

Modelled seepage fluxes: Que river tributary

KLC1 concentrations
KLC2 concentrations
Flux KLC1 mg/s
Flux KLC2 mg/s
Combined flux
kg/year
Table 36

Al
<0.05
<0.05

As
0.011
0.012
0.126
0.005
4.2

Cd
0.0012
0.0016
0.0138
0.0007
0.5

Cr
<0.001
<0.001

Co
0.002
0.004
0.023
0.001
0.8

Total metals mg/L
Cu
Fe
0.004
<0.05
0.002
<0.05
0.046
0.001
1.5

Pb
0.015
0.004
0.173
0.002
5.5

Mn
13
16
149.76
7.68
4965

Ni
0.016
0.017
0.18
0.01
6.1

Zn
3.0
0.97
34.56
0.46
1104

Cr
<0.001
<0.001

Co
0.002
0.004
0.09
0.01
2.8

Total metals mg/L
Cu
Fe
0.004
<0.05
0.002
<0.05
0.18
0.00
5.2

Pb
0.015
0.004
0.69
0.01
19.3

Mn
13
16
599.04
30.72
17,377

Ni
0.016
0.017
0.74
0.03
21.2

Zn
3
0.97
138.24
1.86
3866

Modelled seepage fluxes: downstream TSF 2

KLC1 concentrations
KLC2 concentrations
Flux KLC1 mg/s
Flux KLC2 mg/s
Combined flux
kg/year

Al
<0.05
<0.05

As
0.011
0.012
0.51
0.02
14.6

Cd
0.0012
0.0016
0.06
0.00
1.6
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8.5.4 Avoidance and mitigation measures
No seepage flow is conceivable from the proposed TSF 2 up-gradient and towards the potential Tertiary
basalt aquifer to the north. Seepage towards the underground void (Hellyer and Fossey) is similarly upgradient. These voids are in a separate groundwater catchment.
The TSF 1 is to the west of these voids and lies between these voids and the TSF 2; therefore, any seepage
from these voids would report to the TSF 1.
To mitigate against this, HGM will monitor water levels in the voids at the central vent (near the shale
quarry) for the Hellyer void and at the Fossey vent rise for the Fossey void. HGM will maintain records of
these water levels in its water quality database. If water levels in the voids start dropping, HGM will pump
supernatant water from the TSF 1 back into the relevant void. The estimated natural recharge rate for the
Hellyer void is 5.6 L/s (Golder, 1999).
Dam design features will include grouting along fault lines in basement conditions and beneath the
embankment. This will reduce hydraulic conductivity and minimise seepage (Section 8.7).
A toe drain will be installed to collect seepage downstream of the TSF 2 during operations. This can be
seen in Figure 6. Seepage will be collected in a central sump at the low point along the drain. Seep water
quality will be sampled weekly during the first six months of operation then monthly once seep quality has
stabilised and aligns with KLC data. When seep quality meets proposed emission limits (Table 22) it will be
releases to surface waters. If seep water quality does not meet proposed emission limits, it will be returned
to TSF 2 where proposed supernatant water management will precipitate pollutants.
On closure, as discussed in Section 8.6.4, the TSF 2 supernatant will be at least 2 m deep and as
demonstrated in Section 8.6.4.1.9 the underlying PRT should not oxidise, resulting in low concentrations
of metals and an excess of alkalinity over acidity within the water column. The saturated KLCs discussed in
Section 8.6.4 showed that concentrations of potential contaminants reduced to below levels of concern.
The mitigation measures currently in place for the site – as a result of management plans set up after
submission and approval of the Polymetals DPEMP (2006) and reflected in PCE 7386 – protect surface
waters from fuel and oil, sewage and off-site discharges and will also protect groundwater from these
potential contaminants.
Commitment

When

HGM will monitor water levels in the voids at the central vent (near the shale
quarry) for the Hellyer void and at the Fossey vent rise for the Fossey void
HGM will monitor the western Que River tributary for seepage from TSF 2
reporting to surface waters
Dam design features will include grouting along fault lines in basement
conditions and beneath the embankment
Seepage collection drains will be installed to collect seepage below TSF 2
during operations. When seep quality does not meet proposed emission
limits, it will be pumped back to TSF 2.

During operations
During operations
During construction
During operations

8.5.5 Assessment of residual effects
The provision of grouted fault lines in the basement of the TSF 2, in addition to the projected low seepage
from the TSF 2 towards the Que River either directly or via a western tributary, and demonstrably goodquality seepage (in saturated KLCs showing no pyrite oxidation) should mean that residual environmental
impacts are properly controlled, monitored and managed and present a negligible risk to the environment.
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8.6 Acid and metalliferous drainage
AMD is drainage or seepage that has been affected by the products of sulfide oxidation. It is characterised
by low pH and high sulfate and metal concentrations. AMD is caused by the oxidation of sulfide minerals,
often pyrites in the presence of water.
Sulfide oxidation is a natural weathering process that produces acid. This acid is neutralised by natural
buffering reactions. If the rate of acid generation exceeds the rate of acid neutralisation, then AMD can
occur. Pyrite oxidation requires three basic ingredients: pyrite, oxygen and water.
Equation 4

Pyrite oxidation

FeS2 + 15/4 O2 + 7/2 H2O => Fe(OH)3 + 2 H2SO4
The maximum rate of oxidation of a material containing pyrite is referred to as the intrinsic oxidation rate
and is expressed as kg O2/m3/s. Values typically range from 10–10 to 10–6 kg O2/m3/s. Oxygen transfer to
the pyrite mineral surface is generally the limiting factor. Consequently, inhibiting the transfer of oxygen
to sulfides present in the pyrite is the most common method of preventing AMD formation.
There is always concern about the risk of submerged sulfidic tailings oxidising in the absence of O2. This
can occur when the pH drops below 3.5 and or there is a high concentration of Fe3+. Mitigating factors are
that ferric hydroxide is likely to start to precipitate at quite low pH (Figure 57). Also, the oxidation of ferrous
to ferric by O2 is actually quite slow at low pH. Singer and Stumm (1970) found that the oxidation rate of
Fe2+ (Equation 5) is slow (t50 around 1000 days) and is independent of pH when less than 3.5. A common
misconception is that ferric iron can oxidise pyrite indefinitely in the absence of oxygen. As indicated by
reaction (Equation 5), oxygen is required to generate ferric iron from ferrous iron. Also, the bacteria that
may catalyse this reaction (primarily members of the Acidithiobacillus genus) are obligate aerobes.
Therefore, some nominal amount of oxygen is needed for this process to be effective even when catalysed
by bacteria, although the oxygen requirement is less than for abiotic oxidation (Gard Guide, 2017).
Equation 5

Oxidation of Fe2+
1

1

𝐹𝐹𝐹𝐹 2+ + 𝐻𝐻 + + 𝑂𝑂2(𝑎𝑎𝑎𝑎) → 𝐹𝐹𝐹𝐹 3+ + 𝐻𝐻2
4

2

As a consequence, it is probable that any ferric present in solution (in TSF 1 seeps) will consumed quite
quickly and further production of ferric will be quite slow. Therefore it is probable that, with minimal input,
the lime-containing systems (in TSF 2) will already have sufficient alkalinity to re-equilibrate at greater pH.
The addition of lime and the availability of Ca ions is discussed in Section 8.3.5, and Section 8.6.4.1.9.
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Figure 57

Metal hydroxide solubility curve

By raising the pH value of a solution with a common alkaline material such as lime or sodium hydroxide, the
corresponding metallic hydroxide compounds become insoluble and precipitate from solution. The metal hydroxide
solubility curve shows the solubility of the common heavy metal ions and their respective solubility versus pH.
Source: http://www.hofflandenv.com/hydroxide-precipitation/

Disposal of acid generating materials below a water cover is one of the most effective methods for limiting
AMD generation. In water, the maximum concentration of dissolved oxygen is approximately 30 times less
than in the atmosphere. More importantly, the transport of oxygen through water by advection and
diffusion is severely limited relative to transport in air. For example, the diffusive transfer of oxygen in
water is on the order of 10,000 times slower than diffusive transfer in air. Results of field and laboratory
testing have confirmed that submergence of AMD-generating materials is one of the best available
methods for limiting AMD generation over the long term (MEND, 2001).

8.6.1 Evaluation of acid forming characteristics
A number of test procedures are typically used to assess the acid forming characteristics of mine waste
materials. The most widely used assessment methods are the acid–base account (ABA) and the net acid
generation (NAG) test. These methods are referred to as static procedures because each involves a single
measurement in time.
Acid–base account: The acid–base account involves laboratory procedures that evaluate the balance
between acid generation processes (oxidation of sulfide minerals) and acid neutralising processes
(dissolution of alkaline carbonates, displacement of exchangeable bases and weathering of silicates). The
values arising from the acid–base account are referred to as the maximum potential acidity (MPA) and the
acid neutralising capacity (ANC), respectively. The difference between the MPA and ANC values is referred
to as the net acid producing potential (NAPP) which is a theoretical calculation commonly used to indicate
if a material has the potential to produce acid. It represents the balance between the capacity of a sample
to generate acid (MPA) and its capacity to neutralise acid (ANC). The NAPP is also expressed in units of kg
H2SO4/t and is calculated as follows:
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Equation 6

Net acid producing potential

NAPP = MPA – ANC
The MPA is calculated using the total or sulfide sulfur content of the sample. This calculation assumes that
all of the sulfur (S) measured in the sample occurs as pyrite (FeS2) and that the pyrite reacts under oxidising
conditions to generate acid according to the reaction shown in Equation 7. According to this reaction, the
MPA of a sample containing 1% S as pyrite would be 30.6 kilograms of H2SO4 per tonne of material (i.e. kg
H2SO4/t). Hence, the MPA of a sample is calculated from the sulfur content using the following formula:
Equation 7

Maximum potential acidity

MPA (kg H2SO4/t) = (sulfur %S) × 30.6.
The acid formed from pyrite oxidation will, to some extent, react with acid neutralising minerals contained
within the sample. This inherent acid neutralisation is quantified in terms of the ANC and is commonly
determined using the modified Sobek method. This method involves the addition of a known amount of
standardised hydrochloric acid (HCl) to an accurately weighed sample, allowing the sample time to react
(with heating), then back titrating the mixture with standardised sodium hydroxide (NaOH) to determine
the amount of unreacted HCl. The amount of acid consumed by reaction with the sample is then calculated
and expressed in the same units as the MPA (kg H2SO4/t).
If the MPA is less than the ANC then the NAPP is negative, which indicates that the sample may have
sufficient ANC to prevent acid generation. Conversely, if the MPA exceeds the ANC then the NAPP is
positive, which indicates that the material may be acid generating.
The ANC/MPA ratio is used as a means of assessing the risk of acid generation from mine waste materials.
A positive NAPP is equivalent to an ANC/MPA ratio less than 1, and a negative NAPP is equivalent to an
ANC/MPA ratio greater than 1. Generally, an ANC/MPA ratio of 3 or more signifies that there is a high
probability that the material is not acid generating.
Net acid generation (NAG) test: The NAG test is used in association with the NAPP to classify the acid
generating potential of a sample. The NAG test involves reaction of a sample with hydrogen peroxide to
rapidly oxidise any sulfide minerals contained within the sample. During the NAG test, both acid generation
and acid neutralisation reactions can occur simultaneously. Therefore, the end result represents a direct
measurement of the net amount of acid generated by the sample. This value is commonly referred to as
the NAG capacity and is expressed in the same units as NAPP, that is, kg H2SO4/t.
The standard NAG test involves the addition of 250 mL of 15% hydrogen peroxide to 2.5 g of sample. The
peroxide is allowed to react with the sample overnight, and the following day the sample is gently heated
to accelerate the oxidation of any remaining sulfides, then vigorously boiled for several minutes to
decompose residual peroxide. When cool, the pH and acidity of the NAG liquor are measured. The acidity
of the liquor is then used to estimate the net amount of acidity produced per unit weight of sample.

8.6.2

Existing conditions

The receiving environment considered in this section is the Que River downstream of the lease.
8.6.2.1

TSF 2 area

Existing conditions at the TSF 2 site include the presence of artificial wetlands constructed by Aberfoyle to
precipitate and capture metals from solution (of supernatant water from TSF 1, mainly Pb). Lichon (2000)
found that Pb was captured in the wetlands almost exclusively in the form of PbS in the mud. The 50%
suspended fraction of Pb uptake is removed from wastewaters by deposition, dependent on quiescent
wetland residence time. Further, that the wetland plants contribute little to direct removal of Pb from
wastewaters; rather, they provide structural stability and serve as in situ photosynthetic generators of
organic matter. Falling into the mud, the organic matter maintains a decomposer-rich, low-Eh anaerobic
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mire, and fuels a microbial consortium including three genera of sulfate-reducing bacteria (SRB). By
dissimilatory respiration, SRB reduce sulfate and thiosalts diffusing into the mud from the wastewaters to
H2S. The ‘dissolved’ (filterable) 50% fraction of wastewater Pb uptake precipitates as PbS by chemical
demand of sulfide acting on various complexed and colloidal forms of Pb present in the wastewater
stream. This continues to a lesser degree downstream into the catchment with streambed colonisation by
SRB consortia.
AMD in seeps from TSF 1 also enter the TSF 2 area. These are described in Section 8.3.1.1 with their
potential impact noted in Section 0.
The impacts of the existing conditions on surface water quality and proposed mitigation measures are also
described in Section 8.3.
8.6.2.2

Hellyer Mine site: existing AMD risks

This section summarises the existing AMD risks on the Hellyer site attributable to previous operations.
This information is presented in the context of the long history of operations on the site which has provided
a good insight into the AMD behaviour of the material, and how it can be managed in the future.
The environment at Hellyer has long been adversely impacted by AMD caused by the oxidation of exposed
sulfide tailings, particularly in the eastern arm of the TSF 1 since the closure of the Hellyer Mine by Western
Metals in 2000. Figure 59 through to Figure 62 are Google Earth images that show tailings exposed above
the eastern arm since 2006. Figure 59 is a Google Earth image from before the Polymetals operation
constructed the eastern arm embankment. Hellyer tailings can be seen in the upper eastern reaches of the
TSF 1. These tailings remain grey, potentially indicating minimal pyrite oxidation; however, it is believed
that exposed tailings along Mill Creek oxidised, with consequent acidity flowing through the tailings into
the TSF. Water quality graphs (Figure 58) show the impact of the AMD during this period with pH dropping
and zinc peaking at the start of each winter.
The seasonal nature of the emissions can be seen with autumn rains flushing acidity from the oxidising
tailings into, and then out of, the TSF 1.
After the eastern arm embankment was constructed, tailings continued to be washed down Mill Creek
after spilling from milling and processing operations (Plate 2). The height of the tailings built up due to
spillages and eventually the tailings were left exposed. Figure 60 shows that in 2012 the tailings were grey
and appear fresh and at least partially saturated, whereas by late 2013, in Figure 61, the tailings are
obviously desiccating and show significant iron staining, indicating that pyrite oxidation is occurring. By
November 2015, in Figure 62, the spillway of the eastern arm embankment has been raised to flood the
tailings. Oxidation is now more evident in the distal reaches where tailings remain exposed, and less so
against the embankment wall.
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Figure 58

TSF 1 outfall: Zn concentrations and pH from Jan 2000 to Dec 2003
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Figure 59

Eastern arm 2006

Source: Google Earth image September 2006
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Plate 2 Mill Creek September 2008
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Figure 60

Eastern arm January 2012

Source: Google Earth image January 2012
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Figure 61

Eastern arm December 2013

Source: Google Earth image December 2013
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Figure 62

Eastern arm November 2015

Source: Google Earth image November 2015
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Figure 63

Tailings samples
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Geochemical analysis was undertaken to assess the AMD potential of the eastern arm/Fossey tailings,
specifically the risks involved and possible remediation required. This was reported in the EMP submitted
to the EPA in September 2017. Static ABA results are shown in Table 38 and Figure 69. The locations of the
tailings samples are shown in Figure 63. The geochemical assessment indicated that pyrite particles were
not heavily reacted and were covered in oxidised products consistent with passivated pyrite surfaces at
near-neutral pH. Appendix E discusses the results in detail.
Water quality records for pH at the TSF 1 outfall (Figure 64 and Figure 65) demonstrate the effects of
changing management on site: pH dropped steadily after the Hellyer operation closed in 2000, increased
during the Polymetals operation, dropped during Intec’s tenure, then increased under BSM, only to drop
again from 2012 when the processing stopped delivering alkalinity to the TSF 1 and the exposed tailings
oxidised. Since mid-2016, when IVY had raised the water level in the eastern arm and HGM increased
alkalinity dosing into the eastern arm spillway, the pH – although not reaching the emission limit target of
8.0 – stabilised. In the last months of 2017 with HGM increasing lime dosing, the pH has risen and Total Zn
emission concentrations have dropped below emission limits.
The pH in the TSF 1 was important for management of TSF 1 due to the relationship between a pH above
8.0 and total zinc concentrations at the TSF outfall. This was described in the Polymetals Hellyer DPEMP
(2006). In Figure 58 it can be seen that zinc concentrations increased after the closure of the Aberfoyle
operation. The main reason for this is that during operations, the average pH in the tailings dam was much
higher, as can be seen in Figure 66. This would have led to high zinc precipitation rates within the TSF. In
addition, the exposed tailings left in the top of the eastern arm of the TSF 1 (Figure 59) also meant that
acidity was being generated with consequent AMD by products. AMD discharge from the Hellyer ROM (run
of mine) area and ore stockpiles also flowed down Mill Creek, adding to the AMD loads from 2006, until in
recent years the stockpiles were removed and the site general manager capped the ROM with a compacted
lime mixture.
From a water chemistry perspective, during times of prolonged closure / care and maintenance with little
if no alkalinity addition, the system will tend to reach equilibrium, where pollutant outputs within the
system approach the sum of the inputs. Due to the large size of TSF 1 there is a lag created by the large
hydraulic retention time within the water body. The data presented in Figure 66 compares the pollutant
output with respect to zinc concentrations. It is based on data collected during and after the Western
Metals/Aberfoyle operations.
In Figure 66, the zinc concentrations are lower for the same pH than during operations. This is expected
because of the lag within the system due to the size of the water body noted above. From HGM’s
perspective pH is an indicator of performance and management not san end point. The use of pH alone as
a water control mechanism is simplistic as there are many factors that come into play that effect the
systems water quality. These factors include:
• Co-precipitation can play a role in metal removal as metal adhere to each other and other solids
as they fall out of solution. This mechanism of metal removal is hard to quantify.
• Other metals such as manganese can be difficult to remove through straight neuralisation and
settlement at the pH’s proposed to be used at this operation.
• Biological Activity is occurring within TSF 1 with obvious rafts of weeds growing around some
verges. There would also be microbes present and associated with the aquatic vegetation.
Biological activity would be expected to change over time, especially once much of the pollutants
are removed from the system. This will introduce further complexity into the system. The breakdown of organic material would increase carbonate buffering. Photosynthesis would however
decrease the buffer capacity, but increase the pH.
• Time lags are an important factor and can obscure important changes in pollutant management
on the site.
• Wind disturbance can also play a role.
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The Que River is a moderately to severely disturbed system, which has received water discharge from both
the Hellyer and Que River mines into its headwaters for decades. Discharges from the Que River Mine
emanate from its settling dam, which overflows regularly during winter and intermittently during summer.
The Hellyer TSF 1, with its larger catchment, overflows most days of the year.
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Figure 64

TSF 1 outfall pH
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Figure 65

TSF 1 outfall Total Zn
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Figure 66

TSF 1 outflow – pH versus total zinc – operations compared with closure

8.6.3 Performance requirements
The performance requirements outlined in Section 8.2.2 apply.

8.6.4 Potential effects
AMD can result in long-term degradation of downstream waterways. If management measures are not
designed and operated effectively, AMD could result in high concentrations of acidity and metals,
particularly Zn, Pb, Fe, Al, Cu and Cd, adversely impacting on the Que River for centuries.
8.6.4.1

PRT – Acid–base accounting

Blue Minerals Consultancy (BMC) was engaged to provide ongoing geochemical analysis, interpretation
and advice on the AMD characteristics of the PRT and other material likely to be stored in TSF 2, estimate
release rates and any neutralisation or other treatment likely to be required during the operating stages
of the project and for closure.
Additional detail on the geochemical aspects of PRT, Fossey tailings (from the eastern arm or western arm)
can be found in Appendix E, Appendix F and Appendix G.
8.6.4.1.1

PRT sampling and evaluation

Metallurgical sampling was undertaken to evaluate the resource and to provide samples of PRT for
geochemical analysis. The sample locations are shown in Figure 67 and described in Table 37. Ten separate
composite samples were collected from nine locations within the Hellyer TSF 1 to undertake metallurgical
flowsheet development. This comprised 40 batch tests (T1–T40) and three locked cycle tests (LC01–LC03).

146

The head assays for the 10 samples used in the test program are shown in Table 37 (note that the first
composite sample is from Hole 0 and a composite from HGM01). Assays were undertaken at various
depths during sample collection and assayed separately before being combining into composites.
Locked cycle tests were performed to simulate the continuous plant operation and to review the ultimate
deportment of the components of the intermediate streams (such as cleaner tailings) to either
concentrate or tailings. A locked cycle test is a repetitive batch flotation test where intermediate flows are
recycled between stages.
Forty batch tests were conducted as well as three locked cycle tests, which simulate the recirculating loads
to project a balanced circuit performance. The three locked cycle tests were conducted on three separate
samples to repeat the batch tests T20, T30 and T40.
The resultant PRT was frozen until required for acid–base accounting (ABA).
Table 37

Sample name/location and referenced composite and flotation tests

Sample name /
location

Referenced
composite

Float tests

Composite P80 average
and range (µm)

Tailings – Hole 0
Hole 1
Hole 2
Hole 3
Hole 4
Hole 5
Hole 5A
Hole 6
Hole 7
Hole 6 (4 m depth)

HGM01
HGM02
HGM03
HGM05
HGM04
HGM06
HGM09
HGM07
HGM08
Hole 6 (4 m)

T1–T23 and LC01
T24–T30 and LC02
T31, T34, T35
T33
T32
T36
T39
T37
T38
T40 and LC03

30
60 (30–85)
51 (46–58)
119 (36–183)
48 (45–52)
89 (36–275)
53 (43–65)
59 (51–65)
58 (32–77)
51
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Figure 67

Initial metallurgical sampling
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Figure 68

Vibracore AMD samples
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Vibracore samples were later taken from deeper depths at two locations in TSF 1 and analysed for ABA.
The coding for the Vibracore samples is HL (Hellyer), V (Vibracore), B (bench), P (dredge panel 9 or 10) and
-1A or -2A (at given depths), i.e. HLVB2P9-1A 11–13.5m, HLVB2P9-1A 16–19.5m, HLVB2P10-2A 13–16m,
HLVB2P10-2A 16–19m. The ABA sample holes are shown in Figure 68.
The AMD characteristics of six process feed samples from the TSF 1 were examined to identify any
significant variation in sulfide and other AMD characteristics:
•
•
•

One TSF 1 sample of combined near-surface tailings composited from the initial laboratoryproduced PRT (Figure 67, Table 37).
Four Vibracore samples (of feedstock) (see Table 38) taken from depth within the TSF 1 to identify
any significant variation with depth.
One TSF 1 New Composite 130217, which was a composite from varying depths and used as a
proxy for average processing feed in pilot plant processing.

The PRT produced from processing of the New Composite feed were also fully characterised.
Two KLCs (KLC 1 and KLC 2) were set up to assess the rate of AMD release from subaqueous storage of the
PRT only (KLC 1) and to mimic the layering likely when PRT and non-reprocessed eastern arm tailings are
pumped to the TSF 2 (KLC 2).
It should be understood that by mass the layered KLC 2 results represent approximately 3.5% of the total
mass of PRT to be stored in TSF 2 and should account for a similar proportion of emissions.
8.6.4.1.2

Particle size distributions

The particle size distributions (psds) of the feed and PRT will affect process recovery and AMD reactivity
characteristics. The psds for the TSF 1 and three of the Vibracore samples are similar, with the majority of
the particles in the 1−20 µm range but with significant content in the 30−100 µm range. The psd from
HLVB2P10-2A 13–16 m (two sub-samples) is considerably different, with the main peak near 80 µm and
predominance of particles in the range 20−300 µm.
The New Composite sample had a relatively coarse fraction in the range 100−400 µm. The PRT from
processing of the New Composite appears to have the coarse fraction above 100 µm and much of the
20−80 µm fraction removed, with predominance of finer material below 20 µm.
8.6.4.1.3

Static ABA analysis

ABA characterisation (Table 38 and Figure 69) has consisted of MPA (maximum potential acidity, based on
Total S), MPA* (based on CRS sulfide S), ANC (acid neutralisation capacity), NAPP (net acid producing
potential) and NAPP*( NAPP calculated using CRS sulfide) to estimate total amounts in the four TSF 1
samples (Table 4). Correction of MPA using the CRS sulfide S (MPA*) is necessary given the significant nonsulfide S (mainly barite) content, to better represent the NAPP*.
The CRS (sulfide S only) analysis shows that the sulfide contents of all four Vibracore TSF 1 samples and
the TSF 1 and New Composite samples are in the range 25−28 wt.% S, corresponding to 47−52 wt.% pyrite.
This is reduced in the PRT to 12.9 wt.% sulfide S corresponding to 26 wt.% pyrite, i.e. ~50 % reduction. The
NAPP and sulfide-corrected NAPP* values indicate PAF-high capacity for all seven samples but the PRT has
less than 30 % of the TSF 1 sample values. All seven samples contain significant carbonate (~6 wt.% as
CaCO3), probably due to lime additions in the processing that have reacted with CO2 to form carbonate in
storage. All samples also contain some ANC in addition to that from the carbonate alone. This is likely due
to reactive silicate minerals in the tailings. Despite the neutralising material, 4−5 oxidative NAG stages
were required to exhaust the 47−52 wt.% pyrite in all TSF 1 samples, with 3 stages for the PRT sample.
Figure 69 compares the NAPP* of PRT with original Hellyer samples, Polymetals tailings samples and Bass
(Fossey) tailings. The A, B, C, D and E samples in Figure 69 were remnant Fossey samples and are discussed
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in Appendix E. The significant pyrite removal noted above and in Section 8.6.4.1.6 is reflected in the NAPP*
potential of PRT, which more closely resembles Fossey tailings than original Hellyer tailings.
Figure 69

Comparison static ABA: PRT with original Hellyer, Polymetals and Fossey tailings

The PRT sample results provide important insights for the long-term and safe management of the material.
The results strongly suggest that the PRT is unlikely to be neutralised by lime additions alone and will
require continuous subaqueous storage to maintain neutral pH. This is supported by the KLC test results
(see Section 8.6.4.1.9).
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Table 38

Static ABA analysis: Hellyer tailings, Polymetals tailings, Fossey tailings and PRT

Sample ID

Date
sampled

pH

1

EC1

Total
sulfur

(µS/cm)
Original Hellyer
tailings ex dam
Original Hellyer
tailings ex mill
Polymetals tailings

Sulfate
sulfur

Sulfide S
(CRS)

MPA*

(%)

ANC

NAPP*

NAG
capacity
to pH
4.5

NAGpH

ANC/MPA
ratio

Sample
classification

(kg H2SO4/t)

1989

6.7

1370

32.2

32.2

986

0

986

2.0

0.00

PAF

1989

11.6

4060

39.2

39.2

1201

16

1184

2.0

0.01

PAF

2006

7.8

0.798

32.1

31.9

977

61

915

1.8

0.06

PAF

Eastern arm (Fossey)

A1 – Shallow

22/07/2017

17.4

11.7

359

21

338

177

4.7

0.06

UC/PAF

A1 – Deep

22/07/2017

17.4

11.8

363

23

340

198

4.8

0.06

UC/PAF

A2 – Shallow

22/07/2017

14.1

8.9

273

17

256

151

4.2

0.06

PAF

A2 – Deep

22/07/2017

15.8

10.7

328

26

302

180

3.9

0.08

PAF

A3– Shallow

22/07/2017

16.0

10.3

317

21

296

199

3.8

0.07

PAF

A3 – Deep

22/07/2017

14.9

10.4

318

21

297

152

3.7

0.07

PAF

B1 – Shallow

22/07/2017

20.8

15.4

470

7

463

261

3.9

0.01

PAF

B1– Deep

22/07/2017

19.3

11.4

349

11

338

245

4.0

0.03

PAF

B2 – Shallow

22/07/2017

20.4

13.6

415

12

403

280

3.7

0.03

PAF

B2 – Deep

22/07/2017

17.6

9.6

295

12

283

234

4.6

0.04

UC/PAF

B3 – Shallow

22/07/2017

17.5

11.2

343

16

327

192

4.5

0.05

PAF

B3 –Deep

22/07/2017

16.7

9.2

281

16

265

188

4.6

0.06

UC/PAF

C1 – Shallow

22/07/2017

19.2

11.6

355

7

348

264

4.2

0.02

PAF

C1 – Deep

22/07/2017

23.9

18.4

563

34

529

441

3.4

0.06

PAF

C2 – Shallow

22/07/2017

21.9

16.3

498

32

466

365

3.6

0.06

PAF

C2 – Deep

22/07/2017

19.7

11.4

350

11

339

2670

4.9

0.03

UC/PAF

C3 – Shallow

22/07/2017

19.7

12.4

381

12

369

267

4.4

0.03

PAF

C3 – Deep

22/07/2017

17.4

11.8

361

26

335

231

4.7

0.07

UC/PAF
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Sample ID

Date
sampled

pH

1

EC1

Total
sulfur

(µS/cm)

Sulfate
sulfur

Sulfide S
(CRS)

MPA*

(%)

ANC

NAPP*

NAG
capacity
to pH
4.5

NAGpH

ANC/MPA
ratio

Sample
classification

(kg H2SO4/t)

D1 – Shallow

22/07/2017

19.4

11.9

366

10

356

27

4.7

0.03

UC/PAF

D1 – Deep

22/07/2017

27.8

22.8

699

36

663

556

3.3

0.05

PAF

D2 – Shallow

22/07/2017

19.7

12.7

389

11

378

310

3.8

0.03

PAF

D2 – Deep

22/07/2017

27.4

21.9

672

34

638

562

3.4

0.05

PAF

D3 – Shallow

22/07/2017

26.6

21.1

647

32

615

527

3.5

0.05

PAF

D3 – Deep

22/07/2017

19.8

11.4

347

7

340

290

4.1

0.02

PAF

E1 – Shallow

22/07/2017

17.5

10.2

312

8

304

246

4.5

0.03

PAF

E1 – Deep

22/07/2017

23.1

16.8

515

22

493

429

3.5

0.04

PAF

E2 – Shallow

22/07/2017

20.8

12.7

388

1

388

331

4.5

0.00

PAF

TSF 1 mill feed

1/09/2017

26.8

25.6

784

81

703

105

2.0

0.10

PAF

Western arm

1/09/2017

17.5

9.8

300

9

291

0.3

4.4

0.03

PAF

PRT

1/09/2017

14.7

12.9

395

185

210

12

2.7

0.47

PAF

30.9

27.3

836

58

778

120

2.2

0.07

PAF

30.6

28.3

866

796

716

2.1

0.08

30.2

28.0

857

83

775

578

2.1

0.10

27.7

25.2

771

83

689

567

2.1

0.11

29.

27.0

826

88

739

571

2.1

0.11

PRT testwork

Composite TSF 1
Vibracore samples
HLVB2P9-1A 11–
1/11/2017
13.5 m
HLVB2P9-1A 16–
1/11/2017
19.5 m
HLVB2P10-2A 13–16
1/11/2017
m
HLVB2P10-2A 16–19
1/11/2017
m
1. Current pH and EC provided for 1:5 sample:water extracts

71

PAF
PAF
PAF
PAF
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To assess the variability of the PRT expected to be produced for storage in TSF 2, the variability of feedstock
tailings was reviewed from the Vibracore samples (see Appendix H). The Leco S content was measured for
each sample and averaged across the TSF 1 as feedstock for the process. This was then reviewed on a
panel-by-panel basis to reflect the dredging pattern in the current mine plan.
To calculate the expected pyrite variation in PRT, the following assumptions were made:
•
•
•

Average feedstock sulfide S at 92.2% of Leco S 4 based on Hellyer tailings measurements (Table
38).
Pyrite conversion assumes sufficient Fe to convert all sulfide S to pyrite at molar weight
proportions.
Pyrite reduction assumed at 52% pyrite removal during processing 5.

In total 162 Vibracore samples from depths between 1.2 m and 12.7 m were analysed and consequent
analytical results assessed. From these results, the average pyrite content of the resultant PRT was
calculated at 25.4% with a minimum of 1.5%, a maximum of 34.4 % and a standard deviation of 5.5%. This
compares favourably with the measured pyrite content in the Hellyer PRT samples used in KLC1 and KLC2
at 27% (Table 41). Consequently, the results from the KLCs should be relevant and conservative.
Dredging of Hellyer tailings will be carried out across panels (Figure 70) and then on benches, with the first
cut going down to ~10.5 m (Table 3). As a result, variations in S content will become averaged out across
the panels and benches as the dredge works across the dam and down into the tailings. Table 39 shows
the measured average Total (Leco) S for each panel cut and the maximum depth of each panel cut.
Table 39

Vibracore S variation by panel

Bench, panel and cut
HLVB1P1 – 1A
HLVB1P2 – 1A
HLVB1P2 – 2A
HLVB1P3 – 1A
HLVB1P5 – 2A
HLVB1P6 – 1A
HLVB1P7 – 1A
HLVB1P7 – 2A
HLVB1P9 – 1A
HLVB1P10 – 1A
HLVB1P10 – 2A
HLVB1P11 – 2A

Max depth
(m)
7.3
9.7
10.5
10.5
10.5
10.5
6.8
10.5
11
10.5
11
8.5

Average Total S
%
31.4
29.0
35.8
33.0
33.8
34.1
27.2
31.0
30.2
30.7
29.2
28.1

The KLCs described in Section 8.6.4.1.9 were set up with 27% pyrite PRT as noted above. On closure, the
long-term average pyrite content in the TSF 2 should be below the pyrite content used in the KLCs and the
results described in Section 8.6.4.1.9 should be applicable, albeit conservative.

This excluded the eastern arm tailings, which contained significant quantities of Fossey tailings and are not being
processed, the original Hellyer tailings sample because the sulfide S concentrations were conservatively assumed at
100%, and the Mill Creek HGM samples because these were mainly Fossey tailings and had oxidised for some time. The
average sulfide S concentration from the relevant samples was 91.5%.
5 The original processing plan was based on 55% pyrite reduction by weight. The measured pyrite reduction in
geochemical acid base accounting and XRD analysis was 52%.
4
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For operational water management, as described in Section 8.3.3.3, mixing tests were carried out with low
pyrite PRT (16.3%) and high pyrite PRT (28%) to provide results that could be applied to the operation as
varying feedstock was processed.
Figure 70

8.6.4.1.4

Dredge panels: Benches 1 and 2 sequencing

Kinetic NAG results

Variations in pH and temperature are recorded during the single-stage kinetic NAG (KNAG) test to provide
a correlation to the kinetics of sulfide oxidation and acid generation in standard KLC tests. This, in turn,
can provide indications of the behaviour under fully oxidising (uncovered) field conditions.
An indicative relationship between the time to pH 4 in the kinetic NAG test and the time to pH 4 in a KLC
has been established for pyritic samples based on a 37 sample dataset from the AMIRA ARD Test
(Handbook, 2002), which can broadly predict column lag times using Table 40. This can be used to estimate
lag times to acid appearance if the AMD waste is fully exposed during storage or transfer.

155

Table 40

Indicative lag times to acid production correlating KNAG and KLC data sets

Range of time to pH 4.0 in
KNAG (min)

Indicated KLC lag to
pH 4

<5
5–15
15–30
30–50
50–100
100–200
>200

<1 month
1−2 months
2−4 months
4−6 months
6−12 months
1−2 years
>2 years

The kinetic NAG profile for PRT is shown in Figure 71.
Figure 71

Kinetic NAG profiles for PRT sample

The KNAG result for the PRT did not produce acid (or peroxide decomposition) for the duration of the test
(1500 min) and the pH increased to 6.5. It appears that the pyrite has been passivated by maintenance of
the high pH. This corresponds to more than 2 years’ lag time.
8.6.4.1.5

Bulk solids assays

Assays were undertaken to identify potentially toxic metals and other elements requiring measurement
and control upon release to be studied in the KLC profiles. Relevant information from bulk assay data of
TSF 1 and PRT samples includes:
•

Ag and Co are significant in both the shallow TSF 1 and New Composite samples, with 40 % of the
Ag and all Co remaining in the PRT.
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•

•
•

Zn is relatively high in the New Composite sample compared with the Main TSF sample, possibly
indicating significant variability in TSF 1 composition. This is consistent with the high variability of
sulfur present in the samples.
Toxic metals present in the TSF 1, New Composite samples and PRT include As, Cd (but not in
PRT), Cr, Mn, Sb, Sr, Tl and V. Ga is also present in the PRT.
Metals that are considerably reduced in the PRT as compared to New Composite or TSF 1 include
Cu concentration which is reduced from 2100 ppm in the New Composite (2580 ppm in the
TSF 1) to ~550 ppm in PRT, Pb is reduced to ~40 % of the initial value in the PRT. Zn is reduced to
~30% in PRT.(or Pb and Zn are reduced by 60 and 70% respectively).

As a result, the following elements are proposed to be included in ongoing monitoring: Zn, Pb, Cu, As, Cd,
Co, Cr, Mn, Mo, V, Fe, Sb, Cr, Ti and Ga (See Section 13.2.1).
The Vibracore analyses showed the following:
• The deeper Vibracore samples contain greater concentrations of Cu, Pb, Zn (and Mn), possibly
indicating less successful recovery of these minerals in early processing.
• Other significant toxic metals noted in all four Vibracore TSF 1 samples include As, Cd, Cr, Mo, Sb,
Sr, Tl and V.
Fluoride was assessed in Polymetals tailings (which have the same feedstock as PRT). Flouride was present
with concentrations between 0.2 and 0.5 mg/L. This is in the range of drinking waters and some natural
waters.
8.6.4.1.6

Mineralogy

The reduction of pyrite content from 48 ±4 wt. % in the TSF 1 samples to 24 - 27 wt.% in the PRT as
demonstrated through test work is confirmed by quantitative XRD (X-ray diffraction) analysis. The mineral
assemblage of all TSF 1 samples is reasonably consistent except for the greater chlinochlore content of
HLVB2P10-2A 13–16 m, which may account for the particles in the range 20−300 µm in the psd for this
sample. There is good agreement between the XRD and the assay data on pyrite (CRS) and calcite (Ca)
contents of all TSF 1 samples, with greater proportionate quartz and combined carbonate content in the
PRT sample resulting from removal of pyrite in processing. Gypsum is detected in both the New Composite
and the PRT. High amorphous fractions are found for all deep Vibracore samples (14−27 wt.%), with lower
contents in the shallower TSF 1 samples (1–6 wt.% and 6 wt.% in the PRT sample). This likely includes ultrafine precipitates (e.g. iron oxyhydroxides) and secondary minerals (e.g. jarosite found in S speciation but
not in XRD) from in situ reaction of pyrite.
The Pb and Zn in the PRT are 0.895 wt% and 0.27 wt%, respectively. This is in comparison to the ‘feed’
(New Composite) sample which contains 3.24 wt% Pb and 3.8 wt% Zn. In the PRT this corresponds to 1 wt%
galena and 0.40 wt% sphalerite as compared to 3.74 wt% galena and 5.6 wt% in the feed. These low
concentrations in the PRT were not observable by XRD. Sphalerite and galena are directly detected in the
all TSF 1 samples, including the deep Vibracore samples, but chalcopyrite is below detection limit due to
overlap with calcite in the X-ray results. This finding consistent with the low Cu concentration in bulk assay.
No sphalerite or galena was detected in the PRT after processing.
XRD (with 15% corundum addition to assess amorphous content) of each of the samples to estimate
variability of mineralogy was completed. Quantitative XRD analyses are reported for the samples in Table
41. The results are compared with the CRS and selected bulk assay results at the bottom of the table.
The New Composite was made up from samples from the TSF 1 from varying depths as proxy for feed to
processing. As a check of this composite, four Vibracore samples from TSF 1 were also analysed. Table 42
shows the average mineralogy of these four samples, the Main TSF and the New Composite sample. The
variation in mineralogy is within acceptable bounds.
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27

54

27
9
7
9
1
8
6
6

New
composite

4
3

49
6
0.4
16
6
6
2
3
9
2

5

1

0.8
17
3
6
4

HLVB2P10-2A
16-19 m

TSF 1

HLVB2P10-2A
13-16 m

FeS2
ZnS
PbS
SiO2
KAl2(AlSi3O10)(F,OH)2
(Mg,Fe2+)5Al2Si3O10(OH)8
BaSO4
CaSO4
CaCO3
Ca(Fe,Mg,Mn)(CO3)2
FeCO3

PRT

HLVB2P9-1A
16.5-19.5 m

Pyrite
Sphalerite
Galena
Quartz
Muscovite
Clinochlore
Barite
Gypsum
Calcite
Ankerite
Siderite
Amorphous

Quantitative XRD analysis

HLVB2P9-1A
11-13.5 m

Table 41

52
2
2
11
1
9
4

44
3
2
9

44
2
1
16

46
3
2
12

7

13

9

3
1
1
14

3
2
3
27

3
2
1
18

5
3
19

Ave. TSF 1
samples ± std
48 ± 4
3±1
2±1
13 ± 3
2±2
8±2
2±1
0.5
4±2
2±1
1±1
14 ± 10
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Table 42

TSF 1 feedstock and New Composite comparison

Pyrite
Sphalerite
Galena
Quartz
Muscovite
Clinochlore
Barite
Gypsum
Calcite
Ankerite
Siderite

FeS2
ZnS
PbS
SiO2
KAl2(AlSi3O10)(F,OH)2
(Mg,Fe2+)5Al2Si3O10(OH)8
BaSO4
CaSO4
CaCO3
Ca(Fe,Mg,Mn)(CO3)2
FeCO3
Amorphous

Ave. Main TSF
samples ± std
48 ± 4
3±1
2±1
13 ± 3
2±2
8±2
2±1
0.5
4±2
2±1
1±1
14 ± 10

New composite
49
6
0.4
16
6
6
2
3
9
2
1

The significant information from these analyses is:
•
•

There is good agreement between the XRD and the bulk assay data on pyrite and calcite contents
of all samples.
The reduction of pyrite content from 48±4 wt.% in the TSF 1 samples to 27 wt.% in the PRT is
confirmed in the quantitative XRD analysis.

•

The mineral assemblage of all Main TSF samples is reasonably consistent except for the greater
clinochlore content of HLVB2P10-2A 13-16 m which may account for the particles in the range
20−300 µm in the psd for this sample.

•

There is good agreement between the XRD and the assay data on pyrite and calcite contents of
all TSF 1 samples with greater proportionate quartz and combined carbonate content in the PRT
sample resulting from removal of pyrite in the new processing.

•

Gypsum is detected in the New Composite proxy feed but is much less in the PRT possibly
indicating sampling error in the New Composite.

•

High amorphous fractions are found for all deep Vibracore Main TSF samples (14−27 wt.%) with
lower contents in the shallower TSF 1 samples (1−6 wt.% and 6 wt.% in the PRT sample). This
likely includes ultra-fine precipitates (e.g. iron oxyhydroxides) and secondary minerals (e.g.
jarosite found in S speciation but not in XRD) from in situ reaction of pyrite.

•

Sphalerite and galena are directly detected in the all the Main TSF samples, including the deep
Vibracore samples, but chalcopyrite is below detection limit in agreement with the low Cu
concentration in bulk assay and to overlap with calcite. No sphalerite or galena was detected in
the PRT after processing.

The amorphous content in Table 41 is derived through the addition of a known wt% standard to the XRD
sample. This then enables the crystalline phase quantification to be normalised against the wt% of the
standard. The fraction of the total wt% of the sample that is less than 100 is then the ‘amorphous’ fraction.
The wt% of the standard is then normalised out. Many laboratories do not do this but it is essential for
good quality control. Sphalerite and galena alone would comprise 1.4 wt% of the total of 6 wt%
amorphous. The amorphous fraction can represent any non-crystalline and ultra-fine material not
recognised in the XRD, which in this case would include the sphalerite and galena.
Table 48 below shows the Pb and Zn concentrations in the top and bottom leachates from KLC1 (PRT only)
and KLC2 (PRT− Composite B Eastern Arm − PRT). Pb is consistently below the TSF 1 emission limit
(0.6 mg/L) except for week 4 KLC2 top. The leachate concentrations from the top of KLC1 and KLC2
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decrease to less than the Zn TSF 1 emission limit (0.8 mg/L) after 20 weeks. The bottom leachate from
KLC1 remains above the TSF 1 emission limit after 37 weeks while the bottom leachate from KLC2 is
variable. Given that the leachate through the bottom of TSF 2 should be very small these figures suggest
that Pb and Zn concentrations in the TSF2 waters will be compliant.
8.6.4.1.7

Sulfur speciation

Selective extraction for S species shows that >95% of the S in the TSF 1 is sulfide. Some minor secondary
jarosite (1.5 wt.% S), from reaction of the pyrite over time, is indicated in the KCL extraction and barite
(1.0 wt.% S) is also found. Release of acid from this jarosite at neutral pH will occur but the kinetics are
very slow and this is unlikely to significantly alter the pH of the water cover over the PRT.
8.6.4.1.8

Analytical SEM

Mineral particles of pyrite, barite, sphalerite and galena separately and in attached or locked forms were
examined in the TSF 1, New Composite and PRT samples.
TSF 1 sample: Pyrite particles are not significantly reacted, with very low oxidation (0−4 at.% O). Sphalerite
particles show more extensive reaction and oxidation, consistent with selective galvanic protection of the
pyrite, and also attached fine particles. This suggests release of Zn to solution in this process unless taken
up by the formation of other precipitates.
New Composite: As with the TSF 1 sample, the pyrite is not significantly reacted but galena and sphalerite
are extensively reacted. There are distinct particles of arsenopyrite and arseneous pyrite particles with low
As content.
PRT: The significant result is that most of the pyrite particles analysed in the PRT have considerably greater
levels of oxidation (10−55 at.% O) than those examined in the TSF 1 or the New Composite samples. This
may be due to the small sample of particles examined but it may also be the result of selective removal of
less oxidised pyrite particles in the processing. Particles of arsenopyrite also appear reacted in the PRT.
Separate particles of calcite are identified in agreement with the XRD analysis.
8.6.4.1.9

Subaqueous quiescent kinetic leach columns

Two kinetic leach columns, KLC1 and KLC2, were established to test the rate of AMD formation from
subaqueous storage of the PRT alone and from the layered tailings expected in TSF 2 after the eastern arm
tailings are transferred, i.e. successive layers of PRT, eastern arm / Fossey tailings, and PRT on top. The
eastern arm tailings used were the Composite B preparation from the Stage 1 report (Appendix E). Regular
decant samples were collected from the top of each column to represent supernatant water in TSF 2 and
also from under drained water to represent seepage from TSF 2.
Results from pH measurements for KLC1 and KLC2 to days 215 and 209, respectively, showed that
quiescence was achieved with settling over 15 days, and since then the pH has been maintained above 7.3
for 29 weeks with no decline over time in either columns. A summary of main results for pH acidity and
alkalinity is shown in Figure 72 to Figure 75 and in Table 43 to Table 47. Metals are shown in Table 48.
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Figure 72

KLC 1 pH over time

KLC 1 pH
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Figure 73

KLC 2 pH over time

KLC 2 pH
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Table 43

KLC 1 top

Collection
week

pH

Acidity
(mg CaCO3 L−1)

Alkalinity
(mg CaCO3 L−1)

4
8
12
21
25
30

7.4
7.6
7.6
7.6
7.5
7.48

44
10
7
5
0.2
2.1

57
54
52
52
51
56

Table 44

KLC 1 bottom

Collection
week

pH

Acidity
(mg CaCO3 L−1)

Alkalinity
(mg CaCO3 L−1)

4
8
12
21
25
30

7.5
7.4
7.3
7.8
7.9
7.7

39
20
13
7
3
2.6

93
66
75
103
100
90

Table 45

KLC 2 top

Collection
week

pH

Acidity
(mg CaCO3 L−1)

Alkalinity
(mg CaCO3 L−1)

4
8
12
20
24
28

7.5
7.5
7.7
7.5
7.5
7.2

39
0
7
5
3
2.1

56
70
52
48
51
55

Table 46

KLC 2 bottom

Collection
week

pH

Acidity
(mg CaCO3 L−1)

Alkalinity
(mg CaCO3 L−1)

4
8
12
20
24
28

7.4
7.2
7.3
7.3
7.8
7.6

39
0
6
9
7
0

89
54
74
87
85
89
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Figure 74

KLC 1 and KLC 2 top acidity and alkalinity

80

KLC1 top acidity

KLC1 top alkalinity

KLC2 top acidity

KLC2 top alkalinity

70
Acidity or Alkalinity (mg CaCO3 L−1)

60
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40
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20
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0

0

Figure 75
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KLC 1 and KLC 2 bottom acidity an alkalinity
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10
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KLC1 bottom alkalinity

KLC2 bottom acidity
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80
60
40
20
0

0

5

10

15
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Figure 76

KLC 1 and KLC 2 Eh and EC
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Table 47
Date
15-Sep-17
21-Sep-17
25-Sep-17
28-Sep-17
03-Oct-17
05-Oct-17
09-Oct-17
16-Oct-17
19-Oct-17
23-Oct-17
26-Oct-17
29-Oct-17
02-Nov-17
06-Nov-17
16-Nov-17
20-Nov-17
23-Nov-17
27-Nov-17
01-Dec-17
04-Dec-17
11-Dec-17
05-Feb-18
12-Feb-18
15-Feb-18
19-Feb-18
22-Feb-18
26-Feb-18
02-Mar-18
05-Mar-18
13-Mar-18
15-Mar-18
19-Mar-18
22-Mar-18
26-Mar-18
16-Apr-18
03-May-18
07-May-18
10-May-18
13-May-18
17-May-18

Supernatant pH results from PRT KLC 1 and layered KLC 2 to date
Time (days)
2
8
12
15
20
22
26
33
36
40
43
46
50
54
64
68
71
75
79
82
89
145
152
155
159
162
166
170
173
181
183
187
190
194
215
232
236
239
242
246

KLC 1 pH
7.41
7.43
7.27
7.00
7.22
7.31
7.28
7.35
7.34
7.29
7.36
7.59
7.55
7.56
7.56
7.50
7.54
7.60
7.56
7.53
7.60
7.57
7.57
7.36
7.51
7.48
7.58
7.53
7.50
7.51
7.48
7.49
7.50
7.52
7.48
7.54
7.52
7.55
7.47
7.49

Date
21-Sep-17
25-Sep-17
28-Sep-17
03-Oct-17
05-Oct-17
09-Oct-17
16-Oct-17
19-Oct-17
23-Oct-17
26-Oct-17
29-Oct-17
02-Nov-17
06-Nov-17
09-Nov-17
13-Nov-17
20-Nov-17
23-Nov-17
27-Nov-17
01-Dec-17
04-Dec-17
07-Dec-17
11-Dec-17
14-Dec-17
05-Feb-18
07-Feb-18
12-Feb-18
15-Feb-18
19-Feb-18
22-Feb-18
26-Feb-18
02-Mar-18
05-Mar-18
08-Mar-18
13-Mar-18
15-Mar-18
19-Mar-18
22-Mar-18
26-Mar-18
29-Mar-18
03-Apr-18
16-Apr-18
23-Apr-18
03-May-18
10-May-18
17-May-18
21-May-18
24-May-18

Time (days)
2
6
9
14
16
20
27
30
34
37
40
44
48
51
55
62
65
69
73
76
79
83
86
139
141
146
149
153
156
160
164
167
170
175
177
181
184
188
191
196
209
216
226
233
240
244
247

KLC 2 pH
7.08
7.25
7.32
7.21
7.32
7.38
7.32
7.41
7.31
7.41
7.60
7.57
7.59
7.62
7.61
7.40
7.62
7.53
7.64
7.65
7.64
7.64
7.68
7.62
7.53
7.53
7.52
7.60
7.54
7.65
7.62
7.61
7.48
7.60
7.50
7.58
7.60
7.65
7.62
7.56
7.58
7.72
7.60
7.66
7.61
7.60
7.60
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The significant observations from the saturated kinetic columns are:
• Initial metal release of Pb and Zn from KLC top solutions indicated selective galvanic reaction of
pyrite in the absence of oxidation. The metal release reduced once Eh dropped (Figure 76).
• pH values for both top and bottom solutions from the subaqueous columns were all in the range
7.3−7.9.
• The measured acidity has dropped from approximately 40 mg CaCO3/L at week 4 to approximately
3 mg CaCO3/L at week 29 for all top and bottom solutions except for the bottom solution from
KLC 2 (with the eastern arm interlayer) which is near 7 mg CaCO3/L.
• Much more alkalinity than acidity (12−20 times) is measured in all solutions at week 28, with a
corresponding release of Ca and Mg, with greater values in the bottom solutions than the top
solutions.
• The solution assays at week 29 have confirmed:
–
–
–
–

No significant Al (<0.05 mg/L).
Arsenic was below 0.015 mg/L for top and bottom solutions of both KLC 1 and KLC 2.
Cu was below 0.01 mg/L for top and bottom solutions of both KLC 1 and KLC 2.
Zn (was <0.7 mg/L) in top solutions and bottom solution from KLC 2. 3.1 mg/L was measured in
the bottom solution from PRT in KLC 1, which will be underneath TSF 2 storage and may not be
relevant to control.
– Pb was 0.027 mg/L in KLC 1 and 0.015 mg/L in KLC 2 top solutions.
– Mn was in the range of 5−13 mg/L.
– Sr was approximately 0.4 mg/L.
– Fe concentrations fell from 6–14 mg/L in top solutions in the first 4 weeks to <0.1 mg/L after
12 weeks in all solutions.
– All other elements were below levels of concern.
• Si at around 14 mg/L is enough to provide the full passivation layer on pyrite, reducing any acid
generation rate by 50−90%.
Figure 77, below, shows the rapid decline of Fe concentrations in the KLC leachates. The values of ‘zero’
should be read as being below the limit of detection. The decline in Fe concentrations is then
understandable given the pH of the solutions. Assuming an average of pH 7.5 and Eh 300 mV SHE and an
initial Fe content of 6 mg/L, then essentially all the Fe (i.e. 1.074 mol/L goethite ~0.006 g/L) is calculated,
using Visual MINTEQ, to precipitate at equilibrium. Even though the fraction of Fe present as Fe3+ would
be small at any one time, the continued precipitation would continue to cause re-equilibration of this
redox couple until effectively all Fe had precipitated as Fe(III)-hydroxide.
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Figure 77

Fe concentrations in KLC leachate

The concentrations referred to in Table 43 above to Table 48 below are within the current TSF 1 emission
limits (Table 12). There is a risk that the PRT produced in lab-scale testwork and used in the KLCs will not
be representative of the PRT produced from the operation. Sampling errors or errors introduced through
the scale of testwork could be present. The risk of adverse impacts is considered low because the
management proposed (a >2 m deep water cover) with subaqueous deposition aligns with current best
practice management for a wet climate and was considered adequate for the original Hellyer tailings with
~54% pyrite concentration compared to the 23 % to 28% pyrite to be produced (see Section 8.6.4.1.1 and
Table 38 and Table 39). However, HGM will undertake repeat geochemical and water management
testwork to confirm the validity of the proposed management program and report this in the inaugural
Annual Environmental Management Report (AEMR) and Environmental Rehabilitation Plan (ERP).
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Table 48

Metal and major ion release from KLCs: top and bottom solutions

Collection
week

Ag
(mg/L)

Al
(mg/L)

As
(mg/L)

Au
(mg/L)

4
8
12
21
25
29

<0.0002
<0.01
<0.005
<0.005
<0.05

<20
<0.1
<10
<0.05
<0.05
0.012

0.16
0.01
0.008
0.012
0.01
-

0.0012
<0.05

4
8
12
21
25
29

<0.0002
<0.01
<0.005
<0.005
<0.005

<20
<0.1
<10
<0.05
<0.05
<0.05

0.07
0.10
0.025
0.018
0.016
0.011

0.0013
-

4
8
12
20
24
28

<0.0002
<0.01
<0.005
<0.005
<0.005

<20
<0.1
<10
<0.05
<0.05
<0.05

1.26
0.034
0.014
0.009
0.010
0.035

<0.0004
-

4
8
12
20
24
28

<0.0002
<0.01
<0.005
<0.005
<0.005

<20
<0.1
<10
<0.05
<0.05
<0.05

0.06
0.072
0.028
0.031
0.014
0.012

0.0008
-

B
Ba
(mg/L)
(mg/L)
KLC 1 top
0.51
<0.1
<0.04
0.02
0.06
<0.02
<0.05
<0.02
<0.02
<0.001
KLC 1 bottom
0.02
<0.1
<0.04
0.03
0.07
0.02
<0.05
<0.02
0.05
<0.02
KLC 2 top
<0.01
<0.1
<0.04
0.03
<0.05
<0.02
<0.05
<0.02
0.05
<0.02
KLC 2 bottom
0.03
<0.1
<0.04
0.03
<0.05
0.02
<0.05
<0.02
0.05
<0.02

Be
(mg/L)

Bi
(mg/L)

Ca
(mg/L)

Cd
(mg/L)

Co
(mg/L)

<0.001
<0.002
<0.001
<0.001
<0.005

<0.0004
<10
<5
<5
390

540
680
570
770
600
0.0017

0.0015
0.0082
0.0080
0.0046
0.0035
0.007

0.026
0.022
0.018
0.017
0.012
<0.05

<0.001
<0.002
<0.001
<0.001
<0.001

<0.0004
<10
<5
<5
<0.005

490
660
535
680
800
720

0.0016
0.0090
0.0044
0.0003
0.0007
0.0012

0.020
0.014
0.010
0.005
0.003
0.002

<0.001
<0.002
<0.001
<0.001
<0.001

<0.0004
<10
<5
<5
<0.005

520
600
480
610
500
630

0.0010
0.0068
0.0052
0.0041
0.0029
0.0025

0.024
0.018
0.014
0.012
0.010
0.009

<0.001
<0.002
<0.001
<0.001
<0.001

<0.0004
<10
<5
<5
<0.005

520
640
540
670
640
730

<0.0004
0.0008
0.0004
<0.0002
0.0006
0.0016

0.016
0.006
0.004
0.004
0.004
0.004
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Collection
week

Cr
(mg/L)

Cu
(mg/L)

Fe
(mg/L)

4
8
12
21
25
29

<2
<0.002
<0.001
<0.001
<0.001

<2
0.012
0.010
0.008
0.007
0.004

6.0
<0.1
<1
<0.05
<0.05
<0.05

4
8
12
21
25
29

<2
<0.002
<0.001
<0.001
<0.001

<2
0.016
0.018
0.010
0.005
0.004

2.2
<0.1
<1
<0.05
<0.05
<0.05

4
8
12
20
24
28

<2
<0.002
<0.001
<0.001
<0.001

<2
0.012
0.010
0.006
0.005
0.009

14
0.5
<1
<0.05
<0.05
0.18

4
8
12
20
24
28

<2
<0.002
<0.001
<0.001
<0.001

<2
0.002
<0.005
0.004
0.003
0.002

<2
<0.1
<1
0.08
<0.05
<0.05

K
(mg/L)

La
(mg/L)
KLC 1 top
30
<0.001
30
25
26
17
8.5
KLC 1 bottom
33
<0.001
36
30
35
38
33
KLC 2 top
20
<0.001
19
15
15
13
14
KLC2 bottom
40
<0.001
38
30
30
27
24
-

Li
(mg/L)

Mg
(mg/L)

Mn
(mg/L)

Mo
(mg/L)

Na
(mg/L)

<2
-

100
96
70
74
48
20

10
12
9
8.3
5.0
2.5

<0.004
<0.01
<0.005
<0.005
<0.005

40
46
30
48
29
9.3

<2
-

89
130
120
130
170
150

11
14
15
12
12
13

<0.004
<0.01
<0.005
<0.005
<0.005

44
60
50
72
80
43

<2
-

80
54
50
39
29
36

8
6.8
7
5.9
3.7
3.8

<0.004
<0.01
<0.005
<0.005
<0.005

40
26
<10
25
19
18

<2
-

120
150
140
130
130
130

5.0
14
14
13
13
16

<0.004
<0.01
<0.005
<0.005
<0.005

60
62
40
57
56
46
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Collection
week

Ni
(mg/L)

P
(mg/L)

Pb
(mg/L)

4
8
12
21
25
29

<2
0.036
0.038
0.021
0.016
0.009

<20
1
<5
<5
<0.5

0.38
0.17
0.099
0.037
0.046
0.018

4
8
12
21
25
29

<2
0.026
0.037
0.023
0.021
0.016

<20
1.4
<5
<5
1.3

0.087
0.11
0.040
0.031
0.020
0.015

4
8
12
20
24
28

<2
0.034
0.048
0.017
0.015
0.012

<20
<1
<5
<5
<0.5

2.0
0.19
0.095
0.043
0.026
0.071

4
8
12
20
24
28

<2
0.012
0.020
0.007
0.014
0.017

<20
1.4
<5
<5
0.8

0.006
0.030
0.007
0.005
0.002
0.004

S
(mg/L)

Sb
(mg/L)

KLC 1 top
640
0.020
640
<0.01
640
0.012
670
0.012
490
0.012
380
0.009
KLC 1 bottom
580
0.009
680
<0.01
680
0.007
690
<0.005
820
<0.005
780
< 0.005
KLC 2 top
560
0.060
520
<0.01
500
0.010
490
0.010
360
0.011
530
0.012
KLC 2 bottom
680
0.008
720
<0.01
680
<0.002
670
0.008
650
<0.005
740
< 0.005

Se
(mg/L)

Si
(mg/L)

Sn
(mg/L)

Sr
(mg/L)

<0.04
<0.002
<0.001
<0.001
<0.001

<4
2.2
<2
<5
<5
1.7

<0.01
<0.01
<0.005
<0.005
<0.005

0.50
0.52
0.46
0.53
0.39
0.28

<0.04
0.002
<0.001
<0.001
<0.001

13
7.4
6
13
14
12

0.02
0.01
0.011
0.006
<0.005

0.38
0.40
0.42
0.42
0.4
0.35

<0.04
<0.002
<0.001
<0.001
<0.001

<4
2
<2
<5
<5
2.2

<0.01
<0.01
<0.005
<0.005
<0.005

0.58
0.42
0.42
0.41
0.35
0.33

<0.04
<0.002
<0.001
<0.001
<0.001

12
8
6
11
8.5
9.1

<0.01
<0.01
<0.005
<0.005
<0.005

0.40
0.42
0.44
0.41
0.38
0.36
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Collection
week

Ti
(mg/L)

Tl
(mg/L)

4
8
12
21
25
29

<20
<0.01
<0.005
<0.005
<0.005

0.024
0.048
0.039
0.015

4
8
12
21
25
29

<20
<0.01
<0.005
<0.005
<0.005

0.0009
0.012
0.056
0.049
0.034

4
8
12
20
24
28

<20
<0.01
<0.005
<0.005
<0.005

0.016
0.034
0.027
0.024

4
8
12
20
24
28

<20
<0.01
<0.005
<0.005
<0.005

0.006
0.012
0.021
0.03

U
(mg/L)

V
(mg/L)
KLC 1 top
0.0004
<2
<0.01
<0.01
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
KLC 1 bottom
<2
<0.0002
<0.01
<0.01
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
KLC 2 top
0.0012
<2
<0.01
<0.01
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
KLC 2 bottom
<0.0004
<2
<0.01
<0.01
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

W
(mg/L)

Zn
(mg/L)

Zr
(mg/L)

0.0034
-

2.5
2.4
1.7
0.88
0.68
0.39

<0.0004
-

2.2
2.7
-

<0.0004
2.4
2.3
3.1
3.0

<0.0004
-

0.0002
-

3.0
1.8
1.3
0.77
0.58
0.55

<0.0004
-

<0.0002
-

0.64
0.76
0.34
0.23
0.59
0.97

<0.0004
-
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8.6.4.2

PRT delivery

There is a risk of PRT oxidising during transport from the mill to TSF 2. This could cause issues with low pH
water in TSF 2 and or dissolved metals. There is also a risk of spillage of PRT due to pipeline breaks or
ruptures. This could cause PRT to be exposed to oxygen, leading to increased pyrite oxidation. These risks
are addressed in Section 8.6.5.2.
8.6.4.3

Dam wall construction

Que River shales are abundant in the mine lease. These are known from past site works to often contain
pyrites. The use of any PAF waste in dam wall construction could lead to AMD development. This risk is
addressed in Section 8.6.5.3.
8.6.4.4

Other wastes

As noted in Section 2.3, once TSF 2 is operational HGM plans to mine tailings from the main section of
TSF 1 as well as from the finger pond and the western arm. As these areas are mined, the internal dam
walls will be disassembled and removed. It is likely that some of these rock buttresses contain pyritic Que
River shales. If exposed to oxygen these could oxidise and cause AMD formation. Deposition of pyritic
shales in the TSF 2 could lead to secondary issues with increased acidity and metal concentrations
impacting on supernatant water quality. This risk is addressed in Section 8.6.5.1.

8.6.5 Avoidance and mitigation measures
Measures to mitigate against the effects of AMD are described in Sections 8.3.5 and 0. In addition, HGM
will undertake repeat geochemical and water management testwork to confirm the validity of the
proposed management program and report this in the inaugural Annual Environmental Management
Report (AEMR) and Environmental Rehabilitation Plan (ERP). The commitments below will also apply.
8.6.5.1

Storage of PRT and other PAF wastes

Disposal of acid generating materials below a water cover is one of the most effective methods for limiting
AMD generation. In water, the maximum concentration of dissolved oxygen is approximately 30 times less
than in the atmosphere. More importantly, the transport of oxygen through water by advection and
diffusion is severely limited relative to transport in air. For example, the diffusive transfer of oxygen in
water is in the order of 10,000 times slower than diffusive transfer in air. Results of field and laboratory
testing have confirmed that submerging AMD-generating materials is one of the best available methods
for limiting AMD generation over the long term (MEND, 2001).
The current mining and processing plan is to leave the eastern arm tailings in situ temporarily and to
reprocess the TSF 1 Hellyer tailings (Table 3). The PRT produced will be pumped into the finger pond. Once
the TSF 2 is operational, the PRT from the finger pond will be slurry pumped to TSF 2 and the remaining
eastern arm tailings will follow. Once the finger pond and the eastern arm have been cleaned out, the
eastern arm embankment will be disassembled and the material removed. The rocks in the embankment
wall will be sampled and geochemically tested by static acid–base accounting. PAF materials will be further
tested for stored acidity. If required, stored acidity will be treated using lime to neutralise the NAPP. When
this has occurred the material should be able to be stored subaqueously to prevent further sulfide
oxidation. In time, the western arm tailings will also be reprocessed. Finally, all tailings and PRT will be
disposed of into TSF 2.
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Plate 3 Floating tailings delivery pipeline

Commitment

When

Once TSF 2 is operational all PRT will be disposed of and stored under water During operations
in TSF 2
Once TSF 2 is operational all tailings from the eastern arm will be
During operations
transferred to TSF 2 for permanent storage
HGM will sample and geochemically analyse rocks from the internal TSF 1
During operations
dam embankments as they are disassembled. If required, stored acidity
will be treated using lime to neutralise the NAPP before it is stored under
water in TSF 2
8.6.5.2

PRT delivery

As noted above PRT will be delivered to TSF 2 in an enclosed pipeline. The delivery pipeline will float on
the surface of TSF 2 on pontoons as shown in Plate 3 (from TSF 1), and will have a 90° drop section to
discharge the PRT under water. The discharge location will be moved around by boat to deposit the PRT
evenly across the dam.
The existing tailings pipeline travels along the a route adjacent to Mill Creek to the north of the mills before
cutting across to the southern bank of TSF 1. An additional section of tailing line will intercept the current
line near the finger pond and then divert around the south western bank of TSF 1 to TSF 2. This is shown
in Figure 78. The new section for PRT is shown in the general layout drawing (Figure 6) and in Figure 78
below.
Once all internal walls in TSF 1 have been disassembled, any future spills from the PRT pipeline would
report to the TSF 1 main water body and be stored under water.
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Figure 78

PRT pipeline route
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Plate 4 Current tailings pipeline

Operational controls will include daily inspections of the pipeline route. Any breaks will result in stoppage
of production followed by pipeline repairs and clean-up of any exposed PRT. The resultant PRT would be
then transferred to TSF 2 for disposal and storage.
The risk of oxidation is minimal due to the slow oxidation rate of PRT (relative to original Hellyer tailings)
and especially due to the identified oxidation lag phase of up to two years (Section 8.6.4.1.4).
Commitment

When

The tailings pipeline will be inspected daily. Any failures will trigger
cessation of pumping and repairs will be made before pumping
recommences

During operations

8.6.5.3

Dam wall construction

During the geotechnical investigations carried out for HGM by GHD, acid–base accounting was carried out
on basement rock with a view to using it as construction material. While much of this was Que River Shale
and characterised as PAF, and discounted, the area of dolerite shown in Figure 79 proved to be NAF.
Although not as large as inferred from regional maps, there was sufficient NAF rock for the purpose of
constructing the dam wall. Additional detail is provided in Section 8.7. Extraction of this material was not
identified as having potential to alter regional groundwater flows.
Commitment

When

PAF rock will not be used in the construction of the TSF 2 dam
embankment

During construction
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Figure 79

Geotechnical investigations TSF 2
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8.6.5.4

Closure

8.6.5.4.1

TSF 2

Issues to consider for effective closure include the depth of water cover (a minimum of 2 m is planned for
TSF 2), the potential for wave action to remobilise metals or elements of concern, and the maintenance of
pH in the closure TSF 2.
Fetch is a measurement of distance that indicates how far wind has travelled over open water. A long fetch
will produce larger waves and as a result contribute to greater disturbance of the water columns and the
underlying PRT. The dominate strong winds are from the north-west and the south-west (Section 6.2). For
TSF 2, the maximum south-westerly fetch is 230 m. The maximum north-westerly fetch is 460 m. The
depth of TSF 2, its relatively small surface area and the protection from winds provided by the TSF 1 dam
wall to the north means the potential for wave action to resuspend PRT is considered low.
To summarise, TSF 2 is planned to be closed with a 2 m water cover over PRT in perpetuity. The KLC data
indicates this will be sufficient to ensure that sulfide oxidation will not occur and that supernatant and
seepage emissions of pollutants will not be at levels of concern.
However, in keeping with HGM’s commitment to reduce long-term environmental risk as much as
practicable, HGM will commit to long-term field trials on PRT produced from the operation to determine
whether a wetland can produce a more reliable closure cover for the PRT. This draws on:
•
•
•
•
•
•

the commitment to further sample and test PRT in Section 8.6.5.4 in field trials
the excess of alkalinity over acidity (12−20 times) in the KLC supernatant
the pH >7.0, indicating that sulfide oxidation is not occurring.
the 14 mg/L concentration of Si in the KLC supernatant Si which is enough to provide the full
passivation layer on pyrite reducing the acid generation rate by 50−90%
the low metal concentrations in supernatant after 29 weeks of KLC tests
the findings of Lichon (2000) that the current wetlands facilitate organic matter, which maintains
a decomposer-rich, low-Eh anaerobic mire, and fuels a microbial consortium including three
genera of sulfate-reducing bacteria (SRB).

If a wetland can be shown to provide a lower environmental risk closure for TFS 2 than a 2 m water cover
it would also reduce the footprint of the TSF 2 because the second stage dam embankment could be
reduced in size. This potentially reduces the impact on conservation values associated with the TSF 2.
8.6.5.4.2

TSF 1

Studies conducted using lysimeter testing on original Hellyer tailings indicated that processes of sulfide
oxidation may occur within the tailings under a 600 mm water cover. This program also found that sulfide
oxidation and acid generation effectively ceased in tailings sitting in a lysimeter with a 25 mm cover of
agricultural lime and under a 600 mm water cover (Environmental Scientific Services, 2001). It is thought
that the lime layer reduced oxygen access to the underlying tailings and also reduced the fetch effect to
stop fine particles from remobilising into the water column.
Polymetals established columns to confirm this principle. The tests were abandoned but the columns were
left intact in the Hellyer laboratories. HGM engaged Aquatic Science to sample the supernatant from the
columns and to evaluate the results. Although the columns were untended and only a very shallow water
cover remained (less than 200 mm), the column with a layer of basalt and limestone provided the best
results. These are shown in Table 49.
Given that by 2028 the original Hellyer tailings will have been removed from TSF 1 with potentially a thin
layer of remnant tailings remaining under a very deep (>20 m) water cover, the potential for sulfide
oxidation is low. The current EMP commitment for TSF 1 is to place a layer of limestone and sand over
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remnant tailings in TSF 1. HGM has allowed for this in its current closure plan. HGM will undertake further
geochemical testwork to determine whether this level of closure planning is necessary in addition to the
deep water cover. These tests will inform future Environmental Rehabilitation Plans for the site.
Table 49

PMH columns supernatant after 22 years

Analyte grouping/analyte

Unit

C1
Control no
capping material

C4
limestone and
basalt blend

Suspended solids (SS)
Total alkalinity as CaCO3
Acidity as CaCO3
Silicon as SiO2
Sulfate as SO4 – Turbidimetric
EG020F: Dissolved metals by ICP-MS
Aluminium
Arsenic
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Nickel
Zinc
Iron
EG020T: Total metals by ICP-MS
Aluminium
Arsenic
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Nickel
Zinc
Iron

mg/L
mg/L
mg/L
mg/L
mg/L

<5
<1
27
5.5
2030

<5
59
9
9.2
1810

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.11
0.036
0.006
<0.001
0.005
0.293
0.987
7.38
12.4
<0.05

<0.01
0.024
0.0021
<0.001
<0.001
0.006
0.006
0.002
0.032
0.852
<0.05

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.12
0.038
0.006
<0.001
0.005
0.316
1.07
7.82
0.005
13.4
<0.05

<0.01
0.029
0.0023
<0.001
<0.001
0.006
0.016
0.005
0.036
0.862
0.08

Commitment

When

HGM will undertake repeat geochemical and water management testwork
to confirm the validity of the proposed management program and report
this in the inaugural Annual Environmental Management Report (AEMR)
and Environmental Rehabilitation Plan (ERP).
HGM will evaluate the potential to replace a 2 m water cover over TSF 2
with a wetland to determine whether self-perpetuating SRB can be
developed.

Once the milling
operation has been fully
recommissioned and is
producing a stable PRT.
To commence in early
2019.
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Commitment

When

HGM will undertake field trials on Hellyer tailings in TSF 1 to mimic the
remnant tailings under a very deep water cover to re-evaluate the need for
and effectiveness of a limestone–sand layer over the Hellyer tailings.

To commence in early
2019.

8.6.6 Assessment of residual effects
Maintaining the PRT beneath a 2 m deep water cover in perpetuity as described above and in Section 0
should ensure that potential effects from sulfidic tailings during and after the operation of the TSF 2 are
properly controlled, monitored and managed and present a negligible long-term risk to the environment.

8.7 TSF 2 dam design and construction
TSF 2 will be used to store approximately 5 Mt of PRT. TSF 2 will be a zoned earth and rockfill dam with a
synthetic low-permeability upstream liner and rockfill downstream shoulders. Layout plans showing detail
for the Stage 1 starter dam and the ultimate dam are shown in Figure 80 and Figure 81, respectively. These
plans show spillways, inundation and borrow areas, proposed pipelines and drains and diversion systems.
Access roads are not shown because the precise alignment will be developed in detail during the
construction phase. However, a clearing perimeter inclusive of the access road and toe drains is shown.

8.7.1 Design basis
The assumptions and requirements used as design basis supplied by Hellyer are presented in Table 50.
Table 50

Hellyer TSF 2 design basis

Item

Design basis

Tailings production
schedule

Mine life: 10 years
Production rate:


Stage 1: 0.72 Mtpa.



Stage 2: 0.96 Mtpa.



Stage 3 onwards: 1.2 Mtpa.

PRT delivery at: 30% solids
PRT settled density: 1.3 t/m3 increasing to 1.65 1.3 t/m3 after consolidation
PRT storage:


Starter dam: 1.5 Mt



Ultimate dam: 5 Mt

Tailings
geochemistry

Tailings classified as geochemically PAF

Water cover

Maintain a minimum 2 m water cover over the PRTs to reduce risk for oxidisation

Tailings delivery
methodology

Delivery by pipe from mill (by others) and discharge subaqueously

Construction
material hauling

Construction contractor fleet likely to consist of up to 40 t articulated dump trucks
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Figure 80

Layout plan stage 1 dam
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Figure 81

Layout plan ultimate dam
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8.7.2 Design criteria
The design criteria for the design are listed in Table 51 and are based on the following:
• Currently accepted practice for dam engineering in Australia
• Tasmanian legislation
• Australian National Committee on Large Dams (ANCOLD) Guidelines
• Hellyer requirements.
Table 51

Hellyer TSF 2 dam criteria

Item

Design criteria

Consequence
category (ANCOLD)

‘High C ’

TSF construction
spillway

Construction spillways to safely pass 1:5 ARI flow events

TSF decanting system
(primary spillway)

The decant arrangement of the new TSF 2 shall include a decant pontoon (or shorebased pump) to recirculate water back to the TSF 1 dredging operation.
Diversion of the current flows to the TSF 2 area is proposed to minimise the need for
excess water removal from TSF 2. To control the water level in the TSF 1 during
water level lowering in final stage of TSF 1 dredging, siphon pipes (or pump) could be
used to remove excess water to TSF 2.

TSF emergency
spillway

Embankment seismic
loading

TSF embankment

Spillway to be cut in non-erodible natural ground.
The spillway shall pass a 1:100,000 AEP flood event while maintaining freeboard for
wave run-up in a 1:10 AEP wind event during operation; probable maximum flood
(PMF) on closure.
Operating basis earthquake (OBE)

1:1,000 year return period, PGA = 0.1 g,
magnitude = 6.3

Maximum
(MDE):

1:10,000 year return period, PGA = 0.22 g,
magnitude = 7.6

design

earthquake

TSF 2 downstream raise construction methodology. Earth and rockfill embankment
with BGM liner on upstream face.
Grouting of embankment foundation and lining selected areas of the storage to
minimise seepage and the risk of embankment/foundation piping.
Partial lining of TSF 1 downstream shell from RL 638 m to RL 645 m; tailings would
provide a low-permeability seal against the liner and minimise flow through to the
TSF 1.

Diversion drains

Diversion drains used to divert clean water and main dam spillway downstream of the
TSF 2 so that the decant pumping is reduced during operations.

TSF closure

Environmental and mine closure considerations:
•

remove risk (and or) clean-up cost of main dam on mine closure

•

TSF 2 water cover 2 m over tailings to reduce risk for oxidisation

8.7.3 Diversion drains and seepage collection
Embankment surface run-off will be collected in toe drains and discharged to the downstream of the dam
as this is anticipated to be acceptable for discharge. Given the embankment construction uses dolerite,
surface run-off should have a low ANC. The toe drains will pass around the downstream toe to ensure this
embankment surface run-off can be diverted away from the toe. TSF 2 seepage from the
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embankment/foundation will report to the rock drainage layer on the foundation and into the valley floor,
which will report to the downstream toe. The toe drains are shown in Figure 80 and Figure 81. This seepage
will be collected in a sump shown in Figure 109. The seepage will be returned to TSF 2 via a pump if it is
not within approved emission limits for TSF 2. The seepage flow rate will be monitored via a v-notch weir.
Clean water diversion drainage is described in TSF 2 Design Report Section 9.6 (See Appendix I).
A small dam and a new 480 m long diversion drain will be constructed along the southern part of TSF 2 to
capture and divert southern catchment flows around the TSF 2 storage. The drain needs to cater for a
1:100 AEP storm event. The drain will need to be indicatively 3 m wide × 1.5 m deep with a minimum grade
of 0.5% to carry the design flow. The channel profile can vary to suit site conditions during construction.
The diversion drain taking the flows from the TSF 1 spillway and western diversion drain around TSF 2 will
be sized to suit the capacity of the TSF 1 spillway plus a 1:20 year event from the western diversion drain.
Detailed design and hydraulics for the drain will be undertaken in the tender phase. Culverts will be
provided under the transmission line access road nominally sized to pass a 1:5 AEP event. Outflows from
the TSF 1 and western diversion drain above the 1:100 AEP would overtop the channel and report to TSF 2;
the TSF 2 spillway design has allowed for this additional catchment.

8.7.4 Consequence category assessment
ANCOLD (2012) defines a range of consequence categories according to the severity of the impacts of a
failure. Two scenarios have been considered:
1. ‘Dam Failure’ – potential failure of the structure (all credible failure modes) for sunny day and
flood failure
2. ‘Environmental Spill’ – the effect of spilling water from the structure during a flood or an
extreme wet period.
The consequence assessment for each scenario is discussed in more detail below. The assessment sheet
can be found in Appendix I.
8.7.4.1

Dam failure consequence category

The proposed TSF 2 is located downstream of the Hellyer Residue Dam, which is currently being classified
as a ‘High C’ Consequence Category Dam in accordance with the Australian National Committee of Large
Dams (ANCOLD) Guidelines on the Consequence Categories for Dams (ANCOLD, 2012b).
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Figure 82

Locality plan failure consequence

The TSF 2 is approximately 2 km upstream of the Murchison Highway. During a dam break, the released
water and/or tailings would pass through a relatively wide flat wetland area 1 to 2 km upstream of the
highway before entering the Que River. The flows would overtop the bridge of the highway before
continuing downstream in the Que River. There is reasonable sight distance to the highway bridge in both
directions, so the itinerants on the highway would recognise the dam break early in a sunny day scenario;
therefore, the population at risk (PAR) will be zero. Conservatively, the PAR is estimated to be 1–2
itinerants on the highway at nights or times when the visibility is low.
A screening level assessment was undertaken based on the satellite and topographic maps and visual
inspection of the topography downstream of the dam. Approximately 12 km downstream of the dam, the
Que River passes beneath a bridge of the Emu Bay Railway line. In the worst-case scenario, the flows would
likely exceed the capacity of the existing railway culvert system and the railway embankment would likely
be washed away. The railway is not currently used because the Queenstown mine is currently in care and
maintenance; however, this assessment has been based on an operational railway because the Mt Lyell
mine is expected to reopen during the life of TSF 2. It is expected that only the train driver, and possibly a
second person, would be operating the train; hence, a PAR of ‘1–10’ is given for the unlikely scenario that
a train is passing along the Emu Bay Railway at the time of dam failure.
The Que River eventually joins the Huskisson River around 20 km downstream of the dam, and the
Huskisson River enters Lake Pieman some 40 km downstream of the dam.
With the exception of the aforementioned infrastructure, the flood plain is in uninhabited forest.
The severity of damage and loss has been assessed as ‘Major’, primarily due to the impact of contaminants
on fauna and ecosystems and likely impacts on Hellyer’s business.
Based on the above, it is recommended that TSF 2 be designated as a ‘High C’ Consequence Category,
the same as the Hellyer Residue Dam.
8.7.4.2

Environmental spill consequence category

The Environmental Spill Consequence Category for TSF 2 has been assessed as ‘Low’ given that in a flood
or extreme storm event the water in TSF 2 will become diluted and therefore suitable for release with
minimal contaminants.
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The consequence assessments have shown Dam Failure Consequence Category is higher than the
Environmental Spill Consequence Category for TSF 2, thus the Dam Failure Consequence Category governs
the embankment’s design criteria.
8.7.4.3

Implications of consequence category and general risk management

The consequence categories of the TSF 2 have been assessed based on the Implication of Consequence
Category and General Risk Management. The ‘High C’ Consequence Category designation for the TSF 2
embankment requires that the dam is designed and constructed to an industry acceptable standard to
minimise the risk of future dam safety issues. Key requirements are discussed in the following sections.

8.7.5 Minimum competency requirements for design, construction and surveillance activities
A discussion outlining the minimum dam safety activities for certain dams and competency requirements
for individuals undertaking activities relating to the design, construction and surveillance of dams in
Tasmania is provided in Appendix I with particular reference to TSF 2.

8.7.6 Geology and geotechnical investigations
Details on the TSF 2 geotechnical investigations are provided in Appendix I.
8.7.6.1
8.7.6.1.1

Key items for consideration
Construction materials

To identify potential construction materials and ensure the dam site was geotechnically suitable, GHD
undertook test pitting, seismic investigations and bore construction. These are shown in Figure 79 and
Figure 83. In Figure 79 it can be seen that shales underlie a large area in the TSF 2 footprint. Samples were
taken for static acid–base accounting, which indicated that most of the shale was PAF. However, a large
area of dolerite was identified to the east of the wetlands and north of the embankment wall. Additional
test pits were undertaken to confirm the dolerite in terms of strength, quantity and geochemical suitability
(Figure 84). This, along with static acid–base accounting, confirmed its suitability for embankment
construction as NAF rock. Although the dolerite does not have a high ANC, it should provide long term
slow neutralisation downstream of the TSF 2 embankment.
The lack of clays in the vicinity of the Hellyer operation means that a synthetic low-permeability upstream
liner is required to replace what would normally be a clay liner. In this case the dam design engineers have
selected a COLETANCHE® bituminous geomembrane liner. This provides a combination of a non-woven
geotextile with a bituminous binder, and a high mechanical resistance. With no requirement for an
additional site-applied puncture-resistant geotextile, it is capable of withstanding highly adverse
conditions and can be covered with a wide range of materials: hot-mix asphalt, concrete, rip raps, gravel,
etc. It is highly resistant to ageing and can be used with or without protection.
The use of a geotextile liner will ensure a continuous low-permeability barrier between the PRT and the
environment. This will provide greater control, compared to using clay, because the weathering processes
in western Tasmania are often insufficient to reduce the particle size whereby low-permeability clays are
formed.
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Figure 83

Geotechnical investigations
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Figure 84

Additional geotechnical investigations
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8.7.6.1.2

Potential faults/fault zones

Four potential faults/fault zones were identified within the test pits and boreholes for the embankment
foundation as evidenced by the following:
•

•

•
•
•
•

TP03 encountered a deeper weathering profile towards the centre of the pit with change of
SHALE rock strength from very low strength rock to stiff clay, colour and increased groundwater.
Fault zone was approximately 1.0 m thick trending towards 250° and dipping steeply towards the
south-south-east (70/160).
TP07 shows a 2.0 m section of extremely weathered and highly altered SHALE trending 309° and
steeply dipping towards the east. On the western side of the pit, altered slightly weathered
shale, high to very high strength was exposed, dark grey to black with sections of pink and white
mottling – these may represent small quartz-feldspar intrusive bodies, likely intruded during
fault movements.
TP08 and BH07 encountered extremely weathered weak zone of ANDESITE approximately 5.0 m
thick.
BH01 observed 1.0 m thick of highly fractured material and jointed with clay seam.
BH02-BH05 and BH08 recovered smooth, often slicken-sided and polished joint surfaces likely
attributed to localised movement within the rock mass.
50 m north of TP24 at Borrow Area 2, the fault zone consists of highly weathered, low strength,
orange and grey zone to the east of the main fault line and low to medium strength pale grey
moderately weathered zone to the west. The main fault was observed to be 0.30 to 0.50 m thick
iron mineralised and altered dolerite zone with medium to high strength. The entire zone is
approximately 5.0 m thick trending 330°, dipping steeply at 70/240.

8.7.6.1.3

Groundwater conditions

Groundwater seepage was noted along the embankment area, mostly at the soil/rock contact. TP07
encountered groundwater seeping through the extremely weathered shale associated with the possible
fault encountered in this area at 0.8 m depth. Water free-flowing out of BH03 and BH04 was also
encountered.
Furthermore, groundwater seepage was also noted in the test pits and boreholes located at the borrow
areas. Groundwater inflow was noted at 0.4 m depth through the joints of slightly weathered shale at TP30
of Borrow Area 3. The groundwater inflows observed in the test pits could possibly be run-off water sitting
on top of the soil/rock interface; the measured water levels in the boreholes are more likely to represent
the groundwater conditions at the site.
Groundwater levels measured from the monitoring wells are presented in Table 52. Inferred water levels
for the boreholes are also shown in metres below ground level.
Table 52
Hole ID

Groundwater levels from monitoring wells (mbgl)
Jan/Feb 2018

MW1
5.33 m
MW2
2.04 m
MW3
1.16 m
MW4
10.26 m
Note: mbgl = metres below ground level.

7 Feb 2018

13 Feb 2018

9 March 2018

6.60 m
2.10 m
1.22 m
10.44 m

6.57 m
2.07 m
1.20 m
10.41 m

6.50 m
2.12 m
1.24 m
10.39 m
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Figure 85

8.7.6.1.4

Predictive water levels for the boreholes

In-situ permeability tests

Four groundwater monitoring bores were drilled and constructed to confirm the likely local flow regime
as discussed in TSF 2 Hydrogeological Investigation Report (GHD, 2018c). A summary of aquifer/rock-mass
testing is presented in Table 53.
Table 53

Aquifer/rock-mass testing
Airlift
yield at
EOH
(L/s)

Interpreted
hydraulic
conductivity
(m/day)

Interpreted
hydraulic
conductivity
(m/sec)

18.8

1.2

10

1.2 × 10–4

Slug

12.2

12.8

2.0

>20

>2.3 × 10–4

Slug

Shale

6

7

0.44

>20

>2.3 × 10–4

Slug

MB3B

Shale

N/A

9.8

0.65

>20

>2.3 × 10–4

Airlift

MB4

Volcanics

21.7

21.8

<0.1

0.5

>5.8 × 10–6

Slug

Constructed
depth (m)

Site

Geology

MB1

Shale

18.4

MB2

Shale

MB3A

EOH
(m)

Type
of test

Similarly, packer testing was conducted in the boreholes during Stage 2 geotechnical investigation (GHD,
2018a). A summary of test results is presented in Table 54.
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Table 54

Summary of packer test results

Site

From

To

Interpreted
hydraulic
conductivity
(m/day)

Geology

Test section (m)

Interpreted
hydraulic
conductivity
(m/sec)

BH-01

Shale

2.70

10.00

0.024

2.78E-07

BH-02

Shale

2.80

8.10

0.045

5.26E-07

BH-02

Shale

8.40

14.00

0.036

4.20E-07

BH-03

Shale

1.60

11.00

0.020

2.28E-07

BH-03

Shale

11.00

19.00

0.021

2.37E-07

BH-03

Shale

19.00

26.10

0.016

1.80E-07

BH-04

Shale

7.60

12.10

0.007

7.54E-08

BH-04

Shale

17.00

35.30

0.007

7.59E-08

BH-04

Shale

26.50

35.30

0.012

1.42E-07

BH-05

Shale

3.00

12.00

0.023

2.64E-07

BH-05

Shale

13.00

23.00

0.019

2.20E-07

BH-05

Shale

23.00

35.00

0.010

1.19E-07

BH-06

Shale

2.50

12.40

0.021

2.46E-07

BH-06

Volcanics

13.00

23.60

0.011

1.32E-07

BH-07

Volcanics

4.60

15.20

0.016

1.83E-07

BH-08

Volcanics

0.50

10.20

0.018

2.08E-07

8.7.7 Geochemical assessment
In addition to a geotechnical assessment, GHD undertook a geochemical assessment of materials in the
vicinity of TSF 2 to ensure that embankment and foundation materials were geochemically suitable.
Further detail is provided in Geotechnical Investigation Stage 1 and Stage 2 Report (GHD, 2018a) and in
Appendix I.
8.7.7.1

Geochemical test results

Static acid–base accounting tests were performed on 16 core samples, comprising variously weathered
rock types and clay to aid in determining the net acid producing potential (NAPP) and acid neutralising
capacity (ANC) of the materials.
Test pit and TP15, TP25, TP18 and bore hole sample BH08 (0.66 to 0.75 m depth) (see Figure 83 and Figure
84) encountered shale with a NAG of 2.6 to 2.7 ph/pHOX and a NAPP ranging from 22.3 to 32.4 kg/t H2SO4).
8.7.7.2

AMD classification

NAPP was assessed by comparing Total S and ANC. This is a conservative assessment because it assumes
that all sulfur acts as sulfide S. Figure 86 shows a graphic record of the sample test results. Samples from
TP15, TP25, TP18 and BH08 all recorded positive NAPP values based on high MPA values and low ANC.
From the types of material tested and shown in Figure 86 it can be seen that all dolerite samples (BH09,
BH10 and BH13), and andesite (BH05 and BH06) had a low Total S (and hence a low MPA) and an ANC
between 10 and 40 kg/t H2SO4 and were NAF. These materials had comparable negative NAPP results and
are geochemically suitable for construction. Silty clays samples from TP15A and TP8 were unlikely to be
acid generating and may provide limited acid consumption. In contrast, the shales (TP15, TP25, TP18 and
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BH08) were higher in S and had minimal ANC, if any. Shales from TP2, TP17 and TP21 were relatively low
risk for AMD generation.
Figure 86

8.7.7.3

Construction materials ANC vs MPA

Material management

Given the risk with shales, as shown in the testwork, if any shale is excavated during construction, it will
be assumed to be PAF. Where possible, excavation of shales will be avoided. When shales are encountered
and excavations open the shales to the atmosphere, for example during construction of drains or channels,
the material will be covered with shotcrete to reduce exposure to oxygen and provide a layer of alkaline
concrete between the shales and the air.
Where PAF materials are excavated and require storage, the material will either be placed under water
with the approval of the HGM Environmental Superintendent or encapsulated with a clay or lowpermeability cover to prevent oxygen and water ingress. Where shales are excavated and exposed, the
materials will be covered or submerged as rapidly as practicable.
The dolerites and andesites will be suitable for construction work.

8.7.8 Quality assurance and quality control
8.7.8.1

Geotechnical testing

The use of the borrow materials will be subject to field and lab testing to confirm the workability of the
materials for clay and achievement of the specification requirements for each zone. A technical
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specification will be developed to support the tender design; however, testing will comprise:
Borrow source testing:
• Grading, Atterberg, Permeability indicative frequency 1:5000 m3 Zone 1.
• Other zones 1:10,000 m3.
Placed embankment testing:
• Zone 1 – field density/shear vane 1:500 m3, grading/Atterberg 1:1,000 m3, traixial/permeability
1:5,000 m.
• Other zones – field density 1:2,500 m3, grading/Atterberg 1:5,000 m3, traixial/permeability
1:10,000 m.
An appropriately experienced dams/geotechnical engineer will be present throughout construction to
verify that QA/QC testing requirements are being achieved and construction is in accordance with the
design intent and specification.
8.7.8.2

Geochemical testing

Geochemical management specifications will be:
•
•

Shale has been identified as a potential AMD risk and will not be used as a construction material
without confirmation that the material is NAF with testing at a rate of 1:5,000 m3.
Dolerite borrow material and clay material from the foundation area are considered NAF, based
on investigation testing. Verification testing of construction materials at rate of 1:10,000 m3 is
proposed to confirm geochemical properties.

8.7.9 Construction
Additional detail is provided in Appendix I.
Construction will take place between December 2019 and the end of April 2020. Daily hours are expected
to be up to 12 hours per day, between 06.30 and 18.30 during the longer daylight hours of December and
January, reducing in March and April as daylight reduces.
8.7.9.1

Construction staging

The design stages for the TSF 2 embankment are as follows:
•
•
•
•

Stripping and stockpiling
Stage 1 – construction of new embankment with crest level at RL 638 m
Subsequent stages – construction of embankment raises above RL 638 m using the downstream
construction method
Ultimate stage – raising of the embankment to RL 646 m using the downstream construction
method

Based on the forecast PRT production and deposition schedule (Table 58) and the TSF 2 storage curve
(Figure 93), it is predicted that the TSF 2 Stage 2 construction will commence approximately 2 years after
PRT deposition commences in TSF 2. The PRT is estimated to fill the starter dam to its maximum tailings
level of RL 634.5 m in approximately 2.5 years.
8.7.9.2

Stripping and stockpiling.

The dam design will require the stripping of all topsoil from the general foundation as well as removal of
any low strength material (as assessed on site) to achieve a high-strength soil or rock suitable for founding
of the embankment shoulders. This stripping will require the establishment of a disposal area to contain
unsuitable materials. PAF material will be disposed of as noted in Section 8.7.7.3. NAF material will be used
around the site for general use such as road works, berm construction or track development.
Some of the stripped material will be reusable as construction material. Detail on this material
management is provided in Section 8.7.9.3 and Table 57.
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8.7.9.3

Won materials

As much existing material as practicable from the TSF 2 footprint will be sold off site or stockpiled for
future reuse on site. Table 55 describes the proposed and potential reuse options. HGM will utilise the
services of accredited forest service consultants to help manage the timber harvesting and reuse of the
resource. The laydown area within the TSF 2 footprint is shown in Figure 45.
Table 55

Dam materials

Material
Wetland species

Reuse potential
Source of wetland
vegetation and SRB

Proposed use
Develop wetland around
shallow areas of TSF 1

Transfer to
Relocate to distal
reaches of western
arm

Timber 1st grade

Craft wood or speciality
timbers

Stockpile behind core
sheds

Timber 2nd grade

fire wood or similar

Vegetation and
timber low quality

Denning material / mulch

Sale to mills as
recommend by Forestry
consultants and in
accordance with
relevant certification
requirements or
restrictions
Sale as recommend by
Forestry consultants
Reuse on site as
regrowth media and
potential dens

Topsoil/peat

Regrowth media

Harvest for future use
on site where feasible
and practical

Develop manageable
stockpiles in existing
cleared areas behind
the core sheds
(Figure 1), so that
regular turning can
occur to prevent
anaerobic
decomposition

8.7.9.3.1

Stockpile behind core
sheds
Pile logs around
edges of cleared
areas to facilitate den
development

Wetlands

The wetlands were constructed by Aberfoyle in an attempt to reduce metal concentrations, especially Pb
in the site discharge from TSF 1. A thesis was commissioned and undertake by Michael Lichon in 2000 to
evaluate the success of the wetlands. His work has formed the basis for HGM’s decisions regarding the
future management of the wetland area and the wetland species. Lichon found that the wetland plants
contribute little to direct removal of metals and especially Pb from wastewaters; but rather provided
structural stability and served as in situ photosynthetic generators of organic matter.
Several native emergent wetland plants identified in research as being suitable for treatment of mine
wastewaters (Reed at al, 1995) were planted in the Hellyer wetlands. Lichon,2000, investigated the
performance of wetland plants in removing metals from the wetland water column at Hellyer and found
that the organic matter from the plants, as it fell into the underlying mud maintains a decomposer-rich,
low-Eh anaerobic mire, and fuels a microbial consortium including three genera of sulphate-reducing
bacteria (SRB). As note in Table 55, HGM intends to utilise the wetland plants. In planning to harvest some
wetland species before the TSF 2 is constructed, HGM hopes to introduce a population of SRB into the
shallow western reaches of the TSF 1 western arm.
A supply of dissolved organic carbon will be needed to ensure growth. Lichon noted that organic binding
materials are potentially available in the Hellyer wetland muds from the ˜12 mg/L DOC in the wetland
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feedwater and in natural humic waters of the catchment (Koehnken 1992). Assuming a sustainable colony
of wetland plants develops, this will prove beneficial to long term management and prevention of AMD in
these areas where the water level drops during dry summer months.
Various authors have found that the presence of complexing organic materials can be significant in
dissolving and transporting metals (Baker 1977), as well as metal accumulation in sediments (Phillips &
Greenway 1995, Limpitlaw 1996). It is likely that some metals will remain bound in the remnant muds of
the wetlands. This will include PbS which Lichon, 2000 found to be precipitated from the soluble Pb, along
with the insoluble carryover, and settled into the mud sink. The most inert form of Pb is galena, which
stable in reducing conditions.
In Section 8.7.9.2 it was noted that stripping of all topsoil from the general foundation as well as removal
of any low strength material (as assessed on site) to achieve a high-strength soil or rock suitable for
founding of the embankment shoulders. Figure 84 shows that this will include some of the lower wetland
reaches. These muds will be relocated to the northern section of the wetland where they will be covered
by 10 m of low permeability PRT once the TSF 2 is commissioned.
The ability of metals to remobilise from this mud will be dependent on the pH and the Eh of the receiving
environment and the individual metal solubility (Figure 57). Zn will begin to precipitate as a hydroxide
above pH 7.0 whereas for Pb the minimum solubility point is pH 10.2. Therefore theoretically, once
excavated from the stripping zone, these muds will need to be stored at a pH range between 7.0 and 10.2
unless stored under highly reducing conditions. Any wetland species and mud left to be covered by the
PRT will be contain some SRB and some bound metal concentrations as noted above and will be then
covered by the low permeability PRT with a pH between 7.2 and 7.9 (Table 44 and Table 46). Even under
these conditions the Pb and Zn may dissolve but should re-precipitate as carbonates/hydroxides. This in
turn will prevent further mobilisation of metals from the muds.
8.7.9.4

Construction material borrow areas

A preliminary staged borrow plan has been developed in order to maximise the use of in-storage materials
and to facilitate the expansion of the Borrow Area 2, which is described in Table 56 and contains suitable
construction materials for the TSF 2 embankment. Borrow Area 2 comprises TP22-24, TP28-29, BH09-BH11
and BH13 (See Figure 79 and Figure 83).
Table 56

Summary of materials encountered in Borrow Area 2

Depths (m)

Description

Test pits
0.1 m and 0.6 m

TOPSOIL encountered as Silty CLAY

Varying depths ranging Residual Soil of Que River SHALE encountered as Silty CLAY
from 0.2 m to 1.8 m
Boreholes
0.1 m to EOH with 24.35 m DOLERITE, rock strength was seen to increase with depth from very
as the deepest for BH09 – low to hard. Joints largely followed the outline of spheroidal
BH13
weathering zones, being irregular, becoming slightly more planar
with depth
Figure 87 shows the location of the borrow area, showing the extent of the borrow pit needed for Stage 1
TSF 2 construction and subsequent lifts to ultimate stage. All borrow material sourced for dam
construction will be from within the inundation footprint and consequently will be flooded once TSF 2 is
operational. The borrow will increase the storage capacity of TSF 2. This is reflected in Figure 93.
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Figure 87

Borrow area showing stages

The construction materials for the starter dam embankment will be sourced from the lower part of the
borrow area as shown in the cross-section in Figure 88.
It is estimated that this area generally has an average topsoil/clay layer (residual or extremely weathered
dolerite or shale) of 1.8 m thick overlaying highly to moderately weathered dolerite of 17 m thick above
slightly weathered dolerite, based on boreholes (BH9, BH10, BH11 and BH13) and test pits (T22–24 and
28–29) (see Figure 79 and Figure 83).
The residual or extremely weathered dolerite will be used to construct the compacted clay layer (CCL). The
near-surface materials from the stripping of the dam foundation can also be assessed for suitability for use
as Zone 1 material for the CCL. Highly to moderately weathered dolerite will be used to construct the
rockfill embankment.
It is estimated that the borrow area would provide enough construction material for the construction of
the TSF 2 starter dam and the subsequent lifts. The total embankment volumes required for the starter
dam and ultimate dam are estimated to be approximately 240,000 m3 and 400,000 m3, respectively. A
breakdown of the materials required for each zone is shown in Table 57.
The use of the borrow materials will be subject to field and lab testing to confirm the workability of the
materials for clay and achievement of the specification requirements for each zone (see Section 8.7.8).
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Figure 88

Cross-section borrow area

Table 57

Construction materials
Starter dam (m3)

Materials
Zone 1 – clay 6
Zone 2 – fine rockfill 7
Zone 3 – coarse rockfill7
Total

8.7.9.5

Ultimate dam (m3)

6,500
27,100
206,000
239,600

4,800
25,000
369,000
398,800

Foundation, excavations and seepage control

8.7.9.5.1

General

KLC testwork has indicated that seepage from the TSF 2 is expected to have negligible environmental effect
(Section 8.6.4.1.9). Seepage through the embankment itself is expected to be insignificant as a dual liner
system will be utilised. Potential high seepage losses through the foundations beneath the embankment
had been considered in the ground model based on the hydrogeological and geotechnical study. This zone
is approximately 10 m thick. Following this consideration, the dam will be founded on rock and the
foundation will be grouted to limit seepage potential.
8.7.9.5.2

General foundation stripping

The results of GHD’s geotechnical investigation report (2018a) indicate adequate foundation conditions
for the embankment, with rock within a few metres of existing natural surface along the embankment,
with some localised deep weathered profiles seen, especially at the left abutment area.
The design will require the stripping of all topsoil from the general foundation as well as removal of any
low-strength material as assessed on site to achieve a high-strength soil foundation suitable for founding
of the embankment shoulders. This will require the establishment of a disposal area to contain unsuitable
materials. Some of the stripped material will be reusable as construction material.
8.7.9.5.3

Core trench excavation

The core trench will encounter a range of different geological conditions. The intent is to provide a
foundation that will minimise seepage and the risk of piping in the foundation below the core.
The final core trench foundation will be directed by the site engineer, based on an assessment of the
exposed material and extent of treatment required.
The core trench width is typically defined as a ratio of the width W to hydraulic head at stripped foundation
level H. For a cut-off in low-permeability non-erodible rock, W/H may be as low as 0.25 but would usually
be 0.5 or more and in soils may be as high as 1.0. For large, high-consequence dams this may be increased.
The cut-off width should not be less than preferably 6 m.
Hand cleaning of the foundation for the rock core trench will be required. Foundation treatment should
include excavating any remaining weathered seams and fracture zones and backfilling with dental concrete
and mortar/slush grout to fill cracks and voids, but nothing would be required for exposed sound rock
6
7

The clay volume assumes 50% reduction factor to account for unsuitable material
The rockfill volume assumes 15% reduction factor to account for the 1H:1V cut slope.
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where adequate compaction of clay is feasible. Some slope correction by cutting rock or providing concrete
is likely to be required, particularly where the rock bedding and layered stronger and weaker rock will likely
result in the core trench excavation forming a series of steps.
The soil foundations will likely be suitable after machine cleaning, with only minor hand work required.
8.7.9.5.4

Clay core width

The clay core provides seepage control through the embankment; however, the site has very limited
availability of cohesive, low-permeability material. The core width for the starter embankment is sized
4.0 m width and tapers to 0.3 m constant width.
8.7.9.5.5

Grout curtain design

Grouting will be restricted to those areas below the embankments where rock is at or near to the surface
of the embankment foundations. The grouting shall target the rock jointing and faults in order to minimise
foundation seepage. Final chainages will be confirmed during construction based on grouting results.
The design of the grout curtain is based on the split spacing method with a series of primary holes at 10metre centres running along the clay core centreline at 24 metres maximum depth or as instructed by the
grouting engineer. Near-surface rock defects will have to be treated, as they may contribute to seepage
loses. A secondary hole may be required in between primary holes should the latter not show any
reduction in Lugeon value (and grout take) (see Appendix I). Tertiary holes may also be required should
the secondary holes not show further reduction close enough to closure requirements as discussed in
more detail in Appendix I.
The grouting program will also be used to supplement existing geotechnical knowledge of the site. The
grout holes will typically be drilled by faster percussion drilling methods, but there will be provision in the
specification to utilise diamond drilling methods to recover core in areas where there are information gaps.
8.7.9.6

Liner details

8.7.9.6.1

Liner type

The recommended liner for installation at Hellyer is bituminous geomembrane Coletanche ES3 as noted in
Section 8.7.6.1.1.
8.7.9.6.2

Wind uplift

Exposed geomembranes can be subject to uplift due to wind action, which can cause substantial damage.
Wind uplift can be prevented by implementing three main defences in the design to mitigate the risk of
wind uplift. The primary defences are:
•
•
•

liner self-weight
anchor trenches
ballasting.

The self-weight of the liner is limited by the liner and dictates the minimum wind speed required for uplift
of the liner. Equations to calculate the minimum uplift wind speed for a liner on a batter are presented in
Uplift of Geomembranes (Giroud, 1995). The minimum uplift wind speeds for BGM Coletanche ES3 is
38.4 km/h. It is likely that the TSF 2 decant pond will be at the spillway invert RL 636.5 m within 8 months
of completing construction and remain at a spill level throughout the year based on average rainfall, so
the risk of wind uplift damaging the geomembrane is considered to be low.
8.7.9.6.3

Base connection and foundation details

Coletanche ES3 will be connected to the concrete grout plinth using a polyethylene batten fixed down
using stainless steel masonry anchors at regular spacing. The size and length of the anchors and the
thickness of the grout plinth will be confirmed with structural assessment. The compacted clay liner (CCL)
will be adjacent to the grout plinth at 3.0 m width, 1V:3H at the upstream and 1V:0.3H at the inner slope.
This will taper off to 0.3 m thickness at approximately 1.0 m height (see Figure 89, which depicts the starter
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dam geometry, and Figure 90, which shows the CCL connection for the entire dam). The CCL will be
compacted in two 150 mm layers with a sheepsfoot roller, with the number of passes subject to trial rolls.
Refer to drawings in Appendix I for details of the base connection and foundation
Figure 89

Starter dam geometry

.
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Figure 90

TSF 2 typical cross-section
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8.7.9.6.4

Liner installation

The liner will be installed in campaigns every 10 m vertically. This allows embankment construction to
continue at all times and reduces the need to have the installation contractor on site at all times.
Liner installation will be undertaken by a suitably experienced contractor. Installation will be undertaken
in accordance with the manufacturer’s specifications. Quality assurance and quality control shall be the
contractor’s responsibility. The liner is installed to a high standard with repair of any damage during
installation to meet the design intent.
The BGM will be connected to the concrete grout plinth using a stainless steel batten fixed down using
stainless steel masonry anchors at regular spacing. Size and length of the anchors, thickness of the grout
plinth will be confirmed with structural assessment, however indicative details are shown on the drawings
in Appendix I.
8.7.9.7

Instrumentation

Appendix I outlines the instrumentation that will be installed during the construction of the TSF 2
embankment:
•
•
•
•

8.7.9.8

Vibrating wire piezometers (VWP) to monitor pore pressures within the TSF2 embankment.
V-Notch Weir on the downstream toe of TSF 2 to monitor any seepage.
Water level sensor on TSF 2 and TSF 1 to monitor pond level and spillway outflows.
Surface movement monitoring monuments installed on the upstream side of the TSF 2
embankment crest at nominally 50 m intervals. Additional monuments shall be installed on the
existing dams to monitor settlement during dredging. A permanent survey pillar will need to be
located on natural ground outside the TSF 2 embankment to provide a survey reference point.
Emergency spillway

The emergency spillway of the starter dam will be excavated through the natural ground on the eastern
abutment of the dam embankment. BH08, TP9 and TP10 (Figure 84) found that there is a 1 m thick layer
of topsoil and gravelly clay (residual shale) overlaying moderately to slightly weathered shale in this
location. The clay sample collected at 0.66 – 0.75 m of BH08 was tested and found to be PAF. Therefore,
all materials being removed in this area will require encapsulation or disposal under water to prevent
sulfide oxidation.
Lining and surface treatment of the emergency spillway will be required to mitigate erosion in the unlikely
event of the spillway being operated. To minimise weathering and to prevent oxidation of the otherwise
exposed shale, the spillway will be lined with shotcrete.
The indicative location for the final closure spillway is on the eastern abutment of the ultimate dam
embankment. Lining and surface treatment requirements for the final closure spillway will be subject to
further investigation of the final spillway alignment but are likely to be similar to the above

8.7.10 Potential Impact on downstream dams
In accordance with the ANCOLD (2012), GHD has assessed the Consequence Category for the proposed
TSF2 dam as High C, the same as for the upstream Hellyer Main Residue Dam, which is considered
conservative given the higher stability of the downstream TSF 2 compared with upstream TSF 1 dam that
it will replace. The Consequence Category is based on an assigned Dam Failure Hazard Rating of High C,
with a Population at Risk (PAR) of 1 to 10 and potentially Major damage and loss, and an Environmental
Spill Hazard Rating of Low, reduced by dilution. A dam-break and run-out from TSF 2 would flow into the
Que River, which flows from the mining lease in a south-westerly direction to join the Huskisson River
about 20 km downstream of TSF2. The Huskisson River in turn flows to Lake Pieman about 40 km
downstream of TSF 2, formed by the Hydro-Electric Corporation Reece Dam, opposite the Renison Mine.
The Reece Dam and the Reece Power Station are at the western end of Lake Pieman, a further 43 km
downstream of TSF 2. The risk to Reece Dam from TSF 2 is considered insignificant.
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8.7.11 TSF 1 Embankment: risks from changes in tailings and water levels during operations.
During the operational life of TSF 2, tailings will be removed from the TSF 1 impoundment and placed into
TSF 2 (Table 2) and during Stage 5 the water level in TSF 1 will be lowered. GHD dam engineers assessed
the risks to the stability of the existing TSF 1 embankment resulting from the proposed changes in tailings
and water levels. These are provided in more detail in Appendix I. In summary the low permeability
upstream clay face of TSF 1 will remain in place reducing the flow of seepage between the water bodies;
and the structural strength of the TSF 1 embankment will not be compromised. If the clay face was allowed
to dry out its low permeability could be compromised. To prevent this, on closure the TSF 1 water level
will be dropped to match the TSF 2 tailings water level of 646.5 m as described in Section 11.2.5. The
adjacent embankments and the management of water levels are depicted in drawing 32-18552-C010 of
Appendix I.

8.7.12 Peer review
The dam design has been peer reviewed by Professor David J. Williams (Appendix K). The review covered
all aspects of dam safety associated with the dam design and construction requirements, including the
potential impacts from ‘cascading effects’, i.e. failure of an upstream dam impacting on a downstream
dam.
Professor Williams is the Golder Professor of Geomechanics and the Director of the Geotechnical
Engineering Centre within the School of Civil Engineering at The University of Queensland. David received
his BE (Hons I) in Civil Engineering from Monash University in 1975 and his PhD in Soil Mechanics from the
University of Cambridge in 1979.
His primary research and consulting interests lie in the application of geotechnical principles to the
management and rehabilitation of mine wastes, for which he enjoys an international reputation.

8.8 Tailings management
Tailings (PRT) management is the subaqueous storage of all PRT in TSF 2. The key components are the
volume of PRT and the capacity to store this under water, the geotechnical stability of the fine-grained
materials and links with AMD and water management issues.

8.8.1 Performance requirements
The performance requirements outlined in Section 8.2.2 apply. The tailings management plan for TSF 2 is
described in more detail below.

8.8.2 Potential effects
The potential effect of poor tailings management is sulfide oxidation if the tailings are exposed to ambient
oxygen (Section 8.6). The effect of good tailings management is an acceptable environmental outcome
during operations and in perpetuity following closure.

8.8.3 TSF 2 tailings (PRT) management plan
The Tailings Management Plan performs a critical role within the HGM operations as it governs water
quality discharged from the site and the long-term environmental benefits derived from the project.
8.8.3.1

PRT properties

In order to estimate the settling and consolidation behaviour of the reprocessed tailings (PRT), settling
column testing, slurry consolidometer and shear vane testing to simulate the placement of up to 23 m
depth of PRT was undertaken on a reprocessed tailings sample provided by HGM, with laboratory testing
undertaken by The University of Queensland.
Based on these tests the consolidation, density, evolving permeability, and final shear strength of the
consolidated tailings have been estimated.
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Based on the results, the key parameters adopted for use in the dam design are:
8.8.3.1.1

Settled dry density

The settled dry density governs the volume taken up by the PRT initially then under load. This then governs
the capacity and geochemical requirement to store all PRT under deep water cover.
The short-term density is estimated at 1.3 t/m3, which is considered conservative for initial filling with a
likely final filling density for completion of the ultimate TSF 2 density, expected to increase to 1.65 t/m3
(Figure 91) average (10 m depth).
Section 8.8.3.2 discusses the impact of settled density on the selected TSF 2 height.
Figure 91

8.8.3.1.2

PRT dry density

Permeability

The PRT permeability along with the basement and liner conditions will determine the seepage through
the base of the dam. Saturated permeability will decrease over time as tailings consolidation occurs with
increasing tailings depth. Even at relatively low stress the estimated ksat of 1.0 × 10–8 m/s is achieved, noting
that the permeability of tailings deposited at the base of the tailings may further reduce by an order of
magnitude. Seepage rates are discussed in Section 8.5.3.2.
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Figure 92

8.8.3.1.3

PRT hydraulic permeability

PRT mineralogy

PRT mineralogy is described in detail in Section 8.6.4.1.6. Average PRT consists of approximately 24% pyrite
0.06% Cu, 0.9% Pb, 0.3% Zn and 4.2% calcite, which is residual from pH adjustment in the mineral
extraction process.
8.8.3.2

PRT production and filling schedule

HGM’s PRT production schedule is shown in Table 58 along with the PRT production and deposition
schedule. It is proposed that pre-production, existing tailings shall be removed from the finger pond to the
TSF 1 via dredging, providing sufficient capacity for storing PRT in the finger pond until the TSF 2 is
approved, constructed and commissioned (planned for April 2020). Once the TSF 2 is constructed, it will
provide permanent PRT storage. PRT stored in the finger pond and Fossey tailings stored in the eastern
arm will also be transferred to TSF 2 for permanent storage.
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Table 58

Production schedule

Stage

Description

Stage 1A

Initial dredging of TSF 1 (10 m
deep and >300 m main dam wall)
– Bench 1
Initial dredging of TSF 1 (10 m
deep and >300 m TSF 1 wall) –
Bench 1
Initial dredging of TSF 1 (10 m
deep and >50 m TSF 1 wall) –
Bench 1
Initial dredging of TSF 1 (15 m
deep and >50 m TSF 1 wall) –
Bench 2
Dredging of western arm
Lower water level and dredge
TSF 1
Shale pit

Stage 1B
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
8.8.3.3

Total tailings
dredged
(t)

PRT produced
(t)

Receiving TSF

798,904

383,474

Finger pond

1,446,575

694,356

TSF 2

1,797,699

862,896

TSF 2

1,601,096

768,526

TSF 2

698,362
1,990,735

335,214
955,553

TSF 2
TSF 2

1,892,104

908,210

TSF 2

TSF 2 storage capacity

The storage curve for TSF 2 is shown in Figure 93. It is expected that the majority of the construction
materials for both the starter dam and the ultimate dam will be sourced from within the storage area,
increasing the available storage capacity. For the purpose of the storage capacity estimates, it has been
assumed that approximately 640,000 m3 of construction material will be sourced from the borrow area in
TSF 2, as shown in Section 8.7.7 and Figure 87 and Figure 88.
The settled density of reprocessed tailings has been assumed to be 1.3 t/m3, which is lower than the
existing Hellyer tailings density of 1.93 t/m3. This reduction in density is due to the removal of dense
sulfides as part of the extraction process and a finer particle size as part of reprocessing. However, this is
considered a conservative estimate and likely average density is likely to be 1.65 t/m3 (Figure 91). A
sensitivity comparison on dam heights has been undertaken by GHD for 1.3 and 1.6 t/m3.
Based on this storage curve, the crests of the starter dam and ultimate dam are set to be RL 638 m and
RL 646 m, respectively. The starter dam, with a crest at RL 638 m, will provide approximately 2.5 years’ of
storage, with 1.2 Mm3 of tailings capacity while allowing a minimum water cover of 2 m up to the spillway
invert level at RL 636.5 m. The ultimate dam crest at RL 646 m will provide a total tailings storage capacity
of 3.4 Mm3 with allowance for 2 m of water cover.
Once the initial stages of construction are complete, the storage curve will be updated based on the
stripped surface survey to confirm the final storage capacity. A tailings reconciliation will be undertaken
annually via bathymetric survey compared to tonnage deposited to confirm the settled density achieved
and to help refine the dam raise schedule and final required crest height.
Adopting the higher 1.65 t/m3 density in the long term would result in a final tailings level of RL 640 m, a
tailings water level of RL 642 m and a crest of RL 643.5 m, compared to a crest of RL 646 m for the lower
density. For the purpose of determining the ultimate dam footprint and approvals it is considered
appropriate to assume the lower conservative settled density, noting that the change in crest height of
2.5 m would reduce the downstream dam toe by approximately 7.5 m width based on the 3H:1V batter
slopes. Should the tailings density be found to reach the higher density, the ultimate crest level could be
reduced accordingly.
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Figure 93

8.8.3.4

TSF 2 storage curve

PRT deposition strategy

The PRT will be discharged at a neutral pH7 or above from lime addition during processing. Due to the acid
forming nature of the tailings, after they are dredged and reprocessed (albeit reduced from the current
risk level due to removal of sulfides), it is proposed that they be deposited in the TSF 2 by a pipeline and
discharged subaqueously to prevent oxidation. The tailings should have a minimum water cover of 2 m.
The tailings pipe deposition point will be moved around via shore-based anchorage points or by boat with
daily surveillance to ensure the 2 m water cover is maintained.
8.8.3.4.1

AMD mitigation

Detailed AMD assessment has been undertaken and is described in Section 8.6.4. Additional detail on the
geochemical aspects of PRT can also be found in Appendix E, Appendix F and Appendix G. The PRT has a
significantly lower pyrite content than Hellyer or Polymetals tailings but remains geochemically PAF.
The PRT sample results provide important insights for the long-term and safe management of the material.
The results strongly suggest that the PRT is unlikely to be neutralised by lime additions alone and will
require continuous subaqueous storage to maintain neutral pH. This is supported by the KLC test results
(see Section 8.6.4.1.9).
8.8.3.4.2

Water quality management

Surface water quality management is described in Section 8.3. The KLC test results (Section 8.6.4.1.9) and
the mixing tests (Section 8.3.3.3) indicated that galvanic reactions liberate Pb and Zn from pyrite and that
lime dosing is required to adjust the pH endpoint to 8.5 to co-precipitate metals and reduced redox
potential from ferrous irons present.
8.8.3.4.3

Closure plan

Closure of TSF 2 has geochemical and geotechnical components:
•
•

Maintaining a minimum of 2 m water cover over the PRT.
Meeting ANCOLD standards for monitoring, maintenance and provision of overflow spillway
requirements.
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•

On closure a tailings dam must be able to cope with potential conditions to be encountered over
the extended period determined as the design life, potentially of 1,000 years or longer.

8.8.4 Avoidance and mitigation measures
As noted above, PRT will be deposited and stored subaqueously in TSF 2.
HGM will conduct annual surveys to assess the field settled density of the PRT and re-evaluate the capacity
of TSF 2 to store all PRT produced beneath a deep water cover.
The timing of the second stage dam will be informed by the field capacity measurements and the need to
keep all PRT stored under water.
Commitment

When

PRT will be deposited and stored subaqueously in TSF 2
HGM will survey TSF 2 and reassess its capacity annually to ensure that all
PRT can be stored subaqueously

During operations
During operations

8.8.5 Assessment of residual effects
The measures outlined above should ensure that potential effects from sulfide oxidation of PRT during the
operation phase are properly controlled, monitored and managed and present a negligible risk to the
environment.

8.9 Solid and controlled waste management
The proposal principally involves the storage of PRT tailings. This is described in Section 0 with technical
input described in Section 8.6.
During construction activities and during operation, site personnel may produce some general solid wastes
such as papers, plastics, food materials and empty bottles, and materials from routine minor machinery
maintenance.
The production of controlled wastes is not anticipated during the construction or operation of TSF 2.
However, if any controlled waste is produced, HGM will obtain the required approvals for the storage,
transport, treatment and disposal of the controlled waste, using registered handlers and approved
management methods.
Wastes such as tyres from loaders or excavators may be produced during construction. These will be
removed from site and disposed of in EPA-approved facilities.

8.9.1 Existing conditions
No waste management facilities are currently located on site.

8.9.2 Performance requirements
Solid and controlled waste from mine sites must comply with the Tasmanian Environmental Management
and Pollution Control (Waste Management) Regulations 2000.

8.9.3 Potential effects
Waste material can cause environmental nuisance or harm if it is not contained and disposed of
appropriately. Inappropriately managed solid waste including tailings has the potential to contribute to
surface water and groundwater pollution.
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General solid waste, including papers, plastics, food materials and empty bottles, and materials from
routine minor machinery maintenance, may result in impacts to soil and water if not managed
appropriately. Inappropriate management of food wastes may result in pests such as rodents.

8.9.4 Avoidance and mitigation measures
The following will be undertaken to mitigate effects from general solid waste:
•
•

•
•

All general solid waste material will be disposed of offsite, in accordance with Waratah–Wynyard
Council requirements.
Rubbish bins or skips, with lids, will be provided at appropriate locations around the site. All staff
will be required to avoid littering and to collect and bin any rubbish and litter that they observe
on site.
Refuse will be periodically taken to an approved waste disposal facility.
Recycling will be used where feasible.

8.9.5 Assessment of residual effects
The measures outlined above should ensure that potential effects from solid waste during the construction
and operation phases are properly controlled, monitored and managed and present a negligible risk to the
environment.

8.10 Dangerous goods and environmentally hazardous materials
Fuel and oil will be brought onto the site as required for construction activities. Current approved
management prescriptions will apply during the construction and operational phases of the TSF 2. These
are described in the original Polymetals Hellyer DPEMP (2006) and reflected in conditions in PCE 7386:
Any chemicals classed as Dangerous Goods will be stored in accordance with the Dangerous Goods
Regulations, 1978 and appropriate Australian Standards. This will involve obtaining a licence to
keep dangerous goods, and if required; bunding; segregation; fire prevention measures; and
placarding as required by the Regulations for the keeping of the appropriate class of Dangerous
Goods.

8.10.1 Existing conditions
The existing Hellyer tailings retreatment operation uses fuels, oils, lubricants, solvents and reagents. The
construction and use of TSF 2 will not change the management of dangerous goods and environmentally
hazardous materials.

8.10.2 Performance requirements
Management of dangerous goods and hazardous materials must comply with the following statutes,
Regulations and codes:
•
•
•
•
•
•
•
•
•

Work Health and Safety Act 2012
Australian Dangerous Goods Code 7th Edition
National Occupational Health and Safety Commission (NOHSC). Approved Criteria for Classifying
Hazardous Substances, 3rd Edition, October 2004.
NOHSC:1015 (2001): National Standard for Storage and Handling of Dangerous Goods
NOHSC:1005 (1994): National Model Regulations for the Control of Workplace Hazardous
Substances
NOHSC:2017 (2001): National Code of Practice for Storage and Handling of Dangerous Goods.
AS 1940–2004: The storage and handling of flammable and combustible liquids
Dangerous Goods (Road and Rail Transport) Act 2010
Environmental Management and Pollution Control Act 1994 – Environmental nuisance or harm
provisions
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•
•
•

Environmental Management and Pollution Control (Waste Management) Regulations 2000
Environmental Management and Pollution Control (Controlled Waste Tracking) Regulations 2010
Quarry Code of Practice 1999.

8.10.3 Potential effects
There will be a short-term increased risk of release of hydrocarbons into the receiving environment during
the construction of the TSF 2 because heavy machinery will be working below the existing TSF 1 to
construct the dam wall.
Incorrect storage and handling of dangerous goods and environmentally hazardous materials has the
potential to result in land and water contamination. The incorrect storage and handling of fuels and
chemicals can also result in health and safety implications including explosions, fire and exposure of
personnel to dangerous liquids or fumes. Incorrect disposal of asbestos material poses a threat to human
health.

8.10.4 Avoidance and mitigation measures
The following will be undertaken to mitigate effects from dangerous goods and environmentally hazardous
materials:
•
•
•
•
•
•

All mobile or fixed fuel tankers used on site will satisfy the requirements of AS 1940–2004: The
storage and handling of flammable and combustible liquids.
Spill kits will be made available when maintenance and refuelling are being undertaken.
If there is any residual contaminated soil evident after a spill and clean-up, it will be taken for
disposal or treatment at an appropriately licensed facility.
Refuelling and lubrication will be undertaken away from any freestanding water.
Material Safety Data Sheets (MSDS) will be held for all chemicals used on site. MSDS will be
made available to staff as required.
Maintenance staff will be trained in the appropriate maintenance of the plant including use of
reagents, and appropriate safety information will be made available in worker and visitor site
inductions.

Where hydrocarbons are required during the construction or operations of TSF 2, they will be stored as a
minor storage that is bunded and managed according to AS 1940–2004: The storage and handling of
flammable and combustible liquids. The management of the corrosive substance will comply with
AS 3780–2008.
Where the above avoidance and mitigation measures are not already reflected in previous commitments,
these are included below.
Commitment

When

Any spills of potentially contaminating liquids will be reported to the
construction manager immediately and cleaned up as soon as practicable
Hazardous chemicals to be used at the site will be stored in dry, bunded
areas that comply with AS 3780–2008 Storage and handling of corrosive
substances
The management of the hazardous substances will be in accordance with
the National Standard and National Code for the Storage and Handling of
Workplace Dangerous Goods
Where hydrocarbons are required during the construction or operations
of TSF 2, they will be stored as a minor storage that is bunded and
managed according to AS 1940-2004: The storage and handling of

During construction and
operations
During construction and
operations
During construction and
operations
During construction and
operations
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Commitment

flammable and combustible liquids. The management of the corrosive
substance will comply with AS 3780–2008
Refuelling and lubrication will be undertaken away from any freestanding
water
Any residual contaminated soil evident after a spill and clean-up will be
taken for disposal or treatment at an appropriately licensed facility

When

Construction and ongoing
Construction and ongoing

8.10.5 Assessment of residual effects
The measures outlined above should ensure that potential effects from dangerous goods and
environmentally hazardous materials are properly controlled, monitored and managed and present a
negligible risk to the environment.

8.11 Noise emissions
Noise emissions will be associated with the construction and operational phases of the project.
During construction, noise emissions will result from the operation of heavy equipment, including
earthmoving equipment and trucks associated with the preparation and construction of the dam wall and
access tracks.
During operation, noise emissions will be associated with the operation of decant (water return) pumps
and use of the dam boat for occasional sampling or movement of the decant pumps.

8.11.1 Existing conditions
Ambient noise levels at the site are associated with the operation of a tailings dredging, ore milling
operation and concentrate transport operation.

8.11.2 Performance requirements
Noise emissions from proposed activities must comply with the following:
•
•
•

Environmental Management and Pollution Control Act 1994 – Environmental nuisance.
Environment Protection (Miscellaneous Noise) Regulations 2004.
Environment Protection Policy (Noise) 2009.

8.11.3 Potential effects
Noise has the potential to cause environmental nuisance at residential premises and other sensitive uses.
The principle source of noise from the proposed development will be during the construction phase of the
TSF 2.
8.11.3.1 Sensitive noise receptors
The nearest sensitive land uses are in the tourist hotels along the Cradle Mountain Road (C132) more than
17 kilometres to the east, the township of Tullah located more than 20 kilometres to the south (Figure 94)
and the township of Waratah some 21 kilometres to the north-west.
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Figure 94

Noise receptors
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HGM will provide limited temporary accommodation at the site for workers who do not wish to drive home
after a 12 hour shift. This will be located in the former Discovery Centre opposite the main visitor car park
approximately 100 m north of the mills (Figure 4).
8.11.3.2 Modelled noise impact
To conduct a noise assessment, an assumed list of equipment with associated noise levels has been
compiled. The equipment and quantities, together with their sound power levels, are listed in Table 59.
Using published noise levels from heavy equipment (State Pollution Control Commission, NSW, 1989), and
published data on mineral processing plants (van der Merwe, 2012) the following table of noise levels was
used to model the potential noise impact from the proposed project.
Under Regulation 14 of the Environmental Management and Pollution Control (Miscellaneous Noise)
Regulations 2004, noise from the equipment must not exceed 45 dB(A) at domestic premises (sensitive
uses) outside 0700–1800 hours Monday–Friday, 0800–1800 hours Saturday and 1000–1800 hours on
public holidays unless otherwise approved by the Director, Environment Protection Authority.
Exposure of personnel to high noise emissions can, however, affect human health if appropriate mitigation
measures are not taken. These are relevant to occupational health and safety. Section 8.11.4 outlines
appropriate mitigation for noise levels on site.
Noise readings of the Grange mining fleet were taken on 1 and 2 September 2008 by Caloundra
Environmental and published in the Grange Resources DPEMP (2013). From these readings and from
published noise levels from heavy equipment (SPCC, 1989), the following table of noise levels was used to
model the potential noise impact from the TSF 2 construction.
Table 59

Typical construction machinery noise

Source of noise
Truck (785)
Drill
Bulldozer D8
Excavator

Distance in
metres

Modelled noise levels
LAmax,T dB(A)

20
20
20
20

81.5
86.0
81.7
82.0

Noise will be produced from construction processes including combustion engines on trucks taking
material to the dam wall, excavators and dozers working on dam wall construction.
The number of noise sources and the distances from each of these activities to any sensitive receiving
environment will determine the potential impact of noise from the proposed project.
Noise attenuation calculations utilised the following conservative assumptions:
•
•

all machinery operating on site simultaneously
flat terrain between TSF 2 and receptors, which provides significant conservatism (Figure 94).

The combined noise ‘worst case’ noise level assuming all equipment is operating simultaneously on site
(2 × 785 trucks, 1 × drill, 2 × D8 dozers and 1 × excavator) equates to a sound pressure level of 92.5 dB(A)
at 20 m. The nearest sensitive receiver is along the Cradle Mountain Road ~17 km to the east. The nearest
sensitive residence is located ~20 km away at Tullah (Section 8.11.3.1). The calculated maximum noise
level that would be experienced at the hotels along the Cradle Mountain Road and at Tullah from the TSF 2
construction under the calculation assumptions would be 34.5 dB(A) and 28.8 dB(A), respectively. The
calculated expected noise is less than typical background noise levels experienced in rural areas with lowdensity transportation and therefore noise from the TSF 2 construction is unlikely to be perceived in the
Tullah township or at tourist hotels along the Cradle Mountain Road. Further, the terrain between TSF 2
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and receptors is not flat as the conservative calculations assume. There are numerous natural barriers,
including the ridges provided by Mt Beecroft, Back Peak and Mt Remus at more than 1,000 m high. This
would decrease the actual noise transmission from the site to receptors.
Given the buffer distances it is unlikely that the noise levels associated with earthmoving equipment would
result in an environmental nuisance. Similarly if blasting occurs, it will be occasional and confined to
daylight hours. Crushing of material will take place in the valley floor adjacent to the TS 2 embankment.
The acoustic environment indicator levels in the Noise EPP should not be compromised by the construction
work. As a result, there is no need for restrictions on hours of construction or operation.
The modelled noise outside the demountable accommodation would be a maximum of 52 dB(A) on flat
terrain. The current dam wall should provide a barrier reduction during the early stages of construction; a
reduction of 5 dB(A) has been assumed. The demountable building walls should provide a sound
transmission class attenuation of at least 10 dB(A). This equates to an internal sound pressure level of
37.7 dB(A), which during the day should meet the intent of the Environmental Management and Pollution
Control (Miscellaneous Noise) Regulations 2004. The acoustic environment indicator levels in the Noise
EPP indicate there could be sleep interference inside the demountable rooms. As the rooms are provided
for voluntary use, this is not regarded as a significant impact. Dam construction work will not be carried
out at night.

8.11.4 Avoidance and mitigation measures
In order to mitigate noise levels on site:
•
•
•
•

•

Equipment and vehicles appropriate to the required tasks will be utilised.
All equipment and vehicles will be fitted with the manufacturer’s silencing equipment and will be
appropriately maintained.
Processing plant will be appropriately designed, operated and maintained.
The use of appropriate hearing protection will be required to protect the health of workers
where an 8-hour equivalent continuous A-weighted sound pressure level (LAeq,8h) of 85 dB(A) is
exceeded.
TSF 2 dam works will only be undertaken during daylight hours, notionally a 12 hour day starting
at 06.30, later as daylight hours reduce in March and April.

As there are no nearby residences in other ownership or sensitive land users, no other specific measures
are required to mitigate noise levels.
8.11.4.1 Vibration
It is highly unlikely that vibration from the operation of machinery bedded in the highly weathered basalts
(upper levels) and volcanics (lower levels) will be propagated for any great distance, as this area is
characterised by numerous sheared zones and joints. These represent discontinuities in the propagating
material, thus damping wavefront travel.
The distance to receptors also mitigates any impact from vibration being felt.

8.11.5 Assessment of residual effects
Adherence to the mitigation measures and commitments, as outlined above, will ensure that any noise
effects from construction and operation of the project will be kept to acceptable levels. As a result:
•
•

Noise from equipment will meet the requirements of the Environmental Management and
Pollution Control (Miscellaneous Noise) Regulations 2004.
Ambient noise will meet the requirements of the Quarry Code of Practice and will not cause an
environmental nuisance under the Environmental Management and Pollution Control Act 1994.
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•

The occupational health and safety requirements of the Workplace Health and Safety Act 1995
and the Workplace Health and Safety Regulations 1998 will be met.

8.12 Biodiversity and natural values – Flora and vegetation
8.12.1 Existing conditions
The TSF 2 dam inundation area is inside the electricity transmission lines (see Figure 1) that cross the site
and covers the wetlands constructed by Aberfoyle. These wetlands are visible in the centre of the proposed
inundation area. The total area to be inundated is approximately 46.5 ha. Within the TSF 2 total
disturbance area, which includes the buffer around the inundation area for construction and the spillway,
the artificial wetlands cover 4.3 ha, and a further 7.8 ha is covered by other existing disturbance, such as
tracks, cleared areas, costeans, drainage lines and parts of the transmission easement, leaving
approximately 49.6 ha of existing native vegetation that could potentially be disturbed by the proposal.
Figure 96 overlays the TSF 2 footprint on an aerial photo of the site. The wetlands, existing tracks and
drainage channels can be seen. In addition to the inundation area, a 50 m buffer will be cleared around
the inundation are for construction (Figure 45). Table 60 delineates the proposed TSF 2 footprint.
Table 60

TSF 2 footprint

Description
Existing tracks and cleared areas
Aberfoyle constructed wetlands, including clarifier
PRT pipeline track
Native vegetation
Total footprint

Area (ha)
7.8
4.3
0.2
49.6
61.9

NBES undertook an ecological survey of the proposed TSF 2 area between 18 and 20 July 2017 (See
Appendix A). A study area of approximately 80 ha was investigated. Additional detail is provided in Section
6.6.2 and Appendix A. An ecological survey of a previously proposed TSF site to the east of TSF 2 was
undertaken by NBES in 2006. This report is provide in Appendix B.
8.12.1.1 Vegetation
The native vegetation communities within the study area include the following TASVEG classifications:
•
•
•
•
•
•
•
•

Nothofagus–Atherosperma rainforest (RMT)
Nothofagus–Phyllocladus rainforest (RMS)
Eucalyptus nitida forest over rainforest (WNR)
Eucalyptus nitida over Leptospermum (WNL)
Eucalyptus delegatensis forest over rainforest (WDR)
Leptospermum lanigerum scrub (SLL)
Pure buttongrass moorland (MBP)
Pure buttongrass moorland with emergent Eucalyptus nitida (MBPEN)

These communities are marked in Figure 24, which also shows cleared regenerating land and easements.
No threatened communities listed under the Tasmanian Nature Conservation Act 2002 (NCA) or the
Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBCA) will be
impacted.
8.12.1.2 Flora
No threatened species listed under the Tasmanian Threatened Species Protection Act 1995 (TSPA) is
known from, or thought likely to occur, within the Hellyer Mine TSF 2 study area.
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No species listed under the EPBCA is known from, or thought likely to occur, within the Hellyer Mine
TSF 2 study area.
Figure 95

Proposed and previously assessed TSF study areas
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Figure 96

TSF 2 aerial photo overlay
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Plate 5 was taken from the TSF 1 dam wall looking south over the Aberfoyle clarifier and the artificial
wetlands below the clarifier tank.
Plate 5 TSF 2 eastern view and artificial wetlands from TSF 1 dam wall, November 2017

Plate 6 looks to the south and west from the TSF 1 dam wall.
Plate 6 TSF 2 western view from TSF 1 dam wall, November 2017
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8.12.1.3 Declared weeds and pathogens
Only two introduced species were observed within the study area. These were the Cirsium vulgare, the
spear thistle and Eucalyptus nitens, the shining gum.These are not considered significant and were limited
to disturbed areas. Symptomatic evidence of the cinnamon root rot fungus Phytophthora cinnamomi (PC)
was observed at one location close to the shore of the existing TSF.
8.12.1.4 Blanket bogs
Tasmanian blanket bogs or buttongrass moorlands are unique to Tasmania and have contributed to the
listing of the Tasmanian Wilderness World Heritage Area.
The areas to the north and west and south and west of the TSF 2 which support buttongrass and scrub
communities could form a component of the western Tasmania blanket bogs where peat formation
exceeds 300 mm. This is because the distinct character of a bog is that it derives nutrients through rainfall
and not from underlying subsoils and rocks. And so it is limited to situations where the peat forms sufficient
depth to separate the surface plant-growing medium from the bedrock. It is likely that in many situations
buttongrass does not overlay peats of sufficient depth to be properly classified as ‘blanket bogs’.
The more extensive buttongrass moorlands to the west of the TSF 2 are both outside the disturbance
footprint and upstream of any surface water flows (which should also run from north-west to south-east
along the power easement towards the Que River).

8.12.2 Performance requirements
Flora management must comply with the following statutes:
•
•
•
•
•

Environment Protection and Biodiversity Conservation Act 1999
Threatened Species Protection Act 1995
Nature Conservation Act 2002
Crown Lands Act 1976
Weed Management Act 1999.

8.12.3 Potential effects
8.12.3.1 Legislative implications
TSF 2 is being assessed by Tasmania’s EPA under the EMPCA. This requires the preparation of a DPEMP.
8.12.3.1.1 Tasmanian Threatened Species Protection Act 1995

No flora species listed under this legislation were recorded.
8.12.3.1.2 Weed Management Act 1999.

No declared weeds were recorded within the Hellyer Mine TSF 2 area.
8.12.3.2 Threatened flora
No species listed as threatened on the Tasmanian Threatened Species Protection Act 1995 were recorded
from the site. No impacts to threatened flora are therefore anticipated.
8.12.3.3 Declared weeds and pathogens
Earthworks present a high risk of spreading PC as it is a soil-borne pathogen.
8.12.3.4 Blanket bogs
Western Tasmanian blanket bogs are sensitive to track formation and excessive trampling and vehicular
passage, and can be easily and severely degraded by such activities. Activities outside these areas could
impact on the blanket bogs if they were to impact on current hydrological processes i.e. water sources.
Most of the nearby potential blanket bogs are to the north-west of the TSF 2 site and are upstream of
current and future drainage channels.
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8.12.4 Avoidance and mitigation measures
8.12.4.1 Vegetation communities
The following mitigation measures will be undertaken to reduce the overall impact of the project on
vegetation:
•

•
•

•
•

The proposed TSF 2 construction activity will be contained within the footprint of previous
mining activities and disturbed land as much as practicable to reduce the requirement for
additional cleared areas.
Rehabilitation of other disturbed areas will be undertaken progressively and will be commenced
as soon as practicable.
The extent of clearance required for the project will be clearly defined; appropriate measures
(including marking tape, signs, site plans, site inductions and work inspections as required) will
be undertaken to ensure no additional vegetation disturbance occurs.
All works, vehicles and materials will be confined to the designated works areas.
Vegetation will be removed and where practicable mulched and stockpiled for later use in
rehabilitation activities.

Commitment

The extent of clearance required for the project will be clearly defined;
appropriate measures (including marking tape, signs, site plans, site inductions,
tool box talks and work inspections) will be undertaken to ensure that no
additional clearance occurs
Mulched vegetation will be stockpiled for future rehabilitation works

When

During construction
and ongoing
During construction

8.12.4.2 Declared weeds and pathogens
The Hellyer site has remained relatively free of weed species over the past two decades.
Section 6.6.2.7 noted the symptomatic evidence of Phytophthora cinnamomi (PC) at one location on the
edge of the existing TSF 1. It should be noted that this is not being assessed as part of the proposed TSF 2
proposal. No evidence was recorded of PC within the proposed TSF 2 disturbance area.
The following plant hygiene measures will be implemented during the construction and operation of the
TSF 2:
•

Appropriate hygiene protocols, including washdown procedures for weeds, will be maintained on
the site during the construction and operation of the project. Protocols will be consistent with
the Weed and Disease Planning and Hygiene Guidelines - Preventing the spread of weeds and
diseases in Tasmania. (Department of Primary Industries, Water and Environment, 2015).

•

Weed management will form part of the general environmental management of the site to both
manage and reduce existing infestations (minimal) and to prevent movement from the site.

•

The site symptomatic of PC will be isolated to prevent the movement of PC from this area. No soil
will be brought onto the lease or removed from the lease as part of the TSF 2 construction.

•

Site hygiene measures and the management of declared weeds and pathogens will form part of
employee induction information.

•

A weed management program will be instigated prior to commencement of site works. The
program will include the following
−

monitoring to identify any additional outbreaks of weeds

−

annual weed management including chemical treatment where necessary.
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Commitment

When

Appropriate hygiene protocols, including washdown procedures for weeds, will
be maintained on the site during the construction and operation of the project
Site hygiene measures and the management of declared weeds and pathogens
will form part of employee induction information
A weed management program will be instigated prior to commencement of site
works

During construction
and ongoing
During construction
and ongoing
During construction
and ongoing

8.12.5 Blanket bogs
The location of potential blanket bogs (as per the Natural Value Atlas database) in Figure 27 contains one
area which would be inundated. However, on-ground mapping by North Barker (2018) has this area
mapped as Eucalyptus nitida forest over Leptospermum (WNL).
The following mitigation measures will be undertaken to reduce the overall impact of the project on
blanket bogs:
•

•
•

•
•

The proposed TSF2 construction activity will be contained within the footprint of previous mining
activities and disturbed land as much as practicable to reduce the requirement for additional
cleared areas.
Rehabilitation of other disturbed areas will be undertaken progressively and will be commenced
as soon as practicable.
The extent of clearance required for the project will be clearly defined; appropriate measures
(including marking tape, signs, site plans, site inductions and work inspections as required) will
be undertaken to ensure no additional vegetation disturbance occurs.
All works, vehicles and materials will be confined to the designated works areas.
Current drainage channels will need to be diverted to facilitate construction and operation of the
TSF 2. The diverted drainage lines will be situated to prevent hydrological disturbance of the
nearby blanket bog areas to the south-west of the TSF 2.

Commitment

When

Current clean water drainage channels will be diverted to facilitate Construction and ongoing
construction and operation of the TSF 2. The diverted drainage lines will be
situated to prevent hydrological disturbance of the nearby blanket bog
areas to the south-west of the TSF 2

8.12.6 Assessment of residual effects
8.12.6.1 Vegetation communities
Adherence to the avoidance and mitigation measures outlined above will ensure that clearance of
vegetation will be kept to a minimum.
The proposed TSF 2 will nevertheless result in the clearance of approximately 49.6 ha of native vegetation
(Table 60). The loss of 49.6 ha of native vegetation is not significant in terms of the thousands of hectares
of natural bush in the north-west of Tasmania.
8.12.6.2 Declared weeds and pathogens
The Hellyer site has remained relatively free of weed species over the past two decades.
8.12.6.3 Blanket bogs
Adherence to the avoidance and mitigation measures outlined above will ensure that impact is kept to a
minimum.
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8.13 Biodiversity and natural values – Fauna
8.13.1 Existing conditions
NBES undertook an ecological survey of the proposed TSF 2 area between 18 and 20 July 2017. A study
area of approximately 80 ha was investigated. The footprint of the dam wall and inundation area will
ultimately occupy approximately 46.5 ha.
The spotted-tailed quoll is listed as vulnerable on the EPBCA and rare on the TSPA and is present within
the vicinity of the mine. Potential quoll habitat extends across most of the native vegetation within the
Hellyer Mine lease.
The Tasmanian devil is listed as endangered on both the EPBCA and the TSPA and is present within the
vicinity of the mine. Potential devil habitat extends across most of the native vegetation within the
Hellyer Mine lease.
The Tasmanian wedge-tailed eagle is listed as endangered on both the EPBCA and the TSPA. The Hellyer
Mine lease area is likely to be part of a larger foraging territory, but the TSF 2 footprint has very limited
nesting habitat. There is an extremely potential low for nests being present within the vicinity of the site.
A Natural Values Report and an EPBC Protected Matters Report generated by North Barker (See Appendix
A) noted the potential presence of hollow nesting threatened species (the Masked Owl and the Swift Parrot
respectively) within 5,000 m of the proposed TSF 2.
Wombats are protected in Tasmania under the Tasmanian Nature Conservation Act 2002 and permits are
required to take and possess this species.

8.13.2 Performance requirements
Fauna management must comply with the following statutes:
•
•
•
•
•

Environment Protection and Biodiversity Conservation Act 1999
Threatened Species Protection Act 1995
Nature Conservation Act 2002
Forest Practices Act 1985
Crown Lands Act 1976.

8.13.3 Potential effects
8.13.3.1 Legislative implications
8.13.3.1.1 Tasmanian Threatened Species Protection Act 1995

No direct impact to individuals of Tasmanian devil or spotted-tailed quoll is anticipated, assuming works
can be conducted outside the period when any maternal dens may be occupied. These species have large
home ranges and will adjust the ranges accordingly to avoid the site during construction.
No other species listed under this legislation were recorded.
8.13.3.1.2 Weed Management Act 1999.

No declared weeds were recorded within the Hellyer TSF 2 vicinity.
8.13.3.2 Threatened fauna
8.13.3.2.1 Wedge-tailed eagles

The threats to wedge-tailed eagles include the following:
•
•

loss of habitat (specifically nesting habitat)
nest disturbance
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•

unnatural mortality (persecution, including shooting, poisoning and trapping; collision with
power lines, vehicles, fences and wind turbines).

8.13.3.2.2 Habitat loss

The impacts to around 61.9 ha of potential foraging land of which 49.6 ha is native vegetation are not
significant in the context of available foraging habitat within the surrounding landscape, given that this
species can essentially utilise any habitat for foraging. More importantly, no potentially nesting habitat
will be lost or disturbed by the proposal.
8.13.3.2.3 Nest disturbance

No nest disturbance is anticipated due to the lack of suitable old-growth eucalyptus trees, and no known
nests occurring within 20 km of the study area.
8.13.3.2.4 Road kill

Road kill hazard is very low for this species. Traffic volumes and speed levels in relation to the proposal will
be within the bounds of the existing permits PCE 7386 (Polymetals tailings reprocessing) and 7759 (Bass
Fossey underground mine). Product movement out by road is already approved and minimal extra road
traffic is expected from construction activities.
8.13.3.3 Tasmanian devils
Known threats to Tasmanian devil include the factors listed below:
•
•

•

•

•

•

•

Devil facial tumour disease: This is the main threat to the species and the reason for its listings
as a threatened species. DFTD is discussed in detail in Section 8.13.3.3.1.
Collision with vehicles: After DFTD, road kill is one of the biggest threats to the species. Most of
the core habitat for the species contains roads and the species has relatively large home ranges
and movements. Devils use roads for long-distance travel and as a source for carcases, to which
they are attracted for food. Most collisions are fatal for the species. Estimations during 2001–
2004 suggested approximately 3,400 devils killed on roads each year. A previous estimate for
1998 was 5,000 individuals per year. In local areas where road kill has been measured, the
impact on the species has been high (for example a 50% increase in sightings of road kill when
the existing Arthur River Road was sealed). Collision with vehicles is generally considered a lowlevel threat to the species across the state. However, in locations where the species’ numbers
are already reduced, a loss of individuals due to collisions with vehicles could contribute to a
population decline.
Lack of genetic diversity: Low genetic diversity can reduce the species’ resistance to DFTD. There
is conjecture that the populations in the north-west, which is known to have some genetic
distinction, may carry a higher level of resistance to DFTD than the general population; however,
to date all individuals tested during research have contracted the disease.
Competition and predation by foxes: Habitat preferences of European red fox overlap heavily
with the Tasmanian devil. If foxes become established they will replace most of the medium and
large carnivores. This presents an enormous risk to the species’ recovery as foxes could prevent
devils’ populations from becoming re-established.
Habitat loss, degradation and fragmentation: Since European settlement suitable habitat has
been lost through clearing for agriculture, forest plantations, extractive industries and residential
development, especially in the east of the state.
Illegal culling and dog attacks: Current illegal culling is considered to be less than in the past but
can still be locally intense. Many devils are killed each year by poorly controlled dogs and this
could contribute to a population decline in locations where the species’ numbers are already
reduced.
Climate change: Climate change might occur faster than the rate of adaption by species.
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•

Ecosystem changes due to low species numbers: Removal of a top-order predator can have
significant direct and indirect effects on an ecosystem.

8.13.3.3.1 Devil facial tumour disease

Studies of devil facial tumour disease (DFTD) populations in which DFTD has been observed for several
years have declined by up to 97% (approximate, due to low sample size in recent years). There is no
evidence to date of the decline in devils stopping or the prevalence of the disease decreasing. In spite of
this, devils are persisting in the landscape due to precocial breeding and the capacity of females to wean
their young before succumbing to the disease. DFTD has been confirmed in devil populations across much
of the state of Tasmania, with declines in populations shown through both trapping surveys and annual
spotlight counts. In the north-east region, where a devil with unknown tumours on its face was
photographed in 1996, there has been a 95% decline in average sightings of devils on the spotlight
transects (Save the Devil, 2016). The last remaining stronghold of disease-free devils is in the north-west,
with the west and south-west areas supporting much lower densities. A reduced population such as that
affected by DFTD is considered highly vulnerable to other causes of mortality such as road kill or loss of
denning habitat.
Particular interest has been taken in the western front of the disease in north-west Tasmania. Intensive
sampling undertaken in 2009 and repeated in 2010 (Save the Devil, 2011) indicates it continued to progress
westwards at about 7 km a year. When compared with a comparable map from 2012 (Figure 97), the rate
of spread is markedly slower than elsewhere in Tasmania (Figure 98). The DFTD is the single most
significant cause of mortality and therefore threat to the conservation of the Tasmanian devil. The
retention of naturally occurring disease-free populations is a key factor in ensuring the long-term survival
of the species in the wild. The north-west population of Tasmanian devils is disease free (Figure 98),
although outlying diseased animals have been reported.
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Figure 97

Distribution of devil facial tumour disease 2012

Source: Save the Tasmanian Devil website (www.tassiedevil.com.au) (2 August 2012).
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Figure 98

Distribution of devil facial tumour disease 2016

Source: Save the Tasmanian Devil website (www.tassiedevil.com.au) (5 May 2016).
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8.13.3.3.2 Habitat loss

The project will involve the loss of some habitat for the Tasmanian devil. The removal of approximately
61.9 ha of habitat within the range for this species will reduce the effective carrying capacity of the forests
in the area. This will not, however, lead to any measurable long-term decline in the size of a population.
The total number of devils and or dens present within the TSF 2 inundation area is uncertain, though likely
to be low based on densities typical of this habitat type and area. The home ranges of devils overlap to a
very large extent. Without tracking of individual animals it is impossible to know how much overlap occurs.
Because of this, it is not feasible to predict with any certainty the potential number of devils that would
be impacted by the loss of habitat.
Based on Pemberton’s (1990) data from habitat with high carrying capacity devil habitat at Mt William, a
population of devils is in the order of about 250 animals supporting about 40 breeding females over
45 km2. The landscape within TSF 2 contains less carrying capacity in comparison to Pemberton’s research
with a local population likely to be much less than 250 animals. The impact area is less than 4% of a
population’s range (46.5 ha of impact is equivalent to 1% of a 45 km2 population range). It is not feasible
to predict the potential number of devils that would be impacted by the TSF 2 due to the unknown extent
of overlapping ranges; however, if 80% of a devil population has some overlap, there will be some minor
long-term reduction in carrying capacity to <0.25 of a population.
If a pre-disease density of 0.5 devils per square kilometre is used in the predominately unmodified habitat
of the TSF 2, this would equate to 0.23 animals within the impact area of 61.9 ha. However, this calculation
can be too simplistic due to the nature of overlapping ranges and the impact to carrying capacity on other
animals that may use a small portion of the impact area within their range.
Suitable habitat is extensive in the region, so the potential loss of habitat for the affected individuals should
be considered in the context of the extensive habitat surrounding the study area. The extent of habitat
affected is approximately 60 ha including a buffer to a population that extends across the entire Tarkine
region, which occupies more than 500,000 ha.
There is the potential for the clearance of the vegetation and construction works to directly impact on a
natal den, which could result in the loss of juveniles if it takes place during the period when the dens are
occupied (September to January).
8.13.3.3.3 Habitat disturbance

Construction works will bring a temporary heightened level of noise and vibration. This may disturb habitat
outside the immediate footprint of the clearance works, which could extend the total area of impact.
8.13.3.3.4 Road kill

Changes to traffic usage during the construction period may result in increases in incidents of road kill,
especially if this involves contractors travelling around dusk or dawn.
Healthy populations of Tasmanian devil are able to withstand what may appear to be devastating mortality
rates from road kill. Road kill rates peak in summer, impacting on young animals just out of the den and
migrating males that may have been driven out by dominant adults. Significant increases in traffic volumes
and or speed levels are likely to increase the incidence of road kill unless mitigation measures are adopted
(such as daytime only transport).
The Murchison Highway south of Waratah and the Belvoir Road already experience traffic associated with
current mining operations. However, the proposed TSF 2 project will result in only a minimal increase in
traffic. This should be confined to the delivery of additional goods and services during and for construction,
such as additional engineers to supervise the construction as well as some plant and machinery mobilised
and then demobilised during daylight hours.
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8.13.3.4 Spotted-tailed quolls

The known threats to spotted-tailed quoll include the factors listed below (NBES, 2013):
•

•

•

•
•

•

•
•

•

Habitat loss and modification: Considered the greatest threat to the species. In Tasmania 50% of
the species’ core habitat has been removed by logging or agriculture. Of the remaining 50%, half
has been subject to logging in the past 20 years – particularly in the north and north-west
regions of the state for plantations.
Fragmentation: In many areas the current habitats are fragmented, resulting in isolated
populations. This leads to breeding complications, including difficulty in locating breeding
partners and a lack of genetic diversity. The species naturally occurs in low population densities
(breeds only once a year), meaning isolated populations have inherent breeding difficulties.
Isolated populations are subject to stochastic events.
Timber harvesting: Research suggests that forestry practices that remove or reduce prey or
critical habitat (including trees with hollows, hollow logs and complex vegetation structure) may
render habitat unsuitable.
Poison baiting: In particular, 1080 to control red fox, wild dogs and rabbit. However, recent
research indicates that 1080 baiting is in fact not a threat (NBES, 2013).
Competition and predation: Habitat preferences of European red fox overlap greatly those of
the spotted-tailed quoll. If foxes become established they will replace most of the medium and
large carnivores. Not only would they be a competitor, they are also likely to predate on younger
quolls.
Deliberate killing and dog attacks: Current illegal culling is considered to be less than in the past
but can still be locally intense. Quolls are killed each year by poorly controlled dogs and this
could contribute to a population decline in locations where the species’ numbers are already
reduced.
Climate change: Climate change might occur faster than the rate of adaption by species.
Road mortality: Road mortality is believed to be a significant factor in the decline of some
populations. It is estimated that 1–2 individuals are killed daily on the main road between Hobart
and the north-west of the state. Juvenile males are most at risk due to extensive range. The full
impacts of road mortality on the species are not well known, although local studies have
demonstrated this to be significant at Cradle Mountain and near Arthur River.
Wildfire and prescription burning: The impacts of wildfire and prescription burning are not well
known but it may reduce prey and habitat. However, recent research found that fire may be
beneficial as it can increase the formation of tree hollows used by the species and its prey.

8.13.3.4.1 Habitat loss

The project will involve the loss of some habitat for the spotted-tailed quoll. The removal of approximately
61.9 ha of habitat within the range for this species will marginally reduce the effective carrying capacity of
the forests in the area. It is unknown how many quolls could be displaced by the loss of habitat but a rough
estimate of density in non-core habitat is approximately 1 animal per 300 ha (Jones & Rose, 1996). A viable
population of about 50 quolls is thought to require about 15,000 ha of continuous habitat. Given the extent
of habitat in the region (large tracts of continuous native vegetation) it is likely that the area for a minimum
viable population of 50 is exceeded and that the potential loss to some minor carrying capacity is not
significant.
There is the potential for the clearance of the vegetation and construction works to directly impact on a
spotted-tailed quoll den, which could result in the loss of juveniles if it takes place during the period when
the dens are occupied.
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8.13.3.4.2 Habitat modification

Construction works will bring a heightened level of disturbance from noise and vibrations. These will tend
to disperse sheltering animals greater distances from the site. There is a small possibility that any dens
being utilised in close proximity to the development could be abandoned.
8.13.3.4.3 Fragmentation

The extensive, interconnected expanse of native vegetation in the broader landscape suggests that the
footprint of the TSF 2 will not lead to habitat fragmentation.
8.13.3.4.4 Road kill

Changes to traffic usage during the construction period may result in increases in incidents of road kill,
especially if this involves contractors travelling around dusk or dawn. Significant increases in traffic
volumes and or speed levels are likely to increase the incidence of road kill unless mitigation measures are
adopted (such as daytime only transport).
The Belvoir Road and the Murchison Highway already experience traffic associated with the current
operations. Only a minimal increase in traffic is expected as a result of this proposal. This should be
confined to the delivery of additional goods and services during and for construction, such as additional
engineers to supervise the construction as well as some plant and machinery mobilised and then
demobilised during daylight hours.
8.13.3.5 Common wombat
The common wombat (Vombatus ursinus) is not listed as threatened in Tasmania or Australia under the
Tasmanian Threatened Species Protection Act 1995 or the Commonwelth Environment Protection and
Biodiversity Conservation Act 1999. Wombats are protected in Tasmania under the Tasmanian Nature
Conservation Act 2002 (NCA) and permits are required to take and possess this species.
One wombat burrow was found during the ecological survey for the TSF 2 (Figure 25). Under the NCA, a
permit to take will be required to destroy this burrow.
8.13.3.6 Hollow nesting species
The two hollow nesting threatened species (masked owl and swift parrot) are not considered likely to be
impacted or have habitat affected (Table 14 and Appendix A). Generally this is a function of their known
distributions i.e. they are not known from, or considered likely to use habitat in the area. Distribution maps
supporting this conclusion are provided in Appendix A.

8.13.4 Avoidance and mitigation measures
As indicated above, it is unlikely that the operation will result in adverse impacts to fauna. Nevertheless,
the following fauna management plan (Section 8.13.4.1) will be implemented during development and
construction works for the proposed TSF 2.
8.13.4.1 TSF 2 devil and quoll management plan
This management plan applies to Tasmanian devils and spotted-tailed quolls within the HGM proposed
TSF 2 survey area at Hellyer. The objectives of this management plan are to:
•
•
•
•

protect Tasmanian devils and spotted-tailed quolls
maintain the abundance and geographical distribution of Tasmanian devils and spotted-tailed
quolls
minimise the impact to natal den sites and breeding activities of Tasmanian devils and spottedtailed quolls
mitigate against any potential negative impacts on Tasmanian devils and spotted-tailed quolls
from the Hellyer TSF 2 development works.
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8.13.4.1.1 Target species Tasmanian devil (Sarcophilus harrisii)

Status: Endangered (TSPA) / ENDANGERED (EPBC Act)
8.13.4.1.1.1 General information

The Tasmanian devil (Sarcophilus harrisii) has been listed on the TSPA and EPBC Act due to the threat to
the species brought about by the devil facial tumour disease, which has ravaged some populations. This
species was once also widespread on mainland Australia, but it is thought to have become extinct on the
mainland centuries ago.
The Tasmanian devil is primarily a carrion-eater that is generally nocturnal. During the day, it will retire to
a cave, hollow log or thick scrub.
The Tasmanian devil is Australia’s largest surviving marsupial carnivore and only specialist scavenger.
Although variable in size, adult males can weigh up to 12 kg (average 10 kg) and be 30 cm high at the
shoulder, with females weighing up to 7 kg on average (Lachish et al., 2009). Devils have a short life span,
generally no more than 6 years (Lee & Cockburn, 1985) The species is now confined to Tasmania where it
is widely distributed across all environments throughout the state.
Devils are usually solitary animals, but they share continuously overlapping home ranges and come into
contact with other devils around prey carcases and during the mating season (Lee & Cockburn, 1985). They
mate once a year, giving birth in April through to July, and can produce up to four young, which develop
for up to 20 weeks in the pouch. The young are fully weaned at 10 months of age.
Animals typically travel around 8 km a night, although individuals have been recorded covering more than
50 km in a single night. They have home ranges of 8 to 20 km2 (800 to 2,000 ha), although more recent
studies suggest smaller ranges, probably reflecting higher carrying capacity (Lachish et al., 2009). Their
home ranges overlap to a very large extent with those of other individuals, but they forage separately and
are antagonistic towards each other on meeting. The average density of pre-disease devils in unmodified
habitat ranges between 0.3 and 0.7 per square kilometre (DPIPWE, 2010). As a result of the high degree
of shared range, the clearance of an area equal to one home range (15 km2) can affect up to 80% of the
population to some degree.
The overlapping ranges and high density of animals results in a population of devils that utilises the whole
of the landscape as a single entity. Pemberton (1990) showed that for a population of 250 devils occupying
about 45 km2 – each devil having a home range of about 15 km2 – about 30% of animals share a majority
of their home range and about 80% have at least some overlap of the home range. The high degree of
overlap reflects a myriad range of home range shapes.
Devils displaced by habitat loss will move to other home ranges, but ultimately the population will
decrease due to the limits of carrying capacity. This is likely to be over a period of the lifespan of the
displaced animals. If native nonbreeding habitat is lost, a population can be sustained if the abundance
and seasonal availability of prey is sustained. If the abundance and seasonal availability of prey is not
sustained, then the carrying capacity and the population size will fall.
It is likely that the potential exploration area (proposed TSF 2 inundation area) supports between 0.2 and
0.3 individual animals.
8.13.4.1.2 Devil recovery plan

The Recovery Plan for the Tasmanian Devil (DPIPWE, 2010) identified the following actions to guide the
recovery of the Tasmanian devil:
1. maintain and manage insurance population
2. manage DFTD in the wild
3. monitor Tasmanian devils
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4.
5.
6.
7.
8.

conduct disease investigations
manage other threats
research and measure habitat variables
coordinate recovery program
communicate with the community and stakeholders.

‘Other threats’ in Action 5 include the threat of foxes in Tasmania, collisions with vehicles, habitat loss and
illegal culling. With regard to habitat loss, the role is to monitor and collate data. None of these actions
appear in any way to be disrupted by the TSF 2.
None of these appear to be adversely impacted by the proposal.
8.13.4.1.3 Target species spotted-tailed quoll (Dasyurus maculatus maculatus)

Status: Rare (TSPA) / VULNERABLE (EPBC Act)
8.13.4.1.3.1 General information

Tasmania is the stronghold for the spotted-tailed quoll, although the species occurs at naturally low
densities. The species’ core habitat area is described as a strip across northern Tasmania on lowland, fertile
sites with predictable rainfall, with peripheral habitat and lower densities occurring south of this northern
strip and in areas of the southern forests and the south-west. The spotted-tailed quoll is generally a forestdwelling species, most common in wet forest types, but also found in dry forest, woodland and coastal
heath. Spotted-tailed quolls actively hunt small birds, mammals, reptiles and insects. They are solitary,
with home ranges of about 1,500 ha, and generally occur at densities of about 1 per 300 ha but this can
be higher in core habitat.
It is considered likely that the spotted-tailed quoll occurs in the proposed TSF 2 area because the forests
are suitable habitat. It is likely to be present in relatively low numbers, possibly as part of 1–2 individuals’
ranges.
8.13.4.1.4 Spotted-tailed quoll recovery plan

The Draft Recovery Plan for the Spotted-tailed Quoll (Long & Nelson, 2010) identified ‘Specific Objectives
as necessary to guide the recovery of the Spotted-tailed Quoll’:
•
•
•
•
•
•
•
•
•
•
•

Determine the distribution and status of spotted-tailed quoll populations throughout the range.
Increase knowledge of the biology and ecology of the spotted-tailed quoll throughout its range
to refine management of the species and its habitat.
Reduce the rate of habitat loss and fragmentation on private land.
Evaluate and manage the risk posed by silvicultural practices.
Determine and manage the threat posed by introduced predators (foxes, cats, wild dogs) and of
predator control practices on spotted-tailed quoll populations.
Determine and manage the impact of fire regimes on spotted-tailed quoll populations.
Reduce deliberate killings of spotted-tailed quolls.
Reduce the frequency of spotted-tailed quoll road mortality.
Assess the threat cane toads pose to spotted-tailed quolls and develop threat abatement actions
if necessary.
Determine the likely impact of climate change on spotted-tailed quoll populations.
Increase community awareness of the spotted-tailed quoll and involvement in the recovery
program.

None of these appear to be adversely impacted by the proposal.

229

8.13.4.2 Mitigation of potential impacts
8.13.4.2.1 Road kill minimisation strategy

The following will be introduced into the site’s induction, training and management protocols:
Training on fauna identification, the road kill issue and strategies to reduce potential impact,
including training on what to do if a fauna collision occurs while driving (included in the fauna
protocol).
• All vehicles will yield right-of-way to wildlife where possible.
• Most on-site vehicle movements will occur during daylight hours. Drivers will be reminded that
extra vigilance and caution are particularly important from early April to mid-September when
sunrise occurs after 7:00 am and sunset occurs before 6:00 pm. During this time, dawn and dusk
(twilight periods) are closer to the hours of human activity and therefore there is more likely to
be interaction between fauna and vehicles. This will be emphasised during training and
reiterated before this time of the year.
• Restricting speed limits on internal mine roads to a maximum of 40 km/h during daylight,
reduced to 20 km/h during twilight.
• Install road kill warning and speed limit signs at regular intervals along the main site entrance
road to remind staff and other road users of the road kill issue. These will be placed in strategic
locations such as in high-risk areas on corners or bends where visibility is restricted and along
major straight sections to further discourage speeding.
• Install speed advisory signage for twilight and night-time driving to encourage slower driving
speeds after dark.
• All vehicles will use high radiance (high intensity spot) and wide dispersal (wide angle pair)
lighting.
• Undertake routine roadkill monitoring throughout the construction period of the TSF 2. This will
be achieved by requiring that all contractors and staff working on the TSF 2 construction report
any incidents involving devils on the mine access road (3.9 km) and the internal access road to
the TSF 2 embankment (a further 3.2 km) at pre-shift and post-shift meetings each day to the
TSF 2 Construction Supervisor. The report will include incident details (collision, near miss,
location, time, action taken if collision). A written report will be provided to the HGM
Environmental Superintendent. If the incident involves road kill then the Save the Devil roadkill
app will be used to report the incident quickly.
• Establish a system for reporting of collisions and near misses with wildlife so that hotspot
locations can be identified and mitigated by further reducing aped limits, and specifically noting
the incident in pre shift briefings and as noted above.
• Any collisions with threatened fauna will be reported (with exact location details) to the Save the
Devil Program’s roadkill hotline: 0497 338 457.
• Remove road kill of all animals from the internal mine roads on a daily basis to discourage quolls
and devils from scavenging on the road. Carcases will need to be taken from the site and
disposed of, not thrown into the bushes, to avoid attracting scavengers. Devil carcases will be
frozen and made available to the Save the Tasmanian Devil Taskforce, if requested by that
agency.
• Internal road surfaces will be made lighter to make animals feel more conspicuous and exposed,
thus discouraging them from lingering on the road. Road and track upgrades are to comprise a
light-coloured surface.
• TSF 2 dam works will only be undertaken during daylight hours.
• HGM has installed virtual fences along the mine access road from the Belvoir Road to the mine
offices. This 3.2 km section of internal gravel access road receives the most traffic on site at
dawn and dusk as employees and contractors enter and leave the site (Figure 99, Plate 7 and
Plate 8).
• HGM will sponsor the installation of virtual fences along the Belvoir Road between the mine
entrance and the Murchison Highway. This is a 3.7 km section of ‘Category 4 Road’ (Section
•
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8.22.2). HGM will apply to the Department of State Growth for approval to install virtual fencing
in accordance with the requirements of the Tasmanian Roadside Signs Manual and or approval
under the provisions of section 16 (Works in Highways) of the Tasmanian Roads and Jetties Act
1935 for works in the State Road Reservation as applicable. Once approval is forthcoming, HGM
will engage contractors to install the virtual fencing. The proposed and installed locations are
shown in Figure 99.
• As virtual fencing is installed, it will become part of the HGM asset base and will be placed on the
site’s preventative maintenance system to ensure that the units are fully maintained and
operational for the life of the operation.
Plate 7 Virtual fencing guidepost

Plate 7 shows the green virtual fence guideposts installed along the mine access road. Each post has a light
sensor attached. In Plate 8 the 50 m spacing of the guideposts along each side of the mine access road can
be seen. When the guideposts were installed the encroaching scrub along the road verge was cleared to
maximise visibility.
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Plate 8 Virtual fencing along mine access road
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Figure 99

Virtual fencing locations – mine access road (installed) and Belvoir Road (proposed)
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8.13.4.2.2 Loss of habitat

•
•
•
•
•

Vegetation clearance will be limited to an absolute minimum necessary to place infrastructure
and undertake operations.
Extent of vegetation clearance will be pegged/flagged in the field before clearing operations
commence.
All works, vehicles and materials should be confined to the works area, and stored on previously
disturbed/cleared areas.
Cleared trees and logs will be stored until the end of the exploration period.
On completion of exploration activities, the cleared areas will be rehabilitated to ensure the
native vegetation regenerates to recreate habitat in the long term.

8.13.4.2.3 Direct and indirect effects on devil and quoll within and adjacent to the impact area

All pre clearance surveys and works will be undertaken in accordance with the Survey Guidelines and
Management Advice for Development Proposals that may Impact on the Tasmanian Devil (Natural and
Cultural Heritage Division, 2015). In this regard particular emphasis will be placed on the following
requirements:
• A minimum 30% visual coverage of the TSF 2 disturbance area will be achieved using a
combination of systematic walking transects and strategic searching techniques.
• An area of 50 m surrounding the TSF 2 disturbance area will be included in the survey to provide
context.
• Where terrain and vegetation types are difficult to access (such as steep slopes on the eastern
side of the TSF 2 disturbance area); progressive vegetation clearance and den site surveys will be
undertaken in a staged manner.
• Vegetation clearance will be scheduled outside the maternal denning period where practicable.
• If occupied natal dens are found, they will be protected from disturbance by a 50 m buffer.
These can then be cleared only during the nonbreeding season (between 1 February and 31
May).
• If an active den is found, further investigations will be required to determine whether it is a natal
den, with vulnerable young. If so, construction activity and clearance work will be delayed within
50 m of the den until after it has been confirmed that the mother and young have left the den.
• Any losses to individual animals caused by clearance works will require offsetting through a
predetermined donation fee to the Save the Tasmanian Devil Program (STDP). Discussions with
the STDP indicate that a donation fee of $48,000 per animal would suffice however more
proactive measures such as the extension of virtual fencing would be preferred. If this situation
arises, HGM will negotiate a preferred outcome with STDP.
• Remote sensor camera surveys or sand traps will be used to determine activity of any potential
dens located during pre-clearance surveys.
• Restricted entry tape and warning signs will be erected to indicate the location of all known
active dens, with signs stating the required buffer distance.
• Den surveys will be undertaken by a suitably qualified ecologist during the breeding season.
• Limit human activity to within the operational area of the site, with no unnecessary activity or
excursions out of this area.
HGM understands and acknowledges that if any dens are located and proposed to be destroyed as part of
the TSF 2 construction works, a permit to take under the Threatened Species Protection Act 1995 (TSPA)
will be required
8.13.4.2.4 Mine site interactions with devil and quoll during operation

•
•

Implement protocol for when devils or quolls are encountered – staff instruction on interacting
with devils or quolls, injured, dead or alive.
All drill holes will be temporarily capped on completion of drilling and permanently capped as
soon as possible. Drill holes will be monitored regularly to ensure the caps remain in place.
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•
•
•

Best practice waste disposal and storage methods/procedures will be implemented, particularly
for food wastes, in order to discourage scavenging by quolls and devils. For example, ensure that
all domestic waste is placed in bins with either catches or weighted lids.
All rubbish is to be removed off site and not permanently stored or disposed of on site.
Roadkill carcases collected from internal roads will be removed and disposed of offsite.

8.13.4.3 Reporting and evaluation
The HGM Site General Manager will be responsible for implementing this plan. Environmental reporting
will address all requirements documented above in the mitigation section, and will specifically address
measures taken to address all of the issues raised. Evidence and data are required to document the
implementation of this management plan. Information is to include measures taken, data collected,
quantification of data where relevant (e.g. amount of vegetation clearance, amount of roadkill), issues
with any of the management requirements and, if required, alternative strategies devised or proposed.
The following items will be addressed within the environmental reporting:
•
•
•

loss of habitat
direct effects on devil and quoll during vegetation clearance within the impact area
indirect effects on devil and quoll within habitats adjacent to the impact area

8.13.4.4 Dealing with injured species
This protocol has been developed from information provided in dpipwe.tas.gov.au/wildlifemanagement/management-of-wildlife. HGM understands and acknowledges that moving native animals
(alive, injured, or dead) requires a permit under the TSPA (for threatened species) or the Nature
Conservation Act 2002 (NCA) for other protected fauna.
Employees or contractors may encounter injured wildlife on site or occasionally on the side of roads en
route to site.
8.13.4.4.1 Objective

The goal of this protocol is to relieve the stress of these unfortunate animals and ideally to rehabilitate
them back to the wild in a fit condition.
8.13.4.4.2 Protocol for dealing with injured species

Wild animals become stressed by handling, so employees or contractors should seek expert advice before
handling an injured animal. They should try to minimise the amount of exposure the injured animal has to
people and loud noises and not attempt to feed or treat the animal unless they have specialist knowledge
or training.
If an employee or contractor finds a sick or injured wild animal, they should contact the Wildlife
Management Branch of Parks and Wildlife on 1300 827 727 or dpipwe.tas.gov.au/wildlifemanagement/management-of-wildlife. For assistance out of hours, please ring 6165 4305 to receive
instructions via a recorded message.
8.13.4.4.3 Supplementary information
8.13.4.4.3.1.1 Before capture

Before attempting capture, observe the animal for any signs of illness or injury. Information can then be
passed on to an expert to help identify the animal’s problem. For example, a broken wing will hang, and
an inclined head may suggest concussion or a damaged ear. Look for wounds, unusual behaviour,
movements or posture such as lopsidedness.
Employees and contractors should be mindful of occupational health and safety requirements and always
wear gloves for protection. Employees and contractors should not try to capture a venomous snake (all
snakes in Tasmania) unless they have been certified to do so through an approved course.
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8.13.4.4.3.1.2 Capture and transport

Prepare a suitable transport box for the animal before attempting capture. Cardboard boxes will need
airholes punched into them and can be slippery for birds. Line the bottom of the box with newspaper, old
towels or an old blanket.
The capture and handling of wild animals can be very stressful (for both animal and handler). Animals can
become aggressive and difficult to handle when scared or injured. They may try to defend themselves with
wings, teeth, beak or claws.
A confident yet gentle approach is considered best. At least two people are needed for the capture of
larger animals such as an adult wallaby. If you are inexperienced at handling wildlife or do not have any
rescue gear please do not attempt to capture the animal, instead seek expert help.
Most animals can be captured by throwing an old towel or blanket over them. Nets can cause more
injuries. Wrap the animal securely or place it in a clean hessian sack or pillowslip and tie off the open end.
Do not try and comfort it. Next place the animal and bag into the prepared box or petpak. Reptiles and
echidnas are best scooped into and transported in large plastic garbage bins.
Keep the animal warm and quiet until you can get it home or get advice on its care. Do not allow the animal
to be continually disturbed by people wishing to look at it.
Seek expert advice, either by phone or in person, from a veterinarian or the Parks and Wildlife Service.
8.13.4.4.3.1.3 First 24 hours

This advice is to assist on those occasions where you are unable to obtain professional advice or help within
24 hours.
•
•
•
•

Ensure both you and the animal are safe.
Check that it is still breathing.
Check for bleeding - any severe bleeding needs to be stopped by applying pressure to the
wound.
Treat for shock.

8.13.4.4.3.1.4 Treatment for shock

Initially despite the trauma of injury or orphanage, there may be little evidence of shock. Symptoms often
develop progressively. The most obvious symptoms of shock are that the animal is cold and has rapid pulse
or breathing. A bird may have its feathers 'fluffed up' and a marsupial may be shivering.
8.13.4.4.3.1.5 Warmth

Provide warmth immediately. Use a hot water bottle, plastic drink container or heat pad. Incandescent
lightglobes, preferably blue or green bulbs of 25–40 Watts, are ideal for birds. Do not use a fan heater.
Ideally the heat source should be outside the animal’s housing and directed to only heat one end of the
container. This allows the animal to move closer to or further from the heat. Use a thermometer near the
animal to determine the temperature. Generally animals will pant when too hot or in birds, hold their
wings away from their body.
WARNING: If the heat source is inside the container it must be padded or shielded to avoid direct contact
with the animal. Ensure any electrical connections or wiring cannot be chewed.
Commitment

All pre clearance surveys and mitigation works will be undertaken in
accordance with the Survey Guidelines and Management Advice for
Development Proposals that may Impact on the Tasmanian Devil (Natural and
Cultural Heritage Division, 2015).

When

Prior to construction
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Commitment

During vegetation clearing operations, a temporary 50 m buffer will be
established around any occupied dens found in the pre-clearance surveys. The
buffer will encompass all structural elements of the surrounding forest and will
remain until the den has been confirmed to have been vacated. Only after the
den has been confirmed to be vacated will the vegetation clearing be
completed
Advice will be sought from PCAB if eagles are detected on site prior to or during
the construction and operational phases of the project
A devil and quoll management plan as described in Section 8.13.4.1 will be
implemented
Road kill will be removed from internal roads daily to discourage animals from
scavenging
An environmental induction training and awareness program will be developed
that instructs all staff and contractors required to enter the project site on the
importance of protecting threatened species while undertaking works related
to the action. The program will include face-to-face sessions, prominently
displayed posters and provision of glovebox guides, and will address the
following matters:
•
•
•

When

Prior to construction

Prior to construction
and ongoing
Prior to construction
and ongoing
Ongoing
Ongoing

clear images and simple descriptions (including distinguishing features)
to aid in the identification of species
protocols to avoid or reduce the incidence of road kill
protocols for dealing with injured species

8.13.5 Assessment of residual effects
8.13.5.1 Wedge-tailed eagles
The residual impacts of the proposed project to wedge-tailed eagles following the avoidance and
mitigation measures as outlined in the commitments are not considered to be significant.
8.13.5.2 Tasmanian devils and spotted-tailed quolls
The residual impacts of the proposed project to Tasmanian devils and spotted-tailed quolls following the
avoidance and mitigation measures as outlined in the commitments are not considered to be significant.
A discussion of the residual impacts is provided in Table 61.
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Table 61

Residual impact assessment – Tasmanian devil and spotted-tailed quoll

Criterion

Assessment

Lead to a long-term
decrease in the size of
a population or
significantly reduce
the area of occupancy
of the species or
modify, destroy,
remove, isolate or
decrease the
availability or quality
of habitat to the
extent that the species
is likely to decline

The spotted-tailed quoll is a ‘forest dependent species that occupies a large range of habitats. The
species habitat is characterized by high annual rainfall and predictable rain patterns’ (SPRAT, DEE). It
forages and hunts on farmland and pasture, travelling up to 20 km at night, and shelters in logs, rocks or
thick vegetation. Important Populations have been identified (SPRAT).There are three records within 5
km (NBES, 2017, Appendix B p. 67) and evidence of scats recorded during survey.
The TSF 2 impact area is highly likely to be within the home range of resident spotted-tailed quolls;
however, the location is outside the core range. Scats were observed in the study area and one
confirmed from hair analysis.
The site not within range of Important Population for the spotted-tailed quoll.
For the Tasmanian devil, this species was previously widespread in mainland south-eastern Australia, but
is now restricted to Tasmania. Records from the Tasmanian Natural Values Atlas indicate that the eastern
quoll occurs in most parts of Tasmania, but is recorded infrequently in the wetter western third of the
state; the Hellyer site being located around 15 km west of the boundary between relatively high and
relatively low density of eastern quoll observations – i.e. is 15 km within the low-density third. The
species’ distribution is positively associated with areas of low rainfall and cold winter minimum
temperatures. Within this distribution, it is found in a range of vegetation types including open grassland
(including farmland), tussock grassland, grassy woodland, dry eucalypt forest, coastal scrub and alpine
heathland, but is typically absent from large tracts of wet eucalypt forest and rainforest.
Although this species could occur at low density in the Hellyer area, the habitat on site and the general
environmental conditions do not make it highly suitable. Thus, it is considered unlikely that the proposal
would have a meaningful impact on the species should it occur in the area.
There are no observation records from the vicinity of the study area, no habitat on the property. The site
is not considered to occur within range boundary (NBES, 2017, Appendix B p. 67).
The clearance of 49.6 ha of native vegetation is not considered to be a significant reduction in the
potential area of occupancy of the species relative to the surrounding several thousands of hectares of
better quality vegetation.
Any residual impacts would be insignificant and unlikely to lead to a long-term decrease in the devil or
quoll population

Likelihood of
significant impact
Unlikely
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Fragment an existing
population into two or
more populations
Adversely affect
habitat critical to the
survival of a species

The extensive interconnected expanse of native vegetation in the broader landscape suggests that the
footprint of the TSF 2 will not lead to habitat fragmentation.

Unlikely

Habitat critical to the survival of the Tasmanian devil includes (DPIPWE, 2010):

Unlikely

•

all disease-free areas within mainland Tasmania with suitable devil habitat

•

all areas of the pre-disease core habitat areas that may be required under the recovery program.

The site is not within ‘core habitat’ as defined by the Devil Draft Recovery Plan, 2010. The clearance of
49.6 ha of native vegetation is not considered to be a significant reduction in the potential area of
occupancy of the species relative to the surrounding several thousands of hectares of better quality
vegetation. The lost potential habitat is not critical to the survival of the species.
Disrupt the breeding
cycle of a population
Result in invasive
species that are
harmful to an
endangered species
becoming established
in the endangered
species’ habitat
Introduce disease that
may cause the species
to decline

Interfere with the
recovery of the species

Pre-clearance surveys for occupied dens will be undertaken immediately prior to vegetation clearance.
Protective 50 m buffers will be delineated around any occupied dens found until the dens have been
vacated. The project will therefore not impact the devil or quoll breeding cycle.
The habitat preferences of the introduced European red fox (Vulpes vulpes) overlap heavily with those of
Tasmanian devils. Foxes and devils are of a similar size and are likely to eat each other’s young. They
share preferences for den sites and habitat so will compete for both food and shelter (DPIPWE, 2010).
However, there is no causal mechanism by which the presence of the development could increase the
likelihood of foxes (or other predators such as feral cats) becoming established in the region.

Unlikely

The site has a history of mining and the proposal footprint areas have been the subject of previous
disturbance. The project will not introduce any changes to the environment that would increase the risk
of devil facial tumour disease (DFTD) becoming established in the area or facilitate the intermixing of
devil populations. Because the area has already been subject to a high level of human activity in the past,
the proposal is considered unlikely to accelerate the spread of DFTD into the area.
The only conceivable way in which this could occur was if diseased or dead individuals or equipment that
has come in contact with diseased individuals was brought into the site. Staff and contractor induction
and training programs have been designed to address these issues.
The low likelihood of adverse impacts, together with the impact avoidance and mitigation commitments,
will mean that impacts on the Tasmanian devil or spotted-tail quoll will be insignificant and could not
interfere with the recovery of either species.
Overall Assessment

Unlikely

Unlikely

Unlikely
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8.14 Marine and coastal
The TSF 2 site is approximately 60 km from the nearest coastal area, the western Tasmanian coast. The
proposed development will not impact on any marine or coastal areas.
The operations will not be affected by any marine or coastal hazards including:
•
•
•
•

potential tidal inundation
storm surge inundation or wave impacts
impacts of climate change induced sea-level rise
potential coastal erosion processes.

8.15 Greenhouse gases and ozone-depleting substances
8.15.1 Existing conditions
Currently generation of greenhouse gases on the TSF 2 site only occurs during periods of surface water
sampling or geotechnical assessment, the result of emissions from primarily light vehicles and drilling
equipment. No ozone-depleting substances are used on the site.

8.15.2 Potential effects
Greenhouse gases (predominantly carbon dioxide) will be generated during the construction phase as a
result of vehicle and construction machinery emissions and any temporary diesel generators used prior to
connection to mains power.
The TSF 2 should not generate significant direct greenhouse gas emissions during operations other than
light vehicle transport or activities such as dam safety inspections and water sampling.
The development of the TSF 2 and associated infrastructure will result in the clearance of native vegetation
and wetlands from the inundation area and dam wall site. Timber will be removed and stockpiled for use
in accordance with the requirements of Sustainable Timber Tasmania.

8.15.3 Avoidance and mitigation measures
All vehicles will be well maintained in order to minimise the generation of greenhouse gases.
Where possible, on-site materials will be used for the dam construction to minimise the need for extraction
and transport of distal materials to the dam site.
No ozone-depleting substances will be used or generated during construction and operation of the project.
Commitment

When

All vehicles will be appropriately maintained in order to minimise the
generation of greenhouse gases
Where possible on-site materials will be used for the construction of the TSF 2
dam walls to minimise the need for extraction and transport of distal material
to the dam site
No ozone-depleting substances will be used or generated during construction
and operation of the mine

During construction
and ongoing
During construction
and ongoing
During construction
and ongoing

8.15.4 Assessment of residual effects
There will be a permanent loss of vegetation as a result of the construction of the TSF 2. The loss of
approximately 49.6 ha of native vegetation and approximately 4.3 ha of constructed wetland will not
present a significant residual effect in regard to the production of loss of take up of greenhouse gases.
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8.16 Heritage
The proposed Hellyer retreatment process does not cover any previously undisturbed sites and no
previously undiscovered evidence of European or Aboriginal cultural heritage is expected to arise during
its operations.

8.16.1 Aboriginal heritage
Miedecke (1987) reported that a study of the Hellyer Mine site area was carried out in April and May 1987.
This included a literature search. The field study was carried out in May 1987 and involved a systematic
survey of the then proposed tailings dam site, the concentrator site and the haulage road between the
portal and the mill. The survey was carried out over two days with no Aboriginal sites detected.
McCullough Robertson (2017) undertook a due diligence on the potential Hellyer acquisition for NQM in
March 2017. They requested a desktop assessment of the area of CML 103M/87 to confirm whether any
Aboriginal relics have been recorded. Aboriginal Heritage Tasmania (AHT) advised that there are no
Aboriginal relics recorded within the project area. Further, AHT, referring to Meidecke’s report, advised
that an archaeological survey was undertaken at the Hellyer Mine site in 1987, and no relics were identified
at that time. As a result, AHT is of the opinion that the area has a low probability of Aboriginal relics being
present.
AHT has advised that it has no objection to the project proceeding.
AHT has also advised that, if at any time during works the presence of Aboriginal relics is suspected, works
must cease immediately and AHT must be contacted for advice.
8.16.1.1 Performance requirements
The project must comply with:
•
•

Tasmanian Aboriginal Relics Act 1975
Commonwealth Aboriginal and Torres Strait Islander Heritage Protection Act 1984.

8.16.1.2 Potential effects
While very unlikely due to the previously disturbed nature of the site, the project has the potential to
inadvertently destroy or damage Aboriginal cultural heritage that may exist on the site.
8.16.1.3 Mitigation and management measures
HGM will comply with the requirements of the Aboriginal Relics Act 1975. If any major disturbance of
previously undisturbed land around the project footprint is planned, HGM will commission appropriate
surveys and apply for appropriate permission prior to disturbance. In the first instance, an assessment will
be carried out to determine whether disturbance can be avoided.
Should Aboriginal relics be discovered during construction or operations, they will be left undisturbed and
reported to the Director, Parks and Wildlife Service (PWS) in accordance with the Aboriginal Relics Act
1975, and to the Tasmanian Aboriginal Land and Sea Council.
Under no circumstances will Aboriginal or European artefacts be removed, destroyed or interfered with
by HGM’s employees, contractors or subcontractors.
HGM will incorporate the requirements of an Unanticipated Discover Plan during operations.
Commitment

When

HGM will incorporate the requirements of an Unanticipated Discover Plan During construction and
during operations if any Aboriginal or European artefacts are encountered operations
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8.16.2 Assessment of residual effects
No residual effects on Aboriginal cultural heritage are expected from the construction or operation of the
proposed TSF 2.

8.16.3 Historic heritage
The Hellyer Mine is relatively modern in terms of West Coast mines; it had a short life of less than 20 years
and had no town site or main highway associated with it. These factors tend to limit the heritage values of
the site and as a consequence most old workings were removed during the original rehabilitation process.
In terms of mining heritage, the discovery and development of the original project marked the use of
techniques that are now commonplace and did not warrant registration on the Tasmanian Heritage
Register at the time of the 2000 closure.
Kostoglou (1999) conducted an archaeological survey of the Hellyer Mine in 1999 for Mineral Resources
Tasmania. He noted that the concrete adit portal itself is the only feature at this site that was deemed to
be of any nominal heritage-related significance.
8.16.3.1 Existing conditions
No heritage properties, sites and/or values – as listed on the National Heritage List, Register of the National
Estate, Tasmanian Heritage Register or the Tasmanian Historic Places Inventory – exist in the area of the
proposed site.
8.16.3.2 Performance requirements
The project must comply with the Historic Cultural Heritage Act 1995.
8.16.3.3 Potential effects
Operation of the proposed facility and associated infrastructure will not have any impact on any listed
heritage properties and/or values as no places or sites exist in the site that are listed on the National
Heritage List, Register of the National Estate, Tasmanian Heritage Register or the Tasmanian Historic Places
Inventory.
8.16.3.4 Mitigation and management measures
No additional mitigation is considered necessary.

8.16.4 Assessment of residual effects
No residual effects on historic heritage are expected from the construction or operation of the proposed
TSF 2.

8.17 Land use and development
8.17.1 Existing conditions
HGM owns CML 103M/87 (Figure 11 and Figure 4) in which the Hellyer Mine operates and in which the
proposed TSF 2 will be situated. The proposed TSF 2 sits within the boundary of an area of Permanent
Timber Production Zone Land, hence the land managers are Sustainable Timber Tasmania (formerly
Forestry Tasmania).
The land has previously been subject to mining activities and has a very low potential for viable agricultural
production. The proposal will therefore have no detrimental effects on potential land use and
development in the area.

8.17.2 Performance requirements
The project must comply with the requirements of the Waratah–Wynyard Interim Planning Scheme, 2013
and the terms of mining lease CML 103/87.
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8.17.3 Potential effects
The project is not expected to conflict with other land use and development in the area. The region has
historically had a strong focus on mining and forestry and no other significant activities are known to be
proposed in the area.

8.17.4 Avoidance and mitigation measures
No specific mitigation measures are necessary.

8.17.5 Assessment of residual effects
No significant changes will result from the proposed project activities. On closure of the site, land use will
become available for potential future forestry activities.

8.18 Visual amenity and landscape
8.18.1 Existing environment
The Hellyer Mine is not a conspicuous visual intrusion in the landscape. The proposed TSF 2 will not be an
obvious element in the landscape. The Que River and Hellyer operations have been operating or disturbed
since 1980. Figure 28 shows the Hellyer lease in relation to Mt Beecroft, which at an elevation of 835
metres is one of the highest peaks in the district. Figure 29 provides a photo montage taken from the peak
of Mt Beecroft in the mid-1990s.
Mt Beecroft was used as the location for annual photos to assess the visibility of the Aberfoyle operation.
It is accessed by bushwalking from the Cradle Mountain ‘view’ carpark along the Belvoir Road,
approximately 10 km west of the Cradle Mountain turn-off. The TSF 2 site is not visible from the north,
south, east or the west, where topography and stands of vegetation block any views of the mine and
facilities from both the Cradle Mountain Link Road and the Murchison Highway.

8.18.2 Mitigation and management measures
HGM will ensure that a buffer of vegetation is maintained along the ridgelines to the east of the old haul
road between the mills and the southern end of the lease.
No additional mitigation or management is necessary.

8.18.3 Assessment of residual effects
No residual effects on visual amenity or landscape values are expected from the construction or operation
of the proposed TSF 2.

8.19 Socioeconomic issues
The proposed project is located in a region where mining has been a dominant economic activity. The
project is expected to be consistent with the social fabric of the region. Without the TSF 2, the project
could operate until 2020 but is unlikely to do so on economic grounds.
The proposed project lies within a strategic prospectivity zone established under the Mining (Strategic
Prospectivity Zones) Act 1993.
The Act zones high prospectivity areas and prohibits changes to tenure of land within those zones without
the approval of both Houses of Parliament if those changes will lead to mining being excluded. The
establishment and protection of these zones by Parliament clearly recognise mining as being a priority
land use.
Assuming approval for the proposal, the HGM tailings reprocessing operation at Hellyer will be able to
operate from 2018 until 2028. Annual salaries for the life of the operation will contribute approximately
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$5 million to the local economy. In addition, there will be indirect benefits through the purchase of goods
and services and through contract services.
The mine will provide a social and economic stimulus for the township of Waratah. Based on discussions
with the local community, Waratah is likely to be the preferred residential location of the mine workers.
Establishment of the site, processing plant and associated facilities is likely to be undertaken, in part, by
local construction contractors, providing further social and economic benefits for the local community.
The project workforce will be accommodated largely on the north-west coast and at Waratah and sourced,
where possible, from the surrounding local communities.
Contractor roles will consist of:
•
•
•
•

maintenance personnel
mobile plant personnel
machine operators
contractor administration personnel.

HGM personnel requirements will include:
•
•
•
•

process operators
engineering and technical personnel
environmental personnel
management and administration personnel.

HGM will undertake the tailings reclamation activities and will provide all the equipment and personnel
for tailings recovery. Local contractors will initially transport the concentrate to the Port of Burnie. It is
envisaged that most personnel will be directly employed by HGM.
It is anticipated that this project will provide jobs for the next 10 years.
The construction of the TSF 2 and associated infrastructure will cost approximately $28 million to
$30 million based on preliminary desktop estimates. It is expected that construction will be undertaken by
local contractors were possible, thereby benefiting the local community, with an estimated 15–30
construction employees required over a 7–9 month period. However, specialist skills may be required and,
if not available locally or within Tasmania, will be sourced outside of the state.
It is estimated that the annual gross input in terms of employment from the total Hellyer project would be
in the order of $5 million per annum for 10 years with approximately $20 million to be spent in
refurbishment in 2018.
North-western Tasmania has a diverse range of wealth-generating industries, including agricultural
production and processing, forestry and forest processing, mining, specialised manufacturing and natureand culture-based tourism. Despite this, there are limited signals for significant growth in economic activity
and employment. The recent closure of several important manufacturing facilities has further reduced the
resilience of this area’s economy.
The region’s workforce generally has a relatively low formal skills profile but extensive on-the-job
experience, while trade and engineering skills exceed national and state averages. There is a strong
transport logistics function in the region with Burnie Port handling a large portion of import and export
cargoes for Tasmania. Given the regional employment and skills characteristics, the latent economic
productive capacity and the history of mining in the area, the proposal is likely to improve a number of the
socioeconomic conditions of the region.
The proposal should have no effect on land value in the area, or recreational use in the surrounding region.
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8.20 Health impact assessment
For the purposes of this assessment, two populations can be identified:
•
•

employees and contractors working on site at Hellyer.
the general public not directly engaged in activities related to the operation.

The issue of adverse health effects on workers is an occupational health and safety matter and, as such,
will be addressed in the HGM Safety Management System.

8.20.1 Public health
The general public will not be impacted by emissions from the site. The distance from the site to nearby
residences and even transport routes precludes the concentrations of any emissions – whether noise, dust,
gases or liquids – from adversely impacting on passers-by. HGM maintains that there are no public health
issues associated with the proposed project.

8.20.2 Occupational health and safety
Safety management systems consistent with the requirements of Workplace Standards Tasmania, and any
requirements attached to the approval of the project, will be applied during the construction and
operation of the TSF 2.
HGM operates to a Safety Management System, which will be modified to incorporate the construction of
TSF 2.
Appropriate security arrangements to prevent unauthorised access to the site will be established.

8.21 Infrastructure and off-site ancillary facilities
The construction and operation of TSF 2 will not change the use of existing site infrastructure and of site
ancillary facilities other than to increase the duration of the operation. The operation of the TSF 2 will
require an extension to the existing tailings delivery pipeline from TSF 1 to TSF 2. An additional pontoon
and pump to return some supernatant water from TSF 2 to TSFN1 will also be required. The additional
tailings delivery pipeline is shown in Figure 78. The TSF 2 layout plan in Figure 6 shows the supernatant
return. The construction will involve the removal of the current water clarifier which sits within the TSF 2
footprint.

8.22 Traffic impacts
Only a minimal increase in traffic is expected as a result of this proposal. This should be confined to the
delivery of additional goods and services during and for construction, such as additional engineers to
supervise the construction as well as some plant and machinery mobilised and then demobilised during
daylight hours.

8.22.1 Description of relevant traffic routes
The main transport route for goods and people into the mine is via the Burnie Link Road, the Murchison
Highway and the Cradle Mountain Link Road. This is also used for return journeys.
The Bass Highway, the Burnie Link Road and the Murchison Highway may experience some minor increase
in traffic for the duration of TS 2 construction; however, given that average annual material movements
on site are not expected to increase as a result of the TSF 2 construction, traffic impacts or significant
additional vehicular movements are not expected.

8.22.2 Road classifications
According to the Department of State Growth (DSG) Tasmania’s Road Hierarchy, the Bass Highway is
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classified as a ‘Category 1 Road: Trunk Road’, and is a National Highway. Category 1 roads are defined as
major highways that are crucial to the functioning of Tasmanian industry, commerce and society. The
traffic profile for trunk roads describes roads having substantial lengths that carry more than 700 trucks
per day and carry at least 2,500 vehicles per day with some sections carrying more than 5,000 per day.
The Bass Highway is a multi-lane (two) divided urban highway with an average pavement width of 3.5 m
per lane.
The Burnie Link Road to the Waratah turnoff is classified as a ‘Category 2 Road: Regional Freight Road’,
which together with regional access roads, provide safe and efficient access to Tasmania’s regions. They
generally facilitate:
•
•
•
•

inter-regional and sub-regional heavy freight movement
sub-regional passenger vehicle movement
commercial interaction
tourist movement.

They are also DSG’s preferred heavy freight vehicle routes where alternative routes also exist.
The Murchison Highway is a designated ‘Category 3 Road’. Regional access roads are of strategic
importance to regional and local economies. While heavy freight vehicles use them, the level of use is
below that of regional freight roads. Together with regional freight roads, regional access roads provide
safe and efficient access to Tasmania’s regions. They generally facilitate:
•
•
•
•
•

connecting smaller regional resource bases with trunk and regional freight roads
local commercial interaction
sub-regional freight movement and inter-regional freight movement by connecting with trunk
and regional freight roads
sub-regional passenger vehicle movement and connection to trunk and regional freight roads
sub-regional tourist movement and connection to trunk and regional freight roads.

The regional access roads generally carry up to 300 trucks per day and carry between $30 million and
$70 million of goods per year. While the total traffic volume may vary, most have sections carrying a daily
average of between 1,500 and 5,000 vehicles.
The Belvoir Road from the Murchison Highway is a ‘Category 4 Road’. Category 4 roads provide safe and
equitable passenger vehicle and tourist movement within the regions of Tasmania. Where the main road
servicing the town is a State Road, they connect towns of 1,000 or more people to Trunk or Regional Roads,
They generally facilitate:
•
•
•
•
•

local commercial interaction
local freight movement and connection to smaller regional resource bases with trunk and
regional freight roads
local passenger vehicle movement and connection to trunk, regional freight and regional access
roads
connections to major tourist destinations
local tourist movement and connection to trunk and regional freight roads.

Feeder Roads generally carry a daily average of below 1,000 vehicles.
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8.22.3 Existing road conditions and traffic issues
The DSG administers traffic counting stations on State roads across Tasmania. These counters record the
average annual daily traffic (AADT) as a two-way count.
The traffic volumes for Bass Highway from the past survey count is provided in Table 62. DSG (then DIER)
indicated that the traffic volume at this point on the highway from 1989 to 1999 was virtually constant.
Given the demise of the logging industry, a reduction in traffic since that time is possible.
Table 62

Existing traffic counts on Bass Highway

Transport route

AADT 19981
(VPD)

% Truck2
traffic 1998

No. of trucks

Bass Hwy (Site No. A0249640)

16,731

6.5%

396

1. Source: DIER Traffic Survey Data
2. Defined in accordance with AUSTROADS 1994 Classifications
All calculations are based on the sum of both travel directions.

DSG provided traffic volumes for Burnie Link Road (also called Ridgley Highway) in 2007. The AADT on
Ridgley Highway in 2007 was 1,176 vpd (vehicles per day). Using a cumulative growth factor of 1%, the
AADT in 2017 equates to 1,299.
To the south, traffic volumes for the Murchison Highway give a 2012 AADT of 1,676 between Rosebery
and Anthony Main Road and an AADT of 958 between Anthony Main Road and Cradle Mountain
Development Road. The section of Murchison Highway between Rosebery and Anthony Main Road carried
10% heavy vehicles (approximately 177 heavy vehicles) while the section between Anthony Main Road
and Cradle Mountain Development Road carried 15% heavy vehicles (approximately 144 heavy vehicles).

8.23 Cumulative and interactive effects
The TSF 2 site is located entirely on CML 103M/87 about 80 kilometres south of Burnie in North West
Tasmania.
The Mount Bischoff Tin Mine (currently not operating) is located near Waratah 21 km to the north-west
of the site. The Grange Resources Savage River iron ore mine and the former silica extraction activities at
Corinna are located 41 km to the west-north-west and 49 km to the west-south-west, respectively, from
the TSF 2 site. Rosebery and Renison are 25 km and 32 km the south-west, respectively. The Kara
magnetite and scheelite mine operates approximately 30 km to the north of the TSF 2 site.
No other mine proposals are known in the local region.
The proposal will be located in a region that has a history of forestry, exploration and mining development.
The townships of Waratah and Savage River were originally constructed to support the Mount Bischoff
and Savage River mines.
The following cumulative and or interactive effects are considered below:
•
•
•
•
•
•

air
liquid waste
noise
traffic
flora and fauna
road kill.
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8.23.1 Air emissions
The cumulative aspect of air emissions arises where the emissions from a particular project could combine
with those from other developments, and cumulatively have a significant adverse effect on a particular
receptor.
The primary air pollutant arising from activities as a result of the proposal will be dust (Section 8.1.3).
Some localised dust generation may arise during road maintenance works on site roads and track.
The prevailing winds at the site are north-westerly to south-westerly. The nearest sensitive land uses are
in the tourist hotels along the Cradle Mountain Road (C132) more than 17 kilometres to the east, the
township of Tullah located 20 kilometres to the south, and the township of Waratah is approximately
21 kilometres to the north-west.
Given the buffer distances to sensitive receptors, the undulating topography, the location of other dustgenerating activities in the area, and the prevailing cool temperate climate, it is highly unlikely that any
cumulative increase in dust emissions would result in an environmental nuisance.
HGM will also be putting in place appropriate mitigation measures, described in Section 8.1.4, to minimise
the risk of dust generated from the activity being carried from the site, and hence minimise the risk of
generating cumulative dust effects.
Air emissions from the proposed site will also result from the operation of the processing equipment and
vehicles. These emissions are expected to be insignificant in the context of the wider region, and are not
expected to combine with those from current operations in the area, to cumulatively have a significant
adverse effect on sensitive receptors at Waratah and Savage River.

8.23.2 Liquid waste
The site is located within the Pieman catchment, which comprises an area of approximately 415,877 ha.
Major rivers draining the catchment include the Savage, Donaldson and Whyte rivers in the lower
catchment, Lake Pieman and the Wilson and Huskisson rivers in the middle catchment and Lakes
Mackintosh, Murchison and Anthony in the upper catchment. Hydro-electric schemes have resulted in
major dams on the Pieman River (Lake Pieman and Lake Rosebery), and higher up on the Mackintosh,
Murchison and Anthony rivers.
The catchment has a long history of mining: for iron ore at Savage River since 1966, and for gold, copper,
lead and zinc in the Rosebery area since 1936. Discharge from these activities enter waterways in this
catchment. Over 133 abandoned mines occur in the catchment and records indicate the majority of these
have a history of acid drainage pollution problems and are expected to have had an impact on water quality
in the area (Gurung, 2001).
There is one main drainage line associated with the proposal: the Que River. The tributaries of the Que
River dissect the Que River plateau, and flow in a generally south-westerly direction. Some areas of the
Que River catchment have been substantially disturbed by mining activities for decades. In the west and
north of the catchment are the Murchison Highway and the Cradle Mountain Link Road. To the north of
the Cradle Mountain Link Road are eucalypt plantations on freehold land. Major TasNetworks high-voltage
transmission line corridors trisect the area. In the east, the native forests have been logged. The southern
portion contains the Que River Mine.
The Que River drains into the Hatfield River which drains into the Huskisson River, which in turn drains into
the Lake Pieman, which discharges into the Pieman estuary.
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HGM will be implementing a number of best practice measures to manage AMD, remediate legacy
pollution and to store and manage oil, hydrocarbons and sewage on site, and will ensure that any potential
aqueous emissions during the construction and operation phases of the proposal are properly controlled,
monitored and managed (Section 8.3.5).
Given the implementation of best practice management measures and the nature of the receiving
environment (including the long history of mining in the regional catchment), there is minimal risk of
aqueous emissions from the project contributing to cumulative adverse effect on the lower portions of the
Que River, Lake Pieman River or the Pieman estuary.

8.23.3 Traffic
All supplies are delivered to the site by road and all product is transported from the site via road. This is
approved under PCE 7386. As the proposal does not involve an increase in employee numbers, no
significant increase in light vehicle traffic on roads is expected due to the proposal. Supervising consulting
engineers will be driving in and out of the site on a weekly basis, possibly an extra four light vehicle
movements per week on the mine lease entrance road and the Murchison Highway road during daylight
hours (because construction will be confined to summer months). Few additional heavy vehicle
movements are expected as a result of the proposed development. With minimal additional traffic, the
project is not expected to significantly increase the number or severity of crashes on the surrounding road
network and is expected to have negligible impact on the operational performance of the Murchison
Highway and the Cradle Mountain Link Road, and on the efficiency of their road junctions.

8.23.4 Flora and fauna
The following discussion of the cumulative and inactive effects on flora and fauna is framed within the
context of the wider regional area, encompassing the Reynolds Falls Nature Reserve (9.5 km south-west
of the TSF 2), the Hatfield River Forest Reserve 8.9 km west of the TSF 2, the Granite Tor Conservation Area
south of Lake Mackintosh (8.8 km south of the TSF 2), the Cradle Mountain – Lake St Clair National Park
(20 km east of the TSF 2) and the Vale of Belvoir Conservation Area approximately 16.7 km away. Together
these reserves represent large tracts of unbroken habitat within an area of more than 429,000 ha.
The proposed development and construction of a new TSF does not conflict with the objectives of the
Regional Reserve system. Mineral prospectivity is a primary value of regional reserves.
8.23.4.1 Cumulative vegetation clearance
No planned vegetation clearance from other activities proposed within the wider regional area is known.
No vegetation communities of national (Environment Protection and Biodiversity Conservation Act 1999)
or state (Nature Conservation Act 2002) significance will be disturbed by the proposed project.
The site has a history of disturbance, and of the total 61.9 ha footprint area of the TSF 2, approximately
49.6 ha comprises native vegetation in good condition. This represents less than 0.007% of the combined
reserves listed above.
The loss of vegetation from the proposed developments and activities, at 0.007 % of reserves in the
surrounding area, is therefore not considered to be significant.
8.23.4.2 Cumulative and interactive effects: Wedge-tailed eagle
No other planned disturbance activities that could affect the wedge-tailed eagle are known to be proposed
within the wider regional area. No nest site records of this species have been recorded within 5 km of the
TSF 2 location. The nest habitat model for the wedge-tailed eagle suggests the locality is of low suitability.
The TSF 2 area is likely to be part of a larger foraging territory, but has a low likelihood of being used for
breeding. Wedge-tailed eagles prey and scavenge on a wide variety of fauna including fish, reptiles, birds
and mammals.
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8.23.4.3 Cumulative and interactive effects: Tasmanian devil
No other planned disturbance activities that could affect the Tasmanian devil are known to be proposed
within the wider regional area. The total area to be cleared and inundated is approximately 46.5 ha. Within
the TSF 2 total disturbance area, which includes the buffer around the inundation area for construction
and the spillway, the artificial wetlands cover 4.3 ha, and a further 7.8 ha is covered by other existing
disturbance, such as tracks, cleared areas, costeans, drainage lines and parts of the transmission easement,
leaving approximately 49.6 ha of existing native vegetation that could potentially be disturbed by the
proposal.
No dens or potential dens of these species were detected during the 2006 and 2017 surveys.
Like all devil populations, the local devils will be vulnerable to population loss due to devil facial tumour
disease (DFTD). It is highly unlikely that the project will introduce any changes to the environment that
would increase the risk of DFTD becoming established in the area or facilitate the intermixing of devil
populations.
The wider area has long been an area of mineral prospecting and forestry since the late 1800s, with the
most recently forestry activity and mining activity at or adjacent to the site occurring in the 1980s. Because
the area has already been subject to a significant level of human activity for some time, it is unlikely that
the proposed development could act to accelerate the spread of DFTD into the area. Nevertheless, the
issue of DFTD will be addressed during staff and contractor inductions.
8.23.4.4 Cumulative and interactive effects: Spotted-tailed quoll
No other planned disturbance activities that could affect the spotted-tailed quoll are known to be
proposed within the wider regional area.
The site may form part of the home range of one or more individuals or pairs. However, at a local scale,
the proposed disturbance area (61.9 ha) is small relative to the large expanses of habitat in the wider area
(0.007% of reserves in the surrounding area).
The clearance of vegetation associated with the project is unlikely to have any significant effect on
potential habitat for the spotted-tailed quoll due to the large areas of suitable habitat in the near vicinity.
The project will result in no significant increase in the number of trucks and light vehicles on access roads.
HGM will install virtual fencing on its mine access road. The proposal presents no credible increase in
roadkill risk for the quoll and is unlikely to contribute to the cumulative impacts to fauna from existing
traffic in the area.
8.23.4.5 Connectivity
The small size and location of the site relative to the very large areas of surrounding habitat and the long
history of disturbance on site indicates that loss of habitat connectivity is not a credible risk.
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9

HAZARD AND RISK ANALYSIS

Caloundra Environmental and HGM have conducted preliminary assessments to identify key
environmental aspects associated with the proposed development. Environmental issues were assessed
by identifying and reviewing emissions from and risks associated with the existing HGM mining and
processing activity. A risk assessment was then carried out for each of the expected emissions to assess
potential impacts from the operation and to rate the priorities for investigation and management (Table
66). It is envisaged that the risk assessment will be finalised after all operational, environmental and design
studies have been completed by adding an assessment column for risks after they have been mitigated by
design features and management protocols.

9.1 Risk assessment
The overall methodology for the risk assessment has adopted the recommended approach as outlined by
the AS/NZS ISO 31000:2009.

9.1.1 Identifying the hazards
This initial step seeks to identify potential hazards and the potential modes of occurrence. It is conducted
using a structured, systematic process to ensure that all possible hazards are identified. Thus, the hazard
identification process included:
•
•
•

discussions with operational and environmental personnel to evaluate emissions and associated
environmental hazards
desktop review of available information
site inspections.

In all cases, the process considered the potential timescale and extent of influence of the hazard’s effect.

9.1.2 Risk ranking
9.1.2.1

Methodology

The objective of the assessment is to evaluate the risks associated with potential operational aspects on a
semi-quantitative basis to provide a mechanism for prioritising hazards. The risk is scored using a semiquantitative numerical scoring system that combines estimates of the likelihood and the consequences of
a hazard in the context of the existing control measures. The risk analysis provides a ranking system that
can be used to compare and prioritise risks associated with each hazard.
The evaluation of likelihood and consequence involves comparing the significance of the hazard against
predetermined criteria. The following table outlines the general assumptions used to categorise the
likelihood and consequence of the identified hazard.
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Table 63

Consequence of hazard

Numerical ranking
1 Low
2 Low to Moderate
3 Moderate
4 Moderate to High
5 High
Table 64

Description
Negligible or acceptable impact. No further management controls are
required, assuming no change to current conditions.
Impact may be acceptable. Further monitoring is required to establish
potential significance. Implementation of simple management controls
may be required.
Moderate impact. Potentially acceptable if appropriate management
controls are implemented.
Impact has the potential to be unacceptable. Further monitoring may be
required to establish potential significance. Implementation of
appropriate management controls is required.
Unacceptable impact. The potential impact has a high severity and cannot
be managed should it occur.

Likelihood of occurrence

Numerical ranking
1 Rare
2 Low
3 Moderate
4 High
5 Almost certain

Description
Hazard is unlikely to occur within lifetime of project operations. Low
likelihood of occurrence. No further management controls are required to
minimise potential for occurrence.
Minor management control may need to be considered to reduce
likelihood of occurrence.
Hazard has moderate likelihood of occurrence. Appropriate management
control can result in low likelihood of occurrence.
Appropriate management control may not be sufficient to minimise
likelihood and thus engineering or design solutions may need to be
considered.
Hazard will inevitably occur or has already occurred. Management
controls cannot practically minimise likelihood of occurrence to
acceptable levels. Engineering or design solutions are required.

The ranking for likelihood and severity are combined in a matrix to establish an overall risk ranking as
shown in Table 65.

252

Table 65

Risk ranking matrix
Consequence

Low
(1)

Low to
moderate
(2)

Moderate
(3)

Moderate to high
(4)

High
(5)

Rare
(1)

1
Low

2
Low

3
Low

4
Moderate

5
Moderate

Low likelihood
(2)

2
Low

4
Low

6
Moderate

8
Moderate

10
Moderate

Moderate likelihood
(3)

3
Low

6
Moderate

9
Moderate

12
Moderate

15
High

High likelihood
(4)

4
Moderate

8
Moderate

12
Moderate

16
High

20
High

Almost certain
(5)

5
Moderate

10
Moderate

15
High

20
High

25
High

Likelihood

Where:
•
•
•

high degree of risk = Score ≥15
moderate degree of risk = Score ≥5 and ≤15
low degree of risk = Score ≤5.

In terms of risk management:
•

•
•

Low-risk hazards – the potential hazard or impact should be acceptable and no additional
management controls should be required. The hazard needs to be periodically monitored to
assess whether the status of the hazard has altered.
Moderate risk hazards should only need to be mitigated through administrative change such as
ongoing management protocols. Some treatment works may be required.
High risk hazards – when neither the consequence nor the frequency of the hazard or impact
can be appropriately managed, the risk needs to be engineered to reduce or remove the hazard.

9.1.3 Hazard risk evaluation
This section of the study has been presented in spreadsheet form for ease of reference. Table 66
summarises the outcome of the environmental hazard identification and risk evaluation study as outlined
above. It must be understood that the values of likelihood and consequences that have been assigned in
this table are based on subjective interpretation and experience. The risk rankings are intended to provide
a basis for prioritising the hazards as outlined and should not be interpreted as a relative magnitude of
risk. The difference in risk between hazards may be orders of magnitude. In addition, the consequence of
the hazard is based on the most sensitive environmental receptors. Hence, in some cases, the
environmental receptor may be people, while in other cases it may be ecological species, aesthetic issues
or amenity. Hazards and risks associated with the construction of TSF 2 have been assessed by GHDF and
are presented in Appendix I.
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1
1.1

Environmental
aspect

Atmospheric emissions
Gaseous byDiesel exhausts
products of
from
combustion
construction
vehicles

2

Greenhouse gases

2.1

Greenhouse
gas, mainly
carbon dioxide

3.
3.1

Source

Consequence

Proposed
mitigation works

Likelihood after
proposed
mitigation works

Risk
ranking

Item

Rating

Preliminary risk assessment

Rating

Table 66

Summary of action
required

Temporary shortterm emissions of
soot, diesel
particulates,
hydrocarbon
emissions, VOC,
SOx, NOx, CO, CO2

1

Ensure
construction fleet
is well
maintained with
requisite catalytic
converters. Apply
water carts to
reduce dust if dry
and windy

Certain

4

4

Well-planned
short-term
construction
project.
Construction
Supervisor to
report to General
Manager and
Environmental
Manager

Combustion byproducts from
internal
combustion
engines.
Construction
vehicles

Addition to global
warming. Tasmania
is a greenhouse
positive state with
hydro power

1

Ensure
construction fleet
is well
maintained with
requisite catalytic
converters.

Certain but
minimal increase

4

4

Well-planned
short-term
construction
project.
Construction
Supervisor to
report to General
Manager and
Environmental
Manager. NGERS
reporting
requirement

Noise associated
with clearing and
embankment
construction

Disturbance to
people in noise
sensitive areas

1

Ensure
construction fleet
is well
maintained

Nearest sensitive
receptor >20 km
distant

1

1

Desktop
calculations of
noise levels in
DPEMP

Noise
Construction
noise
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4

Consequence

Proposed
mitigation works

Likelihood after
proposed
mitigation works

KLC tests have
demonstrated
that oxidation of
submerged PRT
should not occur
and he material
has a long lag
time
KNAG test
indicate up to 2
years of lag
before oxidation
commences

2

8

Continue KLC tests
and investigate
wetland
construction for
closure

2

8

Low likelihood
because current
long-term
management is a
deep water cover
which should
prevent pyrite
oxidation even if
pyrite
concentrations
exceed the
modelled PRT

3

12

Daily pipeline
inspections by
supervisor. Report
to General
Manager and
Environmental
Manager
Undertake repeat
geochemical and
water
management
testing. Upgrade
modelled emission
and management
if necessary and
report via first
AEMR

All testwork
suggests that
water quality will
be within the

2

6

AMD from
sulfides in PRT

Sulfides
associated with
tailings have the
capacity to
oxidise,
producing AMD

AMD
contamination of
surface or
groundwaters

4

Subaqueous
disposal of PRT

4.2

AMD from PRT
spills or
pipeline
ruptures

Sulfidic material
exposed after
incidents

AMD
contamination of
surface waters

4

4.3

PRT from mills
contributes to
higher acidity
than the labscale PRT
produced and
used in KLCs

Pyrite from
Hellyer tailings
used as
feedstock to
mills

AMD
contamination of
surface or
groundwaters

4

Daily inspections
of tailings
pipeline.
Construction of
sump below mill
with tailings
return pump
Repeat
geochemical
testing on PRT
from operations
to calibrate
modelled
emissions and
management
plans

Supernatant
water quality
within TSF 2

Impact on river
system water
quality and on
downstream

3

5.1

Summary of action
required

Acid and metalliferous drainage

4.1

5

Risk
ranking

Source

Rating

Environmental
aspect

Rating

Item

Surface water
TSF 2
supernatant
overflow

KLCs show no
sulfide oxidation
taking place. Low
concentrations of

Continue KLCs to
evaluate long-term
supernatant
quality. Monitor
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Consequence

species abundance
and diversity

6

Groundwater

6.1

TSF 2 dam
seepage

6.2

TSF 2 dam
seepage

7

Dam safety

Potential east–
west fault line
towards western
tributary of Que
River. Grouting
should prevent
seepage south of
dam
embankment
Potential east–
west fault line
towards western
tributary of Que
River. Grouting
should prevent
seepage south of
dam
embankment

Modelled
concentrations less
than 10th
percentile water
quality data at Que
River at Murchison
Highway site since
2006

2

Modelled
concentrations less
than 10th
percentile of Que
River at Murchison
Highway since
2006

2

Proposed
mitigation works

Likelihood after
proposed
mitigation works

metals in top
collected samples
in KLCs. Some
lime may be
added to
precipitate
metals. During
operations
supernatant will
be returned to
process

existing emission
limit guidelines
applicable to
TSF 1 and better
than background

During
operations
seepage will be
collected and
returned to TSF 2
when quality
does not meet
proposped
emission limits.
On closure
seepage quality
should reflect
KLC bottom
collection quality

Minimal seepage
to Que River
during
operations

2

4

Continue KLCs to
evaluate long-term
seepage quality.
Monitor during
operations

On final closure
the 20 m of lowpermeability PRT
and the lowpermeability liner
should reduce
seepage to
negligible levels

2

4

Continue KLCs to
evaluate long-term
seepage quality.
Monitor during
operations

Risk
ranking

Source

Rating

Environmental
aspect

Rating

Item

Summary of action
required

during operations
and after closure.
Actively adjust pH
if needed
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Consequence

7.1

Tailings dam
failure

Catastrophic loss
of tailings

Pyrite and heavy
metal and sludge
discharges into
receiving waters

5

7.2

Increased risk
of failure from
TSF 1 upstream

TSF 2 ~500 m
downstream

Water from TSF 1
failure entering
TSF 2

4

Permanent loss of
habitat

2

8
8.1

Conservation and heritage
Loss of habitat
for devils and
quolls

Loss of ~49 ha of
native
vegetation

Proposed
mitigation works

Likelihood after
proposed
mitigation works

Dam construction
needs to meet
ANCOLD
earthquake
loadings
Ensure TSF 2
emergency
spillway can cope
with unplanned
TSF 1 water
overflow

Downstream
dam construction
reduces
likelihood of dam
failure
Dam design has
taken account of
upstream dam
failure re seismic
events

2

10

Ongoing dam
maintenance and
monitoring

2

8

Dam maintenance
and monitoring
ongoing

Installation of
virtual fences to
reduce road kill
outside mine
lease

No long-term
impact at
population level

2

4

Habitat is not the
reason devils are
listed as
threatened. Site is
not prime quoll or
devil habitat

Risk
ranking

Source

Rating

Environmental
aspect

Rating

Item

Summary of action
required
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9.1.4 AMD risks
The PRT contains pyrite, which has the capacity to oxidise in the presence of oxygen to form AMD. AMD
by-products, acidity and metals, could have adverse impacts on downstream receiving waters. Detailed
geochemical testwork, described in Section 8.6, has demonstrated that the PRT will have a long lag phase
before oxidation commences and if stored subaqueously will not oxidise due to the low concentration of
dissolved oxygen and the limited transport of oxygen through water by advection and diffusion. This
means that the management measures proposed – transporting PRT in enclosed pipelines and
permanently storing it under a deep water cover – should ensure there is a low risk of adverse
environmental impacts from AMD in perpetuity.

9.1.5 TSF 1 embankment risks from TSF 2 downstream
GHD (2018d) assessed the risks to the existing TSF 1 embankment resulting from changes in tailings and
water levels due to removing tailings from the existing TSF 1 and depositing PRT into TSF 2. There are risks
associated with lowering the water level in the TSF 1 dam and TSF 2 filling causing the tailings/water level
to rise against the TSF 1 downstream shell. This is represented in staged sections in the TSF 2 design report,
Drawing C010 (see Appendix I).
The lowest pond level drawdown in the TSF 1 dam is RL 644 m, which is the same level as the spillway
invert of TSF 2. This means the pond level in the TSF 1 dam would be higher than TSF 2 pond at all times.
Therefore, lining or modifying the TSF 1 dam downstream embankment will not be required to prevent
reverse hydraulic loading on the TSF 1 dam embankment. The permeability of the TSF 1 dam embankment
is expected to be lowered by ‘sealing’ the downstream side of the embankment from the deposition of
low-permeability PRT in TSF 2 as the tailings level increases over time.
Other risks on the existing main dam are discussed in the TSF 2 design report (Appendix I).

9.1.6 TSF failure
An inappropriately designed, constructed and managed dam could result in instability or failure of the dam
walls, which could result in flooding, damage to other infrastructure, and the discharge of tailings and
impacted water to the environment.
The proposed TSF 2 is located downstream of the Hellyer Residue Dam, which is currently being classified
as a ‘High C’ Consequence Category Dam in accordance with Australian National Committee of Large Dams
(ANCOLD) Guidelines on the Consequence Categories for Dams (ANCOLD, 2012b).
The Consequence Categories of the TSF2 has been assessed based on the Implication of Consequence
Category and General Risk Management. The ‘High C’ Consequence Category designation for the TSF2
embankment requires that design and construction of the dam needs to be of an industry acceptable
standard to minimise the risk of future dam safety issues. Key requirements are discussed in the following
sections.
For TSF 2 the dam design has been prepared by GHD and includes an assessment of Dam Failure and
Environmental Spill Consequence (Appendix H). GHD dam engineers will prepare the contract
documentation for dam construction and will manage and supervise the dam construction.
In addition, the dam design has been peer reviewed by Professor David Williams, the Golder Professor of
Geomechanics and the Director of the Geotechnical Engineering Centre within the School of Civil
Engineering at The University of Queensland.
The likelihood of a major failure of the tailings storage facility wall is considered to be low because:
•

Construction of the TSF 2 will be compliant with ANCOLD design and management guidelines.
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•
•

The TSF 2 will be inspected regularly and managed consistent with ANCOLD requirements.
The TSF 2 design has been peer reviewed by Professor David Williams, Director, Geotechnical
Engineering Centre, School of Civil Engineering, University of Queensland and will be compliant
with and assessed against DPIPWE design and management requirements.

9.2 Fire risk
The site clearance, construction, commissioning and operations will be conducted in accordance with the
HGM Fire Response Plan. The Fire Response Plan will be reviewed and updated as part of Environmental
Management Plan (EMP) reviews.
Facilities will be designed in accordance with all relevant standards to ensure fire protection systems and
equipment are installed and operational at all times.
The potential fire risks, potential on-site sources and potential on-site avoidance measures are identified
below.

9.2.1 Potential fire risks
•
•
•

fire originating within the operations
fire escaping from the operations
fire originating from outside the operations.

9.2.2 Potential on-site sources
•
•
•
•
•
•
•
•
•

electrical fire
explosion from fuel vapours (storage or equipment)
oil/fuel fire
dry vegetation
equipment exhaust on flammable material and vegetation
discarded cigarettes and dry vegetation
lightning strike
building fire
arson.

The potential fire risk associated with the project is considered to be low for the following reasons:
•
•
•
•

No explosives will be used on site.
The processing facility and site office will be located in cleared areas and wildfire originating
outside the site is expected to have a limited potential for impact on these areas.
All chemicals will be stored in secured and bunded areas away from vegetation.
The availability of water and earthmoving equipment on site will enable a rapid and effective
response in the event of fire.

9.2.3 Performance requirements
The legislative and regulatory framework for the preliminary Fire Response Plan is outlined below:
•
•
•
•
•

Fire Services Act 1979
Mines Work Health and Safety (Supplementary Requirements) Act 2012
Mines Work Health and Safety (Supplementary Requirements) Regulations 2012
relevant Australian Standards
Waratah–Wynyard Interim Planning Scheme 2013 requirements.
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The objective of the Fire Response Plan is to be consistent with existing local fire authority requirements
and public property management expectations. The main objectives of the plan are to protect life and
property, and the natural values of the mine lease areas and surrounds, in the event of fire.

9.2.4 Preliminary fire response plan
9.2.4.1

On-site avoidance

•

Appropriate fencing will be installed for security purposes.

•

Regular housekeeping and site safety audits will be undertaken.

•

Smoking will be restricted to low fire risk areas.

•

Fire weather information will be collected on a daily basis during designated fire alert days from
the Fire Weather Forecaster, Bureau of Meteorology, Hobart; when required, backup forecasts
will be collected from the District Forester for the region, the nearest Forestry Tasmania office, or
the Duty Technical Officer at Launceston Airport.

•

Ground patrols will be used for fire surveillance by the appointed Fire Officer on normal working
days during designated fire alert days, with patrols of normal work areas being included in
routine duties of all personnel and contractors.

•

Cleared vegetation at the site will not be burnt.

•

All employees and contractors will be briefed during induction on fire detection, reporting
requirements, fire prevention and the site Fire Management Plan.

•

Restrictions on work will be considered on days of high to extreme fire danger ratings. In
particular, activities such as hot work will be restricted.

•

All vehicles and machinery will be kept in good working order and where necessary have spark
arresters installed to minimise the potential for fires on site.

•

Site personnel and contractors will be required to carry a UHF radio capable of linking into the
site UHF radio network.

9.2.4.2
•

Mitigation measures for fire originating within the operations
Appropriate fire-fighting equipment will be located or stored on the mining lease during all
phases from construction through to rehabilitation. This is expected to take the form of the
following:
extinguishers in all buildings, all light vehicles and all mining and transport vehicles and
equipment
− emergency fire water tank (non-potable water tank) and emergency powered pump will be
located in the concentrator area
Fire/emergency action plan will be in place in consultation with local authorities, Tasmania
Police, and the State Emergency Service.
−

•

9.2.4.3

Mitigation measures for fire escaping from the operations

•

Contain within reason any fires on site using generally accepted fire-fighting equipment.

•

Have fire-fighting extinguishers on mobile equipment.

•

Maintain existing site access roads, tracks and containment lines to acceptable standard.

•

Maintain clear areas around the site office and stockpiling and processing areas.

•

Fire/emergency action plan will be in place in consultation with local authorities, Tasmania
Police, and the State Emergency Service.

9.2.4.4
•

Mitigation measures for fire originating outside the operations
Maintain fire breaks around the operations where practicable – fire breaks will generally
comprise cleared or low-fuel areas within the operational footprint. It is not anticipated that
additional clearing will be required for fire breaks.
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•

Maintain site access roads, tracks and containment lines to acceptable standard for fire-fighting
authorities to use.

•

Fire/emergency action plan will be in place in consultation with local authorities, Tasmania
Police, and the State Emergency Service.

10 ENVIRONMENTAL AND MANAGEMENT SYSTEMS
Construction and operation of the TSF 2 will be undertaken in accordance with HGM’s Health, Safety,
Environment and Community (HSEC) system. This system has been developed in accordance with
appropriate provisions from the AS/NZS ISO 14000 family of standards.
The Site Manager will be the Management representative for environmental policy and implementation,
and will be responsible for ensuring that the operation is managed in accordance with best practice
environmental management (BPEM).
HGM believes that responsible health and safety management, environmental stewardship and social
responsibility are integral to an efficient, sustainable and successful company. Under the HGM
management system, line operators are directly responsible for compliance. This effectively means that
each employee is held accountable for compliance with environmental and safety requirements, company
standards, policies, guidelines and legal requirements. This begins with shift operators and shift
supervisors through to the Site Manager. HGM will employ technical staff to provide assistance, oversight,
monitoring and review of operations.

11 REHABILITATION AND CLOSURE
An updated rehabilitation and closure plan was provided to the EPA in 2017 as part of an updated EMP for
the Hellyer site. The plan rehabilitation and closure plan in this DPEMP has been developed to allow for
the construction and operation of the TSF 2. It assesses the closure risks and costs associated with TSF 2.
Once TSF 2 has been commissioned, this plan will be incorporated into the whole of site rehabilitation and
closure plan.

11.1 Closure planning objectives
This rehabilitation and closure plan has been developed in accordance with key objectives of the Strategic
Framework for Mine Closure (Australian and New Zealand Minerals and Energy Council Minerals Council
of Australia, 2000):
•
•
•
•

to protect the environment, public health and safety by using safe and responsible closure
practices
to reduce or eliminate adverse environmental impacts as part of mine closure
to establish conditions which are consistent with the Hellyer lease area becoming a healthy
modified ecosystem
to reduce the need for long-term monitoring and maintenance by establishing effective physical
and chemical stability of disturbed areas.

Prior to long-term closure, HGM will need to ensure that the site does not provide a long-term risk to the
surrounding environment by:
•
•
•
•
•
•
•

progressively rehabilitating the site as much as practicable in accordance with operational plans
preventing the introduction of noxious weeds and pests
reshaping disturbed land so that it is stable, adequately drained and suitable for the desired
long-term land use
minimising the long-term visual impacts
minimising the potential for erosion by wind and water
revegetating the area with plant species consistent with the approved post-operational land use
meeting all statutory requirements
261

•
•
•
•

making the area safe
removing all plant, machinery, structures, facilities and equipment from the site unless agreed
otherwise with key stakeholders
providing environmentally sound waste disposal at the site, including any radioactive material
monitoring and managing revegetated areas until the vegetation is self-sustaining.
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Figure 100

Site plan Hellyer
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11.2 Prevention of environmental harm
11.2.1 Financial assurance provision
An environmental financial assurance (FA) of approximately $2,000,000 is held by Mineral Resources
Tasmania (MRT) against the tenement. The last known review of the bond occurred when BSM received
PCE 7759 for the Fossey underground mine in 2010. The current FA covers only the prevention of
environmental harm in the event of unplanned closure and does not cover the complete removal and
rehabilitation of infrastructure, plant and equipment. HGM understands that these areas will be
incorporated into an updated Rehabilitation and Closure Plan and updated FA, likely before the TSF 2 is
commissioned.
The key environmental aspects of concern are described in the EMP submitted to the EPA on
4 September 2017 for the HGM operation, related to surface water emissions, and are mainly caused by
AMD from exposed or oxidising sulfidic tailings (Sections 6.4, 8.3.1 and 8.6).
Table 67 provides an updated summary of the assessed cost to prevent environmental harm if the
operation was to close unexpectedly. The cost estimates in Table 67 assume that the current
environmental aspects remain in situ, i.e. existing exposed or oxidising tailings remain in place. These are
discussed in more detail below. Once the TSF 2 is operational, some of these exposed tailings will be
transferred into the new storage facility. PRT deposited into TSF 2 will be stored subaqueously in an
ANCOLD-compliant dam and should not contribute to potential for environmental harm.
Table 67

Current financial assurance summary

Item

Works

Shale quarry
Eastern arm

Bentonite seal tailings and wall fissure, limestone cover tailings
Remove exposed tailings from Mill Creek and upper eastern arm,
passivate and store in western arm under water, apply limestone, sand
cover over tailings in eastern arm
Bentonite seal tailings dam wall, limestone, sand cover over tailings
Cover tailings with 25 mm limestone, sand mixture
Cover tailings with 25 mm limestone, sand mixture

Western arm
TSF 1
Finger pond
FA requirement

Cost
estimate
$495,587
$119,888
$566,607
$1,019,251
$111,261
$2,391,694

11.2.2 Early closure assessment
11.2.2.1 Eastern arm (TSF 1)
The eastern arm of the TSF 1 contains long-term exposed tailings, as does Mill Creek. This is described in
Section 8.6.2.2. HGM plans to remediate Mill Creek and move all eastern arm tailings and the
embankment wall to TSF 2 once this facility is operational. This is noted in Table 3 with the proposed
HGM timeframe for progressive remediation in Table 68.
If the project were to stop before this occurred, all exposed tailings in the eastern arm and in Mill Creek
will need to be permanently inundated, or removed, passivated and stored under water. There is
sufficient space in the western arm impoundment near the south dam wall to store the exposed tailings
from Mill Creek under water. This storage will need to be geochemically stable to prevent AMD
formation. For the purposes of this FA assessment, a lime dosing rate of 5 kg/t has been assumed. A
report by Schumann et al. (2009) showed that blending 3% calcite with 5% pyrite reduces oxidation rates
by 10 to 40 times and is capable of passivating sulfides for at least 100 years. Recent geochemical
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testwork has shown that the eastern arm tailings currently stored under water are not oxidising and
therefore can be left in situ in the short term.
11.2.2.2 Western arm (TSF 1)
Tailings from the Polymetals operation and the Fossey Mine were deposited into the western end of the
western arm impoundment over original Hellyer tailings. The design of the clay core in the western arm
embankment required tailings to be spigotted off the wall where the low permeability of the tailings
against the wall would ensure that the western arm would hold water. The distal deposition carried out
by the site operators allows water in the western arm to leak through the embankment wall into the
TSF 1.
As a consequence, if the operation stopped before the western arm was emptied of tailings and the
embankment was disassembled, works would be needed to seal the western arm wall. The application
of a bentonite layer against the wall and the application of a limestone cover over the existing tailings
have been allowed for in the FA estimate in Table 67.
11.2.2.3 Shale quarry
The shale quarry was used as a TSF for the majority of the HZCJV and contains ~1.0 million tonnes of
tailings. To achieve this, the capacity of the quarry was increased by constructing a water-retaining dam
around the low eastern side of the pit. After Polymetals Hellyer ceased depositing tailings into the quarry,
it was noted that the water cover was inadequate, with beaches forming over approximately half the
tailings. Visual inspection showed a direct hydraulic connection between the shale quarry and the Heller
void on the north-eastern corner (GHD, 2009). This led to oxidation of sulfides and formation of AMD
within the shale quarry.
To mitigate against this, the shale quarry needs to be remediated to permanently inundate the tailings.
In 2009, GHD proposed sealing the edge of the tailings using bentonite and clay to provide a lowpermeability barrier between the water cover and the wall fissures. This report was used to assess current
remediation costs. Bentonite supply and placement costs were calculated pro rata for volumes while
costs were increased for CPI.
11.2.2.4 TSF 2
TSF 2 will be an ANCOLD-compliant dam with a permanent, deep water cover. PRT will be deposited into
the water column after completion of construction and commissioning. As a consequence, closure of the
operation before the projected 2028 timeframe will not increase the risk of environmental harm from
PRT storage in TSF 2 because all of the PRT will be stored under a deep water cover. The early closure risk
associated with TSF 2 is closure after commissioning and before all PRT has been transferred from the
finger pond (Figure 101) to TSF 2.
Table 2 shows that this risk applies to the period between the commissioning of TSF 2 in April 2020 and
completion of PRT transfer, scheduled for mid-2021. The finger pond is designed to have a 0.5 m water
cover over PRT as a temporary storage (Figure 102). The KLC tests described in Section 8.6.4.1.9 were
undertaken with a 100 mL water cover (865 mL of water in total) over 4 kg of PRT. After 29 weeks the
PRT had not oxidised. A FA estimate has been prepared to cover the surface of the finger pond at
RL 571 m with a 25 mm limestone–sand mixture layer as per the TSF 1 and eastern and western arms.
The estimated cost of $111,261 has been added to Table 67 to cover the potential for early closure
between commissioning of TSF 2 in mid-2020 and transfer of all PRT to TSF 2 in mid-2021.
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Figure 101

Finger pond plan view

Figure 102

Finger pond raise cross-section

11.2.3 Progressive rehabilitation
Table 68 below discusses planned progressive rehabilitation works which will impact on the operation or
eventual closure of TSF 2. Many of these aspects are associated with the removal of exposed PAF material
and remediation of areas which would otherwise feed acidity into TSF 1 ands or TSF 2.
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11.2.4 Rehabilitation timeline
A timeline for rehabilitation work is provided in Table 68. This reflects HGM’s current mine plan and
schedule.
Table 68

Timing of major construction, progressive rehabilitation and remediation works planned

Completion
date
Jul-19
Dec-19
Dec-21
Jan-19
Apr-20
Oct-20
Oct-21
Aug-21
Sep-22
Dec-22
Mar-23
Aug-24
Jan-25
Jun-27
Jun-27
Jun-27

Progressive rehabilitation, remediation and construction works
Clean up Mill Creek
Win wetland species and transfer to western arm
Geochemical trials: Deep (>20 m) water cover over remnant thin
Hellyer tailings
Remove clarifier / water treatment plant
Construct TSF 2 8
ROM: remediation geochemical assessment
ROM: remediation capping as identified in assessment
Demonstrate successful wetland species growth
Remove eastern arm tailings to TSF 2
Disassemble eastern arm embankment
Rehabilitate stockpile areas
2nd stage TSF 2 construction
Remove western arm tailings
Disassemble western arm embankment
Disassemble eastern arm embankment, dredge remnant tailings
Shale quarry sealing

HGM will review the rehabilitation plan, initially 12 months after the commencement of operations and
then again when the TSF 2 is operational, at which time HGM will also review the FA requirements for
the operation. By this time some of the above works to mitigate against environmental harm will have
been completed and consequently some closure risk will have decreased. With the TSF 2 operational,
some closure costs will have increased, such as dam maintenance and monitoring costs. Therefore, the
FA should be adjusted accordingly at this time.

11.2.5 TSF 2 final closure
TSF 2 is designed and will be operated to provide a permanent, deep water cover over the PRT and other
residues to be stored in the dam. TSF 2 will be used to store approximately 5 Mt of PRT and will be a
zoned earth and rockfill dam with a synthetic low-permeability upstream liner and rockfill downstream
shoulders. TSF 2 will be designed, constructed and operated to ANCOLD standards. Closure of TSF 2
would require grouting of the decant tower if installed and removal of the floating return water pump
station. TSF 2 closure discharge would be via an overflow from the final spillway on the eastern abutment.
Maintenance and monitoring for the site will increase marginally with five years of dam safety inspections
for TSF 2 as well as TSF 1.
11.2.5.1.1 Closure water balance

On closure the TSF 1 water level will drop to match the TSF 2 tailings water level of 646.5 m, to ensure
there is a constant pond level for both facilities. A siphon system will be used to reduce the water level
in TSF 1. The lowest pond level drawdown in the TSF 1 is RL 644 m, which is the same level as the spillway
invert of TSF 2. Assuming the water quality of the TSF 1 supernatant meets emission limits, the
supernatant will likely be siphoned into the TSF 1 overflow channel. If water quality in the TSF 1
TSF 2 will be constructed as a summer activity. Works will be planned to conduct vegetation clearance just before
embankment construction. See Table 1.

8
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supernatant does not meet emission limits, it will be siphoned into TSF 2 where additional pH adjustment
will be provided to co-precipitate metals out of solution.
TSF 1 will overflow into TSF 2 on closure. The TSF 2 spillway will be sized to cope with overflow from TSF 1
and TSF 2 on closure.
A water closure balance has been modelled, which successfully demonstrated that both TSF 1 and TSF 2
will maintain sufficient water cover over remnant tailings and PRT, respectively. To allow for climate
change, the water balance took note of the advice published by the CSIRO (2018) and made allowance
for a projected winter rainfall increase over western Tasmania of up to 20% and a projected decrease in
spring rainfall of up to –33% by 2090. A small projected decrease in summer rainfall in western Tasmania
was also modelled. Increased evaporation due to potential warming of between 2.1°C and 3.6°C (which
is a continued-high-emission scenario) was modelled. The size of the catchment feeding the two storage
facilities, at approximately 11 km2, meant that there was a sufficient continuing water cover over each
facility.
A cross-check has also been applied for the driest three consecutive months rainfall in the closure water
balance model.
It was assumed that all catchments (excluding the western diversion drain and D3, see Figure 35) will flow
into TSF 2 at closure. The closure water balance model found that the TSF 2 will have a positive water
balance throughout the year so the minimum 2.0 m water cover will be maintained even in dry summer
months.
Figure 103

Closure water balance TSF 2

In Figure 103, the invert of the TSF 2spillway has been set at zero. This shows that with the predicted
drier hotter summers’ figures into rainfall and evaporation, there will always be supernatant water
spilling over the spillway. Hence, there will always be at least a 2 m water over the stored PRT.
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11.2.5.1.2 AMD characteristics

The AMD characteristics of PRT to be stored in TSF 2 are described in Section 8.6.4.1. In summary, the
PRT are PAF, and are unlikely to be neutralised by lime additions alone. They will require continuous
subaqueous storage to prevent sulfide oxidation of pyrite. This has been supported by the KLC test
results, which after 39 weeks confirmed:
•
•
•
•

•
•
•
•
•
•

No significant Al (<0.05 mg/L), below level of detection.
Arsenic was below 0.015 mg/L for top and bottom solutions of both KLC 1 and KLC 2.
Cu was below 0.01 mg/L for top and bottom solutions of both KLC 1 and KLC 2.
Zn (was <0.7 mg/L) in top solutions and bottom solution from KLC 2. 3.1 mg/L was measured in
the bottom solution from PRT in KLC 1, which will be underneath TSF 2 storage and may not be
relevant to control.
Pb was 0.027 mg/L in KLC 1 and 0.015 mg/L in KLC 2 top solutions.
Mn was in the range of 5−13 mg/L.
Sr was approximately 0.4 mg/L.
Fe concentrations fell from 6–14 mg/L in top solutions in the first 4 weeks to <0.1 mg/L after 12
weeks in all solutions (Section 8.6.4.1.9 and Figure 77.
All other elements were below levels of concern.
Si at around 14 mg/L is enough to provide the full passivation layer on pyrite, reducing any acid
generation rate by 50−90% (Section 8.6.4.1.9).

The quality of current TSF 1 seeps and their impact as they report to TSF 2 is described in Section 8.3.1.1.
Other residue material to be stored in TSF 2 includes Fossey tailings from the eastern arm and from the
Mill Creek clean-up works, and rock from the eastern and western arm embankments. These materials
were described in HGM’s EMP (2017) and Mill Creek Remediation Plan (2018). The rocks in the
embankment wall will be sampled and geochemically tested by static acid–base accounting. PAF
materials will be further tested for stored acidity. Any stored acidity will be neutralised using sufficient
lime to neutralise the NAPP.
11.2.5.2 Tailings dam (TSF 1)
The dam was designed and constructed and is maintained to ANCOLD standards and is stable. However,
since that time of dam construction standards have changed. Dams are now required to have a filter
system to prevent piping failures. It is not feasible to retrofit a filter system, so HGM’s proposal to
construct and operate TSF 2 downstream of the TSF 1 provides a mitigation strategy against failure or
unplanned overtopping of TSF 1.
The current FA reflects the need to keep tailings submerged and prevent remobilisation of sulfidic tailings
into the water column.
As noted in Section 8.6.5.4 Polymetals established kinetic leach columns to confirm this principle. The
tests were abandoned but the columns were left intact in the Hellyer laboratories. HGM engaged Aquatic
Science to sample the supernatant from the columns and to evaluate the results. Although the columns
were untended and only a very shallow water cover remained (less than 200 mm), the column with a
layer of basalt and limestone provided the best results. These are shown in Table 49.
The current approval provides for tailings in TSF 1 to be covered with a layer of limestone and sand, and
above that, a minimum 2 m of water to minimise the generation of AMD.
As the TSF 1 is mined and the tailings are processed, the environmental risk associated with TSF 1 will
reduce. This is discussed in Sections 11.2.3 and 11.2.2.2.
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11.2.6 Rehabilitation maintenance and monitoring plan
The final closure plan allows for five years of monitoring and maintenance. This includes surface water
quality monitoring and dam safety inspections. Surface water sampling is expected to involve four sites:
Que River upstream at H2, TSF 1 and TSF 2 discharge and Que River at Murchison Highway downstream,
all sampled monthly for the first 12 months, then quarterly. Photo monitoring of revegetation and site
inspections for weeds will also be necessary.
Commitment

When

Soils, peat, wetland species and some clays will be harvested from the
TSF 2 inundation area in advance of basement preparation and managed
for reuse on site.
Wetland species won from the TSF 2 area artificial wetland will be
replanted in the distal reaches of the TSF 1 western arm.
Field trials will be undertaken to evaluate the use of a wetland or mushy
cover to provide a geochemically stable closure method for TSF 2.
Field trials will be undertaken to evaluate the optimal closure method for
TSF 1.

During TSF 2 construction
2018–2019
2019–2022
2019–2022

11.3 Closure cost offsets
Some costs will be recoverable by HGM upon the sale of plant and equipment from the processing facility
after permanent cessation. Como Engineers Pty Ltd provided BSM with an independent technical experts’
valuation of the Hellyer assets in December 2008. This valued the plant at:
•
•
•

new replacement cost (excluding civils, construction and commissioning) $48,614,285
current value as a going concern $24,307,143
auction value (to be dismantled and removed from site) $4,793,429.

The current value of plant and equipment from the processing facility is potentially greater than the
calculated closure cost. HGM understands that the above offsets will not be considered by MRT in
calculating the FA at any stage in the operation.
HGM expects to provide security against closure risks in a staged manner for each phase of the operation.
It is suggested that a schedule of FA reviews be timed to coincide with regular environmental
rehabilitation plans (ERPs) as currently required by PCE 7386. In this way a schedule of FA increases can
be developed commensurate with environmental risk and progressive rehabilitation as shown in Table
68.
It is proposed that the current bond remain in place until TSF 2 has been approved and the initial 12month closure review has been finalised. HGM is planning for TSF 2 to be approved by December 2018.
In December 2019, the TSF 2 anniversary will trigger a 12-month review of closure planning. Typically, an
updated ERP would be due to be submitted to the EPA. Further reviews are suggested in line with threeyearly ERP submissions. This will also provide time for closure-related studies to demonstrate costeffective closure techniques.

12 OTHER ASPECTS
Environmental aspects not explicitly covered in this EMP, such as dangerous good management or
emergency services facilities, have been assessed by HGM as low risk with little or no change required
from the original operation, and as such, no change to current management procedures (as dictated by
PCE 7386 and the original EMP).

270

HGM will be required to pay compensation to Sustainable Timber Tasmania for the loss of the timber
resource in the TSF 2 inundation area before the trees are harvested and the dam construction
commences.

13 MONITORING
13.1 Water monitoring
The monitoring program approved for PCE 7386 is believed to be sufficient for the ongoing operation.
However, additional sites are proposed for construction and for operation of TSF 2.

13.2 Current water monitoring sites
The following sites have formed the basis of past water quality audits to understand water management
issues on the lease.
Figure 104

Schematic map of the Hellyer Mine lease
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Figure 105

Schematic map sample points around the Hellyer TSF

Figure 106

Schematic map Mill Creek sample points
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Figure 107

Schematic map water diversion to Southwell River and Mill Creek collection sump

13.2.1 Monitoring plan
The locations of sampling sites recommended for the monitoring of the Hellyer lease are listed in Table
69. The frequency of monitoring is summarised in Table 70. The frequency of measurement of field
parameters (pH, temp, conductivity, and flow) is determined according to the expected impact of
operations on water quality.
Table 69

Site
1
2
3
4
5
6
7
8
9
10
11
12
14
15
16

Water sampling locations

Site name
Que River at Murchison Highway
Hellyer adit seepage
Southwell River above portal
seepage
TSF 1 outlet
Western cut-off drain
Eastern cut-off drain
Finger pond outlet
Western arm
Mill Creek
Jed’s Spring
Shale quarry
Shale quarry wall V-notch
Mill Creek collection sump
Mill Creek drainage below ROM
Hellyer void central vent

Latitude
41°.34.608’
41°.34.883’

Longitude
145°40.953’
145°44.000’

41°.34.900’

145°44.050’

41°34.213’
41°34.198’
41°34.386’
41°34.159’
41°33.953’
41°34.148’
41°34.329’
41°34.403’
41°34.406’
To be determined
To be determined
41°34.27.7’

145°41.922’
145°41.870’
145°42.347’
145.42.576’
145°42.110’
145°43.089’
145°43.491’
145°43.094’
145°43.088’
To be determined
To be determined
145°43.23’

Note: Datum WGS 84.
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Table 70

Summary of surface water monitoring
Field parameters

Laboratory analyses

Short name
pH

Cond.

Temp

Flow

Total
metals 9

Dissolved
metals

Sulfate

Acidity*

TSS

Que River at M
M
M
M
cont.
M
M
M
M*
M
Hwy
Hellyer portal
Q
Q
Q
Q
Q
Q
Q
Q*
Q
Southwell
Q
Q
Q
Q
Q
Q
Q
Q*
Q
TSF
D
D
D
D
M
M
M
M*
M
West drain
W
W
W
—
See monitoring triggers
East drain
W
W
W
—
See monitoring triggers
Finger pond
W
W
W
—
M
M
M
M*
M
Western arm
M
M
M
—
M
M
M
M*
M
Mill Creek
W
W
W
W
M
M
M
M*
M
Jed’s Spring
W
W
W
W
M
M
M
M*
M
Shale quarry
W
W
W
W
M
M
M
M*
M
seepage
Shale quarry VW
W
W
W
M
M
M
M*
M
notch
Mill Creek
D
D
D
D
M
M
M
M*
M
collection sump
Mill Creek
drainage below
W
W
W
W
M
M
M
M*
M
ROM
Note: Monitoring frequency D= daily, W= weekly, T = tri -weekly (Mon., Wed., Fri.), M= monthly, Q= quarterly, cont. = continuous.

Alkalinity*

Lab
pH

Anions an
Cations: Na,
K, Mg, Ca,
chloride,
carbonate
and hydrogen
carbonate

M*

M

M

Q*
Q*
M*

Q
Q
M

Q
Q
M

M*
M*
M*
M*

M
M
M
M

M
M
M
M

M*

M

M

M*

M

M

M*

M

M

M*

M

M

9

Metals suite
The following metals will be included in the analysis of total and dissolved metals: Ag, Al, Zn, Pb, Cu, As, Cd, Co, Cr, Mn, Mo, V, Fe, Sb, Cr, Ti and Ga.
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Table 71

Monitoring triggers

Site
Eastern cut-off

Field pH
Field conductivity (µS/cm)
If pH is <4.5, investigate &
If conductivity is >100 µS/cm, collect
collect samples
samples*
Western cut-off
If pH is <4.5, investigate &
If conductivity is >100 µS/cm, collect
collect samples
samples*
* Note: cut-off drains are expected to exceed 100µS/cm during extreme low flows.
Explanatory notes for Table 71
Conditional analyses
* Request that lab does not perform acidity if lab pH is greater than 8.3.
* Request that lab does not perform alkalinity if lab pH is less than 4.5.
Monitoring triggers for western cut-off drain and eastern cut-off drain
The eastern and western cut-off drains do not need samples collected for laboratory analyses unless field
monitoring (pH, conductivity) indicates that sources of AMD have been captured in the clean water cutoffs.
If pH or conductivity fall outside the normal background range (Table 71) immediate investigation will
commence into the source of the pollutants. All parameters (total and dissolved metals, sulfate, acidity,
TSS, alkalinity, lab pH, Ca, Mg, Na, K) will be sampled.
Hellyer portal and Southwell above portal
The Hellyer portal and Southwell above portal will be sampled on a quarterly basis, but inspected monthly
at a minimum.

13.2.2 Groundwater
The Hellyer void level will be monitored at North, South and Central Vents on a monthly basis. The
analytical parameters will be the same as for surface waters (Jed’s Spring) shown in Table 70. The Fossey
void water levels will be monitored at the Fossey vent rise. Groundwater levels will be monitored
monthly. The analytical parameters will be the same as for surface waters (Jed’s Spring) shown in Table
70.
Following verification of the efficacy of the grouting (with no seepage present at MB 2 and MB3 A and
MB 3B), an expanded groundwater monitoring network is not warranted at this stage due to the capture
of seepage by the proposed TSF 2 drainage line. In this case it is anticipated that surface water monitoring
will be adequate to assess seepage.
Groundwater analytes will be the same as surface water analytes. Available baseline groundwater data
is provided in Table 30.

13.3 TSF 2 Construction
13.3.1 Surface water
During construction of TSF 2 surface water monitoring will be undertaken at H 1, which is immediately
downstream and down-gradient of construction activities (Figure 108).
Rainfall is already measure on site daily. Within two hours of a rain event during construction, H 1 will be
monitored visually with samples taken for field turbidity readings. After major rainfall events defined as
more than 10 mm over two hours, samples will be taken at H 1 for the full suite of analytes noted in Table
72.
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13.3.2 Groundwater
Bores MB 2 and MB 3A (Figure 108) will be retained as downstream monitoring locations for as long as
practicable. However, these bores may not remain as suitable monitoring bores after the TSF 2 basement
has been grouted along identified fault lines (Figure 22). Measuring the groundwater flow regime below
the embankment will assess the success of the grouting works. This measurement will be conducted as
part of the dam construction QA/QC process.
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Figure 108

Construction monitoring TSF 2
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13.4 TSF 2 Operation
13.4.1 Surface water
Once TSF 2 has been commissioned the outflow will be monitored as shown in Table 72. In addition a
new monitoring site H 2 will be developed to provide a sample upstream of the Hellyer site in general
and TSF 2 in particular. H 1 and H 2 will be sampled on a monthly basis.

13.4.2 Groundwater
MB 4 is proposed to be a background well (outside of the influence of the proposed TSF 2) and will be
maintained as a long-term monitoring location. Potential surface reporting locations will be monitored
for water quality including the following (see Figure 109):
•
•
•

GWA 1 – in the tributary to the west of the proposed TSF 2 (adjacent to the saddle)
GWA 2 – in the tributary to the west of the proposed TSF 2 (downstream of the mapped fault)
GWA 3 – at the low point in the toe of the proposed TSF 2.

The proposed initial monitoring suite is shown in Table 72. Figure 109 shows the location of proposed
groundwater seepage and bore monitoring for the long term.
In addition to the above analyses, visual observations of colour, SWL at MB 4 and estimations of flow at
the surface water features will also be recorded at the time of sampling.
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Table 72

TSF 2 monitoring
Field parameters

Short name

H1

Laboratory analyses

pH

Cond.

Temp

Flow/
SWL

M

M

M

cont.

Total
metals

M

Dissolved
metals

Sulfate

Acidity*

TSS

Alkalinity*

Lab
pH

Anions an
Cations: Na,
K, Mg, Ca,
chloride,
carbonate
and
hydrogen
carbonate

M

M

M*

M

M*

M

M

Q*
Q*
M
M
Q

Q
Q
M
M
Q

Q
Q
M
M
Q

M

M

M

Q
Q
Q

Q
Q
Q

Q
Q
Q

H2
M
M
M
Q
Q
Q
Q
Q*
Q
TSF 2 outflow
D
D
D
cont.
Q
Q
Q
Q*
Q
MB 2 13
M
M
M
M
M
M
M
M
M
MB 3A13
M
M
M
M
M
M
M
M
M
MB 4
Q
Q
Q
Q
Q
Q
Q
Q
Q
Seepage toe
D
D
D
N.A.
M
M
M
M
M
drain sump
GWA 1
Q
Q
Q
Q
Q
Q
Q
Q
Q
GWA 2
Q
Q
Q
Q
Q
Q
Q
Q
Q
GWA 3
Q
Q
Q
Q
Q
Q
Q
Q
Q
Note: Monitoring frequency D= daily, W= weekly, T = tri -weekly (Mon., Wed., Fri.), M= monthly, Q= quarterly, cont. = continuous.

Metals suite
The following metals will be included in the analysis of total and dissolved metals: Al, Zn, Pb, Cu, As, Cd, Co, Cr, Mn, Mo, V, Fe, Sb, Cr, Ti and Ga.
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Cease monitoring once grouting stopped seepage flows downstream of TSF 2 embankment.
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Figure 109

Operational monitoring of surface water, groundwater bores and seepage

1
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13.5 Dam safety inspections
Routine dam surveillance will be undertaken in accordance with accepted and regulatory dam safety
practice and ANCOLD guidelines. These will include weekly, monthly and annual inspections by accredited
personnel. Data from the instrumentation installed during the TSF 2 construction, including piezometers,
water level sensors and survey monuments as detailed in Section 8.7.9.7, will inform the surveillance
reports.

13.6 Rehabilitation and closure management
The dam design and construction will include meeting long-term dam safety requirements and the
provision of positive site water balances to demonstrate that an adequate deep water cover will be
provided to all site dams to meet geochemical requirements in perpetuity.

14 COMMITMENTS
A summary of commitments is provided in Table 73.
Table 73

Summary of commitments

No.

Commitment

When

1

Dust will be managed to prevent migration beyond the lease boundary

2

The extent of exposed bare land will be kept to a minimum at any one
time, thereby reducing the risk of aeolian sediment loss
HGM will undertake repeat geochemical and water management
testwork to confirm the validity of the proposed management program
and report this in the inaugural Annual Environmental Management
Report (AEMR) and Environmental Rehabilitation Plan (ERP)
HGM will redirect the eastern clean water drain through the TSF 1 to
maximise retention time in TSF 2
A lime slurry will be dosed directly into both TSF 1 and TSF 2 during
operations to maximise co-precipitation of metals from the supernatant
water columns
HGM will manage supernatant water quality to reduce emission
concentrations as much as practically achievable in line with best
practice environmental management and to meet environmental
emission limit conditions and provide annual mass loads discharged from
the site in the company’s annual environmental management reports
showing trends.
HGM will calculate flow-weighted concentrations of emissions for the
combined TSF discharge from the site as a secondary reassurance that
downstream PEVs are not being compromised
The clean water diversion drains from TSF 1 will be relocated to divert
run-off from the TSF 2 construction area
Surface water monitoring will be undertaken at the H1 site and H2 site to
assess the impact from construction
Sediment will be prevented from entering waterways
HGM will monitor water levels in the voids at the central vent (near the
shale quarry) for the Hellyer void and at the Fossey vent rise for the
Fossey void
HGM will monitor the western Que River tributary for seepage from
TSF 2 reporting to surface waters

During construction /
ongoing
Ongoing

3

4
5
6

7
8
9
10
11
12

Once the milling operation
has been fully
recommissioned and is
producing a stable PRT
At the start of construction
During operations
During operations with
annual reporting

After commissioning of
TSF 2
Before and during
construction of the TSF 2
Before and during
construction of the TSF 2
Construction and ongoing
During operations
During operations
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No.

Commitment

When

13

Dam design features will include grouting along fault lines in basement
conditions and beneath the embankment
Seepage collection drains will be installed to collect seepage below TSF 2
during operations. If seep quality does not meet proposed emission
limits, it will be pumped back into TSF 2.
Once TSF 2 is operational all PRT will be disposed of and stored under
water in TSF 2
Once TSF 2 is operational all tailings from the eastern arm will be
transferred to TSF 2 for permanent storage
The tailings pipeline will be inspected daily. Any failures will trigger
cessation of pumping and repairs will be made before pumping
recommences
PAF rock will not be used in the construction of the TSF 2 dam
embankment
HGM will sample and geochemically analyse rocks from the internal
TSF 1 dam embankments as they are disassembled. If required, stored
acidity will be treated using lime to neutralise the NAPP before it is
stored under water in TSF 2
HGM will undertake repeat geochemical and water management
testwork to confirm the validity of the proposed management program
and report this in the inaugural Annual Environmental Management
Report (AEMR) and Environmental Rehabilitation Plan (ERP)
HGM will evaluate the potential to replace a 2 m water cover over TSF 2
with a wetland to determine whether self-perpetuating SRB can be
developed
HGM will undertake field trials on Hellyer tailings in TSF 1 to mimic the
remnant tailings under a very deep water cover to re-evaluate the need
for and effectiveness of a limestone–sand layer over the Hellyer tailings
PRT will be deposited and stored subaqueously in TSF 2
HGM will survey TSF 2 and reassess its capacity annually to ensure that
all PRT can be stored subaqueously
Any spills of potentially contaminating liquids will be reported to the
construction manager immediately and cleaned up as soon as practicable
Hazardous chemicals to be used at the factory site will be stored in dry,
bunded areas that comply with AS 3780–2008 Storage and handling of
corrosive substances
The management of the hazardous substances will be in accordance with
the National Standard and National Code for the Storage and Handling of
Workplace Dangerous Goods
Where hydrocarbons are required during the construction or operations
of TSF 2, they will be stored as a minor storage that is bunded and
managed according to AS 1940–2004: The storage and handling of
flammable and combustible liquids. The management of the corrosive
substance will comply with AS 3780–2008
Refuelling and lubrication will be undertaken away from any freestanding
water
Any residual contaminated soil evident after a spill and clean-up will be
taken for disposal or treatment at an appropriately licensed facility
The extent of clearance required for the project will be clearly defined;
appropriate measures (including marking tape, signs, site plans, site

During construction

14
15
16
17
18
19

20

21
22
23
24
25
26
27
28

29
30
31

During operations
During operations
During operations
During operations
During construction
During operations

Once the milling operation
has been fully
recommissioned and is
producing a stable PRT
To commence 2020
To commence in early 2019
During operations
During operations
During construction and
operations
During construction and
operations
During construction and
operations
During construction and
operations

Construction and ongoing
Construction and ongoing
During construction and
ongoing
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No.

32
33
34
35
36

37
38
39
40
41

42
43
44
45

46
47

Commitment

inductions, tool box talks and work inspections) will be undertaken to
ensure that no additional clearance occurs
Mulched vegetation will be stockpiled for future rehabilitation works
Appropriate hygiene protocols, including washdown procedures for
weeds, will be maintained on the site during the construction and
operation of the project
Site hygiene measures and the management of declared weeds and
pathogens will form part of employee induction information
A weed management program will be instigated prior to commencement
of site works
Current clean water drainage channels will be diverted to facilitate
construction and operation of the TSF2. The diverted drainage lines will
be situated to prevent hydrological disturbance of the nearby blanket
bog areas to the south-west of the TSF 2
Soils, peat, wetland species and some clays will be harvested from the
TSF 2 inundation area in advance of basement preparation and managed
for reuse on site
Wetland species won from the TSF 2 area artificial wetland will be
replanted in the distal reaches of the TSF 1 western arm
Field trials will be undertaken to evaluate the use of a wetland or mushy
cover to provide a geochemically stable closure method for TSF 2
Field trials will be undertaken to evaluate the optimal closure method for
TSF 1
During vegetation clearing operations, a temporary 50 m buffer will be
established around any occupied dens found in the pre-clearance
surveys. The buffer will encompass all structural elements of the
surrounding forest and will remain until the den has been confirmed to
have been vacated. Only after the den has been confirmed to be vacated
will the vegetation clearing be completed
Advice will be sought from PCAB if eagles are detected on site prior to or
during the construction and operational phases of the project
A devil and quoll management plan as described in Section 8.13.4.1 will
be implemented
Road kill will be removed from internal roads daily to discourage animals
from scavenging
An environmental induction training and awareness program will be
developed that instructs all staff and contractors required to enter the
project site on the importance of protecting threatened species while
undertaking works related to the action. The program will include faceto-face sessions, prominently displayed posters and provision of
glovebox guides, and will address the following matters:
• clear images and simple descriptions (including distinguishing
features) to aid in the identification of species
• protocols to avoid or reduce the incidence of road kill
• protocols for dealing with injured species
All vehicles will be appropriately maintained in order to minimise the
generation of greenhouse gases
Where possible on-site materials will be used for the construction of the
TSF 2 dam walls to minimise the need for extraction and transport of
distal material to the dam site

When

During construction
During construction and
ongoing
During construction and
ongoing
During construction and
ongoing
Construction and ongoing

During TSF 2 construction
2018–2019
2020–2022
2019–2022
Prior to construction

Prior to construction and
ongoing
Prior to construction and
ongoing
Ongoing
Ongoing

During construction and
ongoing
During construction and
ongoing
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No.

Commitment

When

48

No ozone-depleting substances will be used or generated during
construction and operation of the mine
HGM will incorporate the requirements of an Unanticipated Discover
Plan during operations if any Aboriginal or European artefacts are
encountered

During construction and
ongoing
During construction and
operations

49
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15 CONCLUSION
Hellyer Gold Mines Pty Ltd (HGM) is proposing to construct a new tailings storage facility (TSF), to be called
TSF 2, below and to the south of the existing Hellyer TSF 1 at the Hellyer Mine site in North West Tasmania.
The TSF 2 will be used to store PRT formed when the existing tailings are reprocessed through the existing
mills.
HGM plans to reprocess tailings under PCE 7386 and to extend the operational life until 2028. To extend
the life of the operation until 2028, HGM will need to construct and operate TSF 2 to store PRT in
perpetuity. PRT will be deposited into the water body formed by the TSF 2 embankment and stored sub
aqueously. The fully saturated PRT will fill the void between TSF 2 and the TSF 1 dam wall, which currently
has a maximum water level at RL 649.4 m. When TSF 2 is available, all PRT from ongoing processing will be
stored in TSF 2. The PRT generated during the period of TSF 2 dam construction will be temporarily stored
in the finger pond for subsequent pumping to TSF 2 using a sludge pump. This will facilitate the complete
rehabilitation of Mill Creek and the eastern arm areas.
For the first several years of operations, the majority of discharge will continue to be from TSF 1, and water
used to transport PRT to TSF 2 will be recycled back to TSF 1. Some water will be discharged from TSF 2
during winter rains, and at closure, the two dams will create one secure facility with a minimum water
cover of 2 m.
During HGM’s operational life TSF 2 will provide a safe, durable facility for the geochemically and
geotechnically secure storage of PRT.
The environmental benefits of the TSF 2 project include:
•
•
•
•

•

•
•

•

•

Extending the operational life until 2028 provides time for HGM to reduce current site
environmental risks through a program of remediation and rehabilitation.
The recovery of pyrite by the operation is removing an environmentally dangerous material and
converting it into a resource.
Removing the TSF 1 internal embankment walls returns the TSF 1 to an unimpeded water body
with negligible capacity for long-term exposure of tailings.
Providing an ANCOLD-compliant dam with downstream embankment construction below the
existing TSF 1 provides an additional layer of dam safety because TSF 2 is designed to
accommodate any failure in TSF 1.
The geochemical performance of the reduced-pyrite PRT, when deposited and stored
subaqueously, presents a significantly lower environmental risk than the original Hellyer tailings
or the reprocessed Polymetals tailings and significantly reduces the long-term risk of AMD
development and discharge of acidity and metals into the receiving environment from
supernatant overflow.
Recycling TSF 2 supernatant during operations will further increase metal capture and contribute
to improving environmental values in the Que River downstream
Capturing and returning seepage from below the dam embankment during operations will also
further increase metal capture and contribute to improving environmental values in the Que
River downstream.
Using TSF 2 allows the remediation and rehabilitation of exposed tailings in the distal reaches of
TSF 1. This reduces future acidity and metal loads into the receiving environment and further
reduces environmental risk.
Removing Hellyer tailings from TSF 1 provides for any remnant tailings that cannot be mined and
reprocessed to be covered by a 20 m deep water cover.
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•

Extending the operational life until 2028 also provides time for HGM to investigate alternative
geotechnically and geochemically safe closure methods for the two dams on site, in keeping with
improving industry knowledge and best practice.

The Hellyer area has a habitat structure of dense temperate rainforest interspersed with wet sclerophyll
forest, which is common along the Tasmanian west coast. There is an abundance of native vegetation of
the type to be lost due to the conversion of a small area for the proposed development. Therefore,
replacing this native vegetation by formally reserving an area that supports vegetation, habitat and flora
similar to the inundation area would achieve little and would not enhance natural values for Tasmania.
The installation and sponsorship of virtual fencing on nearby major roads to reduce roadkill is considered
a better ecological outcome.
Potential impacts from construction should be manageable through a suite of erosion and sediment
control measures including the diversion of surface flows away from the work area.
The TSF 2 dam has been designed to a conservative settled density of 1.3 t/m3. The final filling density for
completion of the ultimate TSF 2 density is expected to increase to an average of 1.65 t/m3 once PRT has
been deposited to a depth of 10 m. Field surveys of realised density will then inform the final stages for
embankment construction. The dam will be designed to provide a minimum of 2 m of water cover over all
PRT stored in the facility. Operational and closure water balances, which have allowed for climate change
predictions and have assumed the three direst consecutive months on record, have demonstrated that
TSF 2 will function with a minimum of 2 m of water cover over all PRT deposited and stored within the
facility.
In summary:
1. HGM is an approved project that will extract pyrite and metals from the existing tailings. The
project will inherently reduce the risk of these tailings to the environment by removing
approximately 50% of the pyrite and most other metals permanently.
2. This DPEMP is limited to the development of TSF 2, however, as it is an integral part of the larger
project, additional background information about the project is provided throughout the
document.
3. TSF 2 will provide a long-term, high-security environment for the permanent storage of PRT.
There will be excess alkalinity in the deposited tailings and upon closure a permanent water
cover of 2 m to prevent sulfide oxidation. It will also provide increased physical security for the
TSF 1 dam wall.
4. Until TSF 2 is constructed, PRT from the process will be stored in the finger pond impoundment
of TSF 1, but all material will ultimately be moved to TSF 2.
5. There are guidelines for surface water emission limits for TSF 1, and because water will circulate
through TSF 2 to TSF 1, the bulk of site discharge is likely to be from TSF 1. All testwork has
demonstrated that the quality of the TSF 2 water will meet the TSF 1 emission limits.
6. After closure all discharge will be from TSF 2. This DPEMP has been developed based on the longterm application of the TSF 1 emission limits to the TSF 2 discharge.
7. The construction and use of TSF 2 provides an opportunity to provide a secondary impoundment
below the existing TSF 1 dam wall, improve long-term water quality and reduce the long-term
risk of sulfide oxidation on site. TSF 2 appears to be the best option in terms of cost, geotechnical
stability and geochemical stability, both operationally and for permanent closure.
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Purpose of Report

LIMITATIONS OF REPORT

Caloundra Environmental Pty Ltd (‘Caloundra Environmental’) has prepared (collated and contributed to)
this document titled ‘Hellyer Gold Mines Pty Ltd, Development Proposal and Environmental Management
Plan, Construction and Operation of a Tailings Storage Facility’ (the ‘Report’) for the use of Hellyer Gold
Mines Pty Ltd (the ‘Client’).
Limitations of Report
The Report must be read in light of:
•

the readership and purposes for which it was intended;

•

its reliance upon information provided to Caloundra Environmental by the Client and others
which has not been verified by Caloundra Environmental and over which it had no control;

•

the limitations and assumptions referred to throughout the Report;

•

the cost and other constraints imposed on the Report; and

•

other relevant issues which are not within the scope of the Report.

Care Taken by Caloundra Environmental
Subject to any contrary agreement between Caloundra Environmental and the Client:
•

Caloundra Environmental makes no warranty or representation to the Client or third parties
(express or implied) in respect of the Report, particularly with regard to any commercial
investment decision made on the basis of the Report; and

•

use of the Report by the Client or third parties shall be at their own risk.
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Hellyer Mine TSF
Natural Values Assessment

Summary
North Queensland Minerals PLC (NQM) are proposing to bring Hellyer Mine out of Care
and Maintenance. Works will involve the reprocessing of tailings currently stored in the
main tailings storage facility (TSF). This requires the construction of a new smaller TSF
downstream of the existing one. The footprint of the site is mainly vegetated.
Caloundra Environmental (acting on behalf of NQM) has engaged North Barker
Ecosystem Services to undertake a flora and fauna habitat assessment of the natural
values. This report documents the botanical values and terrestrial fauna values of the
area in order to provide written recommendations for minimising environmental
impact. It also provides supporting information towards relevant approval processes.
A study area of approximately 80 ha was investigated. The footprint of the dam wall
and inundation area will ultimately occupy approximately 46.5 ha.
Vegetation
The native vegetation communities within the study area include the following TASVEG
classifications:


Nothofagus-Atherosperma rainforest (RMT)



Nothofagus-Phyllocladus rainforest (RMS)



Eucalyptus nitida forest over rainforest (WNR)



Eucalyptus nitida over Leptospermum (WNL)



Eucalyptus delegatensis forest over rainforest (WDR)



Leptospermum lanigerum scrub (SLL)



Pure Buttongrass moorland (MBP)



Pure Buttongrass moorland with emergent Eucalyptus nitida (MBPEN)

No threatened communities listed under the Tasmanian Nature Conservation Act 2002
(NCA) or the Commonwealth Environment Protection and Biodiversity Conservation
Act 1999 (EPBCA) will be impacted.
Flora
No threatened species listed under the Tasmanian Threatened Species Protection Act
1995 (TSPA) is known from, or thought likely to occur, within the Hellyer Mine TSF study
area.
No species listed under the Commonwealth Environment Protection and Biodiversity
Conservation Act 1999 (EPBCA) is known from, or thought likely to occur, within the
Hellyer Mine TSF study area.
Fauna
The spotted-tailed quoll is listed as vulnerable on the EPBCA and rare on the TSPA and
is present within the vicinity of the mine. Potential quoll habitat extends across most of
the native vegetation within Hellyer Mine lease.
The Tasmanian devil is listed as endangered on both the EPBCA and the TSPA and is
present within the vicinity of the mine. Potential devil habitat extends across most of
the native vegetation within Hellyer Mine lease.
The Tasmanian wedge-tailed eagle is listed as endangered on both the EPBCA and
the TSPA. The Hellyer Mine lease area is likely to be part of a larger foraging territory,
but the TSF footprint has very limited nesting habitat. There is an extremely low
likelihood of nests being present within the vicinity of the site.
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Other threatened fauna recorded from the vicinity or thought to potentially occur
have been considered in this assessment and determined to be extremely unlikely to
be affected.
Weeds
Very few non-native plants are present and these tend to be confined ton areas of
disturbance. None of the introduced species are considered significant environmental
weeds
Plant Pathogens – Phytophthora cinnamomi (PC)
Symptomatic evidence of PC is apparent at one location on the edge of the existing
TSF. It is quite likely that other occurrences occur elsewhere on the mining lease.
Legislative implications:
Hellyer Mine TSF is being assessed by Tasmania’s Environmental Protection Agency
(EPA) under the Environmental Management and Pollution Control Act 1994. This
requires the preparation of a Development Proposal and Environmental Management
Plan (DPEMP). Under a bilateral agreement with the Commonwealth Government
Matters of National Environmental Significance (MNES) are considered in accordance
with the Commonwealth Environment Protection and Biodiversity Conservation Act
1999 (EPBCA).
Commonwealth Environment Protection and Biodiversity Conservation Act 1999
The impact to the Tasmanian devil is not considered significant in the context of the
extent of habitat in the area and the character of the habitat. Any habitat loss to the
Tasmanian devil may trigger a requirement to offset those losses. Measures can be
adopted to create key habitats such as artificial dens and enhanced management
and monitoring of behaviour in the immediate vicinity of the Hellyer Mine TSF.
The Hellyer Mine TSF will not have a significant impact on the ‘vulnerable’ spotted-tailed
quoll under the significant impact criteria as Hellyer Mine TSF does not contain an
‘important population’ as defined under this legislation.
Localised bogs and sites of impeded drainage have been assessed in terms of whether
or not they would qualify as the listed ecological community – Alpine Sphagnum bogs
and associated fens. It has been determined that they are not captured within the
classification, and that no examples of this community occur in the vicinity.
Tasmanian Threatened Species Protection Act 1995
No direct impact to individuals of Tasmanian devil or spotted-tailed quoll is anticipated
assuming works can be conducted outside the period when any maternal dens may
be occupied. These species have large home ranges and will adjust the ranges
accordingly to avoid the site during construction.
No other species listed under this legislation were recorded.
Weed Management Act 1999.
No declared weeds were recorded within the Hellyer Mine TSF area.
Recommendations
1. Undertake pre-clearance surveys for spotted-tail quoll and Tasmanian devil dens.
Coordinate clearing timing to minimise risk of disturbing animals occupying
maternal dens, should they occur on site.
2. Develop a construction environmental management plan that limits the extent and
prescribes a method for vegetation clearance, requires on site marking of these
boundaries, restricts vehicles outside these areas; include measures for managing
run-off and sedimentation.
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3. Reduce the risk of introduction and spread of plant pathogens, and declared and
environmental weeds, during and after works, by implementing vehicle hygiene,
weed and plant pathogen management and prevention plans.
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1.

Introduction

1.1.

Background

North Queensland Minerals PLC (NQM) are proposing to bring Hellyer Mine out of Care
and Maintenance. Works will involve the reprocessing of tailings currently stored in the
main tailings storage facility (TSF). This requires the construction of a new smaller TSF,
occupying 46.5 ha, downstream of the existing one. The plan TSF is to be created in
two stages with the footprint of a ‘starter dam’ occupying approximately 50% of the
ultimate incarnation. The footprint of the new TSF site is currently mainly vegetated.
Caloundra Environmental (acting on behalf of NQM) has engaged North Barker
Ecosystem Services to undertake a flora and fauna habitat assessment of the site. This
report documents the botanical values and terrestrial fauna values of the area in order
to provide written recommendations for minimising environmental impact. It also
provides supporting information towards relevant approval processes.
The report format follows the Guidelines for Natural Values Surveys – Terrestrial
Development Proposals1.

1.2.

Study Area

The study area (also referred to as the site, or the survey area) is located within the
northwest corner of the Tasmanian Central Highlands Bioregion2, close to the
Tasmanian Western Bioregion (Figure 1). It is located in the vicinity of the previous mine
workings of the Hellyer Mine, approximately 4 km south of the Cradle Mountain Link
Road and 4 km from the junction of the Murchison Highway and Cradle Mountain Link
Road (Figure 1). The study area for our assessment covered 239 ha and extends well
outside the footprint of the current design proposal.
The site is located in subalpine forest and occurs over an altitude range of
approximately 650 to 680 m. The area is subject to high rainfall, with the nearest stations
reporting between 2200 and 3800 mm per annum.
The geology of the study area is encompassed within the West Coast mineral belt and
is dominated by Cambrian sediments. The soils are mostly well drained, comprising silt,
sand and gravels, although there are localised areas subject to impeded drainage
and with peat development.
The area is essentially a gently sloping valley that extends immediately downstream of
the dam wall of the existing TSF. Much of the proposed TSF footprint is vegetated,
although significant portions are regrowth.
Previously cleared, naturally revegetated areas include a constructed wetland, which
is part of a filtration/ water purification system that is over 100 m wide across the full
length of the valley. There are two constructed perimeter drains approximately 2 m
deep and 5 m across that run through the proposed TSF footprint. Immediately
downstream of the existing dam wall is a transmission line easement.
An ecological survey3 was previously conducted of a proposed TSF at a different
location, immediately east of the current TSF footprint. Part of the previously assessed
option is included in the current study area.
Figure 2 shows the relative location of these two TSF proposals.

1

Natural and Cultural Heritage Division 2015
IBRA 7; Peters & Thackway 1998
3
North Barker Ecosystem Services 2006
2
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Figure 1: Location of Hellyer Mine TSF
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Figure 2: Proposed and previously assessed TSF
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1.3.

Methods

1.3.1. Background Data Review
The following sources were used for biological records from the region:


EPBC Protected Matters Report (PMST_N05N8W, Appendix A)4 – all matters of
national environmental significance that may occur in the area or relate to
the area in some way.



Tasmanian Natural Values Atlas Report (Appendix B)5 - this DPIPWE database
includes biological records.



TASVEG 3.0 Digital Data – vegetation mapping layer.



Previous surveys - ecological survey of earlier TSF proposal that overlaps with
this study area6 - contributes to vegetation mapping and flora and fauna
observation data.



Wedge-tailed eagle nesting habitat model7 - this model land cover, ascribing
habitat quality scores from 0-9 (ascending quality and likelihood of nests).

1.3.2. Field Survey
Field work for the current assessment was undertaken on foot by two ecologists
between the 18th and 20th of July 2017.
A survey route was designed to capture the full range of habitat features and
vegetation types determined from the existing TASVEG 3.0 mapping and aerial
photography.
Full natural values assessments were made for each vegetation community
encountered, involving detailed flora inventory, vegetation community classification,
and fauna habitat assessment (including direct or indirect indicators of presence, i.e.
sightings, scats, tracks, dens, etc.).
Botanical nomenclature follows the current census of Tasmanian plants8.
Natal dens of both spotted-tailed quolls and Tasmanian devils are usually well hidden
and difficult to find without radio tracking animals (especially so in rainforest/wet
sclerophyll forest and scrub environs, such as those found within the study area). In
order to gather a picture of current activity within the area, den habitat assessment via
understorey inspection and scat surveys were undertaken. Suitable den habitats were
inspected where encountered. This included searching old trunks for fresh scats,
evidence of inactivity (cobwebs), tracks and suitability for dens (e.g. dry/wet/sunny
aspect). Due to the dense vegetation in some areas, visibility was difficult, therefore
animal trails and old tracks were focused on. Evidence of tracks, where encountered,
were recorded and photographed. Both spotted-tail quoll and Tasmanian devil are
known to prefer using tracks/roads and this is where their scats are generally recorded.
Two representative carnivore scats were collected from the site for detailed analysis.
Observations of elements that would later be mapped, including threatened species
(Tasmanian Threatened Species Protection Act 1995 [TSPA] and/or the Commonwealth
Environment Protection and Biodiversity Conservation Act 1999 [EPBCA]) and their

4

EPBC Act Protected Matters report, 12th July 2017 (Dept. of the Environment and Energy)
DPIPWE, nvr_1_12-Jul-2017
6
North Barker Ecosystem Services 2006
7
Forest Practices Authority 2014
8
de Salas and Baker 2016
5

4
North Barker Ecosystem Services
CAL008 16/08/2018

Hellyer Mine TSF
Natural Values Assessment

habitats, environmental weeds, plant pathogens (notably Phytophthora cinnamomi PC) were recorded with a handheld GPS.
Two motion response cameras were set to capture wildlife along fauna tracks. This
information can be used to corroborate scat identifications.
Forest identified on the wedge-tailed eagle nesting habitat model9 with score of 6 or
above within 1 km of the study area was assessed for potential suitability. This
information is used to determine the need for conducting aerial nest searches.
1.3.3. Limitations
Due to seasonal variations in detectability and identification, there may be some
species present within the study area that have been overlooked. To compensate for
these limitations to some degree, data from the present survey are supplemented with
data from the Tasmanian Natural Values Atlas10 (NVA) and previous surveys. From this
source, all threatened species known to occur in the local area are considered in terms
of habitat suitability on site.

2.

Results - Biological Values

2.1.

Vegetation

The vegetation on site has a history of disturbance from previous mining activities and
other infrastructure works.
Our field results suggest that although basic elements and vegetation boundaries are
consistent with that represented in TASVEG v3.0 mapping, community classification
requires significant amendments.
TASVEG 3 classifies all forest areas on site as supporting rainforest, mostly RMT, with some
RMS in the southeast. Although rainforest is prominent on site, large areas of forest are
dominated by eucalypts (E. nitida and E. delegatensis), albeit often, though not
always, overtopping a rainforest canopy.
The areas on TASVEG mapped as undifferentiated buttongrass have been classified as
‘pure buttongrass’ (MBP), with a subset having emergent Eucalyptus nitida (MBP-En).
Much of the mapped FUM covering cleared areas has been more appropriately
classified as FPE (permanent easement) beneath the transmission line, and FRG
(regenerating cleared land) within the constructed wetlands.
Full floristics of the vegetation communities are provided in Appendix C. Table 1 lists
their extents within the study area, with the distributions presented in Figure 3 and
representative photos of native vegetation types in Plates 1-6.
None of the communities observed on site correspond to communities listed as
threatened under the Tasmanian Nature Conservation Act 2002 (NCA) or the EPBCA.

9

Forest Practices Authority, 2014
Natural Values Report, 12 July 2017 – Appendix B

10
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Table 1. TASVEG units in the study area (including the original TSF facility)
Code

Description TASVEG classification

Total Area (ha)

FPE

Permanent easement – native understorey

3.2

FRG

Regenerating cleared land

3.5

FUM

Cleared areas, built infrastructure, bare ground
associated with development

MBP

Pure buttongrass moorland

13.4

Pure buttongrass moorland with emergent E. nitida

1.0

OAQ

Water (dam inundation area)

80.6

RMS

Nothofagus - Phyllocladus rainforest

33.9

RMT

Nothofagus - Atherosperma rainforest

53.0

SLL

Leptospermum lanigerum scrub

1.9

WDR

Eucalyptus delegatensis forest over rainforest

23.3

WNL

Eucalyptus nitida forest over Leptospermum

11.6

WNR

Eucalyptus nitida forest over rainforest

3.3

MBP-EN

3

Plate 1: Pure buttongrass moorland (MBP) in foreground, grading into wet Eucalyptus nitida
forest over Leptospermum (WNL) in the background
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Figure 3: TASVEG units within survey area
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Plate 2: Eucalyptus nitida forest over rainforest (WNR)

Plate 3: Nothofagus – Atherosperma forest (RMT)
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Plate 4: Eucalyptus delegatensis forest over rainforest (WDR)

Plate 5: Leptospermum lanigerum scrub (SLL)
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Plate 6: Nothofagus – Phyllocladus rainforest (RMS)

2.2.

Vegetation of Conservation Significance

None of the vegetation communities recorded on site are listed on the Tasmanian
Nature Conservation Act 2003 as threatened communities. Neither does TASVEG3
identify any threatened vegetation communities in the vicinity (refer Appendix B)
The EPBC Protected Matters Report (Appendix A) makes reference to the potential for
the endangered ecological community Alpine sphagnum bogs and associated fens
as being ‘known to occur in the area’. Although localised boggy sites (Figure 5) are
present within the study area these do not qualify as this community.
Alpine sphagnum bogs and associated fens ecological community occurs across four
states and territories occupying alpine and subalpine environments11. In Tasmania
these are most typically above 800m but as the ‘indicative map’ indicates (Figure 4)
the community may occur in Tasmania as low as 600m (this site is located at 650-680m
asl). Habitat includes waterlogged sites subject to impeded drainage allowing the
formation of organic peat soils allowing the development of sphagnum moss. The
community includes not only the bogs generally dominated by sphagnum (typically S.
cristatum) but the associated fens, shallow open pools with emergent vegetation
typically dominated by sedges. The Listing Advice12 includes a suite of typical vascular
plant species associated with these environments that include species of the
Restionaceae, buttongrass (Gymnoschoenus sphaerocephalus) plus shrubs, herbs and
11
12

Department of the Environment 2015
http://www.environment.gov.au/biodiversity/threatened/communities/pubs/29-listing-advice.pdf
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ferns associated with poorly drained sites at higher elevations in Tasmania. Many of
these species do occur in various combinations at the boggy sites within the study area.
Their locations are identified in Figure 3.

Figure 4: Known and potential areas of Alpine sphagnum bogs and associated fens
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Bog 1 This is an area of 0.1 ha of moss dominated (80%) ground adjacent to pure
buttongrass. Sphagnum is only occasional with prominent mosses including Polytrichum
commune a distinctive moss with a world-wide distribution. Full floristics are given as Site
8 (Appendix C). This is more of a grassy moss-field than a bog; drainage is generally not
that impeded. Similar associations are found elsewhere on the Surrey Hills to the north
on the margins of buttongrass and Poa grasslands. For these reasons it is not deemed
to be a good fit for Alpine sphagnum bogs and associated fens.
Bog 2. This is a tiny 20 sqm patch of open water surrounded by dense sphagnum on the
edge of pure buttongrass where the ground is particularly waterlogged. Prominent
species include Juncus bassianus, Sprengelia incarnata, Schoenus sp. and Xyris
muelleri. Too small to be considered Alpine sphagnum bogs and associated fens in its
own right.
Bog 3 is located within and on the edge of the Transmission line easement. Close to the
discharge of the two perimeter drains. Here previously cleared vegetation has
regenerated to a dense patch of scrub dominated by Leptospermum lanigerum.
Interspersed throughout this are open leads with a distinct and dense cover of Gunnera
cordifolia. Although Gunnera is a species included in the typical list of species and the
site is wet and boggy, the absence of peat and sphagnum and the unnatural origins
of the environmental conditions suggest it is not a good fit for Alpine sphagnum bogs
and associated fens.

Plate 7: Bog 1 – Mossy clearing
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Plate 8: Bog 2 – open pool surrounded by sphagnum

Plate 9: Bog 3 Gunnera in shallow pools surrounded by Juncus spp.
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The Listing Advice states that:
“there are some sites in the Alpine Sphagnum Bogs and Associated Fens ecological community
that are dominated by shrubs or Restionaceae spp., where Sphagnum spp. are only a minor
component, and others where Sphagnum has been depleted or lost due to disturbance. In these
cases, the site may still be considered to be part of this ecological community if other key
species are present (see Table 1 in listing advice document) and a peat substratum is
evident.”
Bog 1 generally lacks the peat stratum, Bog 2 is too small and lacks sufficient character
and Bog 3 is a derived community lacking Sphagnum. Consequently, Alpine
Sphagnum Bogs and Associated Fen is not considered to be present at this site.
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2.3.

Species of Conservation Significance

In total, 102 species of native vascular plants were recorded during our field survey
(Appendix D). Twenty-six of these species are endemic to Tasmania. The surveyed
vascular plants did not include any species listed under the schedules of either the TPSA
or EPBCA.
An additional 13 species were recorded in 2006 (also included in Appendix D). These
include three species of summer flowering orchids, all of which could potentially occur
within the newly proposed TSF footprint. However, none of these are listed as
threatened.
There are records13 for only one threatened plants species within 5 km of the Hellyer
Mine TSF: Prasophyllum crebriflorum, crowded leek orchid (TSPA & EPBCA endangered)
– refer to Table 2 for details on this species and an additional 5 flora species considered
as having habitat that may occur within the area according to the EPBC Protected
Matters report (Appendix A).
No State or Commonwealth listed threatened plant species are considered likely to
occur or to have suitable habitat in the footprint of the Hellyer Mine TSF or the balance
of the survey area.
Table 2. Threatened flora species known from within 5 km of the site or with potential
habitat in that range
Species

Likelihood of
occurrence

Barbarea australis is a riparian plant species found near river
margins, creek beds and along flood channels. It has not been
found on steeper sections of rivers, and tends to favour slower
reaches. It occurs in shallow alluvial silt deposited on rock slabs
or rocky ledges, or between large cobbles on sites frequently
disturbed by fluvial processes.

Barbarea australis
native wintercress
Status
EPBCA – EN
TSPA – e

Colobanthus
curtisiae
Curtis’ colobanth/
grassland
cupflower
Status
EPBCA – VU
TSPA – r

13

Preferred Habitat and Observations

None

It is endemic to Tasmania, known from about 10 river systems
extending from northern Tasmania to rivers flowing south from
the Central Highlands. The nearest observation record is 46 km
to the north of the study area.
Habitat within the study area is deemed unsuitable because the
rivers are not large enough or suitably slow flowing. Adult plants
are unlikely to be overlooked at any time of the year.

A small perennial herb of grassland to grassy woodland, often
found on rocky knolls, and can be found in areas subject to a
wide variety of environmental conditions. The species responds
to some disturbance.

None

This species flowers from November to February with most
herbarium specimens collected from November to January.
While flowers are necessary to confirm the identity of the
species, it can be detected throughout the year and is unlikely
to be overlooked where habitat is suitable, because of the bare
ground and open conditions.
The site has only small areas of marginally suitable habitat for
this species, all of which are more disturbed and more
inundation prone than in our experience the species can
tolerate.

Natural Values Report, 12 July 2017 – Appendix B
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The nearest known record for the species is around 19 km away
to the east, on the edge of the Cradle Mountain - Lake St Clair
National Park, with this occurrence being an outlier from the
main population core a further 85 km away on the eastern
Central Plateau.

A highly distinctive tree species that has been well studied and
thus has a well mapped distribution, with a core population
around the eastern Central Plateau.

Eucalyptus gunnii
subsp. divaricata
Miena cider gum
None
Status
EPBCA – EN
TSPA – e
Glycine latrobeana
purple glycine
Status
EPBCA – V
TSPA – vu

Leucochrysum
albicans var.
tricolor
grassland paper
daisy

None

In Tasmania, Glycine latrobeana occurs in dry sclerophyll
forest, native grassland and woodland, usually on flat sites with
loose, sandy soil. It can be identified from leaves all year round.
No suitable habitat occurs within the study area and the nearest
known record is around 18 km north at Rabbit Plain.

None

Status
EPBCA – EN
TSPA – e

In Tasmania, Leucochrysum albicans var. tricolor occurs in the
west and on the Central Plateau and the Midlands, mostly on
basalt
soils. This
species
would
have originally
occupied Eucalyptus pauciflora (cabbage gum) woodland and
tussock grassland, though most of this habitat is now converted
to improved pasture or cropland and some occurrences are in
relatively modified habitat.
No suitable habitat occurs within the study area and the nearest
known record is around 10 km northwest at Mt Pearse, with the
nearest major population around 18 km east at Daisy Hill on the
Vale of Belvoir.
This species has a disjunct distribution, with a northwest
population centred around the Surrey Hills, north of Hellyer
Mine, where it has been recorded form several grassland plains.
The second population assemblage is in the eastern Central
Plateau area, although there is some contention that all the
records from that area may be misattributions of the more
widespread and non-threatened P. sphacelatum. Nonetheless,
it is the north-western population that is closest to the Hellyer
Mine site, with records from this population known from within 5
km of the proposed TSF (Appendix B).

Prasophyllum
crebriflorum
crowded leek
orchid
None
Status
EPBCA – EN
TSPA – e

While some of the habitat on site is suitable within the forest
ecotones on the edge of poorly drained depressions, the
species would not have been overlooked. The nearest known
occurrence is around 70 km away, with most occurrences > 80
km distant.

In north-western Tasmania, Prasophyllum crebriflorum occurs
in montane tussock grassland dominated by Poa labillardierei,
with scattered patches of the woody shrub Hakea microcarpa.
Purported observations from the Central Plateau are from basalt
outcrops with highland native grassland dominated by Poa
gunnii, and grassy woodland with a sparse canopy of
Eucalyptus gunnii.
The Hellyer Mine lease area does not support any grassland or
grassy woodland habitat, with non-forest patches being
dominated by buttongrass or other non-suitable habitat. The
vegetation within the Hellyer mine TSF is thus unsuitable for this
species.
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2.4.

Fauna Species of Conservation Significance

The study area contains a range of fauna habitats including rainforest, eucalypt forest,
buttongrass moorland, bogs, wetlands and scrub. The diversity of habitats, as well as
their complex structure, provides suitable habitat for a range of bush birds and
mammals.
The presence of eucalypt trees of up to 45 m suggests there is likely to be nesting and
roosting habitat for a range of arboreal fauna, including those that utilise hollows.
Evidence of hollows is apparent in the canopy tree species.
Rainforest areas containing logs and hollowed bases in mature myrtle are potential
habitat for mammals, particularly quolls and devils. Deep litter is prevalent on the
ground, which is favourable for invertebrates. Burrowing crayfish soil chimneys (either
Engaeus spp. or Parastacoides spp.) are relatively common in the lower-lying, wet
areas. This group has undergone taxonomic revision and several threatened species
are known from different parts of Tasmania, although none are listed from the
northwest region.
A species list of the fauna (both common and threatened species) recorded from
within the study area during the current survey and in the previous is included in
Appendix E. Two threatened species (Tasmanian devil and spotted-tail quoll) were
identified as present (from scats) during the current survey.
Eight threatened fauna species have been recorded in the Natural Values Atlas14
within a 5 km radius of the study area, or are considered to have the potential to occur
because of the presence of suitable habitat and potential ranges15.
A database search using the Commonwealth EPBCA Protected Matters Search Tool16
identified nine threatened fauna species as being likely to occur in suitable habitat
within a 5 km radius of the site. In addition to this, nine migratory bird species and eight
marine listed bird species are stated as potentially occurring or having suitable habitat
in the area.
Table 3 reviews threatened fauna, migratory and marine species identified in the
relevant databases, within the context of the available habitat in the study area.
Appendix F presents a map for all species listed in this table showing the distribution of
records both in the vicinity of Hellyer Mine and throughout Tasmania. Threatened fauna
observations from current surveys are shown in Figure 4.
All species in Table 3 that may potentially be impacted by the proposed development
are discussed in further detail in the following sections. Species considered to have no
chance of occurring or being impacted, are not discussed further. For the distribution
maps of all EPBCA listed species in Table 3 refer to Appendix F.

14

Natural Values Report; 12 July 2017 – Appendix B
Natural Values Report; 12 July 2017 – Appendix B
16
EPBC Act Protected Matters report, 12 July 2017 (Dept. of the Environment and Energy) –
Appendix A
15
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Figure 5: Site specific values and issues
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Table 3. Fauna species of conservation significance17
Status
Species

TSPA /
EPBCA

Likelihood of
occurrence18

Preferred Habitat and Observations

MAMMALS

Dasyurus maculatus maculatus
spotted-tailed quoll

Dasyurus viverrinus
eastern quoll

Rare /
VULNERABLE

-/
ENDANGERED

This naturally rare forest-dweller most commonly inhabits rainforest, wet forest and
blackwood swamp forest. It forages and hunts on farmland and pasture, travelling
up to 20 km at night, and shelters in logs, rocks or thick vegetation. Three records of
this species are attributed to within 5 km of the study area.

PRESENT

The study area is highly likely to be within the home range of resident spotted-tailed
quolls; however, the location is outside the core range. Scats were observed in the
study area and one confirmed from hair analysis.
This species was previously widespread in mainland south-eastern Australia, but is
now restricted to Tasmania. Records from the Tasmanian Natural Values Atlas
indicate that the eastern quoll occurs in most parts of Tasmania, but is recorded
infrequently in the wetter western third of the state; the Hellyer site being located
around 15 km west of the boundary between relatively high and relatively low
density of eastern quoll observations – i.e. is 15 km within the low density third. The
species’ distribution is positively associated with areas of low rainfall and cold winter
minimum temperatures. Within this distribution, it is found in a range of vegetation
types including open grassland (including farmland), tussock grassland, grassy
woodland, dry eucalypt forest, coastal scrub and alpine heathland, but is typically
absent from large tracts of wet eucalypt forest and rainforest.

LOW

Although this species could occur at low density in the Hellyer area, the habitat on
site and the general environmental conditions do not make it highly suitable. Thus, it
is considered unlikely that the proposal would have a meaningful impact on the
species should it occur in the area.

17

DPIPWE, NVA report 12 July 2017 (Appendix B); EPBC Act Protected Matters report, 12 July 2017 (Dept. of the Environment and Energy) – Appendix A
For broad ranging ecological generalists, such as eagles and devils, this refers to the likelihood of breeding activities as predicted by the potential for breeding structures
such as nests or dens.

18

19
North Barker Ecosystem Services
CAL008 16/08/2018

Hellyer Mine TSF
Natural Values Assessment
Status
Species

Perameles gunnii
eastern-barred bandicoot

TSPA /
EPBCA

-/
VULNERABLE

Likelihood of
occurrence18

Preferred Habitat and Observations

Inhabits grassy woodlands, native grasslands, and mosaics of pasture and shrubby
ground cover favouring open grassy areas for foraging with thick vegetation cover
for shelter and nesting.

NIL

The range does not extend to this area. Nearest confirmed record is 18 km away,
with current core populations around the major cities of Launceston and Hobart.
Inhabits a range of habitat types, with the protection of den sites currently seen as
more important than other habitat values.

Sarcophilus harrisii
Tasmanian devil

Endangered /
ENDANGERED

No den sites were observed within the study area. Some parts of the site are not
suitable for denning, but others are sub-optimal.
PRESENT

The study area is highly likely to be within the home range of resident devils and
several carnivore scats and latrine sites were found during surveys. One sampled
scat was confirmed from hair analysis. An additional twenty-five records of this
species have been reported from within 5 km of the study area according to the
Natural Values Atlas.
BIRDS
Inhabits large tracts of open wet mixed forest and rainforest, particularly favouring
mature blackwood and riparian areas. No known nest sites or observation records
occur within 5 km of the study area, but core habitat is potentially present within that
range according to the Natural Values Atlas.

Accipiter novae-hollandiae
grey goshawk

19

Endangered /
-

No prime nesting habitat (mature blackwood or teatree) occurs within the study
area. The areas of rainforest (particularly riparian areas) containing mature myrtle
trees are structurally suitable for nesting, but current habitat descriptions define
potential nesting habitat as confined to altitudes below 600 m19, which is below the
range of the study area. Thus, nesting on site would be atypical for this species. It
may use the site for foraging, but general observation records are also largely only
known below the same altitudinal limit, so this is unlikely despite the suitable
foraging habitat.

VERY LOW

Forest Practices Authority 2016
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Status
Species

Actitis hypoleucos
common sandpiper

TSPA /
EPBCA

Likelihood of
occurrence18

Preferred Habitat and Observations

-/
Migratory Wetland
Listed Marine

NIL

Shorebird species with no habit on site.

Most Tasmanian records of the fork-tailed swift are from Bass Strait islands, with
fewer on mainland northern Tasmania and very few in the south. It has a
ppredominantly coastal distribution in Tasmania.
Apus pacificus
fork-tailed swift

-/
Migratory Marine
Listed Marine

The species is almost exclusively aerial, flying from less than 1 m to at least 300 m
above ground. Because of this behaviour, and the fact that it is a non-breeding
visitor to Australia, there are no significant threats to the species in Australia and it is
unlikely to be impacted by terrestrial habitat changes.

NIL

No records of this species have been recorded on the NVA within 5km of the study
area.

Aquila audax subsp. fleayi
Tasmanian wedge-tailed eagle

Endangered /
ENDANGERED

Requires large eucalypt trees in sheltered locations for nesting, and are highly
sensitive to disturbance during the breeding season. No nest site records of this
species have been recorded within 5 km of the study area.
MODERATE

The wedge-tailed eagle nest habitat model suggests the locality is of low suitability.
The study area therefore, is likely to be part of a larger foraging territory, but has a
low likelihood of being used for breeding.

Ardea alba
great egret

Ardea ibis
cattle egret

-/
Listed Marine

-/
Listed Marine

In Australia, the great egret breeds in northern mainland Australia only. It is a
regular non-breeding visitor to Tasmania, where it favours freshwater wetlands, farm
dams, tidal flats and brackish lagoons.

NIL

No records of this species have been recorded within 5 km of the study area
according to the NVA.
The cattle egret breeds along the central eastern coast of Australia and to a lesser
extent elsewhere. It is a regular non-breeding winter visitor to Tasmania, favouring
cattle grazing pasture, especially along the north coast and southeast.

NIL

No records of this species have been recorded within 5 km of the study area on the
NVA and no suitable habitat occurs within the study area.
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Status
Species

TSPA /
EPBCA

Likelihood of
occurrence18

Preferred Habitat and Observations

The Australasian bittern occurs mainly in densely vegetated freshwater wetlands
and, rarely, in estuaries or tidal wetlands.

Botaurus poiciloptilus
Australasian bittern

-/
ENDANGERED

NIL

Calidris acuminata
sharp-tailed sandpiper

-/
Migratory wetland
Listed Marine

NIL

Shorebird species with no habit on site.

NIL

Shorebird species with no habit on site.

NIL

Shorebird species with no habit on site.

Calidris ferruginea
curlew sandpiper

Calidris melanotos
pectoral sandpiper

Ceyx azurea diemenensis
Tasmanian azure kingfisher

-/
CRITICALLY
ENDANGERED

No suitable habitat occurs within the study area.

Migratory wetland
Listed Marine
-/
Migratory wetland
Listed Marine

Endangered /
ENDANGERED

Occurs along the forested margins of major river systems. It usually occurs in shady
and often overhanging vegetation of riverine forests dominated by wet sclerophyll
and mixed forest supporting mainly eucalypt species20. It is historically also known
from eastern Tasmania. Suitable habitat consists of slow moving water, typical of
larger rivers, and banks composed of sediments for nesting in.

NIL

No known nest sites or records occur within 5 km of the study area and no suitable
habitat is present.

Gallinago hardwickii
Latham’s snipe

20

This is a non-breeding migrant to southern Australia and Tasmania. It occupies a
variety of habitats, including swamps, wet grasslands and freshwater or brackish
wetlands, and is widespread across the State.

-/
Migratory wetland
Listed Marine

NIL

No suitable habitat occurs within the study area. No records of this species have
been recorded within 5 km of the study area.

Threatened Species Section (2012)
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Status
Species

Haliaeetus leucogaster
white-bellied sea-eagle

Hirundapus caudacutus
white-throated needletail

Lathamus discolor
swift parrot

TSPA /
EPBCA

Vulnerable/
Migratory Terrestrial
Listed Marine

Likelihood of
occurrence18

This species nests and forages mainly near the coast, but will also live near large
rivers and inland lakes or dams, often moving on a seasonal basis. Lake
Mackintosh, approximately 10 km to the south of the study area is potential habitat
for this species. No records of this species have been recorded within 5 km of the
study area.

VERY LOW

The existing tailings dam does not support any fish prey. The absence of other large
fresh water bodies within the vicinity of study area means that it is considered very
unlikely to be used for foraging or breeding.
This species occurs throughout Tasmania for a brief period at the southern-most
point of its annual migration during the non-breeding season, with most records
between February and March. It is an entirely aerial species during this time and
thus is unlikely to be impacted by terrestrial habitat alteration.

-/
Migratory Terrestrial
Listed Marine

Endangered/
CRITICALLY
ENDANGERED

Preferred Habitat and Observations

VERY LOW

It could fly over the site occasionally, however, no impact is anticipated if this
occurs. No records of this species have been recorded on the NVA within 5 km of
the study area.
This migratory species is occasionally recorded throughout the highlands of
Tasmania, where non-breeding birds and/or post-breeding dispersers are recorded
foraging in flowering plants, including E. delegatensis, which is present at this site.
These habitat elements are however not considered to be critical to the persistence
VERY LOW – only a
of the species, nor limited in extent. Critical habitat for these species includes tree
possible visitor as fly over
hollows for nesting in proximity (< 10 km) to flowering stands of blue gum (E.
or short stop off.
globulus) and black gum (E. ovata).
No records of this species have been recorded within 5 km of the study area on the
NVA. The survey area is not considered suitable breeding habitat, but may on
occasion be visited by migrating and non-breeding dispersing birds.

Myiagra cyanoleuca
satin flycatcher

-/
Migratory Terrestrial
Listed Marine

Suitable wet forest habitat occurs along creeks and rivers; however it is only a very
occasional visitor to western Tasmania.

NIL

Unlikely to occur in study area. No records of this species have been recorded
within 5 km of the study area.
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Status
Species

TSPA /
EPBCA

Likelihood of
occurrence18

Preferred Habitat and Observations

CRITICALLY
ENDANGERED
Numenius madagascariensis
eastern curlew

Pterodroma leucoptera leucoptera
Gould’s petrel

Tyto novaehollandiae castanops
Tasmanian masked owl

Migratory wetland
Listed Marine

-/
ENDANGERED

Endangered /
VULNERABLE

NIL

Shorebird species with no habit on site.

NIL

Pelagic species with no habit on site.

Preferred habitat is lowland dry forest and woodland, with nesting occurring in old
growth eucalypts with large main stem hollows. The study area is outside of the core
range for this species which is dry forest with mature trees, particularly that below
600 m. Significant habitat is limited to large eucalypts within dry eucalypt forest in
the core range21.

VERY LOW

The wet vegetation types within the study area are considered to be sub-optimal
habitat, despite mature large hollow bearing trees being present. No known nest
sites or observation records occur within 5 km of the study area.

REPTILES
Is found in tussock grassland habitats where trees are absent or form a very open
woodland.
Pseudemoia pagenstecheri
tussock skink

Vulnerable /
-

Nearest records are around 15 km away at the Vale of Belvoir, which are part of an
outlying population, with most records found in the Midlands, over 100 km away.

NIL

No suitable habitat occurs within the study area.

21

Forest Practices Authority 2016
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Status
Species

TSPA /
EPBCA

Likelihood of
occurrence18

Preferred Habitat and Observations

FISH

Galaxiella pusilla
Dwarf galaxias

Vulnerable /
VULNERABLE

In Tasmania, it is restricted to lowland areas in the far northwest and far northeast of
the State, as well as on Flinders Island. Distribution of populations is generally
disjunct and patchy, due to the nature of its lowland, shallow, swampy habitat.
Habitat is slow flowing and still, shallow, permanent and temporary freshwater
habitats such as swamps, drains and the backwaters of streams and creeks, often
(but not always) containing dense aquatic macrophytes and emergent plants.

NIL

Study area is beyond the potential range of this species, with the nearest known
records over 100 km away.
Inhabits the middle and lower reaches of rivers and streams that open to the sea.
Prototroctes maraena
Australian grayling

Vulnerable /
VULNERABLE

There are no creeks of any size on site. The fast-flowing constructed perimeter
drains are considered unlikely to provide habitat. These all flow into the Pieman
River dam and so are isolated from the sea.

NIL

INSECTS

Oreixenica ptunarra
ptunarra brown butterfly

Vulnerable /
ENDANGERED

Is found in highland tussock grassland habitats dominated by Poa spp. and where
trees are absent or form a very open woodland.
NIL

Nearest records are around 3.5 km away around Romney Marsh and Murrays Plain.
No suitable habitat occurs within the study area.

25
North Barker Ecosystem Services
CAL008 16/08/2018

Hellyer Mine TSF
Natural Values Assessment

2.4.1. Spotted-tailed quoll (Dasyurus maculatus maculatus)
Survey results
There are three observation records of a spotted-tailed quoll from within 5 km of the
study area. The lack of records from the vicinity is most likely a function of limited survey
effort, coupled with the impenetrable terrain and remoteness of the site. Two scats
considered to potentially be from a spotted-tailed quoll were recorded during the
surveys in July 2017. One scat was collected and sent for hair analysis, which confirmed
the presence of grooming hairs of this species22.
Spotted-tailed quolls require forest with suitable den sites, such as rock crevices,
boulder tumbles, caves, hollow logs, burrows or tree hollows23. Hollows in the bases of
large myrtles or in shelters created under fallen logs were observed in the study area;
however, none of the other suitable structures were apparent. The most likely habitat
to contain suitable den structures is the mature rainforest and eucalypts forest, with the
remainder of the site likely to be used as foraging habitat only. Natal dens are usually
well hidden and are difficult to find without radio tracking animals.
In conclusion, the study area is considered to have moderate foraging habitat value
for spotted-tailed quolls. Any large old-growth trees with hollow bases, especially myrtle
beech or hollow logs could be used as natal dens. The areas of rainforest and eucalypt
forest over rainforest provide the best foraging habitat for the spotted-tailed quoll. The
study area is most likely to be part of a home range for one or more individuals of this
species.
General discussion
The spotted-tailed quoll is a medium-sized carnivorous marsupial found in forest
habitats in south-eastern mainland Australia and throughout mainland Tasmania.
Spotted-tailed quolls are solitary, with home ranges that vary typically between 100 ha
and 5,000 ha, with females tending to have smaller ranges and male ranges
overlapping several female ranges24.
Highest quality habitat is fertile, extensive, un-fragmented, lowland, wet forest
vegetation. They are known to have a large home range and to occur in rainforest25.
Ideal habitat features include structurally complex vegetation (dense overstorey and
understorey vegetation), abundant large hollow-bearing trees, large logs and rock
outcrops)26. Areas with large hollow bearing trees, rocky outcrops and high number of
fallen trees are key features for providing suitable denning habitat27. Spotted-tail quolls
in Tasmania have been recorded occurring in rainforest, tall eucalypt forest and
medium eucalypt forest, but occur in highest densities in very wet forests, rainforest and
blackwood swamps28. Dietary studies have shown the species to be primarily a
predator of medium-sized mammals (500–5000 g)29.
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The study area is not considered to occur within the core habitat range of the spottedtailed quoll based on previous definitions, although the evidence of activity and other
records from the vicinity suggest otherwise30.
The species is considered to be distributed throughout mainland Tasmania31. Key sites
for the spotted-tailed quoll in Tasmania according to the Tasmanian Threatened Fauna
Handbook32 include:


northern forested areas bounded by Wynyard, Gladstone and the central and
north-eastern highlands



the north-western wet forests; including the catchments of the Arthur and
Montagu Rivers



the Dry eucalypt forests in the central north coastal regions bounded by the
Tamar, Devonport and Western Tiers



patches between the King River and Strahan, the Gordon River and Huon River
Catchments as well as the coastal strip from Strahan to Temma

The National Recovery Plan33 identifies “important populations” for the spotted-tailed
quoll in Tasmania. These are identified in Table 4.
Table 4: Important populations identified in the Draft National Recovery Plan
Population

Basis
for
classification

'importance'

Freycinet National Park

research population

Central-north Tasmania (including Great Western Tiers to
Narawntapu)

stronghold
population

&

research

Cradle Mountain National Park

stronghold
population

&

research

Far north-western Tasmania (including the Smithton and
Marrawah regions)

stronghold
population

&

research

Eastern Tiers/northern Midlands (including Nugent and
Ross regions)

stronghold population

Southern forests/South Coast (including the Hastings
region)

stronghold population

Gordon River system

stronghold population

South-west Cape

stronghold population

Figure 6 presents a composite map of the likely areas occupied by the above two sets
of definitions of key sites and important populations in relation to the location of the
study area.
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Figure 6: Spotted-tailed quoll key sites and important populations
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2.4.2. Tasmanian devil (Sarcophilus harrisii)
Survey results
The Tasmanian devil is known to utilise the study area based on the number of fresh
scats that were found. Twenty-five records (all sightings) of Tasmanian devil’s have
been recorded from within 5 km of the study area. Of a total of ten carnivore scats
observed during the current survey, eight were considered most likely to be from a
Tasmanian devil. (Plate 10, Figure 5). The scats found are considered to range from less
than a week old to several months old. One scat was collected and sent for hair
analysis which confirmed the scat as being from a Tasmanian devil34.
The majority of the mine area is suitable foraging habitat for this species. However,
dense wet eucalypt forest, rainforest and dense wet heath are likely to support only
low densities of devils, due to lower densities of prey and the dense vegetation being
less suitable for hunting35. The rainforest and wet mixed eucalypt forest offer some low
quality denning opportunities largely restricted to the large dry hollows of large myrtle
trees.
Natal dens are usually well hidden and are difficult to find without radio tracking
animals. There are very few records from bases of trees and most are recorded from
underground burrows or caves. The habitats observed in myrtle beech trunks are not
ideal for natal dens and are more likely to be used as temporary shelter. No dens were
recorded during this or the 2006 survey of 62 ha of adjacent forest. Favourable
structural formations such as rocky outcrops with suitable shelters were not observed.
A wombat burrow was observed at one location which may be utilised for shelter by
devils.
The study area and surrounds therefore supports Tasmanian devils. It is likely to be
utilised for foraging, but far less likely to support natal den sites.

Plate 10: Tasmanian devil scats observed in the study area

General discussion
The listing of the Tasmanian devil on the TSPA and EPBCA has occurred due to the
threat to the species brought about by the Devil Facial Tumour Disease (DFTD), which
has ravaged some populations.
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Persecuted along with the Tasmanian tiger, the species was in threat of extinction by
the early 20th century. However changes in policy allowed the species to recover so
that it reached historically high levels by the 1990’s. Some estimates suggest the
population may have exceeded 150,000 individuals at that time36.
The Tasmanian devil (Sarcophilus harrisii) is Australia’s largest surviving marsupial
carnivore and only specialist scavenger. Although variable in size, adult males can
weigh up to 12 kg (average 10 kg) and be 30 cm high at the shoulder with females
weighing up to 7 kg on average37. Devils have a short life span of generally no more
than 6 years38. The species is now confined to Tasmania where it is widely distributed
across all environments throughout the State.
Devils are usually solitary animals but they share continuously overlapping home ranges
and come into contact with other devils around prey carcasses and during the mating
season39. They mate once a year giving birth in April through to July, and can produce
up to four young which develop for up to 20 weeks in the pouch. The young are fully
weaned at 10 months of age.
The animals are active during the day where there is no human disturbance but
otherwise hunt during the night (Pemberton pers. comm.). In daytime animals hole up
in shelters, including underground dens, wombat burrows, hollows and caves.
Communal denning, particularly natal dens, occur in clusters associated with suitable
geomorphology in secure sites above the water table. Females are careful to select
dens that are difficult to find without the use of electronic tracking devices. Mating
occurs in copulation dens which are male dominated and distinct from the natal dens.
When not copulating or raising young, devils may shelter in tree buttresses or thick
vegetation.
Animals typically travel around 8 km a night40, although individuals have been
recorded covering more than 50 km in a single night41. They have home ranges of 4-27
square kilometres (400 to 2,700 ha)42. The home ranges overlap to a very large extent
with other individuals but they forage separately and are antagonistic toward each
other on meeting. The average density of pre-disease devils in unmodified habitat
ranges between 0.3 and 0.7 per km2.43
The overlapping ranges and high density of animals results in a population of devils that
utilises the whole of the landscape as a single entity. Pemberton (1990) showed that for
a population of 250 devils occupying about 45 km2, each devil having a home range
of about 15 km2; then about 30 % of animals share a majority of their home range and
about 80 % have at least some overlap of the home range. The high degree of overlap
reflects a myriad range of home range shapes.
As a result of the high degree of shared range, the clearance of an area equal to one
home range (15 km2) can affect up to 80 % of the population to some degree.
Devils thrive in a landscape mosaic of native habitat and agricultural land. The
population uses all of the habitat mosaic but typically does not use areas of cleared
land more than 500 m from continuous habitat. Dense wet eucalypt and rainforest,
alpine areas, dense wet heath and open grassland all support only low densities of
36
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devils44 . Devils are more abundant in habitats (open eucalypt forests and woodlands,
coastal scrub) that support dense populations of their prey (macropods, wombats,
possums)45.
Devils displaced by habitat loss will move to other home ranges but ultimately the
population will decrease due to the limits of carrying capacity. This is likely to be over
a period of the lifespan of the displaced animals. If native non breeding habitat is lost,
a population can be sustained if the prey abundance and seasonal availability is
sustained. If the prey abundance and seasonal availability is not sustained then the
carrying capacity and the population size will fall.
Devil Facial Tumour Disease
Studies of devil facial tumour disease (DFTD) have shown that it has spread across
almost the entire area of mainland Tasmania (Figure 6) with many confirmed records
of diseased animals from the Murchison Highway area not far north of the Hellyer Mine
site. Since the arrival of the disease population collapses have been reported with
spotlight surveys showing declines of up to 80% in some areas 46. The last remaining
stronghold of healthy populations of disease free devils confined to the Woolnorth area
of northwest Tasmania. Diseased animals have been confirmed in recent years from
the west and southwest areas which typically support much lower densities (reflecting
lower productivity environments). A reduced population such as that affected by DFTD
is considered highly vulnerable to other causes of mortality such as road kill or loss of
denning habitat.
The devil facial tumour disease (DFTD) is the single most significant cause of mortality
and therefore threat to the conservation of the Tasmanian devil. The retention of
naturally occurring disease free populations is a key factor in ensuring the long term
survival of the species in the wild. The Hellyer Mine area is not however considered likely
to provide disease free refuge being contiguous with sites of confirmed diseased
animals.
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Figure 7: Distribution of Devil Facial Tumour Disease
(Source: Save the Tasmanian Devil website (2 August 2017)).
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2.4.3. Wedge-tailed eagle (Aquila audax spp. fleayi)
Survey Results
The nearest known nest record is around 11 km to the northwest of Hellyer Mine. This
nest is well beyond the range of potential disturbance.
There are some very large eucalypt trees within the study area. These were able to be
assessed form the vantage point of the existing TSF dam wall. No nest was identified
and the relative exposure of these trees suggests they are unsuitable.
A wedge-tailed eagle nesting habitat model (Figure 7) suggests the habitat within the
vicinity is generally of low quality with some moderate suitability patches in a drainage
line west of the TSF and around the southern slopes of a nearby knoll. These habitats
were inspected from the ground and considered unlikely to support a nest based on
the relatively small size of eucalypts.
Much higher quality habitat is to be found over 2 km to the east and 4 km to the south
east.
The study area and its surrounding forests are therefore most likely to be part of a larger
foraging territory, but have a low likelihood of being used for breeding.
General discussion
Wedge-tailed eagles nest in a range of old growth native forests and the species is
dependent on forest for nesting. It nests almost exclusively in mature eucalypts capable
of supporting their nests, which can develop after many years of use into massive
structures over 2 m in diameter. The eagles choose old growth trees in relatively
sheltered sites for locating their nests. Territories can contain multiple nests and up to
five alternate nests have been located. Nests within a territory are usually close to each
other but may be up to 1 km apart where habitat is locally restricted. Wedge-tailed
eagles prey and scavenge on a wide variety of fauna including fish, reptiles, birds and
mammals.
The Tasmanian subspecies of the wedge-tailed eagle (Aquila audax subsp. fleayi) is
regarded as being larger than the mainland birds with a wingspan of 2 m and a body
weight up to 5.5 kg47. However, there is an overlap in size between the two populations.
Tasmanian juvenile and immature birds also differ in plumage colour from mainland
birds48, they lack the rufous-brown markings on the nape, hind neck and wing coverts49.
DNA studies50 have been undertaken to resolve the uncertain taxonomic status of the
Tasmanian subspecies. Adults are resident, highly territorial and have very large home
ranges. Although considered to be widespread but uncommon at the time of
European settlement, the population has been estimated to number less than 1,000
individuals occupying an estimated 220 breeding territories51.
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Figure 8: Wedge-tailed eagle nesting habitat
(Source: Forest Practices Authority, 2013)
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2.5.

Introduced Plants

Only two introduced species were observed within the study area. These are not
considered significant and were limited to disturbed areas.
However, the potential remains for weeds that may be located elsewhere on the
mining lease to be introduced into new areas through disturbance.

2.6.

Plant Pathogens

Symptomatic evidence of the cinnamon root rot fungus Phytophthora cinnamomi (PC)
was observed at one location close to the shore of the existing TSF.
Some parts of the study area are considered to be susceptible to Phytophthora
cinnamomi both in terms of conducive conditions and vegetation susceptibility. This is
particularly the case with vegetation communities that contain heathy vegetation
such as from the genera: Banksia, Epacris, Hakea, Hibbertia, Leptospermum,
Melaleuca, Monotoca, Pultenaea, Richea, Sprengelia and Xanthorrhoea52. Within the
study area, communities containing large amounts of these genera are Eucalyptus
nitida forest over Leptospermum (WNL) and buttongrass moorland (MBP and MBP-En),
although the most likely areas the pathogen will take hold are disturbed areas
supporting host species.
A significant part of study area supporting wet forest and rainforest contain far fewer
susceptible genera and the dense canopy generally keeps soil temperature too low;
consequently, they are considered to be much less susceptible to PC.
General comments
Commonly known as root rot, dieback or PC, Phytophthora cinnamomi or
Phytophthora is a soil borne fungal pathogen that invades the roots of plants and
starves them of nutrients and water. Heath communities are the most susceptible to
infection with a consequent serious loss of species diversity. Phytophthora moves
naturally through the soil, more rapidly with drainage, and more slowly upslope. It is
transported long distances by animals and humans. Its spread is facilitated by the
transportation of soil on vehicles, construction machinery and walking boots. The
establishment and spread of Phytophthora is favoured in areas that receive above 600
mm of rainfall per annum and are below about 800 m altitude. Within this suitable
climatic envelope, some soil types are more conducive to the establishment and
spread of Phytophthora than others. Conducive soils are generally the low nutrient
types that support heathy communities. The combination of these biophysical factors
results in patches of susceptible communities on conductive sites across the landscape.
Earthworks present a high risk of spreading PC as it is a soil borne pathogen.
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Plate 11: Symptomatic evidence of Sprengelia incarnata dieback, a likely consequence
of PC infection
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3.

Summary of Potential Impacts to Natural Values

3.1.

Native Vegetation

The footprint of the proposed new TSF covers approximately 46.5 hectares. This includes
37.3 ha of native vegetation, which will be directly impacted by inundation and dam
works (Table 5).
No vegetation communities within the footprint are listed as threatened on the
Tasmanian Nature Conservation Act 2002 or the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999.
Although there are some localised areas of impeded drainage and patches of
sphagnum peripheral to buttongrass moorland, none of these qualify as the EPBC listed
ecological community Alpine sphagnum bogs and associated fens.
Table 5: Vegetation clearance within proposed TSF (TASVEG3 communities)
Veg Code
(TASVEG)

Description

Area (ha)

FRG

Non-native - Regenerating cleared land

3.5

FUM

Non-native - Extra-urban miscellaneous

3.7

MBP

Pure buttongrass moorland

1.7

MBP-En

Pure buttongrass moorland with emergent Eucalyptus nitida

1.0

RMS

Nothofagus – Phyllocladus short rainforest

4.5

RMT

Nothofagus - Atherosperma rainforest

7.7

SLL

Leptospermum lanigerum scrub

0.3

WDR

Eucalyptus delegatensis forest over rainforest

20.6

WNL

Eucalyptus nitida forest over Leptospermum

0.3

WNR

Eucalyptus nitida forest over rainforest

3.2

Total

46.5

3.2.

Threatened Flora

No threatened species are known to occur in the study area or considered likely to
occur. Therefore no threatened flora species are expected to be impacted by the
proposal.
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3.3.

Threatened Fauna

3.3.1. Spotted-tailed quoll (Dasyurus maculatus maculatus)
The known threats to spotted-tailed quoll include the following:53
 Habitat loss and modification: Considered the greatest threat to the species. In
Tasmania 50 % of the species core habitat has been removed by logging or
agriculture. Of the remaining 50 % half has been subject to logging in the past
20 years – particularly in the north and northwest regions of the State for
plantations.
 Fragmentation: In many areas, the current habitats are fragmented, resulting in
isolated populations. This leads to breeding complications, including difficulty in
locating breeding partners and a lack of genetic diversity. The species naturally
occurs in low population densities (breeds only once a year) meaning isolated
populations have inherent breeding difficulties. Isolated populations are
subject to stochastic events.
 Timber harvesting: Research suggests that forestry practices that remove or
reduce prey or critical habitat (including trees with hollows, hollow logs and
complex vegetation structure) may render habitat unsuitable.
 Poison baiting: In particular, 1080 to control red fox, wild dogs and rabbit.
 Competition and predation: Habitat preferences of European red fox overlap
with much of the spotted-tailed quoll. If foxes become established they will
replace most of the medium and large carnivores. Not only would they be
competition they are also likely to predate on younger quolls.
 Deliberate killing: Persecution rates are thought to be particularly high in areas
where quolls prey on domestic animals, but this has not been quantified in
Tasmania.
 Road mortality: Road mortality is believed to be a significant factor in the
decline of some populations. It is estimated that 1–2 individuals are killed daily
on the main road between Hobart and the northwest of the state. Juvenile
males are most at risk due to extensive ranges. The full impacts of road mortality
on the species are not well known, although local studies have demonstrated
this to be significant at Cradle Mountain and near Arthur River.
 Wildfire and prescription burning: The impacts of wildfire and prescription
burning are not well known, but may reduce prey and habitat. However, recent
research found that fire may be beneficial as it can increase the formation of
tree hollows used by the species and its prey.
Habitat loss
The project will involve the loss of some habitat for the spotted-tailed quoll. The removal
of approximately 36.6 ha of native forest habitat within the range for this species will
reduce the effective carrying capacity of the area. It is unknown how many quolls
could be displaced by the loss of habitat, but a rough estimate of density in non-core
habitat is approximately 1 animal per 300 ha. A viable population of about 50 quolls is
thought to require about 15,000 ha of continuous habitat. Given the extent of habitat
in the region (large tracts of continuous native vegetation), it is extremely likely that the
minimum viable population of 50 is exceeded, and that the potential minor carrying
capacity loss equivalent to the area required for 11.5 % of an individual is not significant.
There is the potential for the clearance of the vegetation and construction works to
directly impact on a spotted-tailed quoll den, which could result in direct mortality if it
takes place during the period that the dens are occupied.
Habitat disturbance
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An increase in human activity could have an indirect impact on fauna in adjacent
habitats. Impacts could result from a variety of activities, including changes in the level
and nature of background noise, and night-time lighting. Such changes could affect
predator-prey relationships, increase the potential of den sites being abandoned and
result in a reduction in breeding success for some species.
Construction works will bring a heightened level of disturbance from noise and
vibrations. These will potentially disperse sheltering animals greater distances from the
site. There is a possibility that dens being utilised in close proximity to the development
could be abandoned.
Fragmentation
Beyond the proposed TSF area, extensive interconnected expanses of native
vegetation will remain. The proposal will thus not lead to habitat fragmentation.
Road kill
Roads are a well-documented cause of wildlife mortality worldwide54. There is a
relationship between traffic volume, speed, and wildlife mortality. In addition to direct
mortality, increases in road kill of prey animals has the potential to attract more
scavenging devils and quolls to roads. Hotspots for general road kill can result in
adjusted foraging habits, bringing more devils to these sites and thus increasing the risk
of road kill to the scavengers. The greatest risk to road kill is during twilight hours, as prey
animals in particular are crepuscular.
Traffic volumes and speed levels in relation to the proposal will be within the bounds of
the existing permits PCE 7386 (Polymetals tailings reprocessing) and 7759 (Bass Fossey
underground mine). Product movement will be out by road although HGM is
investigating the potential of reopening the rail link. Minimal extra road traffic is
expected from construction activities. Traffic from works and operations will occur
during daylight hours only.
3.3.2. Tasmanian devil (Sarcophilus harrisii)
Known threats to Tasmanian devil include the following:
 Devil Facial Tumour disease: This is the main threat to the species and the reason
for its listings as a threatened species.
 Lack of genetic diversity: The Tasmanian devil has been found to have relatively
low genetic diversity compared to other marsupials and placental carnivores.
 Competition and predation by foxes: Habitat preferences of European red fox
overlap heavily with the Tasmanian devil. If foxes become established they will
replace most of the medium and large carnivores. This presents an enormous
risk to the species’ recovery as foxes could prevent devils’ populations from
becoming re-established.
 Road kill: Most of the core habitat for the species is in the vicinity of roads. Devils
use roads for long distance travel and as a source of food (scavenging
carcasses). Most collisions are fatal for the species. A recent study estimated
1700 devils are killed on roads annually. In local areas, where road kill has been
measured, the impact on the species has been high (for example a 50 %
increase in sightings of road kill when the existing Arthur River Road was sealed,
and 50 % of deaths in the local areas being attributable to road kill).
 Persecution: Current illegal culling is considered to be less than in the past but
can still be locally intense.
Devil Facial Tumour Disease
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Devil facial tumour disease (DFTD) has had a significant impact on the Tasmanian devil
population in Tasmania, and is the single most significant cause of mortality for the
species.
Based on the current understanding of DFTD, the construction and operation of the
proposal will not result in any changes to the environment that could exacerbate the
effects of DFTD in the area or increase its prevalence.
Habitat loss
The project will involve the loss of some habitat for the devil. The removal of
approximately 39 ha of native habitat within the range for this species will reduce the
effective carrying capacity of the area.
The total number of devils supported by, and/or dens present within the impact area is
uncertain, though likely to be low based on densities typical of this habitat type and
relatively small area. The home ranges of devils overlap to a very large extent. Without
tracking of individual animals it is impossible to know how much overlap occurs.
Because of this it is not feasible to predict with any certainty the potential number of
devils that would be impacted by the loss of habitat from this proposal.
According to the NVA, the proposal area is outside the core habitat range of the
species. Based on Pemberton (1990) data from more optimal devil habitat at Mt William
(within core habitat range), a population of devils is in the order of about 250 animals,
supporting about 40 breeding females over 45 km2 (4,500ha). The current proposal, with
an impact on devil habitat of approximately 39 ha, is therefore likely to support less
than 1 % of a population size. Given that it is also out of the core habitat range and in
unfavourable habitat types for denning, the actual number is likely to be less again.
There is therefore likely to be some very minor long-term reduction in carrying capacity
to one population of devils occurring within the area.
Equivalent or better habitat is extensive in the region, so the potential loss of habitat for
the affected individuals should be considered in the context of the extensive habitat
surrounding the study area.
There is the potential for the clearance of the vegetation and construction works to
directly impact on a devil den, which could result in direct mortality if it takes place
during the period that the dens are occupied.
Habitat disturbance
An increase in human activity could have an indirect impact on fauna in adjacent
habitats. Impacts could result from a variety of activities, including changes in the level
and nature of background noise, and night-time lighting. Such changes could affect
predator-prey relationships, increase the potential of den sites being abandoned and
result in a reduction in breeding success for some species.
Construction works will bring a heightened level of disturbance from noise and
vibrations. These will potentially disperse sheltering animals greater distances from the
site. There is a possibility that dens being utilised in close proximity to the development
could be abandoned.
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Road kill
Roads are a well-documented cause of wildlife mortality worldwide55. There is a
relationship between traffic volume, speed, and wildlife mortality. In addition to direct
mortality, increases in road kill of prey animals has the potential to attract more
scavenging devils and quolls to roads. Hotspots for general road kill can result in
adjusted foraging habits, bringing more devils to these sites and thus increasing the risk
of road kill to the scavengers. The greatest risk to road kill is during twilight hours, as prey
animals in particular are crepuscular.
Traffic volumes and speed levels in relation to the proposal will be within the bounds of
the existing permits PCE 7386 (Polymetals tailings reprocessing) and 7759 (Bass Fossey
underground mine). Product movement will be out by road although HGM is
investigating the potential of reopening the rail link. Minimal extra road traffic is
expected from construction activities. Traffic from works and operations will occur
during daylight hours only.
3.3.3. Tasmanian wedge-tailed eagle (Aquila audax subsp. fleayi)
The threats to wedge-tailed eagles include the following56:
 Loss of habitat (specifically nesting habitat);
 Nest disturbance;
 Unnatural mortality (persecution (including shooting, poisoning and trapping),
collision with power lines, vehicles, fences and wind turbines).
Habitat loss
The impacts to around 45 ha of potential foraging land are not significant in the context
of available foraging habitat within the surrounding landscape, given that this species
can essentially utilise any habitat for foraging. More importantly, no potentially nesting
habitat will be lost nor disturbed by the proposal.
Nest disturbance
No nest disturbance is anticipated due to the lack of suitable old growth eucalyptus
trees, and no known nests occurring within 11 km of the study area and no high-quality
nesting habitat in the vicinity.
Road kill
Road kill hazard is very low for this species. Traffic volumes and speed levels in relation
to the proposal will be within the bounds of the existing permits PCE 7386 (Polymetals
tailings reprocessing) and 7759 (Bass Fossey underground mine). Product movement
will be out by road although HGM is investigating the potential of reopening the rail
link. Minimal extra road traffic is expected from construction activities.

3.4.

Weeds

The construction of new tracks, clearance of vegetation and the bringing in of vehicles
and heavy machinery brings with it the risk of the introduction of introduced plant
species. New tracks are conduits for the spread of generalist species capable of
utilising the modified and disturbed environments of access tracks. Heavy machinery
and other vehicles can spread seed along roads if adequate controls are not in place.
The disturbance of new areas and the access by vehicles and machinery will bring a
risk of weed species being introduced to the site, where currently no declared or
environmental weeds occur.
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Seed from known weed infestations along the Murchison Highway are at risk of being
introduced to the site.

3.5.

Plant Pathogens

Root rot fungus (Phytophthora cinnamomi)
The Hellyer study area is considered to be in an area that is susceptible to Phytophthora
cinnamomi both in terms of conducive conditions and vegetation susceptibility.
Consistent with this, symptomatic evidence of Pc was observed within the study area.
As with weeds, the construction of new tracks, clearance of vegetation and the
bringing in of vehicles and heavy machinery brings with it the risk of spreading Pc
and/or introducing it into new locations.
Myrtle wilt fungus (Chalara australis)
No evidence of myrtle wilt was recorded within the study area. This however does not
mean that it is not present. Any disturbance and damage to myrtle trees is at risk of
causing myrtle wilt, but it will be limited to a band of rainforest approximately 150 m
around any disturbance. Within the study area, less than a third of the area to be
disturbed is rainforest containing myrtle beech trees, therefore the impact, if any, is
likely to be negligible.

3.6.

Legislative implications

Tasmanian Environmental Management and Pollution Control Act 1994
The Hellyer TSF proposal is being assessed by Tasmania’s Environmental Protection
Authority (EPA) under this legislation. This requires the preparation of a Development
Proposal and Environmental Management Plan (DPEMP). Under a bilateral agreement
with the Commonwealth Government Matters of National Environmental Significance
(MNES) are considered in accordance with the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999 (EPBCA).
Commonwealth Environment Protection and Biodiversity Conservation Act 1999
Under a bilateral agreement with the Commonwealth Government Matters of National
Environmental Significance (MNES) are considered in accordance with the
Commonwealth Environment Protection and Biodiversity Conservation Act 1999
(EPBCA). The DPEMP includes a section specifically to address Matters of National
Environmental Significance (MNES).
The impacts to the Tasmanian devil are not considered significant in the context of the
extent of habitat in the area and the character of the habitat. A devil and quoll
management plan including a den management protocol will be implemented to
ensure that impacts to these species are not significant.
The impacts on the ‘vulnerable’ spotted-tailed quoll will not constitute a significant
impact under the EPBCA criteria as the site is not part of an important population.
Nonetheless, the nature of impact will be mitigated by a devil and quoll management
plan including a den management protocol to ensure that no active dens are
disturbed.
No significant impacts are possible to other species listed under this Act.
Tasmanian Threatened Species Protection Act 1995
No threatened flora species were recorded within the impact area.
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The definitions of the TSPA “take” does not extend to the disturbance of foraging
habitat but does include nests and dens, which are “products of wildlife”. No nests of
fauna listed under the TSPA are expected to be impacted. The proposal footprint could
however potentially contain viable devil or quoll dens at the time of works; thus, a
permit to take products of wildlife may be required under the Act in order to
decommission unoccupied dens as part of a den management protocol.
Tasmanian Forest Practices Act 1985
Under the Forest Practices Act 1995, a Forest Practices Plan is required for clearing of
land. However, Section 6 states that this does not apply in prescribed circumstances.
The prescribed circumstances are defined in the Forest Practices Regulations 2007.
Section 4 of the Regulations states under what circumstances a Forest Practices Plan is
not required. These circumstances include mineral exploration activities or mining
activities that are authorised under:
(i) a permit granted under the Land Use Planning and Approvals Act 1993; or
(ii) an exploration licence within the meaning of the Mineral Resources Development
Act 1995; or
(iii) a retention licence within the meaning of the Mineral Resources Development Act
1995; or
(iv) a mining lease within the meaning of the Mineral Resources Development Act 1995;
Therefore, as the activity has been authorised under a retention license granted under
the Mineral Resources Development Act 1995, a Forest Practices Plan is not required.
Tasmanian Land Use Planning and Approvals Act 1993
LUPAA states that ‘in determining an application for a permit, a planning authority must
(amongst other things) seek out the objectives set out in Schedule 1. 57
Schedule 1 includes ‘The objectives of the Resource Management and Planning
System of Tasmania’ which are (amongst other things) ‘To promote sustainable
development of natural and physical resources and the maintenance of ecological
processes and genetic diversity’.
Sustainable development includes ‘avoiding, remedying or mitigating any adverse
effects of activities on the environment’58.
Over and above threatened species and forest clearance issues it should be
incumbent on the proponent to demonstrate that the works will include measures to
fulfil this aim by:


implementing a hygiene management plan; and



protecting general environmental values by best practice construction
methods in relation to erosion, water and soil quality, pollution, etc.

It is anticipated that these aspects will be addressed in the DPEMP.

57

section 51(2) (b) – Part 4 Enforcement of Planning Control – Division 2 Development Control
LUPA, Tasmanian State Government (1993)
58
pp56 LUPA, Tasmanian State Government (1993)
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Tasmanian Weed Management Act 1999
As no weeds were recorded within the study area there are currently no obligations
under this Act.
This Act states that landowners and managers must take all reasonable measures to
control the impact and spread of declared weeds, particularly to prevent the spread
into the habitat of threatened species, threatened communities and reserves. As such
the proposal should include measures to prevent future establishment of weeds on site
through the implementation of the proposed hygiene measures.

4.
4.1.

Mitigation
Native Vegetation

Vegetation Clearance
The impacts of vegetation clearance are difficult to mitigate; however, the risk of
unnecessary and indirect impacts on vegetation outside the ‘footprint’ of the
development could be minimised by following these protocols:
1. Clearly define the extent of clearance required for the project, and ensure
that any additional impacts are considered.
2. The works area should be marked and all works, vehicles and materials
should be confined to the works area.

4.2.

Threatened Flora

As no threatened vascular flora species are expected to occur in the study area,
mitigation measures are not required.

4.3.

Threatened Fauna

Tasmanian devil and spotted-tailed quoll
A devil and quoll management plan should be prepared to mitigate the risks of the
proposal and outline a method for pre-clearance surveys and potential den
management protocols. The latter will be the most important form of mitigation for
these species and prevent the disturbance of an active natal den. Additional matters
covered in the plan should include measures to manage road kill, such as monitoring,
collection of carcasses, modifying road surfacing, utilising deterrents, etc.

4.4.

Introduced Plants and Pathogens

A construction hygiene plan should be implemented to minimise the likelihood of
introducing weeds to the site and exacerbating the impacts of Phytophthora.
The hygiene plan should cover, but not be limited to:
 Vehicle, machinery and equipment hygiene.
 Washdown protocols when travelling between clean and contaminated
areas, and also vehicles entering clean or leaving contaminated sites.
 Location and management of washdown areas and facilities, including
management of effluent.
 Maintaining logbooks detailing adherence to hygiene protocols for all
contractors.
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Material hygiene (soils, gravel, plant material etc.) – ensuring that no
materials contaminated with weed propagules (seed, propagative
vegetative material) are imported into the study area.

The spread of myrtle wilt can be mitigated by minimising damage to adjacent myrtle
beech trees when felling trees. Felling should be carried out so that trees fall away from
the retained trees and are removed from site. Measures that minimise the risk of spread
of the native chalara fungus (which causes myrtle wilt) should also be introduced.
Vehicle wash down hygiene protocols should be sufficient to reduce this risk.

5.

Conclusion

The Hellyer mine TSF proposal is located within a landscape subject to a long history of
mining exploration and extraction.
The site itself is bisected by a constructed wetland associated with the existing main TSF
located immediately upstream of the site.
The footprint of the site is generally characterised by native vegetation dominated by
rainforest and mixed forest (rainforest with emergent eucalypts) interspersed with
patches of buttongrass moorland. The layout of vegetation types is largely natural
although the entire site is affected by anthropogenic impacts including exploration
tracks, constructed drains, transmission lines and roads.
None of the vegetation communities are listed as threatened, either at the state or
national level. No threatened flora species occur or are considered likely to be present.
Two threatened fauna species, both wide ranging marsupial carnivores (Tasmanian
devil and spotted-tail quoll) utilise the site, evidenced by the presence of scats. The
dense vegetation, impenetrable in places, and poor ground visibility limit opportunity
to confirm existence of denning habitat. Considering the extensive home range of both
species the loss of habitat associated with the proposal is unlikely to impact on the
viability of any individuals that use the site for foraging .
The Hellyer mine TSF proposal will remove approximately 39 hectares of native
vegetation. The impact area is considered to be small within the context of the
surrounding environment - a large and almost continuous tract of native vegetation,
including the World Heritage Area, National Parks, Regional Reserves and State Forest.
With the adoption of a suite of mitigation measures, impacts from the Hellyer mine TSF
will have minimal detrimental impacts to threatened species and surrounding
environmental values.
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Appendix A –
Protected Matters Database Report_N05N8W (9 pg)
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Appendix B –
Natural Values Atlas Report_nvr_1_12-Jul-2017 (30 pg)
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Appendix C – Vascular Plant Species by Community
Site: 1

MBP - possible clay borrow pit

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391371E, 5397297N
within 50 metres
Andrew J. North
18 Jul 2017

Trees:
Shrubs:

Eucalyptus nitida
Bauera rubioides, Epacris lanuginosa, Leptecophylla juniperina, Sprengelia incarnata,
Tasmannia lanceolata
Hibbertia procumbens, Leucopogon pilifer
Almaleea subumbellata, Celmisia asteliifolia, Gonocarpus micranthus subsp. micranthus,
Mitrasacme pilosa, Pappochroma pappocromum, Stylidium graminifolium
Diplarrena latifolia, Empodisma minus, Gahnia rodwayi, Gymnoschoenus
sphaerocephalus, Lepidosperma filiforme, Patersonia fragilis, Schoenus lepidosperma
subsp. lepidosperma
Agrostis parviflora, Ehrharta tasmanica, Lachnagrostis morrisii, Poa clelandii
Lindsaea linearis

Low Shrubs:
Herbs:
Graminoids:

Grasses:
Ferns:

Site: 2

MBP - gravel borrow pit

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391166E, 5397507N
within 50 metres
Andrew J. North
18 Jul 2017

Trees:
Shrubs:
Herbs:
Graminoids:

Eucalyptus subcrenulata
Pultenaea dentata, Sprengelia incarnata
Hydrocotyle hirta, Lagenophora stipitata
Diplarrena latifolia, Empodisma minus, Gymnoschoenus sphaerocephalus, Schoenus
lepidosperma subsp. lepidosperma
Ehrharta tasmanica, Poa clelandii
Lindsaea linearis, Lycopodiella diffusa

Grasses:
Ferns:

Site: 3

FRG - Wetland constructed

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391650E, 5396470N
within 50 metres
Andrew J. North
19 Jul 2017

Trees:
Tall Shrubs:
Low Shrubs:
Herbs:
Graminoids:

Acacia melanoxylon
Acacia dealbata subsp. dealbata, Leptospermum lanigerum
Grevillea australis
Cotula australis, Gunnera cordifolia, Hypericum gramineum, Hypericum japonicum
Baloskion tetraphyllum subsp. tetraphyllum, Gahnia grandis, Gymnoschoenus
sphaerocephalus, Juncus astreptus, Juncus bassianus
Gleichenia microphylla
Cirsium vulgare

Ferns:
Weeds:

Site: 4

WDR - E. delegatensis forest over Phyllocladus aspleniifolis

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391882E, 5396678N
within 50 metres
Andrew J. North
19 Jul 2017

Trees:
Tall Shrubs:

Eucalyptus delegatensis subsp. tasmaniensis, Phyllocladus aspleniifolius
Acacia mucronata subsp. dependens, Nematolepis squamea, Pittosporum bicolor,
Telopea truncata
Cenarrhenes nitida, Coprosma nitida, Monotoca submutica var. submutica, Pimelea
cinerea, Pimelea drupacea, Tasmannia lanceolata, Trochocarpa gunnii
Drymophila cyanocarpa, Leptecophylla juniperina subsp. juniperina, Libertia pulchella

Shrubs:
Herbs:
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var. pulchella, Oxalis magellanica
Gahnia grandis, Uncinia tenella
Dicksonia antarctica, Histiopteris incisa, Hymenophyllum peltatum, Hypolepis
rugosula, Lycopodium fastigiatum, Notogrammitis angustifolia subsp. nothofageti,
Notogrammitis billardierei, Polystichum proliferum

Graminoids:
Ferns:

Site: 5

RFT - Intermediate rainforest

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391957E, 5396451N
within 50 metres
Andrew J. North
19 Jul 2017

Trees:
Shrubs:

Nothofagus cunninghamii, Phyllocladus aspleniifolius
Aristotelia peduncularis, Cenarrhenes nitida, Pimelea cinerea, Tasmannia lanceolata,
Trochocarpa cunninghamii
Lagenophora stipitata, Leptecophylla juniperina subsp. juniperina, Libertia pulchella
var. pulchella
Gahnia grandis, Uncinia tenella
Dicksonia antarctica, Hymenophyllum peltatum, Microsorum pustulatum subsp.
pustulatum, Polystichum proliferum

Herbs:
Graminoids:
Ferns:

Site: 6

MBP - margin dominated by Baloskion australe

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391487E, 5396642N
GPS (within 10 metres)
Andrew J. North
19 Jul 2017

Trees:
Tall Shrubs:
Shrubs:

Phyllocladus aspleniifolius
Leptospermum lanigerum, Monotoca glauca
Bossiaea cordigera, Epacris gunnii, Monotoca linifolia subsp. algida, Tasmannia
lanceolata
Oxalis magellanica
Baloskion australe, Diplarrena latifolia, Empodisma minus
Ehrharta tasmanica
Blechnum penna-marina subsp. alpina, Lycopodium fastigiatum

Herbs:
Graminoids:
Grasses:
Ferns:

Site: 7

MBP

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391537E, 5396692N
GPS (within 10 metres)
Andrew J. North
19 Jul 2017

Tall Shrubs:
Shrubs:
Herbs:
Graminoids:

Leptospermum lanigerum
Baeckea gunniana, Epacris gunnii
Gonocarpus micranthus subsp. micranthus, Rubus gunnianus, Viola hederacea
Diplarrena latifolia, Gymnoschoenus sphaerocephalus, Schoenus lepidosperma
subsp. lepidosperma
Ehrharta distichophylla, Ehrharta tasmanica
Blechnum penna-marina subsp. alpina
Eucalyptus nitens

Grasses:
Ferns:
Weeds:

Site: 8

grassy herbland 80%moss occ sphagnum 5%

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391673E, 5396733N
GPS (within 10 metres)
Andrew J. North
19 Jul 2017

Shrubs:
Herbs:

Epacris gunnii
Acaena novae-zelandiae, Gonocarpus micranthus subsp. micranthus, Hydrocotyle
hirta, Viola hederacea
Baloskion australe, Empodisma minus, Juncus bassianus
Ehrharta distichophylla, Lachnagrostis morrisii

Graminoids:
Grasses:
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Ferns:

Site: 9

Lycopodium fastigiatum

WNR - many dead eucalypts - dead buttongrass

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

391653E, 5396830N
within 50 metres
Andrew J. North
19 Jul 2017

Trees:
Tall Shrubs:
Shrubs:
Herbs:
Ferns:

Eucalyptus nitida, Phyllocladus aspleniifolius
Leptospermum lanigerum
Leptecophylla juniperina
Libertia pulchella var. pulchella
Histiopteris incisa

Site: 10

WNL

Grid Reference:
Accuracy:
Recorder:
Date of Survey:

392102E, 5396607N
within 50 metres
Andrew J. North
19 Jul 2017

Trees:
Tall Shrubs:

Eucalyptus nitida, Phyllocladus aspleniifolius
Acacia mucronata subsp. dependens, Leptospermum lanigerum, Leptospermum
scoparium, Monotoca glauca, Nematolepis squamea subsp. squamea
Cenarrhenes nitida, Tasmannia lanceolata, Trochocarpa cunninghamii
Leptecophylla juniperina subsp. juniperina
Gahnia grandis, Gymnoschoenus sphaerocephalus

Shrubs:
Herbs:
Graminoids:
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Appendix D – Vascular Plant Species
Status codes:
ORIGIN
i - introduced
d - declared weed WM Act
en - endemic to Tasmania
t - within Australia, occurs only in Tas.
Sites:
1
2
3
4
5
6
7
8
9
10
11
12

Site

NATIONAL SCHEDULE
EPBC Act 1999
CR - critically endangered
EN - endangered
VU - vulnerable

STATE SCHEDULE
TSP Act 1995
e - endangered
v - vulnerable
r - rare

MBP - possible clay borrow pit - E391371, N5397297
MBP - gravel borrow pit - E391166, N5397507
FRG - Wetland constructed - E391650, N5396470
WDR - E. delegatensis forest over Phyllocladus aspleniifolius - E391882,
N5396678
RFT - Intermediate rainforest - E391957, N5396451
MBP - margin dominated by Baloskion australe - E391487, N5396642
MBP - E391537, N5396692
grassy herbland 80%moss occ sphagnum 5% - E391673, N5396733
WNR - many dead eucalypts - dead buttongrass - E391653, N5396830
WNL - E392102, N5396607
additional species - incidental observations during course of survey E391700, N5396500
species recorded in 2006 not recorded n 2017 -

Name

18-07-2017
18-07-2017
19-07-2017
19-07-2017

Andrew J. North
Andrew J. North
Andrew J. North
Andrew J. North

19-07-2017
19-07-2017
19-07-2017
19-07-2017
19-07-2017
19-07-2017
19-07-2017

Andrew J. North
Andrew J. North
Andrew J. North
Andrew J. North
Andrew J. North
Andrew J. North
Andrew J. North

5/01/2006 Karen Ziegler

Common name

Status

DICOTYLEDONAE
28

APIACEAE
Hydrocotyle hirta

hairy pennywort

1
3
3
11
25
1

ASTERACEAE
Celmisia asteliifolia
Cirsium vulgare
Cotula australis
Euchiton japonicus
Lagenophora stipitata
Pappochroma pappocromum

silver snowdaisy
spear thistle
southern buttons
common cottonleaf
blue bottledaisy
violet mountaindaisy

11

ATHEROSPERMATACEAE
Atherosperma moschatum subsp.
moschatum

en
i

sassafras

3
3

CLUSIACEAE
Hypericum gramineum
Hypericum japonicum

small st johns-wort
matted st johns-wort

11
1

CUNONIACEAE
Anodopetalum biglandulosum
Bauera rubioides

horizontal
wiry bauera

1

DILLENIACEAE
Hibbertia procumbens

spreading guineaflower

5

ELAEOCARPACEAE
Aristotelia peduncularis

heartberry

678
1
19
4 5 10
1
6 10
6
4
11
1 2 11

EPACRIDACEAE
Epacris gunnii
Epacris lanuginosa
Leptecophylla juniperina
Leptecophylla juniperina subsp. juniperina
Leucopogon pilifer
Monotoca glauca
Monotoca linifolia subsp. algida
Monotoca submutica var. submutica
Richea sprengelioides
Sprengelia incarnata

coral heath
swamp heath
pink or crimson berry
common pinkberry
trailing beardheath
goldey wood
alpine nodding broomheath
mountain broomheath
rigid candleheath
pink swampheath

en

en

t
en
en
en
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5 10
4 11

Trochocarpa cunninghamii
Trochocarpa gunnii

straggling purpleberry
fragrant purpleberry

en
en

12

ERICACEAE
Gaultheria hispida

snow berry

en

3

EUCRYPHIACEAE
Eucryphia lucida

leatherwood

en

1
6
2 11

FABACEAE
Almaleea subumbellata
Bossiaea cordigera
Pultenaea dentata

wiry bushpea
wiry bossiaea
swamp bushpea

5

FAGACEAE
Nothofagus cunninghamii

myrtle beech

3

GUNNERACEAE
Gunnera cordifolia

tasmanian mudleaf

178

HALORAGACEAE
Gonocarpus micranthus subsp. micranthus

creeping raspwort

1

LOGANIACEAE
Mitrasacme pilosa

hairy mitrewort

3
3
4 10

MIMOSACEAE
Acacia dealbata subsp. dealbata
Acacia melanoxylon
Acacia mucronata subsp. dependens

silver wattle
blackwood
blunt caterpillar wattle

en

alpine heathmyrtle
gumtopped stringybark

en

MYRTACEAE
Baeckea gunniana
Eucalyptus delegatensis subsp.
tasmaniensis
Eucalyptus nitens
7 11
Eucalyptus nitida
1 9 10
Eucalyptus subcrenulata
2
3 6 7 9 10 Leptospermum lanigerum
7
4

shining gum
western peppermint
alpine yellow gum
woolly teatree

en

i
en
en

10
11
11
11

Leptospermum scoparium
Melaleuca squamea
Melaleuca squarrosa
Melaleuca virens

common tea-tree
swamp honeymyrtle
scented paperbark
prickly bottlebrush

46
12

OXALIDACEAE
Oxalis magellanica
Oxalis perennans

snowdrop woodsorrel
native wood-sorrel

4 11

PITTOSPORACEAE
Pittosporum bicolor

cheesewood

4 5 10
3 11
4

PROTEACEAE
Cenarrhenes nitida
Grevillea australis
Telopea truncata

native plum
southern grevillea
tasmanian waratah

en
en
en

8
7

ROSACEAE
Acaena novae-zelandiae
Rubus gunnianus

common buzzy
alpine raspberry

en

4 11

RUBIACEAE
Coprosma nitida

mountain currant

4
10

RUTACEAE
Nematolepis squamea
Nematolepis squamea subsp. squamea

satinwood
satinwood

en
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1

STYLIDIACEAE
Stylidium graminifolium

narrowleaf triggerplant

45
4
11

THYMELAEACEAE
Pimelea cinerea
Pimelea drupacea
Pimelea linifolia

grey riceflower
cherry riceflower
slender riceflower

11
78

VIOLACEAE
Viola fuscoviolacea
Viola hederacea

dusky violet
ivyleaf violet

en

WINTERACEAE
1 4 5 6 10 Tasmannia lanceolata

mountain pepper

GYMNOSPERMAE
PHYLLOCLADACEAE
4 5 6 9 10 Phyllocladus aspleniifolius

en

celerytop pine

MONOCOTYLEDONAE
12
3 4 5 10
1
1 2 3 7 10
12
1
127
11
11
45

CYPERACEAE
Carex polyantha
Gahnia grandis
Gahnia rodwayi
Gymnoschoenus sphaerocephalus
Isolepis sp.
Lepidosperma filiforme
Schoenus lepidosperma subsp.
lepidosperma
Schoenus sp.
Uncinia riparia
Uncinia tenella

sedge
cutting grass
dwarf sawsedge
buttongrass
club rush
common rapiersedge
slender bogsedge
bogsedge
river hooksedge
delicate hooksedge

3
38
12
12

IRIDACEAE
Diplarrena latifolia
Libertia pulchella var. pulchella
Patersonia fragilis
JUNCACEAE
Juncus astreptus
Juncus bassianus
Juncus pauciflorus
Luzula flaccida

11
4

LILIACEAE
Dianella tasmanica
Drymophila cyanocarpa

forest flaxlily
turquoise berry

12

ORCHIDACEAE
Chiloglottis cornuta
Pterostylis foliata
Pterostylis sp.

green bird orchid
slender greenhood
greenhood

1
11
78
1267
18
12

POACEAE
Agrostis parviflora
Australopyrum pectinatum
Ehrharta distichophylla
Ehrharta tasmanica
Lachnagrostis morrisii
Poa clelandii

smallflower bent
prickly wheatgrass
hairy ricegrass
tasmanian ricegrass
morris blowngrass
purplesheath tussockgrass

68
3

RESTIONACEAE
Baloskion australe
Baloskion tetraphyllum subsp.

southern cordrush
tassel cordrush

1267
459
1

12
12

en

western flag-iris
pretty grassflag
short purpleflag

en

rigid rush
forest rush
loose-flower rush
flaccid luzula

en

en
en
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1268

Empodisma minus

spreading roperush

11

XYRIDACEAE
Xyris muelleri

roundhead yelloweye

en

PTERIDOPHYTA
45
12

ASPIDIACEAE
Polystichum proliferum
Rumohra adiantiformis

mother shieldfern
leathery shield-fern

11
67
11

BLECHNACEAE
Blechnum nudum
Blechnum penna-marina subsp. alpina
Blechnum wattsii

fishbone waterfern
alpine waterfern
hard waterfern

49
4

DENNSTAEDTIACEAE
Histiopteris incisa
Hypolepis rugosula

batswing fern
ruddy groundfern

45

DICKSONIACEAE
Dicksonia antarctica

soft treefern

3
12

GLEICHENIACEAE
Gleichenia microphylla
Sticherus tener

scrambling coralfern
silky fan-fern

4

GRAMMITIDACEAE
Notogrammitis angustifolia subsp.
nothofageti
Notogrammitis billardierei

12
45
12

HYMENOPHYLLACEAE
Hymenophyllum flabellatum
Hymenophyllum peltatum
Hymenophyllum rarum

shiny filmy-fern
alpine filmyfern
narrow filmy-fern

12

LINDSAEACEAE
Lindsaea linearis

screw fern

12
2
468

LYCOPODIACEAE
Huperzia varia
Lycopodiella diffusa
Lycopodium fastigiatum

long clubmoss
buttongrass clubmoss
mountain clubmoss

5

POLYPODIACEAE
Microsorum pustulatum subsp. pustulatum

kangaroo fern

4

beech fingerfern
common fingerfern

t
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Appendix E – Fauna of Hellyer Mine TSF Study Area
This is an incomplete list of fauna based on incidental observation during botanical
assessment and from nocturnal spotlighting on the 4th and 5th of January 06, and
between 18th-20th July 2017.
Birds (most recorded by call by Dave
James 2006 – those sighted are
marked with ‘ * ’.)
Black Currawong *
Boobook Owl
Crescent Honeyeater
Golden Whistler
Green Rosella *
Grey Fantail *
Grey Shrike-Thrush
Olive Whistler
Pink Robin *
Silvereye
Shining Bronze-cuckoo
Strong-billed honeyeater*
Sulphur-crested cockatoo *
Superb Fairy-wren*
Tasmanian Forest Raven*
Tasmanian Scrubtit *
Tasmanian Scrubwren *
Tasmanian Thornbill *
Welcome Swallow *

2006 *
2017 #

Strepera fuliginosa
Ninox novae zelandiae
leucopsis
Phylidonyris pyrrhopterus
Pachycephala pectoralis
Platycercus caledonicus
Rhipidura fuliginosa
Colluricincla harmonica
Pachycephala olivacea
Petroica rodinogaster
Zosterops lateralis
Chrysococcyx lucidus
Melithreptus validirostris
Cacatua galerita
Malurus cyaneus
Corvus tasmanicus
Sericornis magnus
Sericornis humilis
Acanthiza ewingi
Hirundo neoxena

*#
*

Thylogale billardierii

*#

*#
*
*#
*#
*#
*
*
*
*
#
*
#
*#
*
*#
*
*

Mammals
Tasmanian Pademelon
Single sighting 2006, 3 sighted 2017 spotlighting

Bennett’s wallaby

#

3 sighted 2017 spotlighting

Tasmanian Devil

Sarcophilus harrisii

*#

Vombatus ursinus

*#

Scats and individual sighted 2006 while spot
lighting

Common Wombat
Scats. Active den and one sighted 2017

Common ringtail possum

Pseudocheirus peregrinus

*

Heard at night

Spotted-tailed quoll

Dasyurus maculatus

*#

Scats only

Reptiles
Tiger Snake (one sighted)
Metallic Skink (one caught)
Amphibians

Notechis ater
Niveoscincus metallicus

Tasmanian froglet (heard at two sights)
Common froglet
Brown tree frog

Crinia tasmaniensis
Crinia signifera
Litoria ewingi

*
*

*#
*
*
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Appendix F – Tasmanian Distribution of EPBCA Threatened
Fauna Known within 5 km (in order of appearance in Table 3)
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Appendix B

Hellyer Metals Project
BOTANICAL SURVEY AND FAUNA HABITAT ASSESSMENT
26 January 2006
For Worley Parsons, INTEC HELLYER METALS Pty Ltd.

Hellyer Metals Project
BOTANICAL SURVEY AND FAUNA HABITAT ASSESSMENT
26 January 2006
For Worley Parsons, INTEC HELLYER METALS Pty Ltd.

Andrew North anorth@northbarker.com.au
163 Campbell Street Hobart TAS 7000

Philip Barker pbarker@northbarker.com.au

Telephone 03. 6231 9788

Facsimile 03. 6231 9877

Hellyer Metals Project
Botanical Survey and Fauna Habitat Assessment

SUMMARY
As part of investigations for the preparation of a Development Plan & Environmental
Management Plan (DPEMP) for the reworking of the Hellyer Metal Project, a botanical
survey and fauna habitat assessment was undertaken in the area identified for the
construction of a new tailings dam. This study considers significant species and habitat,
weeds and plant pathogens and vegetation communities. It also encompasses an
investigation of a broader for potential Wedge-tailed Eagle nesting habitat.
The study area occupies an area southwest of the existing Hellyer Mine and Processing
Plant, south of the Cradle Mountain Link Road. It extends over about 62.4 ha of land
and forms a gently sloping basin at the break in slope. The vegetation of the study area
is primarily rainforest.
The survey revealed 47 native plant species with no exotic plant species occurring
within the study area. Of these, 8 plant species are endemic to Tasmania.
No threatened plant species listed by the Tasmanian Threatened Species Protection Act
1995 or the Environment Protection and Biodiversity Conservation Act 1999, is likely
to be affected by the undertaking of the project.
The proposals will require an Forest Practices plan (FPP) under the Forest Practices
1985 Act and Forest Practices Regulation 1997.
A search of potential sites for eagle nests failed to locate any nests within 500m of the
footprint of the proposed new tailings dam or within 1 km line of sight. The habitat is
considered of low potential for nests as all areas in the immediate vicinity of the
proposed dam are topographically exposed to wind, with few large eucalypts (favoured
nesting trees.
No declared weeds were identified in the project area, as defined by the Weed
Management Act, 1999. The type of earthworks and allied access associated with the
proposal could increase the susceptibility of the area to future weed infestation. The
rainforest environments are also susceptible to myrtle wilt.
The recommendations resulting from this study that require consideration include:
1. Implementation of a myrtle wilt and weed management plan.
2. Preparation of a Forest Practices Plan.
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1.

INTRODUCTION
1.1 B A C K G R O U N D
Worley Parsons Services Pty Ltd (WorleyParsons) has been commissioned by Intec Hellyer
Metals Pty Ltd to prepare a Development Proposal and Environmental Management Plan
(DPEMP) for Hellyer Metal Project. The proposal involves reworking recovered tailings
and processing of those recovered tailings by sequential circuits of leaching, purification
and electrowinning, and the construction of a new tailings dam1.
As a new Tailings Dam will be constructed in a previously undisturbed area, flora and
fauna surveys are required in the proposed tailings dam site to establish conservation
values prior to construction. These include a broader inspection of the vicinity of the area
for eagles nest extending outside the dam footprint for 500m and within a 1 kilometre line
of sight in suitable habitat.
WorleyParsons engaged North Barker Ecosystem Services to undertake a botanical survey
and fauna habitat assessment to determine and document the botanical values and
terrestrial fauna values of the area in order to provide written recommendations for
minimising environmental impact. This report presents the findings of a detailed survey
and habitat assessment.

1.2 T H E S T U D Y A R E A
The study area which is located on the edges of the Tasmanian Western and Central
Highlands Bioregions toward their northern extremity although contained within the
Central Highlands Bioregion. The area is located in the vicinity of the previous mine
workings of the Hellyer Mine approximately 4 km south of the Cradle Mountain Link Road
and 4 km from the junction of the Murchison Highway and Cradle Mountain Link Road
(Figure 1). The study area extends over 62.4 ha of predominantly native vegetation and a
minor part over a permanent easement for high voltage power lines.
The study area occurs over an altitude range of approximately 650 to 680m.
The geology of the study area is encompassed within the West Coast mineral belt and is
dominated by Cambrian sediments. The soils are well drained comprising silt, sand and
gravels.
The area is essentially a broad, gently sloping basin that is traversed by a number of small
creeks.

1.3 L I M I T A T I O N S
It should be noted that no plant survey can guarantee that all vascular flora will be
recorded during a single visit due to the limitations of the sampling technique, seasonal
and annual variation in abundance and the possible absence of fertile material for
identification. Ephemeral species that may have been overlooked include, for example,
spring and winter flowering herbs, notably orchids. Additional species are likely to occur
that may be recorded by repeated visits over several years and at different seasons.
However, all significant species known to occur in the vicinity of the study area are
addressed in this report.
The study area has extensive areas of open rainforest with easy foot access allowing good
coverage of the area. The tracks used for mineral exploration with drilling rigs also
1

WorleyParsons October 2005

1

26_01_06 WOR01 Hellyer
North Barker Ecosystem Services

Hellyer Metals Project
Botanical Survey and Fauna Habitat Assessment

facilitated easy foot traffic. The TASVEG mapping was verified from floristic data collected
during the survey. GPS coverage was poor, as canopy cover excluded good satellite
exposure.
Fauna assessment included a list of all vertebrate species seen or heard during the survey
which included a nocturnal survey with spot lights within the study area or within close
proximity. Due to the acknowledge limitations of limited fauna survey ie negative data
does not indicate the absence of animals, no live-trappings were undertaken.
Consideration of terrestrial habitat such as potential nesting and foraging resources were
taken into account.
Figure 1 – Study area and approximate extent of new tailings dam.

2
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2.

BOTANICAL SURVEY AND FAUNA HABITAT ASSESSMENT
2.1 B A C K G R O U N D R E S E A RC H
The following sources were used for biological records from the region:
GT SPOT 2 - all threatened plant and animal records within 5 km of the proposed
development.
The Threatened Fauna Manual 3 – threatened species recorded from the Charter
map sheet (Tasmap, Tasmania 1: 25 000 series).
TASVEG v1.0 - vegetation communities.

2.2 B O TA N I C A L S U R V E Y
The botanical survey was carried out on foot, on 4th and 5th January 2006. The open
rainforest understorey allowed good coverage of the study area.
All perceivable vegetation communities were sampled and plotless (no measured quadrat)
species lists were recorded during the timed meander search4.
Any symptomatic evidence of plant pathogens, notably Phytophthora and Myrtle Wilt
were noted and assessed for implications for management.
Botanical nomenclature follows the current census of Tasmanian plants 5.

2.3 F AU N A S U R V E Y

AND

HABITAT ASSESSMENT

Incidental daytime observations were made for all vertebrate habitat. The vegetation was
related to fauna habitat with respect to threatened fauna species known from the area, or
considered to potentially occur there. Daytime and nocturnal records of all vertebrate and
some invertebrate groups were kept.
An eagle nest search was made of the study area and the suitable habitat in the vicinity
within a 1 km line of sight.
A list of vertebrate species encountered during field investigations is provided in Appendix
4.
2.3.1 Wedge-tailed Eagle
All potential nesting habitat within 500 m or 1 km in line of sight of development activity
has been identified for the new tailings dam area following consultation with the
Threatened Species Section, DPIWE6 The habitat has been assessed from vegetation
mapping for tree height and species. While trees of suitable height are present in more
areas potentially suitable eucalypts are present only in areas mapped as RMS forest (refer
figure 3) in the study area and in the area to the north of the study area. The potential
nesting habitat was checked in the areas as marked on Figure 2. None of the area
represents good potential habitat as most of the forest is relatively exposed to strong winds
and there are much more protected sites east of the Hellyer Mine site in the headwaters of
GIS Unit, Parks & Wildlife Service, DPIWE
Bryant & Jackson (1999)
4 In accordance with methodologies outlined in Goff et al (1982)
5 Buchanan (2005)
6 Bill Brown , Project officer, Threatened Eagles, DPIWE
2
3

3
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the Southwell River. Design of the development indicates that the habitat will not be
directly impacted but this does not preclude potential disturbance by noisy activities
during construction. However it must be considered that recent mine activities in the area
make it unlikely that eagles utilised the area in recent times in the direct vicinity of the
existing mine and processing plant.

2.4 A S S ES S M E N T

OF

C O N S E R V A T I O N S I G N I FI C AN C E

Methods of assessing conservation significance of vegetation communities and flora or
fauna species have been developed and are detailed in Appendix 1. The conservation
significance of a mapping unit is based on quantitative information of the extent of
reservation of mapped forest communities developed for the RFA7 and known
representation of described communities in reserves 8. Priority classifications9 have been
applied to all communities to gauge their relative significance at a state and/or regional
level.
The conservation significance of species is determined at a state and federal level by
legislation (Threatened Species Protection Act 1995, Environment Protection and
Biodiversity Conservation Act 1999), the implications of which are considered in the light
of relevant species. General significance is determined from criteria that consider regional
importance and other levels of significance as proposed by various Advisory Committees
(refer Appendices 1A & 1B).

Commonwealth of Australia / State of Tasmania (1997)
Kirkpatrick et al (1995) and North et al (1998)
9 CARSAG 2003
7
8
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Figure 2. The search location of potential Eagle nest habitat
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3.

BIOLOGICAL VALUES
3.1 T H E V E G E T A T I O N
Table 1 describes the conservation and reservation status of the native plant communities.
The vegetation types are described below and full floristics are given in Appendix 3. The
native vegetation has been classified into 2 native plant communities listed in Table 1. The
distribution of vegetation types is illustrated on Figure 3. They accord directly with existing
TASVEG mapping (version 1.0).
The entire study area encompasses a limited range of rainforest vegetation types which
reflect similar fire history of the area interacting with site factors such as topography,
drainage and geology. The rainforests occupies well drained sites on moderately deep
soils. The communities described here correspond well with recognised TASVEG
communities.
Nothofagus - Atherosperma Rainforest (RMT) This mapping unit is the most
extensive in the study area and is represented by the classic open callidendrous rainforest
with majestic trees, open understorey and low species diversity.
The forest canopy is dominated by tall dense Nothofagus cunninghamii and
Atherosperma moschatum. There are very occasional Eucryphia lucida. Shrubs are
present at low densities and diversity including Gaultheria hispida, Aristotelia
peduncularis, Tasmania lanceolata, Leptecophylla juniperina and Cenarrhenes nitida.
The extent of the ground fern cover is dependent on the level of disturbance and the
openness of the canopy. Dicksonia antarctica is present in the understorey over most of
the area as are various epiphyte species including Hymenophyllum sp., Rumohra
adiantiformis, Microsorum pustulatum and Grammitis billardierei. Ground ferns are
scattered and of low diversity. Herbs are few and far between including Hydrocotyle hirta,
Oxalis magellanica and Drymophila cyanocarpa.
There are 21 600 ha of this forest10 mapped in this bioregion of which over 11 700 ha are
reserved. The mapping unit is not threatened. There are 36.3 ha mapped in the study
area.
Nothofagus / Phyllocladus Short Rainforest (RMS) This mapping unit includes a
community that has relatively simple structure. This thamnic type rainforest is shorter
than the Nothofagus – Atherosperma rainforest that occupies the majority of the study
area. The dominant species is Phyllocladus aspleniifolius, with some Nothofagus
cunninghamii and Atherosperma moschatum emerging over a moderate scrub layer of
Cenarrhenes nitida, Tasmania lanceolata, Trochocarpa cunninghamii and with
occasional Pimelea drupacea . Ferns are a minor component with Blechnum wattsii and
Histiopteris incisa the only groundferns and scattered epiphytes including
Hymenophyllum peltatum and Grammitis billardierei. There is a graminoid component
to the understorey of predominantly Gahnia grandis. The herb layer is sparse with low
diversity.
In places there are emergent eucalypts present including both Eucalyptus delegatensis
and E. nitida. The trees have a regrowth form however in places there were only dead stags
remaining or most eucalypt trees were dying back with poor crowns.
There are 51 000 ha of this forest mapped in this bioregion of which over 37 300 ha are
reserved. The mapping unit is not threatened. There are 22.1 ha mapped in the study
area.
10

Referencing the equivalent mapping unit for TASVEG v 0.1 (M+)
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Table 1: Native Plant Communities Conservation and Reservation Status
Equivalent described
floristic community 11

Equivalent Mapped
Tasveg Mapping unit

Rain C1.1

Nothofagus Atherosperma Rainforest
(RMT)

State-wide
Conservation
Priority
Nothofagus - Atherosperma Rainforest (RMT)

aff.Rain C1.2

Not threatened
Adequately
reserved

Regional
Conservation
12
Priority
Not threatened
Adequately
reserved

Nothofagus / Phyllocladus Short Rainforest
Rain –T6.1

11
12

Nothofagus / Phyllocladus
Short Rainforest
(RMS)

Not threatened
Adequately
reserved

Not threatened
Adequately
reserved

Forest Practices Authority (2005).
CARSAG 2000
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Figure 3: Native Vegetation Communities
TASVEG mapping verified from ground truthing
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Photographic plates

Plate 1: Nothofagus - Atherosperma Rainforest

Plate 2: Nothofagus - Atherosperma Rainforest
with open understorey

Plate 3: Nothofagus / Phyllocladus short
rainforest with scattered emergent eucalypts

9

Plate 2 Nothofagus / Phyllocladus short
rainforest with scattered emergent eucalypts.
Phyllocladus is dominant in much of the canopy.

26_01_06 WOR01 Hellyer
North Barker Ecosystem Services

Hellyer Metals Project
Botanical Survey and Fauna Habitat Assessment

3.2 F LO RA

OF

CONSERVATION SIGNIFICANCE

The survey revealed 47 native plant species with no exotic plant species occurring within
the study area. Of these, 8 plant species are endemic to Tasmania. This relatively low
number of species is a result of the entire study area being dominated by only two
vegetation communities and the callidendrous rainforest typically being species
depauperate.
A full list of species is given in Appendix 3. Table 2 identifies the only significant species
recorded within 5 km radius of the study area from GTSpot GIS Web Server, DPIWE. This
species was not observed although the more common variety was. The immediate habitat
is of low suitability for this species as the rainforest types generally do not support a great
diversity of scrub species. As with many Acacia species Acacia mucronata dependens, is a
species that regenerates profusely following site disturbance and it is more likely to be
present in eucalypt communities nearby.
Table 2: Flora Species of Conservation Significance Previously Recorded in
the Vicinity
Species

Acacia mucronata dependens
variable sallow wattle

Conservation Status13
State

National

Rare

-

Observations

Occurs in a wide variety of habitat
around the state including wet
sclerophyll forest and rainforest. The
verified location for this species is
within 5 km of the study area. This
species may qualify for de-listing
following taxonomic revision.
Suitable habitat occurs but was not
recorded.

Flora of National Significance
No plant species listed by the Commonwealth Environment Protection and Biodiversity
Conservation Act 1999 were recorded in the study area or thought likely to occur.
Flora of State Significance
No plant species listed by the Tasmanian Threatened Species Protection Act 1995 were
recorded in the study area and there is little likelihood of such listed species occurring
there.
Flora of General or Regional Significance
A total of 8 species endemic to Tasmania were found in the study area, these are listed in
Appendix 3.

3.3 F AU N A H A B I T A T
The predominantly homogeneous vegetation within the study area offers a limited range of
habitat types. This limited range of habitat available is reflected in the low diversity of
terrestrial bird species recorded (17 species recorded).

13

Tasmanian Threatened Species Protection Act 1995
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There are very few old growth eucalypts which could provide opportunities for hollow
nesting bird species. Those that are present are emergent trees that are exposed to the
wind well above the general canopy.
There are several small streams present and occasional small patches of poorly drained
soil. In some of these localised patches of slow drainage there were scattered towers
produced by burrowing crayfish.

3.4 F AU N A

OF

CONSERVATION SIGNIFICANCE

The following threatened fauna species have been recorded within 5 km radius of the study
area or may be expected to occur in suitable habitat 14. None were recorded during the
course of the survey. A brief discussion is given to indicate the reasons why habitat is
suitable or unsuitable.
Table 3: Fauna of conservation significance previously recorded within 5 km
radius or likely to occur within the study area.
Species

Conservation Status15
State

Observations

National

Mammals
Dasyurus maculatus
Spotted Tailed Quoll

rare

vulnerable

Suitable habitat widespread in
study area, occurs in wet forests
and particularly rainforests. Scats
seen on tracks.

Sarcophilus harrisii
Tasmanian devil

vulnerable

not listed

Scats seen. A young adult seen
in early evening. Extensive
habitat present in adjacent forest

Birds
Accipiter novaehollandiae
Grey Goshawk

endangered

not listed

Rainforest without a blackwood
component has a low potential as
nesting habitat. The area is more
likely to be foraging habitat. Site
is marginal habitat.

Aquila audax ssp. fleayi
Wedge-tailed Eagle

endangered

endangered

Rarely seen in the vicinity of the
Hellyer mine (Rick Donaldson
pers comm.) and site has low
potential as nesting habitat with
limited protected large eucalypts
occur within 1 km of the
inundation area.

Oreixenica ptunarra
Ptunarra Brown Butterfly

Vulnerable

Invertebrates
not listed

Grassland or grassy woodland
species with Poa tussock. No
suitable habitat.

GT Spot, Tasmania’s Threatened fauna handbook, Bryant & Jackson, 1999
Commonwealth Environment Protection and Biodiversity Conservation Act 1999 including JAMBA, CAMBA and Migratory species;
Tasmanian Threatened Species Protection Act, 1995
14
15
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Fauna of National Significance
Spotted Tailed Quoll (Dasyurus maculatus).
Tasmania is the stronghold for the Spotted-tailed Quoll although the species occurs at
naturally low densities. The species’ core habitat area is described as a strip across
northern Tasmania on lowland, fertile sites with predictable rainfall, with peripheral
habitat and lower densities occurring south of this northern strip and in areas of the
southern forests and the south-west16. The Spotted-tailed Quoll is generally a forest
dwelling species, most common in wet forest types, but also found in dry forest, woodland
and coastal heath. Spotted-tailed Quolls actively hunt small birds, mammals, reptiles and
insects. They are solitary with home ranges of about 1 500 ha and generally occurring at
densities of about 1 per 300 ha but can be higher in core habitat.
Although the Quoll has not been recorded immediate vicinity of the study area it is
considered likely that the Spotted-tailed Quoll occurs in the study area as the forests are
suitable habitat – and that scats for that species were found on exploration tracks in the
area. As such it is likely to be present in relatively low numbers possibly as part of 1-2
individuals ranges.
Wedge-tailed Eagle (Aquila audax ssp. fleayi)
This is an endemic subspecies of Australia’s only Aquila. This species is listed as
endangered on the EPBC and the TSPA. Adults are resident, highly territorial and have
very large home ranges (density of 1 pair per 20 km2 to 1200 km2 depending on
productivity of habitat). Although considered to be widespread but uncommon at the time
of European settlement the breeding success has decreased to a point where it is now
considered that fewer than 100 pairs are successful at breeding each year in Tasmania.
Wedge-tailed Eagles nest in a range of old growth native forests and the species is
dependant on forest for nesting. Territories can contain up to five alternative nests usually
close to each other but may be up to 1 km apart where habitat is locally restricted. Wedgetailed Eagles prey and scavenge on a wide variety of fauna including fish, reptiles, birds
and mammals. The greatest single threat to the species is the continuing decline in
breeding success as a result of disturbance of breeding birds and loss of nesting habitat. An
unnaturally high mortality as a result of persecution (illegal shooting, trapping and
poisoning), electrocution and collision (with vehicles, fences and wires) may also reduce
breeding success by reducing the mean age of breeding birds or birds holding territories17.
A contractor that has worked at the Hellyer mine and acted as caretaker of the mine and
processing plant after the main ore body was exhausted stated that it was rare to see
wedge-tailed eagles over the immediate area although it was common to see them north of
the site along the Cradle Link Road18.
A review of the vegetation and topography identified a number of sites that could
potentially support suitable habitat for nests. These locations were assessed by foot.
Visibility was reasonable from the ground with the scattered eucalypts generally well above
the rainforest species canopy. Given the rarity of utilisation of Myrtle by eagles for nesting
19, the myrtle habitat of the project area can at best be considered of low probability of
supporting a Wedge–tailed Eagle nest. It has been identified as potential habitat due to
the protected landscape characteristics and the mature size of the trees.

Jones & Rose 1996
Bell & Mooney (1998) Wedge-tailed Eagle Recovery Plan 1998-2003
18 R. Donaldson pers. com.
19 Only 1 of approximately 700 documented nest sites in Tasmania is located in a myrtle. (B.Brown pers com.)
16
17
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Tasmanian Devil (Sarcophilus harrisii)
This species is a recent addition to the TSPA following the significant impact of disease on
populations of this species. It is listed on the Tasmanian Threatened Species Protection
Act 1995 as vulnerable. It is not listed on the Commonwealth Environment Protection and
Biodiversity Conservation Act 1999. This was once a species that was also widespread on
mainland Australia but is thought to have become extinct on the mainland centuries ago.
The Tasmanian Devil is primarily a carrion-eater which is generally nocturnal. During the
day it will retire to a cave, hollow log or thick scrub. At night it forages over a range from
10 to 20 hectares. These animal are solitary but not territorial and foraging ranges may
overlap considerably20. Therefore it is likely that the study area supports between 3 to six
individual animals.
No evidence of denning habitat was observed within the study area.
Fauna of General or Regional Significance
Burrows of freshwater crayfish (species unknown) were observed at low densities in the
rainforest. This group has undergone taxonomic revision (Horwitz P. 1990) in recent years
and several threatened species under the TSPA 1995 are known from different parts of
Tasmania. None are listed from the vicinity.

3.5 I N T R O D U C E D P L A N T S
No declared weeds or any other introduced plant species were recorded from the project
area. However, areas disturbed in the future will be susceptible to weed invasion.

3.6 P L A N T P A TH O G E N S
3.6.1 Phytophthora
Phytophthora cinnamomi commonly known as dieback (or PC) is a pathogen which affects
a wide range of species, (notably those in the Epacridaceae and Proteaceae families). It is
a soil borne fungal pathogen that invades the roots of plants and starves them of nutrients
and water. Nearly 50 % of rainforest species which occur in the climatic range of PC are
susceptible to infection. This soil borne fungus moves naturally through the soil, more
rapidly with drainage, and more slowly upslope. It is transported long distances by
animals and humans.
Phytophthora can be accidentally introduced through the transportation of soil on
vehicles, construction machinery and walking boots. The establishment and spread of
Phytophthora is favoured in areas that receive above 600 mm of rainfall per annum and
are below about 800 m altitude. The project site falls within this climatic zone. Within
this suitable climatic envelope some soil types are more conducive to the establishment
and spread of Phytophthora than others. Conducive soils are generally the low nutrient
types that support heathy communities. The combination of these biophysical factors
results in patches of susceptible communities on conducive sites across the landscape.
Rainforest vegetation communities are generally not particularly susceptible to
Phytophthora cinnamomi. Examples of very susceptible communities are heath or
buttongrass communities. Proteaceous species are most at risk, in terms of abundance.
However there are susceptible species in the rainforest. Rainforests are generally only
susceptible to infection when severely disturbed so that the soil temperature can be raised

20

The Australian Museum 1983.
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by sun exposure to a temperature suitable to sustain Phytophthora cinnamomi.
symptoms of Phytophthora cinnamomi were recorded in the study area.

No

3.6.2 Myrtle Wilt
This occurs naturally in rainforest where myrtle (Nothofagus cunninghamii) is present. It
is caused by a wind borne fungi (Chalara australis). Where forest clearance is undertaken
and trees are damaged, there is often an increase in the incidence of myrtle wilt. The
fungus enters through wounds in the tree which can occur following attack by tree boring
insects, storm damage or where limbs are broken.
The increased level of sporing of the fungus causes a local knock on effect with many older
or damaged trees nearby becoming infected. The uninfected forest as a whole will not be
threatened as myrtle wilt is natural and evidence suggests the rates of infection fall
dramatically away from the source of disturbance.
No symptomatic evidence of Myrtle Wilt was recorded within the study area despite the
recent tracking with machinery for mineral exploration. However myrtle wilt is certainly
evident along the nearby high-voltage powerlines and at the edge of the existing tailings
dam. It can be anticipated that in time it would probably become evident in the areas
adjacent to the tracks used for mineral exploration.

14
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4.

IMPACTS AND MITIGATATION
New development associated with a new tailings dam occurs over a homogenous area
continuous area with similar ecological values throughout.

4.1 T H R E A T E N E D F L O R A
No threatened species are known to occur in the study area and therefore no such species
are expected to be affected by the construction activities. No management prescriptions
are required to mitigate impacts.

4.2 T H R E A T E N E D F A U N A
The construction of the new tailings dam will result in the loss of a limited amount of
Spotted Tailed Quoll habitat. When Quolls are displaced from their home range they are
assumed to die. It is unknown how many Quoll could be displaced by the loss of habitat
but a rough estimate of density in non core habitat is approximately 1 animal per 300 ha21
or 1 individual. A viable population of about 50 Quolls is thought to require about 15 000
ha of continuous habitat. Given the extent of habitat in the region (large tracts of
continuous native vegetation) it is likely that the area for a minimum viable population of
50 is exceeded and that the potential loss of 1 or 2 animals is not significant.
Notwithstanding these comments it is the incremental loss of habitat that is the main
threatening process facing many species today. The effective removal of approximately
58ha of range for this species will reduce the effective carrying capacity of the forest s in
the area, although this extent is unlikely to be considered significant given the dam site is
located outside core range for the species.
The provisions of the Forest Practices Code relating to Quoll management specifically and
fauna generally require that wildlife habitat strips, habitat clumps and stream side reserves
are retained to link more extensive habitat areas22. In this case the largest loss of habitat is
to the tailings dam in which none of the above measures can be implemented. However
there is extensive undisturbed habitat in the general vicinity so any impact such as clearing
habitat is likely to be only of a very local nature.
The situation for the Tasmanian Devil is similar to that for the Spotted Tailed Quoll in that
the study area is likely to support a low number of individuals. The territory for
individuals is likely to be between 10 and 20 hectares (that may overlap) and that suitable
habitat is extensive in the region. So the potential loss of 3 or 6 animals is not likely to be
significant in a region where the population is likely to be extensive. Notwithstanding
these comments it is the incremental loss and fragmentation of habitat that is the main
threatening process facing many species today.
The eagle nest search of suitable habitat in the vicinity did not reveal any nests. The
habitat is not of high suitability for eagle nesting as the sites are not well protected from
prevailing winds. A reasonable precaution to consider is the provision that if a nest is
found during construction within the 1 km radius zone any construction activity should
cease. Pending advice from the Threatened Species Section Eagle Project Officer, DPIWE.
Works may have to be limited to periods outside the July-January breeding season. It is an
offence under both the Forest Practices Act 1986 and the Tasmanian Threatened Species
Protection Act 1995 to do otherwise without a either a certified Forest Practices Plan that
specifically allows for the disturbance and a Permit to disturb under the TSPA.

21
22

Jones and Rose 1996
Fauna Advisor Forest Practices Board- A management prescription database.
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4.3 N A T I V E V E G E T A T I O N

AND

F A U N A H A BI T A T

The approximate areas of vegetation and habitat to be lost to construction of the new
tailings dam totals approximately 58.4 ha of Nothofagus / Phyllocladus Short Rainforest
(RMS) and Nothofagus - Atherosperma Rainforest (RMT) that are described above (Table
1) and illustrated in Figure 3. Neither of the two vegetation communities within the
proposed new tailings dam are considered to have a threatened status at either a regional
or State wide basis. The flora and fauna associated with Nothofagus / Phyllocladus Short
Rainforest (RMS) and Nothofagus - Atherosperma Rainforest (RMT) are well represented
in the surrounding area and would not be threatened on a local scale through clearing.

4.4 P H Y T O P H T H O R A
The introduction of machinery and vehicles in general presents an increased risk of
introducing Phytophthora to communities at risk. The introduction of Phytophthora
cinnamomi on vehicles entering the site is a possibility but any impact should be limited to
the edges of forest vegetation as it is too dense (cold soil) for Phytophthora cinnamomi to
penetrate.
The greatest risk of spread of Phytophthora cinnamomi is to the surrounding vegetation or
regenerating areas open areas on the margins of clearings. Wherever possible soil
disturbance should be restricted to the footprint of the tailings dam to protect adjacent
vegetation.
Active management to continually limit the spread of Phytophthora remains a focus of
Tasmania’s control strategy. Ongoing monitoring for future infections plays an important
role.
Because of the nature of the operations (a large amount of construction material sourced
from and remaining on site) and the current Phytophthora free status of the site, there is a
low risk of introduction and spread to susceptible communities. However a strategy to
prevent the introduction of Phytophthora in the study area should include:
•

Clean machinery before entering the site.

•

Material should only be sourced from quarries outside the lease area if they are
certified to be free of Phytophthora.

•

Periodic reconnaissance surveys for Phytophthora in development areas should be
considered.

•

Site managers should have an awareness of best practise for Phytophthora
management as well as basic training in identification of symptoms.

4.5 M Y R T L E W I LT
Rainforest clearance will be necessary to prepare the tailings dam inundation area.
Consequently there is a risk of causing Myrtle Wilt through this disturbance and damage to
trees. Myrtle Wilt is evident along the edge of the nearby high voltage power lines.
The establishment of myrtle wilt can be mitigated by minimising damage to adjacent trees
when felling myrtle. Felling should be carried out so that trees fall away from the retained
trees and are removed from site.
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5. LEGISLATIVE IMPLICATIONS
Legal advice should be sought in regard to the following opinions.

5.1 C O MM O N W E A L T H E N VI R O N M E N T P R O T E CT I O N
B I O D I V E R S I T Y C O N S E R V A T I O N A CT 1999

AND

Referral under the EPBC Act will be necessary if, as the Act states:
‘An action has, will have, or is likely to have a significant impact on a vulnerable
/endangered species if it does, will, or is likely to (amongst other things):
•

modify, destroy, remove, isolate or decrease the availability or quality of habitat to
the extent that the species is likely to decline.’

No referral is required for Wedge-tailed eagles as searches for nests did not locate any
nests; no referral is likely to be necessary for Spotted Tailed Quoll as the impacts are
relatively minor because of the scale of disturbance and because the locations are outside
of the core range of these species.

5.2 T A SM A N I A N T H R E A T E N E D S P E C I E S P R O T E CT I O N A C T 1995
No threatened flora were recorded or are thought likely to occur.
The Tasmanian Devil was observed in the study area and it is likely that the Spotted Tailed
Quoll occurs in the study area or could be affected by the operations. It is unlikely that a
permit under the TSPA will be required as significant impacts to local populations are not
likely.
No permit application is required for the wedge-tailed eagle as no active eagle nests were
found during the search.
Appendix 2 outlines the implications of threatened species in regard to the Act.

5.3 T A SM A N I A N W E E D M A N A G E M E N T A C T 1999
No declared weeds were located within the study site and therefore there are no expected
implications for the Tasmanian Weed Management Act 1999.

5.4 T A SM A N I A N F O RE S T P R A C T I C E S A C T 1985
Changes to the Forest Practices Act and Regulations introduced in January 200223 require
a Forest Practices Plan (FPP) where clearing of forest is in excess of 1 hectare or 100
tonnes of timber or any amount on vulnerable land. Refer Appendix 5.
The development of this project will necessitate the clearing of more than 1 ha of forest.
The presence of the vulnerable Tasmanian Devil – Sarcophilus harrisii and the presence of
streams suggests that the site would constitute “vulnerable land” under the definitions of
the Regulations thus triggering the need for a Forest Practices Plan for any amount of
clearance.
A Forest Practices Plan will need to be prepared. However, because the clearance is not for
a ‘forestry operation’ the plan would be considered a ‘salvage operation’ in which some
parts of the Forest Practices Code will be exempt.
23

Forest Practices Board 2002
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5.5 T A SM A N I A N L A N D U S E P L A N N I N G

AND

A P P R O V A L S A CT 1993

LUPAA states that ‘in determining an application for a permit, a planning authority must
(amongst other things) seek out the objectives set out in Schedule 1 24
Schedule 1 includes ‘The objectives of the Resource Management and Planning System of
Tasmania’ which are (amongst other things):
‘To promote sustainable development of natural and physical resources and the
maintenance of ecological processes and genetic diversity’.
Sustainable development includes ‘avoiding, remedying or mitigating any adverse effects
of activities on the environment’25.
These objectives could be met by:
(i)

Adopting the principles of ‘no net loss’ or ‘conservation offsets’. (ie
contributing to conservation in a way that is perceived to offset the impact).

(ii)

Reducing the risk of spread of environmental weeds and plant pathogens (eg
Phytophthora and myrtle wilt) during and after works.

The principle of ‘no net loss’ is being increasingly recognised in Australian nature
conservation strategies and policies26. Its intention is to ensure that any land use planning
and management decisions aim to maintain biodiversity through the retention of the
extent and area of native vegetation systems where at all possible. The siting of any
development should aim to avoid the resultant loss of any areas of native vegetation.
Where this is not possible then measures for mitigation should be considered which aim to
establish and or protect, through improved conservation management, areas of similar
habitat within the same bioregion.
Conservation offsets may include alternatives to land management actions such as
contributing to the preparation of Recovery Plans or surveys that benefit affected values.
Currently policies for offset measures are in early draft stage and no specific guideline exist
for mitigating losses of native vegetation. As there are no threatened vegetation
communities involved the proposed losses do not invoke any legislative processes that
would require a formal offset strategy.

section 51(2) (b) – Part 4 Enforcement of Planning Control – Division 2 Development Control LUPA 1993
page 56 - LUPAA 1993
26 eg Victorian Biodiversity Strategy
24
25
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6.

SUMMARY OF RECOMMENDATIONS
1. Given the recent listing of the Tasmanian Devil on the Tasmanian Threatened Species
Protection Act 1995 the point at which a permit would be required is not clear. Advice
could be sought for the Conservation Assessment Section (CAS) DPIWE on the need
for further action in this regard.
2. Prepare a Forest Practices Plan.
3. Implement a Phytophthora cinnamomi, myrtle wilt and weed management plan
a. Monitoring of the presence of Phytophthora cinnamomi and myrtle wilt should
be undertaken annually.
b. Monitoring of the presence of weeds should be undertaken biannually.
4. Rehabilitate disturbed areas (dam walls and cleared land around infrastructure) with
appropriate plants). These include local native species that are suitable for dam wall
coverage to promote stability and provide for the amenity of the site. Suitable species
could be selected from the attached species list .
5. Rehabilitation should allow for the maintenance of all infrastructure and protection
from fire where appropriate.
a. To minimise the risk of fire damage and promote fire defence, rehabilitation
planting should not occur within 20 m of a building and fuel loads should not
exceed 5 tonnes per ha between 20 and 35 m of a building.
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A P P E N D I X 1 A : D E FI N I T I O N S

OF

S P EC I E S C O N S E R V A T I O N V A LU E S

SPECIES OF NATIONAL SIGNIFICANCE

Listed in Commonwealth Environment Protection and Biodiversity Conservation Act 1999
The EPBC Act has six categories of threat status for species:
1.

Extinct - If at a particular there is no reasonable doubt that the last member of the species has died

2.

Extinct in the wild - If it is known only to survive in cultivation, in captivity or as a naturalised population
well outside its past range; or If it has not been recorded in its known and/or expected habitat, at
appropriate seasons, anywhere in its past range, despite exhaustive surveys over a time frame
appropriate to its life cycle and form

3.

Critically endangered - If at a particular time, it is facing an extremely high risk of extinction in the wild
in the immediate future, as determined in accordance with the prescribed criteria

4.

Endangered - If it is not critically endangered; and it is facing a very high risk of extinction in the wild in
the near future, as determined in accordance with the prescribed criteria

5.

Vulnerable - If at a particular time it is not critically endangered or endangered; and it is facing a high
risk of extinction in the wild in the medium-term future, as determined in accordance with the prescribed
criteria.

6.

Conservation dependent - If, at that time, the species is the focus of a specific conservation program,
the cessation of which would result in the species becoming vulnerable, endangered or critically
endangered within a period of 5 years

SPECIES OF STATE SIGNIFICANCE
Listed in Tasmanian Threatened Species Protection Act 1995 (TSP Act)
Threatened flora and fauna species in Tasmania are listed in Schedules 3 (extinct or endangered), 4
(vulnerable) or 5 (rare). These three categories are defined in Section 15 of the Act.
1.

Extinct - If no occurrence of the taxon in the wild can be confirmed during the past 50 years

2.

Endangered - If it is in danger of extinction because long-term survival is unlikely while the factors
causing it to be endangered continue operating.

3.

Vulnerable - If it is likely to become an endangered taxon while the factors causing it to be vulnerable
continue operating.

4.

Rare - If it has a small population in Tasmania that is not endangered or vulnerable but is at risk.”

Species that have been nominated and approved by the Scientific Advisory Committee for listing in the Act
SPECIES OF REGIONAL OR GENERAL SIGNIFICANCE
The following definitions are from three publications: Flora Advisory Committee 1994, Vertebrate Advisory
Committee 1994, Invertebrate Advisory Committee 1994
Flora only - Species listed as rare but not necessarily ‘at risk’ (r3)
Fauna only – Species requiring monitoring (m)
Both – Species of unknown risk status (k) in Tasmania, or thought to be uncommon within region, or a
species having a declining range or populations within the area.
Species considered to be outside its normal range or of an unusual form as determined and justified in the
body of the report.
Species identified in regional studies as being of conservation significance that are not listed in current
legislation
Species that have been recognised but have not been formally described in a published journal that are
thought to significant as determined and justified in the body of the report.
Plant species that are not known to be reserved. To be so it must be known to exist in at least one secure
Reserve. Secure reserves include reserves and parks requiring the approval of both Houses of Parliament for
their revocation. They include: National Parks, Aboriginal Sites, Historic Sites, Nature Reserves, State
Reserves, Game Reserves, Forest Reserves, Wellington Park, and insecure reserves in the World Heritage
Area which is protected by international agreement under the World Heritage Convention.
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A P P E N D I X 1 B : D E FI N I T I O N S
P L A N T C O M M U N I TI E S

OF

C O N S E R V A T I O N V A LU E S

OF

CONSERVATION STATUS OF FOREST COMMUNITIES
The conservation status of communities was assessed based on the following criteria (PLUC
1996):
Rare communities
•

R1 - total area generally less than 10 000 ha

•

R2 - total area generally less than 1 000 ha

•

R3 - patch sizes generally less than 100 ha

Vulnerable communities
•

V1 - approaching greater than 70 % depletion

•

V2 - where threatening processes have caused either loss or significant decline in species
that play a major role within the ecosystem or have caused a significant alteration to the
ecosystem process

Endangered communities
•

E1 - distribution has contracted to less than 10 % of pre-1750 range

•

E2 - less than 10 % of pre-1750 area remains

•

E3 - 90 % of area is in small patches and is subject to threatening processes

Quantitative assessments of reservation of forest communities exists. These have been
determined as part of the Comprehensive Regional Assessment (CRA) undertaken in
Tasmania for the Tasmanian and Commonwealth Regional Forest Agreement (RFA) and
updated by the CAR Scientific Advisory Committee.
Reference is made to target levels of reservation proposed to achieve a Comprehensive,
Adequate and Representative Reserve System (CAR) for forests in Australia (ANZECC /
MCFFA, 1997). These targets (known as JANIS criteria) are based on proportionate
representation of the forest estate in reserves to the levels that were present prior to European
settlement (given as pre-1750 for conformity with the IUCN guidelines). 15% of pre-1750 area
of each forest type has been proposed.
JANIS criteria for a CAR reserve system would include 60 % of the existing area of rare and
vulnerable and 100 % of the existing area of endangered communities (PLUC, 1996).
REGIONAL CONSERVATION STATUS OF COMMUNITIES
•

Endangered - where 90% or more depleted from 1750;

•

Rare - where less than 1,000ha extant;

•

Vulnerable - where 70% or more depleted from 1750;

•

Rare/Depleted - where old growth has less than 1,000ha extant or comprises less than
10% of extant of community.
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APPENDIX

2:

L E G I S L A TI V E

I M P L I C A TI O N S

OF

T H R E A T E N ED

SPECIES

TASMANIAN STATE LEGISLATION AFFECTING THREATENED SPECIES
Threatened Species Protection Act 1995
Threatened flora and fauna species in Tasmania are listed in Schedules 3 (endangered) and
4 (vulnerable) of the Threatened Species Protection Act, 1995. Rare species that are
considered to be ‘at risk’ are listed in Schedule 5 of the Act. These three categories are
defined in Section 15 of the Act.
1. “An extant taxon of native flora or fauna may be listed as endangered if it is in danger of
extinction because long-term survival is unlikely while the factors causing it to be
endangered continue operating.
2. A taxon of native flora or fauna may be listed as vulnerable if it is likely to become an
endangered taxon while the factors causing it to be vulnerable continue operating.
3. A taxon of native flora or fauna may be listed as rare if it has a small population

in Tasmania that is not endangered or vulnerable but is at risk.”
Section 51 (a) of the TSPA states that: “A person must not knowingly, without a permit - take,
trade in, keep or process any listed flora or fauna”. The Act defines ‘take’ as including: “kill,
injure, catch, damage, destroy and collect. A land manager is therefore required to obtain a
permit from the Tasmanian Department of Primary Industries, Water and Environment
(DPIWE) to carry out management that may adversely affect any of the species listed in the
Act
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Commonwealth of Australia Legislation Affecting Threatened Species
Environment Protection and Biodiversity Conservation Act 1999
The EPBC Act establishes a process for assessing actions that are likely to have impacts of
national environmental significance. Such impacts include World Heritage Areas, RAMSAR
Wetland sites of international importance, migratory species protected under international
agreements, nuclear actions, the Commonwealth marine environment and nationally
threatened species and communities.
Threatened species are defined in several categories:
1. Extinct
• If at a particular time there is no reasonable doubt that the last member of the species has
died.
2. Extinct in the wild
• If it is known only to survive in cultivation, in captivity or as a naturalised population well
outside its past range; or
• If it has not been recorded in its known and/or expected habitat, at appropriate seasons,
anywhere in its past range, despite exhaustive surveys over a time frame appropriate to its
life cycle and form
3. Critically endangered
•

If at a particular time, it is facing an extremely high risk of extinction in the wild in the
immediate future, as determined in accordance with the prescribed criteria

4. Endangered
•

If it is not critically endangered; and it is facing a very high risk of extinction in the wild in
the near future, as determined in accordance with the prescribed criteria

5. Vulnerable
•

If at a particular time it is not critically endangered or endangered; and it is facing a high
risk of extinction in the wild in the medium-term future, as determined in accordance with
the prescribed criteria.

6. Conservation dependent
•

If, at that time, the species is the focus of a specific conservation program, the cessation
of which would result in the species becoming vulnerable, endangered or critically
endangered within a period of 5 years

An action that is likely to affect species that are listed in any of the above categories may
require ministerial approval unless the Commonwealth Environment Minister has granted an
exemption. The Act establishes a referral process to Environment Australia to determine
whether an action requires a formal approval and thus would be required to proceed through
the assessment and approval process.
A referral must provide sufficient information to allow the Minister to make a decision. The
Minister is then required to make a decision within 20 business days of the referral. The
Minister may decide an approval is not necessary if the action is taken in a specified manner.
The action may not require approval but may require a permit if undertaken on
Commonwealth land. If an approval is required then an environmental assessment must be
carried out. In such instances the environmental assessment approach will be determined by
the Minister and may vary from preliminary documentation to a full public inquiry depending
on the scale and complexity of the impact.
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A P P E N D I X 3: L I S T

OF SPECIES RECORDED DURING SURVEY

Status codes:
ORIGIN

NATIONAL SCHEDULE

STATE SCHEDULE

i - introduced

C - critically endangered

en - endemic to Tasmania

E - endangered

v - vulnerable

t - within Australia, occurs only in Tas.

V - vulnerable

r - rare

EPBC Act 1999

TSP Act 1995
e - endangered

Sites:
1

Nothofagus - Atherosperma rainforest - E392672, N5396127 within

5/01/2006 Karen Ziegler

2

50 metres
Nothofagus / Phyllocladus short rainforest - E392566, N5396500

4/01/2006 Karen Ziegler

3

within 50 metres
Nothofagus - Atherosperma rainforest - E392900, N5396250 within

5/01/2006 Karen Ziegler

4

100 metres
Nothofagus - Atherosperma rainforest - E392500, N5396400 within

5/01/2005 Karen Ziegler

500 metres

Site

Name

Common name

Status

DICOTYLEDONAE
APIACEAE
1

Hydrocotyle hirta

hairy pennywort

ASTERACEAE
4

Cotula australis

common cotula

ELAEOCARPACEAE
1

Aristotelia peduncularis

heart berry

en

EPACRIDACEAE
14

Leptecophylla juniperina

pink or crimson berry

2

Trochocarpa cunninghamii

straggling trochocarpa

en

snow berry

en

leatherwood

en

ERICACEAE
1

Gaultheria hispida
EUCRYPHIACEAE

3

Eucryphia lucida
FAGACEAE

123

Nothofagus cunninghamii

myrtle

MIMOSACEAE
4

Acacia mucronata

variable sallow wattle

MONIMIACEAE
13

Atherosperma moschatum

sassafras

MYRTACEAE
4

Eucalyptus delegatensis tasmaniensis

gum-topped stringy bark

en

4

Eucalyptus nitida

smithton peppermint

en
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OXALIDACEAE
4

Oxalis magellanica

white wood sorrel

4

Oxalis perennans

native wood-sorrel

PITTOSPORACEAE
4

Pittosporum bicolor

cheesewood

PROTEACEAE
2

Cenarrhenes nitida

native plum, port arthur plum

en

RUBIACEAE
4

Coprosma quadrifida

native currant

RUTACEAE
4

Nematolepis squamea

lancewood, satinwood

THYMELAEACEAE
2

Pimelea drupacea

cherry rice-flower

WINTERACEAE
12

Tasmannia lanceolata

mountain pepper

GYMNOSPERMAE
PHYLLOCLADACEAE
2

Phyllocladus aspleniifolius

celery top pine

en

MONOCOTYLEDONAE
CYPERACEAE
4

Carex polyantha

sedge

12

Gahnia grandis

cutting grass

2

Isolepis sp.

club rush

13

Uncinia riparia

river hook-sedge

IRIDACEAE
4

Libertia pulchella

pretty grass-flag

JUNCACEAE
4

Juncus pauciflorus

loose-flower rush

4

Luzula flaccida

flaccid luzula

LILIACEAE
4

Dianella tasmanica

blue berry, tasman flax-lily

123

Drymophila cyanocarpa

native solomon's seal

ORCHIDACEAE
13

Chiloglottis cornuta

green bird orchid

4

Pterostylis foliata

slender greenhood

1

Pterostylis sp.

greenhood
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PTERIDOPHYTA
ASPIDIACEAE
13

Polystichum proliferum

mother shield-fern

13

Rumohra adiantiformis

leathery shield-fern

BLECHNACEAE
4

Blechnum nudum

fishbone water-fern, black-stem

123

Blechnum wattsii

hard water-fern

DENNSTAEDTIACEAE
123

Histiopteris incisa

bat's wing

13

Hypolepis rugosula

ruddy ground-fern

DICKSONIACEAE
13

Dicksonia antarctica

tree-fern, soft tree-fern

GLEICHENIACEAE
4

Sticherus tener

silky fan-fern

GRAMMITIDACEAE
123

Grammitis billardierei

finger-fern

HYMENOPHYLLACEAE
1

Hymenophyllum flabellatum

shiny filmy-fern

123

Hymenophyllum peltatum

alpine filmy-fern

3

Hymenophyllum rarum

narrow filmy-fern

LYCOPODIACEAE
4

Huperzia varia

long clubmoss

POLYPODIACEAE
3

Microsorum pustulatum pustulatum
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A P P E N D I X 4: F A U N A

OF

H EL L Y E R M E T A L P R O J E C T S T U D Y A R E A

This is an incomplete list of fauna based on incidental observation during botanical assessment
and from nocturnal spotlighting on the 4th and 5th of January 06.
Birds (most recorded by call by
Dave James – those sighted are
marked with ‘ * ’.)
Black Currawong *
Boobook Owl
Crescent Honeyeater
Golden Whistler
Green Rosella *
Grey Fantail *
Grey Shrike-Thrush
Olive Whistler
Pink Robin *
Silvereye
Shining Bronze-cuckoo
Sulphur-crested cockatoo *
Tasmanian Forest Raven
Tasmanian Scrubtit *
Tasmanian Scrubwren *
Tasmanian Thornbill *
Welcome Swallow *

Strepera fuliginosa
Ninox novaezelandiae
Phylidonyris pyrrhoptera
Pachycephala pectoralis
Platycercus caledonicus
Rhipidura fuliginosa
Colluricincla harmonica
Pachycephala olivacea
Petroica rodinogaster
Zosterops lateralis
Chrysococcyx lucidus
Cacatua galerita
Corvus tasmanicus
Sericornis magnus
Sericornis humilis
Acanthiza ewingi
Hirundo neoxena

Mammals
Tasmanian Pademelon (one sighted)
Tasmanian Devil (scats and individual
sighted while spot lighting)
Common Wombat (scats only)
Ringtail possums (heard at night)
Spotted quoll (scats only)
Reptiles

Thylogale billardierii
Sarcophilus harrisii

Tiger Snake (one sighted)
Metallic Skink (one caught)
Amphibians

Notechis ater
Niveoscincus metallicus

Tasmanian Froglet (heard at two
sights)
Common froglet
Brown tree frog
Decapoda

Crinia tasmaniensis

Vombatus ursinus
Pseudocheirus peregrinus
Dasyurus maculatus

Crinia signifera
Litoria ewingi

Burrowing crayfish – species unknown
(burrows observed in rainforest
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A P P E N D I X 5: L A N D C L E A R I N G R E G U L A T I O N S
Forest Practices Board, 2001 – Information Sheet on Land Clearing - From: www.fpb.tas.gov.au

Any forest area in excess of 1 ha or 100 tonnes of timber (which ever is the lesser) per year on nonvulnerable land upon any one property will require a Forest Practices Plan (FPP). This will apply even if no
commercial wood is produced.
“Forest” clearing includes any woody vegetation, whether seedling or mature, that has a potential height of
5m or more.
Clearing will not be permitted on defined vulnerable land (see definition below) such as streamside reserves,
machinery exclusion zones, drainage lines, swamps, habitat clumps or habitat strips. The only exception this
will be the guidelines for protection of public safety or to maintain existing infrastructure, up to 5 tonnes of
timber per year or 1 hectare (which ever is the lesser) per year on any property.
For the landowner this now means:
To clear land in excess of 1 hectare or 100 tonnes you will need a certified FPP certified by a Forest Practices
Officer and yourself as landowner.
The protection of vulnerable land is regarded as a duty of care.
Vulnerable land includes land that•

Is within a streamside reserve or machinery exclusion zone as defined in the Forest Practices Code.
The Forest Practices Code prescribes the following buffer widths:
o Class1 river- 40 m either side of stream channel
o Class 2 stream- 30 m either side of stream channel
o Class 3 stream- 20 m either side of stream channel
o Class 4 stream- 10 m either side of stream channel

•

Has steep slopes, in excess of the limits prescribed in Table 7 of the Forest Practices Code, 11o to
19o depending on rock type.

•

Has high to very high soil erodibility (Appendix 6 Forest Practices Code).

•

Contains threatened species.

•

Contains vulnerable karst (limestone) soils

•

Contains areas of forest reserved from logging under a current or expired FPP.

A FPP is required for any harvesting within vulnerable land except where:
•

The owner of the land gives consent; and

•

Harvesting of trees is necessary to protect public safety or to maintain existing infrastructure such as
roads, fences and buildings; and

•

The volume of timber harvested is less than 5 tonnes, or the area less than 1 hectare (whichever is
the lesser) on any property in one year.

Other exemptions
•

A FPP is not required for the harvesting of timber or the clearing of trees on land for the following
purposeso Easements for powerlines
o Gas pipelines
o Public roads

Failure to comply with the Forest Practices Act and Forest Practices Regulations can result in substantial
penalties. For further information contact any office of Forestry Tasmania, Private Forests Tasmania, forest
companies or the Forest Practices Board.
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1 Introduction
Aquatic science has been engaged by Hellyer Gold Mines Pty. Ltd (HGM). to assess water quality issues
associated with the construction and operation of a new Tailings Storage Facility (TSF 2) at the Hellyer mine
and to provide a water management and monitoring plan for the TSF 2.
The purpose of this document is also to provide a Water Management Plan which Caloundra
Environmental can incorporate into the DPEMP to be submitted for environmental approval of the TSF 2.
Aquatic science has reviewed surface water data collected at Hellyer since before the closure of the
Aberfoyle operation and surface water management practiced by Polymetals, Intec Hellyer and Bass
Metals. Recent geochemical reports by Blue Minerals Consulting have provided data on the potential for
ongoing sulfide oxidation of the Process Residue Tailings (PRT) to be produced by HGM. An AMD audit
conducted by Aquatic Science and Caloundra Environmental has also provided background information on
past tailings management practices on site.

2 Existing Environment
2.1 Hydrology
The Hellyer Mine lies in the headwaters of the Que and Southwell river systems. The regional drainage
pattern, including catchment boundaries and flow gauging stations, is shown in Figure 1. The Que River
flows from the mining lease in a south-westerly direction where it joins the Huskisson River before flowing
into the Pieman River. The Southwell River flows in a southerly direction past the former Hellyer
underground mine portal before emptying into Lake Mackintosh, a Hydro-Electric Corporation constructed
storage.
Figure 1 Catchment boundaries and hydrology
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2.2 Que River Catchment
This catchment contains the Hellyer concentrator site, existing main TSF, access roads and the closed Que
River mine to the south.
The tributaries of the Que River dissect the Que River plateau, and flow in a generally south-westerly
direction. Some areas of the Que River catchment have been substantially disturbed. In the west and north
of the catchment are the Murchison Highway and the Cradle Mountain Link Road. To the north of the
Cradle Mountain Link Road are eucalypt plantations on freehold land. Major TasNetworks high voltage
transmission line corridors trisect the area. In the east, the native forests have been logged. The southern
portion contains the Que River Mine.
TSF 2 will be contained entirely within the Que River catchment.
Que River flows have been monitored at the Murchison Highway. Flow data from the Hydro Tasmania
gauging station are summarised in Figure 2.
Figure 2 Que River flow data

Location

Year span

Que River at Murchison Highway
Que below Bulgobac Creek

1987–1998
1987–1995

Average monthly Average monthly
peak flows (m3/s) flow (m3/s)
3.20
1.07
22.56
6.03

2.3 Southwell River
The Southwell River has a catchment of approximately 16 km2. The Southwell River gorge is in a steep
precipitous valley, which runs north–south and is thickly forested. The catchment has been disturbed to a
limited extent by decades-old logging operations, tree plantation establishment, TasNetworks
transmission line works and the Cradle Mountain Link Road.
The original Hellyer underground mine portal is located close to the Southwell River, which then drains in
a southerly direction to Lake Mackintosh.

3 Surface Water Quality
3.1 Southwell River
Reasonable quality creek water and uncontaminated intercepted groundwater are directed from the
Hellyer Mine portal into the Southwell River.
The Southwell River is, in general, slightly acid in pH, low in conductivity (indicating organic acids) and
carries low to moderate concentrations of most metals.

3.2 Que River
All site discharge except for seepage from around the Hellyer and Fossey adits reports to the Que River
which reports to the Huskisson River and in turn to the Pieman River.
The Que River is a moderately to severely disturbed system, which has received water discharge from both
the Hellyer and Que River mines into its headwaters for decades. Discharges from the Que River mine
emanate from its settling dam which overflows regularly during winter and intermittently during summer.
The Hellyer TSF with its larger catchment overflows most days of the year. Comparing the calculated fluxes
of metals and sulphates discharged from the Hellyer TSF and the Que River settlement dam shows that
the mean fluxes from Que River generally exceed the fluxes from Hellyer by a factor of between 22.2:1 for
Total Zn to 4.1:1 for Total Al for the decade from 2006 to 2016.
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Table 1 shows selected water quality parameters in the Que River at the Murchison Highway gauging
station, which is 2.8 km below the Hellyer TSF outflow and 3.6 km below the Que River settlement dam
outflow.
Table 1 Que River at Murchison Highway Sep 06 – May 17

Mean
Median
Maximum
Std. deviation
90th percentile
75th percentile
20th percentile
10th percentile
ANZECC*

Acidity Ph
to pH
8.3
mg/L

Al
Cd
(Total) (Total)
mg/L
mg/L

Cu
(Total)
mg/L

Pb
(Total)
mg/L

Ni
Zn
(Total) (Total)
mg/L
mg/L

10.06
8
37
7.29
22
12
5
4

0.59
0.47
3.16
0.44
1.04
0.72
0.28
0.21
0.15#

0.02
0.01
0.12
0.01
0.03
0.02
0.008
0.006
0.0025

0.07
0.05
0.56
0.08
0.14
0.08
0.01
0.007
0.0094

0.02
0.019
0.06
0.01
0.04
0.03
0.01
0.01
0.017

6.12
6.21
8.1
0.88
7.2
6.77
5.37
4.9

0.004
0.002
0.098
0.01
0.006
0.004
0.0013
0.001
0.0008

0.87
0.68
6.48
0.71
1.69
1.02
0.40
0.287
0.031

* Australian and New Zealand Environment Conservation Council (ANZECC) guidelines for surface waters for the
protection of 80% of species (disturbed ecosystem)
# Total Al guideline value for pH>6.5, which is above both the median and mean values at the site.

All of the total metal concentrations in Table 1 are above the ANZECC trigger level values for the protection
of 80% of species, except for the 10th percentile for total Pb.
In summary the existing receiving environment for surface waters is the Que River which is a moderately
to severely disturbed system and has been receiving water discharged from both the Hellyer and Que River
mines, often polluted, into its headwaters for decades. The Que River at Murchison Highway downstream
of both mines has recorded a mean concentration of Total Zn of 0.87mg/L since 2006.
Historical TSF 1 supernatant water quality has been used to inform and guide proposed water
management for TSF 1 and TSF 2. This discussion provides information about key parameters for the
control of the TSF 1 and TSF 2 supernatant water quality.
The improved management practices on site, particularly in the past 18 months, have focussed on pH
control, and mitigation of acid sources and have resulted in a a steady decrease in Total Zn emission
concentrations (Figure 5) . The most recent months from December 2017 to April 2018 have recorded
TSF 1 emission concentrations of Total Zn below 0.5 mg/L. The permit concentration for this site is
0.8 mg/L. The pH has been well controlled with 75% of values above pH 7.6 for this time.

3.3 TSF 1 seeps
At present seeps from TSF 1 flow into the receiving environment either by entering the western clean
water diversion drain which reports to the Que River or via the artificial wetlands below TSF 1. The
monitoring locations of the seeps are marked in Figure 12. The water quality data was collected to assess
the effect of inflow from the TSF 1 seeps on PRT stored within the TSF 2. The collection of water samples
occurred between June 2017 and March 2018. The flows collected with water quality data is comparable
with the longer-term flows collected since May 2016.
The seep water quality is characterised by low flow with relatively high levels of aluminium, with pH results
averaging between 4.1 and 4.2 for the seeps. Table 11 presents a summary of the pollutant concentrations
and mass loads monitored at these sites. The average total concentrations are not flow weighted.
3

Flows are low due to the depth of low permeability tailings stored within the TSF 1 and the low
permeability clay core of the TSF 1 dam embankment.
The mass loads of pollutant are low. The total acidity load measured from this dam wall is 6.6 kg/day. The
acidity is mainly due to aluminium in the discharge. The iron levels are very low at 50 g/day.
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Table 2

Pollutant mass loads from the TSF 1 seeps

Seep 1
Average
Flow with water quality L/sec
Flow long-term average L/sec
pH
EC
Acidity as CaCO3 mg/L
Aluminium Total mg/L
Iron Total mg/L
Lead Total mg/L
Zinc Total mg/L
Flux Acidity as CaCO3 kg/day
Flux Aluminium Total kg/day
Flux Iron Total kg/day
Flux Lead Total kg/day
Flux Zinc Total kg/day

0.18
0.2
1.2
573.3
48
7.4
0.14
0.0034
0.52
0.8
0.13
0.0022
0.000056
0.0085

Seep 2

Seep 3

Standard
Average
Standard
Average
Standard
Deviation
Deviation
Deviation
0.046
0.34
0.047
0.64
0.39
0.11
0.38
0.15
0.38
0.15
0.18
4.29
0.18
4.09
0.17
68.8
608.1
73.15
651.8
91.71
12
47
13
70
26
3.1
6.4
1.8
10
4.2
0.062
1.4
3.7
0.053
0.005
0.0011
0.0026
0.00073
0.0016
0.00073
0.091
0.46
0.11
0.55
0.086
0.38
1.4
0.51
4.5
4.1
0.078
0.19
0.07
0.66
0.61
0.0012
0.044
0.12
0.003
0.002
0.000026
0.000076
0.000029
0.000079
0.00006
0.0035
0.013
0.002
0.031
0.022

All Seeps
(Totals)
Total
1.2
0.97
4.2
611
55
8
0.52
0.0025
0.51
6.6
0.97
0.049
0.00021
0.053
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During TSF 2 operation it is expected that the seeps will require a small amount of additional alkalinity for
their neutralisation. A conservative estimate of this requirement is 20 kg of lime per day. This is three times
the acidity requirement measured to account for any seepage that bypass the measurement points and
inefficiencies associated with lime addition.
The acidity load from the seeps are low enough to permit passive treatment options such as wetlands to
be used for long term remediation.
Figure 3 TSF 1 seeps 2017

3.4 H1 site downstream
At present the monitoring site H1 provides long-term data on water quality from TSF 1 supernatant and
seepage discharge before it reaches the Que River (Table 3). Once TSF 2 is operational H1 is expected to
provide data on the impact of construction on surface waters (Que River) and downstream seepage from
TSF 2.
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Table 3

H1 water quality June 2006 – Dec 2017

10th percentile
20th percentile
Mean
Median
75th percentile
90th percentile
Maximum
Std deviation

Acidity to
pH 8.3
mg/L
(CaCO3)
4.00
5.00
11.60
8.00
13.00
22.80
53.00
10.33

Alkalinity
(Total)
mg/L
1.00
1.00
12.29
5.00
9.00
15.00
514.00
52.11

Lab pH
Units
5.13
5.42
6.32
6.54
6.92
7.21
8.25
0.83

Cadmium
(Total) as
Cd mg/L

Cobalt
(Total) as
Co mg/L

Copper
(Total) as
Cu mg/L

Lead
(Total) as
Pb mg/L

0.001
0.002
0.003
0.003
0.003
0.005
0.066
0.006

0.004
0.005
0.008
0.007
0.009
0.012
0.027
0.005

0.008
0.010
0.029
0.024
0.041
0.055
0.101
0.020

0.02
0.03
0.11
0.08
0.15
0.20
0.79
0.11

Manganese
(Total) as
Mn mg/L
0.280
0.324
0.579
0.460
0.611
1.058
2.250
0.396

Nickel
(Total) as
Ni mg/L
0.015
0.019
0.034
0.027
0.037
0.070
0.097
0.021

Zinc
(Total) as
Zn mg/L
0.415
0.542
0.859
0.749
0.983
1.282
3.720
0.500

Sulphate
as SO4
mg/L
62.0
81.6
153.0
115.0
172.5
308.0
766.0
115.8
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4 Performance standards
Emission limits have been set by the EPA to manage the point source pollution (the TS outflow) to
safeguard the protected environmental values (PEVs) for the receiving waters, in this case the Que River.
The environmental authority for the tailings reprocessing operation, PCE 7386, sets emission limits from
the main TSF in its condition EF2. Table 4 provides these emission limits.
Table 4 TSF discharge emission limits

Parameter

Minimum emission limit mg/L

pH
Sulphate
Total Lead
Total Zinc
Total Copper
Total Aluminium
Total Arsenic
Total suspended solids

8 (pH Units)
300
0.6
0.8
0.2
0.5
0.02
30

Historically zinc has been the most difficult limit to meet at the TSF outfall. Figure 4 shows emission limits
compared to compliance limits for the above parameters except pH and Total Zn since 2015. Significant
improvements and stability are noticeable since 2016. HGM’s improved management protocols such as
adding a lime slurry directly into the eastern arm spillway before it overflows into the main TSF have been
responsible for most of the improvements seen in Figure 4. Figure 5 shows the pH and Total Zn in the TSF
discharge since late 2015. There has been a steady decline in Zn concentrations since an autumn flush in
May 2016.
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Figure 4 Emission improvements since 2016.

Figure 5 TSF discharge pH and Total Zn since January 2016
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As noted in Table 4, environmental licence conditions for the site since 2006 have required a minimum pH
of 8.0 and a maximum Total Zn of 0.8 mg/L at the TSF outfall. Figure 6 shows the relationship between the
TSF outfall discharge pH and the Total Zn from mid-2006 until mid-2012. When the pH is above 8.0, the
discharge is usually compliant. A review of long term water quality records (Figure 6) indicates that with
good management procedures and the remediation proposed by HGM, this should be readily achievable
going forward.
Figure 6 TSF discharge pH versus Total Zn

No specific water quality objectives currently exist for the Que River. Site-specific water quality objectives
can be established where sufficient scientific data is available. Where data is not available, the water
quality objectives default to the trigger values in the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality 2000 (ANZECC, 2000) and in a moderately to severely disturbed ecosystem such as
the Que River, the default ANZECC guidelines of 80% species protection for aquatic ecosystems apply. The
emission limits set for the Hellyer TSF outflow reflect the protection of environmental values (PEVs)
through the implementation of best practice environmental management as determined by the EPA in
setting site limits.

4.1 Performance requirements: Toxicity testing
The supernatant from the TSF 1 and the general site discharge currently flow to the Que River and
evntually report to the Pieman River (Figure 1). The catchment area is west of Tyler’s line. Tyler’s line runs
north–south through the centre of Tasmania with catchments to the west characterised by naturally high
tannin levels. This effects the biota living within these waters. The ANZECC guidelines require that site
specific factors are taken into account when evaluating threshold levels of toxicants. This is of particular
relevance for these waters which inhibit the health of standard toxicity test species. Ideally tests should
be conducted using a locally relevant test organisms, however there are currently no fully commercial tests
available for Tasmanian endemic freshwater organisms.
To address this problem, Zinifex Rosebery (Oz Minerals) invested in the development a local invertebrate
test species (Ceriodaphnia cf spinata) that should provide relevant data to the Hellyer lease. This waterflea
species was observed in biological surveys to exist in the Pieman River where there was an absence of
metal pollution. The species was then isolated and cultured under laboratory conditions to provide
individuals for ecotoxicological assessments. These cultures are no longer available and there are currently
no fully commercial tests available for Tasmanian endemic freshwater organisms in this region.
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However, a locally relevant test organisms, Ceriodaphnia cf spinate, was used to evaluate the toxicity
effects of discharging the Hellyer mine void after water treatment by Aquatic Science for BSM Aquatic
Science, 2009). While the discharge was not implemented, the toxicity tests completed provide relevant
information with respect to the adequacy of discharge limits. These tests used the Bulgobac River water
as a diluent and provides useful ranges for the setting of regulatory limits. Table 5 provides a summary of
current emission limits (PCE 7386) for selected contaminants along with calculated NOEC and EC50, 48hr
concentrations based on whole effluent toxicity tests on Hellyer void water (as emitted at Jeds Spring).
The Bulgobac River feeds into the Que River (Figure 1), hence its applicabilty.
Table 5
limits

Selected contaminants, calculated NOEC and EC50, 48hr concentrations and current TSF 1 emission

Parameter

Treated Jed’s
Spring Water

NOEC (1)

EC 50, 48hr (2)

PCE 7386

105

H1 90th%ile
HZCJV
operations
23

Cobalt µg/L

150

75

Manganese µg/L

10,000

5,000

7,100

1,864

NA

Nickel µg/L

330

165

230

92

NA

Zinc µg/L *

2,300

1,150 (500)

1,600 (637)

2,200

800

Sulphate mg/L

1,370

685

970

540

300

Calcium mg/L

480

240

340

151

NA

NA

* bracketed numbers are reference toxicant values in Bulgobac water.
(1)
NOEC
No Observed Effect Concentration
(2)
EC50, 48 hr
Effective median concentration at which there is a 50% reduction in survival after 48 hours

Compliance with the previously determined discharge limits for TSF 1 (Table 4) will provide a some buffer
for the prevention of toxicity levels predicted by the NOEC level. This buffer is required as chronic
endpoints can be lower than the acute endpoint provided by the EC50 test. Further buffer is provided by
downstream dilution, including mixing with the discharge from the clean water diversion drains.

4.1.1 Discharge changes
Over the life of the mine the proportion of water discharged from the two TSFs will vary, and operational
considerations will result in variable water quality between the two streams, but the net discharge of
pollutants from the site will not increase. The emission limits set by the EPA for the TSF 1 discharge (Table
4) are designed to protect the downstream PEVs based on the pollutant emissions from TSF 1. The limits
were set for the PMH operation in 2006 and the BSM operation in 2012. To assess the applicability of these
emission limits the following loigic train was used:
1. The downstream PEVs are protected when in addition to meeting the concentration limits
specified, the mass loads of pollutants discharged from TSF 1 align with the mass loads emitted
during the above operations (assuming the emission limits were met).
2. The proposed diversion of the eastern fresh water channel into TSF 1 will significantly reduce the
pollution concentrations and mass loads emitted from TSF 2 by increasing the residence time of
that facility.
3. The proposed diversion of the eastern fresh water channel into TSF 1 will decrease the
concentrations of pollutants emitted from TSF 1 because of dilution but should not increase the
mass loads emitted.
4. If water management practices in TSF 1 allowed the emission of pollutants to increase by allowing
the concentrations to increase despite the dilution provided by the fresh water inflow then the
mass loads would increase significantly and the downstream PEVs would be adversely impacted.
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5. It follows that the emission limits for TSF 1 should decrease in line with the proposed increase in
outflow compared with the outflow during previous operations.
To compare the outflows, the annual calculated outflows during the last site operation (BSM, Fossey) have
been compared with the estimated TSF 1 outflow for the HGM operation with the eastern diversion
entering TSF 1. Annual flows have been used to avoid seasonal fluctuations. A dilution factor (Table 6) has
been calculated by comparing the catchment areas, resultant fresh water inflows and other fresh water
inflows and consequent TSF 1 outflows during the BSM operation, against the calculated annual TSF 1
outflows.
Table 6 Dilution factor TSF 1 discharge

Annual TSF 1
outflows (ML)

Catchment and TSF 1 inflow components
Main creek catchment and excess Southwell River water 4 used for
processing which continually overflowed into TSF 1 via Mill Creek
during the BSM operations
TSF 2 5, eastern diversion flows and TSF 1 catchment
Calculated dilution factor

9.02
14.33
1.59

Therefore the emission limits specified in PCE 7386 should be divided by a factor of 1.73 to account for the
extra dilution associated with increase in catchment area for the stages one to four discharge from TFS 1.
Given the seasonal flows, this is an annual average standard.
It is propose that the TSF 2 emission limits remain as the current PCE 7386 limits. With the significantly
lower overflow rate and dilution coefficient compared with the current TSF 1, this provides a more
stringent permit condition.
Table 7

Proposed emission limits TF 1 and SF 2

Parameter

TSF 2 maximum emission
limit (mg/L)

TSF 1 maximum emission
limit (mg/L) 6

pH (minimum)
Sulfate
Total lead
Total zinc
Total copper
Total aluminium
Total arsenic
Total suspended solids

8.5 (pH units)
300
0.6
0.8
0.2
0.5
0.02
30

8.0 (pH units)
189
0.38
0.50
0.13
0.31
0.01
19

During the operational phase, when TSF 2 overflows it will discharge as a point source discharge from its
spillway overflow and report to the Que River to the south of the transmission line easement, upstream
of the existing TSF1 discharge, but downstream of the inflow from the Que River mine. The flow will
monitored via a v-notch weir at the outfall.
The TSF 1 overflow discharge will be redirected to a point source discharge to the west of its current site
from where it will pick up the western clean water drain and report to the Que River via its western
tributary downstream of where seeps from TSF 2 are expected to report. The flow will be monitored using
A review of BSM pumping records indicates that a conservative supply tank overflow of 80L/s is applicable.
Specified supernatant return pump back rate of 100 L/s
6 Other than pH, the emission limits are based on annual average flows.
4
5
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an automated level gauge and calculated flow over the weir from the gauge.
The TSF 2 overflow discharge will meet the TSF 1 discharge in the Que River above the Que River at
Murchison Highway site (Figure 7).
Site-specific water quality and toxicological information collected at Hellyer shows that these emission
limits are consistent with the protection of the protected environmental values (PEVs)s in the region
(Aquatic Science, 2009).
Figure 7 shows the location of the current TSF 1 overflow and the proposed TSF 2 overflow and their
drainage paths to the Que River.
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Figure 7 TSF 1 and TSF 2 overflow channels to Que River
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4.1.2 Potential impacts
Irrespective of any tailings treatment process prior to deposition, water contained within the TSF 2 has the
potential to allow mobilisation of metals through AMD processes. If this occurred and the TSF 2
supernatant was not subsequently treated, discharge could result in surface and/or ground water being
discharged outside of the prescribed emission limits into the Que River. During operations this risk will be
managed by the continuous monitoring of pH and adapting lime dosing as required. Section 4.1.2.3
provides details about the anticipated water quality discharged from site and demonstrates compliance
with the existing TSF 1 emission limits.
AMD is known to exist on site as a legacy of past operations. If left without remedial action, these areas
will continue to generate AMD and impact surface and groundwater associated with the site. The ongoing
operation at the site provides an opportunity to fully remediate these legacies.
4.1.2.1

TSF 1 Supernatant overflow

The management of supernatant in TSF 1 and the resultant quality of its overflow has informed the
management proposed for TSF 2.
Key points are summarised as:
• The management of zinc on site is a key focus. Historically, if zinc concentrations are meeting
emission limits then other parameters will also meet emission limits. The high pH needed to
precipitate Zn is a major factor in this management protocol.
• The control of Pb was problematic for this site during the Aberfoyle operations with colloidal Pb
flowing across the surface to the outfall especially when the supernatant pH was raised above 12.0
at the mill discharge (ANSTO, 1991 and AMDEL, 1991). However, historically, Pb concentrations
have been lower when tailings were not deposited into TSF 1. As a result, it is expected that once
TSF 2 is operating, Pb concentrations in the TSF 1 will reduce, while concentrations in the TSF 2
may increase due to the PRT deposition. As with Zn, there is a general decline in Pb concentrations
as the pH increases so elevating the pH in TSF 2 will be a priority for Pb control. The lower pyrite
in PRT compared to Hellyer tailings means that a pH discharge from the mill which generated high
Pb discharges from TSF 1 will not be necessary. Further Pb reduction will also occur through the
water return strategy via TSF 1 water.
• Sulfide oxidation during mineral processing and tailings disposal drives up sulphate oxidation.
During the Aberfoyle, Polymetals and Intec operations which focused on Hellyer ore and tailings,
sulphate production was elevated compared to the BSM Fossey operation. PRT however with
significant pyrite removal, is expected to behave more like Fossey tailings because in terms of acid
base accounting, the PRT plots closer to Fossey than to Hellyer tailings As a consequence, less
sulphate is expected to be generated during PRT deposition than occurred when Hellyer or
Polymetals tailings were being deposited in TSF 1.
• It is expected that the recirculation of supernatant water from TSF 2 through the milling operation
via dredge return from TSF 1) will also reduce sulphate concentrations in TSF 2 through gypsum
precipitation. Sulphate levels may however not be elevated enough for this to occur.
• The long retention time in TSF 1 has been critical to the provision of acceptable water quality. It is
envisaged that there will be a similar need to maximize retention time in TSF 2.
4.1.2.2

TSF 2 supernatant overflow

Supernatant water from TSF 2 will discharge from the dam’s overflow during or after heavy rainfall and
when the supernatant is not being recirculated through the TSF 1 and the mineral processing operation.
The pollutant fluxes will be calculated for any discharge to the environment.
The mixing tests indicated that the TSF 2 discharge will meet the PCE 7286 emission limits directly with pH
adjustment to a supernatant endpoint of 8.5. There will be a constant supernatant return of 100 L/s from
15

TSF 2 to TSF 1. The discharge point back to the TSF 1 should be close to the finger pond distal to maximise
the use of alkalinity and subsequent precipitation to encourage coprecipitation of metals.
The treatment of acidity by neutralisation is a key focus of the proposed water management. The mixing
tests for the high Py batch of PRT showed that a lime of dose of up to 20 mg per 60 g of PRT was required
to achieve a zinc concentration of 0.8 mg/L. 20 mg per 60 g of PRT equates to monthly doses of 9.6 t per
month in Stage 1 with an annual production rate of 720,000 t; 12.8 t per month in Stage 2 with an annual
production rate of 960,000 t; and 16 t per month in Stage 3 with an annual production rate of 1,200,000 t.
It should be noted that this is based on the worst case, high Py PRT sample. The low Py sample required
an order of magnitude lower lime dose to achieve a supernatant zinc concentration of 0.16 mg/L.
The lead concentrations from that mixing tests were comparatively low when compared to the zinc values.
The lime dose used to drop the zinc concentration to <0.8 mg/L achieved a lead concentration of
0.124 mg/L, which is well below the permit condition of 0.6 mg/L.
The sulphate concentrations derived from the mixing tests are expected to be less than sulphate produced
in TSF 2. The ratio of water to PRT in the mixing (jar) test are designed to represent the PRT deposited into
a large water mass with precipitation of metals. Sulphate is a mostly conservative pollutant that will stay
in solution once liberated from the PRT, unless concentrations increase to the extent that gypsum is
precipitated. This is not considered likely. The mixing tests generated sulphate concentrations of between
150 and 270 mg/L. The highest concentrations occurred in the A test where TSF 1 supernatant water was
used. This water was already high in sulphate.
By comparison the concentrations observed in the KLC tests were initially high but reducing over time to
below 300 mg/L. The high initial values represent an extreme example because there is a similar
volume of tailings to water in the columns. In the TSF 2 there will be a large dilution of supernatant
by catchment influent. Sulphate will also be returned as supernatant is recirculated to the mill via dredge
water from TSF 1. Higher sulphate levels in the TSF 2 supernatant than in the mixing tests may also enhance
metal precipitation with increased ionic strength from the sulphate.
In the mixing tests the range of total concentrations (control – pH 8.5) were aluminium (0.04 – 0.06 mg/L),
arsenic (0.01 – 0.01 mg/L), copper (0.009 – 0.008 mg/L), nickel (0.011 – 0.013 mg/L) and iron (0.19 –
0.23 mg/L). These elements were effectively reduced by pH adjustment. These elements are not expected
to be of environmental concern with the proposed water management practices.
Cadmium varied with the 2 tests. Test A was below 0.0018 mg/L and Test B ranged between 0.015 and
0.026 mg/L with some improvement with increased lime addition. Previous operations on the lease have
typically emitted Cd concentrations below 0.01 mg/L with concentrations reducing with increased pH.
Cobalt and Manganese do not tend to decrease with the pH treatments that will be proposed in the TSF 2.
These elements are not expected to be of environmental concern given the concentrations encountered
(Table 10).
Chromium was not detected in the tests.
4.1.2.3

Mixing tests: Evaluation of operational supernatant water quality

To confirm the adequacy of proposed operational surface water management; mixing tests were carried
out with low Py PRT sample (16.3%) : Test A and high Py sample PRT (28%) : test B, to provide results which
could be applied to the operation as varying feedstock was processed.
The test-work methodology was designed to replicate field conditions where PRT will be piped to the
receiving TSF and store sub-aqueously. The tests were designed to assess the impact of lime addition to
improve supernatant water quality. Mixing tests were run to:
• Observe the effect of direct lime addition to the TSF supernatant water.
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•
•

Compare this with adding lime to the PRT delivery line.
Observe the effect of ferrous iron addition.

4.1.2.3.1

Methodology

Subsamples containing 60 g of PRT were used to conduct settlement tests. The settlement tests were
conducted with a Platypus 4 by 2 Litre jar test unit. The low pyrite sample came from lock cycle tests on
low S feedstock tailings. To obtain the high Pyrite (Py) sample, a composite derived from equal quantities
of PRT from Py cleaner 1 tailings, Py cleaner 2 tailings and Py scavenger tailings batch tests was used. The
feedstock came from a composited Hellyer tailings taken from Vibracore samples from across bench 1. By
increasing the proportion of Py cleaner 2 tailings and Py scavenger tailings, the concentration of Py was
increased to:
• To represent a worst-case scenario for the test-work.
• Provide more acidity generation to assess other variables such ferrous addition, and addition of
lime to the PRT prior to tailings discharge.
The assay results from the PRT used for the test-work are provided in Table 8 and Table 9.
Table 8

Metal and sulphur composition of the low Py PRT sample

Wt % All Cu%
Pb %
Zn %
Fe %
As %
S%
Py Cl1Tail
21.2
0.14
1.76
0.45
20.4
1.23
19
Py RoTail
78.8
0.06
0.63
0.22
7.1
0.24
5.89
Tails Combined
100
0.08
0.87
0.27
9.9
0.45
8.7
Table 9

Metal and sulphur composition of the high Py PRT sample

Wt % All Cu%
Pb %
Py Cl2Tail
33.3
0.11
Py Cl1Tail
33.3
0.12
Py RoTail
33.3
0.03
Tails Combined
100
0.09
4.1.2.3.1.1

2.1
2.1
0.62
1.61

Zn %

0.51
0.51
0.21
0.41

Fe %

25.6
13
8.95
15.9

As %

3
2.06
0.54
1.87

S%

27.1
11.1
8.81
15.7

Direct lime addition to supernatant

Step 1 : The mixing speed of the jar test unit was set at a speed of 180 rpm which suspended the majority
of the PRT for five minutes. The water volume was minimised to replicate a slurry density during piped PRT
transfer.
Step 2 : TSF 1 supernatant water (for low Py test) and rainwater (for high Py test) were collected on the
day of test work and placed over the tailings to fill the two litre jar. Mixing continued for a further 60
seconds at 180 rpm and then switched off.
Step 3 : After mixing, the sample was allowed to settle for four hours. At this time mixing restarted with
the supernatant slowly stirred and only with minimal disturbance of the settled PRT. During the mixing the
supernatant was titred with a 1% lime solution until the pH increased to set end-points. The lime dose
required to get to the end pH was recorded along with temperature and conductivity. Controls with no
lime addition for each batch were also completed.
Step 4 : After the Step 3 mixing, the sample was allowed to settle for another 20 hours. In situ
measurements for pH, EC and temperature were undertaken. Subsamples of supernatant were taken for
analysis including total and soluble metals, silica, sulphate, TSS, major cations and alkalinity.
4.1.2.3.1.2

Lime addition to PRT slurry

This was only undertaken in the B tests.
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Step 1 : The water volume added to the PRT sample was minimised to replicate a slurry density during
piped PRT transfer. The lime dose added to the PRT slurry was the same (8 mg) used to achieve the pH 8.5
endpoint for direct supernatant addition, however the resultant pH from this test was only 8.0. The mixing
speed of the jar test unit was set at a speed of 180 rpm which suspended the majority of the PRT for five
minutes.
Step 2 : Rainwater was collected on the day of test work and placed over the tailings to fill the two litre jar.
Mixing continued for a further 60 seconds at 180 rpm and then switched off.
Step 3 : After the Step 2 mixing, the sample was allowed to settle for another 24 hours. In situ
measurements for pH, EC and temperature were undertaken. Subsamples of supernatant were taken for
analysis including total and soluble metals, silica, sulphate, TSS, major cations and alkalinity.
4.1.2.3.1.3

Lime and ferrous addition

This was only undertaken in the B tests. This test was run as described in Section 4.1.2.3.1.1. Additional
lime was required to counteract the acidity from the ferrous iron added to meet the initial pH 8.5 endpoint.
4.1.2.3.2

Mixing test results and discussion

The complete results are provided in Table 10.
The results from the A tests were better than expected but did not represent the expected median or
mean Py PRT hence the development of the worst case B tests. Mixing the B samples in rainwater instead
of TSF 1 supernatant water was undertaken to lower the ionic strength of the water because water with
high ionic strength can enhance precipitation and coagulation and improve subsequent metal removal and
therefore providing overly positive results.
As has been discussed earlier, Lead and zinc have been critical parameters for managing water quality in
TSF 1 during earlier operations. The lead and zinc concentrations are plotted against pH of the water after
the 24-hour settlement of solids with the jar tests in Figure 8 and Figure 9.
The lead and zinc concentrations do show increased level of removal via precipitation with increased pH
for the straight lime addition to the supernatant. In Table 10, it is worth noting that the pH of the mixing
test was up to a pH unit higher after initial dosing compared to the pH measured after settlement. This
may be important in in situ management because higher pH’s around the tailings deposition point could
be required to maximise precipitation.
When lime was added directly to the PRT the pH did not rise as much as when the lime was added directly
to the supernatant. This can be seen in Figure 8and Figure 9 with the green arrows pointing to mixing tests
with the same lime dose. The subsequent metal removal was also lower with lime added directly to the
PRT.
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Figure 8 pH versus the total lead concentrations after settling
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Figure 9 pH versus the total zinc concentrations after settling
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The mixing test conducted utilising a ferrous dose of 5 mg/L to the supernatant also required an increased
lime dose to achieve a pH 8.5 endpoint (at the start of settling). The ferrous dose corresponds to
10 mg/60 g of tailings. The lime dose increased from 4 mg/ to 14 mg/L in the supernatant.
The increased lime dose was required because the ferrous iron consumes alkalinity as it oxidises and
precipitates from solution. By observing the arrow in Figure 8 it can be seen that there is a substantive
increase in the Pb and Zn removal rate for the same target pH endpoint.
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Deductions from this result are:
• Co-precipitation of ferrous may be a mechanism used to enhance metal removal.
• Reduced redox potential from the ferrous iron may also be playing a role in metal removal.
• However any direct economic advantage of adding the ferrous iron was offset by the increased
lime dose.
From the test-work the other parameters sited in Table 10 are considered low. Sulphate levels are also
well below the levels encountered for previous operations of these facilities.
Notwithstanding these positive results, because of the small scale of the laboratory based testwork
compared to the actual operation, HGM will undertake repeat water management testwork to confirm
the validity of the proposed management program and report this in the inaugural Annual Environmental
Management Report.
Table 10

Set up parameters and PRT mixing test results

Tailings Batch
Date
Title

A
A
B
B
B
B
B
B
B
28-Feb-18
28-Feb-18
12-May-18
12-May-18
23-May-18
23-May-18
23-May-18
12-May-18
23-May-18
Control
Lime addition
Control
Lime addition
Lime addition
Lime addition
Lime addition
Lime addition to Lime addition
(to pH 8) to
(to pH 8) to
(to pH 8.5) to
(to pH 9 to
(to pH 9.5) to
PRT
(to pH 8.5) to
supernatant
supernatant
supernatant
supernatant
supernatant
supernatant plus

Post settlement measurements

Initial
measurements &
setup

Fe 2+ 5mg/L dose
Jar test volume (L)
Lime dose (mg)
Lime dose to supernatant (mg/L)
pH post adjustments
Temperature C post lime dose
Conductivity (µS/cm) post adjustments
pH after settlement
Temperature © after settlement
Conductivity (µS/cm) after settlement
Suspended Solids (SS) mg/L
Total Alkalinity as CaCO3 mg/L

2
0
0
7.55
16.0
672
7.80
14.5
620
---40

2
2
1
8.1
15.8
683
7.91
14.6
647
---46

2
0
0
6.70
11.5
360
7.12
14.9
412
<5
15

2
3
1.5
8.22
13.0
415
7.55
15.4
443
<5
15

2
8
4
8.51
14.1
440
7.60
14.8
476
<5
16

2
12
6
8.9
14.2
456
7.99
15.0
492
<5
21

2
20
10
9.48
14.1
450
8.37
15.0
490
<5
22

2
8
0
7.15
11.5
398
7.27
15.2
410
<5
14

2
28
14
8.47
14
420
7.42
15
496
<5
17

Acidity as CaCO3 mg/L
Silicon (Dissolved) mg/L
Sulfate as SO4 - Turbidimetric mg/L
Chloride mg/L
Calcium (Dissolved) mg/L
Magnesium (Dissolved) mg/L
Sodium (Dissolved) mg/L
Potassium (Dissolved) mg/L
Aluminium (Dissolved) mg/L
Aluminium (Total) mg/L
Arsenic (Dissolved) mg/L
Arsenic (Total) mg/L
Cadmium (Dissolved) mg/L
Cadmium (Total) mg/L
Chromium (Dissolved) mg/L
Chromium (Total) mg/L
Cobalt (Dissolved) mg/L
Cobalt (Total) mg/L
Copper (Dissolved) mg/L
Copper (Total) mg/L
Iron (Dissolved) mg/L
Iron (Total) mg/L
Lead (Dissolved) mg/L
Lead (Total) mg/L
Manganese (Dissolved) mg/L
Manganese (Total) mg/L
Nickel (Dissolved) mg/L
Nickel (Total) mg/L
Zinc (Dissolved) mg/L
Zinc (Total) mg/L
Silicon as SiO2 (Dissolved) mg/L
Ammonia as N mg/L
Nitrite as N mg/L
Nitrate as N mg/L
Nitrite + Nitrate as N mg/L
Total Kjeldahl Nitrogen as N mg/L
Total Nitrogen as N mg/L
Total Phosphorus as P mg/L

4
---258
11
104
11
7
2
0.03
0.04
0.002
0.01
0.0017
0.0019
<0.001
<0.001
0.011
0.011
0.007
0.009
<0.05
0.19
0.091
0.171
0.475
0.499
0.01
0.011
0.198
0.219

6
---265
12
106
11
7
4
0.02
0.04
0.003
0.008
0.0012
0.0013
<0.001
<0.001
0.01
0.01
0.004
0.008
<0.05
0.14
0.073
0.133
0.45
0.479
0.01
0.011
0.135
0.162

0.07
<0.01
<0.01
<0.01
<0.1
<0.1
<0.01

0.07
<0.01
<0.01
<0.01
<0.1
<0.1
<0.01

9
0.22
150
14
70
3
6
1
0.02
0.05
0.001
0.012
0.0246
0.0256
<0.001
<0.001
0.011
0.011
0.016
0.023
<0.05
0.17
0.226
0.327
1.41
1.44
0.013
0.013
3.66
3.69
0.5
0.06
<0.01
0.03
0.03
<0.1
<0.1
<0.01

6
0.23
170
12
75
3
6
1
0.02
0.04
<0.001
0.008
0.0209
0.0211
<0.001
<0.001
0.01
0.011
0.005
0.009
<0.05
0.12
0.137
0.207
1.39
1.42
0.013
0.013
2.76
2.83
0.5
0.04
<0.01
0.13
0.13
<0.1
0.1
<0.01

14
0.15
186
13
74
3
6
2
0.01
0.06
<0.001
0.01
0.0216
0.0229
<0.001
<0.001
0.011
0.011
0.004
0.008
<0.05
0.23
0.115
0.219
1.45
1.48
0.013
0.013
2.46
2.48
0.3

8
0.12
197
13
80
3
6
1
0.01
0.02
<0.001
0.002
0.0169
0.0182
<0.001
<0.001
0.01
0.01
0.003
0.005
<0.05
0.06
0.142
0.174
1.36
1.44
0.011
0.012
1.34
1.41
0.2

4
0.1
196
13
79
3
6
1
0.01
0.02
<0.001
0.003
0.0144
0.0152
<0.001
<0.001
0.007
0.008
0.001
0.005
<0.05
0.05
0.078
0.124
0.881
0.931
0.008
0.009
0.653
0.797
0.2

7
0.2
152
12
68
3
6
2
0.01
0.07
<0.001
0.015
0.021
0.0218
<0.001
<0.001
0.011
0.011
0.01
0.017
<0.05
0.24
0.185
0.284
1.36
1.38
0.013
0.013
3.15
3.16
0.4
0.08
<0.01
0.12
0.12
<0.1
0.1
<0.01

5
0.11
197
12
78
3
6
1
0.01
0.01
<0.001
0.001
0.0169
0.018
<0.001
<0.001
0.009
0.009
<0.001
0.004
<0.05
0.34
0.016
0.115
1.42
1.46
0.011
0.011
1.28
1.47
0.2
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5 Surface Water Management Assessment
A review of historical TSF 1 supernatant water quality has been used to inform proposed water
management for TSF 1 and TSF 2. The discussion examines key parameters to provide information for the
control of the TSF 1 and TSF 2 supernatant water quality.

5.1 TSF 1 Overflow
Key pollutants are discussed below.

5.1.1 Zinc

pH is a key control parameter for the reduction of metal concentrations in the supernatant water in TSF 1,
as demonstrated in Figure 16 that shows the relationship between pH and Zn concentrations from mid2006 until mid-2012. Zinc management a key focus, because zinc has the highest pH requirement of any
of the contaminants of concern, and historically, if zinc concentrations are meeting emission limits then
other parameters will also meet emission limits. ..
The improved management practices on site, particularly in the past 18 months, have focussed on pH
control, and mitigation of acid sources and have resulted in a a steady improvement in Total Zn emission
concentrations (Figure 5) . The most recent months from December 2017 to April 2018 have recorded
TSF 1 emission concentrations of Total Zn below 0.5 mg/L. The permit concentration for this site is
0.8 mg/L. The pH has been well controlled with 75% of values above pH 7.6 for this time.
The same pH control strategy will be adopted during operation of TSF 2 to ensure zinc concentrations
remain within prescribed limits.

5.1.2 Lead

The control of Pb was problematic for this site during the Aberfoyle operations with colloidal Pb flowing
across the surface to the outfall especially when the supernatant pH was raised above 12.0 at the mill
discharge (ANSTO, 1991 and AMDEL, 1991). Historically, Pb concentrations have been lower when tailings
were not deposited into TSF 1. As a consequence, it is expected that once TSF 2 is operating, Pb
concentrations in the TSF 1 will reduce, but concentrations in the TSF 2 may increase due to the PRT
deposition.
When total Pb concentrations are plotted against pH as shown in Figure 10 there is a general decline in Pb
concentrations as the pH increases. Elevating the pH in TSF 2 will therefore be a priority for Pb control. The
lower pyrite in PRT compared to Hellyer tailings means that a pH discharge from the mill which generated
high Pb discharges from TSF 1 will not be necessary. Further Pb reduction will also occur through a water
recycling strategy for the TSF 2 water, as discussed later in the section 6. The results of jar tests with PRT
indicate that lead levels will be lower than previous operations (Section 4.1.2.3).
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Figure 10

pH versus total lead concentration at the TSF 1 outflow, January 2006 to May 2017

5.1.3 Sulphate

Sulfide oxidation during mineral processing and tailings disposal drives up sulphate concentrations. During
the Aberfoyle, Polymetals and Intec operations which focused on Hellyer ore and tailings, sulphate
production was elevated compared to the BSM Fossey operation (Figure 11). The reprocessing of tailings
is expected to generate sulphate however with significant pyrite removal, the rate of sulphate generation
is expected to reduce relative to previous Hellyer operations. The similarity between the acid base
accounting results between the PRT and Fossey tailings suggests the PRT will behave similarly to Fossey
tailings . The A and B samples were remnant Fossey tailings left in the eastern arm impoundment. As a
consequence, less sulphate is expected to be generated during PRT deposition than occurred when Hellyer
or Polymetals tailings were being deposited in TSF 1.
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Figure 11

Sulphate concentrations over time TSF 1

1800

1600

1400

Polymetals
Intec

Hellyer Aberfoyle

Bass Fossey

Sulphate mg/L

1200

1000

Care and Maintenance
800

600

Care and Maintenance
400

200

0

19-May-17

14-Apr-16

11-Mar-15

04-Feb-14

31-Dec-12

27-Nov-11

23-Oct-10

18-Sep-09

14-Aug-08

11-Jul-07

06-Jun-06

02-May-05

28-Mar-04

22-Feb-03

18-Jan-02

14-Dec-00

10-Nov-99

06-Oct-98

01-Sep-97

28-Jul-96

24-Jun-95

20-May-94

15-Apr-93

11-Mar-92

05-Feb-91

01-Jan-90

It is possible that the recirculation of supernatant water from TSF 2 through the milling operation could
reduce sulphate concentrations in TSF 2 through gypsum precipitation. Sulphate levels may however not
be elevated enough for this to occur as jar testing suggests that sulphate generation will be low (Section
4.1.2.3).

5.2 TSF 1 seeps
At present seeps from TSF 1 flow into the receiving environment either by entering the western clean
water diversion drain which reports to the Que River or via the artificial wetlands below TSF 1. The location
of the seeps are marked in Figure 12. The seep water quality is characterised by low flow with relatively
high levels of aluminium. Figure 12 also shows the sample points used to monitor the seepages. Table 11
presents a summary of the pollutant concentrations and mass loads monitored at these sites.
The water quality data was collected to assess the effect on PRT stored within the TSF 2. The collection of
water samples occurred between June 2017 and March 2018. The flows collected with water quality data
is comparable with the longer-term flows collected since May 2016.
Flows are low due to the depth of low permeability tailings stored within the TSF 1 and the low
permeability clay core of the TSF 1 dam embankment.
The mass loads of pollutant are low. The total acidity load measured from this dam wall is 6.6 kg/day. The
acidity is mainly due to aluminium in the discharge as alkalinity is required to precipitate this metal from
solution. The iron levels are very low at 50 g/day and have a subsequent low potential to oxidise tailings
within the TSF 2 facility.
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Table 11

Pollutant mass loads from the TSF 1 seeps

Seep 1
Average
Flow with water quality L/sec
Flow long-term average L/sec
Acidity as CaCO3 mg/L
Aluminium Total mg/L
Iron Total mg/L
Lead Total mg/L
Zinc Total mg/L
Flux Acidity as CaCO3 kg/day
Flux Aluminium Total kg/day
Flux Iron Total kg/day
Flux Lead Total kg/day
Flux Zinc Total kg/day

0.18
0.2
48
7.4
0.14
0.0034
0.52
0.8
0.13
0.0022
0.000056
0.0085

Seep 2

Seep 3

Standard
Average
Standard
Average
Standard
Deviation
Deviation
Deviation
0.046
0.34
0.047
0.64
0.39
0.11
0.38
0.15
0.38
0.15
12
47
13
70
26
3.1
6.4
1.8
10
4.2
0.062
1.4
3.7
0.053
0.005
0.0011
0.0026
0.00073
0.0016
0.00073
0.091
0.46
0.11
0.55
0.086
0.38
1.4
0.51
4.5
4.1
0.078
0.19
0.07
0.66
0.61
0.0012
0.044
0.12
0.003
0.002
0.000026
0.000076
0.000029
0.000079
0.00006
0.0035
0.013
0.002
0.031
0.022

All Seeps
(Totals)
Total
1.2
0.97
55
8
0.52
0.0025
0.51
6.6
0.97
0.049
0.00021
0.053
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During TSF 2 operation it is expected that the seeps will require a small amount of additional alkalinity to
for their neutralisation. A conservative estimate of this requirement is 20 kg of lime per day in the PRT
tailings stream. This is three times the acidity requirement measured to account for any seepage that
bypass the measurement points and inefficiencies associated with lime addition. In this regard as reported
by Blue Minerals Consultancy geochemical testwork with saturated PRT in KLC tests produced alkalinity
over time corresponding to the release of Ca and Mg.
The acidity load from the seeps are low enough to permit passive treatment options such as wetlands to
be used for long term remediation. On closure the northern portion of the TSF 2 could be converted to a
wetland for this purpose. The photosynthesis and subsequent breakdown of organic material within the
wetland can produce small quantities of alkalinity and sulphide that binds metals.
Figure 12

TSF 1 seeps 2017

6 Management of impacts
The clean water diversions around the TSF 1 have been critical to maintaining water quality within TSF 1
because of the resulting increase in retention time. A similarly long retention time is considered necessary
to maximise water quality when PRT is stored in TSF 2. However once TSF 2 becomes the active TSF, the
recent improvements in water quality emanating from TSF 1 (Figure 5, Figure 4 and Section 5.1) should
become constant due to the lack of pollutant input. As legacies are remediated in the distal reaches of
TSF 1, many before commissioning of TSF 2 (Mill Creek and the distal reaches of the eastern arm) water
quality should improve further and maintaining good water quality will become less of a challenge.
Because of the need to maximize retention time in TSF 2, the current eastern clean water drain will be
diverted through the TSF 1 and a new outflow location will be constructed for TSF 1 to the west of its
current discharge. Topography on the eastern side of TSF 2 makes any other diversion prohibitively
expensive and or technically difficult.
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As a result, during operations the predominant point source site discharge will be supernatant overflow
from the TSF 1 which will report to the Que River to the west of the TSF 1 and will incorporate the eastern
and western clean water diversion systems and supernatant overflow from TSF 2 reporting to the Que
River to the south west of the facility.
The operation of TSF 2 will alter the water management on site, but not the overall quantity of water
discharged from the site, so maintenance of the current emission limits for the final discharge from the
site should protect the downstream PEVs. Because the two TSF discharges will enter the Que River
independently, flow measurement infrastructure will be installed at both the TSF 1 and TSF 2 overflow
weirs and a flow weighted concentration is proposed to be used by HGM to comparison the overall site
performance to the PCE 7386 emission limit guideline.
To do this the following calulation formulas will be used. The formula used for total zinc concentrations
(TSF (Tot) [Zn] ) can also be used for other parameters such as lead and sulphate.
Equation 1

Combined TSF flow calculations

TSF (Tot) Flow = TSF 1 Flow + TSF 2 Flow
Equation 2

Combined TSF flux calculations

TSF flux calculations
Equation 3

TSF (1flux) [Zn] = TSF 1 Flow × TSF 1 [Zn]
TSF (2flux) [Zn] = TSF 2 Flow × TSF 2 [Zn]

Combined TSF concentration calculations

TSF (Tot) [Zn] = TSF 1 Flow × TSF 1 [Zn] + TSF 2 Flow × TSF 2 [Zn]
TSF (Tot) Flow
The advantage of the above approach is that it will:
• enable the comparison of past performance with this operation.
• the mass loads can be determined for each TSF independantly and can assist with pollutant
auditing within the mine and wider catchment.
• The instigation of the recirculation strategy for TSF 2 is likely to push up concentrations, while
reducing loads due to decreased discharge volume. The above calculations will correct for this.

6.1 TSF 1
As shown in Figure 5 and Figure 6 the past control of pH within the TSF 1 has been pivotal to effective
surface water management. The ongoing management strategy will combine pH control with preventative
measures to lower the acidity loads entering the TSF 1 catchment. Preventative measures include the
removal of exposed sulfidic tailings around this watercourse and remediation of Mill Creek. The resulting
lower acidity load will reduce the amount of alkilinity needed to raise the pH to optimal levels for metal
precipitation and removal within TSF 1. Once the TSF 1 has been emptied of Hellyer tailings and Zn inputs
have been removed (by cleaning up Mill Creek and the eastern arm), future water quality from TSF 1 should
show a significant consistent improvement.
The key management tool to prevent adverse surface water impacts is subaqueous disposal and storage
of tailings. This is best practice management for sulfidic material. Previous operations have left tailings
exposed on the edge of the TSF 1 water bodies including the western arm impoundment and the upper
reaches of the eastern arm impoundment. As the beaches are removed and placed under water, the sulfide
oxidation occurring within the material will reduce commensurate with the drop in oxygen availability and
in turn acidity production will reduce. This relocation and acidity reduction will reduce the long-term AMD
production and metal release from the lease.
During operations a dilute lime slurry will be pumped directly from the mill to the TSF 1 water body. Once
TSF 2 is operational and the acidity sources have been removed from TSF 1 the pH target for TSF 1 will be
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gradualy reduced towards pH 7.0. The water quality data from the last quarter of 2017 shows that in the
absence of new zinc sources entering TSF 1 and low acidity inputs, the TSF 1 outfall complies with the Zn
emission limit with a pH between 7.5 and 8.2. The pH target will ensure that ferrous iron is rapidly
converted to ferric iron to form a hydroxide precipitate. This will enhance coprecipitation of metals and
suspended solids at the TSF 1 outlet .
Additional lime slurry doses will continue to be added to the western arm if the water within it drops in
pH. This mitigation strategy is currently implemented with a lime slurry feeding into the western arm water
body.

6.2 TSF 2
The management of water quality in the TSF 2 will focus on adding alkalinity where necessary to maintain
the TSF 2 supernatant water at pH 8.50 to reduce metal concentrations. Mixing tests with artificially high
pyrite content have demonstrated that at this pH, significant reduction in metal concentrations in the TSF 2
supernatant water will occur through precipitation of metal hydroxides including zinc. This process has
been demonstrated in the mixing and settlement tests with PRT (Section 4.1.2.3).
The mixing tests have shown that better metal precipitation should occur with a dilute lime slurry pumped
directly from the mill to the TSF 2 water body for delivery of additional alkalinity rather than by adding
additional lime at the mill discharge. The high pH in the mixing tests demonstrated that ferrous iron is
rapidly converted to ferric iron to form a hydroxide precipitate. This will enhance coprecipitation of other
metals including zinc, lead and arsenic and will result in low metal concentrations at the TSF 2 outlet.
Rapid stirring of PRT followed by quiescence in both the KLC test and mixing tests (Section 4.1.2.3) has
demonstrated that sufficient residual alkalinity from mineral processing maintains a pH above 7.0 in the
tailings pipeline.
To further enhance the environmental performance of the operation, supernatant water from TSF 2 will
be recirculated back to the TSF 1. The return line will be situated to maximise dredge capture to recirculate
this through the milling operation. This should promote additional precipitation and capture or recovery
of metals and sulfate. Reusing water has the following benefits:
•
•
•

It reduces the discharge flow from TSF 2 and the associated pollutant load.
It reduces the operational reliance on Southwell River water as a raw water source for the entire
operation, and the subsequent effect on river flows.
Further reduction in pollutants are expected to occur during the reuse process (e.g. more metal
may be removed via precipitation during the high pH portions of the floatation circuit).

The TSF 2 decant arrangement to return supernatant will be a floating pontoon. Supernatant water return
will be managed to ensure that PRT in TSF 2 are maintained in a fully saturated sub aqueous state to
prevent development of AMD (Section 4.1.2.3).

7 Assessment of residual effects
The construction and operation of TSF 2 should reduce residual risks from the site due to the proposed
remediation of exposed sulfidic tailings in the distal reaches of TSF 1. The removal of approximately 55%
of pyrite ( by weight) from the site also provide significant residual risk reduction.
The expected emissions from the TSF 2 during operations and after closure indicate that long-term residual
impacts should not be significant.
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Executive summary
Hellyer Gold Mines Pty Ltd (Hellyer) are preparing to recommence reprocessing of historical
tailings situated on the Hellyer Mine site in North Western Tasmania. As a component of this
project, a new Tailings Storage Facility (TSF2) is required to deposit reprocessed tailings. The
proposed TSF2 (Figure 1) is located immediately down-gradient of the existing Main TSF at the
site. The purpose of this report is to document a hydrogeological investigation for the proposed
TSF2.
No seepage flow would be conceivable from the proposed TSF2 up-gradient and towards the
potential tertiary basalt aquifer to the north. The underlying and surrounding crystalline
Cambrian Que River Shale, Que-Heller Volcanics and Mount Charter Dolerite of the area are
not known to be exploited for groundwater use.
3D sections of the existing environment (topography from Lidar) coupled with historical data
have been used demonstrate the likely current flow directions (Figure 3 to Figure 8 and
Appendix B). Dominant directions are from higher topography to the north and from a local
groundwater high to the east of the proposed TSF2. Whilst the Southwell River is significantly
lower in elevations, these local groundwater highs demonstrate that the downstream receiving
environment of any seepage is highly likely to be the Que River. This is due to the observed
groundwater high to the east of the proposed TSF2 within the vicinity of the Hellyer mine being
a groundwater divide, and due to the local topographic high to the north also being a
groundwater divide. TSF waters may express at surface downstream of the proposed TSF2,
especially where they currently appear to in the historical Que River valley (and constructed
wetland area) and the apparently ephemerally saturated area downstream of the proposed
TSF2 toe. Likewise, groundwater seepage is likely to increase and potentially present laterally
into the surface drainage features primarily to the west of the facility due to the increase in head
applied to the proposed TSF2, relative to current conditions. The existing drainage line, the low
point through the saddle to the west of the facility and along the strike of the known fault in the
area represent potential seepage paths. The scale of any potential increases in groundwater
flow and seepage has not yet been assessed. It is recommended that if seepage modelling is
required for design work, it be informed by the hydraulic conductivity interpretations within this
investigation, coupled with the design features including reductions in hydraulic conductivity due
to the proposed grouting.
Seepage quality to the downstream receiving environment should reflect rainfall with only minor
influence from evaporation (due to an excess water balance and decanting), provided tailings
and dam construction materials are not allowed to oxidise (or have not oxidised), and do not
contain contaminants of potential environmental concern. Where contaminants of potential
environmental concern are identified, they should be managed so that they do not affect
groundwater quality.
MB4 is proposed to be a background well (outside of the influence of the proposed TSF2) and
should be maintained as a long term monitoring location that is monitored along with surface
waters, and tailings waters.
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1.

Introduction
1.1

Purpose of this report

Hellyer Gold Mines Pty Ltd (Hellyer) are preparing to commence reprocessing of historical
tailings situated on the Hellyer Mine site in North Western Tasmania. As a component of this
project, a new Tailings Storage Facility (TSF2) is required to deposit reprocessed tailings. The
purpose of this report is to document a hydrogeological investigation for the proposed TSF2.
The proposed TSF2 (Figure 1) is located immediately down gradient of the existing Main TSF
(TSF1) at the site. The downstream toe of the proposed TSF2 embankment (at 620 mAHD) is
575 m down gradient of the exiting TSF toe at 626 mAHD. The crest of the proposed TSF2
embankment is at 646 mRL, which is lower than the existing TSF1 at 650 mRL.
This report excludes consideration of the reprocessing component of the project, including any
changes to the water levels in TSF1 or discharge of waters from TSF1.

1.2

Scope and limitations

This report: has been prepared by GHD for Hellyer Gold Mines Pty Ltd and may only be used
and relied on by Hellyer Gold Mines Pty Ltd for the purpose agreed between GHD and the
Hellyer Gold Mines Pty Ltd as set out in section 1.1 of this report.
GHD otherwise disclaims responsibility to any person other than Hellyer Gold Mines Pty Ltd
arising in connection with this report. GHD also excludes implied warranties and conditions, to
the extent legally permissible.
The services undertaken by GHD in connection with preparing this report were limited to those
specifically detailed in the report and are subject to the scope limitations set out in the report.
The opinions, conclusions and any recommendations in this report are based on conditions
encountered and information reviewed at the date of preparation of the report. GHD has no
responsibility or obligation to update this report to account for events or changes occurring
subsequent to the date that the report was prepared. The opinions, conclusions and any
recommendations in this report are based on assumptions made by GHD described in
throughout this report. GHD disclaims liability arising from any of the assumptions being
incorrect.
GHD has prepared this report on the basis of information provided by Hellyer Gold Mines Pty
Ltd and others who provided information to GHD (including Government authorities), which
GHD has not independently verified or checked beyond the agreed scope of work. GHD does
not accept liability in connection with such unverified information, including errors and omissions
in the report, which were caused by errors, or omissions in that information. The opinions,
conclusions and any recommendations in this report are based on information obtained from,
and testing undertaken at or in connection with, specific sample points. Site conditions at other
parts of the site may be different from the site conditions found at the specific sample points.
Investigations undertaken in respect of this report are constrained by the particular site
conditions, such as the location of buildings, services and vegetation. As a result, not all
relevant site features and conditions may have been identified in this report.
Site conditions (including the presence of hazardous substances and/or site contamination) may
change after the date of this Report. GHD does not accept responsibility arising from, or in
connection with, any change to the site conditions. GHD is also not responsible for updating this
report if the site conditions change.
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2.

Desktop Assessment
2.1

Hydrogeological Setting

Local geology (Figure 2) includes Tertiary basalts, Cambrian Mount Charter dolerite, as well as
Cambrian metasediments (notably the Que River Shale) and meta-volcanics (the Que-Hellyer
Volcanic) which dominate the footprint of the TSF (Corbett, 1995 and Corbett et al., 2014).
The Hellyer ore body is dissected along strike by the Jack Fault (Corbett et al., 2014).
Numerous faults splays approximately normal to the Jack Fault cross the study area including
one within the footprint of the proposed TSF2. This known structure represents a target for
hydrogeological drilling as part of the proposed TSF2 investigation, although it was not
necessarily expected to be a highly permeable structure. Notably the historical drillhole HAT9
(at the toe of the existing TSF) is within the proposed TSF2 footprint and contains a 33 m
intercept of the Que River Shale overlying the Que River Volcanics.
Colhoun and Augustinus (1984) document glacial diversion of the Que River in an area
downstream of the study area. Locally, only minor glacial deposits are present and are
associated with glaciation in the Southwell River valley (outside of the proposed TSF2 footprint).
The area lies outside of the Central Highlands Glacial Area (The LIST, 2017). The very shallow
weathering profile in areas on the Tertiary basalt to the north of the existing TSF footprint
(notably at the rail cutting and crossing) is not consistent with unglaciated areas further north.
Elsewhere, in the vicinity of the Fossey and Hellyer mine areas, the weathered zone is observed
to be deeper (i.e. greater than 50m in places).
Whilst the bedrock geology is relatively complex, the key local hydrogeological units (HGU) are
significantly simpler (Table 1). Only the latter two of these are within the footprint of the
proposed TSF2.
Table 1 Hydrogeological Units (HGU) and Hydrogeological Complexes (HGC)
HGU Name

HGU_Id

HGC

HGC_Code_text

Quaternary glacial and talus complex

10040

1010

QGTC

Tertiary basalts

10110

1060

TBC

Cambrian to Ordovician Sedimentary Complex

10650

1190

COSC

Cambrian Ultrabasic Igneous Complex

10730

1210

CmUMC

Based on Matthews and Latinovic (2006) the Cambrian rocks, including those mapped as
‘basaltic lavas’ are unlikely to have similar hydrogeological properties to the Tertiary basalts to
the north of the footprint. This is likely due to alteration (crystalline nature) of the Cambrian
rocks in Western Tasmania. The up-gradient Tertiary basalt to the north could represent a
potential, and the most prospective local aquifer. The Tertiary basalt aquifer is not believed to
be exploited as yet and no groundwater bores are known to exist in the area (DPIPWE, 2017).
Of note, during previous operation, groundwater inflows to the Fossey and Hellyer mines were
recorded to be in the order of 75L/s (GHD, 2011) and 67 L/s (Bass, 2011 based on 1991-1999
pumping) respectively. The Fossey and Hellyer mine portals (adjacent to the Southwell River)
were both plugged at closure.
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2.2

Groundwater flow regime

Within the Hellyer area, the groundwater flow regime is highly likely to be typical of the West
Coast of Tasmania and dominantly influenced by the high rainfall, local topography and
crystalline fractured bedrock. In addition, the anthropogenic influence of the flooded existing
Hellyer mine void also requires consideration. The proposed TSF2 is located to the east of the
flooded existing Hellyer mine void and not within the catchment of the Hellyer and Fossey adits
which are within the Southwell River catchment. The proposed TSF2 is within the adjacent Que
River catchment. As State mapping varies with scale and time for the Que River, for the
purposes of this report, the Que River’s headwaters are at the adjacent Que River Mine. The
tributary of the Que River that flows southwards and through the footprint of the proposed TSF2
is also in some historical mapping (before the existing Hellyer TSF) referred to as the Que
River.
Based on the understanding of the groundwater regime from the flooding of Hellyer mine, the
Hellyer area could be considered a high groundwater point relative to both the Southwell River
and the Que River. The Que River flows into the Huskisson River and ultimately into Lake
Pieman and the Pieman River. The Australian Landscape Water Balance (AWRA-L model,
BOM, 2018) reports a deep drainage (recharge) of ~50mm, actual evapotranspiration of ~900
mm and a precipitation of 2000-3000 mm (therefore recharge = 2-3% of precipitation) for the
Pieman Catchment. No known groundwater uses (other than likely discharge for environmental
flows in the Que River) are known. At a regional scale no groundwater bores exist in the area
according to the Groundwater Information Access Portal (DPIPWE, 2017), although
groundwater level monitoring within exploration bores is known to have previously occurred at
the Hellyer mine (Table 2).
Within the footprint and immediately down gradient and to the west of the proposed TSF2 are
areas mapped as part of the Western Tasmania Blanket Bog. Of these, at least the area
immediately down gradient the proposed TSF2 appears from aerial/satellite photography to be
at least ephemerally saturated at or near surface.
A series of constructed wetlands associated with the existing TSF are within the footprint of the
proposed TSF2. These wetlands may contain elevated metals depending on their previous and
current design and use. Other existing potential anthropogenic influences on the Que River
include the up-gradient Que River Mine at the current head waters of the Que River and the
Melba Line railway which is immediately adjacent to the Que River at one point (which notably
transports mineral concentrates), the existing Hellyer mine, and the Murchison Highway
crossing. Otherwise, the Que River is located in relatively undisturbed catchment, but these
anthropogenic sources should all be considered when assessing seepage from the proposed
TSF2.
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2.2.1

Key Elevations in the Conceptual Hydrogeological Model

Key elevations and standing water levels (SWL) that require consideration in respect to the
existing regional groundwater flow regime are:


360 mAHD Southwell River adjacent to the Hellyer adit;



382 mAHD Hellyer adit;



541 mAHD Fossey adit;



619 mAHD Que River;



620 mAHD downstream toe of proposed TSF2;



646 mAHD crest of the proposed TSF2;



626 mAHD toe of existing TSF (and location of borehole HAT9);



649.5 mAHD existing TSF SWL;



626 mAHD in the Que River tributary potential discharge location (530 m from toe of
existing TSF through the western saddle – Que River Shale);



622 mAHD in the Que River tributary potential discharge location (along strike of known
fault from toe of existing TSF through the western saddle – Que River Shale);



650-695 mAHD known Hellyer bore and shaft SWLs (Table 2);



673 mAHD Sinkhole SWL;



680 mAHD Shale Pit (Quarry) SWL; and



699 mAHD Rail quarry SWL
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Table 2 Hellyer and Fossey historical groundwater standing water level (SWL) monitoring
Count

Min

Max

Monitoring
Period

Source

683.00

Average,
largest or
latest SWL
683

694.2

36

681.29

2011

Bass (GHD, 2011)

705

9

660.87

671.10

668

2011

Bass (GHD, 2011)

Fossey
SH0016

670

15

631.80

664.20

643

2011

Bass (GHD, 2011)

Fossey
SH0017

670

48

624.14

631.20

626

2011

Bass (GHD, 2011)

Hellyer
Southern
Rise
HL893

694

157

668.20

672.78

671

2010 to
2011

Bass (GHD, 2011)

685.17

36

670.79

675.07

673

2011

Bass (GHD, 2011)

Hellyer Main
Rise

696.99

31

668.95

673.34

671

2011

Bass (GHD, 2011)

Hellyer
Central Rise

695

45

667.37

671.33

670

2011

Bass (GHD, 2011)

Hellyer
Escapeway
Rise
HLD1002

691

157

667.94

672.30

670

2010 to
2011

Bass (GHD, 2011)

677.95

35

671.31

672.08

672

2011

Bass (GHD, 2011)

HLD1012

692.44

34

687.78

688.32

688

2011

Bass (GHD, 2011)

Drillhole or
mine feature

Northing
(MGA)

Easting
(MGA)

HLD1011

Collar

EOH

HL068

5396518.2

393408.7

714.6

175.5

673.00

673.00

673

1995 and
1998

Rust PPK (1995) and
Golder (199)

HL246

5396783.9

393035.6

679.5

360

649.70

655.70

656

1995 and
1998

Rust PPK (1995) and
Golder (199)
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Drillhole or
mine feature

Northing
(MGA)

Easting
(MGA)

Collar

EOH

HL345

5397203.9

393867.6

665.5

HL518

5396326.0

393320.7

HL541

5396874.4

HL571

Min

Max

Monitoring
Period

Source

666.00

Average,
largest or
latest SWL
666

893.2

620.70

1995 and
1998

643.00

653.00

653

1995 and
1998

Rust PPK (1995) and
Golder (199), Bass
DPEMP
Rust PPK (1995) and
Golder (199)

691.4

90

392271.0

656.5

844

653.00

653.00

653

1995 and
1998

Rust PPK (1995) and
Golder (199)

5396083.5

393324.5

701

377

676.00

681.00

681

1995 and
1998

Rust PPK (1995) and
Golder (199)

HL629

5395465.5

393831.0

516.6

1112

516.60

516.60

517

1995 and
1998

Rust PPK (1995) and
Golder (199)

HL641

5396291.5

393136.0

674.3

152

673.00

673.00

673

1995 and
1998

Rust PPK (1995) and
Golder (199)

HL683

5396228.6

393058.0

673.4

272

669.00

669.00

669

1995 and
1998

Rust PPK (1995) and
Golder (199)

HL786

5395857.4

393725.5

669.1

115.5

669.00

669.10

669

1995 and
1998

Rust PPK (1995) and
Golder (199)

HL798

5396297.8

393261.3

692.4

180.2

600.00

660.00

660

1995 and
1998

Rust PPK (1995) and
Golder (199)

HL841

5397367.5

394255.8

678.46

475.2

664.00

668.00

668

1995 and
1998

Rust PPK (1995) and
Golder (199)

HL922

5395857.0

393727.3

667.98

666

668.00

668.00

668

1995 and
1998

Rust PPK (1995) and
Golder (199)

MAC011

5396075.0

393915.4

690.5

839.9

663.00

673.00

673

1995 and
1998

Rust PPK (1995) and
Golder (199)

MAC015

5397641.2

391199.4

654.2

160.6

654.20

654.20

654

1995 and
1998

Rust PPK (1995) and
Golder (199)

MAC017

5396004.9

392818.6

679.9

481.2

679.65

680.00

680

1995 and
1998

Rust PPK (1995) and
Golder (199)
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Count

Drillhole or
mine feature

Northing
(MGA)

Easting
(MGA)

Collar

EOH

MAC018

5395759.4

392630.5

696.2

MAC038

5397162.0

393073.7

XDA003

5395381.4

BH1

Count

Min

Max

Monitoring
Period

Source

690.20

Average,
largest or
latest SWL
690

484.2

689.00

1995 and
1998

Rust PPK (1995) and
Golder (199)

667.06

787.2

663.00

664.20

664

1995 and
1998

Rust PPK (1995) and
Golder (199)

392705.0

669.3

271.7

611

657.5

658

1995 and
1998

Rust PPK (1995) and
Golder (199)

5396297.6

393261.0

692.24

672.7

672.7

673

BH2

5396320.9

393279.7

671.4

671.4

671.4

671

Jed's Spring

5396911.5

393682.8

671

671

671

671

Bass DPEMP

Elly May
Spring

5397057.0

393879.5

668.76

669

669

669

Bass DPEMP

Shale Quarry
outflow

5396769.5

393150.2

672

672

680

680

Bass DPEMP, Lidar
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3.

Field Investigation
3.1

Drilling and construction of monitoring bores

Following on from the desktop assessment, four groundwater monitoring bores (Figure 9) were
drilled and constructed to confirm the likely local flow regime. A summary of the drilling is
presented in Table 4. Bore logs are provided in Appendix C.

Table 3 Drilling summary
Bore
hole
MB1

Easting

Northing

391449

MB2

5396567

SWL
(mbTOC)
5.33

Stick up
(magl)
0.58

mAHD
(Lidar)
633.75

SWL
(mbgl)
4.75

SWL
(mAHD)
629.00

391436

5396400

2.04

0.6

623.5

1.44

622.06

MB3A

391523

5396258

1.16

0.45

623.71

0.71

623.00

MB3B

391521

5396294

N/A

N/A

624.62

N/A

N/A

MB4

392520

5396013

10.26

0.65

671.87

9.61

662.26

Of note, MB3B was not constructed due to hole collapse. A summary of the geological
interpretations from the drilling are presented in Table 4. These geological interpretations will
be further complemented by the geology mapping and yet to be completed diamond drilled
geotechnical holes.

Table 4 Geological interpretation
Bore
hole
MB1

MB2

MB3A

MB3B

MB4

Geology

Target Features

Observed Features

Cambrian Que River Shale
– carbonaceous/graphitic
shale (black)
Cambrian Que River Shale
– carbonaceous/graphitic
shale (black)
Cambrian Que River Shale
– weathered and overlying
alluvium
Cambrian Que River Shale
– weathered and overlying
alluvium including dolerite
gravels
Cambrian Que-Hellyer
Volcanics – weathered to
approaching fresh

EW striking
fault

None recognised in drill chips

NS striking
fault 1

None recognised in drill chips

NS striking
fault 2

Quartz crystals, cavernous fault at
EOH

NS striking
fault 2

Quartz crystals, cavernous fault at
EOH

N/A

None recognised in drill chips
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3.2

Hydrogeological interpretation

Hydrogeological interpretations were informed by:


hydrogeological supervision;



monitoring airlift yields during air drilling; and



upon completion of groundwater monitoring bore construction (post development), the
undertaking and interpreting slug testing.

The key results of these are summarised in Table 5.
Slug tests involved the removal of a 1L slug of water and the monitoring of the aquifer/rockmass response to this over a 5-minute period. This response was almost instantaneous in
MB3A and MB2 due to rapid inflows, which are interpreted as a relatively high hydraulic
conductivity for these locations. Interpretation curves are presented in Appendix D.
This aquifer/rock-mass testing will be further complemented by the packer testing of the yet to
be completed diamond drilled geotechnical holes (where practicable).

Table 5 Aquifer/rock-mass testing
Site

Easting

Northing

Constructed
Depth (m)

EOH
(m)

Airlift Yield
at EOH
(L/s)

MB1

391449

5396567

18.4

18.8

MB2

391436

5396400

12.2

MB3A

391523

5396258

MB3B

391521

MB4

392520

3.3

1.2

Interpreted
hydraulic
conductivity
(m/day)
10

Interpreted
hydraulic
conductivity
(m/second)
1.2E-04

12.8

2.0

>20

>2.3E-04

6

7

0.44

>20

>2.3E-04

5396294

N/A

9.8

0.65

>20

>2.3E-04

5396013

21.7

21.8

<0.1

0.5

5.8E-06

Updated conceptual hydrogeological model

The conceptual hydrogeological model from the desktop assessment was confirmed by the
drilling. Of note, however, the drilling within the vicinity of the proposed TSF2 embankment
revealed local areas with relatively high bore yields corresponding to relatively high interpreted
hydraulic conductivity for the bedrock (and potential faults). This confirms the likely requirement
for at least localised grouting. The conceptual hydrogeological model is summarised in Table 6
relative to the embankment and catchment features.
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Table 6 Likely groundwater flow direction and seepage pathways
Likely Groundwater
Flow Direction

Likely Seepage
Pathways

Dominant
Geology

Western
catchment and
saddle

Minor inwards,
however, potentially
outwards to adjacent
tributary catchment

Que River
Shale

Northern
embankment

Outwards

Centre
embankment

Outwards

Primary - Fractured
Bedrock
Secondary – Potential
fault flow
Primary - Fractured
Bedrock
Secondary – Potential
fault flow to the east
Primary - Fractured
Bedrock
Secondary – Potential
fault flow to the south

Eastern
embankment

Outwards

Primary - Fractured
Bedrock

Eastern
catchment

Inwards

Footprint

Inwards from TSF1,
western catchment
and potentially from
eastern catchment,
otherwise outwards

Primary - Fractured
Bedrock
Secondary – Potential
fault flow inwards
Primary - Fractured
Bedrock
Secondary – Potential
fault to the east

TSF1

Inwards to TSF2

A current seepage
locations in toe of
TSF1

Likely
Relative
Hydraulic
Conductivity
High

Que River
Shale

High

Que River
Shale and
QueHellyer
Volcanics
Que River
Shale and
QueHellyer
Volcanics
QueHellyer
Volcanics

High

Que River
Shale,
QueHellyer
Volcanics,
and Mt
Charter
Dolerite
Que River
Shale,
QueHellyer
Volcanics,
and Mt
Charter
Dolerite

Moderate Low

Moderate –
Low

Moderate –
Low

High
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4.

Seepage Assessment and
Further Recommendations
No seepage flow would be conceivable from the proposed TSF2 up gradient and towards the
potential tertiary basalt aquifer to the north. The underlying and surrounding crystalline
Cambrian Que River Shale, Que-Heller Volcanics and Mount Charter Dolerite of the area are
not known to be exploited for groundwater use.
3D sections of the existing environment (topography from Lidar) have been used demonstrate
the likely current flow directions (Figure 3 to Figure 8 and Appendix B). Dominant directions are
from higher topography to the north and from a local groundwater high to the east of the
proposed TSF2. Whilst the Southwell River is significantly lower in elevation, these local
groundwater highs (Table 2 and Figure 4 to Figure 8) at Table 2 Hellyer and Fossey historical
groundwater standing water level (SWL) monitoring) demonstrate that the downstream receiving
environment of any seepage is highly likely to be the Que River. This is due to the observed
groundwater high to the east of the proposed TSF2 within the vicinity of the Hellyer mine being
a groundwater divide, and due to the local topographic high to the north also being a
groundwater divide. TSF waters may express at surface downstream of the proposed TSF2,
especially where they currently appear to in the historical Que River valley (and constructed
wetland area) and the apparently ephemerally saturated area downstream of the proposed
TSF2 toe. Likewise, groundwater seepage is likely to increase and potentially present laterally
into the surface drainage features primarily to the west of the facility due to the increase in head
applied to the proposed TSF2, relative to current conditions. This may result is TSF2 seepage
expressing at surface in this tributary and there is no evidence to suggest this is currently
occurring at this location (associated to the existing TSF). Along the existing drainage line, the
low point through the saddle to the west of the facility and along the strike of the known fault in
the area represent potential seepage paths. The scale of any potential increases in
groundwater flow and seepage has not yet been assessed. It is recommended that if seepage
modelling is required for design work, it be informed by the hydraulic conductivity interpretations
within this investigation, coupled with the design features including reductions in hydraulic
conductivity due to the proposed grouting.
Seepage quality to the downstream receiving environment should reflect rainfall with only minor
influence from evaporation (due to an excess water balance and decanting), provided tailings
and dam construction materials are not allowed to oxidise (or have not yet oxidised), and do not
contain contaminants of potential environmental concern. Where contaminants of potential
environmental concern are identified, they should be managed so that they do not affect
groundwater quality.

4.1

Proposed Monitoring Regime

Ideally, at least MB2 and MB3 should be retained as downstream monitoring locations for as
long as practicable. It is, however, recognised that these bores may not remain as suitable
monitoring bores following a grouting campaign. Assessing the post-grouting flow regime is
synonymous with assessing the success of the grouting works and should be conducted as part
of the dam construction QA/QC process. MB4 is proposed to be a background well (outside of
the influence of the proposed TSF2) and should be maintained as a long term monitoring
location. Potential surface discharge locations should be monitored for water quality including,
but not limited to:


in the tributary to the west of the proposed TSF2 (adjacent to the saddle) at or below the
626m contour;
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in the tributary to the west of the proposed TSF2 (downstream of the mapped fault) at or
below the 622m contour;



at the low point in the toe of the proposed TSF2; and



between the proposed TSF2 and (above) the confluence of the current Que River.

Provided the grouting success is assessed and validated, an expanded groundwater monitoring
network with additional groundwater bores is not recommended at this stage due to the
proximity of the proposed TSF2 to the likely potential discharge locations. In this case surface
water monitoring is anticipated to be adequate to assess seepage.
Along with the up-gradient bore (MB4), the aforementioned 4 surface water locations, the
tailings surface and pore waters should be routinely tested at least on quarterly basis, prior to,
during and following construction of the proposed TSF2. The proposed initial monitoring suite
should include as a minimum:


Field pH, conductivity and temperature;



Major cations and anions; and



Dissolved metals and metalloids (15: arsenic, boron, barium, beryllium, cadmium,
chromium, cobalt, copper, manganese, nickel, lead, selenium, vanadium, zinc and
mercury).

In addition to the above analyses, visual observations of colour and estimations of flow at the
surface water features should also be recorded at the time of sampling.
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Appendix A – Geological Sections
Extract from Corbett and Komyshan, 1989.

Extract from Corbett, et al., 2014.

Appendix B – 3D Visualisation

Figure 10 Lidar 10 m contours, aerial photograph and A-B-C section lines, proposed TSF2 (red dots)

Figure 11 3D Visualisation looking north at 45 degrees, lidar 10 m contours, aerial photograph and A-B-C section lines,
proposed TSF2 (red dots)

Figure 12 3D Visualisation looking north, lidar 10 m contours, aerial photograph and A-B-C section lines, , proposed TSF2 (red
dots)

Figure 13 3D visualisation looking north at 45 degrees, A-B-C section lines, proposed TSF2 (yellow lines)

Figure 14 3D visualisation looking north, A-B-C section lines, proposed TSF2 (yellow lines)

Figure 15 3D visualisation looking northerly, A section line (sinkhole to Southwell River) and proposed TSF2 embankment (yellow
lines)

Figure 16 3D visualisation looking northerly, B section line (Que River tributary along known fault through to proposed TSF2 and to
sinkhole and proposed TSF2 embankment (yellow lines)

Figure 17 3D visualisation looking westerly, C section line (existing TSF to Que River) and proposed TSF2 embankment (yellow
lines)

Figure 18 1 m Lidar 673 mAHD sinkhole standing water level

Figure 19 1 m Lidar 680 mAHD shale quarry standing water level

Figure 20 1 m Lidar 649 mAHD existing TSF standing water level

E

D
B

Figure 21 3D visualisation looking north westerly, D and E section lines (along draining line and through saddle respectively)
and proposed TSF2 embankment (red dots)

D

E

Figure 22 3D visualisation looking westerly, D and E section lines (along draining line and through saddle respectively) and
proposed TSF2 embankment (red dots)

Figure 23 3D visualisation looking north at 45 degrees with geological mapping (Corbett, 1995) projected onto the lidar, D and E
section lines, proposed TSF2 embankment (black dots)

Figure 24 3D visualisation looking north at 45 degrees with geological mapping (Corbett, 1995) projected onto the lidar, A, B
and C section lines, proposed TSF2 embankment (black dots)

Appendix C – Bore Logs

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

391449 E 5396567 N

Rig Type :

Explorer

HOLE No. MB1
SHEET 1 OF 2
Checked :

Logged by : JS

Date: 15/02/18

LE

Note: * indicates signatures on original
issue of log or last revision of log

PIEZOMETER

Consistency /
Density Index

Comments/
Observations

SM

L

Components

Concrete 0-0.5m

PVC casing
150mm

Solid Flight
Auger

Processed : JS

Moisture Condition

USC Symbol

Graphic Log

Depth / (RL) metres

Description
SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength
SOIL - loamy, dark brown

1

Angle from Horiz. : 90°

Driller : Des Fraser

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing

AHD

Date Completed : 30/1/2018

DRILLING

Drilling Method

Surface RL:

Piezometer Log

MGA94 55

Mounting: 6t Track-mounted Contractor : KMR

Date Started : 30/1/2018

SCALE (m)

0.50

1.00

SHALE - very weathered light to
dark grey angular chips 1-20mm
weathering to yellowish brown
CLAY. Friable.
SHALE - dark grey, platy to
blocky, friable to hard, metallic
odour, trace pyrite. Chips
angular 1-20mm

D

VSt

D

VStH

CLAY - Brown
SHALE - dark grey, platy to
blocky, friable to hard, metallic
odour, trace pyrite. Chips
angular 1-20mm
SHALE - dark grey, blocky.
Angular chips to 30mm. Some
weathered, light brown surfaces,
trace pyrite

M
D

L
VStH

M

H

SHALE - dark grey, blocky.
Angular chips to 30mm. Some
weathered, light brown to light
grey surfaces, trace pyrite

W

H

2

3
3.40
3.50

4.00

4

6

SWL
4.75
mbgl
1/2/18

Grout 0.5-6.8m ( 3 x
20kg bags cement)

Nil

5

Downhole Hammer

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER
Client :

Water
strike
5.9m

6.00

Trace water

6.8m airlift yield:
0.14L/s

7

8

9

Bentonite 6.8-11.5m
(2 x 20kg bags of 3/8"
chips)

9.8m airlift yield:
0.3L/s

10

See standard sheets for
details of abbreviations
& basis of descriptions

GHD GEOTECHNICS

2 Salamanca Square, Hobart Tas 7000 Australia
T: 61 3 6210 0600 F: 61 3 6210 0601 E: hbamail@ghd.com
CONSULTING GEOTECHNICAL ENGINEERS AND GEOLOGISTS

Job No.

3218552

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

391449 E 5396567 N

Rig Type :

Explorer Mounting: 6t Track-mounted Contractor : KMR

HOLE No. MB1
SHEET 2 OF 2

MGA94 55

Angle from Horiz. : 90°

Processed : JS

Driller : Des Fraser

Checked :

Logged by : JS

Date: 15/02/18

PIEZOMETER

Consistency /
Density Index

Comments/
Observations

Moisture Condition

USC Symbol

Graphic Log

Depth / (RL) metres

Description
SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength

LE

Note: * indicates signatures on original
issue of log or last revision of log

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing

AHD

Date Completed : 30/1/2018

DRILLING

Drilling Method

Surface RL:

W

H

Piezometer Log

Date Started : 30/1/2018

SCALE (m)

Components

11

12

12.8m airlift yield:
0.55L/s

14

15

Nil

13

Downhole Hammer

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER
Client :

Sand Backfill
11.5-18.4m (4.5 x
20kg bags of ~3mm
sand)
50mm slotted screen
uPVC Class 18
12.4-18.4m

15.8m airlift yield:
1L/s

16

17

18
18.30
18.50
18.80

19

VOID
SHALE - dark grey, blocky.
Angular chips to 30mm. Some
weathered, light brown to light
grey surfaces, trace pyrite
End of borehole at 18.8 metres.

W

H

18.8m airlift yield:
1.2L/s
Airlift during
development: 1L/s

20

See standard sheets for
details of abbreviations
& basis of descriptions

GHD GEOTECHNICS

2 Salamanca Square, Hobart Tas 7000 Australia
T: 61 3 6210 0600 F: 61 3 6210 0601 E: hbamail@ghd.com
CONSULTING GEOTECHNICAL ENGINEERS AND GEOLOGISTS

Job No.

3218552

Client :

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

391436 E 5396400 N

Rig Type :

Explorer

HOLE No. MB2
SHEET 1 OF 2
Angle from Horiz. : 90°

Processed : JS

Driller : Des Fraser

Checked :

Logged by : JS

Date: 15/02/18

Comments/
Observations
Consistency /
Density Index

USC Symbol

PIEZOMETER
Moisture Condition

1.00

Graphic Log

Depth / (RL) metres
0.40

Description

FILL - gravelly CLAY, light
brown (locally sourced fill)

M

L

CLAY - light brown to dark grey

M

L

SHALE - dark grey, platy to
blocky, hard, slightly friable,
trace pyrite

D

H

SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength

LE

Note: * indicates signatures on original
issue of log or last revision of log

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing
PVC casing 150mm

Drilling Method
Solid Flight Auger

AHD

Date Completed : 1/2/2017

DRILLING

1

Surface RL:

Piezometer Log

MGA94 55

Mounting: 6t Track-mounted Contractor : KMR

Date Started : 31/1/2018

SCALE (m)

Components

Concrete 0-0.5m

SWL
1.44
mbgl
1/2/18

2

3.00

3
Water
strike
3.3m

SHALE - dark grey, platy to
blocky, hard, trace pyrite

W

Bentonite 0.5-5m (2 x
20kg bags of 3/8"
chips)

H

3.8m Trace water

4

6

Nil

5
Downhole Hammer

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER

7

7.00

SHALE - dark grey, platy to
blocky, hard. Larger chips to
30mm. Increasing grainy texture,
trace pyrite

W

H

6.8m airlift yield:
0.3L/s

Fractures at 7.5m.
Airlift yield: 0.9L/s

8

Sand Backfill 5-12.2m
(5 x 20kg bags of
~3mm sand)

9
50mm slotted screen
uPVC Class 18
6.2-12.2m

9.8m airlift yield:
1.8L/s

10

See standard sheets for
details of abbreviations
& basis of descriptions

GHD GEOTECHNICS

2 Salamanca Square, Hobart Tas 7000 Australia
T: 61 3 6210 0600 F: 61 3 6210 0601 E: hbamail@ghd.com
CONSULTING GEOTECHNICAL ENGINEERS AND GEOLOGISTS

Job No.

3218552

Client :

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

391436 E 5396400 N

Rig Type :

Explorer Mounting: 6t Track-mounted Contractor : KMR

HOLE No. MB2
SHEET 2 OF 2

MGA94 55

Processed : JS
Checked :

Logged by : JS

Date: 15/02/18
PIEZOMETER

Consistency /
Density Index

Comments/
Observations

Moisture Condition

USC Symbol

Graphic Log

Depth / (RL) metres

Description
SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength

LE

Note: * indicates signatures on original
issue of log or last revision of log

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing

Angle from Horiz. : 90°
Driller : Des Fraser

W

H

Components

Nil

Drilling Method
Downhole Hammer

12

AHD

Date Completed : 1/2/2017

DRILLING

11

Surface RL:

Piezometer Log

Date Started : 31/1/2018

SCALE (m)

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER

12.80

13

End of borehole at 12.8 metres.

12.8m airlift yield:
2L/s
Airlift
development after
construction:
0.8L/s

14

15

16

17

18

19

20

See standard sheets for
details of abbreviations
& basis of descriptions

GHD GEOTECHNICS

2 Salamanca Square, Hobart Tas 7000 Australia
T: 61 3 6210 0600 F: 61 3 6210 0601 E: hbamail@ghd.com
CONSULTING GEOTECHNICAL ENGINEERS AND GEOLOGISTS

Job No.

3218552

Client :

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

391523 E 5396258 N

Rig Type :

Explorer

HOLE No. MB3A
SHEET 1 OF 1

MGA94 55

Angle from Horiz. : 90°

Processed : JS

Driller : Des Fraser

Checked :

Logged by : JS

Date: 15/02/18

M

L

Piezometer Log

Comments/
Observations
Consistency /
Density Index

CLAY - light to dark brown, with
some sand

PIEZOMETER
Moisture Condition

USC Symbol

Graphic Log

Depth / (RL) metres

Description
SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength

Bentonite 6.8-11.5m
(1 x 20kg bag of 3/8"
chips)

1/2/18

2

PVC casing 150mm

Solid Flight Auger

3

Water
strike
~2m

Components

Concrete 0-0.5m

SWL
0.71
mbgl

1

LE

Note: * indicates signatures on original
issue of log or last revision of log

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing

AHD

Date Completed : 31/1/2018

DRILLING

Drilling Method

Surface RL:

Mounting: 6t Track-mounted Contractor : KMR

Date Started : 30/1/2018

SCALE (m)

2.00

3.00

CLAY - light brown, with some
sand

W

L

CLAY - light brown to grey with
depth, with some sand

W

L

Sand Backfill 1.8-6m
(5 x 20kg bags of
~3mm sand)

4

50mm slotted screen
uPVC Class 18 3-6m

5

6.00

SHALE - grey with cavernous,
crystalline quartz, very high
porosity

W

H

6.2m airlift yield:
1.1L/s

Nil

6

Downhole
Hammer

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER

7

7.00

End of borehole at 7 metres.

7m airlift yield: >2L/s
Airlift development
after construction:
0.3L/s

8

9

10

See standard sheets for
details of abbreviations
& basis of descriptions

GHD GEOTECHNICS

2 Salamanca Square, Hobart Tas 7000 Australia
T: 61 3 6210 0600 F: 61 3 6210 0601 E: hbamail@ghd.com
CONSULTING GEOTECHNICAL ENGINEERS AND GEOLOGISTS

Job No.

3218552

Client :

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

391521 E 5396294 N

Rig Type :

Explorer Mounting: 6t Track-mounted Contractor : KMR

HOLE No. MB3B
SHEET 1 OF 2
Angle from Horiz. : 90°

Processed : JS

Driller : Des Fraser

Checked :

Logged by : JS

Date: 15/02/18
PIEZOMETER

Consistency /
Density Index

Comments/
Observations

Moisture Condition

USC Symbol

Graphic Log

Depth / (RL) metres

Description

CLAY - orangey brown, with
some rounded gravel

M

D

ALLUVIAL SEDIMENTS - grey,
yellow and red stained
sandstone and dark grey chert
chips angular to sub rounded
2-30mm.

W

H

SHALE - dark grey shale chips
angular to sub rounded 2-30mm,
with some alluvial sediments grey, yellow and red stained
sandstone and dark grey chert.

W

H

SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength

LE

Note: * indicates signatures on original
issue of log or last revision of log

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing

AHD

Date Completed : 31/1/2018

DRILLING

Drilling Method

Surface RL:

Piezometer Log

MGA94 55

Date Started : 31/1/2018

SCALE (m)

Components

PVC casing 150mm

2

Solid Flight Auger

1

3

3.20

4

Water
strike
4.5m

5

5.00

6
Backfill with cuttings
0-12.5m

6.8m airlift yield:
0.2L/s
Airlift
development after
construction:
0.3L/s

Nil

7

Downhole Hammer

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER

8

9

9.00

SHALE - dark grey chips angular
to sub rounded 2-30mm with
some alluvial sediments - grey,
yellow and red stained
sandstone, dark grey chert.
Some crystalline quartz

W

H

9.8m airlift
yield:0.4L/s

10

See standard sheets for
details of abbreviations
& basis of descriptions
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2 Salamanca Square, Hobart Tas 7000 Australia
T: 61 3 6210 0600 F: 61 3 6210 0601 E: hbamail@ghd.com
CONSULTING GEOTECHNICAL ENGINEERS AND GEOLOGISTS

Job No.

3218552

Client :

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

391521 E 5396294 N

Rig Type :

Explorer Mounting: 6t Track-mounted Contractor : KMR

HOLE No. MB3B
SHEET 2 OF 2

MGA94 55

Angle from Horiz. : 90°

Processed : JS

Driller : Des Fraser

Checked :

Logged by : JS

Date: 15/02/18

Comments/
Observations
Consistency /
Density Index

fragments increasing with depth.

PIEZOMETER
Moisture Condition

USC Symbol

Graphic Log

Depth / (RL) metres

Description
SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength

LE

Note: * indicates signatures on original
issue of log or last revision of log

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing

AHD

Date Completed : 31/1/2018

DRILLING

Drilling Method

Surface RL:

W

H

Piezometer Log

Date Started : 31/1/2018

SCALE (m)

Components

12

Nil

11

Downhole Hammer

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER

12.8m airlift
yield:0.5L/s

13

Bentonite 12.5-13.5m
(1 x 20kg bag of 3/8"
chips)

14

Grout 13.5-14.5m (3 x
20kg bags cement)

14.50

End of borehole at 14.5 metres.

15

14.5m airlift
yield:0.6L/s. Hole
caving in. Bore not
constructed.

16

17

18

19

20

See standard sheets for
details of abbreviations
& basis of descriptions

GHD GEOTECHNICS

2 Salamanca Square, Hobart Tas 7000 Australia
T: 61 3 6210 0600 F: 61 3 6210 0601 E: hbamail@ghd.com
CONSULTING GEOTECHNICAL ENGINEERS AND GEOLOGISTS

Job No.

3218552

Client :

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

392520 E 5396013 N

Rig Type :

Explorer

HOLE No. MB4
SHEET 1 OF 3
Processed : JS

Driller : Des Fraser

Checked :

Logged by : JS

Date: 15/02/18

Comments/
Observations
Consistency /
Density Index

USC Symbol

PIEZOMETER

CLAY - light orangey brown,
dense

M

D

CLAY - orange, weathered
claystone, soft

D

S

CLAY - yellow/orange with some
white, weathered
claystone/sandstone. Increasing
hard fragments

D

S

SM

S

SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength

LE

Note: * indicates signatures on original
issue of log or last revision of log

Moisture Condition

2.00

Description
Graphic Log

Depth / (RL) metres
1.00

2

Angle from Horiz. : 90°

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing

PVC casing
150mm

Drilling Method

Solid Flight
Auger

AHD

Date Completed : 1/2/2018

DRILLING

1

Surface RL:

Piezometer Log

MGA94 55

Mounting: 6t Track-mounted Contractor : KMR

Date Started : 1/2/2018

SCALE (m)

Components

Concrete 0-0.5m

3

4.00

4

6

CLAY - yellowish orange. Few
hard fragments

Grout 0.5-9m (3 x
20kg bags cement)

Nil

5

Downhole Hammer

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER

7

8.00

8

9

SWL
9.6
mbgl
1/2/18

9.00

CLAY - reddish orange. Few
hard fragments

SM

S

CLAY - grey to red mottled. Few
hard fragments (mudstone).

SM

S

10

See standard sheets for
details of abbreviations
& basis of descriptions

GHD GEOTECHNICS

2 Salamanca Square, Hobart Tas 7000 Australia
T: 61 3 6210 0600 F: 61 3 6210 0601 E: hbamail@ghd.com
CONSULTING GEOTECHNICAL ENGINEERS AND GEOLOGISTS

Job No.

3218552

Client :

Hellyer

Project :

Monitoring Bore Installation

Location :

Hellyer Mine

Position :

392520 E 5396013 N

Rig Type :

Explorer Mounting: 6t Track-mounted Contractor : KMR

HOLE No. MB4
SHEET 2 OF 3

MGA94 55

Angle from Horiz. : 90°

Processed : JS

Driller : Des Fraser

Checked :

Logged by : JS

Date: 15/02/18

12.00

USC Symbol

Comments/
Observations
Consistency /
Density Index

12

PIEZOMETER
Moisture Condition

11.00

Graphic Log

Depth / (RL) metres

11

Description

SM

S

CLAY - grey. Few hard, friable
fragments

SM

S

SANDY CLAY - grey to light
brown, increasing hard
fragments with depth of BASALT
- light grey, dark grey and dark
brown, grainy, blocky chips to
10mm, with some pyrite

SM

S

BASALT - Light to dark grey,
appearing as sandy clay,
increasing hard fragments with
depth - light grey, dark grey and
dark brown, grainy, blocky chips
to 10mm, with some pyrite

W

S

SOIL TYPE, colour, structure,
minor components (origin),
and
ROCK TYPE, colour, grain size,
structure,
weathering, strength

LE

Note: * indicates signatures on original
issue of log or last revision of log

MATERIAL

Samples & Tests

Water

Hole Support
\ Casing

AHD

Date Completed : 1/2/2018

DRILLING

Drilling Method

Surface RL:

Piezometer Log

Date Started : 1/2/2018

SCALE (m)

Components

Bentonite 9-14.8m (2
x 20kg bags of 3/8"
chips)

13

14

15.00

Nil

15

Downhole Hammer

GEO_BOREHOLE HELLYER MONITORING BORES FEBRUARY 2018.GPJ GHD_GEO_TEMPLATE.GDT 15/2/18

BOREHOLE LOG SHEET WITH STANDPIPE PIEZOMETER

Water
strike
15.2m

16

15.8m airlift yield:
<0.1L/s

17

18
Sand Backfill
14.8-21.7m (5 x 20kg
bags of ~3mm sand)
50mm slotted screen
uPVC Class 18
15.7-21.7m

18.8m airlift yield:
<0.1L/s

19

20

See standard sheets for
details of abbreviations
& basis of descriptions

GHD GEOTECHNICS

2 Salamanca Square, Hobart Tas 7000 Australia
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End of borehole at 21.8 metres.
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Disclaimer

DISCLAIMER
The opinions expressed in this Report have been based on the information supplied to Blue
Minerals Consulting (BMC) and on analyses carried as reported herein. The opinions in this
Report are provided in response to a specific request to do so. BMC has exercised all due care
in reviewing the information available. Opinions presented in this Report apply to the samples
supplied and features as they existed at the time of BMC’s investigations, and those
reasonably foreseeable. These opinions do not necessarily apply to conditions and features
that may arise after the date of this Report, about which BMC had no prior knowledge nor
had the opportunity to evaluate.
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Report: Assessment of ARD Risk and Remediation on Relocation of
Hellyer Eastern Arm Tailings to Main Tailings Dam

1. Summary
Analyses undertaken have aimed to assess the acid rock drainage (ARD) potential of the
Eastern Arm tailings, specifically the risk and possible remediation required on pumping these
tailings to either the Main Tailings Dam or the final Tailings Storage Facility. Twenty eight
samples (surface and deep) in transects across and down the Eastern Arm and Mill Creek entry
have been analysed.
Bulk assays find total S (sulfides plus sulfate) in the range 14−28 wt.% with greater
concentrations in the samples closer to Mill Creek and generally greater concentrations in the
deep samples as compared to the shallow samples from the same sampling location. Cu, Pb
and Zn generally decrease in concentration from the Eastern Arm dam wall towards Mill
Creek. Arsenic is variable with spikes in some samples, but generally increases in
concentration from the Eastern Arm dam wall towards Mill Creek (as does pyrite
concentrations). Elements potentially requiring assessment in release including As, Cd, Cr, Sb,
V, Mn, Sr, Tl, U, Ce and Nd.
The data from assays of the solutions taken with the deep samples show that
metals/metalloids of concern are As, Zn and Fe with pH in the range 6.2−7.8. Arsenic is highly
toxic and may be removed via co-precipitation with dissolved Fe. Zn is also toxic. Some coprecipitation with Fe hydroxides may occur, but removal via formation of hydroxides at
relatively high pH (8 to 8.5) may be required. The Fe assayed is likely in colloidal form as
hydroxide as suggested by the high pH. This may be tested by ultra-filtration and further
assay.
Quantitative XRD finds high pyrite content (14−49 wt.%) with general increase from the dam
wall towards Mill Creek. XRD provides confirmation of value sulfides of galena, sphalerite and
chalcopyrite, generally decreasing from the Eastern Arm dam wall towards Mill Creek, as well
as high barite. Variable and occasionally high amorphous content includes a disordered mica
mineral phase. Some reactive silicate content in chlorite may assist long-term neutralisation
but is not enough to match the total potential pyrite acidity.
CRS sulfide S (9−17 wt.%, corresponding to pyrite 17−32 wt.%) increases from the Eastern
Arm dam wall to the entry of Mill Creek. The total NAPP* (calculated using CRS sulfide) acidity
of the 28 samples ranges from 255 to 662 kg H2SO4 t−1. This suggests that it would not be
possible to provide neutralisation for all of this acidity in the transfer from the Eastern Arm
to the Main Tailings Dam. The tailings will be pumped under water in this process so that
the relevant acidity is that generated during this transfer process.
Comparison of NAPP* to NAG pH shows that all samples are potentially acid forming with
high capacity (PAF-HC) in the AMIRA classification. Good agreement between MPA*−ANC and
titratable acidity to pH 7 (Total NAG7) suggests that most acidity is from pyrite oxidation rather
than metal hydrolysis and precipitation.
In addition to acid produced by oxidation of pyrite, in many long-term ARD wastes (rock and
tailings), the formation of secondary acid sulfates, particularly jarosite, can release acid at pH
above 2.5 slowly over many years. This stored acidity needs to be considered in addition to
Blue Minerals Consultancy
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the conventional pyrite acidity in full assessment of ARD potential. The results of sequential
extraction show negligible elemental S or rapidly soluble acid sulfates, with jarosite S (HCl
extractable S) in the range 0.2–0.4 wt.% corresponding to 1.6–3.2 wt.% jarosite. Some double
counting (CRS and residue) of sphalerite and galena leads to greater cumulative S
concentration as compared to Total Leco S. The slow release of acid from jarosite at this
concentration will probably be mostly neutralised by the slow release of silicate ANC.
Changes in acid and neutralisation release resulting from dredging and pumping a 40 wt.%
slurry from Eastern Arm to the Main Tailings Dam have been estimated using comparison of
quiescent and agitated slurries over time. Agitation with air exposure simulates faster oxygen
transfer (than quiescent conditions) to pyrite surfaces that may be exposed during this
operation. It is assumed that, after transfer, quiescent conditions will be re-established in the
Main Tailings Dam (or TSF2) but the continuing agitation test provides a worst-case
estimation. Composites (40 wt.% slurry) of near dam (A) and far from dam (B) have been
tested. Particle size distribution results indicate a significant difference between the
composite samples with Composite (B) tailings generally coarser with a trimodal distribution
peaking near 20 µm, 100 µm and 140 µm.
Analytical scanning electron microscopy (SEM) has been used to examine the reacted state of
the as-received sulfide and neutralising (alumino)silicate minerals in the composites,
particularly any protective surface layers and passivation of the pyrite surfaces that would
indicate reduced rates of ARD release after storage. Pyrite particles are not heavily reacted
and are covered in oxidised products. This is consistent with passivated pyrite surfaces at
near-neutral pH. In contrast, sphalerite and galena particles appear significantly reacted and
dissolved with reaction faces and cracking evident, suggesting release of Zn to solution in this
process unless taken up by the formation of other precipitates. The silicates and
aluminosilicates examined also show extensive reaction and dissolution with low
concentrations of remaining metal cations consistent with their ion exchange with protons
providing acid neutralisation (non-carbonate) during the long time in Eastern Tailings Dam
storage.
Across a period of 17 days, the initially-stirred, then quiescent in-pulp pH has remained at
7.6−7.8 for both composites. For the continuously-stirred (worst case) tests over 11 days,
the pH, initially in the same range, fell slowly to 6.8 for Composite (A) and 7.1 for Composite
(B). These periods are clearly much longer than any duration of disturbance likely to be
caused by the dredging transfer.
Across a period of 17 days, the initially-stirred, then quiescent samples have filtrates
remaining near pH 7.5 and no measured proton acidity for either composite. For the
continuously-stirred (worst case) over 11 days, the pH reduced to the range 6.5 to 6.7 for
both composites and remained in this range past 100 h. The titrated acidity and Eh have
been slowly increasing for both composites (more for Composite (B)) across this period.
There is evidence of some acid release in the first 24 h for Composite (B) but not for
Composite (A). These periods are considerably longer than any duration of disturbance likely
to be caused by the dredging transfer.
Blue Minerals Consultancy
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The metals released in the filtrates indicate dissolution of some reactive silicates probably
giving slow ANC with greater release in continuously stirred composites of Zn, Cd, Pb, Mn and
Ni, but no significant release even in the stirred systems of Cu or As. There is likely safe
concentrations of metals in agitated then quiescent transfer.

Blue Minerals Consultancy
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2. Background
It is planned to reopen the Hellyer Mill to reprocess the existing tailings to produce a base
metal concentrate and a gold/pyrite concentrate. The first stage of this has been planned to
be to pump the tailings in the Eastern Arm dam to the Main Tailings Dam prior to reprocessing. Re-processed tailing would then be pumped back into the Eastern Arm. The
tailings are currently under at least 1 m of water and will also be submerged subsequent to
pumping. The period of pumping will be at most a few minutes but thereafter a period of
settling will occur, possibly interrupted by further pumping. In more recent planning, much of
the Eastern Arm tailings may be not be reprocessed and may be pumped directly to the final
Tailings Storage Facility (TSF2) with the reprocessed tailings. In this case also, pumping of the
Eastern Arm slurry to TSF2 will be direct followed by a period of settling.
The analyses undertaken were aimed at assessing the acid rock drainage (ARD) potential of
the Eastern Arm tailings, specifically the risk and possible remediation required on shifting
these tailings.

3. Outcomes
• Full acid-base accounting of Eastern Arm tailings;
• Analysis of maximum possible acidity from both pyrite and secondary sulfates for
Eastern Arm samples;
• Analysis of possible rates of acid release after simulated pumping and then either
settling or continued agitation for Eastern Arm composites;
• Definition of likely acid production on transfer of tailings from Eastern Arm to Main
Tailings Dam;
• Recommendations for remediation if required.

4. Samples
The locations of sampling of A−E are given in Figure 1Figure 1.
The Samples were collected by boat. Site staff/contractors ran this operation with the first
sample collected being supervised by Aquatic Science.
Samples were collected using a PVC pipe with a valve on one end and the PVC cut at a 45
degree angle at the other end to be pushed into the tailings. The pipe was pushed into the
tailings with the valve open. The valve was then closed and the pipe withdrawn from the
tailings. The open end of the pipe containing the tailings was then placed in the sample bucket
and the valve reopened to release the tailings. The pipe needed to be shaken to facilitate
tailings release on many occasions.

Blue Minerals Consultancy
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The surface samples were taken to solids depths of 0.5−1 m pushed into the tailings at an
angle. A shallower depth could not be retained within the sample pipe. The deep samples
were taken vertically at depths up to 2.5 m. The samples were then processed on shore.
Samples were mixed with a rigid polythene pipe and allowed to settle. The field
measurements of Eh, pH, temperature and conductivity were taken immediately after settling
with the probes often in the settling solids since it did not affect readings if they were in the
solids or not.
Water samples were then drawn from the supernatant and filtered through a 0.45 µm filter.
The ferrous sample was placed in a HCl-preserved sample bottle. The Total Metals samples
were placed in another plastic bottle with no preservative. Meter calibration was checked
before during and after core sampling. pH values were within 0.1, conductivity within 15 µS
cm−1 and Eh within 15 mV (1 point check Zobell's solution 229mV).
Subsamples of the tailings were taken from the mixed tailings and sealed for transport to Blue
Minerals Consultancy. They comprised:
• 12 Eastern Arm slurry (pipe) samples from surface layers (0−100 cm) under water
cover (2 kg each) across and along dam (A1−D1 − Shallow);
•

12 Eastern Arm slurry (pipe) samples from deeper layers (0−2.5 m) (including surface
layers) under water cover (2 kg each) across and along dam (A1−D1 Deep);

•

Beach (E1 −Shallow and Deep) and Mill Creek sludge at entry point to Eastern Arm
tailings dam (E2 − Shallow and Deep);

•

Water cover samples: 20 L from Eastern Arm; 20 L from Main Tailings Dam.

Blue Minerals Consultancy
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Figure 1. Image of locations of source of slurry tailings samples (image supplied by Daniel Ray, Aquatic Science).
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5. Bulk Solid and Field Solution Assays
5.1 Bulk Solids
The full set of bulk assays for the 28 samples was undertaken for comparison with XRD to
cross check mineralogy and determine amorphous (non-XRD) content. The presence of Ba
necessitated the use of fused samples to avoid formation of colloidal Ba-containing
precipitates compromising the bulk assay results. This may be a problem with conventional
bulk assay methods used in commercial laboratories if this is not known.
The full solids assays are provided in Appendix A. Bulk Solid Assays. Comparison of assays
between Shallow and Deep and the profile from Dam towards Mill Creek are illustrated in
Figure 2 for As, Cu, Pb and Zn.

Blue Minerals Consultancy
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Figure 2. Comparison of assays between Shallow and Deep and the profile from dam wall
towards Mill Creek (A to E) for As, Cu, Pb and Zn. The Averages provided are for all samples
from A, B, C, D and E in turn.
The significant information from the bulk assay data is:
• Cu, Pb and Zn concentrations generally decrease from the Eastern Arm dam wall
towards Mill Creek;
• Arsenic is variable with spikes in some samples, but generally increases in
concentrations from the Eastern Arm dam wall towards Mill Creek;
• Elements consistent with the structural forms of the mineral phases in the quantitative
XRD (section 6. Mineralogy) are K, Mg, Fe, Ca, Ba, Si and Al;
• Potential value elements are Ni, Sn and Ag;
• Elements potentially requiring assessment in release are As, Cd, Cr, Sb, V, Mn, Sr, Tl, U,
Ce and Nd;
• There is no significant Se in the samples.
Blue Minerals Consultancy
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5.2 Solution Assays from Sampled Slurries
The pH, Eh and EC measurements were taken on sampling. The solution assays, including
ferrous iron) were obtained from the Deep samples after letting the slurry settle. Both sets of
data (provided by Aquatic Science) are given in Appendix B. Solution Assays.
The pH of the supernatants ranged from 6.2−7.8. The low Eh (solution redox potentials, SHE)
suggest a highly reducing environment and predominance of aqueous ferrous iron.
The assay data shows that the metals/metalloids of concern are As, Zn and (possibly) Fe.
Arsenic is highly toxic and can be removed via co-precipitation with aqueous Fe. Zinc is also
toxic. Some co-precipitation with Fe hydroxides may occur, but removal via formation of
hydroxides at relatively high pH (8 to 8.5) may be required.
The Fe may be in dissolved form but this is unlikely at the pH of these solutions unless it is
kinetically limited in transition to precipitation as ferric hydroxide. It is more likely that it is in
colloidal form as an hydroxide and is not removed in filtration. This can be tested by
ultrafiltration to establish the form of the Fe, aqueous or colloidal, measured in solution
assays. Removal of aqueous is a priority as Fe-hydroxide can be a smothering agent to benthic
fauna and flora. Its removal is also required for the effective removal of As. We note that with
regard to the leach tests described in section 8.4 Leach Behaviour of Composites the
concentrations of As, Fe and Zn were either extremely low or below detection limit (Table 8)
in the settled systems even though the leach tests were carried out in a 50:50 mixture of
water from the Eastern Arm and Main Tailings Dam.

6. Mineralogy
X-ray diffraction (with 15% corundum addition to quantify amorphous content) of each of the
28 samples to estimate variability of mineralogy has been completed. These measurements
and other tests have also determined the sulfide minerals (acid generating and non-acid
generating); long-term acid neutralising minerals (reactive silicates); and forms of secondary
stored acid sulfates – fast release (e.g. melanterite) and slow release (jarosite,
schwertmannite) that may require on-going lime treatment to maintain neutrality and pyrite
passivation.
Quantitative XRD analyses are reported (Table 1) for all A−E samples (see Figure 1 for
locations). A form of mica has not been fitted in the quantitative XRD analyse as it appears
only 00l peaks are present indicating significant disorder. This phase is therefore a component
of ‘Amorphous’. Nevertheless, the quantifications are valid as they are referenced to the
added 15 wt.% corundum that has subsequently been normalised out.
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The significant information from these analyses is:
• High pyrite content (14−49 wt.%) and general increase in pyrite content, particularly in
Deep samples, from the Eastern Arm dam wall (A) towards Mill Creek (E) (consistent with
sulfide S CRS assays, Table 2);
• These concentrations of pyrite (Figure 3)correlate very well with the As content as shown
in Figure 2;
• Confirmation of value sulfides of galena, sphalerite and chalcopyrite generally decreasing
from Eastern Arm dam wall (A) towards Mill Creek (E) (Figure 3) in general correlation to
the bulk assays (Figure 2);
• Variable and occasionally high amorphous content including a disordered mica phase;
• High barite content in all samples;
• Some reactive silicate content in the chlorite phase which may assist long-term
neutralisation but not enough to match the total pyrite potential acidity;
• No specific source of Ca as found in bulk assays (Appendix A. Bulk Solid Assays) but may be
due to minor calcite or amorphous carbonate.
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Table 1. Quantitative XRD analyses.
A1 - Shallow
A1 - Deep
A2 - Shallow
A2 - Deep
A3- Shallow
A3 - Deep
B1 - Shallow
B1 - Deep
B2 - Shallow
B2 - Deep
B3 - Shallow
B3 - Deep
C1 - Shallow
C1 - Deep
C1 - Shallow
C2 - Deep
C3 - Shallow
C3 - Deep
D1 - Shallow
D1 - Deep
D2 - Shallow
D2 - Deep
D3 - Shallow
D3 - Deep
E1 - Shallow
E1 - Deep
E2 - Shallow
E2 - Deep
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Quartz
15.2
12.5
14.2
17.3
10.3
8.1
3.9
10.1
12.3
14.9
9.6
14.8
8.3
9.7
13.6
13.6
11.8
18.8
16.7
16.9
16.3
16.9
12.5
15.9
17.3
13.4
11.5
12.1

Barite
26.9
32.4
32.7
29.9
36.2
25.7
28.6
35.3
34.1
40.1
34.7
21.3
23.3
19.5
30.5
46.1
37.6
42.1
48.9
17.9
46.5
10.3
14.6
23.0
35.8
31.4
49.6
30.0

Pyrite
14.0
16.0
14.1
17.8
18.1
14.2
21.4
12.8
17.6
16.0
21.8
20.6
18.8
34.2
38.0
24.1
20.6
22.2
21.2
41.0
23.3
49.1
43.1
22.6
16.1
33.3
21.9
23.9

Galena
0.8
0.8
0.7
0.5
0.5
0.3
0.4
0.7
0.7
0.4
0.4
0.7
0.6
0.3
0.5
0.6
0.4
0.5
0.6
0.3
0.4
0.2
0.2
0.3
0.2
0.3
0.2
0.1

Sphalerite Chalcopyrite Chlorite
23.1
1.6
8.9
17.0
1.6
7.7
13.7
1.0
9.2
13.7
2.0
7.2
7.7
0.6
4.0
8.4
0.2
6.6
2.4
0.0
0.0
8.4
0.1
5.7
13.2
0.3
0.2
8.4
0.2
10.0
14.3
0.1
3.9
8.9
1.6
5.1
5.0
0.5
6.2
3.5
0.2
3.7
6.4
0.2
5.1
4.3
0.1
4.7
4.6
0.1
4.4
7.9
0.2
7.2
7.9
0.1
4.2
6.4
0.4
9.2
5.6
0.1
5.2
2.7
0.4
7.2
2.7
0.3
5.2
3.1
0.1
4.3
4.4
0.0
2.9
4.8
0.2
5.1
4.0
0.1
2.7
3.9
0.1
2.9

Amorphous
9.5
12.0
14.4
11.5
22.6
38.8
43.2
26.8
12.2
10.0
15.2
27.0
37.3
28.9
5.7
6.6
20.5
1.0
0.4
7.8
2.7
13.2
21.3
30.8
23.2
11.6
10.2
27.0

R2 - goodness of fit
6.5
5.3
4.6
5.7
4.8
3.7
5.0
9.1
5.8
7.2
5.7
5.1
5.0
3.9
5.7
5.5
4.8
4.1
5.3
4.3
3.9
3.6
3.5
5.4
4.6
4.2
4.4
4.0
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Figure 3. Quantitative XRD analyses for pyrite, sphalerite and galena.
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7. ABA Characterisation: CRS, NAPP, NAPP* and NAG
7.1 CRS Sulfide S
Total S (Table 2) is in the range 14.1−27.8 wt.%. The profile of CRS sulfide S from the Eastern
Arm dam wall towards Mill Creek is shown in Figure 4. In general, this increases from A to D
and decreases again at the exit from Mill Creek (E). The Deep samples in C, D and E tend to
carry the greatest sulfide S content possibly indicating some oxidation of pyrite in nearsurface layers. These sulfide S concentrations correlate well to both the bulk As assays and
the pyrite content as determined by quantitative XRD.

Figure 4. Sulfide content (wt.% S) of Shallow and Deep tailings samples located as indicated
in Figure 1. The averages are for all samples from A, B, C, D and E sites.
Table 2 provides a comparison of the sulfide S (CRS) and total S showing that 30−40% of the
total S used to calculate the maximum potential acidity (MPA) in NAPP (nett acid production
potential) is not from sulfide minerals. The greatest component of this non-sulfide S is likely
to be from barite.

7.2 ABA Characterisation
ABA (acid base accounting) characterisation has consisted of MPA (based on Total S), MPA*
(based on CRS S), ANC (acid neutralising potential), NAPP (nett acid production potentials)
and NAPP* for estimation of total amounts in Eastern Arm tailings (Table 3). Correction of the
MPA using the CRS sulfide S (MPA*) is necessary, given the significant non-sulfide S content,
to better represent the nett acid producing potential (NAPP*).

Table 2. Total S (LECO), sulfide S (chromium reducible sulfide method, Science of the Total
Environment, 2012, Vol 424, pg 289−296), organic and inorganic carbon assays.
Blue Minerals Consultancy
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Sample
A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep

Blue Minerals Consultancy
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Total S
(wt.%)
17.4
17.4
14.1
15.8
16.0
14.9
20.8
19.3
20.4
17.6
17.5
16.7
19.2
23.9
21.9
19.7
19.7
17.4
19.4
27.8
19.7
27.4
26.6
19.8
17.5
23.1
20.8
22.0

Sulfide S
(wt.%)
11.74
11.86
8.92
10.71
10.36
10.39
15.37
11.41
13.57
9.64
11.21
9.19
11.62
18.41
16.26
11.44
12.44
11.79
11.95
22.83
12.72
21.95
21.15
11.36
10.21
16.83
12.67
15.42

Total C
(wt.%)
0.28
0.54
1.42
0.87
1.00
1.88
0.25
0.18
0.30
0.19
0.41
0.25
0.22
0.51
0.40
0.17
0.23
0.39
0.24
0.56
0.13
0.48
0.47
0.10
0.07
0.31
0.03
0.23

Organic C
(wt.%)
0.19
0.34
1.27
0.60
0.78
1.72
0.18
0.11
0.22
0.08
0.28
0.11
0.14
0.13
0.13
0.10
0.13
0.18
0.18
0.14
0.07
0.09
0.10
0.05
0.03
0.08
0.03
0.05

Inorganic C
(wt.%)
0.09
0.20
0.15
0.27
0.23
0.16
0.06
0.07
0.09
0.10
0.13
0.13
0.08
0.38
0.27
0.07
0.10
0.21
0.06
0.41
0.06
0.38
0.37
0.06
0.05
0.23
0.00
0.18
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Table 3. ABA analyses. ANC − AMIRA ARD Test Handbook method. All Fizz Rating 1 except B1
− Shallow, C1 − Shallow, D3 − Deep and E2 − Deep, which were Fizz Rating 0. ANC(C) – based
on inorganic carbon assay, NAPP = 30.6 × wt.% total S – ANC, NAPP* = 30.6 × % sulfide S –
ANC.
Sample
A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep

ANC
(kg H2SO4 t−1)
21
23
17
26
21
21
6.8
11
12
12
16
16
7.3
34
32
11
12
26
10
36
11
34
32
7.4
8.0
22
-0.5
17

ANC(C)
(kg H2SO4 t−1)
7.6
16
12
22
18
13
5.0
5.8
7.3
8.5
11
11
6.9
31
22
5.5
8.2
17
4.7
34
4.9
31
30
4.6
3.7
19
0.0
15

NAPP
(kg H2SO4 t−1)
511
510
414
457
468
435
630
580
612
526
520
495
580
697
639
592
591
507
583
814
591
804
782
598
527
685
637
656

NAPP*
(kg H2SO4 t−1)
338
340
255
302
295
297
463
338
403
283
327
265
348
529
466
339
369
335
355
662
378
637
615
340
304
493
388
455

The significant information from Table 3 is:
• The total NAPP* (CRS sulfide) acidity of the 28 samples ranges from 255 to 662 kg
H2SO4 t−1. This suggests that it would not be possible to provide neutralisation for all
of this acidity in the transfer from the Eastern Arm to the Main Tailings Dam (or
TSF2). The tailings will be pumped under water in this process so that the relevant
acidity is that generated during this transfer process. This has been assessed in the
sub-aqueous agitation trials reported in section 8. Sub-aqueous Quiescent and Agitated
Acid Release.
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•

•

There is no significant inorganic carbon (i.e. carbonate) neutralisation (Table 2). In
some samples, the small ANC–ANC(C) represents non-carbonate neutralisation
measured in the Sobek ANC test. This form of neutralisation from reactive silicate
minerals will likely be on-going in the tailings but it represents only a small proportion
of the total acidity.
There is some minor organic carbon (Table 2) which may assist heterotrophic bacterial
action to reduce oxygen availability at neutral pH1.

7.3 NAG Tests and NAPP vs NAG
NAG (nett acid generation) tests (kinetic, sequential), for estimation of total acidity in Eastern
Arm tailings, results are provided in Table 4. The reactive nature of these high-pyrite samples
required reduction of the standard AMIRA 2 sample size (2.5 g) to 0.5 g to avoid boil-over of
the peroxide in the first stage of the test. The results have been scaled up to match
conventional NAG test data. The sequential NAG results (Table 4) also show that acid is
generated in Stages 2 and 3 to complete the full estimation of total amounts in Eastern Arm
storage.
NAPP* versus NAG pH is shown in Figure 5. As expected, all of the samples are potentially
acid forming with high capacity (PAF-HC) according to the AMIRA classification.
The comparison of NAPP* versus Total NAG7 (Figure 6) shows good agreement between
MPA*−ANC (i.e. NAPP*) and Total titratable acidity (sum of titration to pH 7 for all NAG
stages) to pH 7 suggesting that most acidity is from pyrite oxidation rather than metal
precipitation.

1

2

D.W. Blowes, P.D. Condon and C.J. Ptacek, Organic carbon amendments for passive in situ
treatment of mine drainage: Field experiments. Applied Geochemistry, 2011. 26(7), 1169−1183
AMIRA International, 2002. ARD Test Handbook: Prediction & Kinetic Control of Acid Mine
Drainage, AMIRA P387A. Ian Wark Research Institute and Environmental Geochemistry
International Ltd., Melbourne.
http://www.amira.com.au/documents/downloads/P387AProtocolBooklet.pdf.
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Figure 5. NAG pH vs NAPP* plot showing that all samples are PAF-HC.

Figure 6. NAPP* versus Total NAG7 showing good agreement between MPA*−ANC (=NAPP*)
and total titratable acidity to pH 7 (Total NAG7) indicating that there is little metal acidity.
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Table 4. NAG results for samples. NAG4.5, NAG7, NAPP*– kg H2SO4 t−1.
Sample
A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep

Stage 11
NAG
pH
2.38
2.20
2.40
2.39
2.37
2.44
2.26
2.31
2.24
2.24
2.33
2.39
2.28
2.13
1.87
2.27
2.30
2.32

Stage 2

NAG4.5

NAG7

155
156
138
154
173
126
180
188
199
203
165
167
182
281
253
212
191
191

232
265
199
223
232
228
244
228
264
237
242
203
218
342
308
265
234
237

NAG
pH
3.00
2.80
3.29
2.97
2.95
3.03
2.58
2.73
2.56
2.90
3.04
3.10
2.56
2.34
2.42
2.67
2.61
2.78

Stage 3

NAG4.5

NAG7

22
41
13
24
25
23
77
54
76
31
27
21
81
150
106
55
74
40

29
47
20
30
30
29
84
59
83
35
35
27
95
168
126
66
79
45

NAG
pH
4.77
4.84
4.23
3.97
3.83
3.73
3.88
4.02
3.76
4.58
4.50
4.58
4.25
3.36
3.57
4.98
4.38
4.76

Total

NAG4.5

NAG7

NAG4.5

NAG7

0
0
1.0
1.5
1.9
2.9
3.9
2.9
4.9
0
0
0
1.0
10
5.8
0
0.98
0

14
5.9
5.4
9.8
8.2
6.8
16
13
12
11
9.3
9.1
7.3
16
9.7
6.3
11
5.4

177
198
151
180
199
152
261
245
280
234
192
188
264
441
365
267
267
231

275
319
224
264
270
263
344
300
359
283
287
240
320
525
444
338
323
287

Sequential NAG test conducted according to the AMIRA ARD Test Handbook method, using 0.5 g of sample rather than the usual 2.5 g
sample mass.
1.
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Table 4. Continued.
Sample
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep

Blue Minerals Consultancy
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Stage 11
NAG
pH
2.28
2.09
2.20
2.07
1.94
2.17
2.05
2.02
2.01
2.16

Stage 2

NAG4.5

NAG7

229
396
249
403
384
235
209
289
279
261

273
479
292
470
442
265
248
349
298
296

NAG
pH
2.71
2.33
2.70
2.37
2.42
2.67
2.81
2.37
2.69
2.43

Stage 3

NAG4.5

NAG7

49
152
57
149
136
53
37
133
51
121

55
162
65
159
148
60
43
142
59
134

NAG
pH
4.68
3.35
3.83
3.41
3.53
4.10
4.53
3.53
4.56
3.65

Total

NAG4.5

NAG7

NAG4.5

NAG7

0
8.3
3.4
9.2
7.8
1.4
0
7.3
0
6.3

7.8
13
11
15
12
8.2
14
11
8.7
12

278
556
310
562
527
290
246
429
331
389

336
653
367
644
603
333
305
502
366
441
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8. Sub-aqueous Quiescent and Agitated Acid Release
The changes in acid and neutralisation release resulting from dredging and pumping a 40 wt.%
slurry from Eastern Arm to the Main Tailings Dam (or TSF2) has been estimated using
comparison of a quiescent and agitated slurry over time. Agitation with air exposure simulates
more rapid oxygen transfer, than quiescent conditions, to pyrite surfaces that may be
exposed during this operation. It is assumed that, after transfer, quiescent conditions will be
re-established in the Main Tailings Dam or TSF2 but the continuing agitation test will provide
a worst-case estimation.
These tests (stirred vigorously and then quiescent compared with continuously stirred) have
been carried out on the composite Eastern Arm deeper samples. These samples were pretested for solids wt.% and adjusted to 40 wt.% and then mixed with Eastern Dam and Main
Tailings Dam waters (50% each) before the kinetics were recorded: pH continuously, Eh, EC,
acidity daily and full solution assays weekly. Full details of the preparation of the near-dam
Composite (A) and the far-from-dam wall Composite (B) are set out in Appendix C. Subaqueous Quiescent and Agitated Acid Release.

8.1 Particle Size Distributions of Composites
The particle size distribution (psd) of each Composite was measured to assess any effects of
differences in surface areas in interpreting the in-pulp and solution filtrate measurements.
The psd plots are shown in Figure 7. The psd results indicate a significant difference between
the Composite samples. The near-dam tailings (Composite (A)) have a largely bimodal
distribution peaking near 10 µm and 80 µm (d(0.5) 10 µm, d(0,9) 70 µm). The far-from-dam
wall tailings (Composite (B)) are generally coarser, have a trimodal distribution peaking near
20 µm, 100 µm and 140 µm (with d(0.5) 25 µm, d(0,9) 240 µm).
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Figure 7. Particle size distributions of Composite (A) – near-dam (top), and Composite (B) –
far-from-dam (bottom).
8.2 Sulfur Speciation of Composites
In addition to acid produced by oxidation of pyrite, in many long-term ARD wastes (rock and
tailings), the formation of secondary acid sulfates, particularly jarosites and schwertmannite,
can release acid at pH above 2.5 and 4, respectively, slowly over many years. This stored
acidity needs to be considered in addition to the conventional pyrite acidity in full assessment
of ARD potential.
It is noted that no jarosite was detected in any of the XRD analyses in section 6. Mineralogy.
Detection of crystalline phases by XRD has a lower limit of 1−2 wt.% for lighter phases and the
very fine particles commonly associated with secondary precipitates. It is also likely that a
proportion of these precipitates are amorphous and not directly detectable by XRD analysis.
The two Composites have been analysed using sequential extraction to determine sulfur
speciation and possible stored acidity. The method used is a combination of:
1. J. Li, R.St.C .Smart, R. Schumann, A.R. Gerson and G. Levay, A simplified method for
estimation of jarosite and acid-forming sulfates in acid mine wastes, Science of the
Total Environment 373, 391−403 (2007)
2. S. Miller, W. Stewart, R. Smart, and R. Schumann, Development of ARD Assessment for
Coal Process Wastes, ACARP Project C15034, July 2008
The sequence of extractions is:
1. Total LECO S: This was measured on the Composite material and should represent all
S forms in the tailings.
2. Sulfide S (CRS) measured on the Composites after extraction with acetone to remove
elemental S. This should contain only sulfides, including pyrite, galena and sphalerite.
3. So: The elemental S measured by HPLC in the acetone extract.
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4. KCl Extractable Acid Sulfate S and KCl Extractable Non-Acid Sulfate S: Measured on
the KCl extract of the original Composite samples divided into two portions. One
portion is titrated with hydroxide to pH 8.3 and the acid sulfate is back calculated from
the acidity as % S. This represents KCl soluble acid sulfate minerals such as melanterite.
The second portion is analysed by ICP and the S measured in the extract taken as the
total KCl extractable sulfate. The difference between the total and the acid sulfate
portion derived from titration is the non-acid sulfate portion and represents minerals
such a gypsum and epsomite.
5. HCL Extractable S: This is measured on the sample from step 4 which is roasted at
550oC for 1 h. The roasted sample is then extracted with 4 M HCl and the extract
analysed by ICP. This fraction represents jarosite S (corrected for S from sphalerite and
galena). The roast at 550oC efficiently removes pyrite but does not remove much
sphalerite and almost no galena. These sulfides report to the next stage (HCl
extraction) and are partly soluble in the HCl. The Pb and Zn in the HCl extract was
measured and the corresponding amount of S associated with the Pb and Zn sulfides
subtracted from the total S measured. The final value therefore represents the upper
bound of S in the form of jarosite.
6. Residual S: Total LECO S measured on the solid residue from step 5. Barite is expected
to report to this fraction, as it represents non-aqueous soluble, non-volatile and nonacid soluble S species. The residue may in this case also contain some galena and
sphalerite S, as these species may not be completely dissolved in the HCl extract and
may be double counted as they will report to the sulfide S fraction 2 and to some
extent the residual S fraction 6. For this reason the sum of steps 2 to 6 is slightly
greater than the Total Leco S (step 1).
Table 5 and Figure 8 give the results of the sequence of extractions for each Composite.
Table 5. Sulfur speciation in Composites (A) and (B).
Comp.
(A)
(B)

Total
LECO S
(wt.%)

Sulfide
S CRS
(wt.%)

S0
(wt.%)

KCl Ext Acid
Sulfate S
(wt.%)

KCl Ext NonAcid Sulfate
S (wt.%)

HCl Ext
S (wt.%)

Residual
S (wt.%)

Sum S
species
(wt.%)

16.9
23.3

10.35
17.67

0.0013
0.0011

<0.006
<0.006

<0.04
<0.04

0.20
0.38

8.0
7.0

18.6
25.1
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Figure 8. Bar graph of S speciation components.
These results show:
• Negligible elemental S or rapidly soluble acid sulfates.
• Jarosite S (HCl extractable S) in the range 0.2–0.4 wt. % corresponding to 1.6–3.2 wt.%
jarosite. The slow release of acid from jarosite at this level will probably be mostly
neutralised by the slow release of silicate ANC.
• Some double counting of sphalerite and galena leading to greater additive S species
than the total Leco S in Figure 8.
8.3 Analytical SEM of Minerals in Composite Samples
Analytical scanning electron microscopy (SEM) has been used to examine the reacted asreceived state of the sulfide and neutralising minerals, particularly any protective surface
layers and passivation of the pyrite surfaces that would indicate reduced rates of ARD release
after storage. This has been done on the two Composites (A) and (B) prior to use in the
quiescent and stirred tests reported in section 8.4 Leach Behaviour of Composites. A total of 15
mineral particles in Composite (A) and 12 in Composite (B) were examined consisting of
particles of pyrite, barite, sphalerite, galena, silicates separately and in attached or locked
forms. Selected examples are shown here to illustrate the main findings from this
examination. The EDS (energy dispersive spectroscopy) analysis corresponding to each image
is listed in Table 6.
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The images in Figure 9 and EDS analyses (Table 6) from this and other pyrite particles show
that the pyrite is not heavily reacted but is covered in oxidised products. Little or no pitting or
cracking, that would indicate rapid oxidation and dissolution was found in any pyrite particles.
This is consistent with passivated pyrite surfaces at near-neutral pH. The surface oxidation
coating appears to be largely iron hydroxide with some precipitated other metal hydroxides
and fines attached to the surface. The backscattered image (right) indicates density
differences and shows that some of the attached fines (light contrast) are galena particles.

Figure 9. Examples of pyrite particles from Composite (A) (left; secondary electron image))
and Composite (B) (right; backscattered electron image).
Table 6. Elemental (EDS, at.%) analysis of individual particles from Composites (A) and (B). Py
– pyrite, Sp – sphalerite, SiAl – aluminosilicate, Ga – galena.
Element
O
Al
Si
S
Fe
Na
Mg
K
Zn
Ti
Pb

Py (A)
20
2.2
1.9
53
23
0
0
0
0
0
0

Py (B)
24
2.6
3.8
50
17
0.97
0.3
1.2
0
0
0

Sp (A)
21
2.6
2.9
38
2.9
37
0
0
36
0
0

SiAl (B)
55
16
21
1.1
0
0.44
0.97
4.5
0
1.1
0

Ga (A)
39
1.8
0
32
0
0
0
0
0
0
27

Ga (B)
25
0
3.6
35
0
2.1
34
0
0
0
34

The sphalerite particles in both Composites (Figure 10) appear significantly reacted and
dissolved with reaction faces and cracking evident in all samples examined. This is consistent
with galvanic reaction of sphalerite inhibiting pyrite reaction and suggests release of Zn to
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solution in this process unless taken up by the formation of other precipitates. It is also
consistent with the EDS analysis in Table 6 showing relatively high surface concentrations of
O with the Zn and S.
The silicates and aluminosilicates examined also show extensive reaction and dissolution with
reaction faces and cracking evident in all samples examined. The EDS analysis (Error!
Reference source not found.) also finds low concentrations of remaining metal cations
consistent with their ion exchange with protons providing acid neutralisation (non-carbonate)
during the long time in Eastern Arm tailings dam storage.

Figure 10. Examples of heavily leached sphalerite from Composite (A) (left) and
aluminosilicate (possible chlorite) from Composite (B) (right).
There is evidence of reaction of galena particles (Figure 11) but not as extensive as for the
sphalerite and silicate particles. This is also consistent with galvanic reaction of galena
inhibiting pyrite reaction. Lead ions released from galena are likely to be precipitated as lead
hydroxy carbonate or lead sulfate in colloidal form. This is consistent with the EDS analysis in
Table 6 showing relatively high surface concentrations of O with the Pb and S.
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Figure 11. Examples of galena particles in backscattering imaging from Composite (A) (left) and
Composite (B) (right).

8.4 Leach Behaviour of Composites
The settled tests were run for 407 h (17 days) and the stirred samples for 267 h (11 days). The
main observations and conclusions are summarised.
Across a period of 17 days, the in-pulp measurements of initially-stirred, then quiescent
(Settled) samples remained at pH 7.6−7.8 for both Composites after the initial stirring
(Figure 12). For the continuously-stirred (worst case) tests over 11 days, the pH, initially in
the same range, fell slowly to 6.8 for Composite (A) and 7.1 for Composite (B). These periods
are clearly much longer than any duration of disturbance likely to be caused by the dredging
transfer.
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Figure 12. In pulp pH measurements for stirred and settled Composites (A) and (B).
Across a period of 17 days, the initially-stirred, then quiescent samples have filtrates
remaining near pH 7.5 (Figure 13) and no measured proton acidity for either composite
(Table 7). For the continuously-stirred (worst case) over 11 days, the pH reduced to the range
6.5 to 6.7 for both Composites and remained in this range past 100 h. The titrated acidity
and the Eh slowly increased for both Composites (more for Composite (B)) across this period
(Table 7). There is evidence of some acid release in the first 24 h for Composite (B) but not
for Composite (A). These periods are still longer than any duration of disturbance likely to
be caused by the dredging transfer. Some monitoring of the filtrate when the Mill Creek end
of the Eastern Arm is being dredged may be required but the quiescent results show that this
is probably not required after the transfer.
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Figure 13. Filtrate pH measurements for stirred and settled Composites (A) and (B).
The metals released from these systems (Table 8) indicate:
• Dissolution of some reactive silicates probably giving slow ANC (not measured in
Sobek ANC) seen in Ca, Mg, K, Na, Si.
• Low or below detection limit release of Fe, Zn or As in the settled tests.
• Higher release in continuously stirred composites of Zn, Cd, Pb, Mn, Ni.
• No significant release even in stirred systems of Cu or As.
• Likely safe control of metals in agitated then quiescent transfer.
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Table 7. Filtrate measurements.
Time
(h)

pH

0
24
48
72
144
168
192
216
240
336
407

7.05
7.55
7.99
7.52
7.61
7.70
7.68
7.69
7.78
7.68
7.75

pH
7.37
7.75
7.34
7.63
7.59
7.54
7.66
7.64
7.56
7.48
7.49

Composite (A) Stirred

Time
(h)

pH

0
24
34
58
66
90
114
138
162
196
267

7.05
8.37
8.46
7.26
7.16
7.16
6.54
6.73
6.86
6.50
6.64
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Composite (A) Settled
Eh
Conductivity
Acidity
−1
(mV SHE)
(µS cm )
(mg CaCO3 L−1)
451
975
0
157
980
0
363
980
0
208
982
0
423
1026
0
371
1015
0
374
1027
0
435
1026
0
405
1028
0
215
1083
0
421
1130
0

Eh
(mV SHE)
451
350
353
305
385
395
420
465
457
498
504

Conductivity
(µS cm−1)
975
1054
1125
1339
1486
1821
2300
2600
2950
3390
3720

Composite (B) Settled
Eh
Conductivity
Acidity
−1
(mV SHE)
(µS cm )
(mg CaCO3 L−1)
455
977
0
267
983
0
408
983
0
428
995
0
404
1024
0
380
1035
0
372
1049
0
445
1053
0
420
1100
0
431
1150
0
457
1238
0
Composite (B) Stirred

Acidity
(mg CaCO3 L−1)
0
0
49
20
11
65
139
433
439
729
1140

pH
7.37
7.90
6.97
7.05
7.59
6.78
6.81
6.68
6.73
6.72
6.74

Eh
(mV SHE)
455
415
421
451
415
380
430
471
467
472
568

Conductivity
(µS cm−1)
977
1143
1278
1567
1756
2280
2590
2910
3380
4070
3830

Acidity
(mg CaCO3 L−1)
0
217
352
41
451
660
161
513
150
1225
2097
29
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Table 8. Filtrate elemental assays (mg L−1).
Sample
Comp. (A) Stirred − 162 h
Comp. (B) Stirred − 162 h
Comp. (A) Settled − 168 h
Comp. (B) Settled − 168 h
Comp. (A) Stirred − 267 h
Comp. (B) Stirred − 267 h
Comp. (A) Settled − 336 h
Comp. (B) Settled − 336 h

Ag
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

Al
<0.02
0.09
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

Sample
Comp. (A) Stirred − 162 h
Comp. (B) Stirred − 162 h
Comp. (A) Settled − 168 h
Comp. (B) Settled − 168 h
Comp. (A) Stirred − 267 h
Comp. (B) Stirred − 267 h
Comp. (A) Settled − 336 h
Comp. (B) Settled − 336 h
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As
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
Cr
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

Au
<0.01
<0.01
<0.01
<0.01
0.04
0.06
<0.01
<0.01
Cu
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

B
0.03
0.02
0.06
0.03
0.07
0.03
0.04
0.03
Fe
<0.01
<0.01
0.02
<0.01
<0.01
<0.01
0.01
<0.01

Ba
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.01

Be
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Bi
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

K
6.0
11
2.5
2.9
12
21
3.2
3.6

La
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

Li
0.02
0.04
0.01
0.01
0.03
0.04
0.009
0.01

Ca
630
730
160
150
870
790
170
180

Cd
0.27
0.50
<0.005
<0.005
0.61
0.50
<0.005
<0.005

Co
0.08
0.12
<0.005
<0.005
0.12
0.12
<0.005
<0.005

Mg
60
71
29
37
82
110
34
45
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Table 8. Continued.
Sample
Comp. (A) Stirred − 162 h
Comp. (B) Stirred − 162 h
Comp. (A) Settled − 168 h
Comp. (B) Settled − 168 h
Comp. (A) Stirred − 267 h
Comp. (B) Stirred − 267 h
Comp. (A) Settled − 336 h
Comp. (B) Settled − 336 h

Mn
12
20
0.87
1.6
26
33
0.95
2.2

Mo
0.01
<0.01
0.02
0.02
<0.01
<0.01
<0.01
<0.01

Sample
Comp. (A) Stirred − 162 h
Comp. (B) Stirred − 162 h
Comp. (A) Settled − 168 h
Comp. (B) Settled − 168 h
Comp. (A) Stirred − 267 h
Comp. (B) Stirred − 267 h
Comp. (A) Settled − 336 h
Comp. (B) Settled − 336 h

Blue Minerals Consultancy
5th September 2017

Na
28
15
17
15
21
19
18
18
Sr
2.4
2.3
0.51
0.59
3.0
2.3
0.43
0.55

Ni
0.05
0.02
<0.005
<0.005
0.10
0.08
0.05
0.06
Ti
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

P
<0.05
<0.05
<0.05
<0.05
0.37
0.34
0.29
0.26
U
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

Pb
0.11
1.1
0.01
0.02
0.42
0.49
<0.01
<0.01
V
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

S
920
1210
170
180
1250
1620
180
210

Sb
<0.01
<0.01
0.02
0.03
<0.01
0.03
<0.01
<0.01

W
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

Zn
37
46
0.02
0.03
90
49
0.07
0.13

Se
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

Si
1.0
0.93
1.6
1.6
1.5
0.64
1.2
1.4

Sn
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

Zr
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
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Appendix A. Bulk Solid Assays
Table A1. Bulk solid assays.
Sample
A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep

Ag
ppm
91.6
70.4
65.5
66.0
54.2
73.3
64.9
57.7
72.3
46.7
72.5
46.5
49.1
71.5
71.6
49.0
55.8
57.0
46.5
79.2
54.7
66.9
71.2
41.4
41.2
64.4
52.1
52.6
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Al
%
3.37
3.48
4.31
4.17
1.53
4.58
1.41
3.71
1.83
1.71
2.60
1.93
1.42
2.07
2.39
1.49
1.59
3.06
1.48
1.96
1.58
1.64
1.73
1.24
1.82
1.88
0.975
1.59

As
ppm
1540
2330
2270
2670
2980
3390
1970
1930
2040
1770
1890
1710
2130
5720
5090
2140
2180
2430
2260
7960
2290
6330
7220
2330
2010
5670
2320
4060

Ba
%
18.7
17.9
18.2
17.2
19.1
14.9
15.7
17.8
16.7
20.9
20.6
20.6
15.2
13.4
15.4
16.3
16.2
19.4
15.4
10.3
16.1
11.4
11.1
16.2
18.0
11.9
13.8
11.4

Be
ppm
<0.5
<0.5
1.5
1.0
1.0
2.0
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

Bi
ppm
7.1
9.6
9.7
13.0
10.7
14.9
5.9
4.7
6.5
3.9
7.6
4.1
4.5
19.5
19.2
3.6
4.6
8.2
4.0
31.0
4.6
20.4
25.6
3.9
3.3
20.0
2.7
10.9

Ca
%
0.41
0.61
0.55
0.84
0.27
0.61
0.22
0.67
0.31
0.32
0.41
0.35
0.24
1.13
0.79
0.21
0.27
0.73
0.26
1.32
0.24
1.21
1.14
0.21
0.17
0.68
0.02
0.56

Cd
ppm
161
143
100
112
72.0
99.0
109
86.0
119
58.5
124
57.0
53.0
68.5
80.5
51.5
67.5
75.5
53.5
62.5
55.0
43.0
50.0
42.5
32.5
55.5
28.0
43.0

Co
ppm
5
11
12
18
14
18
6
5
6
6
6
7
7
20
20
7
7
11
7
31
11
27
25
8
9
21
6
14

Cr
ppm
60
60
60
80
40
80
20
60
40
40
60
40
20
60
60
20
20
60
20
80
40
80
80
20
20
60
20
40

Cs
ppm
3
3
3
3
<1
3
<1
3
<1
<1
2
<1
<1
2
2
<1
<1
2
<1
2
<1
<1
<1
<1
<1
<1
<1
<1

Cu
ppm
3020
2850
2430
2270
1930
2710
2260
1590
2880
1140
2530
1150
1110
1740
1840
1100
1620
1570
1080
2080
1310
1630
1910
924
684
1620
740
1230

Fe
%
8.34
9.83
10.9
10.6
10.2
14.3
11.2
11.3
11.6
8.64
9.44
8.04
10.6
17.9
15.4
10.9
10.8
10.8
11.0
23.2
11.5
22.1
21.0
10.5
9.71
16.5
11.6
14.6

Ga
ppm
17.4
18.8
16.8
19.0
16.2
15.8
8.4
8.6
12.0
8.8
15.0
9.2
6.8
8.0
10.2
6.6
7.0
12.0
6.0
8.2
7.8
7.2
8.0
5.2
5.8
9.0
3.6
6.8
32
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Table A1. continued.
Sample
A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep

Hf
ppm
1.0
1.2
1.2
1.4
1.2
1.2
0.6
0.6
0.8
0.6
1.0
0.8
0.6
0.8
0.8
0.6
0.6
1.0
0.6
0.8
0.6
0.6
0.6
0.6
0.6
0.8
0.4
0.6
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In
ppm
1.15
1.35
1.10
1.20
0.95
1.50
1.10
0.70
1.10
0.45
1.30
0.50
0.50
0.85
1.00
0.45
0.60
0.70
0.45
1.00
0.50
0.60
0.70
0.40
0.35
0.75
0.30
0.50

K
%
1.41
1.37
1.36
1.48
0.54
1.23
0.50
1.20
0.67
0.65
1.02
0.71
0.52
0.79
0.96
0.55
0.59
1.19
0.54
0.73
0.60
0.55
0.58
0.45
0.68
0.71
0.35
0.60

Li
ppm
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10

Mg
%
0.575
0.525
0.500
0.655
0.210
0.505
0.215
0.445
0.280
0.215
0.340
0.230
0.170
0.490
0.440
0.185
0.260
0.490
0.175
0.405
0.200
0.370
0.365
0.155
0.200
0.320
0.080
0.260

Mn
%
0.050
0.055
0.050
0.055
0.030
0.055
0.030
0.055
0.035
0.030
0.040
0.030
0.025
0.070
0.060
0.025
0.030
0.050
0.025
0.070
0.025
0.065
0.065
0.020
0.020
0.050
0.010
0.040

Mo
ppm
36
38
34
34
30
34
30
34
30
34
34
28
28
28
28
34
28
32
32
30
32
28
30
30
28
30
32
28

Na
%
0.08
0.09
0.11
0.15
0.06
0.10
0.06
0.10
0.06
0.08
0.09
0.09
0.08
0.11
0.11
0.06
0.06
0.14
0.08
0.10
0.08
0.09
0.09
0.06
0.12
0.09
0.05
0.09

Nb
ppm
2.5
3.5
2.5
4.0
3.5
2.5
1.5
2.0
2.0
2.0
2.5
2.0
1.5
2.5
2.5
1.5
1.5
2.5
1.5
2.0
1.5
1.5
1.5
1.5
2.0
2.0
1.0
1.5

Ni
ppm
16
26
36
42
40
58
16
14
18
16
20
16
14
26
26
14
16
24
14
30
16
28
28
12
14
22
10
22

P
%
0.065
0.050
0.045
0.045
0.025
0.040
0.025
0.040
0.040
0.025
0.040
0.025
0.020
0.030
0.030
0.025
0.030
0.040
0.025
0.025
0.030
0.015
0.015
0.020
0.020
0.150
<0.005
0.025

Pb
ppm
41600
35900
31300
32000
23400
31900
24600
20600
27900
16100
31600
16400
13700
22600
25100
11300
18600
22000
14400
24500
14800
20400
23000
9200
8150
20800
11600
13400

Rb
ppm
63.0
60.0
60.5
66.0
55.0
57.5
23.0
55.5
32.5
30.0
43.0
32.0
24.0
33.5
41.0
26.5
28.5
55.5
26.0
30.0
28.0
25.0
27.5
21.5
31.5
32.0
17.5
28.5

S
%
17.5
17.7
15.2
16.3
16.4
15.4
19.1
17.5
19.4
16.1
17.3
15.5
17.0
24.7
22.4
17.5
18.0
17.5
17.4
28.0
18.2
28.1
26.7
16.7
16.2
22.1
17.3
19.3
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Table A1. continued.
Sample
A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep

Sb
ppm
444
402
404
416
371
440
407
368
461
312
448
326
363
445
467
345
343
410
419
546
414
488
517
333
333
452
408
397
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Sc
ppm
8
8
11
11
9
11
3
4
5
4
6
5
3
5
6
4
4
7
4
5
4
4
5
3
5
5
2
4

Se
ppm
10
10
<5
10
<5
10
<5
<5
<5
<5
<5
<5
<5
10
<5
<5
<5
<5
<5
10
<5
<5
<5
<5
<5
<5
<5
<5

Si
%
7.55
7.77
7.85
8.86
6.15
7.75
5.88
7.40
7.10
7.45
7.33
8.19
6.89
8.06
8.36
7.02
7.51
9.47
7.36
7.67
7.28
7.06
7.02
6.45
10.20
7.70
5.36
7.79

Sn
ppm
4.3
5.8
4.9
7.9
5.0
6.1
2.3
2.1
2.9
2.0
3.8
2.4
1.4
4.8
4.9
1.4
1.4
3.3
2.0
7.1
1.5
5.6
6.3
1.2
1.0
4.8
1.1
2.8

Sr
ppm
2950
3020
2750
2660
5010
2500
4360
3120
3650
4940
3720
4570
4850
2520
2820
4790
4320
3480
4720
1840
4280
2090
2360
4900
4390
3070
5150
3840

Ta
ppm
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

Te
ppm
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

Ti
%
0.115
0.110
0.110
0.135
0.070
0.110
0.065
0.100
0.085
0.075
0.095
0.080
0.065
0.090
0.095
0.065
0.075
0.120
0.065
0.080
0.070
0.070
0.070
0.055
0.080
0.080
0.045
0.075

Tl
ppm
48.8
57.6
50.8
52.9
68.1
54.5
71.3
72.9
61.6
65.9
57.2
63.8
85.3
84.5
82.5
84.9
70.7
64.3
88.3
92.0
95.6
95.1
93.5
91.8
93.4
91.5
115
90.1

U
ppm
8.5
9.8
11.7
10.6
9.9
12.6
5.3
5.5
6.6
5.0
7.4
4.9
4.9
5.2
5.5
4.7
5.2
5.8
4.6
5.5
4.7
4.8
5.7
4.4
4.1
5.5
2.3
4.6

V
ppm
80
80
80
80
40
60
40
80
40
40
60
40
20
40
60
40
40
60
20
40
40
40
40
20
40
40
<20
40

W
ppm
6
33
6
27
12
12
15
6
6
21
21
27
33
15
33
39
30
72
54
24
66
48
15
51
60
27
57
33

Y
ppm
13
16
24
19
6
27
6
17
8
6
9
7
5
7
8
5
6
11
5
6
5
5
6
4
8
9
2
5
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Table A1. Continued.
Sample
A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep

Zn
ppm
80300
66500
46100
51400
31800
46300
51800
38700
54200
25100
54400
24600
23100
28900
33000
22900
33400
33000
24100
26100
23800
19900
21500
17100
14000
22300
13100
18100
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Zr
ppm
35
41
46
56
44
41
21
22
25
24
34
29
22
32
34
21
22
42
21
26
22
23
24
21
25
26
17
23

La
ppm
20
23
26
26
14
27
14
20
15
15
17
16
12
15
15
12
13
19
12
13
11
10
10
11
12
14
9
11

Ce
ppm
38.5
42.0
50.0
48.0
23.5
51.5
24.0
38.5
27.0
24.5
30.5
29.5
19.5
24.5
24.0
19.5
22.5
34.0
21.5
22.0
19.0
20.0
18.5
19.5
20.0
23.0
14.0
18.5

Pr
ppm
5
5
7
6
3
7
3
5
3
3
4
3
3
3
3
2
3
4
3
3
3
3
2
2
3
2
2
3

Nd
ppm
17.0
18.5
24.5
22.5
11.0
23.5
10.5
18.5
12.0
10.5
13.5
13.0
9.0
10.5
12.0
8.5
10.0
15.5
9.0
10.0
9.0
9.5
8.5
7.5
8.5
9.0
5.0
9.0

Sm
ppm
3.5
3.5
5.0
4.5
2.0
5.5
2.0
4.0
2.5
2.0
2.5
2.5
2.0
2.5
2.5
1.5
2.5
3.5
1.5
2.0
2.0
2.0
2.0
1.5
2.0
2.0
1.0
1.5

Eu
ppm
2.0
2.0
2.5
2.0
1.5
2.0
1.0
2.0
1.5
1.5
2.0
1.5
1.5
2.0
2.0
1.5
1.5
2.0
1.5
1.0
1.5
1.0
1.0
1.5
1.0
1.5
0.5
1.0

Gd
ppm
3
3
5
4
2
5
2
4
2
2
2
2
1
2
2
1
2
3
1
2
2
1
1
1
1
2
<1
1

Tb
ppm
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

Dy
ppm
2.0
3.0
4.5
3.5
1.0
4.5
1.0
3.0
1.5
1.0
1.5
1.0
0.5
1.0
1.5
0.5
1.0
1.5
0.5
1.0
0.5
1.0
0.5
0.5
0.5
1.0
<0.5
0.5

Ho
ppm
<1
<1
<1
<1
<1
1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

Er
ppm
1
2
2
2
<1
2
<1
2
1
<1
1
<1
<1
<1
<1
<1
<1
1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

Tm
ppm
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
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Table A1. Continued.
Sample
A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep
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Yb
ppm
2
2
2
2
<1
2
<1
2
1
<1
2
1
1
2
2
1
<1
1
<1
1
<1
<1
<1
<1
<1
<1
<1
1

Lu
ppm
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
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Appendix B. Solution Assays from Sampled Slurries
Table B1. Characterisation of solution portion of slurry samples upon settling.

A1 − Shallow
A1 − Deep
A2 − Shallow
A2 − Deep
A3 − Shallow
A3 − Deep
B1 − Shallow
B1 − Deep
B2 − Shallow
B2 − Deep
B3 − Shallow
B3 − Deep
C1 − Shallow
C1 − Deep
C2 − Shallow
C2 − Deep
C3 − Shallow
C3 − Deep
D1 − Shallow
D1 − Deep
D2 − Shallow
D2 − Deep
D3 − Shallow
D3 − Deep
E1 − Shallow
E1 − Deep
E2 − Shallow
E2 − Deep

Temp Conductivity
(°C)
(uS cm−1)
6.6
613
5.2
655
5.6
716
6.1
767
5.7
819
4.9
689
5.4
594
5.5
742
4.6
642
5.9
636
4.7
631
5.3
780
5.6
884
6.4
848
5.8
943
5.3
785
5.5
731
5.3
701
6.4
1029
5.6
929
6.3
787
6.6
1165
6.6
961
6.0
837
5.2
695
6.0
1092
5.4
659
6.0
1059

Eh
(mV, SHE)
164
130
112
105
89
65
239
152
169
125
129
122
121
−26
49
143
141
109
93
50
124
−834
−850
105
364
87
519
145

pH
6.34
6.85
7.70
7.50
7.64
7.82
7.01
7.12
7.04
7.20
7.01
7.22
7.00
7.84
7.43
6.93
6.86
7.20
7.20
7.33
7.15
7.26
7.45
7.10
6.20
7.11
4.42
6.67
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Table B2. Solution assays (mg L−1) from settled Deep samples.
Al
As
Cd
Cr
Co
Cu
Pb
Mn
Nil
Zn
Fe
Ferrous Fe
Si as SiO2

A1
0.02
0.021
<0.0001
<0.001
0.005
<0.001
0.009
1.34
0.008
0.849
24.3
26.1
4.5
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A2
0.02
0.03
<0.0001
<0.001
0.007
<0.001
0.007
1.62
0.01
1.38
60.5
42.1
4.6

A3
0.02
0.062
<0.0001
<0.001
0.008
<0.001
0.007
1.22
0.011
0.915
55.3
48.3
5.2

B1
0.02
0.038
<0.0001
<0.001
0.005
<0.001
0.019
1.67
0.014
1.23
23.5
20.9
6.4

B2
<0.01
<0.001
<0.0001
<0.001
0.003
<0.001
<0.001
1.73
0.009
0.778
1.9
18.2
6.2

B3
0.02
0.069
<0.0001
<0.001
0.005
<0.001
0.018
1.24
0.011
0.904
41.9
38.9
7

C1
0.04
0.016
0.0001
<0.001
0.001
0.001
0.006
2.56
0.004
0.293
0.9
0.76
2.4

C2
0.02
0.024
0.0002
<0.001
0.008
<0.001
0.037
1.65
0.02
3.58
44.6
36.5
6.3

C3
0.01
0.029
<0.0001
<0.001
0.004
<0.001
0.004
1.37
0.012
0.903
7.13
7.07
5.8

D1
0.02
0.077
<0.0001
<0.001
0.003
<0.001
<0.001
1.29
0.006
0.751
46.8
40.4
4.9

D2
0.01
0.055
0.0003
<0.001
0.002
<0.001
0.003
2.17
0.008
1.6
8.82
7.92
4.1

D3
0.02
0.038
0.0002
<0.001
0.008
<0.001
0.01
2.35
0.021
1.94
32.5
31.4
6.5

E1
0.01
0.57
0.0001
<0.001
0.004
<0.001
0.002
2.32
0.014
2.32
24.6
21.2
5.8

E2
0.02
0.268
0.001
<0.001
0.008
<0.001
0.003
2.92
0.03
6.35
44
39.5
9
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Appendix C. Sub-aqueous Quiescent and Agitated Acid Release
Composite samples were made by adding well mixed samples of each individual tailings
sample according to Tables C1 and C2. Each composite sample contained 1 kg (dry wt.) of
each of the individual tailings samples except for the A3 − Deep sample in the near-dam
composite sample which, due to the small amount of sample received, contained only 0.365
kg (dry wt.) of this material. The near-dam composite sample is referred to as Composite (A)
and the far-from-dam composite sample as Composite (B) throughout this report.
4.2 L of each of Composite (A) and Composite (B) tailings samples were placed into two 10 L
plastic buckets (total 4 samples). One bucket of the Composite (A) sample and one bucket of
the Composite (B) sample was stirred using an overhead stirrer at 500 rpm using a 10 cm 4blade impeller, so that the surface of the slurry was well agitated. The remaining 2 buckets
containing Composite samples (A) and (B) were allowed to sit undisturbed.
Initially the pH was continuously monitored in the two stirred samples (in pulp
measurements), but after 130 h, continuous monitoring of the pH was discontinued due to
the slow rate of change. In situ measurement of pH continued after this time on a daily basis.
Non-continuous in situ measurement of pH was also made for the settled samples. Samples
for pH, Eh, conductivity and acidity measurements were also taken at regular intervals
(initially daily).
For the settled samples the slurry was briefly well mixed and a sub-sample of the pulp taken.
The pulp was then pressure filtered under nitrogen and measurements conducted on the
filtrate. For acidity measurements, a few drops of hydrogen peroxide were added to the
sample which was briefly heated to ensure oxidation of polyvalent metals. It is likely that
under these conditions reduced sulfur species are also oxidised. After 7 days, a sample of
filtrate was also analysed by ICP-OES for a range of elements.
Stirring was discontinued over weekend periods and recommenced on Monday morning. The
time of stirring was adjusted in each case for the periods when stirring was discontinued.
Table C1. Composite (A) – near-dam.
Sample

Mass Added
(kg)

Dry Weight
Content
(wt.%)

Dry Weight
(kg)

A1 − Deep

1.893

52.8

1.000

A2 − Deep

2.365

42.3

1.000

A3 − Deep

1.566

23.3

0.365

B1 − Deep

1.314

76.1

1.000

B2 − Deep

1.240

80.6

1.000

B3 − Deep

1.334

74.9

1.000

Water*

3.701

-

−

Total

13.413

40.0%

5.365
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Table C2. Composite (B) – far–from-dam.
Sample

Mass Added
(kg)

Dry Weight
Content
(wt.%)

Dry Wt
(kg)

C1 − Deep

1.486

67.3%

1.000

C2 − Deep

1.368

73.1%

1.000

C3 − Deep

1.466

68.2%

1.000

D1 − Deep

1.358

73.7%

1.000

D2 − Deep

1.278

78.3%

1.000

D3 − Deep

1.711

58.5%

1.000

E1 − Deep

1.283

77.9%

1.000

Water*

7.551

−

−

Total

17.500

40.0%

7.000
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Disclaimer

DISCLAIMER
The opinions expressed in this Report have been based on the information supplied to Blue
Minerals Consulting (BMC) and on analyses carried as reported herein. The opinions in this
Report are provided in response to a specific request to do so. BMC has exercised all due care
in reviewing the information available. Opinions presented in this Report apply to the samples
supplied and features as they existed at the time of BMC’s investigations, and those
reasonably foreseeable. These opinions do not necessarily apply to conditions and features
that may arise after the date of this Report, about which BMC had no prior knowledge nor
had the opportunity to evaluate.
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Executive Summary

Executive Summary
In this second stage, three further investigations have been initiated:
 An initial comparison of the AMD characteristics of the Main TSF before (New Composite)
and after processing (process residue tailings, PRT) was undertaken to assess the reduction
of pyrite, chalcopyrite, galena and sphalerite due to processing. It should be noted that this
New Composite is a ‘proxy’ for the feed.
 Initial analysis of AMD characteristics of Western Arm tailings and Main TSF tailings;
 Two kinetic leach column (KLC) experiments:
o
KLC1 −PRT-only and
o
KLC2 − aimed to mimic the layering likely on pumping of PRT and non-reprocessed
Eastern Arm (composite B from stage 1) tailings to the TSF2.

Particle Size Distributions. Significant differences between the Main TSF and New Composite
with coarser main peak for the New Composite near 60 µm compared with finer main peak
near 15 µm for the Main TSF. Both sample psd have considerable fine material below 10 µm.
For the Main TSF sample, 40−50 % of the tailings may be below 10 µm. The New Composite
also has a relatively coarse fraction in the range 100−400 µm.
The PRT (assumed to be from processing of a mixture of Main TSF tailings similar to the New
Composite) appears to have the coarse fraction larger than 100 µm and much of the 20−80
µm fraction removed with predominance of finer material smaller than 20 µm.
The Western Arm psd is quadri-modal with the main peak near 60 µm, a coarser peak in the
100−400 µm range and possibly 30 % as finer material smaller than 10 µm. This may represent
the different tailings delivered to this Arm from earlier processing including final Fossey
tailings.
ABA Analysis. The CRS (sulfide only) analysis shows that the sulfide content of the Main TSF
and New Composite samples (25.6, 27.3 wt.% sulfide), corresponding to 48−51 wt.% pyrite, is
reduced in the PRT to CRS 12.9 % corresponding to 24 wt.% pyrite, i.e. 50 % reduction.
The CRS in the Western Arm sample is very different with only 9.8 % sulfide (i.e. 18 % pyrite)
but total S of 17.5 wt.% showing that more than 40 % of the total S is not sulfide, likely sulfate
with high Ba assay.
The PRT contains significant carbonate (inorganic C) giving more ANC than the Main TSF
probably due to lime additions in the processing that have reacted with CO2 to form carbonate
in storage. (This is supported by the higher Ca assay in the PRT bulk assay compared to either
the Main TSF or New Composite samples).
Both Main TSF and New Composite samples also contain carbonate (50−70 % of PRT
carbonate) possibly due also to lime additions in the original processing converted to
carbonate unreacted due to the neutral pH in sub-aqueous storage.
NAG ABA shows that 4−5 NAG stages are required to exhaust the 48−51 wt.% pyrite in the
Main TSF and New Composite samples with 3 stages for the smaller pyrite contents in the PRT
and Western Arm samples. The NAGpH and sulfide-corrected NAPP* values are PAF for all
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four samples but the PRT and Western Arm have NAPP* less than 30 % and 40% respectively
of the Main TSF value.
All samples have major implications for AMD, unlikely to be neutralised by lime additions
alone, and will require continuous sub-aqueous storage to maintain neutral pH (supported by
the KLC test results).
Sulfur Speciation. Selective extraction for sulfur species shows that >95% of the sulfur in the
Main TSF is sulfide with some minor secondary jarosite (1.3 wt.% S) from reaction of the pyrite
over time is indicated in the KCL extraction and barite (1.0 wt.% S). Release of acid from this
jarosite at neutral pH will occur but the kinetics are very slow and this is unlikely to
significantly alter the pH of the water layer. The S in the Western Arm tailings sample appears
to be approximately 56 % as sulfide (pyrite), 46 % as barite and 6 % as jarosite (equating to
1.0 wt.% S).
Bulk Solids Assays. Ag and Co are present in significant concentrations in the Main TSF
sample. Ag is also significant in the New Composite samples with 26 % of the Ag and all Co
remaining in the PRT as compared to the New Composite. The Zn concentration is relatively
high in the New Composite sample compared with the Main TSF sample possibly indicating
significant variability in Main TSF composition. Significant toxic metals noted in the Main TSF,
New Composite and PRT include As, Cd (but not in PRT), Cr, Mn, Sb, Sr, Tl and V. Ga is noted
in the PRT. Cu assay is reduced from 2580−2100 ppm in Main TSF and New Composite
samples to 550 ppm in PRT. Pb is reduced to 40% in PRT. Zn is reduced to 30% in PRT
compared to the New Composite. There is less Fe in the Western Arm (and PRT) compared
with the Main TSF and New Composite samples due to the smaller pyrite content.
Mineralogy. There is good agreement between the XRD and the assay data on pyrite and
calcite contents of all samples. Calcite is confirmed in both Main TSF and New Composite
samples with greater content in the PRT sample likely resulting from additions of lime in
original and new processing. Gypsum is detected in the New Composite proxy feed but is
much less than in the PRT possibly indicating sampling error in the New Composite. Sphalerite
and galena are only directly detected in the New Composite (sample. The high content of
barite in the Western Arm inferred from the S Speciation is confirmed in the XRD results.
Analytical SEM. Mineral particles of pyrite, barite, sphalerite and galena separately and in
attached or locked forms were examined in each sample.
Main TSF sample. Pyrite particles are not significantly reacted with very low oxidation (0−4
at.% O). Sphalerite particles show more extensive reaction and oxidation, consistent with
selective galvanic protection of the pyrite, and also attached fine particles. This suggests
release of Zn to solution in this process unless taken up by the formation of other precipitates.
Western Arm. Pyrite particles are more reacted and oxidised (14. at.% O) compared with the
Main TSF sample and have Si and Al either as attached fine mica or incorporated in the
oxidised surface layer. Galena particles are more heavily reacted and oxidised again
consistent with selective galvanic reaction before pyrite. Overall, the tailings in the Western
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Arm show more extensive reaction, either in situ or in previous processing, than the Main TSF
or New Composite.
New Composite. As with the Main TSF sample, the pyrite is not significantly reacted but galena
and sphalerite are extensively reacted. There are distinct particles of arsenopyrite and
arseneous pyrite particles with low As content.
PRT. The significant result is that most of the pyrite particles analysed in the PRT have
considerably greater levels of oxidation (10−55 at.% O) than those examined in the Main TSF
or the New Composite samples. This may be due to the small sample of particles examined
but it may also be the result of selective removal of less oxidised pyrite particles in the
processing. Particles of arsenopyrite also appear reacted in the PRT. Separate particles of
calcite are identified in agreement with the XRD analysis.
Sub-aqueous Quiescent Kinetic Leach Columns. There is negligible acidity (<44 mg H2SO4 L−1)
from either the top or bottom solutions of KLC1 and KLC2 after 4 weeks. Minor alkalinity was
measured in all solutions with greater values in the bottom solution than the top solutions.
Significant As is released from the KLC1 to the top solution (0.16 mg L−1) but less (0.07 mg L−1)
to the bottom solution. Zn release from KLC1 at pH 7.5 is noted in both top and bottom
solutions near 2.2 mg L−1. Other toxic elements released from KLC1 are noted as Cd, Co, Mn
(10 mg L−1) and Sb, Sr (0.5 mg L−1).
For the layered KLC2, after 1 month, apparently soluble As release to the top solution was
high at 1.26 mg L−1 but much smaller in release to the bottom solution (0.06 mg L−1). Similar
concerns with release of Mn, Sr, Zn, Co and Sb are noted as for KLC1. All of these observations
need to be treated with caution since they represent only the initial release from the PRT
(KLC1) and layered systems (KLC2) and on-going analysis will be needed to establish whether
these releases continue or are reduced in subsequent monthly analyses.
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Stage 2: Process Residue Tailings: Testing of Existing Tailings and Re-processed Tailings for Disposal

1. Background
NQ Hellyer Gold Mine (HGM) plans to reopen the Hellyer Mill to re-process the existing
tailings with production of a base metal concentrate and a gold/pyrite concentrate. Once
processing commences, HGM’s current mine schedule allows for the initial process residue
tailings (PRT) to be stored temporarily in the Finger Pond. This provides time until May 2019
for approval and construction of TSF2 (tailings storage facility 2). Once TSF2 is operational,
the PRT will be moved into TSF2 by slurry pumping. After the PRT has been slurry pumped to
TSF2, the remaining (un-reprocessed) Eastern Arm tailings will follow. When TSF2 is available,
all PRT from ongoing processing will be stored in it.
Caloundra Environmental has commissioned Blue Minerals Consultancy (BMC) to provide ongoing geochemical analysis, interpretation and advice on the AMD (acid and metalliferous
drainage) characteristics, estimated release rates and any neutralisation or other treatment
likely to be required during these stages of the project.
The analyses reported in the BMC Stage 1 Report (5th September 2017) were aimed at
assessing the acid mine drainage risk and possible remediation required on shifting tailings
from the Eastern Arm into the Main TSF before reprocessing. This earlier mine plan has been
changed but the results remain applicable to continued storage in the Eastern Arm prior to
pumping of un-reprocessed existing tailings to permanent storage in TSF2 below the current
Main TSF. In particular, Stage 1 testing enabled estimation of changes in acid and
neutralisation release resulting from dredging and pumping a 40 wt.% slurry from Eastern
Arm to the Main TSF (or TSF2) using comparison of quiescent and agitated slurries over time.
The agitation with air exposure simulated faster oxygen transfer (than quiescent conditions)
to pyrite surfaces that may be exposed during this operation. Over 17 days, the initiallystirred, then quiescent in-pulp samples remained at pH 7.3−7.7. For the continuously-stirred
(worst case) tests over 11 days, the pH was 6.8−7.1. These periods are clearly much longer
than any duration of disturbance likely to be caused by the dredging or slurry pump transfer.
The results remain relevant to transfer of Eastern Arm tailings to sub-aqueous storage in the
new TSF2.
As noted, the current plan is to leave the Eastern Arm tailings in situ and to re-process the
Main TSF tailings with the PRT to be pumped back into the Finger Pond. After the PRT has
been slurry pumped to TSF2, the remaining Eastern Arm tailings will follow. Once the Finger
Pond and the Eastern Arm have been cleaned out, the Eastern Arm embankment will be
disassembled and the material removed. The rocks in the embankment wall will be sampled
and geochemically tested by static acid–base accounting. Potentially acid forming (PAF)
materials will be further tested for stored acidity. Any stored acidity will be neutralised using
sufficient lime to match the net acid producing potential (NAPP). Once this has occurred the
material should be able to be stored sub-aqueously to prevent further sulfide oxidation. In
time, the Western Arm tailings will also be reprocessed. Final disposal of all tailings will be
into TSF2. The on-going geochemical characterisation is now focussed on this strategy.
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2. Projected Outcomes
In this second stage, three further investigations were initiated:
 An initial comparison of the AMD characteristics of a Main TSF composite before and
after reprocessing was undertaken to assess the reduction in AMD potential due to
removal of pyrite, chalcopyrite, galena and sphalerite during processing.
 Initial analysis of AMD characteristics of Western Arm tailings and Main TSF tailings;
 Two kinetic leach column (KLC) experiments:
o KLC1 – after reprocessing-only and
o KLC2 − aimed to mimic the layering likely on pumping of process residue tailings
and non-reprocessed Eastern Arm (composite B from Stage 1) tailings to the TSF2.
Both KLCs can be extended for long-term monitoring if required.

3. Samples and Kinetic Leach Columns
Analyses were carried out to provide acid base accounting and mineralogical analysis of four
samples:
 New Composite* 130217 (2.0 kg) – from Main TSF, composite from varying depths
as proxy for feed to processing;
 Process Residue Tailings (PRT) 1006 (9.9 kg) – Float tailings from Main TSF
composite processing;
 Main TSF;
 Western Arm.
*It is noted that this feed is not the feed used to generate the PRT but a composite from the
Main TSF that was expected to be similar.
Two kinetic leach columns were established to test the rate of AMD from sub-aqueous
storage of (KLC1) the PRT alone and (KLC2) the layered tailings expected in TSF2 after the
Eastern Arm tailings are transferred (i.e. successive layers of PRT; Eastern Arm tailings; and
PRT on top). The Eastern Arm tailings used were the Composite B preparation as detailed in
the Stage 1 Report (Appendix A, Table A2).
KLC1: 4 kg of float tailings 1006 (PRT) as received was slurried in Milli-Q water and placed in
a column constructed from PVC pipe (105 mm ID). The sample was allowed to settle and
supernatant water removed from the top of the column until the depth of water covering the
settled tailings bed was at a depth of 100 mm (total volume of water above the tailings of 865
ml.) The water above the tailings was stirred twice weekly (Monday and Thursday) and the
pH measured. For the remainder of the time the water was left undisturbed. After 4 weeks
(and for each subsequent 4 weeks) approximately 130 ml of water was drained from the
bottom of the column into a plastic-lined aluminium water bladder such that no air entered
the bag during drainage. Immediately following drainage, pH and Eh were measured directly
in the water bag, before removal of the sample for conductivity and acidity/alkalinity
measurements, and a portion preserved (using HNO3) for ICP analysis. A second 130 ml
sample of water was subsequently removed from the top of the column for analysis. An
equivalent volume of Milli-Q to that removed (top + bottom) was then replaced at the top of
the column to maintain the water cover depth at 100 mm.
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KLC2: 1.5 kg of Float Tailings 1006 (PRT) as received (99.3 wt.% dry weight) was slurried in
Milli-Q water and placed in a column constructed from PVC pipe (105 mm ID). The sample
was allowed to settle. 1.5 kg of dry Composite B tailings was then slurried in Milli-Q water and
carefully added to the top of the float tailings. The 1.5 kg dried Composite B tailings were
obtained by removing the tailings water from the composite tailings prepared previously by
vacuum filtration followed by washing with Milli-Q and drying in a vacuum oven. The tailings
were allowed to settle and more PRT tailings (1.5 kg) were added as a slurry in Milli-Q water.
The sample was allowed to settle and supernatant water removed from the top of the column
until the depth of water covering the settled tailings bed was 100 mm deep. The water above
the tailings was stirred twice weekly (Monday and Thursday) and the pH measured. For the
remainder of the time the water was left undisturbed. Sampling and analysis of water from
the bottom and top of the column were conducted as per KLC1.

4. Particle Size Distributions
Differences in the particle size distributions (psd) are relevant to processing of the tailings and
to interpretation of the ABA and KLC results. The measured psd for each of the four samples
is shown in Figure 1.

Figure 1. Particle size distributions.

The main points of note are:


Significant differences between the Main TSF and New Composite with coarser main
peak for the New Composite near 60 µm compared with finer main peak near 15 µm
for the Main TSF. Both sample psd have considerable fine material below 10 µm. For
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the Main TSF sample, 40−50 % of the tailings may be below 10 µm. The New
Composite also has a relatively coarse fraction in the range 100−400 µm.


The PRT (assumed to be from processing of a mixuture Main TSF tailings similar to the
New Composite) appears to have the coarse fraction larger than 100 µm and much of
the 20−80 µm fraction removed with predominance of finer material smaller than 20
µm.



The Western Arm psd is quadri-modal with the main peak near 60 µm, a coarser peak
in the 100−400 µm range and possibly 30 % as finer material smaller than 10 µm. This
may represent the different tailings delivered to this Arm from earlier processing
including final Fossey tailings.

5. ABA Analysis
ABA characterisation has consisted of MPA (based on Total S), MPA* (based on CRS S), ANC,
NAPP and NAPP*. Correction of the MPA using the CRS sulfide S (MPA*) is necessary given
the significant non-sulfide S content to better represent the nett acid producing potential
(NAPP*). The ABA analysis for the four samples is shown in Table 1.
The significant information from these analyses is:


The CRS (sulfide only) analysis shows that the sulfide content of the Main TSF
and New Composite samples (25.6, 27.3 wt.% sulfide), corresponding to 48−51
wt.% pyrite, is reduced in the PRT to CRS 12.9 % corresponding to 24 wt.% pyrite,
i.e. 50 % reduction;



The CRS in the Western Arm sample is very different with only 9.8 wt.% sulfide (i.e.
18 % pyrite) but total S of 17.5 wt.% showing that more than 40 % of the total S is
not sulfide, likely sulfate with high Ba assay. (XRD confirms that this is largely
barite.)



The PRT contains significant carbonate (inorganic C) giving more ANC than the
Main TSF probably due to lime additions in the processing that have reacted with
CO2 to form carbonate in storage. (This is supported by the higher Ca assay in the
PRT bulk assay compared to either the Main TSF or New Composite samples).



Both Main TSF and New Composite samples also contain carbonate (50−70 % of
PRT carbonate) possibly due also to lime additions in the original processing
converted to carbonate unreacted due to the neutral pH in sub-aqueous storage.



The NAGpH and sulfide-corrected NAPP* values are PAF for all four samples but
the PRT and Western Arm have NAPP* less than 30 % and 40% respectively of the
Main TSF value.
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Table 1: ABA analyses results.
Sample
Main TSF
Western Arm
New Composite
PRT

Total S1
(wt.%)
26.8
17.5
30.9
14.7

Sulfide S2
(wt.%)
25.6
9.80
27.3
12.9

Total C
(wt.%)
0.92
0.12
0.76
1.28

Organic C
(wt.%)
0.08
0.05
0.15
0.08

Inorganic C
(wt.%)
0.84
0.07
0.61
1.20

ANC3
(kg H2SO4 t−1)
81
9.4
58
185

ANC4
(kg H2SO4 t−1)
69
5.7
50
98

NAPP5
(kg H2SO4 t−1)
739
526
888
265

NAPP*6
(kg H2SO4 t−1)
704
290
778
209

1.Total LECO S
2. Determined using the chromium reducible sulfur method (Schumann et al. Science of the Total Environment, 2012, Vol 424, pg 289-296)
3. AMIRA ARD Test Handbook method. Sample 17-169-02 @ Fizz Rating 1, 17-169-01 and -03 @ Fizz Rating 2 and 17-169-04 @ Fizz Rating 3
4. Based on inorganic carbon assay
5. NAPP = 30.6 × % Total S wt.% - ANC
6. NAPP* = 30.6 × % Sulfide S wt.% - ANC
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5.1 Sulfur Speciation
In addition to acid produced by oxidation of pyrite, in many long-term AMD wastes, the
formation of secondary acid sulfates, particularly jarosites and schwertmannite, can release
acid at pH above 3.4 and 5.5, respectively, slowly over many years. This stored acidity needs
to be considered, in addition to the conventional pyrite acidity, for full assessment of AMD
potential. It is noted that no jarosite was detected in any of the XRD analyses (Section 7).
Detection of crystalline phases by XRD generally has a lower limit of 1−2 wt.% for lighter
phases and the very fine crystallites commonly associated with secondary precipitates often
have considerable diffraction peak broadening. It is also likely that a proportion of these
precipitates are amorphous and not directly detectable by XRD analysis.
The Main TSF and Western Arm samples have been analysed using sequential extraction to
determine sulfur speciation and possible stored acidity. The full set of results is attached at
Appendix A. The method used is the same as that described in full in the Stage 1 Report and
the stages are shown in Figure 2.
 Total LECO S is represented by the purple square.
 KCl extractable acid sulfate S represents acid-generating minerals such as melanterite.
 The KCl non-acid sulfate S represents non-acid generating minerals such as gypsum
and epsomite.
 The HCl extractable S represents jarosite.
 Barite (BaSO4) is not extractable in either KCl or HCL and becomes part of the residual
S (green).
Important results are:


The main S content in the Main TSF is sulfide but some minor secondary jarosite (1.3
wt.% S) from reaction of the pyrite over time is indicated in the KCL extraction. Release
of acid from this jarosite at neutral pH will occur but the kinetics are very slow and this
is unlikely to significantly alter the pH of the water layer.



The S in the Western Arm tailings sample appears to be approximately 56 % as sulfide
(pyrite), 46 % as barite and 6 % as jarosite (equating to 1.0 wt.% S).
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Figure 2. Sulfur speciation for Main TSF and Western Arm from selective extraction.

5.2 NAG Test Results
Table 2 shows the NAG test results on the four samples for NAG titration to pH 4.5 and 7 and
multi-stage NAG to pyrite exhaustion. All samples result in NAGpH (stage 1) < 4.5 and positive
NAPP* (Table 1) demonstrating them to be PAF.
These results show:


That 4−5 NAG stages are required to exhaust 48−51 wt.% pyrite in the Main TSF and
New Composite samples with 3 stages for the smaller pyrite contents in the PRT and
Western Arm samples.



All four samples have major AMD implications unlikely to be neutralised by lime
additions alone and will require continuous sub-aqueous storage to maintain neutral
pH (supported by the KLC test results).
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Table 2: NAG analysis results. The units of NAG4.5 and NAG7 are kg H2SO4 t−1.
Sample
Main TSF
Western Arm
New Composite
PRT

Stage 11
NAG pH NAG4.5
2.17
80
2.19
230
2.05
199
2.16
70

Sample
Main TSF
Western Arm
New Composite
PRT
1.

Stage 4
NAG pH NAG4.5
2.36
31
3.03
12
-

NAG7
104
244
294
97

NAG7
33
16
-

Stage 2
NAG pH
NAG4.5
1.78
185
2.86
37
2.16
264
1.98
132
Stage 5
NAG pH
NAG4.5
3.46
1.5
-

NAG7
218
38
307
146

Stage 3
NAG pH NAG4.5
1.99
105
4.43
0.3
2.22
120
2.68
12

NAG7
2.1
-

NAG7
111
17
133
15

Total
NAG4.5
NAG7
400
466
267
300
595
751
213
258

Multi-stage NAG test conducted according to the AMIRA ARD Test Handbook method, using 0.5 g for sample Western Arm, 1.0 g for sample
New Composite. The standard 2.5 g sample mass was used for sample Main TSF and PRT.

Blue Minerals Consultancy
12th November 2017

8

Stage 2: Process Residue Tailings: Testing of Existing Tailings and Re-processed Tailings for Disposal

6. Bulk Solid Assays
The full set of bulk assays for the four samples was undertaken for reconciliation with XRD to
cross check mineralogy and determine amorphous (non-XRD) mineralloids (potentially fast
release). The presence of Ba necessitated the use of fused samples to avoid formation of
colloidal Ba-containing precipitates compromising the bulk assay results.
The full solids assays are provided in Appendix B. Significant results are summarised in Table
3.
The significant information from bulk assay data is:


Ag and Co are present in significant concentrations in both the Main TSF sample.
Ag is also significant in the New Composite samples with 26 % of Ag and all Co
remaining in the PRT as compared to the New Composite.



The Zn concentration is relatively high in the New Composite sample compared
with the Main TSF sample possibly indicating significant variability in composition
across the Main TSF dam.



Significant toxic metals noted in the Main TSF,New Composite and PRT samples
include As, Cd (but not in PRT), Cr, Mn, Sb, Sr, Tl and V. Ga is noted in the PRT.



There is relatively high Ca in both the New Composite and Main TSF samples likely
due to lime additions in the original processing that have reacted with CO2 to form
carbonate in storage. The greater Ca concentration in the PRT sample is likely due
to further lime additions in the new processing to produce the PRT.



Cu assay is reduced from 2580−2100 ppm in the Main TSF and New Composite
samples to 550 ppm in PRT. Pb is reduced to 40% in PRT compared to the New
Composite. Zn is reduced to 30% in PRT compared to New Composite.



There is less Fe in the Western Arm (and PRT) compared with the Main TSF and
New Composite samples due to the lower pyrite content.



There is no significant Se in the samples.

7. Mineralogy: X-ray Diffraction
X-ray diffraction (with 15% corundum addition to assess amorphous content) of each of the
four samples to estimate variability of mineralogy has been completed.
Quantitative XRD analyses are reported for the set of all 4 samples. The results are compared
with the CRS and selected bulk assay results at the bottom of the table. A form of mica has
not been fitted and nor has chlorite; these are therefore included as part of the ‘Amorphous’
content. While these phases can be included in the refinement their presence results in
instability. Nevertheless, the other quantifications are valid as they are referenced to the
added 15 wt.% corundum that has been normalised out of the phase quantifications given.
The main diffraction peak of calcite (-2-1-1 at d of 3.029 Å) is in a very similar position to the
main peak of chalcopyrite (-1-1-1 at d of 3.018 Å) so that if relatively small quantities of these
Blue Minerals Consultancy
12th November 2017

9

Stage 2: Process Residue Tailings: Testing of Existing Tailings and Re-processed Tailings for Disposal

phases are present incorrect assignment and quantification is possible. Noting this, it may be
useful to re-examine the diffraction analyses carried out for the Eastern Arm samples (Stage
1).

Table 3. Quantitative XRD analysis of all samples.
Pyrite
Sphalerite
Galena
Quartz
Barite
Gypsum
Calcite
Amorphous
wt.% sulfide (CRS)
Pyrite from CRS(wt.%)
Cu (wt.%)
Pb (wt.%)
Zn (wt.%)
Ca (wt.%)
Calcite from Ca (wt.%)

Main TSF
58

Western Arm
21

8
12

21

New Composite
56
3
0.4
15
2
2
6
14

18
5

15
43
0.6

26
48
0.3
0.2
1
2.9
7

10
18
0.06
0.7
0.7
0.3
1

27
51
0.2
3.2
3.8
2.3
6

PRT
27

13
24
0.06
0.9
0.3
4.2
10

26
8
0.3
10
29

The significant information from these analyses is:


There is good agreement between the XRD and the assay data on pyrite and calcite
contents of all samples.



Calcite is confirmed in both Main TSF and New Composite samples with greater content
in the PRT sample likely resulting from additions of lime in original and new processing.



Gypsum is detected in the New Composite proxy feed but is much less in the PRT possibly
indicating sampling error in the New Composite.



High amorphous fractions are found for all samples. This includes the muscovite-like mica
phase and chlorite but also ultra-fine precipitates (e.g. iron oxyhydroxides) and secondary
minerals (e.g. jarosite found in S speciation but not in XRD) from in situ reaction of pyrite.



Sphalerite and galena are only directly detected in the New Composite sample.



The high content of barite in the Western Arm inferred from the S Speciation is confirmed
in the XRD results. There is also minor gypsum but no detectable crystalline calcite in this
tailings deposit.
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8. Analytical SEM
Analytical scanning electron microscopy (SEM) has been used to examine the reacted asreceived state of the sulfide and neutralising minerals, particularly any protective surface
layers and passivation of the pyrite surfaces that would indicate reduced rates of ARD release
after storage.

8.1 Main TSF
A total of 18 mineral particles were examined consisting of particles of pyrite (6), barite,
sphalerite and galena separately and in attached or locked forms. Many barite particles were
easily identified in this and the other samples. Selected examples of pyrite, sphalerite and
galena with information on oxidation and particle attachment are shown here to illustrate the
main findings from this examination. The EDS (energy dispersive spectroscopy) analysis
corresponding to selected images is listed in Table 4.
The secondary electron image in Figure 3 and EDS analyses from this and other pyrite particles
show that the pyrite is not significantly reacted in this Main TSF sample (Table 4). Other pyrite
particles also have very low oxidation (2−4 at.%). Extensive pitting or cracking, that would
indicate rapid oxidation and dissolution, was not found in any pyrite particles. This is
consistent with passivated pyrite surfaces at near-neutral pH although silicate was not
detected in these surface layers. Other backscattered images (e.g. Figure 4) indicate density
differences and show that some of the attached fines are galena particles (light contrast)
areas. Some pyrite particles do have attached fines including mica or chlorite particles (Figure
5) but most have relatively clean surfaces.
Sphalerite particles (Figure 6) show more extensive reaction and oxidation, consistent with
selective galvanic protection of the pyrite, and also attached fine particles (Table 4). This
suggests release of Zn to solution in this process unless taken up by the formation of other
precipitates. It is also consistent with the EDS analysis in Table 4 showing relatively high
surface concentrations of O with the Zn and S.
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Figure 3 Unreacted pyrite particle (Main
TSF).

Figure 4. Galena particles (light contrast;
EDS analysis Table 4) attached to pyrite
(Main TSF).

Figure 5. Pyrite particle with attached fines
(Main TSF).

Figure 6. Sphalerite particle reacted and
oxidised (Main TSF).
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Table 4. Elemental (EDS, at.%) analysis of individual particles from text.
Figure
O
Al
As
C
Ca
Cu
Fe
K
Mg
Na
Pb
S
Si
Ti
Zn

3

34

66

Main TSF
4
5
33
7
3.6

4
4
31
23

30

63

6
14

5

41
3

Western Arm
7
8
14
32
1.1
2

27

57
1.4

New Composite
9 10 11 12
11
33

45 31

37
29

68 35
2

2

54

43
0.7

3
9

45
32

13
55
4

42

PRT
14
38

15
31
13
63

31

2
3
11
6

31

38

8.2 Western Arm
A total of 16 areas in the Western Arm sample were examined consisting of particles of pyrite
(4), barite and galena separately and in attached or locked forms. Selected examples are
shown in Figures 7 and 8 here to illustrate the main findings from this examination. The EDS
(energy dispersive spectroscopy) analysis corresponding to selected images is listed in Table
4.

Figure 7. Partially oxidised pyrite particle Figure 8. Galena particle heavily reacted and
(Western Arm).
oxidised (Western Arm).
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The secondary electron image in Figure 7 and EDS analyses from this and other pyrite particles
show that the pyrite is more reacted and oxidised (14. at.% O) in this Western Arm sample
compared with the Main TSF (Table 4). It is not, however, fully covered by iron oxyhydroxide
reaction product. The pyrite surfaces also have Si and Al either in attached fine mica or
chlorite, or incorporated in the oxidised surface layer. Galena particles are more heavily
reacted and oxidised (Figure 8, Table 4) again consistent with selective galvanic reaction
before pyrite.
Overall, the tailings in the Western Arm show more extensive reaction either in situ or in
previous processing.

8.3 New Composite
As with the Main TSF sample, the secondary electron image in Figure 9 and EDS analyses from
this and other pyrite particles show that the pyrite is not significantly reacted in this New
Composite sample (Table 4). Other pyrite particles also have low oxidation with no extensive
pitting or cracking. Some pyrite particles do have attached fines including mica or chlorite
particles but most have relatively clean surfaces.
There are distinct particles of arsenopyrite as in Figure 10 (Table 4) and other arseneous pyrite
particles (Figure 11) with low As content (Table 4).
Both galena and sphalerite particles show more extensive reaction and oxidation, consistent
with selective galvanic reaction before pyrite, and attached fine particles. An example of
galena in Figure 12 shows extensive reaction and pitting (Table 4). This suggests release of Pb
and Zn to solution in this process unless taken up by the formation of other precipitates. It is
also consistent with the EDS analysis in Table 4 showing relatively high surface concentrations
of O with Pb and S. This is similar for sphalerite particles.

Figure 9. Unreacted pyrite particle (New Figure 10. Arsenopyrite particle (largely
unreacted) (New Composite).
Composite).
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Figure 11. Arseneous pyrite with attached Figure 12. Galena particle reacted and
fines (New Composite).
oxidised (New Composite).

8.4 PRT
The significant result is that most (4 of 5) of the pyrite particles analysed in the PRT have
considerably greater levels of oxidation (10−55 at.% O) than those examined in the Main TSF
or the New Composite samples. This may be due to the small sample of particles examined
but it may also be the result of selective removal of less oxidised pyrite particles in the
processing.
An example of oxidised pyrite is in Figure 13 (Table 4) shows extensive attack in spalling layers
across the surface with thick overlayers of iron oxyhydroxide. Particles of arsenopyrite also
appear reacted in the PRT Figure 14, Table 4.
Separate particles of calcite are also identified (Figure 16, Table 4) in agreement with the XRD
analysis.
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Figure 13. Oxidised pyrite particle with thick Figure 14. Arsenopyrite particle heavily
over-layer (PRT)
oxidised and attacked (PRT).

Figure 15. Calcite particle also extensively
reacted (PRT).

9. Sub-aqueous Kinetic Leach Columns
Two kinetic leach columns were established to test the rate of AMD from sub-aqueous
storage of (KLC1) the PRT alone and (KLC2) the layered tailings expected in TSF2 after the
Eastern Arm tailings are transferred (i.e. successive layers of PRT; Eastern Arm tailings; and
PRT on top). The Eastern Arm tailings used were the Composite B preparation described in
the Stage 1 Report.
Results from these KLC pH measurements from the top water layer of the KLCs for 50 and 44
days to date are in Table 5. The pH has been maintained above 7 with no decline with time in
both columns across this period.
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Table 5. pH record of PRT KLC1 and layered KLC2 to date.
Time
(days)

KLC1
pH

Time
(days)

KLC2
pH

2
8
12
15
20
22
26
33
36
40
43
46

7.41
7.43
7.27
7.00
7.22
7.31
7.28
7.35
7.34
7.29
7.36
7.59

2
6
9
14
16
20
23
30
34
37
40
44

7.08
7.25
7.32
7.21
7.32
7.38
7.32
7.41
7.31
7.41
7.60
7.57

50

7.55

The full set of week four solution analyses from the Top and Bottom of each column is
attached at Appendix C. The significant observations are:


There is negligible acidity (<44 mg H2SO4 L−1) from the top and bottom solutions of
KLC1 and KLC2 after four weeks.



Alkalinity (mg CaCO3 t−1) was measured in all solutions with greater values in the
bottom solution than the top solutions: i.e. 57, 93, 56, 89 for KLC1 top, bottom, KLC2
top, bottom respectively. This corresponds to the release of Ca and Mg to these
solutions.



The initial release (1 month) to the top solution of the PRT KLC1 contained S (640 mg
L−1) and Fe (6.0 mg L−1) probably from soluble non-acid sulfate salts. The bottom
solution had similar S (580 mg L−1) but less Fe (2.2 mg L−1) probably retained in the
solid.



Significant As is released from the KLC1 PRT to the top solution (0.16 mg L−1) but less
(0.07 mg L−1) to the bottom solution.



Zn release from the KLC1 PRT at pH 7.5 is noted in both top and bottom solutions near
2.2 mg L−1.



Other toxic elements released from PRT were noted as Cd, Co, Mn (10 mg L−1), Sb, Sr
(0.5 mg L−1).
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For the layered KLC2, after 1 month, apparently soluble As release to the top solution
was high at 1.26 mg L−1 but much lower in release to the bottom solution (0.06 mg
L−1).



Similar concerns with release of Mn (5-8 mg L−1), Sr (0.6 mg L−1) and Zn (3.0 mg L−1),
Co and Sb noted for KLC2 as for KLC1.



All of these observations need to be treated with caution since they represent only
the initial release from the PRT and layered systems and on-going analysis will be
needed to establish whether these releases continue or are reduced in subsequent
monthly analyses.
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Appendix A Sulfur Speciation (wt.%) by Sequential Extraction
Sample

Total
S

Main TSF
Western Arm

26.80
17.50
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CRS

So

KCl Ext
Acid
Sulfate S

KCl Ext
Non-Acid
Sulfate S

HCl Ext
S

Residual
S

Sum S
species

25.64
9.80

0.004
0.001

<0.006
<0.006

<0.80
<0.80

1.34
1.03

1.1
8.1

28.1
18.9
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Appendix B Bulk Solids Assay
Main TSF – Main Tailings Storage Facility, WA – Western Arm, NC – New Composite, PRT –
Process Residue Tailings
All units in ppm unless stated otherwise.
Main TSF
WA
New Composite
PRT

Ag
58
25
95
25

Al
As
Ba
Be
Bi
Ca %
1.98 4795 19600 <1
49
2.89
0.99 1980 33900 <1
2
0.270
1.73 12800 11500 <0.5 19.7 2.26
4.07 9600 49200 1.0 13.1 4.17

Main TSF
WA
New Composite
PRT

Cs
2
1
1
3

Cu
2580
580
2100
556

Main TSF
WA
New Composite
PRT

Nb
<5
<5
2.0
4.5

Na %
<1.0
<1.0
0.10
0.27

Main TSF
WA
New Composite
PRT

Sn
45
<10
60
70

Te
Sr
Ta
207 <0.5
4210 <0.5
150 0.6 <0.2
610 0.5 <0.2

Main TSF
WA
New Composite
PRT

Zn
Zr
9850 50
6550
20
38000 21
2700
47
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Fe
Ga
28.2
10.0
26.6 7.0
16.0 15.2
Ni
60
<20
32
57

La
13
10
7
18

Hf
<2
<2
0.6
1.4

In
0.8
<0.2
1.00
0.25

K%
Li
1.15 <100
0.80 <100
0.58 <10
1.37 10

P%
Pb
Rb S %
0.055 18100 46.3 28.8
0.050 7250 37.0 14.2
0.025 32400 21.0 31.9
0.060 8950 53.0 15.8
Th
4.0
2.0
2.5
5.5

Ce
Pr
26.5 3.2
19.5 2.4
15.0
2
34.8
5

Ti %
0.130
0.070
0.070
0.168
Nd
11.0
8.5
7.5
16.0

Cd
20
10
89
4.3

Tl
68.0
70.0
79.0
51.1
Sm
2.5
2.0
1.5
3.8

Co
70
<10
35
32

Mg %
0.880
0.210
0.540
1.12

Sb
405
170
625
358
U
7.0
6.0
4.8
6.5

Eu
2.1
3.4
1.0
4.3

Mn %
0.0975
0.0240
0.105
0.155

Sc
<10
<10
5
12
V
100
<50
40
100

Gd
2
2
<1
3

Cr
150
30
100
260

Se
<20
<20
10
5
W
10
<5
13.0
14.3

Tb
0.2
<0.2
<0.5
<0.5

Mo
23
20
24
18
Si %
10.6
7.98
8.67
15.5
Y
14
7
6
12

Dy
2.0
1.0
1.0
2.5

20

Ho
0.2
<0.2
<1
<1
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Main TSF
WA
New
Composite
PRT

Er
1.0
0.5

Tm
<0.2
<0.2

Yb
1.0
0.5

Lu
<0.2
<0.2

<1

<1

<1

<0.5

1

<1

2

<0.5
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Appendix C KLC Leachate Analyses
Units

KLC1 top

KLC1 bottom

KLC2 top

KLC2 bottom

Collection No.

1

1

1

1

Collection Week

4

4

4

4

pH

7.4

7.5

7.5

7.4

Conductivity

mS cm−1

2300

2300

2000

2400

Eh

mV SHE

521

434

380

342

Acidity

mg CaCO3 L−1

44

39

39

39

Cumulative Acidity

kg H2SO4 t−1

0.001

0.001

0.001

0.001

57

93

56

89

Alkalinity

mg CaCO3

L−1

Ag

mg L−1

<0.0002

<0.0002

<0.0002

<0.0002

Al

mg L−1

<20

<20

<20

<20

As

mg

L−1

0.16

0.07

1.26

0.06

Au

mg L−1

0.0012

0.0013

<0.0004

0.0008

B

mg L−1

-

-

-

-

Ba

mg

L−1

0.51

0.02

<0.01

0.03

Be

mg L−1

<0.001

<0.001

<0.001

<0.001

Bi

mg L−1

<0.0004

<0.0004

<0.0004

<0.0004

Ca

mg

L−1

540

490

520

520

Cd

mg L−1

0.0015

0.0016

0.0010

<0.0004

Co

mg L−1

0.026

0.020

0.024

0.016

Cr

mg

L−1

<2

<2

<2

<2

Cu

mg L−1

<2

<2

<2

<2

Fe

mg L−1

6.0

2.2

14

<2

K

mg

L−1

30

33

20

40

La

mg L−1

<0.001

<0.001

<0.001

<0.001

Li

mg L−1

<2

<2

<2

<2

Mg

mg

L−1

100

89

80

120

Mn

mg L−1

10

11

8.0

5.0
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Units
L−1

KLC1 top

KLC1 bottom

KLC2 top

KLC2 bottom

<0.004

<0.004

<0.004

<0.004

Mo

mg

Na

mg L−1

40

44

40

60

Ni

mg L−1

<2

<2

<2

<2

P

mg

L−1

<20

<20

<20

<20

Pb

mg L−1

0.38

0.087

2.0

0.006

S

mg L−1

640

580

560

680

Sb

mg

L−1

0.020

0.009

0.060

0.008

Se

mg L−1

<0.04

<0.04

<0.04

<0.04

Si

mg L−1

<4

13

<4

12

Sn

mg

L−1

<0.01

0.02

<0.01

<0.01

Sr

mg L−1

0.50

0.38

0.58

0.40

Ti

mg L−1

<20

<20

<20

<20

U

mg

L−1

0.0004

0.0009

0.0012

<0.0004

V

mg L−1

<2

<2

<2

<2

W

mg L−1

0.0034

<0.0002

0.0002

<0.0002

Zn

mg

L−1

2.5

2.2

3.0

0.64

Zr

mg L−1

<0.0004

<0.0004

<0.0004

<0.0004
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Disclaimer

DISCLAIMER
The opinions expressed in this Report have been based on the information supplied to Blue
Minerals Consulting (BMC) and on analyses carried as reported herein. The opinions in this
Report are provided in response to a specific request to do so. BMC has exercised all due care
in reviewing the information available. Opinions presented in this Report apply to the samples
supplied and features as they existed at the time of BMC’s investigations, and those
reasonably foreseeable. These opinions do not necessarily apply to conditions and features
that may arise after the date of this Report, about which BMC had no prior knowledge nor
had the opportunity to evaluate.
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Executive Summary

COMBINED EXECUTIVE SUMMARY – STAGE 2, REPORTS 1, 2 AND 3.
NQ Hellyer Gold Mine plans to reopen the Hellyer Mill to re-process the existing tailings to
produce a base metal concentrate and a gold/pyrite concentrate. The current mine schedule
allows for the initial process residue tailings (PRT) to be stored temporarily in the Finger Pond
until May 2019 when the new tailings storage facility (TSF2) should be approved and
constructed. The PRT will then be moved into TSF2 by slurry pumping. After the PRT has been
slurry pumped to TSF2, the remaining Eastern Arm tailings will follow. When TSF2 is available,
all PRT from ongoing processing will be stored there. Caloundra Environmental has
commissioned Blue Minerals Consultancy (BMC) to provide on-going geochemical analysis,
interpretation and advice on the acid and metalliferous drainage (AMD) characteristics,
estimated release rates and any neutralisation or other treatment likely to be required during
these stages of the project. This report combines the results of this testing and
recommendations to date on process feeds, PRT, storage and transfer.
The AMD characteristics of six process feed samples from the current main tailings storage
facility (Main TSF) have been examined: a Main TSF sample (sample names in italics) of
combined near-surface Main TSF tailings samples; four Vibracore samples taken from
different depths within the Main TSF to identify any significant variation in sulfide and other
AMD characteristics with depth; and a Main TSF New Composite 130217 feed used in pilot
plant processing. The PRT (Float Tailings 1006 – referred to here as PRT), assumed to be from
processing of the New Composite feed, has also been fully characterised. Two kinetic leach
columns (KLCs) have been set up to assess the rate of AMD release from sub-aqueous storage
of the PRT-only and to mimic the layering likely on pumping of PRT and non-reprocessed
Eastern Arm tailings to the TSF2.
The Vibracore samples were taken from different depths at two locations in the Main TSF.
The coding is HL (Hellyer) V (Vibracore) B (Bench) P (panel 9 or 10) -1A or 2A (at given depth),
i.e. HLVB2P9-1A 11-13.5 m, HLVB2P9-1A 16.5-19.5 m, HLVB2P10-2A 13-16 m, HLVB2P10-2A
16-19 m.
Particle Size Distributions. The psds of the feed and PRT will affect process recovery and AMD
reactivity characteristics. The psds for the Main TSF and three of the Vibracore samples are
closely similar with the main peak near 16−26 µm and the majority of the particles in the 1−20
µm range but with significant content in the 30−100 µm range. The psd from HLVB2P10-2A
13-16 m (two sub-samples) is considerably different with the main peak near 80 µm and
predominance of particles in the range 20−300 µm. Variation in P80 of 10 composite samples
from 9 locations ranging from 30 to 120 µm was also noted in the Hellyer Tailings
Reprocessing Metallurgical Status Report (Pitt and Sherry, 21 November, 2016). This variation
in psd may be an issue in processing.
The New Composite has a relatively coarse fraction in the range 100−400 µm. The PRT,
assumed to be from processing of the New Composite, appears to have the coarse fraction
above 100 µm and much of the 20−80 µm fraction removed with predominance of finer
material below 20 µm.
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ABA Analysis. The CRS (sulfide S only) analysis shows that the sulfide contents of all four
Vibracore Main TSF samples, and the Main TSF and New Composite samples are in the range
25−28 wt.% S, corresponding to 47−52 wt.% pyrite. This is reduced in the PRT to 12.9 wt.%
sulfide S corresponding to 26 wt.% pyrite, i.e. ≈50 % reduction. The NAPP and sulfidecorrected NAPP* values indicate PAF-high capacity for all seven samples but the PRT is
reduced to less than 30 % of the Main TSF sample values. All seven samples contain significant
carbonate (≈6 wt.% as CaCO3) probably due to lime additions in the processing that have
reacted with CO2 to form carbonate in storage. All samples also contain some ANC additional
to that from the carbonate alone. This is likely due to reactive silicate minerals in the tailings.
Despite the neutralising material, 4−5 oxidative NAG stages were required to exhaust the
47−52 wt.% pyrite in all Main TSF samples with 3 stages for the PRT sample.
All samples have major implications for AMD on air exposure, are unlikely to be neutralised
by lime additions alone, and will require continuous sub-aqueous storage to maintain neutral
pH (supported by the KLC test results).
Kinetic NAG Results. Variations in pH and temperature are recorded during the single stage
kinetic NAG test to provide a correlation to the kinetics of sulfide oxidation and acid
generation in standard KLC tests. This, in turn, can provide indications of the behaviour under
fully oxidising (uncovered) field conditions. The results show that there is a lag time to acid
release from all six Main TSF samples which is important if exposure should occur during
transfer or inadvertently due to water cover failure. The estimated times to acid release
(derived from the time to pH 4 in these profiles) ranges from 1−2 months (New Composite,
HLVB2P10-2A 13-16 m), 2 months (HLVB2P9-1A 11-13.5 m), 3 months (HLVB2P10-2A 16-19
m), 3−4 months (HLVB2P9-1A 16.5-19.5 m) to 6−12 months (Main TSF).
The KNAG result for the PRT did not produce acid (or peroxide decomposition) during the
duration of the test (1,500 min) and the pH increased to 6.5. It appears that the pyrite has
been passivated by maintenance of the high pH. This would correspond to more than 2 years
lag time. The KNAG should be repeated with new PRT samples as they are generated.
Bulk Solids Assays. Assays were undertaken for identification of potentially toxic metals and
other elements requiring measurement and control upon release (to be studied in the KLC
profiles). Significant information from bulk assay data of Main TSF and PRT samples includes:
Ag and Co are significant in both the shallow Main TSF and New Composite samples with 40
% of the Ag and all Co still in PRT. Zn is relatively high in the New Composite sample compared
with the Main TSF sample possibly indicating significant variability in Main TSF composition.
Significant toxic metals noted in the Main TSF, New Composite samples and PRT include As,
Cd (but not in PRT), Cr, Mn, Sb, Sr, Tl and V. Ga is also noted in the PRT. The Cu concentration
is reduced from 2100 ppm in the New Composite (2580 ppm in the Main TSF) to ≈550 ppm in
PRT. Pb is reduced to ≈40 % in PRT. Zn is reduced to ≈30% in PRT.
The deeper Vibracore samples contain greater concentrations of Cu, Pb, Zn (and Mn) possibly
indicating less successful recovery of these minerals in early processing; other significant toxic
metals noted in all four Vibracore Main TSF samples are As, Cd, Cr, Mo, Sb, Sr, Tl and V; Ag
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was present in significant concentrations in the shallower Main TSF samples but is not
significant in these deeper samples; there is no significant Se in the samples.
Sulfur Speciation. Selective extraction for S species shows that >95% of the S in the Main TSF
is sulfide. Some minor secondary jarosite (1.5 wt.% S), from reaction of the pyrite over time,
is indicated in the KCl extraction and barite (1.0 wt.% S) is also found. Release of acid from
this jarosite at neutral pH will occur but the kinetics are very slow and this is unlikely to
significantly alter the pH of the water layer.
Mineralogy. Reduction of pyrite content from 48±4 wt. % in the Main TSF samples to 27 wt.%
in the PRT is indicated by quantitative XRD analysis. The mineral assemblage of all Main TSF
samples is reasonably consistent except for the greater chlinochlore content of HLVB2P10-2A
13-16 m which may account for the particles in the range 20−300 µm in the psd for this
sample. There is good agreement between the XRD and the assay data on pyrite (CRS) and
calcite (Ca) contents of all Main TSF samples with greater proportionate quartz and combined
carbonate content in the PRT sample resulting from removal of pyrite in the new processing.
Gypsum is detected in both the New Composite and the PRT.
High amorphous fractions are found for all deep Vibracore samples (14−27 wt.%) with smaller
contents in the shallower Main TSF samples (1−6 wt.% and 6 wt.% in the PRT sample). This
likely includes ultra-fine precipitates and secondary minerals (e.g. jarosite) found in S
speciation but not in XRD) from in situ reaction of pyrite.
Sphalerite and galena are directly detected in the all Main TSF samples, including the deep
Vibracore samples, but chalcopyrite is below detection limit in agreement with the low Cu
concentration in the bulk assay and to overlap with calcite in XRD data. No sphalerite or
galena was detected in the PRT after processing.
Analytical SEM. Mineral particles of pyrite, barite, sphalerite and galena separately and in
attached or locked forms were examined in the Main TSF, New Composite and PRT samples.
Main TSF: Pyrite particles are not significantly reacted with very low oxidation (0−4 at.% O).
Sphalerite particles show more extensive reaction and oxidation, consistent with selective
galvanic protection of the pyrite, and also attached fine particles. This suggests release of Zn
to solution in this process unless taken up by the formation of other precipitates.
New Composite: As with the Main TSF sample, the pyrite is not significantly reacted but galena
and sphalerite are extensively reacted. There are distinct particles of arsenopyrite, and
arseneous pyrite particles with low As content.
PRT: The significant result is that most of the pyrite particles analysed in the PRT have
considerably greater levels of oxidation (10−55 at.% O) than those examined in the Main TSF
or the New Composite samples. This may be due to the small sample of particles examined
but it may also be the result of selective removal of less oxidised pyrite particles in the
processing. Particles of arsenopyrite also appear reacted in the PRT. Separate particles of
calcite are identified in agreement with the XRD analysis.
Sub-aqueous Quiescent Kinetic Leach Columns. Two kinetic leach columns were established
to test the rate of AMD from sub-aqueous storage of (i) the PRT alone (KLC1) and (ii) the
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layered tailings expected in TSF2 after the Eastern Arm tailings are transferred, i.e. successive
layers of PRT, Eastern Arm tailings, and PRT on top (KLC2). These results are updated with
assays for significant elements every 4 weeks for the period to week 25 for both KLCs.
The significant observations combined with the previous report are: pH for both top and
bottom solutions from the sub-aqueous columns were all in range 7.5−7.9. The measured
acidity has dropped from near 39−44 mg CaCO3 L−1 at week 4 to near 0.2−3.0 mg CaCO3 L−1 at
week 25 for all top and bottom solutions except for the bottom solution from KLC2 (with the
Eastern Arm interlayer) near 7 mg CaCO3 L−1. Much more alkalinity than acidity (12−255
times) is measured in all solutions at week 25 corresponding to the release of Ca and Mg
measured in all solutions, with greater values in the bottom solution than the top solutions.
The solution assays at week 29 have confirmed no significant Al, As now below 0.012 mg−1L other
than KLC2 at 0.035 mg −1L, Cu below 0.009 mg /L and all other elements below limits except Zn (0.39
mg−1L and 0.55 in top solutions; 3.0 mg −1L in bottom solution from KLC1 and 0.97 mg−1L in KLC2);
Mn (4−13 mg −1L) and Sr (near 0.4 mg −1L). It is also noted that Si around 14 mg L−1 is enough to

provide the full passivation layer on pyrite reducing the acid generation rate by 50−90 %. On
the basis of these results, it appears that Zn removal may only require minor lime addition
to raise the pH above 8 if monitoring suggests that these acceptable levels are not
maintained.
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1. Background
NQ Hellyer Gold Mine plans to reopen the Hellyer Mill to re-process the existing tailings to
produce a base metal concentrate and a gold/pyrite concentrate. Once processing
commences, HGM’s current mine schedule allows for the initial process residue tailings (PRT)
formed to be stored temporarily in the Finger Pond. This provides time until May 2019 when
the new tailings storage facility (TSF2) should be approved and constructed. Once TSF2 is
operational, the PRT will be moved into TSF2 by slurry pumping. After the PRT has been slurry
pumped to TSF2, the remaining Eastern Arm tailings will follow. When TSF2 is available, all
PRT from ongoing processing will be stored there.
Caloundra Environmental has commissioned Blue Minerals Consultancy (BMC) to provide ongoing geochemical analysis, interpretation and advice on the acid and metalliferous drainage
(AMD) characteristics, estimated release rates and any neutralisation or other treatment
likely to be required during these stages of the project.
The analyses reported in the BMC Stage 1 Report (5th September 2017) were aimed at
assessing the acid mine drainage risk and possible remediation required on shifting tailings
from the Eastern Arm into the Main TSF before reprocessing. This earlier mine plan has been
changed but the results remain applicable to continued storage in the Eastern Arm prior to
pumping to permanent storage in TSF2 below the Main TSF. Stage 1 testing estimated
changes in acid and neutralisation release resulting from dredging and pumping a 40 wt.%
slurry from Eastern Arm to the Main TSF using comparison of a quiescent and agitated slurry
over time. Agitation with air exposure simulated faster oxygen transfer (than quiescent
conditions) to pyrite surfaces that may be exposed during this operation. Over 17 days, the
initially-stirred, then quiescent in-pulp samples remained at pH 7.3−7.7. For the continuouslystirred (worst case) tests over 11 days, the pH was 6.8−7.1. These periods are clearly much
longer than any duration of disturbance likely to be caused by the dredging or slurry pumping
transfer. The results are equally relevant to transfer of Eastern Arm tailings to sub-aqueous
storage in the new TSF2.
As noted, the current plan is to leave the Eastern Arm tailings in situ and to re-process the
Main TSF tailings with the PRT to be pumped back into the Finger Pond. After the PRT has
been slurry pumped to TSF2, the remaining Eastern Arm tailings will follow. Once the Finger
Pond and the Eastern Arm have been cleaned out, the Eastern Arm embankment will be
disassembled and the material removed. The rocks in the embankment wall will be sampled
and geochemically tested by static acid–base accounting. Potentially acid forming (PAF)
materials will be further tested for stored acidity. If required, stored acidity will be treated
using lime to neutralise the net acid producing potential (NAPP). Once this has occurred the
material should be able to be stored sub-aqueously to prevent further sulfide oxidation. In
time, the Western Arm tailings will also be reprocessed. Final disposal of all tailings will be
into TSF2. The on-going geochemical characterisation is now focussed on this strategy.
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2. Projected Outcomes
The first Stage 2 Report (12th November 2017) reported the acid and metalliferous drainage
(AMD) characteristics of a process feed from the Main TSF before (New Composite – all
sample names in italics) and after processing (process residue tailings, PRT) and
characteristics of one sample from the Western Arm tailings and one from the Main TSF
tailings. Two kinetic leach columns (KLC) were also set up to assess the rate of AMD release
from sub-aqueous storage of the PRT-only and to mimic the layering likely on pumping of PRT
and non-reprocessed Eastern Arm tailings (composite B from Stage 1) to the TSF2.
This second Stage 2 Report examined the AMD characteristics of Vibracore samples taken
from depth within the Main TSF to identify any significant variation in sulfide and other
mineralogy that may affect the process feed and process residue tailings. It also reports on
the KLCs progress with the sub-aqueous storage of the PRT and the layering of PRT and nonreprocessed Eastern Arm tailings to be disposed to the TSF2.
This third Stage 2 Report represents an update of the second Stage 2 report with repeat of
particle size distribution for Vibracore sample HLVB2P10-2A 13-16 m, kinetic NAG test results
for the four samples from Stage 2 Report 1, mineralogy for all four Vibracore samples and
further data from the two KLCs.
3. Main TSF Samples and Kinetic Leach Columns
Analyses were carried out to provide acid base accounting and mineralogical analysis of four
new samples taken from different depths at two locations in the Main TSF. The coding is HL
(Hellyer) V (Vibracore) B (Bench) P (panel 9 or 10) -1A or 2A (at given depth).
• HLVB2P9-1A 11-13.5 m
• HLVB2P9-1A 16.5-19.5 m
• HLVB2P10-2A 13-16 m
• HLVB2P10-2A 16-19 m
Two kinetic leach columns were established in Stage 2 (first report, 12th November 2017) to
test the rate of AMD from sub-aqueous storage of (i) the PRT alone and (ii) the layered tailings
expected in TSF2 after the Eastern Arm tailings are transferred, i.e. successive layers of PRT;
Eastern Arm tailings; and PRT on top. The Eastern Arm tailings used were the Composite B
preparation as described in the Stage 1 Report (Appendix A, Table A2). Experimental details
of these KLCs given in the first Stage 2 Report and are summarised here.
KLC1: 4 kg of float tailings 1006 (PRT): The slurried sample was allowed to settle in a 105 mm
ID PVC pipe and the supernatant water was removed from the top of the column until the
depth of water covering the settled tailings bed was 100 mm. The water above the tailings
was stirred twice weekly (Monday and Thursday) and the pH measured. For the remainder of
the time the water was left undisturbed. After each 4 week period approximately 130 ml of
water was drained from the bottom of the column and pH and Eh measured immediately.
Conductivity and acidity/alkalinity measurements were conducted with a portion preserved
(in HNO3) for ICP analysis. A second 130 ml sample of water was also removed from the top
of the column for the same analyses. An equivalent volume of Milli-Q to that removed (top +
Blue Minerals Consultancy
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bottom) was then replaced at the top of the column to maintain the water cover depth at 100
mm.
KLC2: 1.5 kg of Float Tailings 1006 (PRT) was slurried and placed in a KLC. The sample was
allowed to settle. 1.5 kg dry Composite B tailings from the Eastern Tailings Dam (Stage 1
Report, 1 September 2017) was slurried and added to the top of the PRT. The tailings were
allowed to settle before more PRT tailings (1.5 kg) were added as a slurry. Supernatant water
was removed until the depth of water covering the settled tailings bed was 100 mm. The
water above the tailings was stirred twice weekly (Monday and Thursday) and the pH
measured. For the remainder of the time the water was left undisturbed. Sampling and
analysis of water from the bottom and top of the column were conducted as per KLC1.

4. Particle Size Distributions
Differences in the particle size distributions (psd) are relevant to processing of the tailings and
to interpretation of the ABA and KLC results. The measured psd for each sample is shown in
Figure 1 with the psd analysis in Table 1.

(a)

(b)

(c)

(d)

Figure 1 Particle size distributions for the four Main TSF Vibracore samples. (a) HLVB2P9-1A
11-13.5 m, (b) HLVB2P9-1A 16.5-19.5 m, (c) HLVB2P10-2A 13-16 m and (d) HLVB2P10-2A 1619 m.
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Table 1 Summary of the analysis parameters of the four Main TSF depth samples.

Surface weighted mean
Volume weighted mean
d (0.1)
d (0.5)
d (0.9)

HLVB2P9-1A
11-13.5 m
(µm)
4.5
16.6
1.6
10.0
41.4

HLVB2P9-1A
16.5-19.5 m
(µm)
4.6
17.7
1.6
11.1
43.5

HLVB2P10-2A
13-16 m
(µm)
11.8
80.0
4.4
58.2
182.4

HLVB2P10-2A
16-19 m
(µm)
5.8
26.3
2.0
17.2
63.9

Useful results from these PSD analyses are:
• The psds for three of the samples are closely similar with the main peak near 16−26 µm
and the majority of the particles in the 1−20 µm range but with significant content in
the 30−100 µm range.
• These profiles are similar to the psd from the Main TSF reported in the first Stage 2
Report. This sample was presumably taken from shallower depths in the Main TSF since
Vibracore sampling was not used.
• The psd from the HLVB2P10-2A 13-16 m sample is considerably different despite the
same sampling and preparation methods. The volume weighted main peak is 80 µm
with the predominance of the particles in the range 20−300 µm. There is much less fine
material across 1−10 µm.
• A repeat sub-sample from the original HLVB2P10-2A 13-16 m slurry gave the same psd
within experimental error (Figure 1c.).
• Variation in P80 of the 10 composite samples from 9 locations ranging from 30 to 120
µm was also noted in the Hellyer Tailings Reprocessing Metallurgical Status Report (Pitt
and Sherry, 21 November, 2016).
• This variation in psd may be associated with variation in clinochlore content, seen in the
mineralogy (Section 7) in the original feeds from Main TSF sources and may be an issue
in processing.
5. ABA Analysis
ABA characterisation (Table 2) has consisted of MPA (maximum potential acidity, based on
Total S), MPA* (based on CRS sulfide S), ANC (acid neutralisation capacity), NAPP (nett acid
production potential) and NAPP* for estimation of total amounts in the four Vibracore Main
TSF samples. Correction of MPA using the CRS sulfide S (MPA*) is necessary given the
significant non-sulfide S (mainly barite) content, to better represent the nett acid producing
potential (NAPP*).
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Table 2 ABA analysis for the four Main TSF Vibracore samples.

HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m
1.
2.
3.
4.
5.
6.

Total S1
(wt.%)
30.6
30.2
27.7
29.0

Sulfide S2
(wt.%)
28.3
28.0
25.2
27.0

Total C
(wt.%)
0.79
0.99
0.96
1.00

Organic C
(wt.%)
0.12
0.17
0.14
0.16

Inorganic C
(wt.%)
0.67
0.82
0.82
0.84

ANC3
(kg H2SO4 t−1)
71
83
83
88

ANC4
(kg H2SO4 t−1)
55
67
67
69

NAPP5
(kg H2SO4 t−1)
866
841
764
800

NAPP*6
(kg H2SO4 t−1)
795
772
687
739

Total LECO S
Determined using the chromium reducible sulfur method (Schumann et al. Science of the Total Environment, 2012, Vol 424, pg 289-296)
AMIRA ARD Test Handbook method. All samples Fizz Rating 2.
Based on inorganic carbon assay
NAPP = 30.6 × wt.% Total S − ANC
NAPP* = 30.6 × wt.% Sulfide S − ANC
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The significant information from these ABA analyses is:
•

The CRS (sulfide only) analysis shows that the sulfide content of all four Main TSF
Vibracore samples is in the range 25−28 wt.% S, corresponding to 47−52 wt.% pyrite,
closely similar to the 52 wt.% pyrite found in the previous Main TSF sample from
shallower depth (Stage 2 Report 12th November 2017).

•

There is significant non-sulfide S represented in the difference between total S and
sulfide S in Table 2. This was found to be largely barite in the Main TSF sample analysed
in the previous report.

•

All four samples contain significant carbonate (Inorganic C; ≈6 wt.% as CaCO3) probably
due to lime additions during processing that have reacted with CO2 to form carbonate
in storage. (This is supported by the high Ca in the bulk assays and the lag time to acid
appearance in the kinetic NAG tests).

•

All four samples contain some ANC additional to that from the carbonate alone. This is
seen in the ANC3 value (Sobek Test) which is greater than the ANC4 value (calculated
from carbonate alone). This is likely due to reactive silicate minerals in the tailings.

•

The NAPP and sulfide-corrected NAPP* values are PAF for all four samples, similar to
the value for Main TSF from the shallower sample in the previous Stage 2 report.

5.1 NAG Test Results
Table 3 shows the NAG test results on the four samples for NAG titration to pH 4.5 and 7 and
multi-stage NAG to pyrite exhaustion. The NAPP* vs NAG7 comparison is shown in Figure 2.

Figure 2 NAG (titration to pH 7) vs NAPP* (sulfide) showing that acid generation from all four
samples is predominantly from sulfide oxidation rather than metal hydrolysis.
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Table 3 Multi-stage NAG test results for all four Vibracore Main TSF samples with total acid release on titration to pH 4.5 and 7.

NAG pH
HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m

2.08
2.13
2.12
2.14

NAG pH
HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m

2.56
2.44
2.41
2.45

Stage 11
NAG4.5
(kg H2SO4 t−1)
385
218
240
229
Stage 3
NAG4.5
(kg H2SO4 t−1)
34
53
60
50

NAG7
(kg H2SO4 t−1)
443
295
303
305

NAG7
(kg H2SO4 t−1)
38
57
65
55

Total

HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m

NAG4.5
(kg H2SO4 t−1)
716
578
567
571

NAG7
(kg H2SO4 t−1)
800
675
658
680

NAG pH
2.03
2.07
1.98
1.96

NAG pH
3.33
3.21
3.11
3.07

Stage 2
NAG4.5
(kg H2SO4 t−1)
292
301
261
285

NAG7
(kg H2SO4 t−1)
313
315
282
309

Stage 4
NAG4.5
(kg H2SO4 t−1)
4.9
6.3
6.3
7.5

NAG7
(kg H2SO4 t−1)
6.8
8.5
8.8
10

NAPP*
(kg H2SO4 t−1)
795
772
687
739

Notes: Multi-stage NAG test conducted according to the AMIRA ARD Test Handbook method, using 1 g of sample rather than the usual 2.5 g
sample mass.
Blue Minerals Consultancy
15th April 2018

7

Stage 2: Report 3 –updated report

These results show:
• That 4−5 NAG stages are required to exhaust the 47−52 wt.% pyrite in the four Vibracore
Main TSF deep samples as with the previous Main TSF sample.
• This is reflected in the NAPP* vs Total NAG plot. All samples have major AMD
implications on air exposure unlikely to be neutralised by lime additions alone and will
require continuous sub-aqueous storage to maintain neutral pH (supported by the KLC
test results).

5.2 Kinetic NAG results
The kinetic NAG test is the same as the single addition NAG test except that the temperature
and pH are recorded during the reaction. Variations in these parameters during the test
provide an indication of the kinetics of sulfide oxidation and acid generation during the test.
This, in turn, can provide insight into the behaviour of these samples under fully oxidising
(uncovered) field conditions.
An indicative relationship between the time to pH 4 in the kinetic NAG test and the time to
pH 4 in a kinetic leach column has been established for pyritic samples based on a 37 sample
data set AMIRA ARD Test Handbook 2), which can broadly predict column lag times using
Table 4. This can be used to estimate lag times to acid appearance if the AMD waste is fully
exposed during storage or transfer.
Table 4 Indicative lag times to acid production correlating KNAG and KLC data sets.
Range of Time to pH 4.0 in Indicated KLC lag to
pH 4
KNAG (min)
<5

<1 month

5 to 15

1−2 months

15 to 30

2−4 months

30 to 50

4−6 months

50 to 100

6−12 months

100 to 200

1−2 years

>200

>2 years

The kinetic NAG profiles for the previous set of samples (first Stage 2 Report, 12th November
2017) were completed after the report was compiled and are reported here (Figure 3) for
comparison with the Vibracore deep samples.
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(a)

(b)

(c)

(d)

Figure 3 Kinetic NAG profiles for (a) Main TSF, (b) New Composite, (c) PRT and (d) Western
Arm.

The kinetic NAG profiles for all four Vibracore deep samples are in Figure 4.

(a)
Blue Minerals Consultancy
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(c)

(d)

Figure 4 Kinetic NAG profiles for (a) HLVB2P9-1A 11-13.5 m, (b) HLVB2P9-1A 16.5-19.5 m, (c)
HLVB2P10-2A 13-16 m and (d) HLVB2P10-2A 16-19 m.
These results show:
• That there is a lag time to acid release for all samples except the New Composite and
Western Arm which is important if exposure should occur during transfer or
inadvertently due to water cover failure.
• The estimated times to acid release (derived from the time to pH 4 in these profiles)
ranges from 1−2 months (New Composite, HLVB2P10-2A 13-16 m), 2 months (HLVB2P91A 11-13.5 m), 3 months (HLVB2P10-2A 16-19 m), 3−4 months (HLVB2P9-1A 16.5-19.5
m) to 6−12 months (Main TSF).
• The KNAG result for the PRT did not produce acid (or peroxide decomposition) during
the duration of the test (1500 min) and the pH increased to 6.5. It appears that the
pyrite has been passivated by maintenance of the high pH. This would correspond to
more than 2 years lag time. This KNAG should be repeated with a new PRT.
6. Bulk Solid Assays
The full set of bulk assays for the four Vibracore samples was undertaken for identification of
potentially toxic metals and other elements requiring measurement and control in release to
be studied in the KLC profiles. The presence of Ba necessitated the use of fused samples to
avoid formation of colloidal Ba-containing precipitates compromising the bulk assay results.
The full solids assays are provided in Appendix A with a summary in Table 5.
The significant information from bulk assay data is:
•

The deeper samples contain greater concentrations of Cu, Pb, Zn (and Mn) possibly
indicating less successful recovery of their minerals in early processing.
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•

Ba, Al and Si are likely associated with barite and aluminosilicate phases seen in
the XRD analysis of the previous shallower Main TSF sample (Stage 2 Report 12th
November 2017).

•

Other significant toxic metals noted in all four Vibracore Main TSF samples include
As, Cd, Cr, Mo, Sb, Sr, Tl and V.

•

There is significant Ca (but no Mg) in all Vibracore Main TSF samples likely due to
lime additions in the original processing that have reacted with CO2 to form
carbonate in storage.

•

Ag was present in significant concentrations in the previous shallower Main TSF
sample but is not significant in these deeper samples.

•

There is no significant Se in the samples.

Table 5 Summary of bulk assay data for elements of interest. All in mg kg−1 unless indicated
otherwise.

HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m

HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m

Ag

Al
(wt.%)

As

Ba

Ca
(wt.%)

Cd

Cr
(wt.%)

0.006
0.012
0.007
0.012

0.98
1.42
1.47
1.49

12,285
10,484
9,995
10,550

16,462
8,065
6,369
6,439

0.98
0.95
0.98
0.99

52
72
56
84

<0.05
<0.05
<0.05
<0.05

Cu

Mg
(wt.%)

Mn

Mo

Pb

Sb

Si
(wt.%)

1,840
2,434
1,715
2,311

<0.5
<0.5
<0.5
<0.5

983
1423
980
2972

24
28
22
27

28,256
34,156
17,638
26,746

791
828
557
790

6.8
7.2
10.9
8.2

HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m
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Sr

Ti
(wt.%)

V
(wt.%)

Zn

170
95
83
89

<0.5
<0.5
<0.5
<0.5

<0.05
<0.05
<0.05
<0.05

20,147
26,565
20,088
28,975
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7. Mineralogy
The quantitative mineralogy of the samples from the Main TSF and PRT from the Stage 2-2
Report (i.e. Main TSF, New Composite and PRT) and the four Vibracore Main TSF samples in
this report have been reanalysed. The full set of results is in Table 6. The average ± standard
deviations for all main TSF samples has also been estimated. The main results are:
•

The reduction of pyrite content from 48±4 wt.% in the Main TSF samples to 27 wt.%
in the PRT is confirmed in the quantitative XRD analysis.

•

The mineral assemblage of all Main TSF samples is reasonably consistent except for
the greater clinochlore content of HLVB2P10-2A 13-16 m which may account for the
particles in the range 20−300 µm in the psd for this sample.

•

There is good agreement between the XRD and the assay data on pyrite and calcite
contents of all Main TSF samples with greater proportionate quartz and combined
carbonate content in the PRT sample resulting from removal of pyrite in the new
processing.

•

Gypsum is detected in the New Composite proxy feed but is much less in the PRT
possibly indicating sampling error in the New Composite.

•

High amorphous fractions are found for all deep Vibracore Main TSF samples (14−27
wt.%) with lower contents in the shallower Main TSF samples (1−6 wt.% and 6 wt.% in
the PRT sample). This likely includes ultra-fine precipitates (e.g. iron oxyhydroxides)
and secondary minerals (e.g. jarosite found in S speciation but not in XRD) from in situ
reaction of pyrite.

•

Sphalerite and galena are directly detected in the all the Main TSF samples, including
the deep Vibracore samples, but chalcopyrite is below detection limit in agreement
with the low Cu concentration in bulk assay and to overlap with calcite. No sphalerite
or galena was detected in the PRT after processing
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54

27
9
7
9
1
8
6
6

4
3

49
6
0.4
16
6
6
2
3
9
2

5

1

0.8
17
3
6
4

HLVB2P10-2A
16-19 m

27

HLVB2P10-2A
13-16 m

FeS2
ZnS
PbS
SiO2
KAl2(AlSi3O10)(F,OH)2
(Mg,Fe2+)5Al2Si3O10(OH)8
BaSO4
CaSO4
CaCO3
Ca(Fe,Mg,Mn)(CO3)2
FeCO3

Main TSF

HLVB2P9-1A
16.5-19.5 m

Pyrite
Sphalerite
Galena
Quartz
Muscovite
Clinochlore
Barite
Gypsum
Calcite
Ankerite
Siderite
Amorphous

PRT

New
composite

HLVB2P9-1A
11-13.5 m

Table 6 Quantitative XRD estimation of all Main TSF samples and PRT (from assumed processing of the New Composite).

52
2
2
11
1
9
4

44
3
2
9

44
2
1
16

46
3
2
12

7

13

9

3
1
1
14

3
2
3
27

3
2
1
18

5
3

13

19

Ave. Main
TSF samples
± std
48 ± 4
3±1
2±1
13 ± 3
2±2
8±2
2±1
0.5
4±2
2±1
1±1
14 ± 10
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8. Sub-aqueous Kinetic Leach Columns
Two kinetic leach columns were established to test the rate of AMD from sub-aqueous
storage of (i) the PRT alone and (ii) the layered tailings expected in TSF2 after the Eastern Arm
tailings are transferred, i.e. successive layers of PRT; Eastern Arm tailings; and PRT on top. The
Eastern Arm tailings used were the Composite B preparation from the Stage 1 Report.
Results from these KLC1 and KLC2 pH measurements to days 50 and 44 respectively were
reported in the previous Stage 2 Report (12th November 2017, Table 5). Across this initial
period, the pH had been maintained above 7.3 with no decline with time in either column.
These results are updated with assays for significant elements for the period to 2nd April 2018
to week 28 for both KLCs. A summary of main results is given in Table 7 with the full assays in
Appendix B. The significant observations combined with the previous report are:
• pH values for both top and bottom solutions from the sub-aqueous columns were all in
the range 7.3−7.9.
• The measured acidity has dropped from near 40 mg CaCO3 L−1 at week 4 to near 3 mg
CaCO3 L−1 at week 29 for all top and bottom solutions except for the bottom solution
from KLC2 (with the Eastern Arm interlayer) near 7 mg CaCO3 L−1.
• Much more alkalinity than acidity (12−20 times) is measured in all solutions at week 28,
corresponding to the release of Ca and Mg, with greater values in the bottom solution
than the top solutions.
• The solution assays at week 29 have confirmed:
• No significant Al (<0.05 mg L−1);
• Arsenic now below 0.015 mg L−1 (0.02 mg L−1 limit) for top and bottom solutions
of both KLC1 and KLC2;
• Cu below 0.01 mg L−1 (limit 0.2 mg L−1) for top and bottom solutions of both KLC1
and KLC2;
• Zn (<0.7 mg L−1) in top solutions and bottom solution from KLC2 all below the
acceptable limit of 0.8 mg L−1. 3.1 mg L−1 was measured in the bottom solution
from PRT in KLC1 which will be underneath TSF2 storage and may not be relevant
to control. Minor lime addition may still be required if monitoring of Zn levels
suggests that it may be necessary to raise the pH above 8 to maintain these
acceptable Zn concentrations.
• Mn 5−13 mg L−1;
• Sr near 0.4 mg L−1;
• Sulfate concentrations are still high (limit 300 mg L−1) in top solutions (350−490
mg L−1) and higher in bottom solutions (650–820 mg L−1) and may require
correction;
• Fe concentrations fell from 6-14 mg L−1 in top solutions in the first 4 weeks to <0.1
mg L−1after 12 weeks in all solutions;
• All other elements are below limits
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• It is also noted that Si at around 14 mg L−1 is enough to provide the full passivation layer
on pyrite reducing the acid generation rate by 50−90 %.
• The mineralogical origins and solution modelling of the Mn and Sr may require further
investigation to assess whether a control strategy is required.
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Table 7 Supernatant pH, acidity, alkalinity and selected leachate assays (mg L−1) for PRT KLC1
and layered KLC2 to date.
Collection
Week
4
8
12
21
25

4
8
12
21
25

4
8
12
20
24

4
8
12
20
24

Blue Minerals Consultancy
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pH

Acidity
(mg CaCO3 L−1)

Alkalinity
(mg CaCO3 L−1)

7.4
7.6
7.6

KLC1 top
44
10
7

57
54
52

7.5
7.4
7.3

KLC1 bottom
39
20
13

93
66
75

7.5
7.5
7.7

KLC2 top
39
0
7

56
70
52

7.4
7.2
7.3

KLC2 bottom
39
0
6

89
54
74

7.6
7.5

7.8
7.9

7.5
7.5

7.3
7.8

5
0.2

7
3

5
3

9
7

52
51

103
100

48
51

87
85
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Collection
Week

Al

As

Ca

4
8
12
21
25

<20
0.16
<0.1 0.01
<10 0.008
<0.05 0.012
<0.05 0.01

540
680
570
770
600

4
8
12
21
25

<20
0.07
<0.1
0.1
<10 0.025
<0.05 0.018
<0.05 0.016

490
660
535
680
800

4
8
12
20
24

<20
1.26
<0.1 0.034
<10 0.014
<0.05 0.009
<0.05 0.01

520
600
480
610
500

4
8
12
20
24

<20
<0.1
<10
<0.05
<0.05

520
640
540
670
640

0.06
0.072
0.028
0.031
0.014
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Cu

Fe

KLC1 top
<2
6
0.012
<0.1
0.01
<1
0.008
<0.05
0.007
<0.05
KLC1 bottom
<2
2.2
0.016
<0.1
0.018
<1
0.01
<0.05
0.005
<0.05
KLC2 top
<2
14
0.012
0.5
0.01
<1
0.006
<0.05
0.005
<0.05
KLC2 bottom
<2
<2
0.002
<0.1
<0.005
<1
0.004
0.08
0.003
<0.05

Mg

Mn

S

Sr

Zn

100
96
70
74
48

10
12
9
8.3
5

640
640
640
670
490

0.5
0.52
0.46
0.53
0.39

2.5
2.4
1.7
0.88
0.68

89
130
120
130
170

11
14
15
12
12

580
680
680
690
820

0.38
0.4
0.42
0.42
0.4

<0.0004
2.4
2.3
3.1

80
54
50
39
29

8
6.8
7
5.9
3.7

560
520
500
490
360

0.58
0.42
0.42
0.41
0.35

3
1.8
1.3
0.77
0.58

120
150
140
130
130

5
14
14
13
13

680
720
680
670
650

0.4
0.42
0.44
0.41
0.38

0.64
0.76
0.34
0.23
0.59
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Collection
Week

Al
(mg L−1)

4

<20

12
21
25

<10
<0.05
<0.05

4
12
21
25

<20
<10
<0.05
<0.05

4
12
20
24

<20
<10
<0.05
<0.05

4
12
20
24

<20
<10
<0.05
<0.05
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As
Cu
Mg
(mg L−1) (mg L−1) (mg L−1)
KLC1 top
0.16
<2
100
0.008
0.010
0.012
0.008
0.01
0.007
KLC1 bottom
0.07
<2
0.025
0.018
0.018
0.010
0.016
0.005
KLC2 top
1.26
<2
0.014
0.010
0.009
0.006
0.010
0.005
KLC2 bottom
0.06
<2
0.028
<0.005
0.031
0.004
0.014
0.003

Mn
(mg L−1)
10

70
74
48

9
8.3
5.0

89
120
130
170

11
15
12
12

80
50
39
29

8
7
5.9
3.7

120
140
130
130

5.0
14
13
13
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Appendix A

Bulk Assays of the Four Vibracore Main TSF Samples

HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m

Ag
(mg kg−1)

Al
(wt.%)

As
(mg kg−1)

0.006
0.012
0.007
0.012

0.98
1.42
1.47
1.49

12285
10484
9995
10550

Ba
Bi
(mg kg−1) (mg kg−1)
16462
8065
6369
6439

Ca
(wt.%)

Cd
(mg kg−1)

Co
(mg kg−1)

Cr
(wt.%)

Cu
(mg kg−1)

Fe
(wt.%)

30
27
25
29

0.98
0.95
0.98
0.99

52
72
56
84

41
35
44
35

<0.05
<0.05
<0.05
<0.05

1840
2434
1715
2311

28.3
27.3
25.5
25.9

K
(wt.%)

Mg
(wt.%)

Mn
(mg kg−1)

Mo
(mg kg−1)

Na
(wt.%)

Ni
(mg kg−1)

P
(wt.%)

Pb
(mg kg−1)

S
(wt.%)

Sb
(mg kg−1)

Se
(mg kg−1)

HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m

0.49
0.71
0.73
0.74

<0.5
<0.5
<0.5
<0.5

983
1423
980
2972

24
28
22
27

<0.5
<0.5
<0.5
<0.5

26
22
27
27

<0.5
<0.5
<0.5
<0.5

28256
34156
17638
26746

28.5
28.5
26.5
27.7

791
828
557
790

<10
<10
<10
<10

HLVB2P9-1A 11-13.5 m
HLVB2P9-1A 16.5-19.5 m
HLVB2P10-2A 13-16 m
HLVB2P10-2A 16-19 m

Si
(wt.%)
6.8
7.2
10.9
8.2

Zn
(mg kg−1)
20147
26565
20088
28975

Zr
(mg kg−1)
14
20
30
31

Blue Minerals Consultancy
6th February 2018

Sn
(mg kg−1)
17
14
10
20

Sr
(mg kg−1)
170
95
83
89

Ti
(wt.%)
<0.5
<0.5
<0.5
<0.5

U
(mg kg−1)
<0.1
<0.1
<0.1
<0.1

V
(wt.%)
<0.05
<0.05
<0.05
<0.05
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Appendix B

Full Set of Analyses for KLC1 and KLC2

Volume Collected
Collection Week
(ml)
4
8
12
21
25

4
8
12
21
25

Blue Minerals Consultancy
6th February 2018

130
130
140
171
180

80
140
118
129
140

pH

Conductivity
(mS cm−1)

Eh
(mV SHE)

KLC1 top

Cumulative
Acidity
(kg H2SO4 t−1)

Alkalinity
(mg CaCO3 L−1)

44
10
7

0.001
0.002
0.002

57
54
52

0.001
0.001
0.002

93
66
75

7.4
7.6
7.6

4220
4320
4030

262
370

5
0.2

7.5
7.4
7.3

KLC1 bottom
4160
434
4400
333
4340
296

39
20
13

7.6
7.5

7.8
7.9

4360
3380

4590
4590

521
340
281

Acidity
(mg CaCO3 L−1)

316
261

7
3

0.002
0.002

0.002
0.002

52
51

103
100
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Volume Collected
Collection Week
(ml)
4
8
12
20
24

4
8
12
20
24

Blue Minerals Consultancy
6th February 2018

130
130
130
178
194

137
153
200
163
220

pH

Conductivity
(mS cm−1)

Eh
(mV SHE)

KLC2 top

Acidity
(mg CaCO3 L−1)

Cumulative
Acidity
(kg H2SO4 t−1)

Alkalinity
(mg CaCO3 L−1)

7.5
7.5
7.7

3690
3530
3340

380
343
300

39
0
7

0.001
0.001
0.001

56
70
52

7.4
7.2
7.3

KLC2 bottom
4410
342
4650
346
4460
362

39
0
6

0.001
0.001
0.002

89
54
74

7.5
7.5

7.3
7.8

3410
2780

4440
4410

244
392

266
368

5
3

9
7

0.002
0.002

0.002
0.002

48
51

87
85
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Collection
Week

Ag
(mg L−1)

Al
(mg L−1)

4
8
12
21
25

<0.0002
<0.01
<0.005
<0.005

<20
<0.1
<10
<0.05
<0.05

0.16
0.01
0.008
0.012
0.01

0.0012
-

4
8
12
21
25

<0.0002
<0.01
<0.005
<0.005

<20
<0.1
<10
<0.05
<0.05

0.07
0.10
0.025
0.018
0.016

0.0013
-

4
8
12
20
24

<0.0002
<0.01
<0.005
<0.005

<20
<0.1
<10
<0.05
<0.05

1.26
0.034
0.014
0.009
0.010

<0.0004
-

4
8
12
20
24

<0.0002
<0.01
<0.005
<0.005

<20
<0.1
<10
<0.05
<0.05

0.06
0.072
0.028
0.031
0.014

0.0008
-

Blue Minerals Consultancy
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As
Au
−1
(mg L ) (mg L−1)

B
Ba
Be
−1
−1
(mg L ) (mg L ) (mg L−1)
KLC1 top
0.51
<0.001
<0.1
<0.04
<0.002
0.02
0.06
<0.02
<0.001
<0.05
<0.02
<0.001
KLC1 bottom
0.02
<0.001
<0.1
<0.04
<0.002
0.03
0.07
0.02
<0.001
<0.05
<0.02
<0.001
KLC2 top
<0.01
<0.001
<0.1
<0.04
<0.002
0.03
<0.05
<0.02
<0.001
<0.05
<0.02
<0.001
KLC2 bottom
0.03
<0.001
<0.1
<0.04
<0.002
0.03
<0.05
0.02
<0.001
<0.05
<0.02
<0.001

Bi
(mg L−1)

Ca
(mg L−1)

Cd
(mg L−1)

Co
(mg L−1)

<0.0004
<10
<5
<5

540
680
570
770
600

0.0015
0.0082
0.0080
0.0046
0.0035

0.026
0.022
0.018
0.017
0.012

<0.0004
<10
<5
<5

490
660
535
680
800

0.0016
0.0090
0.0044
0.0003
0.0007

0.020
0.014
0.010
0.005
0.003

<0.0004
<10
<5
<5

520
600
480
610
500

0.0010
0.0068
0.0052
0.0041
0.0029

0.024
0.018
0.014
0.012
0.010

<0.0004
<10
<5
<5

520
640
540
670
640

<0.0004
0.0008
0.0004
<0.0002
0.0006

0.016
0.006
0.004
0.004
0.004
22
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Collection
Week

Cr
(mg L−1)

Cu
(mg L−1)

4
8
12
21
25

<2
<0.002
<0.001
<0.001

<2
0.012
0.010
0.008
0.007

4
8
12
21
25

<2
<0.002
<0.001
<0.001

<2
0.016
0.018
0.010
0.005

4
8
12
20
24

<2
<0.002
<0.001
<0.001

<2
0.012
0.010
0.006
0.005

4
8
12
20
24

<2
<0.002
<0.001
<0.001

<2
0.002
<0.005
0.004
0.003

Blue Minerals Consultancy
6th February 2018

Fe
K
La
(mg L−1) (mg L−1) (mg L−1)
KLC1 top
6.0
30
<0.001
<0.1
30
<1
25
<0.05
26
<0.05
17
KLC1 bottom
2.2
33
<0.001
<0.1
36
<1
30
<0.05
35
<0.05
38
KLC2 top
14
20
<0.001
0.5
19
<1
15
<0.05
15
<0.05
13
KLC2 bottom
<2
40
<0.001
<0.1
38
<1
30
0.08
30
<0.05
27
-

Li
Mg
Mn
Mo
Na
(mg L−1) (mg L−1) (mg L−1) (mg L−1) (mg L−1)
<2
-

100
96
70
74
48

10
12
9
8.3
5.0

<0.004
<0.01
<0.005
<0.005

40
46
30
48
29

<2
-

89
130
120
130
170

11
14
15
12
12

<0.004
<0.01
<0.005
<0.005

44
60
50
72
80

<2
-

80
54
50
39
29

8
6.8
7
5.9
3.7

<0.004
<0.01
<0.005
<0.005

40
26
<10
25
19

<2
-

120
150
140
130
130

5.0
14
14
13
13

<0.004
<0.01
<0.005
<0.005

60
62
40
57
56
23
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Collection
Week

Ni
(mg L−1)

4
8
12
21
25

<2
0.036
0.038
0.021
0.016

<20
1
<5
<5

0.38
0.17
0.099
0.037
0.046

4
8
12
21
25

<2
0.026
0.037
0.023
0.021

<20
1.4
<5
<5

0.087
0.11
0.040
0.031
0.020

4
8
12
20
24

<2
0.034
0.048
0.017
0.015

<20
<1
<5
<5

2.0
0.19
0.095
0.043
0.026

4
8
12
20
24

<2
0.012
0.020
0.007
0.014

<20
1.4
<5
<5

0.006
0.030
0.007
0.005
0.002

Blue Minerals Consultancy
6th February 2018

P
Pb
(mg L−1) (mg L−1)

S
Sb
(mg L−1) (mg L−1)
KLC1 top
640
0.020
640
<0.01
640
0.012
670
0.012
490
0.012
KLC1 bottom
580
0.009
680
<0.01
680
0.007
690
<0.005
820
<0.005
KLC2 top
560
0.060
520
<0.01
500
0.010
490
0.010
360
0.011
KLC2 bottom
680
0.008
720
<0.01
680
<0.002
670
0.008
650
<0.005

Se
(mg L−1)

Si
(mg L−1)

Sn
(mg L−1)

Sr
(mg L−1)

<0.04
<0.002
<0.001
<0.001

<4
2.2
<2
<5
<5

<0.01
<0.01
<0.005
<0.005

0.50
0.52
0.46
0.53
0.39

<0.04
0.002
<0.001
<0.001

13
7.4
6
13
14

0.02
0.01
0.011
0.006

0.38
0.40
0.42
0.42
0.4

<0.04
<0.002
<0.001
<0.001

<4
2
<2
<5
<5

<0.01
<0.01
<0.005
<0.005

0.58
0.42
0.42
0.41
0.35

<0.04
<0.002
<0.001
<0.001

12
8
6
11
8.5

<0.01
<0.01
<0.005
<0.005

0.40
0.42
0.44
0.41
0.38
24
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Collection
Week

Ti
(mg L−1)

Tl
(mg L−1)

4
8
12
21
25

<20
<0.01
<0.005
<0.005

0.024
0.048
0.039

4
8
12
21
25

<20
<0.01
<0.005
<0.005

0.0009
0.012
0.056
0.049

4
8
12
20
24

<20
<0.01
<0.005
<0.005

0.016
0.034
0.027

4
8
12
20
24

<20
<0.01
<0.005
<0.005

0.006
0.012
0.021

U
V
−1
(mg L )
(mg L−1)
KLC1 top
0.0004
<2
<0.01
<0.01
<0.005
<0.005
<0.005
<0.005
KLC1 bottom
<2
<0.0002
<0.01
<0.01
<0.005
<0.005
<0.005
<0.005
KLC2 top
0.0012
<2
<0.01
<0.01
<0.005
<0.005
<0.005
<0.005
KLC2 bottom
<0.0004
<2
<0.01
<0.01
<0.005
<0.005
<0.005
<0.005

W
(mg L−1)

Zn
(mg L−1)

Zr
(mg L−1)

0.0034
-

2.5
2.4
1.7
0.88
0.68

<0.0004
-

2.2
2.7
-

<0.0004
2.4
2.3
3.1

<0.0004
-

0.0002
-

3.0
1.8
1.3
0.77
0.58

<0.0004
-

<0.0002
-

0.64
0.76
0.34
0.23
0.59

<0.0004
-
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Appendix H

Vibracore Sampling: GeoCoastal
Current
Program
Hole No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Current
Program Hole
ID

HLVB1P1‐1A
HLVB1P1‐1B
HLVB1P1‐1C
HLVB1P1‐2A
HLVB1P1‐2B
HLVB1P1‐3A
HLVB1P2‐1A
HLVB1P2‐1B
HLVB1P2‐1C
HLVB1P2‐2A
HLVB1P2‐2B
HLVB1P2‐2C
HLVB1P3‐1A
HLVB1P3‐1B
HLVB1P3‐1C
HLVB1P3‐2A
HLVB1P3‐2B
HLVB1P3‐2C
HLVB1P4‐1A
HLVB1P4‐1B
HLVB1P4‐1C
HLVB1P4‐2A
HLVB1P4‐2B
HLVB1P4‐2C
HLVB1P4‐2D
HLVB1P5‐1A
HLVB1P5‐2A
HLVB1P5‐2B
HLVB1P5‐2C
HLVB1P5‐2D
HLVB1P6‐1A
HLVB1P6‐1B
HLVB1P6‐1C
HLVB1P6‐1D
HLVB1P1‐4A

Date

Depth
of
Water

# Base of
Hole
depth Hole depth solids
from dam from water below
dam bed
level
bed

Position

UTM

UTM

UTM

UTM

Format

Zone
No

Zone

Metres
East

Metres
North

Metres

Metres

Metres

Metres

02-Nov-17

UPS

55

G

391817

5397326

2.3

7.4

9.7

7.4

02-Nov-17

UPS

55

G

391824

5397332

2.3

7.2

9.5

7.2

02-Nov-17

UPS

55

G

391827

5397323

2.3

7.4

9.7

7.4

03-Nov-17

UPS

55

G

391791

5397432

2.1

0.5

2.6

0.5

03-Nov-17

UPS

55

G

391795

5397435

2.1

0.4

2.5

0.4

03-Nov-17

UPS

55

G

391839

5397379

1.9

1.45

3.35

1.45

03-Nov-17

UPS

55

G

391989

5397348

1.2

8.2

9.4

8

03-Nov-17

UPS

55

G

391986

5397347

1.2

8.5

9.7

8.3

03-Nov-17

UPS

55

G

391984

5397345

1.2

8.7

9.9

8.5

04-Nov-17

UPS

55

G

392062

5397378

1

9.5

10.5

9.3

04-Nov-17

UPS

55

G

392060

5397383

1.1

9.3

10.4

9

04-Nov-17

UPS

55

G

392058

5397379

1.3

8.5

9.8

8.2

05-Nov-17

UPS

55

G

391889

5397249

1.8

8.7

10.5

8.4

05-Nov-17

UPS

55

G

391890

5397244

1.8

8.3

10.1

8.15

05-Nov-17

UPS

55

G

391886

5397254

1.9

8.6

10.5

8.4

05-Nov-17

UPS

55

G

391996

5397226

2.2

8.3

10.5

>8.3

07-Nov-17

UPS

55

G

391997

5397219

1.5

9

10.5

8.9

07-Nov-17

UPS

55

G

391990

5397222

1.5

9

10.5

8.95

07-Nov-17

UPS

55

G

392088

5397475

1.2

9.3

10.5

>9.3

07-Nov-17

UPS

55

G

392088

5397479

1.2

9.3

10.5

>9.3

08-Nov-17

UPS

55

G

392089

5397484

1.2

9.3

10.5

>9.3

08-Nov-17

UPS

55

G

392141

5397446

1.7

8.8

10.5

>8.8

08-Nov-17

UPS

55

G

392138

5397440

1.4

9.1

10.5

>9.1

08-Nov-17

UPS

55

G

392136

5397439

1.5

9

10.5

>9.0

09-Nov-17

UPS

55

G

392139

5397437

1.4

9.1

10.5

>9.1

09-Nov-17

UPS

55

G

392105

5397242

13.2

0

13.2

0

09-Nov-17

UPS

55

G

392247

5397220

8

2.5

10.5

>2.5

09-Nov-17

UPS

55

G

392252

5397219

8.4

2.1

10.5

>2.1

09-Nov-17

UPS

55

G

392254

5397221

8.3

2.2

10.5

>2.2

10-Nov-17

UPS

55

G

392247

5397216

8

2.5

10.5

>2.5

10-Nov-17

UPS

55

G

392153

5397101

2.1

8.4

10.5

>8.4

10-Nov-17

UPS

55

G

392152

5397096

2.2

8.3

10.5

>8.3

10-Nov-17

UPS

55

G

392147

5397097

2

7.9

9.9

7.85

11-Nov-17

UPS

55

G

392147

5397099

2

8.5

10.5

>8.5

11-Nov-17

UPS

55

G

391910

5397378

1.2

6.1

7.3

6.05

# Equals total thickness of solids

Comments

rock‐residual
rock‐residual
rock‐residual
rock‐shallow residual shelf
rock‐shallow residual shelf
rock‐shallow residual shelf
residual soil
residual soil
residual soil
residual soil
residual soil
residual soil
residual clay
residual clay
residual clay
terminate in tailings
residual soil
residual soil
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
3‐point anchor/lakebed ‐2.7m below Bench 1 invert
3‐point anchor/terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
residual rock
terminate in tailings
residual rock

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61a
61b
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

HLVB1P1‐4B
HLVB1P1‐4C
HLVB1P1‐4D
HLVB1P1‐1D
HLVB1P2‐1D
HLVB1P2‐2D
HLVB1P3‐1D
HLVB1P3‐2D
HLVB1P4‐1D
HLVB1P7‐1A
HLVB1P7‐1B
HLVB1P7‐1C
HLVB1P7‐1D
HLVB1P7‐2A
HLVB1P7‐2B
HLVB1P7‐2C
HLVB1P7‐2D
HLVB1P10‐2B
HLVB1P10‐2C
HLVB1P10‐2D
HLVB1P10‐1A
HLVB1P10‐1B
HLVB1P9‐1A
HLVB1P9‐1B
HLVB1P9‐1C
HLVB1P10‐2A
HLVB1P10‐2Aa
HLVB1P10‐1C
HLVB1P10‐1D
HLVB1P9‐1D
HLVB1P9‐2A
HLVB1P9‐2B
HLVB1P9‐2C
HLVB1P9‐2D
HLVB1P11‐1A
HLVB1P11‐1B
HLVB1P11‐1C
HLVB1P11‐1D
HLVB1P11‐2A
HLVB1P11‐2B
HLVB1P11‐2C
HLVB1P11‐2D

11-Nov-17

UPS

55

G

391915

5397372

1.1

6.8

7.9

6.75

11-Nov-17

UPS

55

G

391909

5397368

1.2

7

8.2

6.95

13-Nov-17

UPS

55

G

391905

5397371

1.2

6.3

7.5

7.45

13-Nov-17

UPS

55

G

391814

5397330

2.1

6.5

8.6

8.55

13-Nov-17

UPS

55

G

391994

5397353

1.3

8.05

9.35

7.6

13-Nov-17

UPS

55

G

392062

5397376

1.3

9.2

10.5

>9.2

14-Nov-17

UPS

55

G

391872

5397248

1.9

8.6

10.5

>8.6

14-Nov-17

UPS

55

G

391989

5397205

1.5

9

10.5

>9.0

14-Nov-17

UPS

55

G

392074

5397479

1.3

9.2

10.5

>9.2

14-Nov-17

UPS

55

G

391890

5397475

1.7

5.1

6.8

5

15-Nov-17

UPS

55

G

391885

5397471

1.7

5.35

7.05

5.25

15-Nov-17

UPS

55

G

391882

5397474

2

4.3

6.3

4.25

15-Nov-17

UPS

55

G

391889

5397474

1.9

4.5

6.4

4.45

15-Nov-17

UPS

55

G

391973

5397522

1.1

9.4

10.5

>9.4

16-Nov-17

UPS

55

G

391970

5397519

1.1

9.4

10.5

>9.4

16-Nov-17

UPS

55

G

391968

5397522

1.2

9.3

10.5

>9.3

16-Nov-17

UPS

55

G

391969

5397525

1.2

9.3

10.5

>9.3

16-Nov-17

UPS

55

G

391891

5397076

1.3

9.2

10.5

>9.2

17-Nov-17

UPS

55

G

391891

5397080

1.3

9.2

10.5

>9.2

17-Nov-17

UPS

55

G

391888

5397077

1.4

9.1

10.5

>9.1

17-Nov-17

UPS

55

G

391807

5397042

1.8

8.7

10.5

>8.7

17-Nov-17

UPS

55

G

391801

5397034

1.8

8.7

10.5

>8.7

20-Nov-17

UPS

55

G

391952

5396996

2.4

17.1

19.5

>17.1

20-Nov-17

UPS

55

G

391953

5396995

2.5

8

10.5

>8.0

20-Nov-17

UPS

55

G

391949

5396988

2.6

7.9

10.5

>7.9

21-Nov-17

UPS

55

G

391888

5397077

1.3

9.7

11

>17.7

22-Nov-17

UPS

55

G

391888

5397078

13

6

19

>17.7

21-Nov-17

UPS

55

G

391789

5397036

1.8

8.7

10.5

>8.7

21-Nov-17

UPS

55

G

391788

5397027

1.8

8.7

10.5

>8.7

22-Nov-17

UPS

55

G

391951

5397003

2.35

8.15

10.5

>8.15

22-Nov-17

UPS

55

G

392088

5397036

1.45

7.4

8.85

6.5

22-Nov-17

UPS

55

G

392087

5397031

1.5

6.4

7.9

6.35

23-Nov-17

UPS

55

G

392078

5397029

1.5

6.4

8.1

6.3

23-Nov-17

UPS

55

G

392079

5397023

1.4

5

6.4

4.95

23-Nov-17

UPS

55

G

391654

5397126

1.2

9.3

10.5

>9.3

23-Nov-17

UPS

55

G

391653

5397131

1.2

9.3

10.5

>9.3

24-Nov-17

UPS

55

G

391645

5397131

1.3

9.2

10.5

>9.2

24-Nov-17

UPS

55

G

391639

5397128

1.3

9.2

10.5

>9.2

24-Nov-17

UPS

55

G

391681

5397251

1.45

7.4

8.85

7.1

24-Nov-17

UPS

55

G

391680

5397255

1.5

6.95

8.45

6.8

27-Nov-17

UPS

55

G

391681

5397260

1.5

6.7

8.2

6.65

27-Nov-17

UPS

55

G

391687

5397261

1.5

6.6

8.1

6.55

# Equals total thickness of solids

residual rock
residual rock
residual rock
residual rock
residual soil/clay
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
residual rock
residual rock
residual rock
residual rock
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
residual clay
residual rock
residual clay
wood (hard)
terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings
residual clay
residual clay/rock
residual rock
residual rock

Finger Pond
77
78
79
80
81
82
83

HLVFP‐1
HLVFP‐2
HLVFP‐3
HLVFP‐4
HLVFP‐5
HLVFP‐6
HLVFP‐7

27-Nov-17

UPS

55

G

392461

5397279

9.4

3.1

12.5

3.05

28-Nov-17

UPS

55

G

392501

5397349

6.3

2.2

8.5

2.15

28-Nov-17

UPS

55

G

392557

5397341

5.5

4

9.5

3.75

28-Nov-17

UPS

55

G

392527

5397258

6.8

5.9

12.7

5.85

29-Nov-17

UPS

55

G

392524

5397206

6.6

5.4

12

>5.4

29-Nov-17

UPS

55

G

392483

5397215

6.3

5.7

12

>5.7

29-Nov-17

UPS

55

G

392567

5397376

1.3

7.1

8.4

6.85

30-Nov-17

UPS

55

G

393211

5396695

2.45

15.55

18

>15.55

04-Dec-17

UPS

55

G

393124

5396666

2.4

15.6

18

>15.6

04-Dec-17

UPS

55

G

393176

5396648

2.3

9.7

12

>9.7

04-Dec-17

UPS

55

G

393165

5396738

3.2

8.8

12

>8.8

residual rock (3 point anchoring)
residual clay/rock (3 point anchoring)
residual clay(3 point anchoring)
residual rock (3 point anchoring)
terminate in tailings (3 point anchoring)
terminate in tailings (3 point anchoring)
residual clay/rock Total core in Finger Pond 33.40m

Shale Pit
84
85
86
87

HLVSH‐1
HLVSH‐2
HLVSH‐3
HLVSH‐4

terminate in tailings
terminate in tailings
terminate in tailings
terminate in tailings Total core in Finger Pond 49.65m
Total core = 661.10m

# Equals total thickness of solids

Hellyer Gold Mines Pty Ltd
Development Proposal and
Environmental Management Plan
Construction and Operation of a Tailings Storage Facility

Appendix I

Hellyer Gold Mines Pty Ltd
Hellyer Tailings Reprocessing New TSF
TSF2 Design Report
September 2018
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1.

Introduction
1.1

Purpose of this report

GHD Pty Ltd (GHD) has been engaged by Hellyer Gold Mines Pty Ltd (Hellyer) to produce a
detailed design for the proposed new Tailings Storage Facility (TSF2) at Hellyer Gold Mine,
located approximately 20km north-east of Tullah on Tasmania’s West Coast.
TSF2 is required to provide storage for reprocessing of approximately 10 Mt of tailings from the
existing TSF’s. The process will remove approximately 55% of the tailings mass to produce a
sulphide concentrate in addition to gold/silver/lead/zinc concentrate streams. The tailings will be
mined from the existing TSF’s by dredging possibly in combination with some sluicing.
TSF2 will be constructed approximately 500 m downstream of the existing Hellyer Residue Dam
using a downstream raise construction method in stages
This Report documents the design for the proposed TSF2 Starter Dam for the purpose of the
submission of the Development Proposal Environmental Management Plan (DPEMP) with some
minor details required to be completed to enable tendering and construction of the dam and
appurtenant works in accordance with the design intent.

1.2

Scope of Work

The scope of work for the design of TSF2 comprises the following elements:
Assess the Consequence Category of the Dam.
Selection of design criterion based on the assessed Consequence Category.
Review flood hydrology and undertake hydraulic assessment and spillway design for a free
overflow spillway crest and unlined downstream channel.
Incorporation of the water balance into the design to confirm appropriate water strategy and
decant system requirements (i.e. pumps / pipeline capacity).
Determine embankment geometry, material selection, zoning for embankment to suit
foundation conditions and stability, filter and drainage requirements. Tasks include
undertaking stability and seepage analyses and deformation analysis.
Material quantity and dam capacity volume calculations based on existing survey and
selected geometry.
Foundation design including treatment specifications such as stripping and grouting.
Specify instrumentation as required.
Erosion protection design and miscellaneous drainage.
Design and detailing of requirements to address impacts of new TSF filling on existing Main
Residue Dam.
Risk assessment on the Starter Dam design and construction incorporating the
requirements of Safety in Design.
Conceptual closure design.
Preparation of design drawings for the Starter Dam and concepts for ultimate level.
Prepare Bill of Materials/Quantities for the purposes material balances.
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1.3

Design Implementation Approach

The design of TSF2 has utilised the observational method. Tailings impoundments generally
take many years to construct and experience changes over time which may require operational
responses. During the various design phases, water balance and geotechnical conditions are
assumed based on knowledge available at the time. During construction and operation, it is
essential to monitor these conditions, verify assumptions made in the design, and then refine
them as actual data is available over time.
The observational method allows the TSF to be optimised over time as monitoring information
becomes available and the design and construction methodologies evolve. The observational
method allows any changes that might occur during the life of the TSF to be accommodated
whilst meeting the design criteria over the entire construction life of TSF2.
Instrumentation data reviews are essential to identify trends in the data that might cause
concern as early as possible. It is essential to react to these concerns well before they impact
on the integrity of the structure and become increasing difficult to resolve. As modification effort
could span several years to minimise its impact on the overall operation, addressing a major
problem at a later stage might be operationally difficult, expensive, and could even be
impractical. The observational method provides the ability to address concerns through a
proactive rather than reactive approach.

1.4

Limitations

This report: has been prepared by GHD for Hellyer Gold Mines Pty Ltd and may only be used
and relied on by Hellyer Gold Mines Pty Ltd for the purpose agreed between GHD and the
Hellyer Gold Mines Pty Ltd as set out in section 1.1 of this report.
GHD otherwise disclaims responsibility to any person other than Hellyer Gold Mines Pty Ltd
arising in connection with this report. GHD also excludes implied warranties and conditions, to
the extent legally permissible.
The services undertaken by GHD in connection with preparing this report were limited to those
specifically detailed in the report and are subject to the scope limitations set out in the report.
The opinions, conclusions and any recommendations in this report are based on conditions
encountered and information reviewed at the date of preparation of the report. GHD has no
responsibility or obligation to update this report to account for events or changes occurring
subsequent to the date that the report was prepared.
The opinions, conclusions and any recommendations in this report are based on assumptions
made by GHD described in this report. GHD disclaims liability arising from any of the
assumptions being incorrect.
GHD has prepared this report on the basis of information provided by Hellyer Gold Mines Pty
Ltd and others who provided information to GHD (including Government authorities), which
GHD has not independently verified or checked beyond the agreed scope of work. GHD does
not accept liability in connection with such unverified information, including errors and omissions
in the report which were caused by errors or omissions in that information.
The opinions, conclusions and any recommendations in this report are based on information
obtained from, and testing undertaken at or in connection with, specific sample points. Site
conditions at other parts of the site may be different from the site conditions found at the specific
sample points.
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Investigations undertaken in respect of this report are constrained by the particular site
conditions, such as the location of buildings, services and vegetation. As a result, not all
relevant site features and conditions may have been identified in this report.
Site conditions (including the presence of hazardous substances and/or site contamination) may
change after the date of this Report. GHD does not accept responsibility arising from, or in
connection with, any change to the site conditions. GHD is also not responsible for updating this
report if the site conditions change.
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2.

Project Overview
The Hellyer Mine has originally commissioned 1989 as an underground mine with discharge of
tailings to the Hellyer Residue Main Dam, located approximately 2 km northwest of the Mill Site.
Hellyer was put into care and maintenance in 2000 and later re-opened for tailings reprocessing
in 2006-2008 and 2009-2012 before again entering care and maintenance. Reprocessed
tailings were deposited into new storages constructed as causeway embankments over
tailings/pond within the Main Dam storage area, namely the Western and Eastern Arms and the
Eastern Finger Bund. The Shale Quarry Embankment was also constructed as a storage for
reprocessed tailings which is located approximately 700 m northwest of the Mill Site.
TSF2 will be constructed approximately 500 m downstream of the existing Hellyer Residue Dam
using a downstream raise construction method in stages as follows:
Starter Dam (Stage 1) with crest level at RL 638 m; and
Further stages up to the ultimate crest level at RL 646 m.
Based on the projected production figures, it is expected that Stage 1 will provide approximately
2 years’ of storage with 0.88 Mm3 of capacity. The final capacity at the ultimate height
embankment is estimated at 3.4 Mm3.
In order to minimise the footprint of disturbance in the area, the Stage 1 embankment would be
constructed using materials sourced from borrow areas within the dam storage area. Materials
for subsequent stages will be won by extending the borrow area inside the ultimate storage
area.
A photo of the storage area of TSF2 taken from the Main Dam crest is shown in Figure 1, the
site layout is presented in the drawings shown in Appendix A.

Figure 1

TSF2 storage area
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3.

Design Basis and Design Criteria
This section defines the design basis and design criteria for the proposed TSF2.

3.1

Design Basis

The assumptions and requirements used as design basis supplied by Hellyer are presented in
Table 3-1.
Table 3-1 Hellyer TSF2 Design Basis
Item

Design Basis
Mine life: 10 years
Production rate:

Tailings
Production
Schedule

Stage 1: 0.72 Mtpa;
Stage 2: 0.96 Mtpa;
Stage 3 onwards: 1.2 Mtpa.
45% tailings by weight returned to TSF / 55% concentrate
Tailings delivery at: 30% solids
Tailings settled density: 1.3 t/m 3 *
Tailings storage:
Starter Dam: 1.1 Mt (2 years)
Ultimate Dam: 4.4 Mt (LOM 7.7 years)

Tailings
Geochemistry

Tailings classified as geochemically Potentially-Acid Forming (PAF).

Water Cover

Maintain a minimum 2 m water cover over the reprocessed tailings due
reduce the risk of sulfide oxidisation

Tailings Delivery
Methodology
Construction
Material Hauling

Delivery by pipe from Mill (by others) and discharge sub-aqueously

Construction contractor fleet likely to consist of up to 40 t Articulated Dump
Trucks

* Although initial laboratory tests conducted by University Queensland have indicted a settled
density of 1.6 t/m3, a more conservative 1.3 t/m3 has been used for design. Once Stage 1 has
been commissioned, field surveys of PRT settled density will confirm the actual density and
required TSF2 volume for the final stages, as discussed in section 7.

3.2

Design Criteria

The design criteria for the design are listed in Table 3-2 and are based on the following:
Currently accepted practice for dam engineering in Australia;
Tasmanian legislation;
Australian National Committee on Large Dams (ANCOLD) Guidelines; and
Hellyer requirements.
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Table 3-2 Hellyer TSF2 Dam Criteria
Item

Design Criteria

Consequence
Category
(ANCOLD)

‘High C ’ (refer to Section 4)

TSF Construction
Spillway

Construction spillways to safely pass 1:5 ARI flow events

TSF Decanting
System

The decant arrangement of the new TSF shall include a decant pontoon (or
shore based pump) to recirculate water back to the Main Dam dredging
operation.

TSF Spillway

Spillway to be cut in non-erodible natural ground.
The spillway shall pass a 1:100,000 AEP flood event while maintaining
freeboard for wave run-up in a 1:10 AEP wind event during operation;
Probable Maximum Flood (PMF) on closure.

Embankment
Seismic Loading

TSF Embankment

Operating Basis Earthquake
(OBE)

1:1,000 year return period, PGA = 0.1 g,
Magnitude = 6.3

Maximum Design Earthquake
(MDE):

1:10,000 year return period, PGA = 0.22
g, Magnitude = 7.6

TSF2 Downstream raise construction methodology. Earth and rockfill
embankment with BGM liner on upstream face due to limited availability of
clay within storage area.
Grouting of embankment foundation to minimise seepage and the risk of
embankment/foundation piping.

Diversion Drains

Maximising diversion of clean water flows to the TSF2 area is proposed to
based on water quality assessment (by others). To control the water level
in the Main Dam during water level lowering in final stage of dredging,
siphon pipes (or pump) could remove excess water to TSF2.

TSF Closure

Environmental and mine closure considerations:
Remove risk (and or) clean-up cost of Main Dam on mine closure
TSF2 water cover 2m over tailings to reduce risk for oxidisation
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4.

Consequence Category Assessment
ANCOLD (2012) defines a range of Consequence Categories according to the severity of the
impacts of a failure. Two scenarios have been considered:
1. ‘Dam Failure’ – potential failure of the structure (all credible failure modes) for sunny day
and flood failure; and
2. ‘’Environmental Spill’ – the effect of spilling water from the structure during a flood or an
extreme wet period.
The consequence assessment for each scenario is discussed in more detail below, the
assessment sheet can be found in Appendix B.

4.1

Dam Failure Consequence Category

The proposed TSF2 is located downstream of the Hellyer Residue Dam, which is currently
being classified as a “High C” Consequence Category Dam in accordance with Australian
National Committee of Large Dams (ANCOLD) “Guidelines on the Consequence Categories for
Dams” (ANCOLD, 2012b).

Emu Bay
Railway

Que River

Murchison
Highway
Hellyer
Residue Dam

TSF2

Figure 2

Locality Plan

The TSF2 is approximately 2 km upstream of the Murchison Highway. During a dam break, the
released water and/or tailings would pass through a relatively wide flat wetland area 1 to 2 km
upstream of the highway before entering the Que River. The flows would overtop the bridge of
the highway before continuing downstream in the Que River. There is reasonable sight distance
to the highway bridge in both directions, so the itinerants on the highway would recognise the
dam break early in a sunny day scenario so the Population at Risk (PAR) will be zero.
Conservatively, the PAR is estimated to be 1-2 itinerants on the highway at nights or times
when the visibility is low.
Approximately 12 km downstream of the dam the Que River passes beneath a bridge of the
Emu Bay railway line. In the worst case scenario, the flows would likely exceed the capacity of
the existing railway culvert system and the railway embankment would likely be washed away.
While the railway is not current used due to the Queenstown mine currently in Care and
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Maintenance, this assessment has been based on an operational railway due to the expected
reopening of the Mt Lyell mine during the life of TSF2. It is expected that only the train driver,
and possibly a second person, would be operating the train, hence giving a PAR of “1-10” for
the unlikely scenario that a train is passing along Emu Bay Railway at the time of dam failure.
The Que River eventually joins the Huskisson River around 20 km downstream of the dam, and
the Huskisson River enters Lake Pieman some 40 km downstream of the dam.
With the exception of the aforementioned infrastructure, the flood plain is in uninhabited forest.
Based on a screening level assessment on the satellite and topographic maps and visual
inspection of the topography downstream of the dam, the Population at Risk (PAR) is estimated
to “1-10”. A detailed dam break assessment can be undertaken to confirm this initial
assessment.
The severity of damage and loss has been assessed as “Major”, primarily due to the impact of
contaminants on fauna and ecosystems and likely impacts on Hellyer’s business.
Based on the above, it is recommended that TSF2 be designated as a ‘High C’ Consequence
Category, the same as the Hellyer Residue Dam.

4.2

Environmental Spill Consequence Category

The Environmental Spill Consequence Category for TSF2 has been assessed as “Low” given
that in a flood or extreme storm event the water in TSF2 will become diluted and therefore
suitable for release with minimal contaminants.
The consequence assessments have shown Dam Failure Consequence Category is higher than
the Environmental Spill Consequence Category for TSF2, thus the Dam Failure Consequence
Category governs the embankments design criterion.

4.3

Implications of Consequence Category and General Risk
Management

The Consequence Categories of the TSF2 has been assessed based on the Implication of
Consequence Category and General Risk Management. The ‘High C’ Consequence Category
designation for the TSF2 embankment requires that design and construction of the dam needs
to be of an industry acceptable standard to minimise the risk of future dam safety issues. Key
requirements are discussed in the following sections.
4.3.1

Minimum Competency Requirements for Design, Construction and
Surveillance Activities

Dams within Tasmania are legislated under the Water Management Act 1999 and Water
Management (Safety of Dams) Regulations 2015 (S.R. 2015, No. 98). Other important relevant
guidelines include DPIPWE Guidelines for Preconstruction Reports (December 2015).
The Regulations outline minimum dam safety activities for certain dams and competency
requirements for individuals undertaking activities relating to the design, construction and
surveillance of dams in Tasmania. Minimum required dam safety activities and competency
requirements for individuals undertaking activities for a “High C” Consequence Category Dam
greater than 24 m in height are summarised in Table 4-1.
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Table 4-1 Minimum Requirements and Competency Requirements
No

Activity

Requirement

1
2
3
4
5

Design plans and specifications
Pre-construction investigation, design and report
Supervision of construction and decommissioning
WAE report
Dam safety emergency plans and operation and
maintenance manuals
Intermediate surveillance inspections and reports
Comprehensive surveillance inspections and
reports
Safety reviews
Dam incident investigation and report

Required
Required
Required
Required
Required

Competency
Requirement
Class 1
Class 1 or 3
Class 1
Class 1
Class 1

Required
Required

Class 2
Class 1

Required
Required

Class 1
Class 1 or 3

6
7
8
9

The GHD design team for TSF2 meets the requirements of the regulations. Persons involved in
the design are noted in Table 4-2.
Table 4-2 TSF2 Investigation and Design Team
Competency
Class

Title

Name

Technical Director, Tailings

Rob Longey

1

Senior Technical Director, Mine Waste Management

David Brett

1

Technical Director, Dams

Mark Locke

1

Senior Engineering Geologist

Kris Jelly-Butterworth

3

Geotechnical Engineer

Jarrad Mawbey
ChiaChia Jong/Beck
Gepilano

3

Fiona Haynes

3

Engineer, Dams & Geotechnical
Senior Civil Engineer, Hydrology & Hydraulics
4.3.2

1

Key Design Parameters

Design Flood and Freeboard
For a ‘High C’ Consequence Category Dam, ANCOLD Guidelines on Tailings Dams (ANCOLD,
2012a) recommends a spillway design to pass a 1:100,000 AEP flood with sufficient freeboard
for wave run-up during a 1:10 AEP wind event.
Design Earthquake Loading
For a ‘High C’ Consequence Category Dam, ANCOLD (2012a) suggests to consider the
following design earthquake event during operations phase of the dam:
Operating Basis Earthquake (OBE) – 1:1,000 AEP
Maximum Design Earthquake (MDE) – 1:10,000 AEP
4.3.3

Surveillance Requirements

ANCOLD Guidelines on Dam Safety Management (ANCOLD, 2003) provides guidance on the
surveillance requirements and frequency for dams based on their Consequence Category. For
a ‘High C’ Consequence Category Dam considered to be in sound condition with no
deficiencies, ANCOLD suggest the inspection and monitoring types and frequencies as shown
in Table 4-3 and Table 4-4 respectively.
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Table 4-3 Inspection Types and Frequencies
Inspection Type
Routine Visual
Intermediate
Comprehensive
Special

ANCOLD Recommended Frequency
Daily to Tri-Weekly
Annual
On first filling then 5-Yearly
As Required

Table 4-4 Monitoring Types and Frequencies
Monitoring Type
Rainfall
Storage Level
Seepage
Chemical Analysis of Seepage
Pore Pressure
Surface Movement Control
Surface Movement Normal
Internal Movement / Stresses
Seismological
4.3.4

ANCOLD Recommended Frequency
Daily to Tri-Weekly
Daily to Tri-Weekly
Daily to Tri-Weekly
Consider
Monthly to 6-Monthly
5-Yearly to 10-Yearly
2-Yearly
2-Yearly
Consider

Operations and Maintenance Manual

An Operations and Maintenance Manual is required to be produced prior to the commissioning
of a dam in accordance with ANCOLD (2003), detailing specific requirements and frequency of
dam monitoring. Specific designer requirements will need to be met to ensure on-going safety
of the dam.
This manual should include but not be limited to the following:
Design intent;
Daily operations and inspections;
Water and tailings management procedures;
Criteria for mechanical and electrical works (including pumps);
Surveillance;
Maintenance and on-going works.
4.3.5

Dam Safety Emergency Plan

ANCOLD (2003) states a Dam Safety Emergency Plan (DSEP) should be prepared where any
persons, infrastructure or environmental values could be at risk if the dam were to fail. A DSEP
will therefore be required for TSF2 prior to construction.
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5.

Geology and Geotechnical
Investigations
5.1

Overview

The following is a summary of the TSF2 geotechnical investigation and should be read in
conjunction with the document Geotechnical Investigation Stage 1 and 2 Report (GHD, 2018a).

5.2

Site Investigation

GHD conducted the site investigation in two stages, which include the following:
Stage 1
Desktop study of existing information to provide an overview of the site geology and
general geotechnical characteristics of the site;
Mapping of surface expressions of geology, streams, faults and contacts between
geological units;
Excavations of test pits along embankment area and borrow sources with associated field
strength testing and sampling for geotechnical and geochemical testing to identify suitability
for use as construction material;
Geophysical investigation, comprising a Seismic Refraction Tomography (SRT) along the
embankment area to determine rock depth.
Stage 2
Drilling of eight (8) boreholes in the embankment with depths ranging between 10.0 m to
35.3 m, the deeper boreholes were positioned in the deeper portion of the valley, drill
depths are proportional to the height of the dam. Packer testing was undertaken
approximately every 10 m at each of the boreholes to determine the permeability of rock
around the foundation area.
Drilling of four (4) boreholes within the proposed TSF borrow area to a maximum depth of
24.35 m, targeting dolerite geology for use as construction material.
Installation of four (4) groundwater monitoring boreholes, three of which were installed
within the embankment area, and one towards the north east of the TSF2 with water
quality with water quality samples taken post investigation.
Sampling from the boreholes for geotechnical and geochemical testing to characterise the
material and identify the suitability for use as a construction material.

5.3

Site Geology

A review of the regional geology was undertaken using the Mineral Resources Tasmania (MRT)
1:25000 Map Sheet Charter 3839 shows the following geological units potentially underlie the
TSF2 site: Que River Shale overlying Hellyer Basalt overlying Dolerite possibly related to the
Que Hellyer Volcanics Formation rocks.
A fault line striking generally east-west runs through the central portion of the TSF2 site area.
The fault branches in the proposed TSF2 storage area, the eastern branch of the fault may
intersect the dam foundation.
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Two smaller faults are found to be intersecting the alignment of the dam foundation. The site
geological map updated with findings from the investigation is shown in Figure 3.

Figure 3

TSF2 Site Geological Map

5.4

Subsurface Conditions

5.4.1

Embankment Foundation Area

Investigation along the embankment foundation comprise of test pits TP1-TP04, TP6-15 and
boreholes BH01- BH08 as summarized on Table 5-1.
Table 5-1 Summary of Embankment Foundation
Depths (m)

Description

Test Pits
0.1 m and 0.6 m

TOPSOIL encountered as Silty CLAY

Varying depths raging to 0.2
m and 1.8 m TP01, TP03,
TP06, TP08, TP09, TP10,
TP12 and TP15

Residual Soil of Que River SHALE encountered as Silty CLAY

0.1 m and 2.4 m TP02, TP07
and TP16

Extremely to highly weathered SHALE
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0.9 m and 2.4 m

Slightly weathered to fresh with low to medium strength
(occasionally high strength) SHALE in most of test pits

0.9 m and 2.2 m
TP06, TP11 and TP13 only

Extremely to highly weathered BASALT

0.9 m and 2.2 m
TP08 only

Extremely to highly weathered ANDESITE with low strength

0.4 m to 3.0 m

CLAY with no refusal until test pit collapsed at 3.0 m depth. This
was interpreted as colluvial and alluvial origin.

Boreholes
0 – 2.10 m

Wash boring for BH01 to BH07
BH08 encountered Slightly weathered SHALE with high strength

2.10 – End of Hole (EOH)
with 35.3 m as the deepest

SHALE with strength increasing in depth and weathering
improving in depth.
Most near vertical joint sets were found to have slickensides or
polished surfaces especially in BH04.

2.10 – 7.40 m,
10.5 – 11.5 m,
14.2 – 19.0 m for BH05 only

Extremely to moderately weathered ANDESITE with very low to
medium strength

11.4 – 25.2 m EOH for BH06
only

Moderately weathered to slightly weathered ANDESITE with
strength increasing by depth.

4.1 – 10.0 m for BH07 only

Extremely weathered to moderately weathered ANDESITE with
very low to medium strength
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5.4.2

Borrow Area 1

Borrow Area 1 is investigated by TP17 to TP21.
Clayey SILT was encountered at varying depths between 0.3 m and 0.4 m; overlying residual to
highly weathered SHALE; overlying fresh SHALE at 0.7 m to 1.3 m depth.
5.4.3

Borrow Area 2

Borrow Area 2 is comprised of TP22-24, TP28-29, BH09-BH11 and BH13. A summary of
materials encountered is presented in Table 5-2.
Table 5-2 Summary of materials encountered in Borrow Area 2
Depths (m)

Description

Test Pits
0.1 m and 0.6 m

TOPSOIL encountered as Silty CLAY

Varying depths raging to
0.2 m and 1.8 m

Residual Soil of Que River SHALE encountered as Silty CLAY

Boreholes
0.1 m to EOH with 24.35 m
as the deepest for BH09 –
BH13

5.4.4

DOLERITE, rock strength was seen to increase with depth from
very low to hard. Joints largely followed the outline of spheroidal
weathering zones, being irregular, becoming slightly more planar
with depth.

Borrow Area 3

Borrow Area 3 is comprised of TP25 – TP26, TP30-TP31.
Organic CLAY was identified from surface to 0.2 m overlying residual/extremely weathered
SHALE encountered as gravelly CLAY / clayey GRAVEL at 0.05 m to 0.4 m depth. Alternatively,
BASALT and VOLCANIC Sediments were also encountered. Slightly weathered SHALE was
observed at depths 0.4 m and 0.5 m. Highly weathered ANDESITE was encountered at TP26 at
0.35 m depth. Highly weathered VOLCANIC Sediments are found in TP31 at 0.5 m depth.
5.4.5

Borrow Area 4

Borrow Area 4 is comprised of TP32 and TP33.
Organic CLAY was observed between 0.05 m and 0.1 m depth overlying residual Tertiary
BASALT soil between 0.3 m and 0.7 m. Moderately weathered SHALE was encountered
between 0.4 m and 0.5 m depth overlying highly weathered Tertiary BASALT from 0.7 m to 0.8
m depth.

5.5

Key Items for Consideration

5.5.1

Construction Materials

During the geotechnical investigations carried out for HGM by GHD, acid–base accounting was
carried out on basement rock with a view to using it as construction material. While much of this
was Que River shale and characterised as PAF and therefore discounted from use. However, a
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large area of dolerite was identified as shown in Figure 3. Additional test pits and drill holes
were undertaken to confirm the dolerite in terms of strength, quantity and geochemical
suitability. Static acid-base accounting confirmed the dolerite as NAF and therefore suitable for
embankment construction. Although not as large as inferred from regional maps, there is
sufficient NAF highly to moderately weathered dolerite for the purpose of constructing the TSF2
embankment. Extraction of this material is not envisaged as having potential to alter regional
groundwater flows.
The lack of substantial volumes of clays in the vicinity of the Hellyer operation has required
adopting a synthetic, low-permeability bituminous geomembrane (BGM) on the upstream face of
the embankment to replace what would normally be a conventional clay core. A thinner
compacted clay liner (CCL) will also be required for additional leakage protection under the
BGM which is discussed further in section 11. The CCL material will be sourced from the
uppermost sections of the residual-extremely weathered dolerite borrow.

5.5.2

Potential Faults/Fault Zones

Four (4) potential faults/fault zones were identified within the test pits and boreholes for the
embankment foundation as evidenced by the following:
TP03 encountered a deeper weathering profile towards the centre of the pit with change
of SHALE rock strength from very low strength rock to stiff clay, colour and increased
groundwater. Fault zone was approximately 1.0 m thick trending towards 250° and
dipping steeply towards the south – south east (70/160).
TP07 shows a 2.0 m section of extremely weathered and highly altered SHALE trending
309° and steeply dipping towards the east. On the western side of the pit, altered slightly
weathered shale, high to very high strength was exposed, dark grey to black with sections
of pink and white mottling – these may represent small quartz-feldspar intrusive bodies,
likely intruded during fault movements.
TP08 and BH07 encountered extremely weathered weak zone of ANDESITE
approximately 5.0 m thick.
BH01 observed 1.0 m thick of highly fractured material and jointed with clay seam.
BH02-BH05 and BH08 recovered smooth, often slicken-sided and polished joint surfaces
likely attributed to localised movement within the rock mass.
50 m north of TP24 at Borrow Area 2, the fault zone consists of highly weathered, low
strength, orange and grey zone to the east of the main fault line and low to medium
strength pale grey moderately weathered zone to the west. The main fault was observed
to be 0.30 to 0.50 m thick iron mineralised and altered dolerite zone with medium to high
strength. The entire zone is approximately 5.0 m thick trending 330°, dipping steeply at
70/240.
5.5.3

Groundwater conditions

Groundwater seepage was noted along the embankment area, mostly at the soil/rock contact.
TP07 encountered groundwater seeping through the extremely weathered shale associated
with the possible fault encountered in this area at 0.8 m depth. Water free flowing out of BH03
and BH04 was also encountered.
Furthermore, groundwater seepage was also noted in the test pits and boreholes located at the
borrow areas. Groundwater inflow was noted at 0.4 m depth through the joints of slightly
weathered shale at TP30 of Borrow Area 3. The groundwater inflows observed in the test pits
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could possibly be runoff water sitting on top of the soil/rock interface, the measured water levels
in the boreholes are more likely to represent the groundwater conditions at the site.
Groundwater levels measured from the monitoring wells are presented in Table 5-3. Inferred
water levels for the boreholes are also shown in Figure 4.
Table 5-3 Groundwater Levels from Monitoring Wells (mbgl)
Hole ID
MW1
MW2
MW3
MW4

Jan/Feb 2018

7 Feb 2018

13 Feb 2018

9 March 2018

5.33m
2.04m
1.16m
10.26m

6.60m
2.10m
1.22m
10.44m

6.57m
2.07m
1.20m
10.41m

6.50m
2.12m
1.24m
10.39m
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Figure 4
5.5.4

Predictive water levels for the boreholes

In-situ Permeability Tests

Four groundwater monitoring bores were drilled and constructed to confirm the likely local flow
regime as discussed in document, TSF2 Hydrogeological Investigation Report (GHD, 2018b). A
summary of aquifer/rock-mass testing is presented in Table 5-4.
Table 5-4 Aquifer/rock-mass testing
Constructed
Depth (m)

Airlift
Yield at
EOH
(L/s)

Interpreted
hydraulic
conductivity
(m/day)

Interpreted
hydraulic
conductivity
(m/sec)

Type
of
Test

18.8

1.2

10

1.2 x 10-4

Slug

12.2

12.8

2.0

>20

>2.3 x 10-4

Slug

Shale

6

7

0.44

>20

>2.3 x 10-4

Slug

MB3B

Shale

N/A

9.8

0.65

>20

>2.3 x 10-4

Airlift

MB4

Volcanics

21.7

21.8

<0.1

0.5

>5.8 x 10-6

Slug

Site

Geology

MB1

Shale

18.4

MB2

Shale

MB3A

EOH
(m)

Similarly, packer testing was conducted in the boreholes during Stage 2 Geotechnical
Investigation (GHD, 2018a). Water absorption packer tests were undertaken generally as the
borehole was advanced through competent rock strata (moderately weathered, medium
strength or better) in all boreholes. Packer testing interval ranged in depth and was generally
dependent on the encountered rockmass. Prior to the packer string being placed in the
borehole, the test pocket was thoroughly flushed using clean water to ensure all drilling
additives were removed from the borehole sidewalls and apparent natural rockmass fractures.
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Packer inflation was delivered by nitrogen gas. Packer testing was undertaken in accordance
with GHD’s testing procedures. The Packer test results are interpreted using Hoek and Bray
and Houlsby method to get the lugeon permeability and lugeon value, respectively.

Table 5-5 provides a summary of interpreted packer test results.

Table 5-5 Summary of packer test results
Site

Geology

Test Section (m)

From

To

Interpreted
hydraulic
conductivity
(m/day)

Interpreted
hydraulic
conductivity
(m/sec)

BH-01

Shale

2.70

10.00

0.024

2.78E-07

BH-02

Shale

2.80

8.10

0.045

5.26E-07

BH-02

Shale

8.40

14.00

0.036

4.20E-07

BH-03

Shale

1.60

11.00

0.020

2.28E-07

BH-03

Shale

11.00

19.00

0.021

2.37E-07

BH-03

Shale

19.00

26.10

0.016

1.80E-07

BH-04

Shale

7.60

12.10

0.007

7.54E-08

BH-04

Shale

17.00

35.30

0.007

7.59E-08

BH-04

Shale

26.50

35.30

0.012

1.42E-07

BH-05

Shale

3.00

12.00

0.023

2.64E-07

BH-05

Shale

13.00

23.00

0.019

2.20E-07

BH-05

Shale

23.00

35.00

0.010

1.19E-07

BH-06

Shale

2.50

12.40

0.021

2.46E-07

BH-06

Volcanics

13.00

23.60

0.011

1.32E-07

BH-07

Volcanics

4.60

15.20

0.016

1.83E-07

BH-08

Volcanics

0.50

10.20

0.018

2.08E-07
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Geochemical Assessments
This section should be read in conjunction with GHD Geotechnical Investigation Stage 1 and
Stage 2 Report (GHD, 2018a).

6.1

Geochemical Test Results

Sixteen samples, comprising variously weathered rock types and clay, were submitted for
laboratory geochemical testing. The samples were subjected to acid base accounting and metal
content testing in order to aid in determining the acid producing potential and acid neutralising
capacity of the materials.
TP15, TP25, TP18 and BH08 (0.66 to 0.75 m depth) encountered Shale with net acid
generation of 2.6 – 2.7 ph/pHOX and net acid production potential ranging from 22.3 to 32.4 kg/t
H2SO4).

6.2

AMD Classification

Assessment of net acid producing potential (NAPP) is performed by combining two
key parameters, total sulfur and acid neutralising capacity (ANC). TP 15, TP25, TP18 and BH08
all recorded positive NAPP values based on high maximum potential acidity (MPA) values and
low ANC as shown in Figure 5.

1000

Acid Neutralising Capacity "ANC" (kg H2SO4/t)

6.

Non-AcidForming

100

Potentially
Acid-Forming

10

1

0.1

Uncertain
PAF-LC

0.01
0.01

0.1

1

10

100

1000

Maximum Potential Acidity "MPA" (kg H2SO4/t)
1:1 ANC:MPA

2:1 ANC:MPA

Shale

Silty Clay

Andesite

Dolerite

Figure 5

Clay

Acid Neutralising Capacity vs Maximum Potential Acidity
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Total metal contents are considered relative to global abundance induces (GAI) with an assay
GAI value greater than 3 considered enriched (ie; GAI> 3 for sulfur and arsenic). Figure 6
illustrates that the shale had GAI 3. The dolerite, andesite and sandstone samples were not
considered enriched with metals or metalloids.
6

3

0

GAI

0

20

40

60

80

100

120

140

-3

-6

-9

-12

All total metals (ICP-AEMS) plus Hg - above detection

Figure 6

6.3

GAI values for whole of dataset demonstrating only 2 values (S and
As in shale) above GAI value of 3=enriched

Discussion

Based on the test results, the following recommendations are provided:
Clay samples from TP15A and TP8 is unlikely to be acid generating and may provide
limited acid consumption.
The dolerite (BH09, BH10 and BH13), andesite (BH05 and BH06) have comparable
negative NAPP results. These materials are geochemically suitable for construction.
In contrast, the shale material (TP15, TP25, TP18 and BH08) would require
encapsulation and significant management if it used as a construction material.
Shale from TP2, TP17 and TP21 is of relatively low risk for AMD generation, however, if
any shale is excavated during construction, it is recommended a precautionary approach
should be taken where shale exposures and excavated materials are covered/or
submerged as rapidly as practicable.
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160

7.

Tailings Laboratory Testing
In order to estimate the settling and consolidation behaviour of the re-processed tailings (PRT),
settling column testing, slurry consolidometer and shear vane testing to simulate the placement
of up to 23 m depth of PRT was undertaken on a reprocessed tailings sample provided by
Hellyer, with laboratory testing undertaken by University of Queensland (UQ).
From the testing, consolidation, density, evolving permeability, and final shear strength of the
consolidated tailings are estimated.

Figure 7

Figure 8

PRT Dry Density

PRT Hydraulic Permeability
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Peak Shear

Figure 9

7.1

Average

Minimum

Maximum

5.2 kPa

2.7 kPa

8.2 kPa

PRT Shear Vane Testing

Discussion

Based on the results key parameters adopted for use in the design are as follows;
Settled dry density
Short term density estimated at 1.3 t/m3 which is considered conservative for initial filling. Likely
final filling density for completion of the ultimate TSF2 is expected to increase to 1.65 t/m3
average (10m depth), noting UQ re-ran the initial consolidation test which showed a potential
increase to 1.87 t/m3 (at 10m depth). .Once Stage 1 has been commissioned, field surveys of
deposited PRT will confirm the actual density and required TSF2 volume for the final stages.
Section 8.1 discusses the impact of settled density on the selected TSF2 height.
Permeability
Saturated permeability will decrease over time as tailings consolidation occurs with increasing
tailings depth. Even at relatively low stress the estimated ksat of 1.0 x 10-8 m/s is achieved, noting
at the base of the tailings deposit, permeability may further reduce by an order of magnitude.
Shear Strength
The PRT peak shear strength of average 5.2 kPa is considered low when compared to EFB
tailings tests. However, due TSF2 being a downstream raised dam the PRT tailings strength
has minimal impact on stability.
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8.

Tailings Management Strategy
8.1

Tailings Production and Filling Schedule

Figure 10 shows Hellyer’s tailings production schedule and filling schedule for the Eastern
Finger Bund (EFB) and TSF2.
It is proposed that pre-production, existing tailings shall be removed from the EFB to the Main
Dam via dredging, facilitating initial reprocessed tailings storage capacity in the EFB until TSF2
is commissioned. Once commissioned TSF2 will provide PRT storage and PRT stored in the
EFB will also be transferred to TSF2.
If required, a raise on the EFB may be undertaken pending production requirements and TSF2
commissioning timeframe. The EFB raise design is currently being undertaken by GHD as a
separate project.

Figure 10 Tailings Production and TSF Filling Schedule

8.2

TSF2 Storage Capacity

The storage curve for TSF2 is shown in Figure 11. It is expected that the majority of the
construction materials for both the starter and the ultimate dam will be sourced from within the
storage area, increasing the available storage capacity. For the purpose of the storage capacity
estimates, it has been assumed that approximately 640,000 m 3 of construction material will be
sourced from the borrow area in TSF2 as shown in Section 12.2.
The settled density of reprocessed tailings has been assumed to be 1.3 t/m 3, which is lower
than the existing tailings density of 1.93 t/m3. This reduction in density is due to the removal of
dense sulphides as part of the extraction process and a finer particle size as part of
reprocessing. However, this is considered a conservative estimate and a likely average density
of 1.65 t/m3 is expected. A sensitivity comparison on dam heights has been undertaken for 1.3
and 1.6 t/m3.
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Based on the storage curve, the crests of the starter and ultimate dam are set to be RL 638 m
and RL 646 m respectively. The starter dam with crest at RL 638 m will provide approximately 2
years’ of storage with 0.88 Mm3 of tailings capacity while allowing a minimum water cover of 2
m up to the spillway invert RL 636.5 m. The ultimate dam crest at RL 646 m will provide a total
tailings storage capacity of 3.4 Mm3 with 2 m of water cover allowance.
The rise rate of tailings is considered low, initially at 6m for year 1, but reducing to 4m in Year 2,
2m in Year 3, to 1m in the final year. This should allow for consolidation to occur and result in a
higher density than conservative 1.3t/m 3 assumed;
Once the initial stage of construction is complete, the storage curve will be updated based on
the stripped surface survey to confirm the final storage capacity. A tailings reconciliation will be
undertaken annually via bathymetric survey compared to tonnage deposited to confirm the
settled density achieved and assist in refining the dam raise schedule and final required crest
height.
Adopting the higher 1.65 t/m3 density in the long term would result in a final tailings level of
RL640 m, TWL642 m and crest of RL643.5 m, compared to a crest of RL646 m for the lower
density. For the purpose of determining the ultimate dam footprint and approvals it is considered
appropriate to assume the lower conservative settled density, noting the crest height change of
2.5m would reduce the downstream dam toe by approximately 7.5m width based on the 3H:1V
batter slopes. Should the tailings density be found to be higher, the ultimate crest level could be
reduced accordingly.

Figure 11 TSF2 Storage Curve

8.3

Tailings Deposition Strategy

It is understood that the tailings will be discharged at a neutral pH7 due to the process. Due to
the acid forming nature of the tailings, after being dredged and reprocessed (albeit reduced
from the current risk level due to removal of sulphides), it is proposed that they be deposited in
the TSF2 by a pipeline and discharged sub-aqueously to prevent oxidation. The tailings should
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have a minimum water cover of 2 m. The tailings pipe deposition point will be moved around via
shore based anchorage points or by boat with daily surveillance to ensure the 2m water cover is
maintained.
Daily inspections will be undertaken on TSF2 to check the deposition point is not exceeding
maximum tailings height. Bathymetric surveys will be undertaken quarterly to confirm the fill
depths remaining to guide the deposition plan.
The highest risk period is final filling of the ultimate dam where water cover is at its lowest (2m).
Higher frequency inspections (min daily) and regular pontoon movements will be necessary for
final filling.
Mitigation measures available should the tailings level not meet the 2m water cover are;
dredging and re-depositing or hydraulic monitors to reduce and tailings level.

8.4

Tailings Management Plan

Prior to commissioning of TSF2, a detailed Tailings Management Plan (TMP) shall be
developed by Hellyer to document all elements associated with the deposition and storage of
tailings within the dam. The plan shall be reviewed and endorsed by the TSF design engineer to
confirm that it meets the design intent of the TSF for water quality management and seepage
control.
8.4.1

Purpose of TMP

The TMP is aimed to achieve the following objectives:
Upholding environmental standards in terms of water quality and discharge;
Mitigate generation of AMD during operations and closure; and
Maximise the tailings capacity of the dam.
As can be seen by these items, the TMP performs a critical role within the operations of the dam
and the design relies on appropriate management of the tailings.
8.4.2

Tailings Management Plan Contents

The listed items below are the sections that will likely be included in the detailed Tailings
Management Plan.
Introduction
Tailings Storage Facility Overview
Impact of Tailings Management on the Operation of TSF2 and Main Dam
Tailings Characteristics (Tailings Chemistry and Tailings Density)
Tailings Deposition Strategy (AMD Mitigation, Maximising Tailings Density)
Water Quality Management
Forecast Construction Staging and Timing
Forecast Spillway and Decant Arrangements
Closure Plan
– Maintain 2 m water cover
– Manage facility during operations with the aim of reducing the future costs associated
with the closure and rehabilitation
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9.

Hydrology and Water Management
9.1

Hydrology

A hydrological model has been developed using RORBWin software to determine the size of
TSF2 Starter Dam’s spillway which is required to pass a 1:100,000 AEP rainfall event safely
with an additional wave run-up allowance for 1:10 AEP wind event.
9.1.1

Probable Maximum Precipitation

The Probable Maximum Precipitation (PMP) rainfall events were calculated using the
Generalised Short Duration Method (GSDM) for durations up to the 6-hour storm event and
Generalised Southeast Australian Method (GSAM) for longer duration storm event for the
Coastal zone. The rainfall data for the 1:100,000 AEP shown in Table 9-1 were interpolated
from the 1:50, 1:100, and PMP rainfall intensity derived using the Australian Rainfall and Runoff
(AR&R) Method (AR&R, 1997). The PMP Temporal Pattern has been adopted for the routing.

Figure 12 Large and Extreme Rainfall Depths

Table 9-1 Design Rainfall

Duration (hr)

0.5

0.75

1

2

PMP
1:100,000 AEP

141
83

157
95

199
115

348
175

Rainfall Depth (mm)
3
4
6

12

24

48

72

420
212

630
355

707
447

833
560

870
605

481
247

563
300
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9.1.2

Catchment Properties

The total catchment area is estimated to be 11.3 km2, divided into 9 sub-catchments based on
their different flow characteristics as shown in Figure 13. It is anticipated in a 1:100,000 AEP
storm event, the diversion drains will overtop and all runoff will flow into the Main Dam and
eventually into TSF2. The model assumed an initial loss of 9 mm and continuing loss of 2.7
mm/hr.

Western Arm

Main Dam

Eastern Arm

TSF2

Figure 13 RORBWin Sub-Catchment Areas
9.1.3

Hydrological Modelling Results

The broad crest weir equation has been used to calculate the spillway flow rates assuming a
weir coefficient of 1.7. Table 9-2 summarises the results for various duration flood events.
With an initial water level of RL 636.5 m, the spillway will need to be 100 m wide to pass the
peak outflow of 173 m3/s with a flow depth of 1.0 m above spillway invert for the critical 4hr flood
event. This results in a spillway flow velocity of 1.73 m/s, based on the geotechnical
investigation the spillway location proposed in the left abutment will be cut into rock which will
be suitable for this velocity without erosion. The spillway discharges to a natural drainage line
which will prevent spillway discharges from erosion of the TSF2 embankment for both the stage
1 and ultimate spillway. The natural creek line has not yet been investigated due to accessibility,
however due to the flow rates, stripping the spillway channel to fresh rock will be required to
minimise erosion of sediments from the channel downstream of the spillway invert.
Both the starter and ultimate spillways will be cut into shale, therefore pending geochemical
testing during excavations, any surface in the shale considered to be PAF will be shotcreted to
reduce risk for oxidisation. The downstream spillway channel is in the majority located within
basalt, therefore anticipated to NAF and not require shotcrete.
The spillway invert width could be reduced and flow depth increased (approximately 50m wide
by 1.6m deep), should this arrangement be more economic to reduce shotcrete usage if the
spillway is be found to be PAF at depth.
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Table 9-2 RORBWin Results Summary
Duration
(Hours)
1
2
3
4
6
12
24
36
48
72

Peak Inflow
(m3/s)
80.51
190.30
204.00
201.30
180.50
114.70
77.55
56.21
59.20
59.01

9.2

Water Balance

9.2.1

Water Requirement

Peak Outflow
(m3/s)
13.67
103.73
152.70
173.13
163.48
106.20
73.76
55.21
57.07
55.77

TSF2 Pond Level (RL
m)
636.68
637.22
637.43
637.50
637.48
637.23
637.07
636.97
636.98
636.97

The mining stages planned by Hellyer as seen in Figure 10 are summarised in Table 9-3 below.
A water balance was undertaken for Stage 1 to 5 for the following purposes:
1.

To determine the drawdown effect of the Main Dam due to dredging activities under varying
climatic conditions. This will be used to determine the amount of TSF2 return water needed
or pumping from other water resources for dredging activities during dry months while
maintaining the minimum water cover of 2 m in all TSFs;

2.

To determine the need for decant / siphon to remove excess water from the Main Dam /
TSF2 to facilitate the dredging and draw down during the wet months.

3.

Assess ability for TSF2 to maintain a 2 m water cover on closure through various extreme
climatic scenarios.

Table 9-3 Mining Schedule and Water Requirement
Stage

Description

Stage 1A

Initial Dredging of Main
Dam (10m deep and
>300m main dam wall) Bench 1

Stage 1B

Initial Dredging of Main
Dam (10m deep and
>300m main dam wall) Bench 1
Initial Dredging of Main
Dam (10m deep and
>50m main dam wall) Bench 1
Initial Dredging of Main
Dam (15m deep and
>50m main dam wall) Bench 2

Stage 2

Stage 3

Total
Dredged (t)
798,904

Receiving
TSF
Eastern
Finger
Bund

1,446,575

TSF2

Maintain Main Dam pond level
at RL 649.4 m (spillway invert)
Minimum water cover of 2 m in
other TSFs.
Same as above

1,797,699

TSF2

Same as above

1,601,096

TSF2

Same as above

Water Requirement
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Stage

Description

Total
Dredged (t)

Receiving
TSF

Water Requirement

Stage 4

Dredging of Western Arm

698,362

TSF2

Same as above

Stage 5

Lower Water Level &
Dredge Main Dam

1,990,735

TSF2

Stage 6

Shale Pit & Hydraulic
Mine Balance of Main
Dam
Dredging activity
completed

1,892,104

TSF2

Lower pond level to maintain a
maximum water depth of 18 m
(limit of the dredge reach).
Minimum water cover of 2 m in
all TSFs.
N/A

N/A

N/A

Closure

9.2.2

Minimum water cover of 2 m in
TSF2.

Water Balance Inputs

The water balance requires a number of input variables to calculate both inflows and outflows.
The variables and their associated values adopted for the calculation are presented in Table
9-4.
Table 9-4 Water Balance Inputs
Water Balance Inputs
Tailings Properties
Specific Gravity (SG) (t/m3)

Dredged
Tailings
3.88

Reprocessed
tailings
3.16

Solids in Slurry (%)

30

30

Tails Settled Dry Density (t/m3)

1.93

1.30

Tailings Production Rate

As per schedule in Figure 10.

Mass recovery to TSF2 (%)

45

Concentrate solids (%)

85

Catchment Properties
Catchment (km2)

Runoff Coefficient

Total: 11.35
For sub-catchment, refer to
Figure 14
1.0 for TSF ponds;
0.8 for remaining areas.

Seepages
Main Dam (average recorded on site)

3 L/s

TSF2 (based on seepage analysis)

2 L/s

Rainfall and Evaporation – refer to Section 9.2.3
Spillway RL
TSF2 Starter Dam

RL 636.5 m

TSF2 Ultimate Dam

RL 644.0 m
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9.2.3

Case Scenarios

Tailings geochemical testing and water quality mass balance (by others) has indicated that
maximising diversion from TSF2 is the preferred scenario. However, there are incremental
capital cost increases for maximising TSF2 diversion particularly during stage 5. Therefore,
three case scenarios have been assessed listed as follows in order of increasing catchment
area diversion around TSF2. It is assumed that Hellyer will undertake an engineering and
economic study to identify the most cost effective option before stage 5.
Case 1: For all stages (except Stage 1A - current), all catchment runoff eventually flows
into TSF2 except Catchment 1 and 8 which will be diverted by the Western Diversion Drain
(D1) and Diversion Drain No.3 (D3) as shown in Figure 14.
Case 2: The upper eastern catchment will be diverted into Main Dam via the Eastern
Diversion Drain (D2) and released via Main Dam spillway during Stage 1B to Stage 4. For
Stage 5, all flows will report to TSF2 as per Case 1.
Case 3: Maximising catchment diversion around TSF2. Lower Eastern catchment captured
in a new dam with diversion (D3) around TSF2 spillway. The Eastern Diversion Drain (D2)
will be diverted into the Main Dam and released via Main Dam spillway during Stage 1B to
Stage 4. For Stage 5 during Main Dam lowering, the Eastern Diversion Drain (D2) is
diverted to D3 via pipes/pump for release to environment, with excess flows above
pipe/pump capacity temporarily stored within the Eastern Arm if required.

All cases have been assessed for three climatic conditions:
1.

Average rainfall and evaporation;

2.

Driest three consecutive months on record (A) No refill into Main Dam; (B) Refill into Main
Dam – using driest three consecutive months rainfall on record for summer period and
average rainfall for other months;

3.

Wettest three consecutive months on record (A) No refill into Main Dam; (B) Refill into Main
Dam – using wettest three consecutive months rainfall on record for winter period only and
average rainfall for other months.
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Figure 14 Catchment Areas and Flow Directions (Case 3 Shown)

The rainfall and evaporation data adopted for the water balance are summarised below:
Average monthly rainfall is derived from historical recorded data at Waratah station
(097014) provided by Bureau of Meteorology (BOM) as shown in Table 9-5.
Average monthly evaporation is based on the average pan evaporation maps provided on
BOM website, assuming a pan evaporation of 0.7.
Driest three consecutive months on record were found to be 29.1 mm, 22 mm and 57.4 mm
over Dec 1960 to Feb 1961.
Wettest three consecutive months on record were found to be 522.9 mm, 379.4 mm and
396.1 mm over the 1947 winter from June to August.

Table 9-5 Average Rainfall and Evaporation
Month
Jan

Average Rainfall (mm)
109.00

Average Evaporation (mm)
96.6

Feb

96.72

79.1

Mar

128.09

63

Apr

181.63

38.5

May

226.25

24.5

Jun

230.14

21

Jul

254.94

21

Aug

270.09

28

Sep

233.84

42

Oct

203.73

63

Nov

166.89

79.1

Dec

140.59

96.6

GHD | Report for Hellyer Gold Mines Pty Ltd - Hellyer Tailings Reprocessing New TSF, 3218552 | 63

9.2.4

Summary of Inflows and Outflows

The inflows and outflows assumed for the water balance (case 3) are shown in Figure 15.

Stage 1B to 4 (Case 3)

Stage 5 (Case 3)
Figure 15 Water Balance Flow Diagram

9.2.5

Results and Discussion

The results from the water balance are shown as graphs presented in Figure 16 to Figure 22
and discussed below;
Main Dam
Based on average rainfall data, all of the TSFs including Main Dam will have excess water
throughout the year, with maximum and minimum water storage coinciding with the highest and
lowest rainfall months in August and February respectively for both case scenarios.

GHD | Report for Hellyer Gold Mines Pty Ltd - Hellyer Tailings Reprocessing New TSF, 3218552 | 64

For Stage 1 (all cases), the Main Dam has a negative water balance in the driest three
consecutive months scenario where the pond will drop to 0.5 m below the spillway invert. This is
considered as acceptable for a short period of time. If required, additional water can be sourced
from the western diversion drain or Southwell River (pending water licence allocations).
For Stages 1B to 4 in the driest three consecutive months scenario, the pond level in the Main
Dam is expected to drop to as low as 1.3 m (Case 1) and 1.0 m (Case 2 & 3) below the spillway
invert, if water cannot be sourced from other places to restore the pond to RL 649.4 m for the
dredge operation. However, water can stored in TSF2 in advance should an extreme dry
season occur. Alternatively water can be sourced from Western Diversion Drain.
The current Main Dam spillway is an “L” shaped broad-crested weir of 21.5 m wide and 0.5 m
deep, with a capacity of 12.6 m3/s. It has been estimated the storage can accommodate a
1:4,000 AEP flood to embankment crest level (GHD, 2017a). As a High C Consequence
Category Dam, it should be designed to pass a 1:10,000 to 1:100,000 AEP with full freeboard
allowance (ANCOLD, 2000). The spillway design for the Main Dam should be reviewed and
upgraded to increase the flood handling capacity to meet ANCOLD’s requirement although this
is only relevant until completing Stage 4 in 2024, when the Main Dam water level drawdown
commences. Due to this short term risk TSF2 spillway has been designed for the full Main Dam
catchment.
For Stage 5, it is proposed to drawdown the Main Dam pond using a siphon discharging the
water into TSF2, this requires a flow capacity of 350 L/s in average winter conditions or worst
case 760 L/s (based on wettest 3 month flow). The tailings exposed on the sides of the Main
Dam storage as the pond is being lowered will need to be passivated with a lime slurry and
hydraulically mined to submerge them as soon as possible to prevent AMD formation. The
supernatant water in the Main Dam may need to be treated before discharge as the water
quality could deteriorate due to increased turbidity and sulfide oxidation. It is understood that pH
adjustment will occur during dredging to maximise co-precipitation of metals. The lime dosing
may need to increased during this stage.

TSF2
It is proposed a decant pontoon pump is used to return water from TSF2 to the Main Dam to
maintain water levels in the Main Dam. Alternatively a skid mounted pump withdrawn up natural
ground as the pond level increases. This pump is not required in average conditions as there is
sufficient inflow to the maintain the Main Dam water level as shown in Figure 22. However, in
the driest 3 months on record, water return from TSF2 to the Main Dam of 100 L/s is needed to
maintain a pond level of RL 649.4 m in Stages 1-4.
Flows above the return water requirement would be released from the TSF2 spillway. An
alternate arrangement would be a concrete decant structure with lids to progressively raise the
water level pending water quality and tailings levels. However this decant option will be more
expensive and challenging to construct due to the steep topography of the site.
TSF2 will have excess water throughout the year to provide a minimum 2m water cover over
tailings, even for the driest 3 months scenario. As shown in Figure 17, Figure 19 and Figure 20,
the available water in the TSF2 is always above the spillway invert other than directly following
the staged raises where the spillway flows recommence within 3-8 months.

GHD | Report for Hellyer Gold Mines Pty Ltd - Hellyer Tailings Reprocessing New TSF, 3218552 | 65

Figure 16 Main Dam Water Inventory (Case 1)

Figure 17 TSF2 Storage (Case 1)
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Figure 18 Main Dam Water Inventory (Case 2)

Figure 19 TSF2 Storage (Case 2)
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Figure 20 TSF2 Storage (Case 3)

Figure 21 Main Dam & TSF2 Discharges – with Decant (Case 1)

GHD | Report for Hellyer Gold Mines Pty Ltd - Hellyer Tailings Reprocessing New TSF, 3218552 | 68

Figure 22 Main Dam & TSF2 Discharges – No Decant (Case 3)

9.2.6

Closure Water Balance

Based on the forecast of climate change by CSIRO for Western Tasmania, it was predicted that
the rainfall will increase up to 20% in winter and decrease by 33% in spring. These percentages
have been applied to the average rainfall shown in Table 9-5. In addition to the predicted
climate change data for winter / spring, the driest three consecutive months rainfall on record
have also been adopted for summer in the closure water balance model.
It is assumed that all catchments (excluding the western diversion drain and D3) will flow into
TSF2 at closure.
The closure water balance in Figure 23 shows that TSF2 will have a positive water balance
throughout all months with flows above the spillway so the minimum 2.0 m water cover will be
maintained.

Figure 23 Closure Water Balance (TSF2)
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9.3

Water Management

The operational water management strategy for TSF2 and Main Dam is discussed herein based
on Case 3 maximum TSF2 diversion scenario described in section 9.2. The water management
strategy should be reviewed annually:
Stage 1A
The EFB will be raised and filled first until TSF2 is commissioned. Tailings will be dredged from
the Main Dam, reprocessed then deposited into the EFB. Water released from the tailings and
catchment flows (except those captured by the Eastern Diversion Drain) will be discharged into
the Main Dam to supply for the dredging activity, with excess water being discharged via the
Main Dam spillway.
Stage 1B to 4
Divert catchments away from TSF2 to enable construction and minimise outflows during
operation, the following is proposed:
Construct small diversion dam and drain downstream of Main Dam to divert spillway and
Western Diversion Drain flows away from TSF2 under a cut through the saddle;
Divert Eastern Diversion Drain into the Main Dam; and
Construct a small dam and diversion drain to capture and divert south/eastern catchment
flows around TSF2 spillway.
No water return to the Main Dam is required from TSF2 during average conditions, however a
floating pontoon with flow capacity of 100 L/s is needed for the extreme driest 3 months on
record.
TSF2 will have a 100 m wide spillway with invert at RL 636.5 m and is allowed to spill in normal
operation. A decant for TSF2 discharge to the environment is not proposed due to the large
inflows and thus need to continuously discharge. A larger pond will likely assist with tailings
settling/water quality. To ensure TSF2 spillway discharge is not impacted by tailings deposition,
no deposition within 100m of the spillway would occur when the spillway is active. However, in
summer periods the TSF2 decant pumping to the Main Dam could used to prevent TSF2
spillway flow and allow tailings discharge in closer proximity to the spillway if required.
Stage 5
As the water level in the Main Dam decreases, the decant water might become acidic due to
potential oxidation of traces of tailings left on the sides of the storage. These tailings will be
sluiced into the storage for recovery via the dredge. The Main Dam will not be spilling during this
stage and instead be siphoned to TSF2, allowing TSF2 to provide additional settling (if
required). The Main Dam pond may require lime dosing to maintain an acceptable pH during
draw down.
To reduce the inflows into the Main Dam so the pond can be lowered to facilitate the dredging,
the following is proposed:
Re-divert Eastern Diversion Drain to the small dam and diversion drain via pipes/pump for
release to the environment around the TSF2 spillway. Excess Eastern Diversion Drain
flows above pipe/pump capacity can be temporarily backed up and stored within the
Eastern Arm if required.
Install a siphon with flow capacity of minimum 350 L/s to allow drawdown of Main Dam
pond and discharge excess water into TSF2;
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In an extreme event above the siphon capacity, the Main Dam fills and spillway flows to the
western diversion around TSF2.
The need for these modifications should be reviewed prior to stage 5 as a longer dredge arm
could be sourced to prevent the need for Main Dam pond draw down.
The lowest pond level drawdown in the Main Dam is RL 644 m which is the same level as the
spillway invert of TSF2. This means the pond level in the Main Dam would be higher than TSF2
pond at all times, therefore lining / modification of the Main Dam downstream embankment will
not be required to prevent reverse hydraulic loading on the Main Dam embankment. The
permeability of the Main Dam embankment is expected to lowered by “sealing” from the PRT
deposition in TSF2 as the tailings level increases over time.

9.4

Spillway

The spillway of the TSF2 starter dam will be excavated through the natural ground on the east
abutment of the dam embankment. BH08, TP9 and TP10 found that there is approximately 1 m
thick layer of topsoil and gravelly clay (residual Shale) overlaying moderately to slightly
weathered Shale. The clay sample collected at 0.66 – 0.75 m of BH08 was tested and found to
be PAF. Therefore, all materials being removed in this area may require encapsulation for
construction use or disposal.
The spillway rock quality is likely to safety pass the design flows, however the spillway will be
lined with shotcrete to prevent AMD (pending geochemical testing at depth). The final
downstream spillway channel geometry and treatment will be determined during construction
pending geotechnical and geochemical conditions encountered.
The indicative location for the final closure spillway is on the east abutment of the ultimate dam
embankment. Similar geology and shotcrete is proposed for the final closure spillway, subject to
further investigation of the final spillway alignment.

9.5

Decant and Siphon

A floating pontoon with a capacity of 100 L/s will be located within the storage area to pump
supernatant back into the Main Dam for mining the tailings.
A siphon with a capacity of minimum 350 L/s is required to transfer excess water in the Main
Dam to TSF2 during stage 5 Main Dam draw down.

9.6

Diversion Drains

A small dam and 480 m long new diversion drain will be constructed along the southern part of
TSF2 to capture and divert southern catchment flows around the TSF2 storage.
The drain needs to cater for 1:100 AEP storm event. The drain will need to be indicatively 3 m
wide x 1.5 m deep with a minimum grade of 0.5% to carry the design flow. The channel profile
can vary to suit site conditions during construction.

9.7

Coffer Dam

A coffer dam will be required upstream of TSF2 starter dam embankment to enable foundation
preparation, embankment works and upstream face lining to be undertaken. The coffer dam will
be an earth/rockfill structure as approved by the Superintendent.
The water contained in the coffer dam will be pumped over TSF2 embankment to a sediment
dam or pumped back to Main Dam water quality becomes an issue due to storage disturbance.
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The coffer dam sizing and diversion pipe/pump requirements shall be the responsibility of the
Contractor. Construction water management is discussed further in section 12.3.
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10.

Stability and Seepage Analyses
10.1

Stability Analysis

10.1.1 Method of Analysis
The stability analysis for the proposed TSF2 starter dam has been undertaken using the 2D
Limit Equilibrium software package Slide 7.0, produced by Rocscience. Bishop’s Simplified
Method was selected to determine the factor of safety (FOS) against circular and MorgensternPrice Method with a Half Sine interslice force function used to assess the non-circular failure
planes.
The static load cases that have been modelled for the critical section and their corresponding
minimum Factors of Safety as recommended by ANCOLD (2012a) are presented in Table 10-1.
For Load Case 1 post construction, stability was analysed in both the upstream (US) and
downstream (DS) directions.
Table 10-1
Load
Case
1
2a
2b
3a
3b

Minimum Factor of Safety for Static Load Cases

Description
Post construction Undrained
Long term Normal (starter)
Long term Normal (ultimate)
Post Seismic (starter)
Post Seismic (ultimate)

Max Tailings
Level (RL m)
Empty
634.5
642
634.5
642

Water Level
(RL m)
Empty
636.5
644
636.5
644

Failure
Direction
DS & US
DS
DS
DS
DS

Min Factor
of Safety
1.3
1.5
1.5
1.1
1.1

10.1.1 Geometry
The starter dam at RL 638 m features 15 m wide embankment crest with 1V:3H upstream and
downstream slopes. The dam features a wide coarse rockfill zone, as this material is found to
be abundant onsite. For the subsequent raises, the crest width is reduced to 10 m. The
upstream face will include installation of a dual liner system comprised of BGM liner
(Coletanche ES3, or equivalent) with compacted clay liner (CCL) underneath. A grout plinth will
be installed at the toe of the dam to connect the liner system to the foundation.
The TSF2 starter dam section through the deepest valley as shown in Figure 30 have been
analysed. The phreatic surface for the stability models has been generated from the seepage
analysis as discussed in Section 10.3. For the post-construction case, the groundwater is
approx. 1.0 – 2.0 mbgl based on site conditions discussed in Section 5.5.3.
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Figure 24 Starter Dam Geometry

10.1.2 Material Parameters
The material properties adopted for design of the TSF2 starter dam were based on the findings
from lab testing and observations of materials reported in the geotechnical investigations (GHD
2018a) and previous experience of the Hellyer TSFs and other similar projects. The adopted
material properties are summarised in Table 10-2.
In general, conservative geotechnical parameters for stability have been adopted where
assumptions on materials have been made, this is considered appropriate as this allows for
design optimisation / refinement at later design stages as per the observational design
approach.

Clay
Only one single stage triaxial consolidation undrained (CU) test has been conducted on a
sample collected in TP22 at the depth of 0.4 – 0.6 m which shows that the soil is silt with gravel.
Hence with an assumed cohesion of 0 kPa, the friction angle is estimated to be 39 degrees.
This is considered to be quite high for clay as it is likely that clay will be more cohesive than silt.
A cohesion of 5 kPa and friction angle of 25 degrees was previously adopted for clays used to
construct Eastern Arm and Western Arm TSFs (GHD, 2011a &b).
Given the limited CU testing of the samples in the selected borrow area, the clay properties has
been derived using the plasticity index vs critical void ratio friction angle relationship chart in
Figure 25 taken from the Manual on Estimating Soil Properties for Foundation Design (F. H.
Kulhawy etal, 1990). The relationship shows that critical void ratio friction angle decreases with
increasing PI and increasing clay mineral activity.
The samples collected from the borrow area were tested for atterberg limits, which show PI of
that ranges from 6 – 18, which correlates to a friction angle in the range of 30 to 40 degrees.
Conservatively, a cohesion of 5 kPa and friction angle of 30 degrees is adopted for clay in the
stability model. This would need to be verified through further CU testing during construction.
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Figure 25 øcv for Clays vs PI (F. H. Kulhawy etal, 1990)
Foundation
The starter dam is founded on shale with interlaying andesite. Uniaxial compressive strength
(UCS) tests have been conducted on the cores retrieved from BH06, BH08 and BH10 which
were drilled along the embankment foundation. The UCS results are 24 MPa for Andesite in
BH06 and approximately 38 MPa for Shale and Dolerite in BH08 and BH10 respectively.
Roclab software was used to estimate the friction angle and cohesion of the foundation mass
based on the UCS results.
The stability model assumed that the first 10 m of the foundation is fractured based on the
geotechnical investigation hence will have a lower strength of 35 degrees friction angle and a
conservative 40 kPa for cohesion. Beyond 10 m depth, the strength would improve to have a
friction angle of 40 degrees and cohesion of 45 kPa. This is slightly lower strength than that
adopted for Shale foundation in the Eastern Arm and Western Arm TSFs Design (GHD, 2011a
&b).
Rockfill and Tailings
Typical friction angles of 35 and 38 degrees have been adopted for the fine and coarse rockfill,
which will be sourced from the Dolerite rock borrow within the storage.
The tailings properties were adopted from UQ laboratory testing as discussed in Section 7.
Tailings would be expected to liquefy in a MDE, a liquefied tailings friction angle of 3 degrees
has been assumed and based on previous projects.
Permeability
As presented in Table 5-4 of Section 5.5.4, in-situ interpreted permeability values for the
foundation ranges in the order of 1.2 x 10-4 to 5.8 x 10-6 from the slug test results. On the other
hand, the packer test results as presented in Table 5-5 have a consistent interpreted hydraulic
conductivity (ks) in the order of 10-7. Hence, it is assumed that the first 10 m of the foundation
has ks = 5.8 x 10-6 m/s and >10 m depth is ks = 2.0 x 10-7 m/s.
A summary of adopted parameters are shown in Table 10-2.
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Table 10-2

Summary of Adopted Parameters

Material
Zone 1 – Compacted Clay Liner
Zone 2 – Fine Rockfill
Zone 3 – Rockfill
Foundation (<10m depth)
Foundation (>10m depth)
Tailings
Tailings liquefied
Grout Curtain

Unit Weight
(kN/m3)
17
22
22
24
24
16.5
16.5
24

Cohesion
(kPa)
5
0
0
40
45
5
0
200

Phi (deg)
30
35
38
35
40
0
3
35

Permeability,
ks (m/s)
9.0 x 10-10
1.0 x 10-4
1.0 x 10-3
5.8 x 10-6
2.0 x 10-7
1.0 x 10-8
1.0 x 10-8
5.0 x 10-7

10.1.3 Stability Results
The stability results are summarized in Table 10-3. It was found that the proposed TSF2 starter
dam achieved the required minimum factor of safety (FOS) for all cases.
The rapid drawdown case is not critical, given the TSF2 is lined with a geomembrane which will
protect the clay liner by keeping it unsaturated and safe from wave erosion and rapid decant
draw down is not anticipated, therefore this has not been modelled.
Since TSF2 will be constructed by the downstream method on a grouted rock foundation which
is considered to be non-liquefiable, a post-seismic case has been modelled but yields the same
results as the normal loading cases as the liquefied tailings do not impact the critical slip circle.
The rockfill dam embankment is anticipated to deform but not fail under an earthquake. The
deformation of TSF2 starter dam due to a seismic event has been assessed and detailed in
Section 10.2.

Table 10-3

Stability Assessment Result

Cases
Case 1 – Pre- construction

Required FOS
1.5

Case 2a – Normal Loading (starter)
Case 2b – Normal Loading (ultimate)
Case 3a – Post Seismic (starter)
Case 3b – Post Seismic (ultimate)

1.5
1.5
1.1
1.1

10.2

Achieved FOS
2.4 US
3.2 DS
3.2 DS
1.8 DS
3.2 DS
1.8 DS

Remarks
Passed
Passed
Passed
Passed
Passed

Seismic Deformation Assessment

10.2.1 Methodology
A seismic deformation analysis has been carried out to estimate the extent of settlement of
TSF2 at ultimate crest level (RL 646 m). The analysis was undertaken using the simplified
seismic displacement methodology of Bray and Travasarou (2007). This method is an update
on the commonly used Makdisi and Seed (1978) method.
The methodology suggests that the probability of having “zero displacement” (where zero
displacement is a deformation of 10 mm or less) may be computed as:
( = 0) = 1

1.76

3.22 ln

0.484 ln(

+ 3.52ln( (1.5 )))

If deformation does occur, the amount of nonzero displacement (D) in centimetres can be
estimated as:
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ln( )

1.1

2.83 ln
0.244(ln( (1.5 ))) + 1.5

Where;

0.333( (

+ 0.278(

)) + 0.566
7)

ln( (1.5 ))

P(D=0) = probability (as a decimal number) of occurrence of zero displacement
D = seismic displacement in cm
= standard normal cumulative distribution function
ky = yield coefficient in units of g
Ts = initial fundamental period of sliding mass in units of seconds
Sa(1.5Ts) = the spectral acceleration of the input ground motion at a period of 1.5Ts in units of g
= normally distributed random variable with zero mean and standard deviation =0.67
M = earthquake magnitude
10.2.2 Selection of Parameters
Yield coefficient
The yield coefficient ky was determined by applying a horizontal inertia load in Slide using the
drained strength model until a FoS = 1 was achieved.
Bray and Travasarou (2007) adopt the total shear strength in the example provided in their
paper, with no allowance for strain softening, however other methods available in the literature
adopt a range of different strength reduction factors for estimation of ky. Moderate deformations
are expected and fully softened strength properties (i.e. zero cohesion) were adopted for fine
grained soils.
Analysis of TSF2 has yielded a ky value of 0.11.
Initial fundamental period of sliding mass
Bray and Travasarou recommend an initial fundamental period of a 2D shaped sliding plane as
Ts = 2.6H/Vs.
A maximum height of the sliding plane, H, was estimated as 24 m, being the height from dam
crest to the base of the foundation.
The average shear wave velocity, Vs value of 360 m/s was calculated based on the compacted
soil’s shear modulus being computed using the pressure-dependent Seed and Idriss 1970
relationship.
The initial fundamental period was therefore estimated as 2.6 x 24/360 = 0.174 seconds. Bray
and Travasarou suggest that the period of 1.5 x the fundamental period, i.e. 0.260 seconds, is
most relevant for determining variations.
Spectral acceleration
A probabilistic seismic hazard analysis for a nearby site has been used as the basis for the
spectral acceleration. The study found that the Maximum Credible Earthquake (MCE) based on
a deterministic assessment had a peak ground acceleration (pga) of 0.17g, this corresponded
with approximately the 1/2000 AEP event determined by probabilistic methods. The uniform
hazard spectrum from that study suggested a spectral acceleration of 0.36g at a period of 0.3
seconds for the MCE event.
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Earthquake magnitude
A maximum Magnitude of 7.6 was conservatively adopted for the earthquake magnitude.
10.2.3 Results of Seismic Deformation Assessment
Based on the method proposed by Bray and Travasarou (2007), assuming no significant
decrease in strength properties of the embankment, the MCE event was assessed. The
maximum deviatoric (along the slip surface) and vertical displacements were calculated to be
24 mm and 92 mm respectively, which is less than the 300mm thick CCL and within the TSF2
dry freeboard limit of 0.5m.
As a comparison, the deformation of TSF2 ultimate dam was estimated using the empirical
method suggested by Pells & Fell (2003). For a 24 m high rockfill dam, it is expected to have 80
– 150 mm maximum longitudinal crack width and a maximum vertical settlement of 375 mm
under a MDE of 7.6 Magnitude with a PGA of 0.22g. The expected deformation calculated using
Pells & Fell (2003) is much higher than that estimated by Bray and Travasarou (2007).
A dry freeboard of 0.5 m is allowed for TSF2 starter dam so the risk of dam overtopping under
MDE is low. Any damage to the dam after a significant earthquake shall be fully investigated by
an expert team and remediated (if required) as soon as practicable before tailings deposition
can be resumed.

10.3

Seepage Analysis

Seepage analysis has been completed in order to determine the likely seepage rates from the
proposed dam. The analysis has been based on the ultimate embankment crest height of
RL 646 m in order to provide long term seepage estimates.
A 2D seepage model and a 3D bedrock seepage model have been developed.
10.3.1 2D Seepage Model
The 2D seepage model was developed using the Rocscience Slide 7.0 software package using
the hydraulic properties documented in Table 10-2. The section was cut through the deepest
part of the valley. Flux sections were setup to estimate seepage through the embankment and
into the foundations as shown in Figure 26.
The total seepage based the maximum section below and a 750m embankment length was
estimated to be 2.0 L/s (62.9 ML/year) if the foundation is not grouted, and 1.9 L/s (61.3
ML/year) with grout.
The estimated foundation permeability without grouting is one order of magnitude higher than
the grouted foundation. The estimated foundation permeability reflects the general foundation
and does not consider a localised higher permeability shear or faults, if this was included it
would yield a greater differential in results. The minimal difference in pre and post grouting
seepage is also due to the low permeability of the tailings limiting flow to the foundation.
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Figure 26 2D Seepage Model
10.3.2 3D Bedrock Seepage Model
A 3D bedrock seepage model was undertaken using GMS software. The concept behind the 3D
model was to validate the 2D modelling and provide conceptual assessments of flows
associated to bedrock, potential faults and grouting options. Thus, the values applied are
consistent with the 2D model for horizontal hydraulic conductivity. A default kh/kv of 3 is
however applied to the 3D model.
It should be noted that a reasonable calibration (RMS = 2.7m or SRMS = 7%) result was with
faults included, but a significantly better result (RMS = 0.91m or SRMS = 2%) was obtained
without the inclusion of faults with the same recharge (approximately 6% of rainfall-evaporation).
The key model measure is the seepage (or difference in seepage) from the model area
reporting to:
the area downstream of the proposed TSF2; and
the adjacent tributary to the west of the proposed TSF2.
The following scenarios are presented:
Calibration Scenario 1 (no TSF2) No Faults
Predictive Scenario 1 No Faults No Grout
Calibration Scenario 2 (no TSF2) Faults
Predictive Scenario 2 Faults No Grout
Predictive Scenario 2 Faults Grout to Layer 2 (2 to 10m below natural surface)
Predictive Scenario 2 Faults Grout to Layer 2 and Layer 3 (2 to >10m below surface).
Model geometries are presented in Figure 27 and Figure 28.
The model outputs from the 3D seepage analysis are presented in Table 10-4.
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Table 10-4

Key model outputs (bedrock seepage)
Tributary Seepage
(L/s)
1.1

Downstream
Seepage (L/s)
1.9

Predictive Scenario 1 (post filling TSF2) No Faults No Grout

1.2

4.8

Comparison increase in seepage

18%

158%

Calibration Scenario 2 (no TSF2) Faults

0.7

1.7

Predictive Scenario 2a Faults No Grout

1.0

6.1

Predictive Scenario 2b Faults Grout to Layer 2

1.1

5.7

Predictive Scenario 2c Faults Grout to Layer 2 and Layer 3

1.8

4.2

2a Comparison increase in seepage

39%

266%

2b Comparison increase in seepage

56%

239%

2c Comparison increase in seepage

149%

148%

Description
Calibration Scenario 1 (prior to TSF2) No Faults

10.3.3 Discussion
As recommended in GHD (2018b), the scale of groundwater flow and seepage should be
assessed to provide guidance in the detailed design. Seepage modelling is undertaken using
hydraulic conductivity interpretations of the investigation coupled with design features including
reductions in hydraulic conductivity due to the proposed grouting.
Results show that there is a potential increase of groundwater flow and seepage once TSF2 is
filled with tailings with 18% increase along its tributary and 158% at the downstream with an
ungrouted foundation. Similarly, if potential faults are not grouted, there is a seepage increase
of 39% along its tributary and 266% at the downstream.
Results show there is a benefit achieved by grouting the TSF2 foundation in reducing
downstream seepage post filling from 6.1 to 4.2 l/s. Whist there is a small increase in tributary
seepage due to dam foundation grouting, this still provides a net benefit for total seepage
(tributary and downstream) reducing from 7.1 l/s to 5.9 l/s.
The limitation in grouting depth was also assessed. It was found that the seepage is effectively
mitigated by grouting the foundation from 2 m to >10m, noting grouting holes are proposed to a
minimum of 10m or otherwise equivalent to dam height.
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Figure 27

Model geometries

Figure 28 Cross Section (valley and west tributary)
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11.

Design Summary
11.1

Embankment Internal Zoning

The proposed embankment comprises the internal zoning as described in Table 11-1 and as
shown in drawings within Appendix A. The internal zoning selection is designed to provide
acceptable stability and seepage control while allowing future lifts on the embankment. The key
zones comprise;
Minimise the use of Zone 1 material by utilizing dual liner system comprised of an
elastomeric bituminous geo-membrane (BGM) liner overlaying a compacted clay liner
(CCL);
Utilising Zone 2 as a transition between the CCL and rockfill zone;
Maximise the use of Zone 3 materials, the most abundant material onsite;
Bench on starter dam crest provides a working platform to raise dam then place CCL and
connect the BGM liner from the starter dam to the raised section.

Table 11-1

Embankment Internal Zoning

Area
Compacted
clay liner
(CCL)
Zone 2

Description
Low permeability clay or silt
underlying BGM Coletanche ES3

Zone 3

Rockfill
Free draining, well graded rockfill

Fine rockfill
Well graded rock/soil mix

Material Source
Sandy silts/clays sourced from residual
and extremely weathered Dolerite
sourced from Borrow Area 2.
Highly weathered to moderately
weathered Dolerite sourced from Borrow
Area 2.
Slightly weathered to Fresh Dolerite
sourced from Borrow Area 2.

The borrow area for the clay and rockfill materials are shown in Section 12.2.
Material specification requirements will be developed with the construction drawings.
11.1.1 Compacted Clay Liner (CCL)
Residual and extremely weathered dolerite materials are proposed for the construction of the
CCL portion of the embankments. Testing shows that they are low permeability, low plasticity
silts. Testing indicates that the fines percentage ranges from 38 to 85% with plasticity index
ranging from 9 to 13%. The 3H:1V embankment is suitably flat to allow compaction by rolling on
the dam face.
GHD have projects where this has been completed however, acknowledge site available clay is
wet of optimum and west coast weather could be an issue for this method on a larger slope in a
valley. Therefore, alternates to the 0.3m thick CCL could be considered should this be required,
these include;
Upstream clay zone widened to 3m-5m (horizontal) which can be compacted in 0.15m0.3m layers. A 4m wide clay zone would increase clay requirements from 10,500m 3 for the
0.3m thick CCL to 44,500m 3 of which 22,000m3 is required for the starter dam. The borrow
area estimates show a 23,000m3 total clay available conservatively assuming 70% of the
total available volume is unsuitable. This implies the starter dam could at least be
constructed from the initial clay borrow estimate with potential for the full clay volume for
future raises should the unsuitables estimate prove lower. If this was the case
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clay could be imported to meet the shortfall for future raises if required.
Dual liner as primary and secondary with removal of clay.
Early contractor involvement on the methodology and placement costs of the 0.3m thick CCL
verses a wider zone clay zone placed in horizontal lifts will be sought. If favourable costs and
methods are deemed suitable the 0.3m CCL will be adopted. If not the alternates discussed
above will be investigated. This would comprise a minor design change, therefore if adopted
dam safety and environmental impacts discussed with this report are not considered to
significantly differ to the presented stability and seepage results.
11.1.2 Fine Rockfill and Coarse Rockfill (Zone 2 and Zone 3)
Zone 2 and 3 materials will be primarily sourced from excavation within the storage area to
maximise the storage capacity of the dam.
Generally, borrows will be developed by winning more weathered, diggable Zone 2 materials
from above to expose the underlying less weathered Zone 3 materials which may require
blasting.

11.2

Liner Design

11.2.1 Overview
As discussed in GHD’s TSF2 Detailed Design Options Study (GHD, 2018c), there is a lack of
sufficient clay onsite for a conventional clay core dam. A conventional clay core TSF would
require approximately 244,000m 3 clay, where-as available clay resources onsite are estimated
at 25,000m3. Therefore, it is proposed to use dual liner system comprising a bituminous geomembrane (BGM) Coletanche ES3 to line overing a CCL. BGM liners have the following
advantages:
Longevity - estimated to last greater than 1000 years;
High mechanical resistances;
Very weak thermal dilation, generally remains permanently in contact with the support
layer;
Bitumen is visco elastic;
Installation at very low temperatures is possible with the Coletanche ES;
With its robustness and weight, holes are unlikely to develop during the installation;
Good resistance to UV exposure;
Quick relief of the internal stresses;
Material properties supplied by manufacturer is presented in Table 11-2.
Table 11-2

BGM Coletanche ES3 Material Properties

Material Property

Details

Product Name

BGM Coletanche ES3

Average Thickness (mm)

4.8

Mass (kg/m2)

5.8
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Elongation at limit strain (%)

30% (limit due to property loss)

Tear resistance (N)

850 longitudinal

Puncture resistance (N)

570

Bouyancy (kg/m3)

1200

A BGM is an alternative to the traditional and more commonly used geo-membranes. Bitumen is
a tarry residue obtained from the distillation of crude oil and is a thick, highly viscous
hydrocarbon. Modern bitumen products have been developed that are less viscous and more
flexible than traditional bitumen and can be used as flexible membranes. Flexible bitumen
membrane liners can be prefabricated or sprayed on in place.
BGM liners are often used in storages such as dams, ponds, and landfills where low
permeability earthfill liners such as clay liners are expensive or impractical for the proposed use,
such as applications for contaminated materials.
BGM is a bituminous geo-membrane comprised of a bitumen impregnated geotextile with a
sand coated surface for texture. This product offers a robust and durable composition suited for
placement on surfaces with minimal subgrade preparation typically limited to smooth drum
rolling (to remove sharp protrusions). BGM’s are ideally be installed on smooth firm subgrades;
however, subgrades with some surface irregularities can be tolerated. Axter Coletanche are a
well-known global supplier of BGM, hence selection of properties matching the Coletanche
ES3.BGM liners have been used for projects similar to TSF2 extensively both in Australia and
overseas. Recent projects where the technology has been used for similar applications in
Tasmania are summarised below;
2/5 Dam - MMG Rosebery
BGM liners were used for the embankments of MMG’s 2/5 dam at Rosebery Mine on
Tasmania’s West Coast. The new TSF was constructed across the old TSF’s 1 and 5 Dams in
conjunction with a downstream raise to the existing 2 Dam embankment.
The BGM liners were used in conjunction with rockfill and was placed against the upstream face
of the embankments. The liner was joined to the proposed cover liners for 1 and 5 Dams.
The TSF will be operated with a nominal 2 m of water cover similar to that proposed for the
Hellyer’s TSF2. The closure concept for the new MMG Rosebery TSF at is a permanent water
cover as per the proposed concept for Hellyer’s TSF2.
Copping C-Cell Southern Waste Solutions
Southern Waste Solutions, constructed a Category C landfill cell (“C-cell”) near Copping in
southeast Tasmania. The C-cell is an individual landfill cell which is designed for the storage of
Category C or “controlled waste”. The landfill was constructed utilising a multilayer composite
liner to prevent leachate seepage. The design incorporated a combination of layers of BGM,
compacted clay liners, geotextile, HDPE membrane.

11.2.2 Permeability/ Infiltration
The BGM liner has a permeability of approximately 4 x 10-14 m/s based on manufactures testing,
thus can provide an impermeable barrier, assuming that no defects (i.e. holes or tears) occur
during installation.
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In reality, defects could occur during installation and thus increasing the permeability of the liner.
In order to estimate the equivalent installed permeability of the liner, the number of defects
occurring during installation will need to be considered.
Giroud and Bonaparte (1989) developed a model based on liner performance with good
installation and maintenance and proposed the following equation to estimate flow through
holes in a single geomembrane liner overlying a free draining subgrade, for any type of liner:
=

Where:

2

Q = leakage rate (m3/s);
a = hole area (m2);
Cb = dimensionless coefficient, 0.6 for sharp edges (default value);
hw = liquid depth (m);
g = gravity (m/s2).
Based on their work and follow up studies by the United States EPA, it was found that a
geomembrane installed with good construction quality assurance will have an average of 2
holes per hectare, with a diameter of 2 mm.
The liner area on the upstream face of the starter dam is estimated to be 1.3 ha. The maximum
head on the geomembrane is 15.5 m at the deepest section, assuming the lowest level of the
liner is RL 621 m (after stripping 1.0 m) and a pond water level of RL 636.5 m for the starter
dam.
Assuming 2 holes/ ha, the flow rate of the liner laid above a free draining subgrade is calculated
to be 8.55 x 10-5 m3/s, which is equivalent an infiltration rate of 6.57 x 10-9 m/s. This is
considered conservative as a maximum possible head on the liner was assumed to be constant
over the whole lined area where in reality the head will decrease with elevation. The tailings
deposition will also decrease the head with time and seal the liner defect, further decreasing the
permeability of the liner.
It is noted that this equation is applicable to liner overlaying free draining subgrade only. To
consider the effect of compacted clay liner underlying the BGM liner, the equation proposed by
Giroud in the paper “Liquid Migration through Composite Liners due to Geomembrane Defects”
(1997) was used:

Q = leakage rate (m3/s);

=

.

.

.

a = hole area (m2);
Cq0 = contact quality factor, good contact assumed (0.21);
h = liquid depth (m);
ks = Hydraulic Conductivity of underlying soil (m/s);
iavg0 = Average hydraulic gradient.

Given the same number of defects, lined area, defect size and head, with a 0.3 m thick CCL
with a permeability of 9 x 10-10 m/s underlying the geomembrane, the resultant flow rate through
the composite liner is estimated to be 1.92 x 10-6 m3/s, which is equivalent to an infiltration rate
of 1.48 x 10-10 m/s.
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This shows that with a dual liner system consisting of CCL underlying the BGM liner, the
expected flow rate would be reduced by an order of magnitude. It should be noted that the head
in this scenario is outside the limit of the equation (which is 3 m), however for the purpose of
showing the reduction in flow due to the CCL material, it is considered acceptable.
For the ultimate dam, the liner area is similar to the starter dam with a lower head as tailings are
expected to fill to approximately RL 637 m when the ultimate dam is completed.
11.2.3 Wind Uplift
Exposed geomembranes can be subject to uplift due to wind action, which can cause
substantial damage. Wind uplift can be prevented by implementing three main defences in the
design to mitigate the risk of wind uplift. The primary defences are:
Liner self weight.
Anchor trenches.
Ballasting.
The self weight of the liner is limited by the liner and dictates the minimum wind speed required
for uplift of the liner. Equations to calculate the minimum uplift wind speed for a liner on a batter
are presented in Uplift of Geomembranes (Giroud, 1995). The minimum uplift wind speeds for
BGM Coletanche ES3 is 38.4 km/h.
It is likely that the TSF2 decant pond will be at the spillway invert RL 636.5 m within 8 months of
completing construction and remain at a spill level throughout the year based on average
rainfall so the risk of wind uplift damaging the geomembrane is considered to be low.
Temporary wind uplift protection may be provided in the form of sand bags if the pond is
maintained low for a prolonged period post construction.
11.2.4 Constructability
A qualitative assessment has been conducted to determine constructability of the liner as
presented in Table 11-3.
Table 11-3

Constructability Assessment

Criteria
Safety
Subgrade preparation

Wet Weather Productivity

Placing and Jointing

Susceptibility to Damage

BGM
Sand coating on the liner providing higher friction.
Mechanical handling of rolls.
CCL required to be compacted prior to liner placement, but
less onerous than other options.
Maximum particle size of 20mm, must be sub-angular (no
sharp edges or fresh gravel/rock particles)
BGM is less susceptible to damage than other liners, therefore
is less likely to be damaged by imperfections in the sub grade.
No deployment or joining in wet weather or windy conditions.
Work conditions and access can be difficult following wet
weather, however less downtime expected due to the sand
coating on the BGM allowing access sooner.
Simple and expedient joining process.
Smaller panel sizes resulting in more seaming.
Semi-skilled welding operators and QA required, contractors
readily available.
Robust and durable product.
Excellent puncture resistance.
Small holes are self-healing with tailings.
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Criteria
Ease of repair

BGM
Simple and expedient repair process.

It is recommended that liner installation is undertaken by suitably experienced contractor.
Installation will be undertaken in accordance with manufacturer specifications. Quality
assurance and quality control shall be the contractor’s responsibility. It is critical that the liner is
installed to a high standard with repair of any damage during installation to meet the design
intent.

11.2.5 Liner performance under expected strains
BGM liners are not as common as HDPE liners and as such there is not as much information
surrounding the maximum allowable strains. Strength testing shows an elongation of 60-80%
depending on the test method. Coletanche have advised that a workable strain limit of 30% is
achievable with no material property loss (e.g. Permeability).
The settlement analysis detailed in section 10.2 found that the TSF2 will be exposed to
maximum vertical settlement 92mm - 375mm at the deepest section of the dam. An estimate of
the strains longitudinally along the embankment due to embankment deformation calculated by
using Pythagoras’ Theorem to calculate the change in length in the liner due to the differential in
settlement has been undertaken. With 0 mm settlement at the abutment and 375 mm at the
deepest section along 350 m length gives strain of 0.00006% which is negligible.
It is acknowledged local strains due to loading of the embankment during construction and from
tailings deposition upstream could be higher but expected to still be well within the workable
strain limit of 30%, there is a significant factor of safety above the calculated maximum strain of
in the TSF2 Embankment.

11.3

Access Roads

A new access road to the TSF2 embankment crest and toe is required, this can be constructed
from the Main Dam western abutment which will be 500 m long running around the perimeter,
this would join with the existing access under the Transmission line adjacent to the proposed
TSF2 toe. Where existing access tracks are used these shall be maintained to similar standard
to provide continued access. An alternate access route of 1.2 km long could be constructed
from the Main Dam eastern abutment to the TSF2 toe which will likely be required for Stage 2
dam construction and post deconstruction of the Main Dam / Western Arm walls. Approval for
clearing provisions should be applied for both routes to provide access around the full TSF2
perimeter when required.
Access to the Transend HV Transmission line shall be maintained during TSF2 construction and
operation. The proposed TSF2 spillway on the eastern abutment will redirect flows from their
existing path and a low flow crossing in the creek bed will be required. Details of the access and
crossings will be confirmed prior to construction however, crossings would be designed to be
drivable in a 1:10 AEP design event.
The access road can be an unsealed gravel road, 6m wide designed for a low traffic volume
(<150 light vehicles per day). A 250 mm thick wearing course made of selected granular fill is
proposed on the access road and the embankment crest road.
A 0.5 m high safety berm constructed on both sides of the TSF2 crest road and access road
should be provided to prevent vehicles falling into the TSF2 storage or down the valley.
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Construction works for the access roads will be limited to basic stripping and cut and fill
balancing. Catchment drains will be constructed along the length of the road to pass water to
the diversion drains or TSF2 storage.

11.4

Impacts of TSF2 on Transmission Line

The incremental impacts / risks from construction and operation of TSF2 on the Transend
Transmission line are discussed below.
TSF2 catastrophic failure resulting in inundation / damage of transmission line;
This risk is already present due to the Main Dam upstream of the transmission line which is
also a ‘High C’ Consequence Category dam (same as TSF2). Tailings stored upstream of
the transmission line post tailings reprocessing will be 45% lower than current tonnage,
thus reducing the tailings inundation risk.
Main dam has been identified to have a spillway capacity of 1:4,000 AEP and does not
have a filter to provide protection from piping risk, thus does not meet modern dam design
criterion. Once complete, TSF2 removes the risk of Main Dam Failure due to inundating
and essentially decommissioning the dam. TSF2 will have a spillway designed for a
1:100,000 AEP and an embankment designed to modern standards.
Based on the above, the incremental impact of TSF2 in regards to the potential for damage
to the transmission line is considered negligible or slightly better than current conditions.
Flood damage to transmission line in extreme event;
The existing transmission tower downstream of TSF2 is located in the creek bed / wetland
and in the flood path of an extreme event already. In an extreme event, flood depths around
the existing tower are likely to be controlled by the approximate 80m wide valley floor
downstream of the tower, potentially resulting in inundation. This would occur regardless of
TSF2 construction.
The tower in the creek bed downstream of TSF2 has the existing 11.3km 2 catchment
upstream and an additional approximately 2.8km 2 outside the TSF2 catchment (towards
Que River Mine). Proposed flow diversions away from the TSF2 catchment will reduce the
severity of flooding of the tower downstream of TSF2 (discussed in section 9).
Line damage / lost access during of construction and operation of TSF2;
TSF2 will introduce construction equipment risks to the transmission line corridor
(excavators, dozers, articulated dump trucks, rollers). Appropriate qualified contractors will
be used with offset distances (+10m) for excavations provided, along with notification to
Transend of activities within the corridor. Details for changed access over flow diversions
will also be provided prior to construction.
Access near the transmission line by Hellyer personnel will increase during TSF2
operations for the purpose of monitoring. This is more likely to be a benefit to Transend in
improving surveillance of the dams (improved safety) and provision of maintenance of
access.

11.5

Instrumentation

The section outlines the instrumentation that will be installed during the construction of the TSF
embankment.
Vibrating wire piezometers (VWP) monitor pore pressures within the TSF2 embankment;
V-Notch Weir on the downstream toe of TSF2 to monitor any seepage;
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Water level sensor on TSF2 and Main Dam to monitor pond level and spillway outflows;
and
Surface movement monitoring monuments installed on the upstream side of the TSF2
embankment crest at nominally 50 m intervals. Additional monuments shall be installed the
existing dams to monitor settlement during dredging. A permanent survey pillar will need to
be located on natural ground outside the TSF2 embankment to provide a survey reference
point.
11.5.1 Groundwater Monitoring
Based on the GHD TSF2 Hydrogeological Investigation (GHD 2018b), MB4 is proposed as a
background well (outside the influence of the proposed TSF2) and should be maintained as
long term monitoring location. Potential surface discharge locations should be monitored for
water quality including, but not limited to:
In the tributary to the west of the proposed TSF2 (adjacent to the saddle) at or below the
RL 626 contour;
In the tributary to the west of the proposed TSF2 (downstream of the mapped fault) at or
below the RL 622 contour;
At the low point in the toe of the proposed TSF2; and
Between the proposed TSF2 and (above) the confluence of the current Que River.
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12.

Construction Staging and Materials
12.1

Construction Staging

The stages for TSF2 embankment are as follows:
Stage 1: construction of new embankment with crest level at RL 638 m; and
Subsequent raises using the downstream construction method to the Ultimate Crest RL
646 m.
Based on Hellyer’s forecast tailings deposition schedule and TSF2 storage curve in Figure 11, it
is predicted that the TSF2 Stage 2 construction will approximately in 2 years after tailings
deposition commences.

12.2

Construction Material Borrow Areas

A preliminary staged borrow plan has been developed in order to maximise the use of in storage
materials and to facilitate the expansion of the Borrow Area 2, which was identified in Section
5.4.3 to have the suitable construction materials for the TSF2 embankment.
Figure 29 shows the location of borrow area showing the extent of the borrow pit needed for
Stage 1 TSF construction and subsequent lifts to ultimate stage. Any excavations of borrow will
maintain a minimum 30m offset from the existing Main Dam abutment or as deemed suitable by
the Site Engineer.

Ultimate
Dam
Borrow

Starter
Dam
Borrow

Figure 29 Borrow Area 2

The construction materials for the Starter Dam embankment will be sourced from lower part of
the borrow area as shown in the section in Figure 30.
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It is estimated that this area generally has an average clay layer (residual or extremely
weathered Dolerite or Shale) of 1.4 m thick overlaying highly to moderately weathered Dolerite
of 17 m thick above slightly weathered Dolerite based on boreholes (BH9, BH10, BH11 and
BH13) and test pits (T22-24 and 28-29).
The residual or extremely weathered Dolerite will be used to construct the CCL. The near
surface materials from the stripping of the dam foundation can also be assessed for suitability
for use as Zone 1 material for CCL. Highly to moderately weathered Dolerite will be used to
construct the finer transitional zone under the CCL and rockfill embankment.
It is estimated that the borrow area would provide enough construction material for the TSF2
starter dam and the subsequent lifts. The total embankment volumes required for the starter and
ultimate dam are estimated to be approximately 240,000 m3 and 400,000 m3 respectively. A
breakdown of the materials required for each zone is shown in Table 12-1.
The use of the borrow materials will be subject to field and lab testing to confirm the workability
of the materials for clay and achievement of the specification requirements for each zone.

Figure 30 Cross- Sectional View of the Borrow Area
Table 12-1

Material Availability & Requirements
Materials required (m3)

Materials

Zone 1 – Clay1
Zone 2 – Fine
rockfill2
Zone 3 – Coarse
rockfill2
Total

Starter
6,500

Ultimate
4,800

27,100

25,000

206,000

369,000

239,600

398,800

Borrow 2 Estimated Available (m3)
Starter
11,300

Ultimate
14,000

236,550

397,000

250,550

424,000

Notes:
1. The Clay volume assumes 70% reduction factor to account for unsuitable material.
2. The Transitional / Rockfill volume assumes 15% reduction factor to account for the 1H:1V
cut slope. Borrow material volumes for Transitional / Rockfill have not been separated as
majority of material is transitional but also suited for the rockfill zone.

12.3

Construction Water Management Plan

The development of a detailed stormwater management plan shall be the responsibility of the
construction contractor as this will require consideration of the detailed construction
methodology. An indicative construction stormwater management plan is presented as follows
with potential diversions shown in Figure 31.
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It is proposed to utilise the existing eastern and western diversions in TSF2 at RL622m and
RL627m respectively during initial stripping and setup of a downstream sediment trap. This
would facilitate water management for initial foundation stripping and grouting works before
commencing embankment construction. Embankment construction would initially commence in
the creek bed between the drains. Once the embankment reaches the existing drains, higher
level diversion drains would be cut, a coffer dam constructed utilising part of the existing
wetlands and pumping from the upstream storage area commenced.

Figure 31 Indicative Construction Stormwater Management
Estimated construction stormwater volumes and inflow rates based on rainfall intensity data are
presented in Table 12-2 which assumes a 14.5 Ha catchment bounded by the Main Dam
embankment and the proposed eastern/west construction diversions and a 0.6 runoff
coefficient.
Table 12-3 presents the storage volumes for the lower TSF2 levels. It can be seen that once
constructing the dam to the RL625m level a 1:20AEP 72hr event could be stored without
release (if required).
It is envisaged a coffer dam would be constructed upstream of TSF2 possibly over part of the
wetland with inflows pumped over the TSF2 embankment to the sediment pond where
acceptable or returned to the Main Dam if required, a minimum pumping rate of 100 l/s is
recommended. Preferably TSF2 embankment would not be used for temporary storage of
water as the BGM would not be installed until near completion of Stage 1 construction, however
the CCL would be suited for storage of a few meters of water temporarily if required with some
potential re-work.
Silt fencing will be installed between the construction area and the transmission easement and
elsewhere as the Contractor or Site engineer deems necessary to aid in sediment control.
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Table 12-2

Duration

Construction Stormwater Inflows
1:5AEP
Volume m3
Flow m3/s

1:10AEP
Volume m3 Flow m3/s

1:20AEP
Volume m3
Flow m3/s

0.5hr

1,314

0.7

1,557

0.9

1,810

1.0

1hr

1,757

0.5

2,062

0.6

2,366

0.7

6hr

4,046

0.2

4,576

0.2

5,081

0.2

24hr

7,961

0.1

9,048

0.1

10,179

0.1

72hr

13,050

0.1

14,964

0.1

16,791

0.1

Table 12-3
Dam RLm
622

Construction Starter Dam Storage
Storage Volume m3
0

623

2,184

624

15,112

625

41,529

626

86,422

627

142,876

630

378,572
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13.

Foundation, Excavations and Seepage
Control
13.1

General

The TSF2 decant water quality and PRT geochemical characterisation is being assessed by
others however, TSF2 water is expected to be suitable to discharge given the water cover will
be greater than 2 m during operations maintaining tailings in a saturated state to prevent acid
generation and assist with settlement of tailings. Hence, seepage from TSF2 is expected to
have negligible environmental impact.
Seepage through the embankment itself is expected to be insignificant as a dual liner system
will be utilized. Potential high seepage losses through the foundations beneath the embankment
had been considered in the hydrogeological and seepage analyses discussed in section 10.3.
The upper more permeable foundation zone is approximately 10 m thick which will be grouted to
limit seepage potential, grout holes will be extended into the lower foundation (approximately
equivalent to dam height) and grouted should there be faults or higher permeability zones.

13.2

General Foundation Stripping

The results of GHD geotechnical investigation report (GHD 2018a) indicate adequate foundation
conditions for the embankment, with rock within few meters of existing natural surface along the
embankment with some localised deeper weathered profiles at the east abutment area.
The design will require the stripping of all topsoil from the general foundation as well as removal
of any low strength material as assessed onsite to achieve a high strength soil or rock suitable
for founding of the embankment shoulders. This will require the establishment of a disposal area
for the containment of unsuitable materials.
Some of the stripped material will be re-usable as construction material.

13.3

Compacted Clay Liner / Grout Plinth Excavation

The excavation for the grout plinth and CCL connection is to provide a foundation that will
minimise seepage and the risk of piping in the foundation.
The excavation will be directed by the Site Engineer based on an assessment of the exposed
material and extent of treatment required.
Fell et al. (2014) has been followed to determine the required width of the core trench, which
depends on:
The foundation quality at cut-off foundation level
The height and consequences of failure of the dam
The type of embankment
The extent to which the cut-off surface is treated to control potential erosion into open
defects in the foundation.
The core trench width is typically defined as a ratio of the width W to hydraulic head at stripped
foundation level, H. For a cut-off in low permeability non-erodible rock, W/H may be as low as
0.25 but would usually be 0.5 or more and in soils may be as high as 1.0. For large high
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consequence dams this may be increased. The cut-off width should not be less than preferably
6 m.
The recommendations of Fell et al. (2014) are for water retaining dams, hence the presence of
tailings will reduce the risks associated with seepage in addition the CCL being expect to only
form a secondary containment layer and thus not receive the full dam head in the case of minor
leak in the BGM.
The CCL proposed under the liner is 0.3m thick as a secondary containment should a leak
occur in the BGM. The CCL has been widened at foundation trench contact to a minimum width
of 3 m to minimise the risk for seepage, the widened CCL is placed directly downstream of the
3m wide grout plinth.
Batter slopes for the trench shall be 1:1 or flatter so the CCL and adjacent finer transitional Zone
2 can be compacted against the sides of the trench to avoid arching effects in the trench.
Hand cleaning of the rock in the trench foundation will be required. Foundation treatment should
include excavation of any remaining weathered seams and fracture zones and backfill with
dental concrete and mortar/slush grout to fill cracks and voids but nothing would be required for
exposed sound rock where adequate compaction of clay is feasible. Some slope correction by
cutting rock or providing concrete is likely to be required, particularly where the rock bedding
and layered stronger and weaker rock will likely result in the core trench excavation forming a
series of steps.
Diversion of runoff to construct the core trench across the valley will be required, and the
Contractor will need to select appropriate methods for diversion.
It is important to note that the sedimentary rock (shale) foundations are likely to have
weaknesses along the bedding. To avoid chasing out of weathered seams in these shallow
bedding planes it is recommended to rip the core trench deeper than initially appears necessary
to break out ‘fingers’ of competent rock over more weathered material. The Contractor should
be anticipating an uneven, undulating and variably weathered base for the cut-off trench which
may be challenging and require time consuming excavations and large volumes of dental
concrete in some areas.

13.4

Grout Curtain Design

Grouting will be restricted to those areas below the embankment foundation. The grouting shall
target the rock jointing and faults in order to minimise foundation seepage. Final chainages will
be confirmed during construction based on grouting results.
The grout curtain design is based on the split spacing method with a series of primary holes at
10-metre centres running along the upstream toe at 10 to 25 metres maximum depth or as
instructed by the grouting engineer. Near surface rock defects will have to be treated, as it may
greatly contribute to seepage loses. A secondary hole may be required in between primary
holes should the later do not show any reduction in Lugeon value (and grout take). Tertiary
holes may also be required should the secondary holes further reduction close enough to
closure requirement as discussed further in Section 13.4.2. Fell et al. (2014) suggest that there
is little value in grout hole spacings closer than 1.5m, and hence quaternary holes are not
planned at this stage. The grouting program will also be used to supplement existing
geotechnical knowledge of the site. The grout holes will typically be drilled by faster percussion
drilling methods, but there will be provision in the specification to utilise diamond drilling
methods to recover core in areas where there are information gaps.
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13.4.1 Grouting Pressures
Due to the generally bedded and jointed condition of the rock mass, it will be important to
restrict grouting pressures. This approach is aimed at preventing hydraulic fracturing and/or
‘jacking’ or heave of the foundation rock mass. Hydraulic uplift of the rock mass is likely to lead
to an overall reduction in the foundation rock mass strength, i.e. high pressure grouting may
increase seepage due to jacking.
Fell et al. (2014) describe this as ‘the conventional approach’. Maximum pressures at the base
of the stage being grouted (Pb) are given by:
Pb = d
Where depends on rock conditions as may be about 70 for sound rock, 50 for average rock
and 25-35 for weak rock, and d is the depth to the bottom of the stage. This allows for the
weight of the overlying rock plus some spanning effect.
For initial grouting pressures it was decided to limit pressures to approximately Pb = 35d and
observe performance to ensure jacking does not occur.
13.4.2 Closure Criteria
Closure criteria define guidelines for the grouting engineer to assess the requirement for
additional grout holes (i.e. Secondary or tertiary) based on observations from completed holes.
Fell et al. (2014) provide some discussion on closure criteria for grouting. The discussion
suggests that it is not possible to stop seepage by grouting, only to reduce it, and cement grout
can only significantly reduce seepage when it can penetrate into fractures, i.e. in relatively
widely spaced open joints in moderate to high Lugeon value rock. Closure criteria should be
based on:
Lugeon value prior to grouting the hole
Grout take
The nature of the dam, its foundation and what is being stored in the reservoir.
Fell et al (2014) provide guidance on closure criteria in their Table 18.5, copied below. The rock
foundation is not expected to be erodible and a closure criteria of <10 Lugeons and <25 kg
cement / m.

Houlsby (1976) provided lower Lugeon based cut-off criteria for grouting, suggesting that if
water is ‘worth the cost of intensive grouting’ 2-3 Lugeon may be adopted. Or if the water is of
negligible value then for a single row grout curtain with a wide core on non-erodible foundations
the limit may be 5-7 Lugeon.
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However, Fell et al (2014) state that grouting to more restrictive Lugeon values as advocated by
Houlsby will not result in significant reduction in seepage because the minimum permeability of
rock that will accept GP cement grout is about 8 Lugeon.
On the basis of Fell’s commentary, the adopted closure criteria are follows:
Target closure permeability less than 8 Lugeon or less than 10 Lugeon if there is less
than 20% reduction in Lugeon value or grout take from the previous stage.
Grout take of less than 25 kg cement / m
Grout hole spacing not to be <1.5m.
The closure criteria of 8 Lugeon will ensure that any large permeable features that are
intersected by the grout holes will be grouted to match the approximate permeability of the
surrounding rockmass. For seepage analysis it was assumed that the grout curtain would
produce a 6 m wide curtain with a permeability of 3-4 lugeon, i.e. 5x10-7 m/s. Fell et al (2014)
note that a permeability of 2 Lugeon or less is unlikely to be achievable with cement grouting.
The BGM will be connected to the concrete grout plinth using a stainless steel batten fixed down
using stainless steel masonry anchors at regular spacing. Size and length of the anchors,
thickness of the grout plinth will be confirmed with structural assessment, however indicative
details are shown on the drawings in Appendix A.
The compacted clay liner (CCL) will be adjacent to the grout plinth at 3.0 m width, 1V:3H at the
upstream and 1V:0.3H at the inner slope tapering to 0.3 m thickness at approximately 1.0 m
height. The CCL will be compacted in two 150mm mm layers with a sheepsfoot roller with
number of passes subject to trial rolls.
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14.

Existing Embankment Modifications &
Infrastructure
GHD conducted a Comprehensive Surveillance Review (CSR) last March 2017.
Recommendations arising as a result of the CSR relevant to TSF2 are presented in Table 14-1,
with comments added on how TSF2 design and construction impacts these recommendations;
Table 14-1
No.
1

Recommendations for Hellyer Residue Main Dam

Recommendation
It is recommended for Hellyer Residue Dam that:
A review of the foundation geotechnical
conditions be undertaken by archival searches
and/or further site investigations. These
investigations should then be used to form the
basis of an embankment stability assessment
(normal, flood and seismic loading).

TSF2 Comments
Based on the GHD 2018
investigations the Main Dam is
likely founded on shale.
However, closer proximity test
pitting will be undertaken
downstream of Main Dam
during TSF2 infrastructure
removal to confirm conditions.

A review of the flood hydrology and spillway
adequacy be undertaken.
A piping risk assessment should be undertaken
for the dam due to the absence of compliant
filter zones, which would be expected for a High
C Consequence Category Dam.

Piping risk resolved TSF2 by
construction.

2

It is recommended that the decant outlet at the
Hellyer Residue Dam main embankment should be
decommissioned. If Hellyer wish to retain the
decant outlet then a risk assessment should be
undertaken.

Complete during TSF2 Stage
1 construction

3

Routine Visual Inspections of the Hellyer Residue
Dam should be undertaken on a tri-weekly basis in
accordance with a Routine Visual Inspection
Checklist by staff trained in dam safety surveillance.
The inspections should include monitoring of
storage level, rainfall and seepage. Results should
be compared against trigger levels in the
Operations, Maintenance and Surveillance Manual
(to be developed) and advice sought from a dams
engineer if the trigger levels are exceeded.

Addressed as part of re-start
of processing operations
October 2018.

4

Deformation monitoring of the Hellyer Residue Dam
Main Embankment should be established by
installing survey targets on the embankment crest,
monuments on the abutments and implementing 2yearly routine deformation surveys to an accuracy
of +/- 1 mm.

To be completed as part of reprocessing operations and
before dredge adjacent Main
Dam
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No.
5

6

Recommendation

TSF2 Comments

It is recommended that Hellyer engage a suitably
qualified and experience consultant to prepare an
O&M manual covering all dams on the Hellyer site,
to meet legislative requirements.

OMS & DSEP recently
updated by GHD July 2018.

It is recommended that Hellyer engage a suitably
qualified and experience consultant to prepare a
DSEP covering Hellyer Residue Dam and Western
Arm Dam, to meet legislative requirements.

with TSF2 prior to
construction.

Docs to be updated with

In addition, the current Main Dam spillway requires cleaning out sediment built up on the
western side of the weir. The gauge board should be replaced by a water level sensor which
reports the flow over the spillway using a calculated discharge rate based on height over the
spillway.

It is recommended the above recommendations be maintained and actioned as part of TSF2
development.
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15.

Closure
As outlined in ANCOLD Guidelines on Tailings Dams (ANCOLD 2012a), upon closure a tailings
dam must be able to cope with potential conditions to be encountered over the extended period
determined as the design life, potentially of 1,000 years or longer.
As per ICOLD Bulletin 153 Sustainable Design and Post-Closure Performance of Tailings
Dams, (ICOLD 2013) there are a number of principles that apply to the successful closure of a
tailings dam. The first two principles are as follows:
Long-term stabilisation of physical, chemical, ecological and social conditions of the
tailings dam to minimise ongoing degradation.
The closed facility should not require ongoing maintenance and expenditure other than
normally required for similar land use.
In order to achieve the above, TSF2 has been designed to focus on two keys areas:
Mitigation of AMD through appropriate tailings management in a climate with a positive
water balance, through provision of a minimum 2m water cover for closure; and
Develop a long term stable structure by effectively decommissioning the Main Dam with
replacement by TSF2 which has conservatively stable slopes and consolidates the
disturbed footprint.
Provision of TSF2 closure spillway designed for PMF.
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16.

Safety in Design
Safety in design is a strategy aimed at preventing injuries by considering hazards as early as
possible in the planning and design process, enhancing safety through choices in the design
process. A safety in design approach considers the safety of those who construct, operate,
maintain, clean, repair and demolish an asset (includes building, structure, plant or equipment).
Parties involved in the planning and design stage of a project are in a position to reduce the
risks that arise during the life cycle of the asset and have a legal requirement to do so.
At each design stage “designers” can make a significant contribution by identifying and
eliminating hazards, and reducing likely risks from hazards where elimination is not possible.
Often the most cost effective and practical approach is to avoid introducing a hazard to the
workplace in the first place, by eliminating hazards at the design stage.
The definition of “designer” not only affects the actual designer but also those who are
connected with the design (e.g. during construction), including parties where the end product is
to be used, or could reasonably be expected to be used, as, or at a workplace (e.g. during end
use, inspection, operation, cleaning, maintenance and demolition). Furthermore, the “designer”
must ensure, so far as is reasonably practicable, that the plant, substance or structure is
designed to minimise risks to the health and safety of workers where the design is for the
purposes of a workplace.
It is therefore reasonable to consider the wider practical definition of “designer” to include:
Design professionals
Head contractors, project managers, clients, end- users and workers
Quantity surveyors, insurers, quality assurance staff, work safety professionals and
ergonomics practitioners
Suppliers including manufacturers, importers, those who hire plant, constructors,
installers and trades and maintenance people
GHD has been engaged to provide design services described in this report. As such GHD has
undertaken a component of the designer’s role in this project. In this role GHD has identified
and mitigated a number of potential risks within the limitations of our scope, in consultation with
other members of the design team.
During the detailed design phase a Safety in Design review was carried out by GHD. A number
of design improvements were identified to eliminate hazards and improve overall safety. GHD
have prepared a summary of the risks identified and mitigation measures adopted or
recommended. This risk register is attached as Appendix D.
Some residual risks, both safety and design related have been identified in the risk register.
Proposed mitigation measures and responsible parties for implementing these are also
identified.
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17.

Recommendations
The following recommendations provide guidance for the Stage 1 construction phase.

17.1

Seepage Control

Seepage controls developed within this design comprise a combination of grouting, foundation
preparation, BGM/CCL and low permeability tailings limiting potential seepage.
Adequate installation of the BGM by an appropriately qualified contractor with independent
QA/QC is critical to achieve the design intent in regards to forming low permeability upstream
face.

17.2

Embankment Foundation Mapping

Exact requirements of the grout plinth structural design are to be developed prior to tender
phase and grouting extents will be determined during construction and close engineering
supervision and oversight will be required to ensure the design intent is met to ensure both
seepage and piping risks are reduced to acceptable limits.
Foundation and spillway geological mapping has therefore been included as a hold point in the
construction which will include confirming the geochemical characteristics of the exposed
foundation. The foundation geological and geotechnical mapping shall be undertaken by a
competent Engineering Geologist or Geotechnical Engineer who is familiar with the design
intent.

17.3

Tailings Storage Capacity

The tailings storage capacity of the facility is dependent on the quantity of embankment
construction materials sourced from within the TSF2 impoundment. As such, a topographical or
aerial survey of the TSF2 impoundment area should be undertaken prior to commencement of
tailings deposition. This will enable development of an accurate storage curve for the facility.

17.4

Forward Work Plan

The following are required to be developed prior to TSF2 construction:
TSF2 Tender Design Documentation: to incorporate final detailed design items
inclusive of foundation grout plinth details, spillway channel outlet (width, strip depth and
alignment), access roads, instrumentation details in the design, final diversion drains and
develop contract document and technical specification for tender.
AMD Waste Management Plan: to cover issues associated with PAF excavated in the
foundation, spillway or borrow area. The plan will include assessment/testing
requirements, handling, placement, management, encapsulation and monitoring.
Borrow Area Management Plan: to identify and develop appropriate control measures
for managing environmental risks associated with borrow operations such as generation
of AMD, water management and rehabilitation. This shall also include geotechnical
laboratory testwork on CCL and Zone 2/3 materials to validate design parameters.
Dam Safety Emergency Plan: to set out responsibilities and processes in the event of a
dam safety incident or emergency. This plan shall be submitted to DPIPWE prior to
commencement of embankment construction.
Operations and Maintenance Manual: to document the requirements for ongoing dam
safety surveillance, operations and maintenance including triggers for the Dam Safety
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Emergency Plan and tailings deposition methodology. This plan shall be submitted to
DPIPWE before commencement of dam works.
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CONSEQUENCE CATEGORY ASSESSMENT
Client Name
Dam Name
Dam ID. No. (If existing dam)
Stream Name
Dam Height (Metres)
Estimated Capacity at FSL (Megalitres)
Location

Hellyer Gold Mines Pty Ltd
TSF2
X
Unnamed Tributary of the Que River
24
3800
Hellyer Residue Dam

X

Crest RL

X

X

646.0 m

TOTAL INFRASTRUCTURE COSTS (costs are indicative only)
<10M
Residential
$10M - $100M
Commercial
<10M
Community Infrastructure
Dam replacement or repair cost
$10M - $100M
TOTAL INFRASTRUCTURE COSTS severity level
IMPACT ON DAM OWNER'S BUSINESS
Essential to maintain supply
Importance to the business
Severe restictions would be applied for at least 1 yr
Effect on services provided by the owner
Extreme discontent
Effect on continuing credibility
Extreme discontent
Community reaction and political implications
Severe to crippling in the long term
Impact on financial viability
Value of water in storage (assessed by the owner in relation
Loss of income for at least 1 year
to the business)
IMPACT ON DAM OWNER'S BUSINESS damage and loss severity level
HEALTH and SOCIAL IMPACTS
<100 people affected
Public health
<100 people affected
Loss of service to the community
<1,000 person days
Cost of emergency management
<100 person months
Dislocation of people
<20 business months
Dislocation of businesses
<100 jobs lost
Employment affected
Local facility
Loss of heritage
Loss of recreational facility
Local facility
HEALTH and SOCIAL IMPACTS damage and loss severity level
NATURAL ENVIRONMENT
<5km2
Area of Impact
<5 years
Duration of Impact
Stock and Fauna
Discharge from dambreak would contaminate water supplies
used by stock and fauna with contaminant uptake.
Ecosystems

Rare and endangered fauna and flora

.
.
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.
.
.
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Catastrophic

.
.
.
.
.

.
.
.
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YES
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YES
YES

.
.
.
.
.

.

YES
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YES
YES
YES
YES
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.
.
.
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.
.
.
.
.
.
.
.
.
.
.
.
MINOR

.
.
.
.
.
.
.
.

YES
YES

.
.

.
.

.

.

YES

.

Discharge from dambreak would have significant impacts on
ecosystems with natural recovery expected after several wet
seasons. Remediation possible over many years.

.

.

YES

.

Species exist with losses expected to be recovered over a
number of years.

.

YES

.

.

MAJOR

HIGHEST DAMAGE AND LOSS SEVERITY LEVEL

MAJOR
≥1-10

Population at Risk (PAR)

CONSEQUENCE CATEGORY =

HIGH C

Note 1: With a PAR in excess of 100, it is unlikely Damage will be minor. Similarly with a PAR in excess of 1,000 it is unlikely Damage will be classified as Medium.
Note 2: Change to 'High C' where there is the potential of one or more lives being lost. The potential for loss of life is determined by the charateristics of the flood area,
particularly the depth and velocity of flow.

Completed By
Date

.
.
.
.

.
.

NATURAL ENVIRONMENT damage and loss severity level

PAR includes all those persons who would be directly
exposed to flood waters within the dam break affected zone if
they took no action to evacuate.

YES
.
YES
.

Major

Estimate
Minor

Damage and Loss

Medium
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CONSEQUENCE CATEGORY ASSESSMENT
Client Name
Dam Name
Dam ID. No. (If existing dam)
Stream Name
Dam Height (Metres)
Estimated Capacity at FSL (Megalitres)
Location

Hellyer Gold Mines Pty Ltd
TSF2
X
Unnamed Tributary of the Que River
24
3800
Hellyer Residue Dam

X

Crest RL

X

X

646.0 m

TOTAL INFRASTRUCTURE COSTS (costs are indicative only)
<10M
Residential
<10M
Commercial
<10M
Community Infrastructure
Dam replacement or repair cost
<10M
TOTAL INFRASTRUCTURE COSTS severity level
IMPACT ON DAM OWNER'S BUSINESS
Restrictions needed during peak days and peak hour
Importance to the business
Effect on services provided by the owner
Reduced services are possible with reasonable restrictions
Some reaction but short lived
Effect on continuing credibility
Some reaction but short lived
Community reaction and political implications
Able to absorb in 1 financial year
Impact on financial viability
Value of water in storage (assessed by the owner in relation
Can be absored in one financial year
to the business)
IMPACT ON DAM OWNER'S BUSINESS damage and loss severity level
HEALTH and SOCIAL IMPACTS
<100 people affected
Public health
<100 people affected
Loss of service to the community
<1,000 person days
Cost of emergency management
<100 person months
Dislocation of people
<20 business months
Dislocation of businesses
<100 jobs lost
Employment affected
Local facility
Loss of heritage
Loss of recreational facility
Local facility
HEALTH and SOCIAL IMPACTS damage and loss severity level
NATURAL ENVIRONMENT
<5km2
Area of Impact
<1 (wet) year
Duration of Impact
Stock and Fauna
Discharge from dambreak would contaminate water supplies
used by stock and fauna. Health impacts not expected.
Ecosystems

Rare and endangered fauna and flora

Discharge from dambreak would have short term impacts on
ecosystems with natural recovery expected after 1 wet season.
Remediation possible.
Species exist but minimal damage expected. Recovery within
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Note 1: With a PAR in excess of 100, it is unlikely Damage will be minor. Similarly with a PAR in excess of 1,000 it is unlikely Damage will be classified as Medium.
Note 2: Change to 'High C' where there is the potential of one or more lives being lost. The potential for loss of life is determined by the charateristics of the flood area,
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Risk Assessment (PRELIMINARY)
Notes: *Designs with significant quantities of dangerous goods may require detailed risk assessments under Dangerous Goods or Major Hazard legislation
* Most industrial processes will require an industry specific assessment, e.g. HAZOP and/or Quantitative Risk Assessment for facilities that have chemical or high-pressure processes under Dangerous Goods or Major Hazard legislation.

Design
Life
Cycle:
Job
Name:

Investigation and
Design

Setup, Construction and Commissioning

Hellyer TSF2 Starter Dam Detailed Design

Operation

Job No:

Disposal

Maintenance

Revision No:

Rev A

Hellyer Gold Mines Pty Ltd

Client:

3218552

Date Prepared: 04/05/18

People involved in Risk Assessment:
Initial Risk Rating

D

2

Moderate

D

2

Moderate

D

2

Moderate

C

2

Low

Inaccurate assumptions relating to
hydraulic properties (embankment,
foundation and tailings), seepage
behaviour and phreatic surface

Inadequate embankment stability as a
result of higher than anticipated phreatic
surface.

Investigation and
Design

Inaccurate assumptions relating to
tailings and embankment material
strength properties and loading
conditions

Loading conditions assessed in accordance with ANCOLD
TSF failure as a result of incorrect design
Guidelines on Tailings Dams (2012) as appropriate for
assumptions relating to loading
TSF2 design. Material strength properties have been
conditions or material properties.
derived from recent field and lab tests.

Time delays in design/construction

Low

TSF2 is designed to have minimum clay zone to maximise
use of rockfill materials that were found abundant onsite. It
will have a dual liner system -bituminous geo-membrane
(BGM) Coletanche ES2 overlaying 0.3mm thick compacted
clay liner (CCL) on the upstream face and will be grouted
along the upstream toe to further reduce seepage through
the dam, the rockfill should be free draining hence the
phreatic surface is expected to be low.

Investigation and
Design

Setup, Construction
and Commissioning

2

Risk Rating

Test pitting and borehole investigations have been
undertaken to assess the TSF foundation conditions.
TSF failure as a result of incorrect design Foundation was found to be Shale, with fractured zone in
the top 10m layer, which will be grouted. Liquefaction of
assumptions relating to foundation
foundation is assessed to be unlikely. TSF2 to be raised
conditions (i.e. low strength foundation
using downstream construction method. Settlement post
zone, liquefaction potential).
earthquake is expected. Allow sufficient dry freeboard to
prevent dam overtopping.

C

Likelihood

Inadequate understanding of
foundation conditions

Keyway excavation to target zones of shallow high
permeability zones. Grouting program to reduce risk and
provide better assessment of leakage.
Low permeability tailings are expected to seal off TSF2
floor as they fill up the storage over time.

(Consider Hierarchy of Control - Elimination, Substitution, Isolation,
Engineering Controls, Administrative Controls, PPE)

Consequence

Investigation and
Design

Foundation seepage

Existing Control Measures

Residual Risk Rating
Potential Control Measures

Risk Rating

Investigation and
Design

Permeable fault, dyke or open
persistent jointing, continuous to
storage

Risk
What could go wrong and what might
happen as a result

Likelihood

Ref

Hazards
What could cause injury or ill health,
damage to property or damage to the
environment

Consequence

Design Life Cycle
Design
Stage

- Additional geotech investigation during construction.

C

1

Low

- Ongoing review of design assumptions using
"observational approach" during detailed design of each
embankment raise.
- Adequate engineering supervision during foundation
excavations.
- Review of design by independent expert review panel.

D

1

Moderate

D

1

Moderate

D

1

Moderate

C

2

Low

C

2

Low

C

1

Low

- Installation of piezometers in embankment and
foundation to monitor seepage behaviour as the tailings
beach rises.
- Ongoing review of design assumptions using
"observational approach" during detailed design of each
embankment raise including provision for additional
stabilisation or drainage if required to maintain
acceptable embankment stability.
- Review of design by independent peer reviewer.
- Undertake more tests during construction to verify
design parameters and update stability model to confirm
design is adequate.
- Ongoing review of design assumptions using
"observational approach" during detailed design of each
embankment raise.
- Review of design by independent peer reviewer.
- Undertake tailings reconciliation to confirm settled
tailings density annually to check storage capacity and
forecast for the next raise
- Ongoing review of project schedule.
- Proactive management to ensure tasks are completed
on time.
- Time construction to maximise production during
summer weather to minimise contractor delays.

Any delay will result in delay of
production and financial implications

Detailed project schedule to ensure key milestones are
met within a suitable timeframe.
Raise Eastern Finger Bund to increase tailings storage
capacity before TSF2 is constructed
Storage calculations for TSF2 based on conservative
settled tailings density.

Insufficient construction materials to
enable successful construction of
embankment works results in
compromised embankment quality,
changes in design or increased cost.

Design and material specification has been developed to
enable use of as wide a range of material as possible.
Geotechnical investigations (TPs & BHs) had identified
and quantified suitable borrow areas with sufficient
materials to construct TSF2 up to ultimate design crest
level.
TSF2 design maximises the use of rockfill materials which
were found abundant on site and minimises clay zone as
there was limited clay on site.

C

2

Low

- TSF construction to be a consideration in mine
planning.
- Future test pit investigations required to identify new
borrow areas for future raises.

Geotechnical investigations (TPs & BHs) had identified
and quantified suitable borrow areas with sufficient
materials to construct TSF2 up to ultimate design crest
level.

C

2

Low

- Additional testing and review of borrow materials for
each raise.

Setup, Construction
and Commissioning

Insufficient availability of
suitable embankment construction
materials

Setup, Construction
and Commissioning

Borrow materials properties differ from Borrow materials properties differ from
those anticipated
those anticipated

1. SiD RA

Person
Responsible
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Risk Assessment (PRELIMINARY)
Notes: *Designs with significant quantities of dangerous goods may require detailed risk assessments under Dangerous Goods or Major Hazard legislation
* Most industrial processes will require an industry specific assessment, e.g. HAZOP and/or Quantitative Risk Assessment for facilities that have chemical or high-pressure processes under Dangerous Goods or Major Hazard legislation.

Design
Life
Cycle:

Investigation and
Design

Job
Name:

Setup, Construction and Commissioning

Hellyer TSF2 Starter Dam Detailed Design

Operation

Job No:

Disposal

Maintenance

Revision No:

Rev A

Hellyer Gold Mines Pty Ltd

Client:

3218552

Date Prepared: 04/05/18

People involved in Risk Assessment:
Initial Risk Rating

Minimum batter slopes for excavations provided in
Technical Specification with provision for assessment by
the Site Engineer.

Setup, Construction
and Commissioning

Wetter than anticipated conditions

Setup, Construction
and Commissioning

Spillway foundation differ from those
anticipated

Setup, Construction
and Commissioning

General foundation excavation

Material more difficult/expensive
to place or cannot be placed

Spillway configuration changes.
Cost changes.
Expensive low production excavation and
dental concrete cost.
Additional quantity of rockfill.

Risk Rating

Slope failure of excavation results
in harm to staff and/or damage to plant
and equipment.

Likelihood

Instability of excavations (kinematic
stability) in soil/rock for the
embankment and borrow areas

E

2

- Geological mapping and assessment of kinematic
Significant stability of rock excavations after embankment/ abutment
stripping.

E

1

Moderate

- Contingency for difficulties in placement of material,
and potential for demobilisation and remobilisation and
longer than anticipated construction period.
Significant - Specification can potentially be relaxed to allow
material wet of optimum following additional testing to
prove required strength and permeability requirements
met.

C

2

Low

D

3

Spillway will be cut into Shale foundation, lined with riprap
/shotcreted to minimise erosion.

C

3

Moderate

- Additional geotech investigation to confirm foundation
condition for each raise.

C

3

Moderate

Allowance for construction difficulty and dental concrete
works.

C

3

Moderate

- Additional geotech investigation to confirm foundation
condition for each raise.

C

3

Moderate

C

2

Low

C

3

Moderate

- Appropriate measures should be in place in the
contracts
- Ensure this potential is minimised by including
appropriate clauses in contract ensuring a safe
construction site is aimed for. Eg Safety Permit for the
Removal of Trees.

C

3

Moderate

- Allowance for dewatering must be considered.

A

4

Low

Moderate

- Engineering supervision.
- Retrieve existing infrastructure drawings for review for
contractors information. Develop decommissioning plan
for removal of infrastructure offsite (if required).

C

2

Low

C

3

Moderate

C

3

Moderate

C

2

Low

E

1

Moderate

C

2

Low

D

1

Moderate

Setup, Construction
and Commissioning

Poor site management

Environmental damage

Setup, Construction
and Commissioning

Groundwater inflow into excavation

Damage to excavations,
Difficult/impossible working conditions

Groundwater levels noted in Geotech Investigations.

Setup, Construction
and Commissioning

Decommissioning existing
infrastructure

Damage to Main Dam or injury to
personnel

Grout decant with design method to be developed as part
of TSF2 detailed design / tender. Isolate power, engage
appropriate contractor.

Change to Batter Slope

Shoulder batters must be adjusted.
Change to embankment quantities and
foundation excavations.

Batter slopes of 3(H):1(V) has been adopted for both the
upstream and downstream sides.

D

4

Revise spillway analysis and freeboard calculations.

D

4

C

3

E

2

C

3

Setup, Construction
and Commissioning

Crest height changes.
Change to embankment quantities
Spillway configuration changes
Erosion of clay liner materials leads
Intense rainfall before liner is installed
to breach of liner.

Operation

Rising piezometric pressures

Operation

Poor tailings management practices

Setup, Construction
and Commissioning

Operation

Adjustment to Crest Height

High decant pond level

(Consider Hierarchy of Control - Elimination, Substitution, Isolation,
Engineering Controls, Administrative Controls, PPE)

Reviewed seasonal rainfall variation.

Technical specification to include requirements to manage
site including installing sediment /silt traps and removal
and capsulation of PAF material to prevent/ minimise
environmental damage.

Setup, Construction
and Commissioning

Risk Rating

Existing Control Measures

Residual Risk Rating
Potential Control Measures

Consequence

Setup, Construction
and Commissioning

Risk
What could go wrong and what might
happen as a result

Likelihood

Ref

Hazards
What could cause injury or ill health,
damage to property or damage to the
environment

Consequence

Design Life Cycle
Design
Stage

Provide erosion in areas where water will concentrate.
Maximise diversion.
Vibrating wire piezometers have been incorporated into the
Instability of the TSF2 as a result of rising
design of the TSF2 to monitor pore pressures within the
phreatic surface.
embankments.
Target tailings densities are not achieved
Tailings management addressed as part of design
resulting in TSF filling quicker than
documentation. Regular reviews of tailings management
anticipated.
Reduced freeboard and flood storage
during periodic inspections. Ongoing review of design flood
leading to increased risk of uncontrolled storage allowance.
spill.
TSF is a lined rockfill dam hence pore pressure rise in the
embankment is not expected.
Potential for piping failure of TSF
embankment due to increased hydraulic Regular reviews of piezometer data to validate
assumptions made in determining phreatic surface in
gradients.
stability models.

1. SiD RA

D

D

2

2

- Risk/Opportunity to alter batter slopes if material
strength less/more than anticipated.
Significant
- Contingency to allow relaxation of batter slope and
additional foundation excavation
- Risk/Opportunity to alter crest height.
Significant - Contingency to allow for increased crest height.
Inspection to identify eroded areas and remediate clay
liner as required before BGM installation.
Monitoring of the piezometers during and after the
Significant construction to verify pore pressures and adequate
factor of safety.
- Instrumentation (i.e. piezometers, movement
monitoring, tailings beach indicators) to enable
monitoring.
Moderate
- Undertake tailings reconciliation to check tailings
settled density and review filling schedule and design
flood storage allowance.
Moderate

Moderate

- Undertake regular routine and intermediate surveillance
inspections during operation.
- Instrumentation (i.e. piezometers, movement
monitoring) to enable monitoring.

Person
Responsible
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Risk Assessment (PRELIMINARY)
Notes: *Designs with significant quantities of dangerous goods may require detailed risk assessments under Dangerous Goods or Major Hazard legislation
* Most industrial processes will require an industry specific assessment, e.g. HAZOP and/or Quantitative Risk Assessment for facilities that have chemical or high-pressure processes under Dangerous Goods or Major Hazard legislation.

Design
Life
Cycle:

Investigation and
Design

Job
Name:

Setup, Construction and Commissioning

Hellyer TSF2 Starter Dam Detailed Design

Operation

Job No:

Disposal

Maintenance

Revision No:

Rev A

Hellyer Gold Mines Pty Ltd

Client:

3218552

Date Prepared: 04/05/18

People involved in Risk Assessment:
Initial Risk Rating
Risk
What could go wrong and what might
happen as a result

Operation

Poor Quality Decant Water

Water management plan has allowed decant water to store
Unable to release water resulting in build
up to spillway invert level as this will help with tailings
up of water inventory and reduced
settlement hence improving water quality for release.
storage capacity increasing risk of flood
Spillway is sized to pass extreme flood event with a dry
overtopping.
freeboard of 0.5m.

D

2

Moderate

Operation

Decant pump failure

Unable to supply water to Main Dam
during extreme driest summer months.
Production must be slowed /halted.

Source water from Western Diversion Drain or Southwell
River.

B

3

Low

Severe Earthquake

Foundation liquefaction or cyclic
softening. Loss of strength of
embankment material. Deformation or
failure of embankment leads to loss of
tailings/decant water.

TSF to be founded on rock so liquefaction potential is low.
Embankment materials to be compacted to design
specification hence loss of strength is not expected.
Freeboard allowance of 0.5m adopted to accommodate
anticipated crest settlement during an earthquake.

D

1

Operation

Tailings delivery and decant pipelines

Failure of tailings delivery pipeline or
decant pipeline results in erosion of
embankment /contamination of site
requiring remedial works

Tailings delivery pipeline to be contained in a trench from
the Mill to TSF2. Decant pipeline to draw water from TSF2
to Main Dam is only operating in summer months.

C

Operation

Vehicle driving on dam crest /along
tailings pipelines

Operation

TSF fills quicker than anticipated

Operation

Rapid Drawdown

Operation

HDPE Liner Damage

1. SiD RA

- Routine water quality monitoring as per Permit
Requirements.
- Routine inspection of spillway to ensure it is not
blocked / in good condition.

D

1

Moderate

- Regular servicing of pumps.
- Consider backup options for pump and power supply

B

2

Negligible

Moderate

- Seismic assessment to verify design assumptions and
seismic monitoring.

D

1

Moderate

2

Low

- Routine inspections of tailings and decant pipelines to
ensure they are in good condition.

B

1

Negligible

D

3

Significant

- Vehicle safety provisions must be considered on
completion of construction to ensure they are adequate.

D

2

Moderate

C

3

Moderate

- Monitor TSF fill rate during operation. Tailings survey
and density reconciliation.
- Contingency for bringing forward future raises.

C

2

Low

C

2

Low

- Monitor TSF2 during dewatering.

C

2

Low

B

2

Negligible

- Monitoring of the piezometers and seepage during
operation for any anomalies.

B

2

Negligible

C

2

Low

C

4

Risk Rating

Risk Rating

Spillway Blockage

Spillway capacity reduced and time to
draw down reservoir level following flood Sufficient freeboard to ensure complete blockage will not
result in overtopping of the dam.
event increased, with increased risk of
successive flood events.

Likelihood

Operation

Safety bunds proposed on either side of crest road and
ramps. Suitable speed limit implemented on crest road.
Suitable crest width designed for vehicles access. Tailings
pipeline to be contained in a trench.
Design based on supplied production and
forecasts.The settled density of reprocessed tailings has
Production is greater than anticipated or
been assumed conservatively to be 1.3t/m3 which is lower
tailings density is less than anticipated.
than the current tailings density of 1.93 t/m3. This
Raise schedule must be bought forward.
reduction in density is due to the removal of dense
Production must be slowed or halted.
sulphides as part of the process. The density is likely to
increase to 1.65t/m3 at final filling.
Upstream batter slope of 3:1 adopted. TSF is lined with a
Rapid drawdown of water level in the
geomembrane which will protect the clay liner by keeping it
reservoir (pumping to Main Dam in
unsaturated and safe from wave erosion.
summer months)
Liner installation to be supervised to ensure good
foundation/ compaction of CCL and high quality welding of
Damage to clay liner underneath.
HDPE liner. Tailings will seal the liner defect over time and
Increased seepage and piping risk.
reduce head as TSF fills up.
Vehicle drives off crest road into TSF
storage/ down downstream batter.
Vehicle damages the tailings pipelines.

(Consider Hierarchy of Control - Elimination, Substitution, Isolation,
Engineering Controls, Administrative Controls, PPE)

Consequence

Operation

Existing Control Measures

Residual Risk Rating
Potential Control Measures

Likelihood

Ref

Consequence

Hazards
What could cause injury or ill health,
damage to property or damage to the
environment

Design Life Cycle
Design
Stage

Moderate

- Routine inspection of spillway to ensure it is not
blocked / in good condition.
- Consider the additional use of upstream log cage.

Person
Responsible
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Appendix J

Australian

Government

Department of the Environment and Energy

Notification of REFERRAL DECISION - not controlled action
Construction of a tailings storage facility, Hellyer Mine, near Waratah, north-west
Tasmania (EPBC 2018/8147)
This decision is made under Section 75 of the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act).
Proposed action
Person proposing to
take the action

Hellyer Gold Mines Pty Ltd
ACN: 125516636

proposed action

To construct a tailings storage facility at the Hellyer Mine on
Consolidated Mining Lease (CML) 103M/87, approximately
21 km south-east ofWaratah, north-west Tasmania
(see EPBC Act Referral 2018/8147).

Referral decision: Not a controlled action
status of proposed
action

The proposed action is not a controlled action.

Person authorised to make decision
Name and position

James Barker
Assistant Secretary
Assessments and Governance Branch

signature

date of decision

/

f
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GPO Box 787 Canberra ACT 2601 • Telephone 02 6274 1111 • www.emiironment.gov.au

Australian

Government

Department of the Environment and Energy

EPBC Ref: 2018/8147
Mr Mike Barden
Director
Hellyer Gold Mines Pty Ltd
Cradle Mountain Link Road
WARATAH TAS 7321
Dear Mr Barden
Decision on referral
Construction of a Tailings Storage Facility, Hellyer Mine, near Waratah, north-west
Tasmania (EPBC 2018/8147)
Thank you for submitting a referral under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act). This letter is to advise you of my decision about the
proposed action to construct a tailings storage facility at the Hellyer Mine, approximately
21 kilometres south-east of Waratah, north-west Tasmania.
As a delegate of the Minister for the Environment and Energy, I have decided that the proposed
action is not a controlled action. This means that the proposed action does not require further
assessment and approval under the EPBC Act before it can proceed. A copy of the document
recording this decision is enclosed. This document will be published on the Department's
website.
Please note that this decision relates only to the specific matters protected under Chapter 2 of
the EPBC Act. This decision does not affect any requirement for separate state or local
government environment assessment and approvals of the proposed action.
The Department has an active audit program for proposals that have been referred under the
EPBC Act. The audit program aims to ensure that proposals are implemented as planned.
Please note that your project may be selected for audit by the Department at any time and all
related records and documents may be subject to scrutiny. Information about the Department's
compliance monitoring and auditing program is enclosed.
If you have any questions about the referral process or this decision, please contact the project
manager, Luke Hulbert, by email tOluke.hulbert@environment.gov.au. or telephone
0262742743 and quote the EPBC reference number shown at the beginning of this letter.
Yours sincerely

James Barker
Assistant Secretary
Assessments and Governance Branch

2" __ June 2018

GPO Box 787 Canberra ACT 2601 • Telephone 02 6274 1111 • www.environment.gov.au
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INDEPENDENT GEOTECHNICAL REVIEW OF
HELLYER GOLD MINES PTY LTD
HELLYER TAILINGS REPROCESSING NEW TSF2
TSF2 DESIGN REPORT BY GHD, JULY 2018

Report prepared by
Professor David J Williams
BE (Hons I) Civil Eng, PhD, FIEAust, MAusIMM, CPEng, RPEQ
School of Civil Engineering
The University of Queensland, Brisbane QLD 4072
Phone:
Email:

(07) 3365 3642
D.Williams@uq.edu.au

September 2018
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1

INTRODUCTION

Professor David Williams was commissioned by Stephen Kent of Caloundra
Environmental Pty Ltd to carry out an Independent Expert Geotechnical Review of
GHD’s July 2018 TSF2 Design Report for the Hellyer Tailings Reprocessing New
TSF2. It is understood that the review is to support the Development Proposal and
Environmental Management Plan (DPEMP) approvals process.

2

PROPOSED NEW TSF2

The existing Hellyer Main tailings storage facility (TSF) at the Hellyer Mine site in
North-West Tasmania contains sulfide tailings from the former Hellyer mining and
milling operation stored sub-aqueously, which contain a JORC-compliant resource
estimated at 9.5 Mt comprising gold, silver, lead and zinc. Hellyer Gold Mines Pty Ltd
(HGM) is proposing to construct a new TSF 2, below and to the south of the existing
Hellyer Main Residue Dam to store process residue tailings (PRT) formed when the
existing tailings are re-processed through the existing mills.

2.1

Project Overview

TSF2 will be constructed approximately 500 m downstream of the existing Hellyer
Main Residue Dam using a downstream raise construction method in stages:
•

Starter Dam (Stage 1), with crest level at RL 638 m.

•

Further stages up to the ultimate crest level at RL 646 m.

Based on the projected production figures, it is expected that Stage 1 will provide
approximately 2 years’ storage capacity for 0.88 Mm3, with a final storage capacity of
3.4 Mm3. In order to minimise the disturbance footprint, the Stage 1 embankment will
be constructed using materials sourced from borrow areas within the dam storage
area. Materials for subsequent stages will be won by extending the borrow area inside
the ultimate storage area.

2.2

Geotechnical Investigations

At the time of the site visit on 1 December 2017, attended by Professor David Williams,
Stephen Kent and Robert Longey of GHD, a preliminary Geotechnical Investigation
Stage 1 Report, dated November 2017, had been prepared by GHD. This Stage 1
investigation was limited to a test pit and seismic refraction tomography search for clay
borrow, with only limited volumes being identified, and a relatively shallow water table
at the soil/weathered shale interface at 0.3 to 2.8 m depth at the test pits. Laboratory
test results were not completed at that stage.
Following the site visit, a Stage 2 geotechnical investigation of the TSF2 site was
completed by GHD. The Stage 2 geotechnical investigation was to include eight
boreholes along the TSF 2 embankment alignment to obtain information about the
degree and depth of weathering and about the continuity of the possible faults. The
depth of the boreholes was proposed to range between 10 m and 40 m, the deeper
boreholes located in the deeper portion of the valley proportional to the height of the
embankment. One borehole (BH2) was to have an azimuth of 210 N and a dip of 60o,
which was expected to intercept a possible fault. Borehole Packer testing was
proposed down to estimate permeability. In addition, three boreholes were proposed
within the TSF footprint to 20 m depth, targeting Dolerite for use as embankment
construction material. Four groundwater monitoring boreholes were proposed to 20 m
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depth, three within the embankment area, and one towards the north-east of TSF 2,
with samples for water quality testing recovered post-investigation, although other
proposed boreholes could be used for this purpose. Representative samples were to
be recovered from the boreholes for laboratory testing. Additional test pitting was to
be considered to identify volumes of low permeability (clay) construction materials to
satisfy the requirements of the TSF 2 design.

3

INDEPENDENT GEOTECHNICAL REVIEW

The Independent Geotechnical Review covers:
1. Design Basis and Design Criteria.
2. Consequence Category Assessment.
3. Geology and Geotechnical Investigations.
4. Geochemical Assessment.
5. Tailings Laboratory Testing.
6. Tailings Management Strategy.
7. Hydrology and Water Management.
8. Stability and Seepage Analyses.
9. Design.
10. Construction Staging and Materials.
11. Foundation, Excavations and Seepage Control.
12. Existing Embankment Modifications and Infrastructure.
13. Closure.
14. Safety in Design.
15. Recommendations.
A precis of the main points made by GHD under each of these headings are provided
in the following sections, together with review comments, and questions and
clarifications, to be addressed by GHD highlighted in bold italics.

3.1

Design Basis and Design Criteria

In their design of TSF2, GHD has utilised the observational approach in which
monitoring during its construction and operation will enable assumptions and
presumed parameters to progressively be verified and refined. This approach enables
the TSF to be optimised over time, accommodating any changes, while meeting the
design criteria over the entire life of TSF2.
GHD’s design basis covers the expected tailings production schedule, a dry density
for the re-processed tailings (PRT) of 1.3 t/m3, potentially acid forming (PAF) tailings
requiring a minimum 2 m water cover, sub-aqueous tailings delivery by pipeline, and
the use of 40 t articulated dump trucks. It is noted that a adopted dry density of
1.3 t/m3 is considered by GHD to be conservative for PRT, which is likely since
it will involve settling and some self-weight consolidation.
GHD’s design criteria are based on accepted practice for tailings dam engineering in
Australia; satisfying Tasmanian legislation, ANCOLD Guidelines on Tailings Dams –
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Planning, Design, Construction, Operation and Closure (2012) and Hellyer
requirements.

3.2

Consequence Category Assessment

In accordance with the ANCOLD (2012), GHD has assessed the Consequence
Category for the proposed TSF2 dam as High C, the same as for the upstream Hellyer
Main Residue Dam, which is considered to be conservative given the higher
stability of the downstream TSF2 compared with upstream Main Residue Dam
that it will replace. The Consequence Category is based on an assigned Dam Failure
Hazard Rating of High C, with a Population at Risk (PAR) of 1 to 10 and potentially
Major damage and loss, and an Environmental Spill Hazard Rating of Low, reduced
by dilution. A dam-break and run-out from TSF2 would flow into the Que River,
which flows from the mining lease in a south-westerly direction to join the
Huskisson River about 20 km downstream of TSF2. The Huskisson River in turn
flows to Lake Pieman about 40 km downstream of TSF2, formed by the HydroElectric Corporation Reece Dam, opposite the Renison Mine. The Reece Dam
and the Reece Power Station are at the western end of Lake Pieman, a further
43 km downstream of TSF2. The risk to Reece Dam from TSF2 is considered to
be insignificant.
For a High C Consequence Category, ANCOLD (2012) recommends a spillway design
capable of passing a 1:100,000 Annual Exceedance Probability (AEP) flood, with
sufficient freeboard for wave run-up during a 1:10 AEP wind event. It is noted that
the estimation of design floods for a given AEP event requires the extrapolation
of less than 200 years of available rainfall data for Australia.
For a High C Consequence Category, ANCOLD (2012) recommends the following
design earthquake events during the operation of the dam:
•

Operating Basis Earthquake (OBE) for 1:1,000 AEP.

•

Maximum Design Earthquake (MDE) for 1:10,000 AEP.

It is noted that the estimation of design earthquakes for a given AEP event
requires the extrapolation of less than 200 years of available low earthquake
magnitude data for Australia.
ANCOLD Guidelines on Dam Safety Management (2003) provides guidance on the
surveillance requirements and frequency for dams based on their Consequence
Category. For a High C Consequence Category Dam considered to be in sound
condition with no deficiencies, ANCOLD (2003) recommends daily visual inspection
and annual inspections, preferably daily rainfall, storage level and seepage monitoring,
and monthly to 6-monthly piezometric monitoring, plus movement monitoring. It is
noted that tailings dams fail rapidly and hence real-time piezometric monitoring
should be considered.
ANCOLD (2003) also requires an Operations and Maintenance Manual and Dam
Safety Emergency Plan on commissioning a tailings dam.

3.3

Geology and Geotechnical Investigations

A review of the regional geology undertaken by GHD suggests that Que River Shale,
overlying Hellyer Basalt, overlying Dolerite possibly related to the Que Hellyer
Volcanics Formation rocks, potentially underlie the TSF2 site. A fault striking generally
east-west runs through the central portion of the TSF2 site area, and the eastern
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branch of this fault may intersect the dam foundation. Two smaller faults intersect the
alignment of the dam foundation.
GHD identified shallow silty clay and residual soils overlying weathered Shale and
Andesite within the TSF2 embankment footprint. Borrow Area 1 has limited depths
(0.7 to 1.3 m depth) of silty clay and residual to highly weathered Shale, as do Borrow
Area 2 (to 0.2 to 1.8 m depth), Borrow Area 3 (to 0.05 to 0.5 m depth) and Borrow
Area 4 (to 0.05 to 0.7 m depth). The silty clays are of limited depth. Further, the
residual soils (derived from rock on complete weathering) underlying the TSF2
footprint are PAF and hence unsuitable for use in embankment construction.
However, a large area of non-acid forming (NAF) highly to moderately weathered
Dolerite was identified, which requires further delineation and would be suitable for
use in embankment construction. The lack of suitable clayey borrow led GHD to
specifying a low-permeability bituminous geomembrane (BGM) for the upstream face
of the embankment in place of a compacted clay core. A thin (300 mm), compacted
clay liner (CCL), comprising residual to extremely weathered Dolerite, was specified
by GHD as being required under the BGM. It is noted that compacting a thin CCL
on the sloping upstream face of the embankment will be challenging, even on
the proposed 3H:1V slope.
Evidence of possible faults and fault zones was found in test pits and boreholes.
Groundwater seepage was noted, mostly at the soil/rock contact, along the
embankment and in borrow areas. Test pits inflows are presumed to be from the near
surface, while water levels in boreholes are presumed to represent groundwater
levels, at depths of between 1.2 m and 10.4 m depth, with the depth increasing with
surface elevation. Borehole Packer testing indicated (low to moderate) in situ
hydraulic conductivities for the Shale of 1.5 x 10-8 to 5.3 x 10-7 m/s, and (moderate) in
situ hydraulic conductivities for the Volcanics of 1.3 x 10-7 to 2.1 x 10-7 m/s. The
hydraulic conductivity values interpreted from air lift tests in boreholes were over three
orders of magnitude higher than the values interpreted from the borehole Packer
testing, and the former may be unreliable, if conservative with respect to
calculated seepage rates.

3.4

Geochemical Assessment

GHD’s concluded from the results of geochemical testing of 16 samples that the limited
surficial silty clay is likely NAF, while the weathered Shale is generally PAF and should
be considered unsuitable for use in construction. Weathered Dolerite and Andesite
are NAF and suitable for use in construction.

3.5

Tailings Laboratory Testing

In order to estimate the settling, consolidation and shear strength behaviour of
the Hellyer tailings, settling column, slurry consolidometer, and vane shear
testing of consolidated tailings was carried out at The University of Queensland.
The slurry consolidometer testing was carried out in stages similar to
conventional oedometer or Rowe cell testing, except that the samples were
placed in layers as a slurry at 25% solids by mass, and allowed to settle between
layers and prior to the start of consolidation. Each consolidation stage was
maintained to achieve full consolidation, where possible. This simulates full
consolidation in the TSF, which is expected since the rate of rise was or is
expected to be modest and the tailings are relatively permeable. This should be
confirmed.
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Both existing Eastern Finger Bund (EFB) tailings 1 and simulated PRT were
tested, the former as a control. The initial slurry consolidometer testing of the
PRT gave inconsistent results and the test was repeated. Only the vane shear
testing of the consolidated EFB tailings is considered to be reliable and is
reported herein. Vane shear testing of PRT was carried out on the unreliable
initial slurry consolidometer test on PRT, and was disregarded.
The results are summarised in Figure 1 for settling from about 23% solids by
mass, Figures 2 to 5 for consolidation from a slurry in a series of stages in slurry
consolidometer tests, and Figures 6 and 7 for peak and remoulded shear vane
testing.
Figure 1 shows that the PRT are expected to settle to almost twice the % solids
compared with EFB tailings, both settling within about 24 hours. By 24 hours,
the PRT are expected to settle to about 1.0 t/m3, compared with only about
0.5 t/m3 for the EFB tailings.
Figure 2 show similar patterns of stresses and pore water pressures over time
for the two samples, except that the PRT dissipates pore water pressures much
faster. The EFB tailings consolidated more since its initial settled state is much
looser. Figure 3 shows the evolution of % solids and dry density with time, with
the PRT being much denser following settling and denser still following
consolidation, compared with the EFB tailings. The PRT achieved a final
consolidated dry density of 1.91 t/m3, while the EFB tailings achieved a final
consolidated dry density of only 1.35 t/m3 (due to their lower hydraulic
conductivity, and much lower than the estimated dry density of the existing EFB
tailings of 1.93 t/m3). These effects are also seen in the void ratio versus log10
applied stress plots in Figure 4. Figure 5 shows the evolution of calculated
hydraulic conductivity with time. The hydraulic conductivity reduces with
increasing average applied stress for both samples, with the PRT being about
an order of magnitude more permeable than the EFB tailings, despite their
higher density; in fact leading to greater density increases.
Figure 6 shows high peak vane shear strengths achieved for the consolidated
EFB tailings, averaging about 40 kPa. The peak vane shear strength of the
consolidated PRT (from the repeated slurry consolidometer test) would be
expected to be higher still. Figure 7 shows a high drop-off in vane shear
strength on remoulding of the EFB tailings, to about 7 kPa, representing a high
sensitivity of almost 6. Peak and remoulded vane shear strengths of the EFB
tailings, and later in the PRT, should be confirmed by in situ vane shear testing.

1

Eastern Finger Bund (EFB) tailings were, as noted above, used as a control and have no relevance to the
geotechnical properties of PRT which form the basis of design capacity calculations. At Hellyer, the
Eastern Finger Bund was partially filled with original Heller tailings and used by Bass Metals as a
reservoir for the addition of lime slurry to supernatant water to increase the residence time and
increase the efficacy of the consequent neutralisation reactions.
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Figure 1 Results of settling column testing in terms of % solids by mass versus time

(a)

(b)

Figure 2 Stresses from slurry consolidometer testing: (a) EFB tailings, and (b) PRT

(a)

(b)

Figure 3 State from slurry consolidometer testing: (a) EFB tailings, and (b) PRT
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(a)

(b)

Figure 4 Void ratio versus log10 applied stress from slurry consolidometer testing:
(a) EFB tailings, and (b) PRT

(a)

(b)

Figure 5 Hydraulic conductivity from slurry consolidometer testing: (a) EFB tailings,
and (b) PRT

Figure 6 Peak vane shear strengths for EFB tailings
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(a)

(b)

Figure 7 Remoulded vane shear strengths for EFB tailings
The laboratory test results indicate the following parameters for PRT:
•

Settled dry density of 1.0 t/m3.

•

Consolidated dry density of 1.91 t/m3.

•

Estimated average consolidated dry density for 10 m depth of tailings of
about 1.65 t/m3, due to a combination of settling and self-weight
consolidation.
This confirms that GHD’s estimate of 1.3 t/m3 is
conservative, although the actual dry density achieved should be
confirmed by TSF2 reconciliation.

•

Average hydraulic conductivity of about 1 x 10-8 m/s, decreasing with
depth due to consolidation.

•

Peak shear strength expected to be in excess of 40 kPa, with a remoulded
shear strength expected to be in excess of 7 kPa, which should be
confirmed by in situ vane shear testing of EFB tailings and of PRT as it is
being placed. However, since dam construction will be downstream,
stability of the dam does not rely on the shear strength of the tailings.

3.6

Tailings Management Strategy

The tailings management strategy is presented by GHD in terms of storage
volumes. This converts to generally decreasing rates of rise over time,
estimated at 6.2 m, 3.8 m, 2.5 m, 1.7 m, 0.7 m, 1.5 m, 1.4 m and 1.0 m for years 1
to 8.
As identified by Hellyer in the current Environmental Management Plan (EMP), there
is a risk of exposure of the EFB tailings to oxidation during dredging operations, which
will require the extent and duration of exposure to be minimised. At least two dredge
cuts across the Main Residue Dam are proposed, requiring the water level in the Main
Residue Dam to be lowered to access the lower tailings. It is proposed that tailings
hung up on the sides of the storage will be removed by water canon to get them
underwater as quickly as possible.
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It is proposed in the EMP that the PRT will initially be deposited sub-aqueously and
temporarily stored in the Main Residue Dam until TSF2 is commissioned, to limit
exposure to oxidation.
Maintaining a minimum 2 m water cover over the tailings during sub-aqueous
deposition in TSF2, and post-closure, to limit oxidation is commended.
However, maintaining an adequate water cover during sub-aqueous deposition
requires careful management and movement of the discharge point, which is
considered by GHD.

3.7

Hydrology and Water Management

GHD’s hydrological modelling, operational and closure water balance
calculations, spillway designs, and proposed water management are
commended.

3.8

Stability and Seepage Analyses

GHD carried out slope stability analyses for the TSF2 Starter Dam using the 2D Limit
Equilibrium software package Slide 7.0 for circular and non-circular failure,
incorporating pore water pressures generated by the 2D seepage model within Slide
7.0. 3D bedrock seepage was modelled using GMS software.
The parameter values adopted by GHD for use in their stability and seepage analyses
are given in Table 1, together with comments about their support and
appropriateness. In general, the parameter values adopted by GHD are
conservative, particularly for parameters with little or no supporting test data.
This is a reasonable approach for the stage of the project. It is recommended
that sensitivity analyses be carried out to add confidence about the parameter
values adopted and the stability and seepage results obtained.
In particular, the results of the 2D seepage analyses using Slide 7.0 will likely
over-estimate seepage rates due to the relatively high permeabilities assumed
for the upper foundation. The high permeability adopted for the grout curtain
relative to the values adopted for the lower foundation imply that foundation
grouting is not required, although GHD conservatively recommend grouting to
ensure that any permeable foundation discontinuities are sealed.
Sensitivity stability analyses would be expected to result in factors of safety
even higher than those obtained by GHD for the starter embankment in excess
of 2.4. Further, both undrained and drained stability analyses, using reasonable
parameter values, should be undertaken. The results may have implications for
both the starter embankment and ultimate embankment designs, and
preliminary stability and seepage analyses should be undertaken to check the
ultimate embankment.
A simplified seismic deformation analysis has been undertaken by GHD, which
suggests slip surface and vertical displacements of 24 mm and 92 mm, respectively,
which are not expected to break through the CCL nor affect freeboard. No
liquefaction or post-liquefaction analyses appear to have been undertaken,
despite the MCE peak ground acceleration being estimated to be between 0.17g
and 0.36g, sufficient to cause susceptible tailings to liquefy. However,
liquefaction of the tailings would not impact the stability of the dam.
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Table 1 Comments on adopted parameters
MATERIAL
Zone 1 – CCL
and BGM

UNIT
WEIGHT
(kN/m3)
17
Considered
low

Zone 2 – Fine
Rockfill

22
Reasonable

Zone 3 –
Rockfill

22
Reasonable

Foundation
(<10 m depth)

24
Reasonable

Foundation
(>10 m depth)

24
Reasonable

Tailings

16.5
Maybe low

Grout Curtain

24
Maybe high

3.9

COHESION
c (kPa)

FRICTION
ANGLE ɸ
(deg)

PERMEABILITY k (m/s)

5
Could be
undrained

30

9.0 x 10-10
Ambitious target

35
Considered
0
low (could
be 40o)
38
Considered
0
low (could
be 45o)
40
35
Reasonable overall shear
strength – Foundation
failure should not be
expected
45
40
Correction
Reasonable overall shear
strength – Foundation
failure should not be
expected
5
0
Considered
Could be
very low,
frictional,
likely
with ɸ>30o
>40 kPa
200
Considered
high

35
Considered
reasonable

1.0 x 10-4
Reasonable for material

1.0 x 10-3
Reasonable for material

5.8 x 10-6
High compared with Packer data

2.0 x 10-7
High compared with Packer data

1.0 x 10-8
Reasonable, given slurry
consolidometer data
5.0 x 10-7
Considered high (higher than
Packer data suggest for
foundation)

Design

The TSF2 embankment design comprises:
•

Zone 1 – CCL and BGM: CCL comprising sandy silts/clays sourced from
residual to extremely weathered Dolerite from Borrow Area 2.

•

Zone 2 – Fine Rockfill: Comprising highly to moderately weathered Dolerite
sourced from Borrow Area 2.

•

Zone 3 – Free-Draining Rockfill: Comprising slightly weathered to fresh
Dolerite sourced from Borrow Area 2.

The combined CCL and BGM liner is considered to be suitable to seal the
upstream face of the TSF2 embankment, and a BGM has been effectively applied
in similar climatic conditions at Rosebery. Anchorage is important to hold the
BGM down under high winds and to avoid it sliding off the slope. The maximum
slope angle that a BGM should be applied to is about 18o (or 3H:1V), which is
the proposed upstream slope angle.
The manufacturer quoted permeability of the BGM of 4 x 10-14 m/s is considered
to be ambitious and, if achievable, would imply that a CCL would be
unnecessary. In practice, it would be expected that a BGM would have an
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effective permeability of the order of 10-11 m/s, necessitating a CCL to provide a
longer flow path and to reduce the hydraulic gradient across the liner, and hence
the percolation rate. This is conservatively reflected in GHD’s estimate of an
equivalent BGM percolation rate of 7 x 10-9 m/s (or about 220 mm/year). The
water head could be 12 m (10 m of tailings, plus a 2 m water cover) applied to a
BGM thickness of 4.8 mm (in the absence of a 300 mm thick CCL), or 304.8 mm
in combination with a CCL. This implies hydraulic gradients of 2,500 and 40,
respectively, and effective percolation rates of about 800 mm/year and about
12 mm/year, respectively.
Fine Rockfill should be available within the upper weathered Dolerite, while the
required free-draining Rockfill may be more difficult to source from the deeper
slightly weathered to fresh Dolerite.

3.10 Construction Staging and Materials
GHD has adequately covered construction staging and materials, including an
assessment of borrow material requirements and availability, and construction
water management.

3.11 Foundation, Excavations and Seepage Control
GHD has adequately covered foundation stripping, excavation for the grout
plinth, and grouting.

3.12 Modifications to Existing Main Residue Dam and Infrastructure
GHD has adequately covered required modifications to the existing Main
Residue Dam and infrastructure.

3.13 Closure
As outlined in ANCOLD (2012), upon closure a tailings dam must be able to cope with
potential conditions encountered over 1,000 years or longer. Closure principles are:
•

Long-term stabilisation of physical, chemical, biological, ecological and social
conditions of the tailings dam to minimise ongoing degradation.

•

The closed facility should not require ongoing maintenance and expenditure
other than that normally required for similar land use.

In order to achieve these principles, TSF2 GHD’s design has appropriately focussed
on:
•

Mitigation of AMD through appropriate tailings management in a climate with a
positive water balance, through provision of a minimum 2 m water cover for
closure.

•

Develop a long-term stable structure by effectively decommissioning the Main
Residue Dam and replacing it with TSF2, which has conservatively stable
slopes and consolidates the disturbed footprint.

•

Provision of a TSF2 closure spillway designed for the Probable Maximum Flood
(PMF).

GHD has adequately covered the closure of TSF2 for this stage of the project.
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3.14 Safety in Design
GHD has adequately covered requirements for safety in design.

3.15 GHD’s Recommendations
GHD recommended the following guidance for the Stage 1 construction phase:
•

Seepage Control: Through a combination of foundation grouting,
embankment foundation preparation, BGM/CCL and low permeability tailings,
to limit potential seepage.

•

Embankment Foundation Mapping: To guide the design of the grout plinth,
and geological and geochemical mapping of the foundation.

•

Tailings Storage Capacity: Dependent on the quantity of embankment
construction materials sourced from within the TSF2 impoundment, also
dependent on the tailings density achieved.

•

Forward Work Plan: Including TSF2 Tender Design Documentation, AMD
Waste Management Plan, Borrow Area Management Plan, Dam Safety
Emergency Plan, Operations and Maintenance Manual, and Emergency Plan
and tailings deposition methodology.

GHD’s guidance recommendations are appropriate.

4

INDEPENDENT GEOTECHNICAL REVIEW CONCLUSIONS

The overall conclusion arising from this Independent Geotechnical Review of GHD’s
July 2018 TSF2 Design Report for the Hellyer Tailings Reprocessing New TSF2, is
that the investigation and design are more than adequate and that the proposed TSF2
Starter Dam more than satisfies the ANCOLD (2012) required factors of safety for
geotechnical stability. The proposed TSF2 Starter Dam has been categorised as High
C, the highest Consequence Category and the same as the existing Main Residue
Dam. Downstream construction is proposed for the TSF2 dam, rather than the
upstream raising applied to the Main Residue Dam.
Detailed comments in this Independent Geotechnical Review that should be taken into
account by GHD are:
•

The adopted dry density for the PRT of 1.3 t/m3 is considered by GHD to be
conservative for PRT, which is likely since it will involve settling and some selfweight consolidation.

•

It is noted that the estimation of design floods for a given AEP event requires
the extrapolation of less than 200 years of available rainfall data for Australia.

•

It is noted that the estimation of design earthquakes for a given AEP event
requires the extrapolation of less than 200 years of available low earthquake
magnitude data for Australia.

•

It is noted that tailings dams fail rapidly and hence real-time piezometric
monitoring should be considered.

•

It is noted that compacting a thin CCL on the sloping upstream face of the
embankment will be challenging, even on the proposed 3H:1V slope.
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•

The hydraulic conductivity values interpreted from air lift tests in boreholes were
over three orders of magnitude higher than the values interpreted from the
borehole Packer testing, and the former may be unreliable, if conservative with
respect to calculated seepage rates.

•

The slurry consolidometer testing was carried out in stages similar to
conventional oedometer or Rowe cell testing, except that the samples were
placed in layers as a slurry at 25% solids by mass, and allowed to settle
between layers and prior to the start of consolidation. Each consolidation stage
was maintained to achieve full consolidation, where possible. This simulates
full consolidation in the TSF, which is expected since the rate of rise was or is
expected to be modest and the tailings are relatively permeable. This should
be confirmed.

•

By 24 hours, the PRT are expected to settle to about 1.0 t/m3, compared with
about 0.5 t/m3 for the EFB tailings.

•

In the slurry consolidometer testing, the PRT achieved a final consolidated dry
density of 1.91 t/m3, while the EFB tailings achieved a final consolidated dry
density of only 1.35 t/m3 (much lower than the estimated field dry density of
1.93 t/m3).

•

The hydraulic conductivity reduces with increasing average applied stress for
both samples, with the PRT being about an order of magnitude more permeable
than the EFB tailings, despite their higher density; in fact leading to greater
density increases.

•

The peak shear strength of the PRT is expected to be higher than that adopted
by GHD. Peak and remoulded vane shear strengths of the EFB tailings, and
later the PRT, should be confirmed by in situ vane shear testing.

•

The laboratory test results indicate the following parameters for PRT:
o Settled dry density of 1.0 t/m3.
o Consolidated dry density of 1.91 t/m3.
o Estimated average consolidated dry density for 10 m depth of tailings of
about 1.65 t/m3, due to a combination of settling and self-weight
consolidation. This confirms that GHD’s estimate of 1.3 t/m3 is
conservative, although the actual dry density achieved should be
confirmed by TSF2 reconciliation.
o Average hydraulic conductivity of about 1 x 10-8 m/s, decreasing with
depth due to consolidation.
o Peak shear strength is expected to be in excess of 40 kPa, with a
remoulded shear strength expected to be in excess of 7 kPa, which
should be confirmed by in situ vane shear testing of EFB tailings and of
PRT as it is being placed.

•

The tailings management strategy is presented by GHD in terms of storage
volumes. It is recommended that the rate of rise of PTR over time also be
plotted and commented on.
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•

As identified by Hellyer in the current EMP, there is a risk of exposure of the
EFB tailings to oxidation during dredging operations, which will require the
extent and duration of exposure to be minimised.

•

It is proposed in the EMP that the PRT will initially be deposited sub-aqueously
and temporarily stored in the Main Residue Dam until TSF2 is commissioned,
to limit exposure to oxidation.

•

Maintaining a minimum 2 m water cover over the tailings during sub-aqueous
deposition in TSF2, and post-closure, to limit oxidation is commended.
However, maintaining an adequate water cover during sub-aqueous deposition
requires careful management and movement of the discharge point, which is
considered by GHD.

•

GHD’s hydrological modelling, operational and closure water balance
calculations, spillway designs, and proposed water management are
commended.

•

In general, the parameter values adopted by GHD are considered to be
conservative, particularly for parameters with little or no supporting test data.
This is a reasonable approach for the stage of the project. It is recommended
that sensitivity analyses be carried out to add confidence about the parameter
values adopted and the stability and seepage results obtained.

•

In particular, the results of the 2D seepage analyses using Slide 7.0 will likely
over-estimate seepage rates due to the relatively high permeabilities assumed
for the upper foundation. The high permeability adopted for the grout curtain
relative to the values adopted for the lower foundation imply that foundation
grouting is not required, although GHD recommend grouting to ensure that any
permeable foundation discontinuities are sealed.

•

Sensitivity stability analyses would be expected to result in factors of safety
even higher than those obtained by GHD for the starter embankment in excess
of 2.4. Further, both undrained and drained stability analyses, using reasonable
parameter values, should be undertaken. The results may have implications
for both the starter embankment and ultimate embankment designs, and
preliminary stability and seepage analyses should be undertaken to check the
ultimate embankment.

•

No liquefaction or post-liquefaction analyses appear to have been undertaken,
despite the MCE peak ground acceleration being estimated to be between
0.17g and 0.36g, sufficient to cause susceptible tailings to liquefy. However,
liquefaction of the tailings would not impact the stability of the dam.

•

The combined CCL and BGM liner is considered to be suitable to seal the
upstream face of the TSF2 embankment, and a BGM has been effectively
applied in similar climatic conditions at Rosebery. Anchorage is important to
hold the BGM down under high winds and to avoid it sliding off the slope. The
maximum slope angle that a BGM should be applied to is about 18o (or 3H:1V),
which the proposed upstream slope angle.

P a g e | 17

•

The manufacturer quoted permeability of the BGM of 4 x 10-14 m/s is
considered to be ambitious and, if achievable, would imply that a CCL would
be unnecessary. In practice, it would be expected that a BGM would have an
effective permeability of the order of 10-11 m/s, necessitating a CCL to provide
a longer flow path and to reduce the hydraulic gradient across the liner, and
hence the percolation rate. This is conservatively reflected in GHD’s estimate
of an equivalent BGM percolation rate of 7 x 10-9 m/s (or about 220 mm/year).
The water head could be 12 m (10 m of tailings, plus a 2 m water cover) applied
to a BGM thickness of 4.8 mm (in the absence of a 300 mm thick CCL), or
304.8 mm in combination with a CCL. This implies hydraulic gradients of 2,500
and 40, respectively, and effective percolation rates of about 800 mm/year and
about 12 mm/year, respectively.

•

Fine Rockfill should be available within the upper weathered Dolerite, while the
required free-draining Rockfill may be more difficult to source from the deeper
slightly weathered to fresh Dolerite.

•

GHD has adequately covered construction staging and materials, including an
assessment of borrow material requirements and availability, and construction
water management.

•

GHD has adequately covered foundation stripping, excavation for the grout
plinth, and grouting.

•

GHD has adequately covered required modifications to the existing Main
Residue Dam and infrastructure.

•

GHD has adequately covered the closure of TSF2 for this stage of the project.

•

GHD has adequately covered requirements for safety in design.

•

GHD’s guidance recommendations are appropriate.
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University of Cambridge, England
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Registered Professional Engineer of Queensland (RPEQ)
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Golder Professor of Geomechanics
Director Geotechnical Engineering Centre
School of Civil Engineering
The University of Queensland

1994 – 2007

Associate Professor of Geomechanics
Department of Civil Engineering
The University of Queensland

1990 – 1994

Senior Lecturer in Geomechanics
Department of Civil Engineering
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Engineer
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SUMMARY OF CONSULTING COMMISSIONS
Board Memberships
•

Member of Northern Territory EPA Board, from 2012 to 2014

Peer Reviews of Major Projects
•

Member of Independent Technical Review Board for Rio Tinto Alcan Yarwun
Residue Management Area Embankment Raise Designs from 2016

•

Sole Independent Expert Geotechnical Reviewer for Unity Mining Limited from
2016

•

Sole Independent Expert Geotechnical Reviewer for Bluestone Mines
Tasmania JV Pty Ltd from 2015

•

Member of Independent Technical Review Panel of Life-of-Mine Tailings
Storage Facility at Glencore’s McArthur River Mine, Northern Territory,
Australia from 2015

•

Sole Reviewer of Proposed Integrated Waste Landform Design for Central
Eyre Iron Project in 2015

•

Sole Independent Expert Geotechnical Reviewer for Rio Tinto Alcan Gove
Residue Disposal Area from 2015

•

Sole Independent Expert Geotechnical Reviewer and Annual Dam
Inspections for QAL Residue Disposal Area and Ash Dams from 2013
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•

Sole Independent Expert Geotechnical Reviewer for Rio Tinto Alcan Yarwun
Residue Management Area from 2013

•

Led International Peer Review for the South Deposit TSF at Savage River
Mine in Tasmania in 2012/13

•

Sole Independent Expert Geotechnical Reviewer for Rio Tinto Alcan Weipa
Tailings Storage Facilities in 2012 and 2014

•

Peer Review of Harvey Creek Non-Erodable Waste Rock Dump Design for
Ok Tedi Mining Limited in 2010/11

•

Member of Expert Peer Review Team for Rio Tinto Alcan Weipa Tailings
Storage Facilities from 2009

•

Member of the International Technical Advisory Group reporting to the South
Australian Government on Rehabilitation of Brukunga Pyrite Mine from 2007

•

Led International Peer Reviews for the Savage River Rehabilitation Project in
Tasmania in 2002, 2005, 2009 and 2013

•

Led International Peer Review on handling acid generating waste rock
dumping and dump closure strategies at Cadia Hill Gold Mine in New South
Wales in 2002/3

•

Member of the Peer Review Team for Stage 2 of the Stuart Oil Shale Project
at Gladstone in Queensland in 2004

•

Peer Reviewer of the rehabilitation of the San Manuel Copper Mine tailings
facility in Arizona, USA in 2004

•

Member of the 2005 Peer Review Team that reviewed future red mud
disposal, containment and rehabilitation at QAL at Gladstone in Queensland
in 2005

•

Geotechnical Reviewer of the breach of the co-disposal dam at Burton Coal in
Queensland in 2005

•

Peer Reviewer of the conceptual closure plan for Worsley Alumina red mud
storage in Western Australia in 2005

•

Peer Reviewer for waste rock dump covers for Century Mine in North
Queensland from 2007

•

During 2006, David was an Expert Advisor to the EIS team for the Olympic
Dam Expansion Project in South Australia, providing expert input on disposal,
hydrology and closure issues for both waste rock and tailings

Expert Witness
•

Expert witness through Corrs Chambers Westgarth Lawyers, in relation to
coal washery rejects used as filling for residential sub-division purposes

•

Expert witness through McCullough Robertson Lawyers, in relation to the
failure of a concrete arch reclaim tunnel beneath a coal stockpile

•

Expert witness in relation to professional misconduct cases brought by the
Queensland Professional Engineers Registration Board
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•

Numerous expert witness commissions related to residential and commercial
building footing failures and slope instability

Consultancies
Professor David John Williams is widely sought for his expert input, in particular to
mine waste disposal and mine site rehabilitation and remediation at operating mines
throughout Australia and overseas. In Australia, he has consulted on numerous coal
mines throughout Queensland and New South Wales; on Red Dome Gold Mine
closure, Kidston closure, Osborne waste disposal, Ivanhoe Cloncurry mine closure,
Phosphate Hill gypsum disposal, QERL processed waste storage facility closure, and
Century Zinc Mine waste rock dumping in Queensland; Cadia Hill Gold Mine waste
rock dumping and dump closure in New South Wales; Mt Morgans Gold Mine codisposal, WMC Resources’ nickel operations tailings closure and Minara heap
leaching in Western Australia; waste disposal issues at the Ballarat East and
Heathcote gold mines in Victoria; and a review of ARD treatments at Savage River
Mine in Tasmania. Overseas he has consulted on tailings depositional design and
water balance for the Kori Kollo Mine in Bolivia, a review of co-disposal of tailings and
waste rock at Porgera Gold Mine and the closure of Misima Gold Mine in PNG, waste
disposal design for the Goro Nickel project in New Caledonia, and advice on codisposal for the Martabe Project in Indonesia.
David has been involved in material characterisation testing and the design of
numerous mine waste covers throughout Australia, and the design, installation and
monitoring of lysimeters and mine waste covers at Kidston Gold Mines, WMC
Resources’ Mt Keith Nickel Operations, QERL’s Stuart Oil Shale Project, a large-scale
trial waste rock dump at Cadia Hill Gold Mine, and a large-scale trial tailings cell at
Jubilee Nickel Mine.
David has been invited to visit numerous mining regions and individual mines
throughout Australia, and in Canada, the USA, Brazil, South Africa, UK, China, Chile,
PNG, New Caledonia, Spain and Mozambique.
MAJOR RESEARCH ACHIEVEMENTS
From 1989, Professor Williams carried out research under NERDDC and ACARP
Projects on the characterisation of the deposit formed on the pumped co-disposal of
combined washery wastes, which has since been adopted at numerous coal mines in
Australia and Indonesia.
From 1996, David developed the store/release cover system suited to seasonally dry
climates, for application to covering acid generating rock dumps at Kidston Gold Mine
in north Queensland, and has had a long-term involvement in researching and
monitoring this cover system, as evidenced by his numerous papers on his research
on this topic. The store/release cover system on the tops of the Kidston rock dumps
has been shown to limit percolation to less than 1% of rainfall, and to support a
sustainable vegetation cover comparable to that occurring along water courses in the
area. He was also involved in the development of a rehabilitation strategy for the side
slopes of the rock dumps at Kidston designed to maximise geotechnical and erosional
stability while promoting vegetation, and analysed the wetting up by rainfall infiltration
and subsequent drain-down of and seepage from the rock dumps. Store/release
covers have now been adopted at numerous mine sites in dry climates worldwide.
From 1999 to 2001, David led ACARP Project C8039 to develop a risk assessment
and cost-effectiveness analysis for the rehabilitation of Bowen Basin coal mine spoil.
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The results of the project were reported in a Literature Review and Commentary and
Project Final Report, plus a spreadsheet-based risk assessment and costeffectiveness analysis, available at: www.uq.edu.au/civil/. In 2006, David undertook a
closure study for Xstrata’s new Rolleston Coal Project in the Bowen Basin Coalfields.
David has since 2000 been involved in the closure design for the waste rock dump at
Cadia Hill Gold Mine in New South Wales, including studies on the use of mixtures of
benign trafficked rock and tailings as an alternative cover material, to overcome the
shortage of suitable natural materials. In 2002/3, he led an international peer review
of the rock dumping operation and closure plan. In 2004, David was successful in an
ARC Linkage grant application with Cadia totalling over $ 700,000 over 3 years, which
has led to the construction of a 15 m high, world-class, demonstration, instrumented
rock dump covering 7,000 m2. The instrumentation includes a full weather station, 24
lysimeters at the base of the dump to monitor seepage, lysimeters on the top surface
to monitor rainfall infiltration and three store/release trial covers constructed using
natural and mine waste materials. To date it has shown that about 70% of the rainfall
incident on the traffic-compacted top of the dump infiltrates, with the majority going
into storage within the dump during the first year, and only small amounts percolating
to the base of the dump. The behaviour of the cover trials has to date been dominated
by the moisture state at which they were constructed. Monitoring of the instrumented
rock dump is expected to continue for at least 10 years.
From 2000 to 2003, David was a principal researcher into the physical and
geochemical nature of acid generating waste rock dumps in Southern Carolina, USA
(Rio Tinto’s Ridgeway Mine) and Sudbury, Canada (Inco’s Whistle Dump), sampled
as they were being excavated and moved to a pit.
From 2001 to 2005, David led an ARC Spirt research project with industry partner
WMC Resources focussed on an assessment of the long-term seepage and runoff
from mine tailings storage facilities, to facilitate lease surrender. This included the
monitoring of trial covers on tailings over the duration of the project and large-scale
laboratory column testing and numerical analyses. Natural salt pan and rocky slope
analogues under the same climatic and similar geochemical conditions were also
studied to point to sustainable approaches for rehabilitating the tailings storage
facilities.
From 2010, David has led three ACARP Projects, C19022, C20047 and C25040,
investigating the settlement and stability of high coal mine spoil, the behaviour of
problematic clay-rich coal mine tailings, and the behaviour of “mud” derived from spoil
on wetting-up.
David has been sponsored by mining companies and consultants to visit numerous
mining regions and mine sites worldwide, both to impart and extend his knowledge.
Since 2000, he has developed a relationship with the International Network for Acid
Prevention (INAP), and has contributed to INAP-sponsored research and
development projects and workshops involving mine sites in the USA, Canada,
Australia and PNG.
Research funding has totalled over $10 million, including funding from ARC, ARCSPIRT, ARC Linkage, NERDDC, ACARP-AMIRA, ACARP, MIM CRA-ATD, Kidston
Gold Mines, BHP Coal and WMC Resources, Cadia Holdings, Jubilee Mines NL.
Professor Williams has over 300 refereed publications, including three book chapters,
over 100 refereed journal articles and over 200 refereed conference publications, plus
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numerous research and consulting reports. About two-thirds of these publications are
in the mine waste field.
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Congratulations on producing a very comprehensive document describing a complex project. It is very
exciting to think that so much of the pyrite will disappear.
I think the most important components of the DPEMP are:
1. HGM is an approved project that will extract pyrite and metals from the existing tailings. The
project will inherently reduce the risk of these tailings to the environment by removing
approximately 50% of the pyrite and most other metals permanently.
2. TSF2 will provide a long‐term, high security environment for the permanent storage of PRT.
There will be excess alkalinity in the deposited tailings and upon closure a permanent water
cover of 2 m to prevent sulphide oxidation. It will also provide increased physical security for
the TSF1 dam wall.
3. Until TSF2 is constructed, PRT from the process will be stored in TSF1, but all material will
ultimately be moved to TSF2
4. There are surface water emission limit guidelines for TSF 1, and for the first several years of
operation, water will circulate through TSF2 but will be discharged from TSF1. All test work
has demonstrated that the quality of the TSF2 water will meet the TSF1 emission limits.
5. Over time, more water will be discharged from TSF2, and after closure all discharge will be
from TSF2. This DPEMP has been developed based on the long‐term application of the TSF1
emission limits to the TSF2 discharge.
6. This DPEMP is limited to the development of TSF2, however, as it is an integral part of the
larger project, additional background information about the project is provided throughout
the document.
7. A clear statement of the relationship of this project to existing PCEs. Also – does the original
Aberfoyle Act apply in anyway? If so, this should be stated.
8. The Exec summary is quite long. You might consider having sub‐sections to provide a structure
for the content
a. Overview of project and process (including the description of the process and an
overview map)
b. Dam design
c. Construction management and issues,
d. AMD testing,
e. Description of receiving environment (surface water, groundwater, veg, etc)
9. Not sure using ANZECC 80th percentile is warranted unless this has been discussed with the
EPA. Since limits already exist for the site these should be presented as the targets, as majority
of water will be discharged from TSF1.
Overall a really comprehensive document of a very complicated site. Well done.

