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1.0 EXECUTIVE SUMMARY 
CMW Geosciences Pty Ltd (CMW) has prepared this report to support an application by Aurenne Mt Ida Pty 
Ltd (Aurenne) for regulatory approval from the Department of Local Government , Industry Regulation and 
Safety (LGIRS / DMPE) and the Department of Water and Environmental Regulation (DWER) for the staged 
raising of Integrated Waste Landform Tailings Storage Facility (IWLTSF) at the Mt Ida Gold Project (MIGP), 
Western Australia.  

The MIGP is located approximately 100 km northwest of Menzies in the Goldfields region. IWLTSF is a single-
cell, circular facility centred at MGA Zone 51 coordinates 6,772,578 mS and 252,515 mE, approximately 725 m 
east of the Southwark and Emu pits and 800 m north of the mill site. The facility was initially designed in 2020 
and Stage 1 was constructed in 2023, with subsequent raises (Stage 2 and Stage 3) completed in 2024 and 
2025. During the preparation of this design report, the construction of Stage 4 and Stage 5 was completed, 
the crest level of the IWLTSF is now sitting at RL 510m. 

The current design proposes three additional raises comprising lifts of 3 m, 3 m, and 4 m in height to achieve a 
final crest level of RL520 m AHD. This will increase the maximum embankment height to approximately 32 m 
and provide an additional storage capacity of 3.4 Mm³, extending the operational life of the facility. Tailings 
production is forecast at 2.7 Mtpa, with deposition at 60% solids and a dry density of 1.5–1.6 t/m³. 

The embankments will be constructed as zoned structures, with an upstream low-permeability compacted 
clayey mine waste zone and a downstream traffic-compacted mine waste zone. Slopes are 1V:2H upstream 
and 1V:3H downstream, with a minimum crest width of 13 m. Water will be recovered via a central decant 
system with a minimum recovery capacity of 4,932 m³/day (206 tph), and returned directly to the process 
plant. Minimum freeboard requirements of 0.7 m, including operational, beach, and storm storage 
allowances.  

Seepage modelling indicates low seepage rates of approximately 21 m³/day, while stability analyses confirm 
adequate safety factors with FoS values above recommended thresholds for drained, undrained, and post-
seismic cases. A dam break assessment indicated a worst-case release volume of approximately 5.15 Mm³ 
under probable maximum precipitation conditions, with inundation risk primarily affecting the mill area south 
of the facility. The probability of such failure is considered very low given the provision of adequate freeboard, 
embankment design, and pond management requirements. In accordance with LGIRS (2013) and ANCOLD 
(2019), IWLTSF has been assigned a ‘High, Category 1’ hazard rating and a ‘High C’ consequence category, 
with a population at risk of between 10 and 100, primarily mine personnel.  

The closure objectives for the IWLTSF are to leave the facility in a safe, stable, erosion resistant and non-
polluting state.   

 Downstream slopes of the IWLTSF perimeter embankments will be rehabilitated.  The maximum slope 
angle will be approximately 1(V): 3(H) plus a 17 m wide intermediate bench thus an overall slope angle of 
1(V): 3.6(H). 

 The decant structure will be decommissioned, and the areas ‘sealed’. 

 The tailings top surface will be covered with a layer of non-acid forming (NAF) oxide, transition or fresh 
mine waste for a minimum thickness of 0.5 m (to be validated with field trials). 

 Topsoil to suit local flora species will be applied as part of the cover works. 

Aurenne as the operator of the IWLTSF makes the following commitments: 

 The TSF will be constructed in accordance with the specifications and drawings.  

 Reference to the Operations Manuals must be made for the operation, maintenance, and monitoring of 
the TSF.  This should include the instrumentation monitoring program associated with the TSF. 
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 Construction will be supervised and monitored by personnel with experience in this type of construction.  
Details of construction will be provided in a construction report. 

 Independent audits will be performed annually as a minimum.  The material parameters adopted in the 
analyses should be confirmed during the life of the TSF by undertaking suitable in-situ and laboratory 
testing. The stability analyses are to be updated based on these future assessments.  A detailed 
rehabilitation/decommissioning plan will be prepared prior to the decommissioning of the facility. The 
plan will include, where appropriate, other studies made in consultation with relevant stakeholders. 
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2.0 INTRODUCTION 
This report provides a detailed design for the future staged raisings of Integrated Waste Landform Tailings 
Storage Facility (IWLTSF) at the Mt Ida Gold Project (MIGP), located approximately 100 km northwest of 
Menzies, Western Australia. The proposed raises include 3 m lifts for Stages 6 and 7, and a 4 m lift for Stage 8, 
with the final elevation reaching RL 520 m. 

The MIGP is part of the 360 km² Mt Ida Project, owned and operated by Aurenne Mt Ida Pty Ltd (Aurenne). 
IWLTSF is situated on Exploration Lease E29/921-1, to the east of Mining Leases M29/150 and M29/151. It lies 
approximately 725 m east of the Southwark and Emu pits, and 800 m north of the mill site. The approximate 
centre of IWLTSFis located at MGA Zone 51 coordinates: 6,772,544 m South and 252,479 m East. 

A layout plan showing the location of IWLTSF in relation to mine tenement boundaries and operations is 
provided in Figure 1. 

CMW previously assisted Aurenne with the design of IWLTSF in 2020, as documented in report ref. PER2020-
0443AB Rev 3 dated 13 June 2022 (CMW 2022). This included the design and construction of the starter 
embankment (Stage 1), as well as subsequent Stage 2 to Stage 5 embankment raises. 

 

Figure 1: The extent of IWL 
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2.1 Design Codes/Standards/Guidelines 
The design has been conducted in general accordance with the following guidelines: 

 Department of Mines and Petroleum (2013), ‘Code of practice: tailings storage facilities in Western 
Australia’.  

 Department of Mines and Petroleum (2015), ‘Guide to the preparation of a design report for tailings 
storage facilities (IWLs)’.  

In addition to the LGIRS / DMPE documents above, the design presented in this report has been undertaken 
using ANCOLD Guidelines (2019) ‘Guidelines on Tailings Dams – Planning, Design, Construction, Operation and 
Closure’. The consequence category will determine the water management requirements (e.g., freeboard and 
stormwater storage capacity) and the geotechnical embankment design requirements.  

3.0 BACKGROUND INFORMATION 
The Mt Ida Gold Project (MIGP) is located approximately 100 km northwest of Menzies, Western Australia. It 
comprises ten deposits across two regions: Bottle Creek (Emu, Southwark, Cascade, VB North, VB, and Boags) 
and Mt Ida (Tim’s Find, Shepards Bush, Forrest Belle, and Boudie Rat). 

Site infrastructure includes a gold processing plant, offices, accommodation camp, aerodrome, and the 
Integrated Waste Landform Tailings Storage Facility (IWLTSF). 

IWLTSF was designed by CMW in 2020 (report ref. PER2020-0443AB Rev 3, dated 13 June 2022) and 
constructed in stages: Starter Stage 1 (Crest level at RL 498m) to Stage 5 (Crest level at RL 510m). It is a 
circular, single-cell IWLTSF located on Mining Lease M29/151, centred at MGA Zone 51J coordinates 
6,772,578 mS and 252,515 mE. From Stage 1 to Stage 5 the facility was designed to store approximately 4 
Mm³ (6 Mt) of tailings over a six-year life, based on an ore processing rate of 1.2 Mtpa, a minimum in-situ dry 
density of 1.5 t/m³, and a 1% beach slope. The tailings annual throughput is planned to increase to 2.5 Mtpa 
from early 2026. 

IWLTSF is located approximately 725 m east of the Southwark and Emu pits, each about 750 m long. Further 
south, the VB and Boags pits (approximately 1,300 m and 700 m long, respectively) are separated by Bottle 
Creek. Tailings from current operations will be deposited in IWLTSF, with construction materials expected to 
be sourced from the Southwark and Emu pits. 

No spillways are required during operations or closure of IWLTSF. Stormwater from major rainfall events will 
be temporarily stored within the basin and evaporated from the surface. A 1:100 AEP, with a 72-hour rainfall 
depth of 228 mm, was adopted for stormwater storage design. 

IWLTSF is designed as a ‘High C’ consequence category facility in accordance with ANCOLD (2019) guidelines. 
Freeboard and wave run-up under 1:10 AEP winds were considered, but the 1% beach slope and perimeter 
deposition are expected to prevent wave action from reaching the embankments. Stormwater from major 
events will be temporarily stored, with a 1:100 AEP, 72-hour rainfall depth of 228 mm used in the design`. 

Based on the DMP Code of Practice (2013) and ANCOLD (2019), TSF1 has a hazard rating of ‘High’, Category 1, 
and a damage level of ‘Medium’. With a population at risk ranging from 10 to 100, the overall consequence 
category remains ‘High C’. 

3.1 Design and Construction Activities – History 
The following section provides a chronological overview of IWLTSF's history. The information is included in 
each annual surveillance report for completeness and continuity purposes and remains unchanged except for 
the current year’s activities.  
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3.1.1  Design History and Reports 
CMW carried out the initial geotechnical investigation for the tailings facility in December 2020 and April 
2021. A geotechnical report summarising the findings was issued on 2 November 2021, following two earlier 
submissions of the factual report, Rev 1 on 4 May 2021 and a final version on 2 November 2021. 

The original design report titled “Integrated Waste Landform Tailings Storage Facility” was completed by 
CMW on 13 June 2022, detailing a facility designed to store 6 Mt of tailings over six years, based on an ore 
processing rate of 1.2 Mtpa and a minimum in-situ dry density of 1.5 t/m³. 

On the same date, CMW issued supporting documents, including: 

 An Operations Manual, outlining procedures for tailings deposition, decant pump operation, and routine 
inspection and maintenance. 

 A Scope of Works for Embankment Construction, specifying requirements to achieve the design grades 
shown in the construction drawings. 

 Emergency action plan, defining the responsibilities and actions required to ensure an appropriate 
response to and management of any emergency at the project site. 

Subsequent construction reporting has included: 

 Stage 1 construction completion report (May 2023), reaching a crest level of RL498 m AHD.    

 Earthworks Completion Report (August 2024) for the Stage 2 Raise to RL501 m AHD. 

 Construction Completion Report (April 2025) for Stage 3 Raise, from RL501 m to RL504 m, completed in 
March 2025. 

 Construction Completion Report (January 2026) for Stage 4 Raise, from RL504 m to RL507 m, completed 
in August 2025. 

 Construction Completion Report (January 2026) for Stage 5 Raise, from RL507 m to RL510 m, practical 
completed in November 2025. 
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4.0 TENURE AND SITE CONDITION 
The IWL and associated infrastructure fit within the tenement boundaries as shown in Figure 2 below. 

 

Figure 2: The Extent of IWLTSF 

4.1 Climate 
The project area has a semi-arid climate.  The area has hot summers and mild winters.  The following data has 
been utilised in the design. 

 Mean annual rainfall of 270.5 mm (BOM data for Station 012205 (Riverina), closest to Mt Ida Gold 
Project). 

 Mean annual evaporation of between 2,750 mm (BOM image – Average Pan Evaporation (Annual)) to 
3,000 mm (BOM Technical Note 65). 

 Annual evapotranspiration of 2,000 mm (BOM data for Kalgoorlie-Boulder Airport for 2020). 
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 1:100 yr AEP 72-hour event, 228 mm (refer: Commonwealth of Australia Bureau of Meteorology (BOM) 
for Latitude 29.1625 (S) Longitude 120.4625 (E)). 

 Probable Maximum Precipitation (PMP) storm event, 4.5 hrs duration of 640 mm (BOM (2002) ‘The 
Estimation of Probable Maximum Precipitation in Australia: Generalised Short-Duration Method’). 

4.2 Surface Conditions 
The topography of the project area is gradually sloping from approximately RL 500 m to RL 488 m AHD from 
the northeast to the south.  Originally the site was predominantly an open woodland comprising small to 
medium mallee trees, scattered shrubs, and perennial grasses.  To the east of the site, numerous drainage 
lines are meandering south.   

4.3 Geology 
According to the surface geology detailed on the 1:100,000 Geological Series Map of Mount Mason, the 
geology of the site comprises granitic plains to the west and basalts to the east separated by a narrow strip of 
Banded Iron Formation (BIF) beds.  The Archaean granite batholith intrusion has caused the BIF to dip about 
30° to the east, leaving the BIF as a dominant range of hills trending north-north-westerly.  The basalts have 
undergone various degrees of alteration, producing mafic schists and associated greenstone mineralised 
zones.  Ferruginous gravel and reworked duricrust, which overlays a laterite duricrust, covers an extensive 
area.  There are scattered outcrops of various rock types, except the soft mafic schists.  The project area is 
made up of two principal landforms.  Alluvial flats along the drainage courses have generally shallow (1 m), 
red, earthy loams to sands over red-brown hardpan. 

4.4 Hydrology 
The hydrology of the Mt Ida Gold Project including the IWL area of BGCP was established by reviewing the 
‘Bottle Creek Surface Water Assessment’ by Hydrologia (Hydrologia 2021) and the ‘Groundwater Assessment’ 
by Pendragon Environmental Solutions (PES 2021). 

The studies suggested the project area locality lies in the headwaters of Mt Ida Gold Project Bottle Creek that 
drains to Lake Ballard, located approximately 20 km to the south east of the project area.  In proximity to the 
project, Mt Ida Gold Project Bottle Creek drains from low hills (i.e. the catchment boundary) and has a defined 
drainage network; however, further downstream, east and south-east of the mine, Mt Ida Gold Project Bottle 
Creek and other drainage features dissipate on a broad wash plain above Lake Ballard. No major drainage 
diversions are required as part of IWLTSF. 

4.5 Sub-surface and Foundations 
CMW carried out geotechnical investigations of the proposed IWL from 15 to 16 December 2020 and from 20 
to 22 April 2021.  The scope of fieldwork completed was as follows: 

 A walkover survey of the site to assess the general landform, site conditions and geology of the three 
open pits (Emu, VB & Boag);  

 Nine test pits, denoted TP01 to TP13 (Note: we had originally planned to complete 13 test pits, however 
due to access constraints were only able to complete 9), were excavated in the footprint of the proposed 
IWL using a small excavator; 

 Collect bulk samples from the walls of the Emu Pit which is proposed to be the source of waste for the 
IWL for subsequent laboratory testing; 

 Four reverse circulation (RC) drilled boreholes within the proposed IWL storage to a maximum depth of 
21.5 m, with in-situ falling head tests in each of the borehole. 
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Engineering logs and photographs of the test pits are presented in the geotechnical investigation report, 
included as Appendix C in this report. 

The encountered sub-surface profiles across the proposed IWLTSF site can be generalised to the following 
subsurface sequences: 

SANDY CLAY-GRAVEL (CI-CH): red-brown, medium to high plasticity; gravel lateritic, ferruginous, pale grey, 
fine, angular to subangular; sand fine to coarse grained, angular to subangular; moderately cemented; 
Colluvial. 

FERRICRETE: retrieved as Sandy Clayey GRAVEL (GC); red-brown, high plasticity; gravel lateritic, ferruginous, 
fine, subrounded to rounded; sand fine to coarse grained, angular to subangular; generally, well cemented; 
Laterite. 

RESIDUAL: retrieved as CLAY-SILT (CH); pale red in the upper layer, grading to white in the lower layer; 
metamorphosed mafic rock dominant with an intrusion of ultramafic sequence. 

Based on the results of the investigations, the following was adopted in design: 

 Following topsoil stripping, the basin area of the IWL decant comprising clayey sands will be compacted 
to a depth of 0.3 m. 

 A cut-off trench, to nominally 0.5 m to 1 m below ground level (bgl) on Wiluna Hardpan has been 
included in the embankment design to reduce horizontal seepage losses. 

 An underdrainage system has been included in the design in order to recover leachate from the tailings in 
the southern section of the IWLTSF. 

4.6 Seismicity 
The project area is located in a region of low seismic risk. An Operating Basis Earthquake (OBE) of 0.06g, 
derived from AS 1170.4 (2007) for a 1:475-year AEP applicable to the ‘High C’ consequence category, has been 
used in the seismic design of the embankments. The corresponding Maximum Design Earthquake (MDE), also 
referred to as the Safety Evaluation Earthquake (SEE), is 0.10g for a 1:2,000-year AEP, based on a probability 
factor (kp) of 1.7. 

4.7 Hydrogeology 
This hydrogeology summary is referenced from the ‘Groundwater Assessment’ by Pendragon Environmental 
Solutions (PES 2021), which have taken into consideration the preceding studies by Groundwater 
Development Services (GDS 2019) and Golder Associates (Golder 1988 and 1989). 

The Mt Ida Project including the IWL area of BGCP lies within the Rebecca and Raeside subareas of the 
Goldfields which include fractured rock and paleochannel aquifers.  Groundwater across the region occurs in 
basins of weathering and shear/fracture systems, which vary in vertical and lateral extent, and which may be 
compartmentalised on a regional scale where there is little if any hydraulic connection between the different 
compartments.  Consequently, groundwater is likely to move or drain very slowly and may be considered 
stagnant. 

Groundwater levels vary between 26 metres below ground level (mbgl) and 44 mbgl (GDS 2019).  The 
groundwater levels varied between 30 m and 40 mbgl between 1988 and 1989 (Golder 1988 and 1989). 

Groundwater qualities generally are considered poor due to low rainfall and large evaporation, and generally 
is non-potable and unsuitable for stock watering if untreated.  Groundwater and open pit waters may be 
classified as saline to highly saline (i.e. close to the 35,000 mg/L threshold for brines).  Groundwater has 
alkaline pH of between 7.6 and 8.0 with the open pits being particularly highly alkaline at a pH of around 8.2. 
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The groundwater generally has low dissolved metal concentrations with occasional and sporadic elevated 
concentrations of Arsenic particularly in the existing open pits, and elevated concentrations of Total Dissolved 
Solids (TDS) comprising predominantly of chloride, sodium, sulfate and potassium.  The dominant sodium 
chloride character is indicative of a rather stagnant groundwater regime receiving little recharge from rain.   

4.8 Retaining Structure Properties 
The IWL embankments will be constructed out of waste sourced from mining operations.  The perimeter 
embankment will be zoned with an upstream zone of clay mine waste materials and a downstream zone of 
mine waste. 

The clayey mine waste material to be used in the upstream zone will predominantly be clayey gravels and 
clayey saprolite materials below the laterite /hardpan zones within the pit(s).  Visual assessment of the pit 
walls indicated that these materials are resistant to erosion and are non-dispersive.  

The clayey materials and mine waste were respectively classified as clayey gravel and well graded mine waste 
(sandy gravel with cobbles, minor fines) and are considered unlikely to liquefy from dynamic loadings or 
seismic activities. In order to reduce embankment permeability, the upstream zone clayey material should 
have a minimum fines content of 20%. 

Laboratory tests to determine strength parameters inferred a dense consistency of the clay materials, and 
mine waste when compacted.  Considering the IWL embankments construction will be controlled (e.g. using 
engineering supervision and QA/QC), material properties as determined in the laboratory can be replicated in 
the field, and hence were adopted as design properties.  In addition, it is expected that as a result erosion and 
piping mechanisms will be limited. 

Appendix D provides the technical specifications for the embankment construction materials. 

5.0 BASIS FOR DESIGN 
The design basis for the raising of IWLTSF is discussed with Aurenne and list as following:  

 Tailings production rate of 2.5 Mtpa 

 Tailings slurry density of 60% solids 

 Design of staged embankment raising to RL520 m, the current approved crest level RL510 m 

 Design in general accordance with ANCOLD Guidelines (2019). The consequence category will determine 
the water management (e.g. freeboard and stormwater storage capacity required) and geotechnical 
embankment design requirements. 

5.1 Tailings Properties 

5.1.1 Tailings Physical Properties 
The engineering properties of the tailings adopted for the IWLTSF stages 6, 7 and 8 raise design are 
summarised in Table 3. The properties were referenced to the lab test results which in Appendix C.  The ore 
types in the future are expected to be similar to previous testing. 
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At decommissioning of the IWLTSF, placement of a benign waste rock and topsoil store-and-release cover will 
be required to limit tailings dusting, support revegetation, and minimise water ingress into the tailings within 
wth IWLTSF (ie to minimise any acid generation from AF tailings). 

6.0 HAZARD RATING AND DESIGN CRITERIA 

6.1 Hazard Rating 
Based on the DMP Code of Practice (2013), the hazard rating for the IWLTSF has been assessed as ‘High’ 
Category 1 based on the following:  

 Possible loss of life, Population at Risk (PAR) of ≥10 and <100 (noting the PAR are mine personnel). The 
potential for tailings to flow > 725 m to the west towards Southwark Pit and Emu Pit operations, and > 
800 m to the south towards the processing plant, office, workshop, and campsite operated by ARS;  

 Significant impact on business;  

 Adverse effects on natural environment, flora and fauna, possible;  

 Mine infrastructure economic loss medium, $10M to $100M. No loss of public infrastructure expected;  

 Repairs to the IWLTSF would be practicable; and  

 Maximum embankment height is 38 m.  

Based on the above considerations and Table 1 of ANCOLD (2019), a ‘Medium’ damage is assigned. It is 
characterised by loss of infrastructure of the order $10 M to $100 M, significant impacts to business (i.e. the 
mine), impact area 5 km2 or less, impact duration less than 5 years and limited effects to native flora and 
fauna. The consequence category to ‘Medium’ damage, based on Table 2 of ANCOLD (2019) and with a 
population at risk (PAR) of ≥10 to <100, is ‘High C’.  
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7.7 Tailings Discharge and Water Management 
The following operational considerations have been incorporated into the design: 

 Tailings in the form of slurry will be discharged sub-aerially and cyclically into IWLTSF in thin discrete 
layers, not exceeding 0.3 m thickness, in order to allow optimum density and strength gain by subjecting 
each layer to a drying cycle.  Deposition will take place via multiple spigots located on the upstream 
perimeter embankment crest. 

 The tailings have rapid settling characteristics hence some experimentation will be required on the 
number of spigots to be utilised during deposition.  I 

 Spigotting of tailings is to be carried out such that a beach is developed to force the supernatant pond to 
be maintained within and around the decant structure.  The pond is to be maintained away from the 
perimeter embankments at all times. 

 Water will be removed from the facility and pumped back to the processing plant via a decant structure 
comprised of slotted concrete well liners with select rockfill surround.  The recommended decant system 
water recovery capacity should not be less than 4,932 m3/day or 206 tph. 

 The tailings basin will assume the form of a truncated prism with a depressed cone on the top surface.  
The facility will have the capacity to store a considerable volume of water during a storm event.  The 
minimum freeboard for the TSF under normal operating conditions is 0.5 m, plus an allowance for the 
temporary storage of the 1:100 years or 1% average exceedance probability (AEP) storm event of 72-
hour duration whilst maintaining the required total freeboard. 

 On eventual decommissioning, the facility will remain as a permanent feature of the landscape and drain 
to an increasingly stable mass.  The top surface and batters will be stabilised and rehabilitated in 
accordance with the Mine Development and Closure Plan (MDCP) as described in Section 14.0.  

7.8 Design Floods 
IWLTSF is a paddock-type facility, so water inflow into the basin is by incidental rainfall only.  IWLTSF has been 
designed such that a 1:100 years AEP, 72-hour duration rainfall depth of 228 mm can be temporarily stored 
within the facility. 

8.0 SEEPAGE ANALYSIS 

8.1 Method of Analyses 
Seepage analyses were undertaken in order to assess the potential for seepage from the IWLTSF embankment 
at the crest level of RL520 m.  These analyses utilized the groundwater module of the GeoStudio software 
package, which employs 2D finite element analysis to model groundwater seepage under saturated, steady-
state flow conditions. It is important to highlight that 2D modelling provides a simplified representation and 
does not account for 3D effects, such as seepage through geological structures like joints. 

8.2 Model Assumptions 
The upstream boundary condition used in the analyses was determined based on a maximum water pond level 
of 0.5 m below the crest level of RL520 m (Stage 8, crest).  Models have been based on the worst-case operating 
conditions where the decant pond extends to the embankment. 

The downstream boundary condition was assumed based on the groundwater located at the ground surface 
level at the downstream toe of the embankment. 
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11.0 WATER BALANCE 
Water balance analysis for the proposed operation for the raising of IWLTSF operation has been undertaken 
using a spreadsheet to examine expected inflows and outflows.  

Inflows and outflows for the facility were estimated on a monthly basis. Inflows include rainfall and slurry 
water. Outflows include evaporation, seepage losses and water retained in tailings (pore water). Water 
balance calculations are included in Appendix F.  

Based on the most recent surveillance review reports, the average annual water return for the IWLTSF is 
estimated at around 60% slurry water inflow. A water balance analysis for the IWLTSF operation has been 
undertaken using a mathematical simulation to examine expected inflows and outflows for the facility. 
Inflows included rainfall and slurry water. Outflows included evaporation, seepage losses and water retained 
in tailings (pore water). The analysis examined the annual/monthly rainfall and average evaporation under 
average climatic conditions.  

Assumptions and other data adopted for the water balance are listed below: 

 Climate data were obtained from the BoM website. Average monthly rainfall figures for Riverina 
(recording period: 1964 to 2009) of 270.5 mm/pa, and average annual evaporation is estimated at 
approximately 2,750 mm/year.  

 Tailings area of approx. 36 ha.  

 A tailings runoff coefficient of 1.0 was assumed.  

 Pool area equal to approximately 9% of tailings area (radius approx. 100 m).  

 Running beaches equal to approximately 21% of the tailings area.  

 Evaporation pan factor of 0.75.  

 Average tailings residual moisture content of 25%.  

 Tailings slurry density of 60% solids.  

 Tailings production rate of 2,500,000 tpa.  

 Seepage from seepage analyses of approximately 21 m3/day.  

The results of the analysis indicate potential annual average water returns of approximately 55% of the 
tailings slurry water deposited into the facility can be expected under average climatic conditions. The results 
also indicate that water recovery will vary according to the management of the facility, specifically the size of 
the pond and running beaches. The actual quantity of water available for return to the mill may vary from the 
figures presented based on the following factors:  

 Variations in slurry density.  

 Continuity of tailings discharge.  

 Distance between the discharge point and decant pond.  

 Size of the decant pond and running beaches from where evaporation is greatest.  

 Climatic conditions at the time of operation.  

 The efficiency of the decant system during operation.  

The efficacy of the water return system is the key to achieving a higher in-situ tailings dry density within the 
IWLTSF. The minimum capacity of the water recovery system should be not less than 206 tph including the 
additional capacity to recover water from design storm events.   
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12.0 DAM BREAK ASSESSMENT 

12.1 Credible Events That Lead to a Dam Break 
The most credible events that could lead to a TSF dam break/embankment failure are:  

 Uncontrolled overtopping of a perimeter embankment following an extreme rainfall event (PMP).  

 Slope failure of an external embankment under static conditions. 

 Foundation failure.  

 Slope failure of a perimeter embankment under an extreme seismic event leading to embankment and 
foundation (for upstream raised embankment) liquefaction.  

 Erosion of an embankment due to a pipeline breakage. 

 Progressive sloughing of embankment due to seepage 

 Piping erosion failure through a perimeter embankment due to seepage 

 Piping erosion failure through a perimeter embankment due to seepage through the embankment 
Several coinciding events would be required for a major IWLTSF dam break/embankment failure to occur. The 
assessment is primarily a breach resulting from overtopping (under rainy day conditions); however, it is also 
applicable to breaches resulting from embankment piping/slope instability (under sunny day conditions). The 
peak flows resulting from these secondary events are expected to be lower when compared to those 
associated with the overtopping event.  
The probability of a major IWLTSF dam break/embankment failure due to the above credible events is 
assessed to be low based on: 

 Embankment overtopping is unlikely due to provisions for adequate freeboard and correct operation and 
management. 

 Tailings forming part of the foundation of the upstream raised embankment section will not be 
susceptible to liquefaction under Safety Evaluation Earthquake (SEE) conditions (1:2,000 AEP seismic 
event). A slope embankment failure/instability with the assumption of a liquefied tailings foundation is 
unlikely based on adequate FoS values from embankment stability analyses.  

 A foundation piping failure for the IWLTSF is unlikely. It is noted that foundation preparation for the 
IWLTSF embankment typically involved the removal of ‘topsoil’ and near-surface loose materials under 
the embankment footprint areas and compaction of the stripped surface; as such, the embankments will 
be founded on competent ground.   

 A piping failure from the embankment of the IWLTSF is also unlikely. It is noted that suitable, non-
erodible clayey fill materials/clayey mine waste were used for construction. The clayey fill materials / 
clayey mine were compacted to 95% SMDD (min).  

The analysis was performed to assess the consequences of the IWLTSF stage 8 raised embankment failure, 
and does not indicate the likelihood of the event. The results should not be interpreted as indicating that the 
proposed IWLTSF stage 8 embankment raise presents a likely risk to humans, infrastructure, or the 
environment.  

12.2 Breach Characteristics 
If IWLTSF embankment breach was to occur, tailings that flow out of containment will behave as a slurry and 
therefore will not be as free-flowing as water.   

Under worst-case probable maximum precipitation (PMP) rainy day failure conditions: 
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The calculations of the run-out distance for a sunny day case are presented in Appendix G. 

12.4 Hydraulic Modelling 
The result from breach modelling indicates that the maximum (peak) run-out flow from a ‘dam break’ under 
‘worst case’ (PMP) rainy day conditions will be approximately 715 to 2,770 m3/s.  The flow will generally flow 
toward south of the project area.  The flow is estimated to be between 90 to 220 m wide, with a flow depth of 
up to 3.0 m. 

In a worst-case scenario, tailings and water run-out could inundate a large part of the mill area.  Refer to the 
inundation plan in Appendix G. 

The following consequences of a dam break are considered most likely: 

 Loss of human life: Personnel at the mill should be able to be evacuated as any breach from the IWL will 
occur over time and should be discovered by IWL operations personnel.  There is also a potential for loss 
of life of mining personnel visiting the IWL.  The PAR has been conservatively estimated to be between 
≥10 to <100 (noting the PAR are mine personnel). 

 Economic loss due to mill shutdown and production loss, repairs of damaged sections of IWL and local 
access roads. 

 Environmental impact: there will be potential for contamination of soils and surface water requiring 
environmental ‘clean-up’. 

12.5 Control 
The conditions for IWLTSF embankment failure to occur would be driven largely by the size and extent of the 
decant pond on the facility, as well as the magnitude of a trigger seismic event, embankment deformation, 
the grading of the tailings and the saturation of the tailings adjacent to the embankment. Effective 
management of the decant pond to ensure excess water is continually removed and that the location of the 
pond is maintained centrally on IWLTSF will minimise the risk of a perimeter embankment breach and release 
of saturated tailings. 

IWLTSF embankment failure is not expected provided the facility is operated in accordance with the 
requirements set out in the IWLTSF Operations Manual. To date, the annual surveillance reviews have 
confirmed that a small water pond is present, and the pond is kept well away from the perimeter 
embankment. The pond is at least 200m from the main embankment.  

In the event that the IWLTSF were in imminent danger of failure and breach, an Emergency Action Plan (EAP) 
would need to be enacted (also refer to Operations Manual).  

13.0 OPERATIONAL ASPECTS 
The existing Operating Manual and the Mine Safety Management Plan are reviewed annually as part of the 
surveillance review of IWLTSF. The Operation Manual has been updated and attached in Appendix H as part of 
the Stage 6 to Stage 8 design.  

13.1 Discharge Management and Decant Control 
The existing Operations Manual and Mine Safety Management Plan for the IWLTSF have include the operating 
procedures, inspection criteria, monitoring requirements and log sheets for the facility. 
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The following routine inspection and maintenance procedures are to be carried out for the various components 
of the system.  A minimum of one inspection is to be undertaken during each shift by an operator or shift 
supervisor. 

The inspections should cover: 

 The pipelines (tailings delivery line and water return lines) to and from IWLTSF. 

 Leak detection. 

 Pumps. 

 Valves. 

 Discharge locations. 

 Location and size of the decant pond. 

 Decant and return water pumps. 

 The general integrity of the embankment i.e. any new cracking (daily). 

 Any changes to existing cracking or seepage. 

 Seepage downstream of IWLTSF. 

 Seepage collection pipe flow and pumps. 

A monthly independent inspection should also be performed by senior site management.  The operation, 
safety and environmental aspects should be periodically reviewed during an annual audit inspection by a 
suitably experienced and qualified engineer. 

13.2 IWLTSF Water management 

13.2.1 Freeboard 
IWLTSF has been designed to temporarily store the runoff from a 1:1,00-year Annual Exceedance Probability 
(AEP) 72-hour duration storm event on top of the facility. The design assumes that proper operational 
controls are followed, and that water is consistently removed from the facility, ensuring that minimum 
freeboard requirements are maintained. 

The design provides for a minimum total freeboard of 0.7 m, which includes: 

 A minimum operational freeboard of 300 mm (the vertical distance between the tailings beach and 
embankment crest), 

 A minimum beach freeboard of 200 mm, 

 An allowance for the 1:1,00-year AEP 72-hour storm event, with a depth of 228 mm. 

ANCOLD guidelines (20192) also recommend an allowance for wave run-up due to a 1:10 AEP wind event for a 
‘High C’ consequence category IWLTSF (refer to Section 3.1). However, it is expected that perimeter tailings 
deposition and an anticipated beach slope of 1% will provide sufficient separation distance between the 
perimeter embankments and the designed stormwater pond, thereby preventing wave action from reaching 
the embankments. 

illustrates the freeboard nomenclature. Intensity-Frequency-Duration (IFD) data relevant to the site is 
presented in Figure 5. Based on the chart in Figure 5, a 1:100-year AEP, 72-hour rainfall depth of 228 mm was 
adopted for the design. This amount of rain could produce the maximum volume of water assessed at 
289,560 m3 (i.e. approx. 127 ha x 228mm), with a runoff coefficient of 1.0 over the full area of the catchment 
(127 ha). The 4.5 hr Probable Maximum Precipitation (PMP) indicates a rainfall of 640 mm; thus, the total 
812,800 m3 of water could be expected to accumulate from this rainfall event, assuming a runoff coefficient of 
1.0. 
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When IWLTSF is filled to its design capacity, maintaining a freeboard of 700 mm provides an additional 
storage capacity of approximately 889,000 m³. This exceeds the required 812,800 m³ storage volume for the 
Probable Maximum Precipitation (PMP) event. Accordingly, the risk of overtopping at IWLTSF is considered 
low. 

 

 

Figure 6: Freeboard Nomenclature 
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Figure 7: Intensity-Frequency-Duration (IFD) Data  
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13.2.2 Surface Water Diversion 
The IWL has been located such that no major diversion is required, based on a hydrology study. The IWLTSF is 
located to the northwest of a creek line that flows from the north/northeast, bypassing the IWLTSF to the 
west of the plant site.   

A small catchment extends to the northeast of the IWLTSF, and most flow from the catchment is concentrated 
in a flow path that passes to the south of the IWLTSF. Reference to Hydrologia report (Hydrologia 2021) 
indicates that for a 1% AEP event, the maximum flow depth will be 0.35 m with a velocity of 0.75 m/s. There 
should be no requirement for erosion protection at the toe of the IWL during operations, as the flow path is 
outside of the IWLTSF footprint. 

13.3 Dust Control 
The IWLTSF construction works will include a water cart on location to provide dust suppression as required.  
This control measure will prevent dust from becoming airborne and subsequently being mobilised into the 
surrounding environment, from becoming a visibility issue, or from becoming a respiratory hazard for 
construction personnel. 

Dust generation from the tailings beaches is not expected as the tailings are saline and a crust is likely to form 
on the beaches, binding the tailings surface and reducing the potential for dusting.  If dust generation 
becomes an issue (i.e. in periods the IWLTSF may be inactive), the tailings beaches could be irrigated (i.e. with 
sprinklers or similar) or tailings deposition managed such that beach areas do not dry back to such an extent 
that dust generation occurs. 

14.0 CLOSURE CONSIDERATIONS 

14.1 Overview 
The closure objectives for the IWLTSF are to leave the facility in a safe, stable, erosion resistant and non-
polluting state. 

The downstream tailings slopes of the IWLTSF perimeter embankments will be rehabilitated as part of the 
waste dump rehabilitation works. The final rehabilitation slopes will have a maximum inclination of 18°, with a 
6 m wide bench constructed at RL 510 m to reduce slope length and improve long-term stability and erosion 
control. 

Once tailings deposition has been completed within the IWLTSF and the top surface of the tailings has gained 
adequate bearing capacity, it will be capped with a layer of mine waste (0.5 m –1 m nominal thickness) to act 
as a store and release cover, minimise dust generation from dried tailings and provide support for 
topsoil/growth medium for re-vegetation. 

The IWLTSF concept requires the integration of the planning, construction, and closure of the IWLTSF with 
waste dump construction.  The IWLTSF concept provides an optimum solution to the rehabilitation of an 
IWLTSF by encompassing the IWLTSF within a waste dump.  Mine waste for rehabilitation of the top surface 
will be sourced from nearby waste dumps. 

14.2 Rehabilitation 
Upon completion of tailings placement within the facility, the surface will undergo a rehabilitation program.  
The rehabilitation program will include the identification of appropriate capping material and local flora 
species to revegetate the surface of the facility. 
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At final closure, the decant structure will be decommissioned and the decant area ‘sealed’.  This will involve: 

 Removing excess filter rock in the decant structure to the surrounding tailings level; 

 Covering the rock layer surrounding the decant structure with geofabric to prevent movement of fine 
material through rock voids; 

 Backfilling the annulus of the rock ring with tailings to the adjacent tailings level; and 

 Capping the IWL decant areas with nominal 0.5 m thick clayey mine waste (to be validated with field 
trials or otherwise). 

Upon decommissioning of the facility, the rehabilitated surface will follow the grade of the finished tailings 
surface and therefore have the capacity to store a considerable volume of stormwater.  Internal bunding may 
be constructed to distribute stored rainfall and maximise at-source infiltration. 

14.3 Performance Monitoring against Closure Criteria 
Rehabilitation closure criteria for the IWLTSF including observations specific to the tailings and consolidation 
will be developed and progressed as part of a Mine Development and Closure Plan. 
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USING YOUR CMW GEOTECHNICAL REPORT 
Geotechnical reporting relies on interpretation of facts and collected information using experience, professional judgement, and 
opinion. As such it generally has a level of uncertainty attached to it, which is often far less exact than other engineering design 
disciplines. The notes below provide general advice on what can be reasonably expected from your report and the inherent limitations 
of a geotechnical report.  

Preparation of your report 
Your geotechnical report has been written for your use on your project. The contents of your report may not meet the needs of others 
who may have different objectives or requirements. The report has been prepared using generally accepted Geotechnical Engineering 
and Engineering Geology practices and procedures. The opinions and conclusions reached in your report are made in accordance with 
these accepted principles. Specific items of geotechnical or geological importance are highlighted in the report. 
In producing your report, we have relied on the information which is referenced or summarised in the report. If further information 
becomes available or the nature of your project changes, then the findings in this report may no longer be appropriate. In such cases 
the report must be reviewed, and any necessary changes must be made by us.  

Your geotechnical report is based on your project’s requirements 
Your geotechnical report has been developed based on your specific project requirements and only applies to the site in this report. 
Project requirements could include the type of works being undertaken; project locality, size and configuration; the location of any 
structures on or around the site; the presence of underground utilities; proposed design methodology; the duration or design life of 
the works; and construction method and/or sequencing.    
The information or advice in your geotechnical report should not be applied to any other project given the intrinsic differences 
between different projects and site locations. Similarly geotechnical information, data and conclusions from other sites and projects 
may not be relevant or appropriate for your project. 

Interpretation of geotechnical data 
Site investigations identify subsurface conditions at discrete locations. Additional geotechnical information (e.g. literature and external 
data source review, laboratory testing etc) are interpreted by Geologists or Engineers to provide an opinion about a site specific 
ground models, their likely impact on the proposed development and recommended actions. Actual conditions may differ from those 
inferred to exist due to the variability of geological environments. The actual interface between materials may be far more gradual or 
abrupt than assumed based on the facts obtained. Nothing can be done to change the actual site conditions which exist, but steps can 
be taken to reduce the impact of unexpected conditions. Interpretation of factual data can be influenced by design and/or 
construction methods. Where these methods change review of the interpretation in the report may be required.   

Subsurface conditions can change 
Subsurface conditions are created by natural processes and then can be altered anthropically or over time. For example, groundwater 
levels can vary with time or activities adjacent to your site, fill may be placed on a site, or the consistency of near surface conditions 
might be susceptible to seasonal changes. The report is based on conditions which existed at the time of investigation. It is important 
to confirm whether conditions may have changed, particularly when large periods of time have elapsed since the investigations were 
performed. 

Interpretation and use by other design professionals 
Costly problems can occur when other design professionals develop their plans based on misinterpretations of a geotechnical report. 
To help avoid misinterpretations, it is important to retain the assistance of CMW to work with other project design professionals who 
are affected by the contents of your report. CMW staff can explain the report implications to design professionals and then review 
design plans and specifications to see that they have correctly incorporated the findings of this report. 

Your report's recommendations require confirmation during construction 
Your report is based on site conditions as revealed through selective point sampling. Engineering judgement is then applied to assess 
how indicative of actual conditions throughout an area the point sampling might be. Any assumptions made cannot be substantiated 
until construction is complete.  For this reason, you should retain geotechnical services throughout the construction stage, to identify 
variances from previous assumption, conduct additional tests if required and recommend solutions to problems encountered on site.  
A Geotechnical Engineer, who is fully familiar with the site and the background information, can assess whether the report's 
recommendations remain valid and whether changes should be considered as the project develops.  An unfamiliar party using this 
report increases the risk that the report will be misinterpreted. 

Environmental matters are not covered 
Unless specifically discussed in your report environmental matters are not covered by a CMW Geotechnical Report. Environmental 
matters might include the level of contaminants present of the site covered by this report, potential uses or treatment of 
contaminated materials or the disposal of contaminated materials. These matters can be complex and are often governed by specific 
legislation.   
The personnel, equipment, and techniques used to perform an environmental study can differ significantly from those used in this 
report. For that reason, our report does not provide environmental recommendations. Unanticipated subsurface environmental 
problems can have large consequences for your site. If you have not obtained your own environmental information about the project 
site, ask your CMW contact about how to find environmental risk-management guidance. 
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Explanatory notes for completing tailings storage data sheet  
 
The following notes are provided to assist the proponent to complete the tailings storage data sheet.  

1. Paddock (ring-dyke), cross-valley, side-hill, in-pit, depression, waste fill, central thickened 
discharge, stacked tailings  

2. Number of cells operated using the same decant arrangement  

3. See Table 1 – Hazard rating system in the Code of practice  

4. See Table 2 – Matrix of hazard ratings in the Code of practice  

5. Internal for paddock (ring-dyke) type, internal plus external catchment for other facilities  

6. End of pipe, (fixed), end of pipe (movable), single spigot, multi-spigots, cyclone, central thickened 
discharge (CTD)  

7. Gravity feed decant, pumped central decant, floating pump, wall/side mounted pump  

8. Clay, synthetic  

9. See list below for ore process method  

10. Tonnes of solids per year  

11. Record only the main material(s) used for construction, e.g. clay, sand, silt, gravel, laterite, fresh 
rock, weathered rock, tailings, clayey sand, clayey gravel, sandy clay, silty clay, gravelly clay or 
any combination of these materials  

12. Any one or combination of the materials listed under item 11 above  

13. Maximum wall height above the ground level (not AHD or RL)  

14. Arsenic, Asbestos, Caustic soda, Copper sulphide, Cyanide, Iron sulphide, Lead, Mercury, Nickel 
sulphide, Sulphuric acid, Xanthates, radioactive elements  

15. NPI – National pollution inventory (contact Department of Environmental Protection for 
information on NPI listed substances)  

 
Ore process methods  
 
The ore process methods may be recorded as follows:  

Acid leaching (Atmospheric)    Flotation  

Acid leaching (Pressure)    Gravity separation  

Alkali leaching (Atmospheric)    Heap leaching  

Alkali leaching (Pressure)    Magnetic separation  

Bayer process      Ore sorters  

Becher process     Pyromet  

BIOX       SX/EW (Solvent extraction/Electro wining)  

Crushing and screening    Vat leaching  

CIL/CIP      Washing and screening 
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C-1 Tailings lab test results









Perth

16 Gympie Way, Willetton 

WA 6155

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 04/01/2026

Project: Material Assessment EP Lab Job Number: WGEO

Sample No: Tails Sample 60% Solids

Lab ID: WG25_19987_AIR_DRY Room Temperature at Test: 19°

Oven dried @ 60deg

Comments:

Authorised Signature (Geotechnical Engineer)

The results of tests performed apply only to the specific sample at time of test unless otherwise clearly stated. Reference should be made to E-

Precision Laboratory's "Standard Terms and Conditions"    E-Precision Laboratory     ABN 431  559 578 87

Photo of Samples after Testing

AIR DRYING SETTLING TEST
METHOD: Supplied by Client SRC-WF-100 / SRC-RF-100
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Perth

16 Gympie Way, Willetton

WA 6155

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 04/01/2026

Project: Material Assessment EP Lab Job Number: WGEO

Sample No: Tails Sample 60% Solids

Lab ID: WG25_19987_SETTLEMENT Room Temperature at Test: 19°

Initial Dry Density (t/m³): -

Type of Test: Settlement Testing Particle Density (t/m³): -

60% Solids Initial Bulk Density (t/m3): -

Comments:

Authorised Signature (Geotechnical Engineer):

The results of tests performed apply only to the specific sample at time of test unless E-

Precision Laboratory's "Standard Terms and Conditions"    E-Precision Laboratory     ABN 431  559 578 87

Photo of Test Setup

Undrained Drained 

SETTLEMENT TESTING TAILINGS
METHOD: IN-HOUSE METHOD 

Tested by:

Sample Preparation:
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Perth

16 Gympie Way, Willetton

WA 6155

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 08/01/2026

Project: Material Assessment EP Lab Job Number: WGEO

Sample ID: Tails Sample 60% Solids

Lab ID: WG25_19987_OED Lab: EPLab

Depth (m): - Room Temperature at Test: ~ 19°C

Tested by: Initial Moisture (%): 33.15 Test Condition: Undrained

Height (mm): 37.92 Final Moisture Content (%): 27.50 Sample Condition: Saturated

Diameter (mm): 61.80 Bulk Density (t/m³): 1.86 Particle Density (t/m³): 2.987

Direction: Vertical Dry Density (t/m³): 1.39 Initial Void Ratio (ei): 1.144

Void Ratio (ef) Vs Log of Vertical Pressure (kPa)

CONSOLIDATION - ONE DIMENSION
Method: AS1289 6.6.1 / Inhouse Method
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Perth

16 Gympie Way, Willetton

WA 6155

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 08/01/2026

Project: Material Assessment EP Lab Job Number: WGEO

Sample ID: Tails Sample 60% Solids

Lab ID: WG25_19987_OED Lab: EPLab

Depth (m): - Room Temperature at Test: ~ 19°C

CONSOLIDATION - ONE DIMENSION
Method: AS1289 6.6.1 / Inhouse Method

Vertical Strain (%) Vs Log of Vertical Pressure (kPa)
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Perth

16 Gympie Way, Willetton

WA 6155

Client: Western Geotechnical Lab Services Date Tested: 08/01/2026

Project: Material Assessment EP Lab Job Number: WGEO

Sample ID: Tails Sample 60% Solids

Lab ID: WG25_19987_OED Lab: EPLab

Depth (m): - Room Temperature at Test: ~ 19°C

*

*t50 t90

Stage 1 @ 12.5kPa 0.548 3.671 - 1.16E-03 1.3E-09 1.093 1.45

Stage 2 @ 25kPa 0.949 3.577 - 8.58E-04 9.6E-10 1.070 2.50

Stage 3 @ 50kPa 1.452 3.472 - 5.44E-04 5.9E-10 1.042 3.83

Stage 4 @ 100kPa 2.121 3.355 - 3.67E-04 3.8E-10 1.005 5.59

Stage 5 @ 200kPa 3.216 2.143 - 3.06E-04 2.0E-10 0.943 8.48

Stage 6 @ 400kPa 4.743 1.456 - 2.20E-04 1.0E-10 0.858 12.51

Stage 7 @ 800kPa 6.170 0.888 - 1.08E-04 3.0E-11 0.778 16.27

Stage 8 @ 1600kPa 7.589 0.694 - 5.59E-05 1.2E-11 0.699 20.01

Unload @ 400kPa 7.135

Unload @ 100kPa 6.669

Unload @ 25kPa 6.232

* Values interpreted via lab only 

Comments: Samples collected from Drained Settlement Testing

Cv values to be interpreted via Engineer

Samples supplied by the Client

Authorised Signatory (Geotechnical Engineer):

CONSOLIDATION - ONE DIMENSION
Method: AS1289 6.6.1 / Inhouse Method

Test Results

Cv (m²/yr) Void Ratio 

(ef)

Vert Disp 

(mm)
Stages

The results of tests performed apply only to the specific sample at time of test unless otherwise clearly stated. Reference should be made to E-

Precision Laboratory's "Standard Terms and Conditions"    E-Precision Laboratory     ABN 431  559 578 87

Compressibility 

Mv (m²/kN)

Vertical Strain 

(%)
K (m/s)
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Perth

16 Gympie Way, Willetton

WA 6155

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 08/01/2026

Project: Material Assessment EP Lab Job Number: WGEO

Sample ID: Tails Sample 60% Solids

Lab ID: WG25_19987_OED Lab: EPLab

Depth (m): - Room Temperature at Test: ~ 19°C

* Plot based on Log (time) data

Mv (m²/kN) Vs Log of Vertical Pressure (kPa)

CONSOLIDATION - ONE DIMENSION
Method: AS1289 6.6.1 / Inhouse Method

Cv (m²/yr) Vs Log of Vertical Pressure (kPa)
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Perth

16 Gympie Way, Willetton

WA 6155

Client: Western Geotechnical Lab Services Date Tested: 08/01/2026

Project: Material Assessment EP Lab Job Number: WGEO

Sample ID: Tails Sample 60% Solids

Lab ID: WG25_19987_OED Lab: EPLab

Depth (m): - Room Temperature at Test: ~ 19°C

CONSOLIDATION - ONE DIMENSION
Method: AS1289 6.6.1 / Inhouse Method

TEST RESULTS PLEASE SEE PAGES BELOW
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Limitations, Uses and Reliance 

This document, once read in its entirety, may be relied upon for the purposes stated within the limits of: 

Environmental investigations and assessments are undertaken in accordance with an agreed term of reference and timeframe and may involve intrusive 
investigations of subsurface conditions, generally at a few selected locations.  Although due care, skill and professional judgement are applied in the 
interpretation and extrapolation of environmental conditions and factors to elsewhere, the potential for variances cannot be discounted.  Therefore, the 
results, analyses and interpretations presented herein cannot be considered absolute or conclusive.  Pendragon Environmental Solutions does not accept 
any responsibility for variances between the interpreted and extrapolated and those that are revealed by any means.  Specific warning is given that many 
factors, natural or artificial, may render conditions different from those that prevailed at the time of investigation, and should they be revealed at any time 
subsequently, they should be brought to our attention so that their significance may be assessed, and appropriate advice may be offered.  Users are also 
cautioned that fundamental assumptions made in this document may change with time and it is the responsibility of any user to ensure that assumptions 
made, remain valid. 

The comments, findings, conclusions and recommendations contained in this document represent professional estimates and opinions and are not to be 
read as facts unless expressly stated to the contrary.  In general, statements of fact are confined to statements as to what was done and/or what was 
observed; others have been based on professional judgement. The conclusions are based upon information and data, visual observations and the results 
of field and laboratory investigations and are therefore merely indicative of the environmental conditions at the time, including the presence or otherwise 
of contaminants or emissions.  In addition, presentations in this document are based upon the extent of the terms of reference and/or on information 
supplied by the client, agents and third parties outside our control.  To the extent that the statements, opinions, facts, conclusions and/or recommendations 
in this document are based in whole or part on this information, those are contingent upon the accuracy and completeness of the information which has 
not been verified unless stated otherwise.  Pendragon Environmental Solutions does not accept responsibility for omissions and errors due to incorrect 
information or information not available at the time of preparation of this document and will not be liable in relation to incorrect conclusions should any 
information be incorrect or have been concealed, withheld, misrepresented or otherwise not fully disclosed.  Neither will we be liable to update or revise 
the document to consider any events, emergent circumstances or facts occurring or becoming apparent after the date of this document. 

Within the limitations imposed by the terms of reference, the assessment of the study area and preparation of this document have been undertaken and 
performed in a professional manner, by suitably qualified and experienced personnel, in accordance with generally accepted practices and using a degree 
of skill and care ordinarily exercised by environmental consultants under similar circumstances.  No other warranty, expressed or implied, is made. 

This document has been prepared for the purposes stated herein.  Every care was taken in the interpretation of environmental conditions and the nature 
and extent of impacts, presentation of findings and recommendations which are provided in good faith in the general belief that none of these are 
misleading.  No responsibility or liability for the consequences of use and/or inference by others is accepted. 

Intellectual and copyright in the information, data and representations such as drawings, figures, tabulations and text, included in this document remain 
the property of Pendragon Environmental Solutions.  This document is for the exclusive use of the authorised recipient(s) and may not be used, copied 
or re-produced in whole, or in part, for any purpose(s) other than that for which it was prepared for.  No responsibility or liability to any other party is 
accepted for any consequences and/or damages arising out of the use of this document without express and written consent. 

The above conditions must be read as part of the document and must be reproduced where permitted.  Acceptance of this document indicates acceptance 
of these terms and conditions. 
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Executive Summary 
 
Aurenne Mining is disposing of tailings from processing oxide ores from the Mt Ida Bottle Creek deposits in an 
Integrated Waste Landform (IWL) at the Mt Ida Gold Project.  Aurenne Mining intends to mine and process 
sulphide ores blended with oxide and transitional ores and dispose of the tailings in the existing IWL on top of 
the oxide ores disposed thus far. 
 
Scope of Works 
 
To undertake characterisation of the mixed oxide-transitional-sulphide tailings, the following sampling regime 
was implemented: 

 Obtain representative samples of raw water (water from open pits and production bores) and process water 
(thickener overflow, TSF decant return water and raw water). 

 Obtain 2 composite samples: one a mixture of 20% sulphide and an 80% blend of oxide and transitional 
ore and the other a mixture of 40% sulphide and a 60% blend of oxide and transitional ore. 

 Analyse each sample for: 

o Acid Base Accounting characteristics including pH (1:5), Electrical Conductivity (1:5), Total Sulfur, Total 
Oxidised Sulfur as Sulfate, Chromium Reducible Sulphur, field (pHf), oxidised (pHfox) and Net Acid 
Generation (NAG) pH (pHox or NAG pH), NAG at pH 4.5 and 7.0, Acid Neutralising Capacity (ANC), Net 
Acid Production Potential (NAPP) and Acid Buffering Characteristic Curve (ABCC). 

o Analyse each sample total metals and metalloids: antimony (Sb), arsenic (As), aluminium (Al), barium 
(Ba), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), manganese (Mn), mercury (Hg), 
molybdenum (Mo), lead (Pb), nickel (Ni), selenium (Se), uranium (U), vanadium (V) and zinc (Zn) as 
well as leachable metals and metalloids, using the Australian Standard Leaching Procedure (ASLP), at 
a pH of 5 (acidic environment), pH 7 (neutral environment) and pH 9 (alkaline environment). 

 
Summary and Conclusions of Salient Findings 
 
Geochemical characterisation of the oxide-transitional tailings at Mt Ida indicated that: 

 Tailings solids classify as Non-Acid Forming (NAF); having a Sulphur concentration between 0.14% and 
0.24% (Chromium Reducible Sulfur, CRS, between 0.023% and 0.026%), acid neutralising capacities 
between 12.2 and 14.2 kgH2SO4/t and positive net acid production potential. 

 Global Abundance Indices calculations suggest that the tailings is enriched by one element only i.e. Arsenic. 

 Groundwater sampling events encountered elevated dissolved Arsenic (As3+ based on laboratory 
speciation analytical data) in water in several open pits and groundwater sources at Mt Ida. 

 Laboratory leachates prepared at a pH of 7 and 9 (the current pH level at the IWLTSF) reported elevated 
concentrations of Aluminium, Arsenic and Copper and Arsenic respectively. 

 
Current investigations and assessments of blended oxide-transitional and fresh sulphide tailings composites, 
proposed to be deposited in the IWLTSF (Stage 6 to 8) on top of the existing oxide-transitional tailings, 
indicated that: 

 The blended tailings solids classify as Acid Forming (AF), having a Sulfur concentration between 4.6% and 
9.0% (Chromium Reducible Sulfur, CRS, between 2.3% and 4.0%), acid neutralising capacities between 
10.9 and 11.5 kgH2SO4/t and positive net acid production potential between 129 and 265 kgH2SO4/t. 

 Mineralogical assessments indicated that the primary components of the blended ore samples are quartz, 
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iron, sulphur and aluminium oxide with pyrite the dominant sulphur form hence the potential for acid 
formation is considered long term. 

 Global Abundance Indices calculations indicate that the blended tailings are enriched by Antimony, Arsenic, 
Cadmium, Lead and Zinc, to a lesser extent. 

 Laboratory leachates prepared at pH’s of 5, 7 and 9 (the current pH level at the IWLTSF) reported elevated 
concentrations of: 

o pH 5: aluminium, arsenic, lead, manganese and nickel. 

o pH 7: aluminium and lead. 

o pH 9: aluminium and arsenic. 

 Groundwater associated with the ore body contains elevated concentrations of major ions and heavy metals 
and metalloids particularly Arsenic and Boron.  Arsenic, Boron and Cadmium exceed their Groundwater 
Investigation Levels. 

Groundwater (raw water from bores and open pits), tailings return water (including tailings pore waters) and 
process water at Mt Ida are circumneutral to alkaline and of a Sodium-Chloride type. 

Groundwater underlying the IWL-TSF and Processing Plant contain markedly less concentrations of major 
ions and metals and metalloids, particularly arsenic, than the groundwater associated with the ore body 
and process water, tailings return water and tailings pore waters.  Cognisance must be taken that these 
bores were drilled to first water strike and hence may not intersect the main aquifer.  Boron, Nickel and Zinc 
concentrations exceed their Groundwater Investigation Levels. 

Process water, tailings return water and tailings pore water contain markedly elevated concentrations of 
major ions and metals and metalloids well above the concentrations in the underlying groundwater regime 
and/or groundwater associated with the ore body.  Several metals and metalloids including Aluminium, 
Arsenic, Boron, Cadmium, Copper, Lead, Mercury, Nickel, Selenium, Silver and Zinc exceed their 
Groundwater Investigation Levels. 

The characteristics of the existing groundwater regime preclude all potential beneficial uses without further 
treatment to confirm their suitability for a particular or intended use. 

 Groundwater levels at the IWL-TSF, currently well below the trigger level, seem to respond to rainfall-
infiltration; however, the monitoring record is too short to make any definitive observations pertaining to 
groundwater level trends. 

 The current (31 December 2025) volume of oxide tailings in the IWL is 3.145 million m3 at a height between 
505mRL and 506mRL (the IWL is on a sloping floor between 488mRL in the south and 500mRL in the 
north). 

The volume of blended sulphide tailings that the IWL can accept is estimated at 3.193 million m3 to a level 
between 510mRL and 519.5mRL. 

The existing IWL will not be raised any further and investigations into a valley-fill TSF to the immediate 
north-east of the IWL is ongoing. 

 Hydrated Lime (92% to 97% Ca(OH)2 at a pH of 12) is currently added to the oxide ore feed into the CIL, 
typically at between 3.0kg/tonne and 4.3kg/tonne.  Testing on the blended sulphide ore indicated that on 
average 6.3kg/tonne will be required to raise the pH of the ore from 3.9 to 10.2 which approximates the 
calculated requirement based on the balance obtained from acid base accounting. 

 
Taking due cognisance of the current assessment, consideration should be given to the following: 

 Continue investigations and assessments pertaining to the characterisation of sulphide tailings (in 
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accordance with the protocol agreed to by DWER) to provide more certainty with regard to the metalliferous 
character of these materials once production of tailings from these ores commences at the Mt Ida plant. 

 Providing an oxide/store and release cover when the IWL is decommissioned. 

 The design and operation of the current IWLTSF and proposed new valley-fill TSF. 
 
 



 
 
 
 
 

 

Reference: PES21005 Page 9 of 31 Date: January 2026 

Site: Mt Ida Gold Project Title: Sulphide Tailings Characterisation Revision No: 1 

1. Introduction 
 

1.1 Background 
 
Aurenne Mining is currently disposing of tailings from processing oxide ores from the Mt Ida Bottle Creek 
deposits in an Integrated Waste Landform (IWL) at the Mt Ida Gold Project (Figures 1.1 and 1.2). 
 
Aurenne Mining now intends to mine and process sulphide ores blended with oxide and transitional ores 
and dispose of the tailings in the existing IWL on top of the oxide ores disposed of thus far. 
 
 

1.2 Scope of Works 
 
To undertake characterisation of the mixed oxide-transitional-sulphide tailings, the following sampling 
regime was implemented: 

 Obtain representative samples of raw water (water from open pits and production bores) and process 
water (thickener overflow, TSF decant return water and raw water). 

 Obtain two composite samples: one a mixture of 20% sulphide and an 80% blend of oxide and 
transitional ore and the other a mixture of 40% sulphide and a 60% blend of oxide and transitional 
ore. 

 Analyse each sample for: 

o Acid Base Accounting characteristics including pH (1:5), Electrical Conductivity (1:5), Total Sulfur, 
Total Oxidised Sulfur as Sulfate, Chromium Reducible Sulphur, field (pHf), oxidised (pHfox) and 
Net Acid Generation (NAG) pH (pHox or NAG pH), NAG at pH 4.5 and 7.0, Acid Neutralising 
Capacity (ANC), Net Acid Production Potential (NAPP) and Acid Buffering Characteristic Curve 
(ABCC). 

o Analyse each sample total metals and metalloids: antimony (Sb), arsenic (As), aluminium (Al), 
barium (Ba), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), manganese (Mn), 
mercury (Hg), molybdenum (Mo), lead (Pb), nickel (Ni), selenium (Se), uranium (U), vanadium 
(V) and zinc (Zn) as well as leachable metals and metalloids, using the Australian Standard 
Leaching Procedure (ASLP), at a pH of 5 (acidic environment), pH 7 (neutral environment) and 
pH 9 (alkaline environment). 

 Undertake mineralogical testing on the two composite samples. 
 
This document details the characterisation of blended sulphide tailings from the Mt Ida Bottle Creek ore 
deposits taking due cognisance of the Western Australian Department of Mines and Petroleum (DMP), 
now the Department of Mines, Energy and Industry Regulation (DEMIRS) Draft Guidance Materials 
Characterisation Baseline Data Requirements for Mining Proposals, March 2016. 
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Figure 1.1 Project Location and Tenure. 
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2. Tailings Materials Characterisation 
 

2.1 Characterisation of Tailings 
 

2.1.1 Key Lithologies at Bottle Creek 
 
The simplicity and homogeneity of the Bottle Creek Mt Ida Shear deposits are demonstrated by the 
same lithology along the 6km strike of the orebody with mafic volcanics on the west and felsic volcanics 
to the east, subsequently intruded by dolerite quartz porphyry and anorthosite (Pendragon 
Environmental Solutions, 2025a). 
 
Earlier waste characterisations demonstrated that the oxide materials across the ore body (between 
surface and as deep as 80m below surface) are non-acid forming (NAF).  The underlying transitional 
materials below vary between NAF (upper zone) and potentially acid forming (PAF) in the lower domains 
transgressing into hard, unweathered fresh bedrock which is most likely PAF. 
 
Whilst the Processing Plant at Mt Ida, a standard hybrid carbon in leach (CIL) circuit, was not designed 
to process elevated sulfur content ore in the deeper (below 80m depth) transitional and fresh potentially 
acid forming materials, recent investigations indicated that 80% recoveries can be achieved using the 
same CN extraction methods.  To assist recovery, Aurenne is currently installing: 

 An additional tank and larger CN storage and distribution system. 

The additional CIL tank will be used as a pre-conditioning tank to manage the addition levels of CN 
to the leach.  Current dosing is at about 0.6kg/tonne milled which will increase to 3kg/tonne for the 
40:60 oxide:sulphide blend. 

 Installing two additional thickeners (this is not related to treating sulphide ore).  One is a larger pre-
leach thickener to assist stabilizing throughput at the higher level we are running at and the second 
is a tails thickener, designed to retain more water, and therefore CN, in the process plant and reduced 
disposal to the IWL.  This is the subject of a Works Approval currently with DWER. 

 
 

2.1.2 Sampling of Sulphide Tailings 
 
The primary samples were obtained from reverse circulation drill cuttings across one-metre intervals.  A 
series of sixteen bottle roll tests were performed on oxide, transitional and sulphide samples at 
standardized conditions of 1000 ppm cyanide, 45 mm grind size, and pH 9.5 over a 24-hour leach period.  
Upon completion, the residual tailings solids from all sixteen tests were composited in the Aurenne 
laboratory to provide representative blends of oxide, transitional and sulphide for subsequent tailings 
characterisation. 
 
 

2.1.3 Sample Analysis 
 
The samples were submitted to ALS Environmental Laboratories, a National Association of Testing 
Authorities (NATA) accredited laboratory, in Wangara Perth and analysed for the parameters listed in 
Table 2.1. 
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Acid Buffering Characteristic Curves (ABCC) 
 
The acid neutralisation properties of the tailings were assessed by analysing their Acid Buffering 
Characteristic Curves (ABCC).  These quasi-kinetic geochemical tests involve incremental addition of 
acid to a test material to decrease the pH to 2.5. 
 

Sulphide Tailings Samples 

  

 
The acid buffering characteristic curves display buffering up to the equivalent of about 10kgH2SO4/t and 
demonstrates that there is insufficient effective reactive carbonate ANC capacity in the tailings to prevent 
potential for acidic leachates by oxidation of sulphides.  The value of the Effective ANC’s, calculated as 
the amount of kgH2SO4/t required to reduce the pH below 4.5, is less than the amount of acid that may 
result from the oxidation of all available Sulfur.  When the pH falls below 4.5 (potentially due to ferrous 
iron and arsenic ions causing oxidation of sulphide minerals), the rate and amount of acid produced 
stabilises and continue steadily. 
 
 
Total Metals and Metalloids 
 
The most dominant metals and metalloids are Aluminium, Arsenic, Iron, Lead, Manganese and Zinc 
(Appendix A).  Regarding potential contamination from the tailings once deposited in the IWL-TSF, the 
following are relevant: 

 Mercury, Molybdenum and Selenium are below their limits of reporting. 

 Antimony, Arsenic, Cadmium, Lead and Zinc occur in elevated concentrations. 
 
A geochemical abundance index (GAI, Förstner et. al., 1993) was calculated to assess enrichment of 
the tailings by metals/metalloids: 

GAI = log[(Cn/(1.5*Bn)),2] 

where Cn is the measured content of the nth element in the sample and Bn is the average crustal 
abundance of the element.  The Average Crustal Abundance values were sourced from the GARD 
Guide, Chapter 5 (INAP, 2009) and where no value was available for a particular element, values were 
obtained from Environmental Chemistry of the Elements (Bowen, 1979). 
 
The GAI is expressed in integer increments from 0 to 6, where a value of 0 indicates that the element 
is present at a concentration less than, or similar to, the average crustal abundance; and a GAI value 
of 6 indicates a 96-fold enrichment above the median crustal abundance.  Generally, a GAI of 3 or 
greater signifies enrichment that may warrant further examination; this is particularly the case with 
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some environmentally important trace elements, such as arsenic, chromium, cadmium, copper, lead, 
selenium and zinc, more so than with major rock-forming elements, such as aluminium, calcium, iron, 
manganese and sodium. 
 
Elements identified as enriched may not necessarily be a concern for revegetation, drainage water 
quality or public health, but their significance should still be evaluated.  Cognizance should be taken 
of: 

 Whilst some element concentrations can be elevated relative to the median crustal abundance, the 
nature of an ore deposit implies that background levels are generally expected to be elevated. 

 If a sample is enriched relative to the average crustal abundance, there is no direct correlation that 
that sample will also leach metals/metalloids at elevated concentrations.  The mobility, 
bioavailability and toxicity of metals/metalloids are dependent on many factors including mineralogy, 
adsorption/desorption and the environment in which it occurs. 

 Because an element is not enriched does not mean it will never be a concern, because under some 
conditions (e.g. low pH) the solubilities of common environmentally important elements such as 
aluminium, copper, cadmium, iron and zinc increase significantly. 

 
The GAI calculations (Appendix A) for tailings materials indicate that only Antimony, Arsenic, Cadmium, 
Lead and Zinc are enriched at a GAI value greater than 6 except for Zinc at a value of 3 i.e. it seems 
these metals and metalloids are enriched 96-fold above the median crustal abundance. 
 
Arsenic speciation (Pendragon Environmental Solutions, 2025b) identifies and quantifies the different 
forms (species) of arsenic, including inorganic (Arsenite [As3+], the trivalent form and Arsenate [As5+] 
the pentavalent form of arsenic with the order of toxicity: As3+ > As5+) and organic (low toxicity) forms 
(such as Monomethylarsonate [MMA] and Dimethylarsinate [DMA], the methylated forms of arsenic and 
Arsenobetaine [ASB, a non-toxic organic form of arsenic found in seafood, and Arsenosugars).  Under 
moderately reducing conditions, As3+ is the predominant species; in oxygenated water, As5+ is the 
predominant species. 
 
ASB, DMA and MMA are absent in groundwaters at the IWL-TSF and processing plant.  As3+ and As5+ 
are present in concentrations between <0.0005mg/L and 0.0053mg/L and between <0.0005mg/L and 
0.0045mg/L with an outlier at 0.0365mg/L.  Only the 0.0365mg/L As5+ concentration in IWL-2 (24 April 
2023) exceeded the threshold for Groundwater Investigation Levels (ASC NEPM: Fresh Water, typical 
slightly-moderately disturbed systems); a subsequent sampling event (29 January 2025) did not detect 
As5+ in the same monitoring bore.  Concentrations of As3+ (the dominant and more soluble and reactive 
form of As in groundwater at Mt Ida) and As5+ (which is less reactive but still soluble) in groundwater 
underlying the IWL-TSF and processing plant, excluding the one cited, did not exceed the thresholds 
for Groundwater Investigation Levels (ASC NEPM). 
 
Earlier sampling events (2019 and 2021) encountered dissolved As3+ in water in several open pits and 
groundwater sources at Mt Ida between 0.001mg/L and 0.252mg/L exceeding the relevant thresholds 
for Groundwater Investigation Levels (ASC NEPM).  Taking due cognisance of materials 
characterisations to date (Pendragon Environmental Solutions, 2025a), these elevated concentrations 
are attributed to the alkaline nature of groundwater in proximity to the orebodies containing arsenopyrite.  
However, due to the highly saline character of groundwater there is no attributable beneficial use of 
groundwater at Mt Ida.  Cognisance must also be taken of the Western Australian Department of Health 
policy that untreated groundwater can only be used if it is tested and confirmed to be suitable for the 
proposed use. 
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 Groundwater associated with the ore body contains elevated concentrations of major ions and heavy 
metals and metalloids particularly Arsenic and Boron. 

 Groundwater underlying the IWL-TSF and Processing Plant contain markedly less concentrations of 
major ions and metals and metalloids, particularly arsenic, than the groundwater associated with the 
ore body and process water, tailings return water and tailings pore waters.  Cognisance must be 
taken that these bores were drilled to first water strike and hence may not intersect the main aquifer. 

 Process water, tailings return water and tailings pore water contain markedly elevated concentrations 
for major ions and metals and metalloids well above the concentrations in the underlying groundwater 
regime and/or groundwater associated with the ore body. 

 Arsenic, Boron and Cadmium in groundwater associated with the orebody exceeds the Groundwater 
Investigation Levels (ASC NEPM and ANZG). 

Groundwater underlying the IWL-TSF and Processing Plant contains Boron, Nickel and Zinc in 
excess of the Groundwater Investigation Levels (ASC NEPM). 

Several metals and metalloids including Aluminium, Arsenic, Boron, Cadmium, Copper, Lead, 
Mercury, Nickel, Selenium, Silver and Zinc in process and tailings waters exceed the Groundwater 
Investigation Levels (ASC NEPM and ANZG). 

 The characteristics of the existing groundwater regime preclude all potential beneficial uses without 
further treatment for a particular use. 

 
 
Geochemical Diagrams 
 
Piper diagrams, also known as Piper plots or trilinear diagrams, are graphical representations of the 
chemical composition of water samples. The primary purpose of Piper diagrams is to: 

 Visualize and compare the chemical composition of multiple water samples by plotting the 
concentrations of major ions (such as calcium, magnesium, sodium, potassium, chloride, sulfate, 
and bicarbonate) on a single diagram, similarities and differences between samples can be identified 
quickly. 

 Identify hydrogeochemical processes and trends such as ion exchange, mineral dissolution, and 
mixing of different water sources, which may provide valuable insights into the hydrogeochemical 
evolution of the water samples. 

 
Information that can be obtained from the interpretation of Piper diagrams includes: 

 Water type classification into different types, such as calcium-bicarbonate, sodium-chloride, or mixed 
types. 

 Hydrogeochemical facies which are regions with distinct chemical characteristics. 

 Ion exchange and mineral dissolution reactions by examining the relationships between different 
ions. 

 Mixing of different water sources such as surface water and groundwater. 
 
The samples all plot in close proximation on the right-hand side indicative of a dominant sodium-chloride 
(Na-Cl; saline) type water often associated with specific hydrogeochemical processes or geological 
influences, such as interaction with saline or brackish water sources and dissolution of sodium-rich 
minerals. 
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Figure 2.1 Piper Diagram. 

 
Piper and Durov diagrams are both graphical representations used in hydrogeochemistry to display the 
chemical composition of water samples.  While they share similarities in their purpose and application, 
there are distinct differences between the two diagrams.  Both diagrams can be used to classify water 
samples into different types, identify hydrogeochemical facies, and infer ion exchange and mineral 
dissolution reactions. However, Piper diagrams are typically trilinear plots that display the relative 
concentrations of major cations and anions, whereas Durov diagrams are square or rectangular plots 
that show the absolute concentrations of these ions.  This difference in representation can make Piper 
diagrams more suitable for visualizing the relative proportions of ions, while Durov diagrams can provide 
a more detailed view of the absolute concentrations.  Ultimately, both diagrams are useful tools in 
hydrogeochemical analysis, and the choice between them depends on the specific goals and 
requirements of the study. 
 
The Durov diagram reveals that most samples plot on the bottom right of the rectangle, indicating a 
dominant sodium-chloride (Na-Cl; saline) type water in an alkaline pH environment.  The samples from 
the plant bores exhibit a slightly distinct hydrogeochemical signature, plotting slightly above the samples 
from the IWL-TSF bores.  This classification is consistent with the Piper diagram.  The characteristic 
signature observed in the Durov diagram is attributed to similar hydrogeochemical processes or 
geological controls as those inferred from the Piper diagram. 
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Figure 2.2 Durov Diagram. 

 
Stiff diagrams are a type of graphical representation used in hydrogeochemistry to display the chemical 
composition of water samples. The primary purpose of Stiff diagrams is to provide a unique visual 
representation of the relative concentrations of major ions in water samples, allowing quick identification 
of patterns and trends in the data. 
 
Stiff diagrams differ from Piper and Durov diagrams in their approach to visualizing hydrogeochemical 
data: 

 Shape and Structure: Stiff diagrams are typically represented as a polygon or shape, with each axis 
representing a different ion or parameter. 

 Relative Concentrations: Stiff diagrams display the relative concentrations of major ions, rather than 
absolute concentrations. 

 Visual Representation: The shape and size of the polygon or shape provide a visual representation 
of the water sample's chemical composition. 

 
The samples from the IWL groundwater monitoring bores can be broadly categorized into two groups: 
IWL-1, IWL-2, and IWL-4, which display similar shapes, and IWL-3, which deviates from this pattern. 
The underlying cause for this discrepancy at IWL-3 is unclear and warrants further investigation to 
determine the factors contributing to this anomaly. 
 
The TSF tailings characterisation samples exhibit a notable consistency in the distribution of various 
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chemical parameters, suggesting a degree of homogeneity in their hydrochemical signature. 
 

  

Figure 2.3 Stiff Diagrams. 
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3. Conclusions and Recommendations 
 

3.1 Conclusions 
 
The following salient findings are relevant: 

 Two individual representative samples of tailings from blended oxide-transitional-sulphide ores were 
obtained and subjected to a detailed analytical program to determine the likely behaviour of elements 
in acidic, circumneutral and alkaline environments. 

 The blended tailings are acid forming containing large concentrations of sulfur compounds with little 
acid neutralising capacities, well below their maximum potential acidities. 

 Total metals and metalloids and subsequent geochemical assessments indicate that the blended 
ores are enriched with regard to only Antimony, Arsenic, Cadmium, Lead and Zinc. 

 Laboratory leachates at pH’s of 5, 7 and 9 contain Arsenic and Lead in elevated concentrations and 
to a lesser extent Aluminium, Antimony, Iron, Manganese and Zinc.  This in essence confirm the 
observations pertaining to metal enrichment in association with the ore body. 

 The potential for and concentrations of leachates must take cognisance of the quality of process 
water sourced from groundwater including the additional of lime during processing and the impacts 
of recycling and evaporation. 

 Groundwater levels at the IWL-TSF, currently well below the trigger level, seem to respond to rainfall-
infiltration; however, the monitoring record is too short to make any definitive observations pertaining 
to groundwater level trends. 

 Groundwater (raw water from bores and open pits), tailings return water (including tailings pore 
waters) and process water at Mt Ida are circumneutral to alkaline and of a Sodium-Chloride type. 

Groundwater associated with the ore body contains elevated concentrations of major ions and heavy 
metals and metalloids particularly Arsenic and Boron.  Arsenic, Boron and Cadmium exceeds their 
Groundwater Investigation Levels. 

Groundwater underlying the IWL-TSF and Processing Plant contain markedly less concentrations of 
major ions and metals and metalloids, particularly arsenic, than the groundwater associated with the 
ore body and process water, tailings return water and tailings pore waters.  Cognisance must be 
taken that these bores were drilled to first water strike and hence may not intersect the main aquifer.  
Boron, Nickel and Zinc concentrations are in excess of their Groundwater Investigation Levels. 

Process water, tailings return water and tailings pore water contain markedly elevated concentrations 
of major ions and metals and metalloids well above the concentrations in the underlying groundwater 
regime and/or groundwater associated with the ore body.  Several metals and metalloids including 
Aluminium, Arsenic, Boron, Cadmium, Copper, Lead, Mercury, Nickel, Selenium, Silver and Zinc 
exceed their Groundwater Investigation Levels. 

The characteristics of the existing groundwater regime preclude all potential beneficial uses without 
further treatment to confirm their suitability for a particular or intended use. 

 The current (31 December 2025) volume of oxide tailings in the IWL is 3.145 million m3 at a height 
between 505mRL and 506mRL (the IWL is on a sloping floor between 488mRL in the south and 
500mRL in the north). 

The volume of blended sulphide tailings that the IWL can accept is estimated at 3.193 million m3 to 
a level between 510mRL and 519.5mRL. 
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Appendix A: Sulphide Tailings Characterisation. 
 
 
 



TOS

TOS=S-S-SO4 Laboratory NAPP=AFP-ANC

% % mg/kg % µS/cm pH unit MPA=Total Sulfur*30.6 (kgH2SO4/t) APR=ANC/MPA

Composite 3: 20% sulphide, 80% oxide and transitional blend EP2520749 4.59 2.260 32,000 1.39 293 9.4 8.8 1.7 Extreme 2.3 86.8 92.7 140.5 0.08 1 11.5 129.0 129.0

Composite 4: 40% sulphide, 60% oxide and transitional blend EP2520749 9.02 4.070 127,000 -3.68 965 9.1 8.4 1.4 Extreme 2.2 153.0 164.0 276.0 0.04 1 10.9 265.0 265.1

Minimum 4.59 2.260 32,000 -3.68 293 9.1 8.4 1.4 - 2.2 <0.1 <0.1 140.5 0.0 - 10.9 129 129.0 -

Maximum 9.02 4.070 127,000 1.39 965 9.4 8.8 1.7 - 2.3 <0.1 <0.1 276.0 0.1 - 11.5 265 265.1 -

Average 6.81 3.165 79,500 -1.15 629 9.25 8.6 1.55 - 2.3 <0.1 <0.1 208.2 0.1 - 11.2 197.0 197.0 -

St.Dev 3.13 1.280 67,175 3.59 475.1758 0.212132 0.282843 0.212132 - 0.1 <0.1 <0.1 95.9 0.0 - 0.4 96.2 96.3 -

Field Screen 
Reaction Rate

Field Screen

Acid Neutralising 
Capacity (ANC)

NAG pH 
or pHox

NAGpH 4.5 NAGpH 7.0

Net Acid Generation

Maximum Potential Acidity MPA (or 
Acid Production Potential, AP)

 Acid Forming 
Potential Ratio (APR)

S>0.3%, NAG pH<4.5; NAPP positive; APR<1: Acid 
Forming (PAF)

SCR
Sample ID

Laboratory 
Certificate

pH(1 5)

pH units kgH2SO4/t

Net Acid Production Potential (NAPP)

Waste Material Classification

kgH2SO4/t

Total S 
(Leco)

Total Oxidised 

Sulfur as SO4
2- EC(1 5) pHf pHfox ANC Fizz Rating                    

1 - slight
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Composite 3 EP2520749 2,090 47 1,380 70 5 55 11 46 51,800 1,320 912 <0.1 <2 20 <5 0.2 9 532

Composite 4 EP2520749 3,740 39 2,160 40 9 41 23 34 72,900 1,450 1,090 <0.1 <2 35 <5 0.1 16 1,080

82,000 0.2 1.5 500 0.1 100 20 50 41,000 14 950 0.05 4 80 0.05 2 160 75

Global Abundance Index GAI = log2 [ C / (1.5*S) ] 

Composite 3 EP2520749 -6 7 9 -3 5 -1 -1 -1 0 6 -1 - - -3 - -4 -5 2

Composite 4 EP2520749 -5 7 10 -4 6 -2 0 -1 0 6 0 - - -2 - -5 -4 3

GAI Assessment (a GAI of 3 or above is considered significant and such an enrichment may warrant further examination)

Composite 3 EP2520749 0 7 9 0 5 0 0 0 0 6 0 - - 0 - 0 0 2

Composite 4 EP2520749 0 7 10 0 6 0 0 0 0 6 0 - - 0 - 0 0 3

mg/kg

Average Crustal Abundance GARDGuide

Sample ID Laboratory Certificate

Heavy Metals and Metalloids
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Acetic Acid Leachate (pH~5.2-5.3)

Composite 3 0.10 <0.1 0.20 0.30 <0.05 <0.1 <0.1 <0.1 0.70 0.300 7.4 <0.001 <0.1 <0.1 <0.05 <0.001 <0.1 0.300

Composite 4 0.40 0.1 0.60 0.30 <0.05 <0.1 <0.1 <0.1 1.10 2.200 2.0 <0.001 <0.1 0.10 <0.05 0.001 <0.1 0.600

De-ionised Water (DI) ASLP Leach; pH 8.9 to 8.4

Composite 3 0.74 0.1 0.21 <0.1 <0.005 <0.01 <0.01 <0.01 4.23 0.180 0.06 <0.001 <0.01 <0.01 <0.01 ---- <0.01 0.020

Composite 4 0.47 0.1 0.14 <0.1 <0.005 <0.01 <0.01 <0.01 2.81 0.140 0.04 <0.001 <0.01 <0.01 <0.01 ---- <0.01 0.020

TSLP Leachate (pH=9.3)

Composite 3 0.10 <0.1 0.40 <0.1 <0.05 <0.1 <0.1 <0.1 1.30 <0.1 <0.1 <0.001 <0.1 <0.1 <0.05 <0.001 <0.1 <0.1

Composite 4 0.20 <0.1 0.70 <0.1 <0.05 <0.1 <0.1 <0.1 1.00 <0.1 <0.1 <0.001 <0.1 <0.1 <0.05 <0.001 <0.1 <0.1

ASC NEPM Table 1C Groundwater Investigation Levels (GILs) Drinking Water 0.055 ns 0.024 ns 0.0002 ns ns 0.0014 ns 0.0034 1.9 0.00006 ns 0.01 0.005 ns ns 0.008

ANZG, 2023: Draft Livestock Drinking Water Guidelines (Cattle) 5 ns 0.025 ns 0.01 0.050 1 1 ns 0.1 10 0.002 0.01 1 0.02 0.2 0.1 20

Notes: ns denotes not specified.

The limits of reporting for several metals and metalloids were raised due to large Total Dissolved Solids content and sample matrix interferences.

ASC NEPM investigation levels apply to typical slightly-moderately disturbed systems at a 95% species protection level.

Arsenic: 24 as As(III) 13 as As(V).

0.3 Concentration exceeds Limit of Reporting (LoR or Detection Limit).  LoRs have been raised for some samples due to matrix interferences.

0.052 Concentration exceeds lowest assessment level (colour coded).

Sample ID (EP2520749; 10 December 2025) - Sulphidic Tailings

mg/L

Leachable Metals 



p
H

E
le

ct
ri

ca
l 

C
o

n
d

u
ct

iv
it

y 
(E

C
) 

@
 

25
°C

T
o

ta
l D

is
so

lv
ed

 S
o

lid
s 

T
D

S
) 

@
 1

80
o C

H
yd

ro
xi

d
e 

A
lk

al
in

it
y 

as
 C

aC
O

3

C
ar

b
o

n
at

e 
A

lk
al

in
it

y 
as

 C
aC

O
3

B
ic

ar
b

o
n

at
e 

A
lk

al
in

it
y 

as
 C

aC
O

3

T
o

ta
l A

lk
al

in
it

y 
as

 
C

aC
O

3

A
ci

d
it

y 
as

 C
aC

O
3

C
al

ci
u

m
 (

C
a)

M
ag

n
es

iu
m

 (
M

g
)

S
o

d
iu

m
 (

N
a)

P
o

ta
ss

iu
m

 (
K

)

C
h

lo
ri

d
e 

(C
l)

S
u

lf
at

e 
(S

O
4)

N
it

ri
te

 (
as

 N
)

N
it

ra
te

 (
as

 N
)

A
lu

m
in

iu
m

 (
A

l)

A
n

ti
m

o
n

y 
(S

b
)

A
rs

en
ic

 (
A

s)

B
ar

iu
m

 (
B

a)

B
er

yl
liu

m
 (

B
e)

B
o

ro
n

 (
B

)

C
ad

m
iu

m
 (

C
d

)

C
h

ro
m

iu
m

 (
C

r)

C
h

rm
iu

m
 (

C
r3+

)

C
h

ro
m

iu
m

 (
C

r6+
)

C
o

b
al

t 
(C

o
)

C
o

p
p

er
 (

C
u

)

ro
n

 (
F

e)

L
ea

d
 (

P
b

)

M
an

g
an

es
e 

(M
n

)

M
er

cu
ry

 (
H

g
)

M
o

ly
b

d
en

u
m

 (
M

o
)

N
ic

ke
l (

N
i)

S
el

en
iu

m
 (

S
e)

S
ilv

er
 (

A
g

)

S
tr

o
n

ti
u

m
 (

S
r)

T
h

al
liu

m
 (

T
I)

U
ra

n
iu

m
 (

U
)

V
an

ad
iu

m
 (

V
)

Z
in

c 
(Z

n
)

pH units µS/cm

Limit of Reporting 0 01 1 10 1 1 1 1 1 1 1 1 1 1 1 0.01 0.01 0 01 0.001 0.001 0 001 0.05 0.0001 0 001 0.01 0.01 0.001 0.001 0.05 0.001 0.001 0.0001 0.001 0.001 0 01 0 001 0.001 0.001 0.01 0 005

Historic Groundwater Data 2019, EP1913167

Emu Bore 7 62 22,200 16,600 <1 <1 162 162 - 543 703 3,430 174 7,330 2,200 <0 01 11 8 <0 05 - 0.107 - - 7 0 0.0005 0 023 - - <0.005 <0.005 <0.005 <0.005 0.014 <0.0001 <0.005 0.014 - - - - - - <0.025

Boags Bore 7 83 12,200 8,000 <1 <1 122 122 - 266 369 1,970 86 3,550 1,030 0.40 4.3 <0 01 - 0.047 - - 4.7 0.0002 0 003 - - <0.001 0.002 <0.001 <0.001 0.025 <0.0001 <0.001 0.001 - - - - - - 0 016

Boags Pit 8 29 37,800 29,700 <1 <1 134 134 - 686 1,320 6,800 241 12,900 4,460 0 04 1.1 <0 05 - 0.089 - - 11.9 <0.0005 <0.005 - - <0.005 <0.005 <0.005 <0.005 0.025 <0.0001 <0.005 <0.005 - - - - - - <0.025

VB Pit 8.18 40,300 33,900 <1 <1 106 106 - 1,140 1,520 6,970 246 14,300 4,000 <0 01 0.2 <0 05 - 0 24 - - 9.4 0.0017 <0.005 - - <0.005 <0.005 <0.005 <0.005 0.087 <0.0001 <0.005 <0.005 - - - - - - <0.025

Historic Groundwater Data 2021, EP2110749

Emu Bore 7 51 22,900 16,600 <1 <1 255 255 - 605 773 3,680 184 7,530 2,120 <0 01 9.8 <0 02 - 0.079 - <0 002 7.4 0.0003 0 017 - - <0.002 <0.002 - <0.002 0.021 <0.0001 <0.002 0.013 - - - - - - <0.010

Boags Bore 7 63 24,200 17,400 <1 <1 352 352 - 578 931 4,130 210 7,740 2,290 <0 01 23 6 <0 02 - 0.036 - <0 002 6 5 0.0007 0 010 - - <0.002 <0.002 - <0.002 0.005 <0.0001 <0.002 0.004 - - - - - - 0 045

Boags Pit 8 00 42,400 32,600 <1 <1 193 193 - 806 1,540 7,510 269 14,300 4,190 <0 01 2.0 <0 05 - 0.063 - <0 005 13.6 <0.0005 <0.005 - - <0.005 <0.005 - <0.005 0.019 <0.0001 <0.005 <0.005 - - - - - - <0.025

VB Pit 7 98 48,200 39,100 <1 <1 150 150 - 1,420 1,910 8,340 290 17,200 4,860 <0 01 0.4 <0 05 - 0.252 - <0 005 11.2 0.0023 <0.005 - - <0.005 <0.005 - <0.005 0.088 <0.0001 <0.005 <0.005 - - - - - - <0.025

Groundwater Data April 2023, EP230537

IWL-1 7 80 18,200 11,400 - - - - - 307 473 2,960 96 5,930 1,670 1.18 0.14 <0 01 0.003 <0.001 - <0 001 5 6 0.0003 0 018 <0 01 0.02 0.005 0.002 <0.05 <0.001 0.263 <0.0001 0.002 0.017 <0 01 <0 001 2.04 - - - 0.174

IWL-2 7 85 24,500 15,100 - - - - - 373 621 3,840 149 7,670 2,100 0.05 43.40 <0 02 <0.002 0.032 - <0 002 8.1 0.0004 0 009 <0 01 0.02 <0.002 <0.002 <0.05 <0.002 0.030 <0.0001 0.003 0.009 0 02 <0 002 3.31 - - - 0 024

IWL-3 7 62 3,650 2,060 - - - - - 76 90 532 39 957 331 1.92 3.63 <0 01 0.002 0.004 - <0 001 1.1 <0.0001 <0 001 <0 01 <0.01 <0.001 <0.001 <0.05 <0.001 0.089 <0.0001 <0.001 0.004 <0 01 <0 001 0.688 - - - 0 064

IWL-4 7 88 13,700 8,130 - - - - - 191 282 2,270 81 4,120 1,250 <0 01 <0.01 <0 01 0.003 0.006 - <0 001 4 9 <0.0001 <0.001 <0 01 <0.01 0.006 <0.001 <0.05 <0.001 0.435 <0.0001 0.015 0.013 <0 01 <0 001 1.79 - - - <0.005

IWL-5 12.10 4,120 1,430 - - - - - 373 <1 208 82 283 187 2.32 4.88 0 24 <0.001 <0.001 - <0 001 0 2 <0.0001 0 075 0.02 0.06 <0.001 0.005 <0.05 <0.001 <0.001 <0.0001 0.037 <0.001 <0 01 <0 001 1.06 - - - <0.005

P-1 8.14 988 551 - - - - - 44 20 123 14 182 74 0.50 6.16 0 01 0.004 <0.001 - <0 001 0.4 <0.0001 <0 001 <0 01 <0.01 <0.001 <0.001 <0.05 <0.001 0.036 <0.0001 0.016 0.002 <0 01 <0 001 0 246 - - - 0 008

P-2 7 98 24,600 15,800 - - - - - 378 629 4,560 139 7,860 2,380 0.04 38.40 <0 02 0.004 <0.002 - <0 002 10.2 0.0005 0 002 <0 01 0.02 0.003 <0.002 <0.05 <0.002 0.185 <0.0001 0.006 0.014 0 02 <0 002 3.64 - - - 0.136

P-3 8.15 5,390 3,060 - - - - - 133 143 748 34 1,360 470 0.31 0.07 <0 01 0.005 0.003 - <0 001 1 6 <0.0001 0 006 <0 01 <0.01 0.002 0.002 <0.05 <0.001 0.086 <0.0001 0.004 0.011 <0 01 <0 001 1.01 - - - 0 038

P-4 8 07 9,690 5,900 - - - - - 177 219 1,650 55 3,000 724 <0 01 0.01 <0 01 0.006 <0.001 - <0 001 3 5 <0.0001 <0 001 <0 01 <0.01 0.004 <0.001 <0.05 <0.001 0.516 <0.0001 0.007 0.006 <0 01 <0 001 1.49 - - - 0 024

Groundwater Data January 2025, EP2501285

IWL-1 - 14,300 8,780 - - - - - 218 304 2,390 89 - 1,300 0 07 0.15 <0 01 0.001 0.003 - <0 001 4 2 <0.0001 0 002 <0 01 <0.01 <0.001 <0.001 <0.05 <0.001 0.529 <0.0001 <0.001 0.002 <0 01 <0 001 1.87 - - - <0.005

IWL-2 - 14,000 8,490 - - - - - 215 311 2,420 90 - 1,260 <0 01 0.09 <0 01 0.002 0.001 - <0 001 4 3 <0.0001 0 001 <0 01 <0.01 <0.001 <0.001 <0.05 <0.001 0.521 <0.0001 <0.001 0.001 <0 01 <0 001 1.90 - - - <0.005

IWL-3 - 13,600 8,260 - - - - - 209 296 2,320 86 - 1,210 <0 01 0.03 <0 01 0.001 <0.0005 - <0 001 4 3 <0.0001 0 002 <0 01 <0.01 <0.001 <0.001 <0.05 <0.001 0.485 <0.0001 0.001 0.005 <0 01 <0 001 1.85 - - - <0.005

IWL-4 - 14,000 8,480 - - - - - 212 307 2,380 89 - 1,190 <0 01 0.03 <0 01 0.002 0.001 - <0 001 4.4 <0.0001 0 001 <0 01 <0.01 <0.001 <0.001 <0.05 <0.001 0.497 <0.0001 0.002 0.004 <0 01 <0 001 1.91 - - - <0.005

IWL-5 - 9,490 2,470 - - - - - 721 <1 308 125 - 11 1 96 5.12 0.15 <0.001 <0.0005 - <0 001 0.1 <0.0001 0 055 0.06 <0.01 0.002 0.007 <0.05 0.004 <0.001 <0.0001 0.032 0.001 <0 01 <0 001 4.86 - - - <0.005

P-1 - 25,300 17,000 - - - - - 394 688 4,650 155 - 3,040 0 56 9.44 <0 02 <0.002 <0.0005 - <0 002 10.5 <0.0002 <0.002 <0 01 <0.01 <0.002 <0.002 <0.10 <0.002 0.136 <0.0001 0.002 0.012 <0 02 <0 002 3.92 - - - 0 010

P-2 - 23,400 15,600 - - - - - 571 805 4,240 184 - 2,670 0.17 0.71 <0 02 <0.002 <0.0005 - <0 002 6 9 <0.0002 <0.002 <0 01 <0.01 0.003 <0.002 <0.10 <0.002 1.510 <0.0001 0.004 0.019 <0 02 <0 002 5.52 - - - <0.010

P-3 - 14,300 8,520 - - - - - 184 234 1,720 60 - 1,450 0.15 2.07 <0 01 0.001 0.003 - <0 001 2 9 <0.0001 <0.001 <0 01 <0.01 0.002 0.001 <0.05 <0.001 1.750 <0.0001 0.002 0.003 <0 01 <0 001 1.48 - - - 0 022

P-4 - 16,000 9,760 - - - - - 193 264 1,880 65 - 1,660 0 20 2.57 <0 01 <0.001 0.001 - <0 001 3.1 <0.0001 <0.001 <0 01 <0.01 0.002 <0.001 <0.05 <0.001 1.600 <0.0001 0.002 0.003 <0 01 <0 001 1.59 - - - <0.005

Process, Decant and Tailings Pore Water (EP250129  29 January 2025)

Process Raw Water 7.74 53,900 37,100 <1 <1 352 352 61 553 1,200 10,000 417 15,900 2,730 0 02 16.7 <0 05 0.017 0.026 - <0 005 6.52 0.0017 <0.005 <0 01 <0.01 0.006 0.018 <0.3 <0.005 0.243 <0.0001 0.026 0.01 <0 05 <0 005 8.3 <0.005 - <0.05 <0.026

TSF Decant Return Water 8 88 48,800 35,400 <1 25 19 45 <1 2,480 84 8,740 463 14,700 2,560 0 60 26.4 5.76 0.035 0.595 - <0 005 1.19 0.0271 0 050 0.050 <0.05 0.106 1.890 32.4 0.061 0.221 0.0005 0.025 0.10 0 05 0 273 10.1 <0.005 - <0.05 0.722

TSF Sample 1 - Decant Water 9 52 50,700 37,000 45 122 <1 167 <1 2,660 9 9,270 455 15,600 2,560 0 59 25.4 6 66 0.027 1.160 - <0 005 0.77 0.0219 0 077 0.080 <0.01 0.094 1.300 29 8 0.072 0.158 0.0007 0.027 0.08 0.14 0.492 8.7 <0.005 - 0.07 0 904

TSF Sample 2 - Decant Water 9 59 51,000 37,200 50 121 <1 171 <1 2,610 8 9,110 446 15,500 2,620 0 59 24.7 3 86 0.021 0.877 - <0 005 0.71 0.0188 0 051 0.050 <0.01 0.092 1.280 16 6 0.039 0.090 0.0009 0.030 0.09 0.18 0 610 8.6 <0.005 - <0.05 0 636

TSF Sample 3 - Decant Water 9 60 50,500 36,600 54 122 <1 176 <1 2,600 7 9,180 449 15,500 2,590 0 60 25.1 7 00 0.024 1.060 - <0 005 0.66 0.0262 0 076 0.080 <0.01 0.096 1.300 27 2 0.064 0.171 0.0007 0.025 0.07 0 06 0 228 8.9 <0.005 - 0.07 0 955

TSF Sample 4 - Decant Water 9 58 50,600 36,800 55 123 <1 178 <1 2,590 7 9,050 442 15,500 2,530 0 59 24 9 5 22 0.024 0.972 - <0 005 0.65 0.0268 0 058 0.060 <0.05 0.096 1.290 21.1 0.322 0.118 0.0008 0.026 0.07 0 06 0 244 8.9 <0.005 - 0.05 0 918

TSF Sample 5 - Decant Water 9 56 50,900 37,300 49 122 <1 171 <1 2,670 8 9,270 455 15,600 2,570 0 58 24 9 6.78 0.022 1.070 - <0 005 0.68 0.0201 0 075 0.080 <0.05 0.096 1.130 25 2 0.064 0.216 0.0009 0.022 0.09 0.15 0 519 8.7 <0.005 - 0.06 0.767

TSF Sample 6 - Decant Water 9 64 50,800 36,700 56 127 <1 182 <1 2,670 8 9,350 458 15,700 2,610 0 60 25 0 6 23 0.020 1.050 - <0 005 0.66 0.0272 0 068 0.070 <0.05 0.097 1.310 22 3 0.053 0.186 0.0008 0.019 0.07 <0 05 0 245 9.1 <0.005 - 0.06 0 932

TSF Sample 7 - Decant Water 9 56 50,900 36,800 50 121 <1 171 <1 2,650 7 9,200 448 15,700 2,420 0 59 24 6 3 59 0.020 0.826 - <0 005 0.62 0.0250 0 052 0.050 <0.05 0.093 1.340 14 8 0.034 0.084 0.0009 0.024 0.07 0 06 0 228 8.8 <0.005 - <0.05 0 671

TSF Sample 8 - Decant Water 9.46 50,800 37,200 34 119 <1 154 <1 2,670 8 9,270 458 15,700 2,400 0 59 25.1 6 53 0.023 1.130 - <0 005 0.67 0.0211 0 077 0.080 <0.02 0.095 1.310 28.1 0.068 0.164 0.0007 0.026 0.08 0.13 0.495 8.8 <0.005 - 0.06 0 896

TSF Sample 9 - Decant Water 9 55 51,000 37,400 45 118 <1 163 <1 2,660 7 9,380 462 15,700 2,500 0 60 25 0 2 27 0.019 0.696 - <0 005 0.62 0.0261 0 037 <0 05 <0.05 0.093 1.280 9.9 0.020 0.046 0.0008 0.028 0.06 0 06 0 235 9.0 <0.005 - <0.05 0.714

TSF Sample 10 - Decant Water 9 56 51,000 39,500 41 122 <1 163 <1 2,640 7 9,240 451 15,600 2,440 0 60 25 2 4 90 0.021 0.954 - <0 005 0.60 0.0256 0 058 0.060 <0.05 0.097 1.300 21.4 0.052 0.116 0.0009 0.027 0.07 0 06 0 233 9.0 <0.005 - 0.05 0.714

Raw Process and process Water (EP2520749  10 December 2025)

Raw Water (Open Pits and Bores) 8.15 62,300 48,900 <1 <1 480 480 14 708 1,660 14,800 323 23,000 2,940 0 23 16.1 <0.10 <0.010 0.010 0.035 - - 0.0015 <0.010 - - <0.010 <0.010 <0.50 <0.010 0.217 <0.0001 0.023 0.01 <0.040 - - - 0.044 <0.10 <0.050

Process Water (thickener overflow, TSF decant return water, pit water and bore water) 8.11 71,500 58,400 <1 <1 220 220 11 2,880 370 16,500 451 26,700 3,260 0 82 31 0 <0.10 0.038 0.098 0.164 - - 0.1050 <0.010 - - 0.053 2.340 <0.50 <0.010 0.036 0.0002 0.022 0.05 <0.040 - - - <0.010 <0.10 0 327

ASC NEPM Table 1C Groundwater Investigation Levels (GILs) Drinking Water ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 0.055 ns 0.024 ns ns 0.37 0.0002 ns ns 0.001 ns 0.0014 ns 0.0034 1.9 0.00006 ns 0.01 0.005 0.00005 ns ns ns ns 0.008

ANZG, 2023  Draft Livestock Drinking Water Guidelines (Cattle) ns ns 4,000 ns ns ns ns ns 1,000 250 ns ns ns 500 33 443 5 ns 0.025 ns 0.06 5 0.01 0.050 0.050 0.050 1 1 ns 0.1 10 0.002 0.01 1 0.02 ns ns ns 0.2 0.1 20

Notes ns denotes not specified.

ASC NEPM investigation levels apply to typical slightly-moderately disturbed systems i.e. 95% species protection level.

Arsenic  24 as As(III) 13 as As(V).

0.3 Concentration exceeds Limit of Reporting (LoR or Detection Limit).  LoRs have been raised for some samples due to matrix interferences.

0.052 Concentration exceeds lowest assessment level (colour coded)

Ground and pit waters have Dissolved Oxygen concentrations between 6.3mg/L and 10.3mg/L (2021).

Groundwater levels vary between 39.2m and 43.3m below surface (2021).

mg/L

Sample ID 

Physicochemical Properties Dissolved Metals and MetalloidsMetals 

mg/L
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1 INTRODUCTION  

CMW Geosciences Pty Ltd (CMW) was authorised by James Anderson of Aurenne Alt Resources 
Ltd, now Aurenne Mt Ida Pty Ltd (ASX: ARS) to carry out a geotechnical investigation as part of the 
design and regulatory approvals of an Integrated Waste Landform (IWL) at the Bottle Creek Gold 
Project, now Mt Ida Gold Project.  An IWL is essentially a tailings storage facility surrounded by a 
waste dump.  The site is located approximately 100 km northwest of Menzies, Western Australia.  
The scope of work and associated terms and conditions of our engagement were detailed in our 
services proposal referenced PER2020-0433AA Rev 0 dated 21 October 2020. 

The purpose of this factual report is to describe the ground conditions encountered during 
geotechnical site investigations completed by CMW on 15 to 16 December 2020 and on 20 to 22 April 
2021, and to provide a geotechnical assessment of the materials proposed for the construction of the 
Integrated Waste Landform.  

2 SITE DESCRIPTION AND PROPOSED DEVELOPMENT  

The IWL is located on Mining Lease M29/151 with an approximate centroid point of 6772543 m North 
and 252482 m East on Zone 51 of the MGA geodetic datum.  

The centroid point of the IWL is situated approximately 725 m east of the unfinished Southwark and 
Emu pits, the northern open pits at Mt Ida Gold Project which is approximately 750 m long.  Mt Ida 
Gold Project comprises two other open pits located further south, VB which is approximately 1300 m 
long and Boags which is approximately 700 m long.  The VB and Boags pits are separated by Bottle 
Creek.  Tailings from the new Mt Ida Gold Project operations will be stored in the proposed IWL 
facility.  The Southwark and Emu pits will also likely be the source of materials during the construction 
of the IWL.  

The subject site and its immediate surroundings are described as being gradually sloping from 
approximately RL 506 m AHD in the north-eastern corner to RL 494 m AHD along the southern 
boundary.  The site is predominantly an open woodland comprising small to medium mallee trees, 
scattered shrubs, and perennial grasses.  To the east-southeast of the subject site, numerous 
drainage lines are meandering south. 

The site is considered undisturbed apart from disturbance due to minor access tracks. 

3 FIELD INVESTIGATION 

The CMW field investigations were carried out from 15 to 16 December 2020 and from 20 to 22 April 
2021.  All fieldwork was carried out under the direction of personnel from CMW Geosciences Pty Ltd 
in general accordance with AS1726 (2017), Geotechnical Site Investigations. 

The scope of fieldwork completed on 15 to 16 December 2020 was as follows: 

 A walkover survey of the site to assess the general landform, site conditions and geology of the 
three open pits (Emu, VB & Boags);  

 Nine test pits, denoted TP01 to TP13 (Note: we had originally planned to complete 13 test pits, 
however, due to access constraints were only able to complete 9), were excavated in the 
footprint of the proposed IWL to depths of up to 0.8 m using a Hitachi 5 tonne excavator fitted 
with a 300 mm wide-toothed bucket to investigate the underlying soil conditions and facilitate 
sampling for laboratory testing.  Engineering logs of the test pits and photographs are presented 
in Appendix A; and  

 Collect bulk samples from the walls of the Emu Pit which is proposed to be the source of waste 
for the IWL for subsequent laboratory testing.  Access into the Emu Pit was available from the 
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south of the pit.  Samples were taken from the upper 2 m overburden horizon of the accessible 
walls in the Emu Pit and denoted Emu Pit Wall 1 (west) and Emu Pit Wall 2 (East).  Photos in 
Appendix C show views of the existing pits. 

The scope of fieldwork completed on 20 to 22 April 2021 was as follows: 

 Four reverse circulation (RC) drilled boreholes within the proposed IWL storage to a maximum 
depth of 21.5 m, with in-situ falling head tests in each of the borehole. 

The approximate locations of the respective investigation sites referred to above are shown in the 
attached Figure 1 – Site Investigation Plan.  Test locations were selected by CMW and generally 
positioned in the footprint of the proposed IWL where access allowed.  Test locations were measured 
using a hand-held GPS to an accuracy of ±5 m.  Elevations were inferred from Google Earth to an 
accuracy of up to 10 m. 

4 LABORATORY TESTING 

A suite of soil laboratory testing was carried out as part of CMW’s geotechnical investigation on 
representative samples generally in accordance with the requirements of the latest edition of AS1289, 
Methods of Testing Soils for Engineering Purposes (where applicable). 

The in-situ samples were taken from the excavation spoils of the test pits and the accessible walls of 
the Emu Pit (i.e. lateritic zone under the hardpan, refer to photo in Appendix C).   

All testings were commissioned by CMW and carried out by or under the direction of Western 
Geotechnical & Laboratory Services, a NATA registered testing authority. 

Triaxial tests were carried by E-Precision Laboratory, also a NATA registered testing authority. 

The extent of testing carried out to provide the geotechnical parameters required for this study are 
presented in Table 1 and testing certificates are presented in Appendix B. 

Table 1: Laboratory Test Schedule Summary  

Type of Test Test Method Quantity 

Particle Size Distribution AS 1289.3.6.1 6 

Atterberg Limits AS 1289.3.1.1, 3.2.1, 3.3.1 3 

Falling Head Permeability 

Constant Head Permeability  

AS 1289.6.7.2 

           AS 1289.6.7.1 

1 

1 

Single Stage Unconsolidated Undrained (UU) Triaxial 
Test 

AS 1289.6.4.2 3 

Standard Compaction  AS 1289.5.1.1 3 

5 GROUND MODEL 

5.1 Geology 

The published geological map (1:1,000,000 Kalgoorlie Geological Survey of Western Australia) 
describes the site as being overlain by colluvium and/or residual deposits, sheetwash, talus, scree, 
boulder, gravel, sand and may include minor alluvial or sandplain deposits, local calcrete and 
reworked laterite.    
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5.2 Subsurface Conditions  

The ground conditions encountered and inferred from the investigation of the IWL site were 
considered to be generally consistent with the published geology for the area and can be generalised 
and split according to the following subsurface sequences: 

SANDY CLAY-GRAVEL 
(CI-CH) 

red-brown, medium to high plasticity; gravel lateritic, ferruginous, pale 
grey, fine, angular to subangular; sand fine to coarse grained, angular to 
subangular; moderately cemented; Colluvial. 

Overlying  

FERRICRETE  

retrieved as Sandy Clayey GRAVEL (GC); red-brown, high plasticity; 
gravel lateritic, ferruginous, fine, subrounded to rounded; sand fine to 
coarse grained, angular to subangular; generally well cemented; 
Laterite. 

Overlying  

RESIDUAL 
retrieved as CLAY-SILT (CH); pale red in the upper layer, grading to 
white in the lower layer; metamorphosed mafic rock dominant with an 
intrusion of ultramafic sequence. 

The distribution of these units is presented in Table 2.  

Table 2: Summary of Encountered Soil Stratigraphy  

Description Depth to base of layer (mbgl) 

Minimum Maximum Average 

SANDY CLAY-GRAVEL (CI-CH)* 1.0 3.0 1.5 

SANDY CLAYEY GRAVEL (GC, FERRICRETE) 3.0 11.0 6.1 

CLAY-SILT (CH, RESIDUAL) > 20.0 - - 

Note:  

*  Encountered below the Ferricrete layer at 3-11 m mbgl in BH03. 

5.3 Groundwater 

Groundwater was not encountered within any of the test pits during our investigation.  Groundwater 
was observed from the surface to be pooled at the base of the VB and Boags open pits at a depth of 
approximately 30 m below ground level. 

5.4 In-situ Permeability  

The four in-situ permeability tests undertaken in the four RC drilled boreholes.  Water levels over time 
were measured using a groundwater dipmeter.  The testing was carried out over 2 days. 

Water was added to the boreholes, which in three of the holes had stabilised within a PVC sleeve.  
The water level drop in each borehole was recorded over time. 

A minimum of 3 sets of measurements was made in each borehole including one that was allowed to 
‘soak’ overnight, and with an exception for the latter, each set of measurements comprised a minimum 
of ten readings.  The results were then processed using the Hvorslev method to estimate the soil 
permeabilities. 
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The measured in-situ soil permeabilities in BH01 to BH04 were 1.19 x 10-7 (1.02 x 10-2), 2.71 x 10-7 
(2.34 x 10-2), 9.16 x 10-8 (7.91 x 10-3), 6.88 x 10-8 (5.95 x 10-3), m/s (m/day), respectively. 

 
Results of the in-situ permeability tests are presented in Appendix D.  Discussion of the testing is 
provided in Section 7. 

6 LABORATORY TEST RESULTS 

6.1 Soil Classification and Permeability Results  

Two laboratory permeability tests were undertaken on materials excavated from the proposed 
footprint of the IWL in TP06 and TP09 using constant head permeability and falling head permeability 
test methods, respectively.  The samples were remoulded to 95% of the standard maximum dry 
density (SMDD) before being tested for permeability. 

The constant head permeability method was employed on the sample taken from TP06 due to the 
test running too quickly for the falling head test method which was likely the result of the material at 
this location containing less fines.  

The soil coefficient of permeability of the near-surface soils for TP06 was recorded to be 8.9 x 10-

5 m/s (7.66 m/day) while the soil coefficient of permeability of the near-surface soils for TP09 was 
recorded to be 4.2 x 10-6 m/s (0.36 m/day).  The test results reflect the amount of fines (8 % to 12 %) 
and the degree of compaction of the samples. 

Results of the soil classification and permeability laboratory tests provided in Appendix B are 
summarised in Table 3 below.  Discussion of the testing is provided in Section 7. 
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Table 3: Summary of Soil Classification and Permeability Test Results 

Location & 
Coordinates 

Depth 
(mbgl) 

Particle Size Distribution Atterberg Limits  
Standard 

Compaction  
FH Perm  CH Perm  

Cobble 
(%) 

Gravel 
(%) 

Sand 
(%) 

Fines 
(%) 

LL 
(%) 

PL 
(%) 

PI 
(%) 

LS 
(%) 

OMC 
(%) 

SMDD 
(t/m3) 

K20 (m/s) K20  (m/s) 

Test Pit TP03 
252455 m E 

6772175 m N 
0.4 – 0.6 0 46 39 15 - - - - - - - - 

Test Pit TP06 
252654 m E 

6772880 m N 
0.5 - 0.6 0 59 33 8 - - - - 8.5 2.35 - 8.9 x 10-5 

Test Pit TP09 
252320 m E 

6772477 m N 
0.5 – 0.7 0 52 36 12 NO NP NP 1.0 6.5 2.39 4.2 x 10-6 - 

Test Pit TP10 
252403 m E 

6772733 m N 
0.4 – 0.5 2 49 37 12 - - - - - - - - 

Test Pit TP13 
252368 m E 

6772303 m N 
0.5 – 0.6 0 42 43 15 NO NP NP 1.0 - - - - 

Emu Pit Wall 1 
251674 m E 

6772221 m N 
- 0 44 40 16 - - - - 15.0 1.74 - - 

Emu Pit Wall 2 
251702 m E 

6772279 m N 
- - - - - 36 24 12 3.5 - - - - 

Note: Gravel, sand and fines percentages are by weight, LL = Liquid Limit, PL = Plasticity Limit, PI = Plasticity Index, LS = Linear Shrinkage, NO = Not Obtainable, NP = Non-Plastic, MC = 

Natural Moisture Content, OMC = Optimum Moisture Content, SMDD = Standard Maximum Dry Density, FH = Falling Head, CH = Constant Head, K20 = Coefficient of Permeability. 
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7 GEOTECHNICAL MATERIALS ASSESSMENT 

7.1 IWL Footprint Material  

The in-situ materials recovered from the test pits are proposed to be used as the foundation in the 
construction of the IWL.  The results from the laboratory testing indicated the materials were generally 
consistent across much of the site with the overburden material described as sandy Clay-Gravel in 
overall.  The majority of it would be described as Clayey Sandy Gravel in accordance with AS1726 
(2017).  Slight variations occurred in test pit TP06 which recorded lower quantities of fines while TP01 
had a surface Clayey Gravelly Sand layer overlying Clayey Sandy Gravel.  

From the 5 particle size distribution tests that were undertaken the constituents of each test pit were 
relatively constant.  The fines content ranged from 8 % (TP06) to 15 % (TP03, TP13), while the sands 
content ranged from 33 % (TP06) to 43 % (TP13), followed by the gravel content which ranged from 
42 % (TP13) to 59 % (TP06).  The fines were recorded as not obtainable for a liquid limit and non-
plastic for plasticity limit and plasticity index values.  The materials did, however, record a linear 
shrinkage value of 1.0 % resulting in an expected low shrink-swell potential.  

The standard compaction tests carried out on the in-situ materials showed optimum moisture contents 
to range from 6.5 to 8.5 % with standard maximum dry densities ranging from 2.35 to 2.39 t/m3.  

In order to reduce the permeability of the foundation of the TSF/IWL, it is proposed to compact the 
foundation layer of the IWL/TSF basin to a minimum of 95 % of SMDD.  A cut-off trench backfilled 
with compacted clayey material will also be installed under the IWL embankment. 

7.2 Emu Pit Material  

Mine waste material from the Emu Pit (Pictured in Appendix C) is proposed to be used for the 
construction of the IWL.  The material sampled for laboratory testing was similar to the material 
recovered in the proposed footprint for the IWL and is classified as a clayey sandy GRAVEL 
(Appendix C, Picture 2, but had a greater fines content).  It is important to note that the waste dump 
samples collected for laboratory testing were attained from the walls of the pit with volumes of larger 
particles (cobbles, boulders) being omitted.  The presence of cobble and boulder was observed within 
the walls.  

It is proposed that the underlying saprolite (residual) layer (Appendix C, Picture 3, and Picture 4) will 
be used in the construction of the IWL embankments as this is expected to have a greater fines 
content than the overlying laterite zones.  This saprolite (residual) layer was observed in boreholes 
BH01 to BH04 as primarily pale red metamorphosed mafic rock dominant retrieved as high plasticity 
Clay-Silt, and in the VB open pit walls as a competent grey and pale-yellow chemically weathered 
rock.  

Laboratory results of the Emu Pit material indicated the clay content of the material in the Emu Pit to 
be medium plasticity recording a liquid limit of 36 %, plastic limit of 24 % and plasticity index of 12 %.  
The materials are expected to have a low shrink-swell potential result from a linear shrinkage value 
of 3.5 %.  The standard maximum dry density was measured as 1.74 t/m3 at an optimum moisture 
content of 15.0 %.   

Unconsolidated undrained (UU) triaxial tests revealed strength parameters were inconclusive as the 
sample failed through bulging resulting in a non-representative response of the material.  Assessment 
of the three UU triaxial tests indicated, conservative effective strength parameters with the cohesion 
of 5 kPa and angle of internal friction (ϕ) of 35 o. 
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8 CLOSURE 

The findings contained within this report are the result of limited discrete investigations conducted in 
accordance with normal practices and standards.  To the best of our knowledge, they represent a 
reasonable interpretation of the general condition of the site.  Under no circumstances, can it be 
considered that these findings represent the actual state of the ground conditions away from our 
investigation locations. 

If the ground conditions encountered during construction are significantly different from those 
described in this report and on which the conclusions and recommendations were based, then we 
must be notified immediately. 

This report has been prepared for use by ARS in relation to the construction of an IWL at the Mt Ida 
Gold Project in accordance with generally accepted consulting practice.  No other warranty, 
expressed or implied, is made as to the professional advice included in this report.  Use of this report 
by parties other than ARS and their respective consultants and contractors is at their risk as it may 
not contain sufficient information for any other purposes. 

Distribution: 1 copy to ARS (electronic) 

 Original held by CMW Geosciences Pty Ltd 
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Appendix A 
CMW Explanatory Notes, Test Pit Logs + 
Photographs, Borehole Logs 
  







Sheared Zone

Sheared Surface

Joint

Zone of rock material with roughly parallel near planar, curved or undulating boundaries 
cut by closely spaced joints, sheared surfaces or other defects. Some of the defects are 
usually curved and intersect to divide the mass into lenticular or wedge-shaped blocks.

Seam of soil material with roughly parallel almost planar boundaries, composed of 
disoriented, usually angular fragments of the host rock material which may be more 
weathered than the host rock. The seam has soil properties.

Seam of soil material usually with distinct roughly parallel boundaries formed by the 
migration of soil into an open cavity or joint, infilled seams less than 1 mm thick may be 
described as a veneer or coating on a joint surface.

A near planar, curved or undulating surface which is usually smooth, polished or 
slickensided and which shows evidence of shear displacement.SS

SZ

CS

SM

DEFINITION

A surface or crack across which the soil has little or no tensile strength. Parallel or sub 
parallel to layering (eg bedding). May be open or closed.

A surface or crack across which the soil has little or no tensile strength but which is not 
parallel or sub parallel to layering. May be open or closed.

Seam

Crushed Zone / 
Seam

ABBREVIATION TERM

Very Rough

Rough

Description

Defect Type

Orientation

Explanatory Notes – Defect Description

ABBREVIATION

PT

JT

DIAGRAMTERM

Parting

Grooved/striated surface, usually polished

Few or no surface irregularities

Many large irregularities generally > 1 mm

Shiny smooth surface

Many small irregularities generally > 1 mm

Surface Roughness

Surface Shape

ABBREVIATION TERM Description

Smooth

Polished

Slickensided/Striated

VR
RO
SM
PO
Sl

PL Planar Does not vary in orientation

CU Curved gradual change in orientation

UN Undulating wavy surface

Stepped one or more well defined steps

IR Irregular many sharp changes in orientation

Coatings

ABBREVIATION TERM Description

TERM

Sub Vertical

Sub HorizontalSV

SH

ABBREVIATION

Angle from horizontal10°

IF Infilled Over 1mm thick of soil present

CT Coating visible coating up to 1mm thick

CN Clean No visible coating

SN Stained No coating but surface discoloured

VN Veneer visible coating too thin to measure

ST

Aperture

ABBREVIATION TERM

DIS Discontinuous

CL Closed

5mm
Measured width 

between joint 
surfaces

Block Shape

Term

Tabular

Irregular

Columnar

Blocky Roughly equidimensional blocks.

lengths much greater
than other dimensions

Irregular discontinuities without 
arrangement
into distinct sets,

thickness of blocks much less 
than length or width.

Description
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

SC: CLAYEY GRAVELLY SAND: fine to medium grained, subangular to 
subrounded; clay, non plastic; gravel, medium to coarse grained, subangular to 
subrounded; red brown, trace roots and rootlets; trace branches; gravel is 
lateritic . (Colluvial). 
GC: CLAYEY SANDY GRAVEL: fine to coarse grained, subangular to 
subrounded; clay, non plastic; sand, fine to medium grained, subangular to 
subrounded; red brown, trace roots and rootlets; trace branches; gravel is 
lateritic , with calcium carbonate cementation. (Colluvial). 

Test pit terminated at 0.80 m
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Structure & other observations

TEST PIT LOG - TP01
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 1
Logged by: MO
Checked by:CH

Position: E.252213m  N.6772561m
Elevation: 499 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

Termination Reason: Equipment refusal 
Remarks: Backfilled

This report must be read in conjunction with accompanying notes and abbreviations.
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

GC: CLAYEY SANDY GRAVEL: fine to coarse grained, subangular to 
subrounded; clay, non plastic; sand, fine to medium grained, subangular to 
subrounded; red brown, trace roots and rootlets; trace branches; gravel is 
lateritic . (Colluvial). 

Test pit terminated at 0.60 m
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Structure & other observations

TEST PIT LOG - TP02
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 1
Logged by: MO
Checked by:CH

Position: E.252299m  N.6772331m
Elevation: 496 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

This report must be read in conjunction with accompanying notes and abbreviations.

Termination Reason: Equipment refusal 
Remarks: Backfilled
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

GC: CLAYEY SANDY GRAVEL: fine to coarse grained, subangular to 
subrounded; clay, non plastic; sand, fine to medium grained, subangular to 
subrounded; red brown, trace roots and rootlets; trace branches; gravel is 
lateritic . (Colluvial). 

Test pit terminated at 0.60 m

M
oi

st
ur

e 
C

on
di

tio
n

D

C
on

si
st

en
cy

/
R

el
at

iv
e 

D
en

si
ty

Structure & other observations

0.4 - 0.6 BLK

TEST PIT LOG - TP03
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 1
Logged by: MO
Checked by:CH

Position: E.252455m  N.6772175m
Elevation: 494 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

This report must be read in conjunction with accompanying notes and abbreviations.

Termination Reason: Equipment refusal 
Remarks: Backfilled
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

GC: SANDY GRAVEL: fine to coarse grained, subangular to subrounded; sand, 
fine to medium grained, subangular to subrounded; red brown; with clay, non 
plastic; trace roots and rootlets; gravel is lateritic . (Colluvial). 

... from 0.45m to 0.80m, with iron and calcium carbonate cementation

Test pit terminated at 0.80 m
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Structure & other observations

0.5 - 0.8 BLK

TEST PIT LOG - TP06
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 2
Logged by: MO
Checked by:CH

Position: E.252654m  N.6772880m
Elevation: 506 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

This report must be read in conjunction with accompanying notes and abbreviations.

Termination Reason: Equipment refusal 
Remarks: Backfilled
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

GC: CLAYEY SANDY GRAVEL: fine to coarse grained, subangular to 
subrounded; clay, non plastic; sand, fine to medium grained, subangular to 
subrounded; red brown, trace roots and rootlets; colluvial; gravel is lateritic; 
trace cobble and boulder sized weakly cemented laterite; with calcium 
carbonate and iron cementation. (Colluvial).  

... from 0.45m to 0.70m, with iron and calcium carbonate cementation

Test pit terminated at 0.70 m
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Structure & other observations

TEST PIT LOG - TP07
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 2
Logged by: MO
Checked by:CH

Position: E.252494m  N.6772831m
Elevation: 505 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

This report must be read in conjunction with accompanying notes and abbreviations.

Termination Reason: Equipment refusal 
Remarks: Backfilled
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

GC: CLAYEY SANDY GRAVEL: fine to coarse grained, subangular to 
subrounded; clay, non plastic; sand, fine to medium grained, subangular to 
subrounded; red brown, trace roots and rootlets; trace branches; gravel is 
lateritic . (Colluvial). 

Test pit terminated at 0.80 m
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Structure & other observations

TEST PIT LOG - TP08
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 1
Logged by: MO
Checked by:CH

Position: E.252281m  N.6772738m
Elevation: 501 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

This report must be read in conjunction with accompanying notes and abbreviations.

Termination Reason: Equipment refusal 
Remarks: Backfilled
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

GC: CLAYEY SANDY GRAVEL: fine to coarse grained, subangular to 
subrounded; clay, non plastic; sand, fine to medium grained, subangular to 
subrounded; red brown, trace roots and rootlets; trace branches; gravel is 
lateritic . (Colluvial). 

Test pit terminated at 0.70 m
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Structure & other observations

0.5 - 0.7 BLK

TEST PIT LOG - TP09
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 1
Logged by: MO
Checked by:CH

Position: E.252320m  N.6772477m
Elevation: 498 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

Termination Reason: Target depth reached
Remarks: Backfilled

This report must be read in conjunction with accompanying notes and abbreviations.
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

GC: CLAYEY SANDY GRAVEL: fine to coarse grained, subangular to 
subrounded; clay, non plastic; sand, fine to medium grained, subangular to 
subrounded; red brown, trace roots and rootlets; gravel is lateritic . (Colluvial). 

... from 0.45m to 0.50m, with iron and calcium carbonate cementation

Test pit terminated at 0.50 m
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Structure & other observations

0.4 - 0.5 BLK

TEST PIT LOG - TP10
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 1
Logged by: MO
Checked by:CH

Position: E.252403m  N.6772733m
Elevation: 502 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

This report must be read in conjunction with accompanying notes and abbreviations.

Termination Reason: Equipment refusal 
Remarks: Backfilled
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

GC: CLAYEY SANDY GRAVEL: fine to coarse grained, subangular to 
subrounded; clay, non plastic; sand, fine to medium grained, subangular to 
subrounded; red brown, trace roots and rootlets; trace branches; gravel is 
lateritic . (Colluvial). 

Test pit terminated at 0.65 m
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Structure & other observations

0.5 - 0.6 BLK

TEST PIT LOG - TP13
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project:  PER2020-0443
Date: 15/12/2020 1:15 Sheet 1 of 1
Logged by: MO
Checked by:CH

Position: E.252368m  N.6772303m
Elevation: 495 m 

Plant: Hitachi 5 tonne excavator
Contractor: ALT Resources Dimensions : 0.40m x 3.00m

This report must be read in conjunction with accompanying notes and abbreviations.

Termination Reason: Equipment refusal 
Remarks: Backfilled
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

CI: SANDY CLAY-GRAVEL: red-brown, medium plasticity; gravel lateritic, 
ferruginous, pale grey-pale red, fine, angular to subangular; sand fine to coarse 
grained, angular to subangular; weakly cemented; Colluvial (Colluvium)
GC: SANDY CLAYEY GRAVEL: red-brown, high plasticity; gravel lateritic, 
ferruginous, pale grey, fine, subangular to subrounded; sand fine to coarse 
grained, angular to subangular; well cemented; Ferricrete (Laterite)

CH: CLAY-SILT: pale red; metamorphosed mafic rock dominant; Residual (upper) 
(Unit 4)

... from 11.00m to 13.00m, pale brown-pale red

... from 15.00m to 16.00m, becoming Gravelly, red; gravel fine, subangular to subrounded

CH: CLAY-SILT: white; metamorphosed mafic rock dominant; Residual (lower) 
(Unit 4)

... from 18.00m to 20.00m, pale brown-mottled pale grey; trace fine subrounded gravel; well cemented at 
parts

Borehole terminated at 21.50 m
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Structure & other observations

0.00-0.67m: Collapsed to 
~150-500 mm dia.
0.00-21.50m: 50 mm 
Slotted PVC

BOREHOLE LOG - BH01
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project ID:  PER2020-0443
Date: 21/04/2021 1:110 Sheet 1 of 1
Logged by: PA
Checked by: CH

Position: E.252463m  N.6772806m
Elevation: 504 m  (MGA Zone 51 J)

Hole Diameter: 132mm
Angle from horizontal: 90°

Plant used: Rig 16 BSD
Contractor: Blue Spec Drilling

DCP/PSP Equipment Ref.: In Situ Vane Equipment Ref.: Pocket Penetrometer Equipment Ref.:
Termination Reason: Target Depth
Remarks: Support units include ST03 BSD, AUX02 BSD and AllQuip Water Tank

This report must be read in conjunction with accompanying notes and abbreviations.
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

CH: SANDY CLAY-GRAVEL: red-brown, medium to high plasticity; gravel lateritic, 
ferruginous, pale grey, fine, angular to subangular; sand fine to coarse grained, 
angular to subangular; moderately cemented; Colluvial (Colluvium)

GC: SANDY CLAYEY GRAVEL: red-brown, high plasticity; gravel lateritic, 
ferruginous, fine, subrounded to rounded; sand fine to coarse grained, angular to 
subangular; well cemented; Ferricrete (Laterite)
CH: CLAY-SILT: pale red; metamorphosed mafic rock dominant; Residual (upper) 
(Unit 4)

... from 7.00m to 9.00m, red

... from 9.00m to 10.00m, pale red

... from 10.00m to 12.00m, pale brown-pale red

... from 12.00m to 13.50m, becoming Gravelly, red; gravel fine, subangular to subrounded

... from 13.50m to 15.00m, pale brown; with red-brown, fine, subangular to subrounded gravel; amorphous

CH: CLAY-SILT: white; metamorphosed ultramafic rock dominant; Residual (lower) 
(Unit 4)

... from 16.50m to 19.00m, pale brown-mottled pale grey; trace fine subrounded to rounded gravel; well 
cemented at parts

... from 19.00m to 20.00m, pale grey; trace pale brown, fine, subangular to subrounded gravel

Borehole terminated at 21.30 m
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Structure & other observations

0.00-0.40m: Collapsed to 
~150 mm dia.
0.00-21.30m: 50 mm 
Slotted PVC

19.0-20.0 BH02_19.0-20.0
m D

BOREHOLE LOG - BH02
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project ID:  PER2020-0443
Date: 21/04/2021 1:110 Sheet 1 of 1
Logged by: PA
Checked by: CH

Position: E.252275m  N.6772545m
Elevation: 499 m  (MGA Zone 51 J)

Hole Diameter: 132mm
Angle from horizontal: 90°

Plant used: Rig 16 BSD
Contractor: Blue Spec Drilling

DCP/PSP Equipment Ref.: In Situ Vane Equipment Ref.: Pocket Penetrometer Equipment Ref.:
Termination Reason: Target Depth
Remarks: Support units include ST03 BSD, AUX02 BSD and AllQuip Water Tank

This report must be read in conjunction with accompanying notes and abbreviations.
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

CH: SANDY CLAY-GRAVEL: red-brown, medium to high plasticity; gravel lateritic, 
ferruginous, pale grey, fine, angular to subangular; sand fine to coarse grained, 
angular to subangular; moderately cemented; Colluvial (Colluvium)
GC: SANDY CLAYEY GRAVEL: red-brown, high plasticity; gravel lateritic, 
ferruginous, fine, subrounded to rounded; sand fine to coarse grained, angular to 
subangular; well cemented; Ferricrete (Laterite)

CH: SANDY CLAY-GRAVEL: red-brown, medium to high plasticity; gravel lateritic, 
ferruginous, pale grey, fine, angular to subangular; sand fine to coarse grained, 
angular to subangular; moderately cemented; Colluvial (Colluvium)
... from 4.00m to 11.00m, red

CH: CLAY-SILT: pale red; metamorphosed mafic rock dominant; Residual (upper) 
(Unit 4)

... from 13.00m to 14.00m, pale brown-pale red

CH: CLAY-SILT: white; metamorphosed mafic rock dominant; Residual (lower) 
(Unit 4)

... from 19.00m to 20.00m, pale grey-pale red; trace fine subrounded to rounded Gravel; cemented at parts

Borehole terminated at 21.30 m
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Structure & other observations

0.00-3.00m: 150 mm Plain 
PVC

0.0-3.0 BH03_0-3.0m D

6.0-9.0 BH03_6.0-9.0m 
D

11.0-14.0 BH03_11.0-14.0
m D

16.0-19.0 BH03_16.0-19.0
m D

19.0-20.0 BH03_19.0-20.0
m D

BOREHOLE LOG - BH03
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project ID:  PER2020-0443
Date: 20/04/2021 1:110 Sheet 1 of 1
Logged by: PA
Checked by: CH

Position: E.252349m  N.6772343m
Elevation: 496 m  (MGA Zone 51 J)

Hole Diameter: 132mm
Angle from horizontal: 90°

Plant used: Rig 16 BSD
Contractor: Blue Spec Drilling

DCP/PSP Equipment Ref.: In Situ Vane Equipment Ref.: Pocket Penetrometer Equipment Ref.:
Termination Reason: Target Depth
Remarks: Support units include ST03 BSD, AUX02 BSD and AllQuip Water Tank

This report must be read in conjunction with accompanying notes and abbreviations.
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Material Description
Soil Type, Plasticity or Particle Characteristics, Colour,

Secondary and Minor Components

CI: SANDY CLAY-GRAVEL: red-brown, medium plasticity; gravel lateritic, 
ferruginous, pale red-pale brown, fine, angular to subangular; sand fine to coarse 
grained, angular to subangular; weakly cemented; Colluvial (Colluvium)
GC: SANDY CLAYEY GRAVEL: red-brown, medium to high plasticity; gravel 
lateritic, ferruginous, fine, subangular to subrounded; sand fine to coarse grained, 
angular to subangular; moderately cemented; Ferricrete (Laterite)

CH: CLAY-SILT: pale red; metamorphosed mafic rock dominant; Residual (upper) 
(Unit 4)

... from 12.00m to 13.00m, becoming Gravelly, pale brown-pale red; gravel fine, subangular to subrounded; 
with fine to coarse, subangular sand

... from 13.00m to 14.00m, with gravel

... from 16.00m to 17.00m, pale red

CH: CLAY-SILT: white; metamorphosed mafic rock dominant; Residual (lower) 
(Unit 4)

... from 18.00m to 20.00m, pale grey; trace pale brown, fine, subangular to subrounded gravel

Borehole terminated at 19.70 m
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Structure & other observations

0.00-1.15m: Collapsed to 
~150 mm dia.
0.00-19.70m: 50 mm 
Slotted PVC

BOREHOLE LOG - BH04
Client: ALT Resources Ltd
Project: Bottle Creek IWL TSF
Location: Menzies, WA
Project ID:  PER2020-0443
Date: 21/04/2021 1:110 Sheet 1 of 1
Logged by: PA
Checked by: CH

Position: E.252509m  N.6772405m
Elevation: 498 m  (MGA Zone 51 J)

Hole Diameter: 132mm
Angle from horizontal: 90°

Plant used: Rig 16 BSD
Contractor: Blue Spec Drilling

DCP/PSP Equipment Ref.: In Situ Vane Equipment Ref.: Pocket Penetrometer Equipment Ref.:
Termination Reason: Target Depth
Remarks: Support units include ST03 BSD, AUX02 BSD and AllQuip Water Tank

This report must be read in conjunction with accompanying notes and abbreviations.
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Appendix B 
Laboratory Test Reports 
  



Perth

Unit 3, 34 Sphinx Way

Bibra Lake

WA 6163

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 26/12/2020

Project: Bottle Creek 2020 Testing EP Lab Job Number: BV

Sample No: Emu Pit Wall 1 Lab: EPLAB

Sample ID: W20_11968_A_UU

Depth (m): - Room Temperature at Test: ~ 18°C

Tested by: Initial Moisture (%): 14.68 Strain Rate (mm/min): 0.05

Height (mm): 125.45 Final Moisture (%): 14.65 Skempton's (B): -

Diameter (mm): 61.80 Bulk Density (t/m³): 1.89 Geology: -

L/D Ratio: 2.03 Dry Density (t/m³): 1.65

Interpretation from Mohr Circle: Stage 2 & 3

Cohesion C' (kPa): -

Angle of Shear Resistance Φ' (Degrees)  : -

Mohr Circle Diagram (Effective Stress)

SINGLE-STAGE UNCONSOLIDATED UNDRAINED TRIAXIAL TEST

Method: ASTM D2850 / Inhouse Method

Failure Criteria used: Peak Deviator Stress

   

- -

Stage 1 & 2 Stage 1 & 3

- -

Page 1 of 3 Integrity   Precision   Innovation





Perth

Unit 3, 34 Sphinx Way

Bibra Lake

WA 6163

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 26/12/2020

Project: Bottle Creek 2020 Testing EP Lab Job Number: BV

Sample No: Emu Pit Wall 1 Lab: EPLab

Sample ID: W20_11968_A_UU

Depth (m): - Room Temperature at Test: ~ 18°C

σ'1 σ'3 σ'1 / σ'3

SINGLE-STAGE UNCONSOLIDATED UNDRAINED TRIAXIAL TEST

Method: ASTM D2850 / Inhouse Method

Deviator Stress Vs Strain Diagram

Shear Stage
Confining 

Pressure
U'0 U'f

SHEAR STAGE DATA AND STRESS MEASUREMENTS (kPa)

σ'1 - σ'3 Strain (%)
Principal Effective Stresses

100 58 69 217 31 7.00 186 1.271
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Perth

Unit 3, 34 Sphinx Way

Bibra Lake

WA 6163

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 26/12/2020

Project: Bottle Creek 2020 Testing EP Lab Job Number: BV

Sample No: Emu Pit Wall 1 Lab: EPLAB

Sample ID: W20_11968_B_UU

Depth (m): - Room Temperature at Test: ~ 18°C

Tested by: Initial Moisture (%): 14.86 Strain Rate (mm/min): 0.05

Height (mm): 125.54 Final Moisture (%): 14.82 Skempton's (B): -

Diameter (mm): 61.80 Bulk Density (t/m³): 1.89 Geology: -

L/D Ratio: 2.03 Dry Density (t/m³): 1.64

Interpretation from Mohr Circle: Stage 2 & 3

Cohesion C' (kPa): -

Angle of Shear Resistance Φ' (Degrees)  : -

Mohr Circle Diagram (Effective Stress)

SINGLE-STAGE UNCONSOLIDATED UNDRAINED TRIAXIAL TEST

Method: ASTM D2850 / Inhouse Method

Failure Criteria used: Peak Deviator Stress

   

- -

Stage 1 & 2 Stage 1 & 3

- -

Page 1 of 3 Integrity   Precision   Innovation



Perth

Unit 3, 34 Sphinx Way

Bibra Lake

WA 6163

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 26/12/2020

Project: Bottle Creek 2020 Testing EP Lab Job Number: BV

Sample No: Emu Pit Wall 1 Lab: EPLAB

Sample ID: W20_11968_B_UU

Depth (m): - Room Temperature at Test: ~ 18°C

 

Sample ID: Emu Pit Wall 1 Depth (m): -

Lab ID: W20_11968_B_UU Date Tested: 26/12/2020

Notes: 

Stored and Tested the Sample as received

Samples supplied by the Client

Authorised Signatory (Geotechnical Engineer):

The results of tests performed apply only to the specific sample at time of test unless otherwise clearly stated. Reference should be made to E-

Precision Laboratory's "Standard Terms and Conditions"    E-Precision Laboratory     ABN 431  559 578 87

Photo After Test

Failure Mode: Bulging Failure

Sample remolded to 95% SMDD as requested

SINGLE-STAGE UNCONSOLIDATED UNDRAINED TRIAXIAL TEST
Method: ASTM D2850 / Inhouse Method

Page 2 of 3 Integrity   Precision   Innovation



Perth

Unit 3, 34 Sphinx Way

Bibra Lake

WA 6163

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 26/12/2020

Project: Bottle Creek 2020 Testing EP Lab Job Number: BV

Sample No: Emu Pit Wall 1 Lab: EPLab

Sample ID: W20_11968_B_UU

Depth (m): - Room Temperature at Test: ~ 18°C

σ'1 σ'3 σ'1 / σ'3

SINGLE-STAGE UNCONSOLIDATED UNDRAINED TRIAXIAL TEST

Method: ASTM D2850 / Inhouse Method

Deviator Stress Vs Strain Diagram

Shear Stage
Confining 

Pressure
U'0 U'f

SHEAR STAGE DATA AND STRESS MEASUREMENTS (kPa)

σ'1 - σ'3 Strain (%)
Principal Effective Stresses

200 150 173 430 27 15.94 403 3.111
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Perth

Unit 3, 34 Sphinx Way

Bibra Lake

WA 6163

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 26/12/2020

Project: Bottle Creek 2020 Testing EP Lab Job Number: BV

Sample No: Emu Pit Wall 1 Lab: EPLAB

Sample ID: W20_11968_C_UU

Depth (m): - Room Temperature at Test: ~ 18°C

Tested by: Initial Moisture (%): 15.49 Strain Rate (mm/min): 0.05

Height (mm): 124.84 Final Moisture (%): 15.45 Skempton's (B): -

Diameter (mm): 61.80 Bulk Density (t/m³): 1.90 Geology: -

L/D Ratio: 2.02 Dry Density (t/m³): 1.64

Interpretation from Mohr Circle: Stage 2 & 3

Cohesion C' (kPa): -

Angle of Shear Resistance Φ' (Degrees)  : -

Mohr Circle Diagram (Effective Stress)

SINGLE-STAGE UNCONSOLIDATED UNDRAINED TRIAXIAL TEST

Method: ASTM D2850 / Inhouse Method

Failure Criteria used: Peak Deviator Stress

   

- -

Stage 1 & 2 Stage 1 & 3

- -
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Perth

Unit 3, 34 Sphinx Way

Bibra Lake

WA 6163

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 26/12/2020

Project: Bottle Creek 2020 Testing EP Lab Job Number: BV

Sample No: Emu Pit Wall 1 Lab: EPLAB

Sample ID: W20_11968_C_UU

Depth (m): - Room Temperature at Test: ~ 18°C

 

Sample ID: Emu Pit Wall 1 Depth (m): -

Lab ID: W20_11968_C_UU Date Tested: 26/12/2020

Notes: 

Stored and Tested the Sample as received

Samples supplied by the Client

Authorised Signatory (Geotechnical Engineer):

The results of tests performed apply only to the specific sample at time of test unless otherwise clearly stated. Reference should be made to E-

Precision Laboratory's "Standard Terms and Conditions"    E-Precision Laboratory     ABN 431  559 578 87

Photo After Test

Failure Mode: Bulging Failure

Sample remolded to 95% SMDD as requested

SINGLE-STAGE UNCONSOLIDATED UNDRAINED TRIAXIAL TEST
Method: ASTM D2850 / Inhouse Method
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Perth

Unit 3, 34 Sphinx Way

Bibra Lake

WA 6163

Ph: (08) 9418 8742

Client: Western Geotechnical Lab Services Date Tested: 26/12/2020

Project: Bottle Creek 2020 Testing EP Lab Job Number: BV

Sample No: Emu Pit Wall 1 Lab: EPLab

Sample ID: W20_11968_C_UU

Depth (m): - Room Temperature at Test: ~ 18°C

σ'1 σ'3 σ'1 / σ'3

SINGLE-STAGE UNCONSOLIDATED UNDRAINED TRIAXIAL TEST

Method: ASTM D2850 / Inhouse Method

Deviator Stress Vs Strain Diagram

Shear Stage
Confining 

Pressure
U'0 U'f

SHEAR STAGE DATA AND STRESS MEASUREMENTS (kPa)

σ'1 - σ'3 Strain (%)
Principal Effective Stresses

400 308 321 669 79 8.47 590 3.041
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Appendix C 
Geological Photographs  
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Appendix D 
Permeability Test Results 
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1 INTRODUCTION 

This manual is intended to be used by process plant staff who undertake daily inspections of the 
Integrated Waste Landform/Tailings Storage Facility (IWL/TSF) tailings storage at the Mt Ida Gold 
Project.  The purpose of this manual and the attached proformas is to allow both shift and daily 
inspection records to be taken and recorded and, if required, reported to senior staff.  The provisions 
of the Operating Manual must be strictly adhered to by the owner and the storage must be operated 
strictly in accordance with its provisions.  CMW Geosciences Pty Ltd (CMW), the designers shall not 
be liable in any respect whatsoever for any damage to or failure in the operations of the tailings 
storages resulting from failure of the Owner, its servants or agents to comply with the provisions of 
this Operating Manual. 

This document sets out details of the components of the storage facility which are influenced by the 
general day to day activities.  Each of these components forms part of the overall operation of the 
storage facility and attention must be paid to each component to ensure the storage facility is operated 
to achieve the design objectives.   

The components which are influenced by the general day to day activities include: 

 Tailings deposition 

 Decant pump operation 

 Routine inspections and maintenance 

1.1 Scope of the Operations Manual 

The OM ‘this document’ details the requirements for plant management and operators who have the 
responsibility for ensuring that: 

 The containment embankment for the IWL/TSF has been constructed to achieve the design 
objectives relevant to the operation of the facility. 

 The tailings storage facility and all associated infrastructure is operated, maintained and monitored 
to achieve the design objectives. 

 The facility is operated in accordance with the parameters that have been provided by the client 
for use in the design of the tailings storage facility.  Where changes in the parameters are 
proposed, the process plant management must advise the designers in order that the impact of 
the changes can be fully assessed. 

 Additional storage requirements are planned, designed, budgeted for and constructed well in 
advance of the expected availability of the additional capacity. 

 The annual engineering audit is completed. 

1.2 Roles and Responsibilities 

The individual responsibilities for the IWL/TSF for this project are detailed in Table 1. 
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Table 1 – Individual Responsibilities 

Staff Designation Operation Maintenance 
Surveillance & 

Reporting 
Emergency 
Response 

Reports to 

Resident Manager (RM) √ √ √ √ Board / Company Directors 

Process Plant Metallurgist (PPM) √ √ √ √ General Manager (GM) 

Process Plant Supervisor (PPS) and Process 

Plant Operators (PPO) 
√  √ √ 

PPM 

Maintenance Supervisor (MS)  

electrical, instrumentation, pumping and piping 
 √  √ 

PPM 

Mining Foreman (MF)  

mining activities and other earthworks 
   √ 

GM 

Environmental Consultant (EC)   √  GM / PPM 

Emergency Response Team (ERT)    √ GM 

Design Consultant (DC)   √  GM / PPM 
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1.3 Training and Competency 

The Process Plant Metallurgist (PPM) has the responsibility for ensuring that the training and 
competency of all the personnel relevant to the day to day operation of the IWL/TSF is completed. 

The PPM will also ensure the various departments (Process Plant, Maintenance, Mining and 
Environmental) are each aware of their respective duties and roles and shall confirm that the training 
and competency of the relevant personnel within these departments has been completed. 

The PPM also has the responsibility to ensure the training and competency of contractors is 
completed prior to work being undertaken on the IWL/TSF or the associated infrastructure. 

All personnel involved with the IWL/TSF must be aware of visual indicators (leaking pipes, high 
solution levels, cracking, etc.) of the performance of the IWL/TSF. 

1.4 Document Control 

The PPM or his appointed designate has the responsibility for all document control for the IWL/TSF 
including the Operating Manuals.  The essential documents for the IWL/TSF comprise the following: 

 Design documents, including drawings. 

 Operating Manual, including the associated records. 

 Managing Change Documents. 

1.5 Managing Change Documents 

1.5.1 Modifications to Design and/or Operation 

No changes shall be made to the design or operation of the IWL/TSF without the written approval of 
the PPM, the GM and IWL/TSF designers where the proposed change to the IWL/TSF materially 
affects the design or the operation of the facility. 

Where design standards change, the designers should contact the PPM and the General Manager 
and advise of the changes required to bring either the design or operation of the facilities into line with 
current standards. 

All approved changes to the design and/or operation of the IWL/TSF, no matter how minor, must be 
thoroughly documented and recorded in the master document control sheet for the IWL/TSF. 

The procedures for making changes to the design and operation of the IWL/TSF comprise: 

 Submission of a written Request for Change to the PPM.  The Request for Change Submission 
must outline the proposed change, the reason for the change, the expected impact (if any) of the 
change and the expected benefit (if any) of the change. 

 Determination by the PPM if the proposed change has any impact, either positive or negative, and 
determine the value of the benefits of the proposed change.   

 If the proposed change has no material effect on the design and/or operation of the IWL/TSF, the 
Request for Change Submission can be implemented and the relevant design and operational 
documents updated as required and the change noted in the master document. 

 If the proposed change materially affects the design and/or operation of the IWL/TSF, the Request 
for Change Submission will be forwarded to the GM and DC with the comments of the PPM, for 
action as appropriate.   

 Where the Request for Change Submission affects the design of the IWL/TSF, the DC will review 
the submission and make the necessary changes ensuring that any impacts not envisaged by the 
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PPM are noted on the submission.  The revised documents and the submission will be returned 
to the PPM.  The revised documents will be appended to the OM document and the amendments 
noted on the document control sheet. 

 Where the Request for Change Submission affects the operation of the IWL/TSF, the DC will 
review the submission and note the changes ensuring that any impacts not envisaged by the PPM 
are noted on the submission.  The revised documents and the submission will be returned to the 
PPM.  The revised documents will be appended to the OM document and the amendments noted 
on the document control sheet.  

 Where the Request for Change Submission affects the operation of the IWL/TSF, the training and 
competency procedures will be reviewed to assess whether changes need to be made.  Where 
changes are required, the relevant documents will be amended and the amendments noted on 
the document control sheets.  

1.5.2 Regulatory Changes 

Changes in the regulatory requirements will be passed to the PPM to be assessed, processed and 
documented using the same procedures as outlined in Section 1.5.1 above. 

1.5.3 Ownership and Designation Changes 

Changes in the ownership or changes to the organisational structure or designation hierarchy (Table 
1) will be passed to the PPM, processed and documented using the same procedures as outlined in 
Section 1.5.1 above. 

2 DESIGN CONCEPT 

Details of the design are presented in the CMW (2021) report, ‘Integrated Waste Landform Tailings 
Storage Facility, Mt Ida Gold Project, WA, Design Report’.  The IWL/TSF has been designed to store 
approx. 6 Mt of tailings over a 6-year life. 

Based on the DMP Code of Practice (2013), the hazard rating for the IWL/TSF has been assessed 
as ‘High’, Category 1.  The ANCOLD (2012) consequence rating is ‘High C’. 

The IWL/TSF will be a single cell paddock style facility, constructed in five stages as part of the mining 
operations with the IWL/TSF being located partially within the waste dump.   

Following topsoil stripping, the IWL/TSF basin subgrade comprising clays will be moisture conditioned 
and compacted to produce a low permeability liner at the base of the IWL/TSF to reduce seepage.   

The embankment of the IWL/TSF will be a zoned embankment comprising an upstream zone of low 
permeability roller-compacted clayey mine waste and a downstream zone of traffic compacted mine 
waste material.  It has design slopes of 1(V):2(H) upstream and 1(V):3(H) downstream, with a minimum 
crest width of 13 m (upstream and downstream zones).  The compacted upstream zone will have a 
minimum width of 5 m including the crest of the embankment. 

The embankment incorporates a cut-off trench founded on Ferricrete (Wiluna Hardpan) a nominal 
depth 0.5m to 1.0 m below ground level in order to reduce seepage losses. 

Surface water will be removed from IWL by a pontoon mounted decant pump located within a rock-
ring type central decant structure.  Return water will be pumped directly to the process plant for reuse.  
An underdrainage system will collected leachate.  The recovered leachate will be pumped from an 
underdrainage sump via an inclined bore, with recovered water discharged onto the tailings beach. 
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3 SUMMARY OF OPERATIONAL PROCEDURES 

3.1 General 

The operational design of the facilities is aimed at: 

 Provide LOM tailings storage. 

 Provide optimum removal of water from the facility and return to the plant for re-use in processing 
(i.e. an existing water treatment facility). 

 Optimise tailings storage capacity by maximising tailings density (i.e. undertaking cyclic tailings 
deposition between groups of spigots). 

 Reduce environmental impact (i.e. due to seepage). 

The following operational considerations have been incorporated into the design: 

 Tailings in the form of slurry will be discharged sub-aerially and cyclically into the facility in thin 
discrete layers, not exceeding 300 mm thickness, in order to allow optimum density and strength 
gain by subjecting each layer to a drying cycle.  The deposition will take place via multiple spigots 
from around the facility.   Tailings deposition will be from the perimeter of the storage. 

 Spigotting of tailings is to be carried out such that the supernatant pond is maintained within and 
around the rock-ring decant.  The pond is to be maintained away from the perimeter embankments 
at all times.   

 Water will be removed from the facility and pumped back to the process plant via a decant pump 
located in a centrally located rock-ring type decant structure. 

 The tailings storage area will assume the form of a truncated prism with a depressed cone on the 
top surface.  The facility will have the capacity to store a considerable volume of water during a 
storm event.  The minimum operational freeboard for the IWL/TSF under normal operating 
conditions is 0.3 m, plus an allowance for the temporary storage of the 1% average exceedance 
probability (AEP) (previously the 1 in 100-year average recurrence interval (ARI)) 72-hour storm 
event whilst maintaining required total freeboard (refer Figure 2). 

 Frequent inspections should be made of the tailings line, water return line, discharge points, 
underdrainage system, water recovery system and the position of the supernatant pond in relation 
to the water recovery system.     

 Only by regular inspection and appropriate remedial action can the performance of the water return 
system be optimised and operational problems be avoided. 

 The operation, safety and environmental aspects should be periodically reviewed during an audit 
by a suitably experienced and qualified engineer.  This audit should be done at least every year. 

 On eventual decommissioning, the facility will remain as a permanent feature of the landscape 
and drain to an increasingly stable mass.  The top surface and batters will be stabilised and 
rehabilitated as detailed in the design report. 

4 COMPONENTS OF TAILINGS STORAGE 

4.1 Deposition of Tailings 

The method of deposition of tailings into the storage is one of the major controlling factors in 
achieving: 
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 Higher in-situ densities in the tailings storage. 

 Higher water returns. 

 Maintaining embankment stability. 

In order to understand the tailings deposition requirements, detailed knowledge of the components of 
the tailings system is required.  These components include: 

 Tailings Pipe-work. 

 Tailings deposition process. 

 Ring Main Flushing. 

4.1.1 Tailings Pipe-work 

Tailings are transported from the process plant to the IWL/TSF via an HDPE pipeline.  At the IWL/TSF, 
the pipeline will split into two distribution lines to distribute the tailings around the active storage.  One 
line distributes tailings to the western section and one to the eastern section. 

The tailings distribution lines comprise welded HDPE pipe.  The distribution lines have spigot offtakes 
are located at nominally 40 m intervals on the embankment.  The pipework is located adjacent to the 
upstream crest of the embankment and perimeter access road. 

4.1.2 Deposition Process 

Tailings should be deposited over the exposed beaches, at a low velocity from several spigot 
discharge points.  The deposition should occur for a period of around two days from each group of 
spigots.  Each spigot comprises a mining hose fitted with a valve/scissor clamp to control flow through 
the spigot (or similar).  Tailings should not be discharged so as to erode the perimeter containment 
embankments.  During deposition, conductor pipes (slotted) should be utilised to ensure the tailings 
are deposited at the toe of the embankment.  Drawing PER2020-0443-05 shows typical spigot details. 

4.1.3 Main Flushing 

At the completion of the sequential deposition on each distribution main and following the change 
over to the alternative distribution main, the inoperative tailings line should be flushed with water (tails 
return water) until it is clean.  The flushing operation will be supervised by the Shift Foreman. 

4.2 Return Water Operation 

Surface water will be removed from IWL/TSF by a decant pump located within a rock-ring type central 
decant structure.  Return water will be pumped back to the process plant for reuse.   

The location of the decant water pond will be controlled by the tailings discharge sequence employed.  
The process of tailings deposition is aimed at ensuring that the pond is positioned around the decant 
facilities and that the pond is maintained in that position.  The pond is positioned by altering the 
location of deposition point around the perimeter of the storage, as appropriate. 

The pond around the decant should be maintained at the smallest practical operational size to 
maximise water return to the plant to enable most of the free water to be recovered through the decant 
for recycling to the process plant.  The capacity of the return water system should be 185 t/hr. 

The size of the pond will be largely governed by the efficiency of the decant system in removing water 
from the tailings storage.  Other controlling factors will be: 

 Evaporation from the surface of the pond; 

 Variations to the input of tailings water (percentage solids); 
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 Rainfall events; 

 Difference in permeability between the tailings and the underlying rock units; and 

 The ratio of horizontal to vertical permeability of the tailings. 

4.2.1 Start-up 

At start-up (Stage 1), decant water recovery will be via a temporary pump in the lower levels of the 
storage.  Rock fingers/temporary accessways could be provided to allow access to the pump and 
ensure water can be recovered at the earliest opportunity. 

5 ROUTINE INSPECTIONS AND MAINTENANCE 

The following routine inspection and maintenance procedures are to be carried out for the various 
components of the system.  Reporting sheets (Proformas) are attached covering the following 
inspections: 

 Monthly Inspection Log PF1 

 Daily Inspection Log  PF2 

 Personnel Contact Details PF3 

 Staff Confirmation Log PF4 

 Assembly Points  To be supplied by ARL 

Routine inspections, as detailed below, are to be undertaken by an operator or shift supervisor, each 
shift on a daily basis.  The date and time of each inspection are to be entered onto the inspection log 
and is to be signed by the person allocated to undertake the inspection on that shift to ensure the 
requirements have been undertaken.  Suggested proformas are attached to this operations manual. 

The Shift Inspection Log Sheet is to be filled out on each shift, daily.  Copies of inspection logs should 
be retained on-site. 

The inspections should cover: 

 The pipelines (tailings delivery line and water return lines) to and from the IWL/TSF. 

 Leak detection. 

 Pumps. 

 Valves. 

 Spigotting and deposition. 

 Location and size of the decant pond. 

 Decant, underdrainage and return water pumps operational. 

 Seepage from the embankment toe. 

 The general integrity of the embankments i.e. any new cracking or new seepage (daily). 

 Any changes to existing cracking or seepage. 

5.1 Monthly Inspections 

Monthly inspections of the IWL/TSF should be carried out by process plant management, refer to PF1 
in order to provide management oversight of the facility. 
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These inspections should assess the items listed in the proforma and note any changes which have 
occurred since the previous inspection.  

5.2 Annual Engineer's Inspection  

An audit by a qualified geotechnical engineer with experience in the design, operation and auditing 
of tailings storages should be carried out at least once every year. 

5.3 Special Inspections 

Inspections of the IWL/TSF should be performed after significant rainfall events. Special attention 
should be given to erosion of embankments, and remedial works should be initiated as required. 

Inspections of the IWL/TSF embankment should be performed after an earthquake event (i.e. an M=5 
event or above on the Modified Mercalli Scale). Special attention should be given to cracking on 
crests and evidence of embankment movement (i.e. slumping). If cracking or slumping is evident, the 
party responsible for surveillance and safety reporting (i.e. CMW or independent 3rd Party) should be 
consulted before initiating remedial works. 

5.4 Inspections 

5.4.1 Tailings Lines 

The tailings line is to be inspected a least once per shift.  The date and time of each inspection are to 
be entered onto the inspection log. 

All tailings lines will be bunded. The HDPE tailings lines are sensitive to temperature, and the 
expansion and contraction of this line can cause leaks, and in extreme situations, failure of the 
pipeline.  Any leaks or failures of the tailings pipeline should be immediately reported to the following 
personnel or project equivalents and an incident report completed. 

 Shift Foreman; or 

 Mill Superintendent (Processing Manager). 

5.4.2 Return Water System 

The position and size of the pond in relation to the rock-ring / decant pump should be inspected at 
the same time as the tailings lines are inspected.  Any abnormalities (i.e. lack of freeboard, pumps 
not operable) should be reported immediately to the following personnel or project equivalents: 

 Shift Foreman; or 

 Mill Superintendent (Processing Manager). 

The return water lines to the plant from the IWL/TSF should also be inspected at the same time as 
the tailings line.  All return water lines will be bunded.  Any leaks or failure of the water pipeline should 
be immediately reported to the following personnel or project equivalents: 

 Shift Foreman; or 

 Mill Superintendent (Processing Manager). 

5.5 Embankments 

Part of the general activities of the Shift Foreman, when visiting the storage facilities, shall be to 
inspect the embankments, including berms and batter slopes.  The inspection shall note any cracking 
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or new features, such as seepage, embankment erosion or scour (caused by tailings deposition or 
rainfall runoff) or any other obvious changes or problems.  

6 MONITORING REQUIREMENTS 

The following section details the monitoring requirements to ensure the IWL/TSF is performing in 
accordance with the design parameters and the details presented in the detailed design report.  

Monitoring results (e.g. water quality and water level) should be recorded on spreadsheets and plotted 
and graphed as soon as possible.  The information should be reviewed after being entered and 
graphed to allow any changes to be identified and acted upon.   

The plotting of recorded information allows trends to be determined.  Where newly recorded 
information deviates (generally significantly) from a previously established trend the reading should 
be checked, the general area should be inspected and the information reported to plant management 
for consideration and action.  

Copies of the current leased licence conditions (DWER) relevant to the tailings storage should be 
attached to this document to allow for easy reference.  Each time the licence is renewed or updated 
all conditions should be checked for any changes, with appropriate confirmation they have been read 
and records have been updated and will be acted upon as considered appropriate. 

6.1 Process Plant 

In addition to the daily visual inspections of the water pond, spigots, water return pumps, tailings and 
return water pipelines the following information should be recorded at a minimum on a monthly basis: 

 Ore treatment, measured in dry tonnes. 

 Tailings slurry density, measured in percentage solids or slurry water volume. 

 Water return from all sources from the IWL/TSF to the process plant, measured in cubic metres 
or tonnes. 

This information will be utilised to estimate a water balance as part of the annual review of the 
IWL/TSF. 

6.2 Embankment Monitoring 

The requirement for additional instrumentation (i.e. monitoring bores, piezometers) associated with 
the IWL should be reviewed as part of the yearly audit. 

6.3 Environmental Monitoring 

6.3.1 Climatic Data 

If climatic information is collected on-site or at a nearby BOM station, the following climatic data is to 
be collected daily or at the end of each month: 

 Rainfall for the month. 

 Evaporation for the month (if recorded on site or a nearby BOM station). 

This information can be utilised in order to assist with determining a water balance for the annual 
review of the IWL/TSF. 
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6.3.2 Water Quality 

Water quality monitoring (sampling and testing) is required from the following areas or sources: 

 Monitoring bores located in and around the IWL/TSF. 

 Seepage and any surface water located either downstream or upstream of the IWL/TSF. 

 Slurry water discharged into the storage, water stored on the storage and water returned to the 
plant. 

The frequency of the water quality monitoring is usually determined by the regulatory authorities with 
the details of the water quality requirements stipulated either on a licence or other approval 
documents issued by the regulatory authorities.   

6.3.3 Storage Monitoring 

Detailed mudline and water pond level surveys are to be carried out at least on an annual basis.  This 
will enable the storage volume that has been used to be reconciled with the tailings tonnage deposited 
into the storage to establish an in-situ density of the tailings from comparison with the design in-situ 
density. 

If any embankment construction is undertaken, as-built survey plans should be updated. 

7 EMERGENCY ACTION PLAN 

The Emergency Response Plan for the Mt Ida Gold Project (including the plant) should be based on 
the results of the dam break analyses presented in the design report.  The plan should be reviewed 
and updated as a minimum on a yearly basis. 

The plan should include: 

 Management responsibilities and emergency coordination. 

 Muster points. 

 Seeking specialist geotechnical advice. 

 Emergency Plan Triggers, namely: 

o Freeboard less than design values. 

o Significant embankment distress. 

o Imminent overtopping. 

o Damage following an earthquake or extreme rainfall event. 

The emergency response should be managed by the Processing Manager.  When the triggers above 
have been exceeded, personnel should be directed to the muster area, upslope of the IWL/TSF area 
(i.e. at the access road to the northeast of mill/administration site or similar location), as appropriate.  
The designers should also be advised as required when geotechnical advice is required. 

To enable the emergency action plan to be implemented and to allow a safe and timely response to 
be instigated, the attached documents (Personnel Contact Details, Assembly Points and Staff 
Confirmation Log) outline current information pertaining to assembly points and contact names.  The 
sheets shall be reviewed at least six monthly or updated as required when new staff become 
responsible for activities in and around the facilities. 
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Contractors shall also be made familiar with the location of the assembly point and be made aware 
of their reporting responsibilities and to whom they shall report to. 

The attached sheets should provide a list of relevant contact details of staff associated with the tailings 
storage, senior site responsible staff, safety officers and emergency services.  

8 INCIDENT REPORTING 

The undertaking of regular inspections and monitoring is aimed at identifying any problems prior to 
them causing a major impact on the operation or integrity of the structure.  The inspections may result 
in the identification of an event that may require reporting to senior staff and in some cases to relevant 
government departments, i.e. new seepage as indicated by monitoring bores. 

Typical reporting events include: 

 Any fauna death on or near the IWL/TSF (not road kill). 

 Any uncontrolled release of tailings slurry or return water and the cause (pipe break, overtopping, 
pump malfunction, automatic switch malfunction, operator error, etc.). 

 Impact from seepage (vegetation distress, soil contamination, water quality changes). 

 Defects to the tailings storage facility covering such things as the pit walls and return water system 
(i.e. pertaining to safety issues). 

 Changes in water quality that exceed prescribed conditions of licence criteria.  

 Increases in production tonnages. 

It is recommended that prior to submitting an incident report to DWER or DMIRS that an assessment 
be undertaken to confirm the nature, type and impact of the incident by either senior site staff or an 
independent organisation.  If an incident requires reporting to the DWER or DMIRS, as a minimum, 
an incident report form should be used as well as any other reporting requirements (refer to licences). 

9 REHABILITATION WORKS 

Refer to the detailed design report for details of closure works associated with the IWL/TSF.  
Progressive rehabilitation works cannot be performed for the IWL/TSF during operations until the final 
waste dump has been constructed. 

10 CLOSURE 

This Operations Manual is to be read in conjunction with the Design Report.  This Operating Manual 
contains copies of proforma log sheets and lists of information to be inspected and recorded on a 
daily, monthly or yearly basis. 
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