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1 Introduction 

1.1 Terms of reference 

RGS Environmental Pty Ltd (RGS) has prepared this Mine Material Management Plan (MMM Plan) for 
Multicom Resources Limited (Multicom) for the Saint Elmo Vanadium Project (SEV Project).  

Multicom is seeking to develop the SEV Project for the purposes of mining and processing Vanadium 
Pentoxide. The SEV Project is located 25 kilometres (km) east of Julia Creek in the priority North West 
Minerals Province of north western Queensland, within the McKinlay Local Government Area.  

The area of the SEV Project within MLA100162 and EPM 26410 is 8,882 hectares (ha).    

The proposed SEV Project would consist of: 

• a shallow open cut mine, ranging in depth from 20 m to 40 m, with north-south aligned strip 
mining panels to be sequentially mined, backfilled and rehabilitated; 

• a run-of-mine stockpile area; 
• overburden and topsoil storage and management areas; 
• an area for blending run-of-mine stockpiles to minimise feed grade variation through the 

processing plant; 
• an ore processing plant, to extract Vanadium Pentoxide (V2O5); 
• access for trucks to deliver reagents to the ore processing plant; 
• an infrastructure area, including offices, laboratories, workshops; 
• a sewerage treatment plant and effluent disposal area; 
• a bore water supply for the site, including a reverse osmosis plant as required, and potable 

water storage; 
• a tailings storage facility (TSF); 
• progressive rehabilitation of disturbed areas; 
• Power station (diesel and gas generator and proposed); 
• the creation of approximately 100 ongoing operational jobs for the life of the mine and an 

estimated 250 construction jobs; and 
• an investigation of accommodation options, including a workforce accommodation village and 

housing options within the Julia Creek township 

The MMM Plan was developed by RGS in response to comments by the Queensland Department of 
Environment and Science (DES) issued on 13 March 2019. 

• All waste generated by the proposed project has not been adequately characterised and 
described to allow the department to identify whether waste types and volumes can be 
appropriately stored, treated and managed onsite and regulated via an environmental authority.  

• Waste characterisation assessment must be completed as part of the EIS to provide of the 
required detail regarding the physical and chemical characteristics of waste generated by the 
proposed project. 

• Geochemical characterisation of waste rock, including identification of the risk of acid or neutral 
mine drainage, is not described. Therefore, the risks associated with the proposed strategy to 
manage waste rock and the likely success of the proposed rehabilitation plan, is unknown. The 
EIS states that the risk of acid mine drainage is low/negligible and that waste rock (overburden) 
is inert. Insufficiently detailed information is included in the EIS to support these assertions and 
the plan to dispose of waste rock in the mine pit. The proposed waste characterisation study 
must be completed to ensure appropriate storage and treatment of waste rock. 

• The proportion of ore to be processed using the two proposed processing methods (pressure 
and heap leaching) must be fully described in order to accurately quantify wastes that would 
be generated onsite and the risks posed by these quantities of waste. From the information 
provided in the EIS the department cannot adequately assess whether waste storage, 
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management, treatment and transport can be appropriately managed onsite. The EIS must 
identify the proportion of ore to be processed using the two proposed processes and quantify 
the volumes of wastes produced via each process per year and identify how these wastes 
would be suitable stored, treated, managed and disposed of. 

• There are inconsistencies in the current description of wastes, for example: some 
documentation states that no sodium sulphate is used or produced by the proposed project, 
however other sections state that sodium sulphate production would not exceed 10 tons per 
day.  

• There is insufficient information regarding regulated wastes, including waste that may include 
vanadium compounds (e.g. water), that is considered a regulated waste. Some documentation 
describes the storage of water used to wash filtration cakes in a sealed containment cell. The 
EIS does not adequately describe the volume of water that requires management in this way.  

• All regulated waste streams must be quantified and the EIS must demonstrate that these 
volumes of wastes can be appropriately treated, stored and managed on or offsite.  

• The types and quantities of waste that would be generated during mine decommissioning and 
rehabilitation are not fully described. The EIS proposes that this assessment would be 
undertaken at a later stage. This information must be adequately assessed at the EIS stage.  

• Laboratory and trade waste are briefly mentioned in the EIS but not described in sufficient 
detail, nor are their potential impacts or proposed methods of their management. 

• For wastes proposed to be transported and disposed of offsite, the EIS should describe the 
proposed disposal location and ensure the facility is licenced to accept the waste and has 
adequate capacity at that proposed location. The EIS should assess the risk of spills during 
loading/unloading and transporting of the waste, taking into account the wastes properties, 
including dispersive properties. 

• The EIS must describe in detail the quantity and quality of wastewater to be generated by the 
proposed project and how water treatment would vary depending on the quality of the water.   

• Describe how nominated quantitative standards and indicators may be achieved for waste 
management, and how the achievement of the objectives would be monitored, audited and 
corrective/preventative actions would be managed (e.g. incident/compliant/non-conformance 
management system). 

The MMM Plan was subsequently updated to reflect the following critical matter issued by DES to 
Multicom in early October 2019. 

• The EIS must provide further details regarding the geochemistry of the mined ore and waste 
rock, including spoil, tailings and rejects; assesses the potential risks associated with this waste 
stream and describes the management of progressive placement and any disposal strategy to 
minimise any potential impacts on environmental values.  

• The EIS must detail high risk waste material will be managed and should include a block model, 
inform a detailed material handling and management program, rehabilitation plan and final 
landform design. 
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1.2 Quality, standards, regulation, legislation and guidelines 

Where applicable, this MMM Plan has incorporated requirements prescribed in the following legislation, 
regulation, guidelines, and standards that are relevant to the Project:  
 

• Environmental Protection Act (1994), Environmental Protection Regulation 2019. 
• Environmental Protection (Water and Wetland Biodiversity) Policy 2019. The EPP (Water) 

achieves the object of the Environmental Protection Act 1994 (EP Act) to protect Queensland's 
waters while supporting ecologically sustainable development. 

• National Environment Protection Council (Queensland) Act 1994 (Qld). National Environment 
Protection (Assessment of Site Contamination) Measure.  

• Australian and New Zealand Water Quality Guidelines 2018 that supersede the Australian and 
New Zealand Guidelines for Fresh and Marine Water Quality (2000) (ANZECC).  

• DSITI (2017). Using monitoring data to assess groundwater quality and potential environmental 
impacts. Version 1. Department of Science, Information Technology and Innovation (DSITI), 
Queensland Government, Brisbane.  

• INAP Global Acid Rock Drainage Guide (2019). 
• DEHP (2013). Application Requirements for Activities with Impacts to Land Guideline.  

Queensland Department of Environment and Heritage Protection.   
• Commonwealth of Australia Leading Practice Sustainable Development Program (LPSDP) for 

the Mining Industry: Rehabilitation (2016). 
• The Mineral and Energy Resources (Financial Provisioning) Act 2018 (MERFP Act) came into 

force on 1 April 2019 and establishes the Financial Provisioning Scheme (FPS) administered 
by the Scheme Manager. The FPS will hold all scheme assurance provided by the resource 
sector under the Environmental Protection Act 1994. 

• Financial assurance under the Environmental Protection Act 1994 (ESR/2015/1758). 
• DES (2018). Department of Environment and Science. Rehabilitation requirements: as 

appropriate for mining resource activities: ESR/2016/1875 • Version 2.01 • Effective 23 May 
2014.  

• DES (2014). Department of Environment and Science. Rehabilitation report: as appropriate for 
mining resource activities: ESR/2015/1616 • Version 1.04 • Effective 25 JUNE 2014. 

• DES (2013). Department of Environment and Science. Application for the certification of 
progressive rehabilitation: ESR/2015/1563 • Version 2.01 • Effective 23 MAY 2013. 

• Australian Standards. 

1.3 Background to acid and metalliferous drainage (AMD) 

In Australia, the term Acid and Metalliferous Drainage (AMD) is defined as incorporating acidic 
metalliferous drainage, neutral metalliferous drainage (NMD) and saline drainage (SD) (COA, 2016).    

The mining and processing of ore and the mining and management of mine water in mineralised areas, 
has the potential to result in environmental harm associated with a loss of land use and potential 
adverse effects to surface water and groundwater resources by AMD. 

The use of consistent terminology relating to AMD is required so the potential for misunderstanding is 
reduced when a MMM Plan is being implemented at site by different departments. 

SEV mined materials are likely to include: 

• Construction and rehabilitation materials – material that may be utilised for things such as use 
in cover systems for rehabilitation or water management drains. These materials could include 
oxide material (e.g. extremely to fully weathered non-consolidated units such as clay that can be 
free dug without blasting), transition material (includes oxide materials and residual fresh rock 
fragments) or fresh rock (competent un-weathered rock). 

• Cover materials – material selectively placed within the upper profile of the rehabilitated landform 
in a soil cover system. Cover systems are constructed from rehabilitation materials. Cover systems 
should be designed and constructed to meet specific objectives and design criteria. Chemical and 

https://environment.des.qld.gov.au/assets/documents/regulation/era-gl-financial-assurance-ep-act.pdf
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physical characterisation of rehabilitation materials is required to ensure that the cover system can 
meet the objectives and design criteria.  

SEV process waste streams include: 

• Beneficiation Calcite tailings 
• Coquina Comp 2 +4 mm       
• Coquina Comp 2 -4+0.3 mm       
• Coquina Comp 2 -0.3 mm Cyc #1 S2 UF 

• Leach residue tailings 
• Solvent extraction raffinate bleed 
• Desilication tailings 
• Solvent extraction tailings     

Terms used to classify mined materials include the following. 

• PAF (Potentially Acid Forming) - has the potential to produce acid  
• PAF- LC (Low Capacity - Potentially Acid Forming) - has the potential to produce minor acid  
• NAF (Non-Acid Forming) - should not produce acid but may leach salts and some metals due to 

the presence of low sulfide bearing material  
• NAF-B (Non-Acid Forming-Barren) - should not produce acid or leach salts due to the absence of 

sulfide minerals  
• AC (Acid Consuming) – has some ANC that would contribute to ongoing acid neutralisation e.g. 

calcite in Basalt 

Other terminology used to classify mine materials include the following. 

• Saline material - material that may leach salts such as sulphate (from sulfide oxidation), calcium 
or magnesium  

• Sodic material - material that has elevated concentrations of sodium (chloride or bi-carbonate) in 
the soils that has the potential to be dispersive  

General industry terms that can be used to describe water quality at mines include the following. 

• Acid Mine Drainage 
• Acid Rock Drainage 
• Acid and Metalliferous Drainage 
• Neutral Mine Drainage 
• Saline Drainage 
• Mine Impacted Water 

Water on mines includes surface water and groundwater.   

• Groundwater is defined as water that is present in non-mined “virgin” ground that has the 
potential to enter pits (operational pits, backfilled pits (BFP) or decommissioned pits). After 
groundwater enters a pit, it becomes mine impacted water. Mine impacted water could leave a 
pit and enter the groundwater system in the receiving environment or become surface water 
that may then be pumped from the pit.  

• Surface water is present in mine domains such as a tailings dam, sediment dams, open pit, 
creeks, or process plant.  

• Seepage is water that has entered a landform such as a waste rock dump and that then 
percolates through the landform and underlying regolith to groundwater. 

• Resurgent seepage is water that has percolated through a mine landform or natural landform 
and then enters a surface water stream. 

Mine impacted water is used as a general term to describe water which contacts disturbed mined 
ground and that may include water in: 
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• seepage from waste rock dumps or low-grade ore stockpiles (in-pit or ex-pit); 
• operating pits; 
• decommissioned pits; and 
• back-filled pits.  

Mine impacted water can be classified as having: 

• acid, neutral or alkaline pH; 
• variable concentrations of major ions (salts e.g. calcium, magnesium, potassium, sodium, chloride, 

sulfate, boron or fluoride); and 
• variable concentrations of metals e.g. Aluminium (Al), Iron (Fe), Manganese (Mn) and Zinc (Zn)  

or metalloids e.g. Molybdenum (Mo), Selenium (Se) and Vanadium (V). 

Potential sources of acid in mine impacted water at mine sites can include: 

• oxidation of sulfide minerals such as pyrite that produce sulfuric acid (INAP, 2019); 
• rainfall and leaching of base cations such as calcium, magnesium, potassium and sodium;  
• soil acidification by atmospheric carbonic, nitric or sulfuric acid; and 
• organic matter decay. 

Potential sources of salts in mine impacted water at mine sites that can include: 

• oxidation of sulfide minerals, the production of sulfuric acid and subsequent neutralisation 
reactions that mobilise major ions such as sulfate, and calcium; 

• chemical weathering of adjacent soil and rock by sulfuric acid that releases major ions such as 
sodium, potassium, magnesium and chloride; and 

• the mobilisation of sodium chloride or sodium bi-carbonate that are present within geological units 
and groundwater and then released in fluxes as mined materials are extracted (blasted), processed 
(crushed) and placed into mine landforms. 
 

Potential sources of metals (e.g. Al, Fe, Mn, and Zn) and metalloids (oxyanions such as Mo, Se and 
V) in water at mine sites can include elements present: 

• as ancillary minerals within primary sulfide minerals like pyrite or marcasite;  
• in the solid phase of geological units in a range of minerals with increasing environmental mobility 

that include immobile oxide <<< carbonate << exchangeable < water soluble; and  
• in pore water. 

Mine impacted water is mobilised by water and is transported from the source materials along 
aqueous physical pathways into the receiving environment. The salts metals and metalloids in 
aqueous phases can be taken up by aqueous flora and fauna via aqueous biophysical pathways.  

Salts, metals and metalloids present as exchangeable or less soluble fractions (e.g. carbonate or oxide 
fractions) can also be relocated via physical pathways in the aqueous environment as suspended 
sediment or bedload sediment.    

Salts, metals and metalloids present in soluble or exchangeable fractions within mined material or 
process waste can also be taken up by plants via terrestrial biophysical pathways.   

Wind borne erosion is another pathway whereby salts, metals and metalloids can be moved from the 
source to the receiving environment.  

1.3.1 Vanadium and environmental compliance  

The Australian and New Zealand water quality guidelines (2018) (ANZG) for fresh and marine water 
quality have significant improvements since the ANZECC & ARMCANZ (2000) guidelines that include: 

• an updated and expanded Water Quality Management Framework; 
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• step-by-step guidance on typical applications of the Water Quality Management Framework; 
• strong emphasis on building conceptual models of water systems to demonstrate current 

understanding; 
• introduction of a weight-of-evidence process; 
• new and revised toxicant default guideline values; 
• revised method for deriving toxicant default guideline values;  
• new physical and chemical stressor guidance and default guidelines values for more regions; 

and,  
• a focus on the collection of site data to derive water quality guidelines or trigger values rather 

than the use of default guideline values. 

The low reliability level for vanadium ecotoxicity in freshwater is 0.006 mg/L (ANZECC and ARMCANZ, 
2000). Complying with this guideline value at a mineralised vanadium deposit is highly unlikely to be 
attainable and is not appropriate. 

Multicom shall develop site specific trigger values for vanadium and other key elements in soil, 
sediment, surface water, seepage water and groundwater for the SEV Project using the data obtained 
from the analyses in this MMM Plan and the framework detailed in the ANZG 2018 Water Quality 
Guideline. By doing this, Multicom will enhance their understanding of the biogeochemical properties 
of the ore, tailings, overburden and soil using the information that is to be obtained from the sampling 
and analysis outlined in this MMM Plan. 

1.3.2 Vanadium biogeochemistry 

Vanadium can be a highly mobile element under certain circumstances. It displays both cationic 
characteristics under acid conditions, as vanadyl VO2+ and VO22+ ions, and anionic characteristics under 
less acid to alkaline conditions, as vanadate HVO42- or H2VO4- ions (Brookins 1988 in FOREG, 2019). 
The solubility of vanadium is strongly controlled by its oxidation state. Its solubility is highest in oxic 
environments, where vanadyl cations predominate. Complexes with fluoride, sulphate and oxalate may 
also act to increase vanadium solubility under oxidising conditions (Wanty and Goldhaber 1992 in 
FOREG, 2019), although the presence of uranium and phosphates can result in the formation of highly 
insoluble V5+ complexes. Under more reducing conditions, the relatively immobile V3+ state dominates. 

Kabata-Pendias (2001) reports that the behaviour of vanadium in soil has received little attention. It 
appears that Fe oxides hold a reasonable fraction of soil vanadium, however, the role of clay minerals 
as well organic acids may be more significant than the vanadium fraction adsorbed by Fe oxides. The 
highest concentrations of vanadium in soil are reported for soil developed on mafic rocks (150 to 460 
mg kg-1), while the lowest were found in peat soil (5 to 22 mg kg-1). The average vanadium content of 
soil worldwide has been estimated to vary from 18 mg kg-1 for histosols to 115 mg kg-1 for rendzinas 
(Kabata-Pendias 2001). 

Vanadium is biologically active and is an essential nutrient for many animals. Its precise biochemical 
function is still in some doubt (WHO, 1996), but Frausto da Silva and Williams (1991, 1994, 2001 in 
FOREG, 2019) suggest a role in peroxidase enzymes.  

An intake of over 10 mg vanadium per day can be toxic for adults, but this greatly depends on its 
speciation and oxidation state; the source is usually airborne anthropogenic vanadium (WHO 1996 in 
FOREG, 2019). In severe cases, toxic levels of vanadium can cause the inhibition of certain enzymes 
with animals, which has several neurological effects, and can cause breathing disorders, paralyses and 
negative effects on the liver and kidneys.   
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1.3.3 Vanadium biochemical considerations in freshwater 

Vanadium occurs in the +2, +3, +4 and +5 valency states. However, it appears that in natural waters 
only the pentavalent vanadium (V5+), or vanadate (V) state occurs to any significant extent (Lee 1983). 
Vanadium (V) is more toxic to aquatic life than vanadium (V4+) (Willsky et al. 1984). 

Natural DOM does not readily complex aqueous vanadium because it occurs as stable anionic 
complexes (van den Berg et al. 1991). 

In natural surface waters (pH 5 to 9), vanadate can be effectively removed from solution in the presence 
of colloids (Dzombak & Morel 1990). Since vanadium (V) species are, in general, anionic, sorption is 
maximised at low pH (pH < 8) and reduces as the pH increases. 

Wilson and Freeburg (1980) found that an increase in salinity reduced the toxicity of vanadium (V) to 
phytoplankton. For example, the vanadium (V) LC50 for the alga was 1.8 mg/L at a salinity of 14%, 
whereas it was 24 mg/L at 28%. 

ANZECC and ARMCANZ 2000 freshwater chronic data (limited to 90 data points) for vanadium cover 
three taxonomic groups, as reported below as no observed effect concentration (NOEC) equivalents. It 
was not possible to correct values for hardness at this stage. The pH range was 6.5 to 8.9. 

• Fish: eight species, 5 to 28-day NOEC (equivalents from LC50), 85 µg/L (P. promelas) to 
14,000 µg/L (Salvelinus fontinalis). The lowest measured NOEC was 120 mg/L (P. promelas; 
28-day growth). 

• Crustaceans: one species, Daphnia magna, 5 to 23-day NOEC, 158 to 1600 µg/L (mortality, 
reproduction). 

• Algae: one species, Chlorella vulgaris, NOEC, population growth, 1200 to 328,000 µg/L. 
Although the pH range of this test was very wide (around 2.2 to 8.0), it gives an indication of 
algal toxicity and its inclusion should only affect the size of the assessment factor (AF) used. 

A freshwater ecosystem low reliability trigger value of 6 µg/L (0.006 mg/L) has been calculated for 
vanadium, but this should only be used as an indicative interim working level (ANZECC and ARMCANZ, 
2000). A review of technical reports indicates: 

• There is very little data to support appropriate guideline values for vanadium within the 
ANZECC and ARMCANZ (2000) guidelines or the new Australian New Zealand Guidelines 
(ANZG, 2018) that have now superseded the ANZECC and ARMCANZ (2000) guidelines. 

• There is (currently) very little data to support baseline conditions for vanadium in topsoil, 
subsoil, overburden, surface water or sediment for the SEV Project.  

• There is (currently) no data or modelling to ascertain what the potential concentration of V could 
be in surface water, seepage, process water, pore water present within backfilled process 
residue or concentrations in voids or surface water.  

• Because the SEV Project area is naturally mineralised in vanadium (and other elements), the 
application of default guideline values is not appropriate. 

• Without supporting data, the SEV Project may need to resort to the existing default guideline 
values for vanadium (i.e. a low reliability concentration of 6 ug/L as defined in ANZECC 2000) 
in the event that water is released from the Project to the environment.  
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2 Purpose of the MMM Plan 

2.1 How to use this Plan 

This is the first iteration of the MMM Plan. The Plan is an overarching document that addresses the life 
of mine plan strategies described in the SEV Project Environmental Impact Statement (EIS) and also 
includes additional detail relevant to the first five-year plan for the SEV Project. 

Significant aspects of the MMM Plan:  

• are highlighted in black bold font 
• that require action by the owners of the MMM Plan are identified as commitment actions and 

highlighted in bold and italicised black font. 

Commitment 1: The next iteration of the MMM Plan will be required after an EA is issued by the 
Department of Environment and Science (DES). 

2.2 Scope  

The scope of the MMM Plan is to enable Multicom to manage the mined units including soil, overburden 
(and interburden between ore bodies if this is identified), ore and waste streams so that the potential 
for adverse environmental effects is minimised to a tolerable and agreed level. 
 
Although not explicitly stated in a typical Environmental Authority, the mine units should include sub-
units for topsoil, subsoil and extremely weathered to weathered regolith that are present above the pre-
mining standing groundwater level. These geological units are critical units required for successful 
rehabilitation. 
 
Effective management leading to successful rehabilitation that can attain regulatory relinquishment or 
be considered as fit-for-purpose by a subsequent land-owner should integrate the mining, placement 
and rehabilitation of the mined units.  
 
Commitment 2: To achieve effective management of the mining and tailings materials, the MMM 
Plan will progressively address: 

• characterisation of the mined units 
• classification of the mined units into functional classes e.g. PAF and NAF 
• numerical geological modelling to develop material balances 
• development of a defensible disposal plan that includes scheduling of material movement, 

placement and landform re-shaping, so all material is appropriately and economically 
placed for maximum benefit the first time 

• post placement verification of the mine scheduling to ensure that the placement and 
landform design criteria have been met 

• rehabilitation strategy documenting what the overall goal for rehabilitation will be over the 
life of mine 

• rehabilitation objectives, design criteria, indicators for success and completion criteria; 
• rehabilitation verification programs to verify that rehabilitation has achieved the overall 

aim of the MMM Plan 
• document control, defining how the document will be managed and how changes will be 

tracked over time. 
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2.3 Aim  
The aim of the MMM Plan is to enable mining and rehabilitation to be completed with minimal adverse 
environmental and social impacts on the land and water resources, and to lead to rehabilitation. To 
achieve this, there must be an integrated planning approach coupling the work programs undertaken 
by environmental, exploration and resource geology and short medium and long term mine planning 
departments at the mine.  

Without an integrated, cross-departmental planning approach at a mine the work undertaken by one 
department (e.g. geology department) that should be used by another (e.g. environment department) 
may not occur. This can lead to a breakdown in the implementation of the management aims and an 
increase in subsequent environmental issues that need not have occurred. In turn this can lead to 
stakeholder concerns and/or regulatory non-compliance issues.  

The MMM Plan is the central focal point of a broader set of protocol and procedures that are needed to 
achieve the intent of the MMM Plan. The protocol, procedures and methods for some tasks such as 
material characterisation would be documented and managed by the custodian of the MMM Plan.  

Other tasks such as exploration and resource geological programs, short, medium and long-term mine 
planning (including landform design), water management (including sediment and erosion control), and 
rehabilitation (soil cover and ecological) programs would be documented in other management plans 
and managed by other departments. 

2.4 Objectives  
The objectives of the MMM Plan are to document and map out: 
 
• Why the Plan is required 
• When the Plan is to be updated 
• How changes to the Plan are to be tracked to enable the reasons for changes to the Plan over 

the life of mine to be understood 
• Who is to plan and implement the tasks required to be undertaken by each department 
• How the data collected from departmental tasks such as waste characterisation or developing 

material balances is to be stored and made accessible to other departments who are required to 
make use of the data 

• How the data is to be used and which other plans the MMM Plan should integrate with e.g. Water 
Management Plan, Mine Plan, and PRC Plan, for example 

• When tasks in the MMM Plan are required to be undertaken and what the outputs should be. 

2.5 Data management  

The material characterisation program is to compile geochemical, physical and soil nutrient data.  

Typically, this data is provided by a commercial laboratory in pdf and spreadsheets, that are then stored 
on a server. This will lead to the eventual loss of the data. 

RGS recommend storing all geochemical, physical and nutrient data associated with the 
characterisation of washed waste, overburden, rejects, tailings, topsoil, subsoil, regolith units in the 
overburden and interburden in the geological database (e.g. AcQUIRE), or in a dedicated environmental 
database and management system (e.g. DataSight or ESDAT). 
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2.6 Regulation and potential license conditions 

2.6.1 Environmental Authority Application  

Multicom is seeking to develop the SEV Project for the purposes of mining and processing Vanadium 
Pentoxide. Mining is proposed to be carried out sequentially from mining panels along the north-south 
axis of Mining Lease Application (MLA) 100162, a greenfield site.  

The Project has an initial target production of 10,000 tonnes per annum (tpa) for the first two years with 
a maximum tonnage of up to 20,000 tpa (year 3 onwards) of Vanadium Pentoxide (V2O5) product over 
at least a 30 year mine life. Run of Mine (ROM) operations to produce the maximum 20,000 tpa may 
be up to 15 million tpa.  

This Plan also addresses or covers, in part, the following typical EA conditions that are likely to be 
imposed on the SEV Project by DES. 

• Residual Void Outcome 
• Soil Management Plan 
• Tailings Disposal 
• Rehabilitation 
• Rehabilitation Monitoring Program 
• Contaminated Land 
• Decommissioning and Rehabilitation 

This MMM Plan has been developed to address the comments received from the Queensland 
Department of Environment and Science (DES) during the adequacy assessment of the EIS (detailed 
in Section 1.1).  

2.6.2 Mine Waste and tailings management 

The following conditions are typical of the requirements in an EA for a mining project.  

Commitment 3: These typical EA requirements will be updated with the actual EA conditions 
when the SEV Project is approved.  

Typical EA Requirement: A waste rock and tailings disposal plan (equivalent to the MMM Plan) must 
be developed and include, where relevant: 

a)  effective characterisation of the waste rock and tailings to predict under the proposed placement 
and disposal strategy the quality of runoff and seepage generated concerning potentially 
environmentally significant effects including salinity, acidity, alkalinity and dissolved metals, 
metalloids and non-metallic inorganic substances; 

b)  a program of progressive sampling and characterisation to identify dispersive and nondispersive 
spoil and the salinity, acid and alkali producing potential and metal concentrations of waste rock 
and tailings; 

c)  a materials balance and disposal plan demonstrating how any potentially acid forming and acid 
forming waste rock and tailings encountered are to be selectively placed and/or encapsulated to 
minimise the potential generation of AMD; 

d)  where relevant, a sampling program to verify encapsulation and/or placement of potentially acid-
forming and acid-forming waste rock and tailings; 

e)  how often the performance of the plan is to be assessed; 
f)  the indicators or other criteria on which the performance of the plan can be assessed; 
g)  rehabilitation strategy; and 
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h)  monitoring or rehabilitation, research and/or trials to verify the requirements and methods for 
decommissioning and final rehabilitation of the placed materials, including the prevention and 
management of AMD, erosion minimisation and establishment of vegetation cover. 

Tailings disposal areas must be designed and constructed to ensure that any runoff or seepage from 
the disposal area is contained within the mine water management system. 

2.6.3 Progressive Rehabilitation and Closure Plan  

The Queensland government is seeking better mine rehabilitation and improvement in Financial 
Assurance. The mining rehabilitation reforms include: 

• Mining rehabilitation reforms 
• Mineral and Energy Resources (Financial Provisioning) Bill 2018 
• Financial Assurance under the Environmental Protection Act 1994 Guideline  

The reforms are being developed to reduce environmental harm and ensure that there is adequate 
financial provisioning. The need to develop a robust and defensible life of mine plan is being driven by: 

• amendments to the Queensland Government Mineral and Energy Resources (Financial 
Provisioning) Bill 2018 (the Bill) 

• amendments to the Environmental Protection Act 1994 (EP Act) that are going to require a 
progressive rehabilitation and closure plan schedule to be documented in the Project’s 
Progressive Rehabilitation and Closure Plan (PRC Plan) 

A PRC Plan is likely to have mandatory content: 

• A rehabilitation planning component which documents the:  
• consultation processes undertaken to develop the plan;  
• the proposed design of the mine;  
• the final landform including encapsulation and cover design requirements; 
• different post-mining land uses or non-use management areas for the site,  
• methodologies and trials for rehabilitation; 
• and any post-closure management requirements for the site. 
 

• A progressive rehabilitation and closure plan schedule component (PRC Plan schedule) which 
includes: 
• all mined units (not just waste); 
• maps of final rehabilitation outcomes for each area;  
• tables of time-based milestones for achieving each post-mining land use or non-use 

management areas, and,  
• any conditions imposed on the schedule by the administering authority. 

The content in this MMM Plan can (when it is completed) satisfy most of the major planning and 
scheduling components of a PRC Plan. The MMM Plan can be incorporated into the PRC Plan for the 
SEV Project. 

2.7 Document control and review process 

RGS has worked with Wave, Multicom and EPIC Environmental to develop this MMM Plan. This MMM 
Plan should be reviewed annually by a suitably qualified person and progressively updated and 
implemented by Multicom.  

Revision 001 of the Plan is dated 11 October 2019. 

The information in Table 2-1 documents the version control and sign off by RGS and Wave. 

https://www.ehp.qld.gov.au/management/env-policy-legislation/mining-rehabilitation-reforms.html
https://www.ehp.qld.gov.au/management/env-policy-legislation/mining-rehabilitation-reforms.html
https://www.ehp.qld.gov.au/management/env-policy-legislation/mining-rehabilitation-reforms.html


 
Mine Material Management Plan 
 
 

Page | 15 2019021_Revision 0 

Table 2-1: MMM Plan Version Control and Approval 

Document Control 

 Revision Signatory Role Company approval (Signed and dated) 
Revision 001 To be advised To be advised To be advised 

 
Table 2-2 allows for future amendments to the MMM Plan to be progressively tracked, over the life of 
the mine, and, if any substantive changes have been made or are proposed to be recorded in the Plan.  

Commitment 4: Multicom will document how and why changes are made to the Plan to allow 
subsequent managers to understand the history of the site and follow the progressive 
management and operation of the mine areas. This is a critical component of the MMM Plan and 
it becomes increasingly important to understand why changes are made over the life of the 
mine. 

Table 2-2: Management Plan Amendments 

Document Control 

 Revision Signatory Requirement for amendment Reference to amendment   

Revision 001 To be advised To be advised To be advised 
 

RGS is to certify that this MMM Plan would meet the intent of the EA conditions i.e. the plan has the 
ability to enable site personnel to progressively characterise, mine and place the mined materials so 
that their potential to contribute to (or to mitigate) environmental harm can be determined (refer to 
Section 8.3). 

In addition to the geochemical and physical characterisation of mined materials, the MMM Plan includes 
a program of work to manage the design process for the construction of landforms to contain future 
mine wastes that have the potential to limit the extent of any adverse impact on the receiving 
environment.  

2.8 Integration of the plan with other departments 

Effective management of mine waste and tailings, and the material that is going to be required to initiate 
and then maintain sustainable vegetation, requires communication between the environmental, 
geology, mine planning and technical services departments.  

Without effective communication and clear workflow designation the MMM Plan is not going to meet its 
aims or objectives.  

Commitment 5: The information in Table 2-3 shows the potential workflow within and between 
departments: this table is to be updated by Multicom when the Project is approved. 

  



 
Mine Material Management Plan 
 
 

Page | 16 2019021_Revision 0 

Table 2-3: EXAMPLE: MMM Plan departmental workflow (this flow sheet should be developed by the proponent as the SEV Project becomes operational). 

Department Role Tasks and responsibilities Connections 
Environment 
Department 

Document control Owner of the MMM Plan → Geology,  

  Compilation and updating the MMM Plan and ensuring that the aim and objectives will be met i.e. auditing process → Environmental, 
  Ensuring the MMM Plan is integrated with the Plans being managed by other departments e.g. the PRC Plan and Water Management 

Plan 
→ Planning, → Environmental, → Geology, → Tech. 
Services 

  Ensure annual (or other) scheduled mine material sampling and analytical programs are planned, ahead to mining, on an as-required 
basis. 

← Planning, ←→ Geology 

  Work with the geology department to develop the MMM Plan on an annual (or as required) basis to obtain necessary samples from in-
fill drilling programs and or blast hole drilling programs 

←→ Geology 

  Document how changes to the MMM Plan will be tracked over time  
 Life of mine 

planning 
There is (will be) a regulatory requirement for a PRC Plan that must align with the short, medium, and long-term rehabilitation goals for 
the site 

← Planning 

  The Environment Department must work with other departments and guide them to ensure that the operational mine plans to mine and 
produce coal align the legislative requirements of the Queensland Government Mineral and Energy Resources (Financial Provisioning) 
Bill 2018 and the amendments to the Environmental Protection Act 1994 

←→ Planning 
←→ Geology 

 Material 
characterisation 

Define the material types that will be mined (or processed) and need to be managed and rehabilitated to attain minimal financial liability 
and relinquishment. In general, all materials from the topsoil to the deepest mined surface should be included in the MMM Plan 

← Geology 

  Document the specific sampling processes and the physical and geochemical analytical methods that will be adopted   
  Define the geochemical and physical criteria that will be used to classify the samples from drilling and sampling programs  
  Manage the interpretation and classification of the analytical data   
  Provide the raw data and interpreted data to the geology department → Geology 
 Financial 

Provisioning 
Environmental Departments are typically required to manage environmental provisioning for rehabilitation and closure, and this requires 
reliable outputs from short, medium and long term mine plans. 

← Planning 

Geology Department Drilling and 
sampling 

Utilise the MMM Plan to develop annual (or other) scheduled exploration and operation drilling and sampling plans ← Environmental, ←→ Geology 

  Implement the exploration and operation drilling and sampling plans → Geology 
 Update geology 

models  
Compile the material characterisation data into the geology model(s) ← Environmental 

  Develop and report annual material balances and provide these to Environmental Department → Environmental 
  Provide the revised geology model to the mine planning team → Planning 
 Issue geology 

model and material 
balances 

Provide updated material balances for all mined units to the Environment team to verify that the overall aim of the rehabilitation and 
closure plan can continue to be met e.g. for the active (current iteration) of the mine plan is there enough topsoil, subsoil and other 
necessary material to achieve complete rehabilitation over the life of mine 

→ Environmental 

Mine Planning 
Department 

Life of mine 
planning 

Development and maintenance of schedule in the Operational Mine Plan and PRC Plan  ←→ Geology, ←→ Environmental 

 Scheduling Utilise revised geology models to develop short, medium and long term mine plans including plans for progressive rehabilitation and 
closure 

← Geology 

  Mine planners will need to align with environmental design criteria associated with constructed landforms to ensure that the landforms 
are rehabilitated to a safe and stable landform that does not cause environmental harm and will conform to the objectives of the Mineral 
and Energy Resources (Financial Provisioning) Bill 2018 (the Bill)  

→ Planning 

  Mine planners will provide the numerical basis from the Operational Mine Plan and PRC Plan to the environmental department for 
annual financial reporting (internally and externally).  

→ Environmental 

  Mine planners will provide the schedules and plan to technical services to implement on the ground → Tech. Services 
Technical Services Design and 

construction 
Operation of the mine including implementation of rehabilitation plans ← Planning, ← Environmental, ← Geology 
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3 Geology, resource and geo-environmental block model 

3.1 Regional setting and diagenesis  

The SEV Project area contains sediments of the Eromanga Basin, a marine basin that formed between the 
Late Triassic to Early Late Cretaceous. MLA100162 contains sediments deposited in the Late Early 
Cretaceous, comprising the Toolebuc Formation, and the overlying Allaru Mudstone (Resolve 2018). No 
subsidence has been noted at the site. 

Underlying the Toolebuc Formation is the Wallumbilla Formation, the most widespread marine unit within the 
Eromanga Basin. The Allaru Mudstone is generally 200 – 300 m thick and formed in a shallow to basinal 
marine setting. The Toolebuc Formation is a widespread cocquinite and underlying oil shale, varying between 
6 to 45 m thick basin wide. The unit presents as a vanadium enriched 6 m cocquinite with an average 12 m 
thick underlying vanadium enriched calcareous oil shale unit within the tenement area. The structural geology 
within the tenement is benign, with a gentle anticlinal structure on both an east west and north south axis, 
known as the Saint Elmo Anticline (Resolve 2018). The typical stratigraphy of the Project area is in Figure 
3-1. 

 

Figure 3-1: Typical correlating stratigraphy of the Saint Elmo deposit 

3.2 Geology  

The SEV Project involves the development of a resource harvesting facility, incorporating shallow open pits: 
ranging in depth from 20 m to 40 m depending on the depth of overburden. The mine will use a strip mining 
method in order to obtain access to large known deposits of vanadium bearing sedimentary material. There 
will be ongoing progressive rehabilitation over the life of mine. 

Mining is proposed to be carried out sequentially from mining panels along the north-south axis of Mining 
Lease Application (MLA) 100162, a greenfield site. Once the ore is removed, the panel would be backfilled 
with beneficiated gangue material (including washed waste rock) and overburden material, then contoured 
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and sheeted with topsoil. Subsequently, revegetation with native species or as otherwise agreed with relevant 
stakeholders is to take place.  

The vanadium occurs within the unit as V2O5 and is found within organic compounds (kerogen and vanadyl 
porphyrins), within clays, and also within pyrites (within the fresh portion of the unit) and associated goethite 
within the oxidised units (Resolve 2018). In the oxidised rocks, vanadium within the organic compounds is 
unbound, which typically enhances metalliferous recovery and mining / beneficiation properties of the ore 
(Resolve 2018). 

3.3 Multicom resource block model 

Regional exploration in the area of EPM 26410 and MLA 100162 has been widespread over the past 50 years. 
A significant focus of previous exploration and prospecting (prior to the Fimiston Pty Ltd drilling campaign in 
1998/9) was on the oil contained within the un-oxidized kerogen rich shale and limestone units within the 
Toolebuc Formation. The Toolebuc Formation was first investigated for vanadium in the early 1970’s by 
Aquitane Petroleum Pty Ltd, who tested for vanadium within both the oxidised and fresh Toolebuc Formation, 
with positive results for testing and metallurgy (Fimiston, 2000). Holes were drilled on a wide (~6 km) spaced 
grid over a large area, which showed the Toolebuc Formation to be present with a consistent thickness. 

The period from 1979 to 1982 saw more than 250 holes drilled in the vicinity of the Saint Elmo homestead, 
and reserve estimation was completed on the drilling. The drilling reported 0.35 % V2O5 per tonne of ore 
(Whitcher, 1993). 

Fimiston entered an agreement to acquire the tenements in 1998, specifically targeting the enriched vanadium 
in the oxide layers of the Toolebuc Formation.  This included a literature review and desk study, followed by 2 
years of drilling in which 307 holes were drilled for 5119 m. 

Sampling of the geology for assay was completed on a 1 m basis, with a lesser number of sample thicknesses 
up to and including 6 m. Of the total length of samples with a > 1 m sample length  
(526 m), 116 are from lithologies (oxidised shale and oxidized coquina) included within the resource estimate. 
The drilling completed up to February 2018 is shown in Figure 3-2. Sampling typically started 1-2 m above 
the Allaru Mudstone / Toolebuc Formation contact. 

Most recently, Multicom, leveraging off the previous geological data acquisition, has completed a number of 
bulk samples, totalling 100 tonnes of material from and adjacent to the Toolebuc Formation for metallurgical 
and extraction testing of the vanadium content.   
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Figure 3-2: Completed drill holes as of February 2018 
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Drill holes were imported into Micromine geological modelling software, including a header (collar) file, a 
geology file and an assay file.  

Standard checks were carried out on the data, including cross section review, production of thickness and 
grade isopaches to test for anomalies, and database checks including collar height checks, identifying 
duplicate holes and depth overlaps 

A reference surface was constructed and extrapolated to the limits of the tenement to reflect the interpreted 
local geology. 

Thickness models for the coquina and the Allura Mudstone were built on a 50 m grid spacing (inverse distance 
squared (IVD2) interpolation method was used), stacked on top of the reference surface and then cut by the 
soil and the topography, for which a 1 arc second (SRTM) dataset was used. Resolve acknowledged that 
these datasets are inaccurate by comparison to a LiDAR survey, however given the extremely flat nature of 
the terrain over EPMA 26410, it was not thought that the use of a lesser quality topographic model would be 
a material detriment to the reported confidence levels. All drill hole collars were registered to the topography 
before modelling proceeded. 

The basal shale unit of the Toolebuc Formation is not commonly drilled through into the unit below. A 15m 
thickness was assumed. Grades of key elements were estimated into the block model using an inverse 
distance method (IVD2). The model was then cut by a base of weathering wireframe before resources were 
extracted from the oxide layer and the limited fresh coquina.  

3.4 DES geo-environmental block model requirements 

DES state that the SEV Project “EIS must detail high risk waste material will be managed and should include 
a block model, inform a detailed material handling and management program, rehabilitation plan and final 
landform design”. 

3.5 Multicom geo-environmental block model commitments 

Commitment 6: The block model requirement by DES in Section 3.4 will be addressed by Multicom in 
the following way. 

• The SEV Project will develop a Geo-environmental Block Model (GBM) to differentiate this 
environmental model from the geology, ore and resource block model(s). 

• The GBM will include the overburden in the regolith units such as topsoil, sub-soil, and the 
underlying extremely weathered to partially weathered geological units above the groundwater 
table down to the deepest mined surface. If interburden occurs between ore bodies then this 
would also be included in the GBM. 

The requirement to model the regolith, overburden and interburden units is driven by the need to:  

• Reduce the potential for environmental harm 
• Develop material balances for each major mine units 
• Integrate the GBM with the resource block model and mine plan to develop landform and haulage 

schedules (LHS) for the mining and management of topsoil, subsoil, overburden and interburden 
• Undertake progressive rehabilitation using the GBM LHS  
• Develop and maintain self-sustaining vegetation 
• Limit financial liability associated with failed rehabilitation 
• Attain relinquishment of the land or enable transfer of the title to another owner. 

The goal of the GBM is to achieve stable and safe constructed mined landforms that have self-sustaining 
vegetation and rehabilitation outcomes that are non-polluting. To achieve this goal a mine must identify, mine 
and place material that requires active management into the most appropriate location and reinstate a soil 
profile on the mined landforms that has the biogeochemical properties and functions of the pre-mined land.  
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Commitment 7: The detail and level of reliability in the GBM is dependent on the geological and 
geochemical data that has been compiled and will continue to be compiled from Q4 2019 to end of Q2 
2020 and then beyond that over the life of mine. 

• The Multicom Environment Department will define the major rehabilitation units (MRUNITS) that 
can and need to be modelled to define material balances and the landform haulage schedule. 

• The Multicom Geology Department will develop a procedure to model the MRUNITS, so that 
material balances and mining and placement landform haulage schedules can be developed 
and used in short (3 to 6 month), medium (5 Yr.) and long term mine (25 yr.) planning. 

Multicom is considering commissioning a LiDAR surface for the SEV Project in 2020. This would enable 
detailed designs to be developed.    
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4 Completed planning and soil and geochemical assessment 
Epic Environmental completed an EIS in 2019 to describe the SEV Project and enable the long term life of 
mine environmental aspects to be evaluated.  

4.1 Life of mine plan  

The life of mine (long term) plan (LoM Plan) provides a Project baseline that defines the potential open cut 
area, operational sequencing and schedule, and defines the strategies for managing mine waste using out of 
pit and in-pit storage facilities and the LoM rehabilitation strategy.  

The LoM Plan as presented in the EIS and PFS is going to be subject to iterative changes over the LoM and 
these changes must be documented in this Plan to ensure that the “end point” for compliance with the EA 
rehabilitation objectives is kept in mind. 

Commitment 8: The Multicom Planning Department will update the extent of the SEV Project that 
defines the LoM Plan with each revision of the 5-year mine plan to articulate potential amendments to 
the EIS (Figure 4-1). 

The primary purpose of documenting changes to the LoM Plan (including areal and volumetric data) is to define 
the extent of the mine area, backfilled voids, and residual voids that may exist when mining ceases and to 
identify if there is going to be a surplus or deficit of material for rehabilitation.  

The short term (e.g. 3 to 6 month) and medium term (5 Year) plans provide increased resolution around the 
activities that are to be addressed by Multicom (Section 1). 

4.2 Operational drilling for exploration, resource, geotechnical and hydrogeological 
programs  

An ongoing program of geological and geotechnical investigations is to be carried out by Multicom to further 
define the vanadium resource and refine the mine plan as mining progresses.  

This is to include lease-wide coverage as well as more intense drilling of the sub-crop in the area of early 
production, covering both the open cut mine areas and underground mine. This drilling program would increase 
knowledge of the deposit for resource estimation, hydrogeological and geotechnical evaluation. 

These investigations should also provide further detail on ground conditions and enable detailed design of all 
infrastructure and structures associated with the SEV Project. 

Commitment 9: Multicom will integrate the drilling programs above with the EA requirements for a 
Geochemical and Physical Sampling and Analysis Plan (GaPSaAP) for material characterisation and 
classification. 

• The GaPSaAP will be integrated by the Environmental and Geology Departments with the 
exploration, resource, and drill and blast drilling plan(s). 
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Figure 4-1: LoM Plan 
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4.3 Major mine materials  

The major mine material units at the SEV Project are described in Section 3 and include the following. 

• Topsoil, subsoil and weathered regolith (claystone and siltstone) in the Allura Formation 
• Weathered regolith (cemented Coquina) in the Toolebuc Formation  
• Soft oxide Coquina in the Toolebuc Formation 
• Oxide Toolebuc ore  
• Underlying fresh Toolebuc Shale  

4.3.1 Soil survey  

The soil and land suitability survey by GT Environmental (2019) was scoped and conducted in accordance 
with the Guidelines for Surveying Soils and Land Resources (McKenzie et al. 2008). Soil Characteristics and 
Soil Profiles have been described in accordance with the Australian Soil and Land Survey Handbook (National 
Committee on Soil and Terrain, 2009 and Gunn et al. 1988). Soils have been grouped according to their parent 
material and position in the landscape and classified in accordance with the Australian Soil Classification 
(Isbell, 2002). Soils have also been correlated to soils mapped in CSIRO Land System boundaries (General 
Report on Lands of the Leichardt-Gilbert Area, Queensland 1953-1954, Perry et al. 1964) over the project site 
and identified proposed soil types.  
 
Determination of land suitability at the project site has been conducted based upon the Guidelines for 
Agricultural Land Evaluation in Queensland (DSITI & DNRM, 2015) and Regional Land Suitability Frameworks 
for Queensland (DSITI & DNRM, 2013). Reference was also made to the superseded LSAT suitability for beef 
cattle grazing assessment (LSAT, 1990).  

Of the 176 observation sites completed for the EIS four SMUs and 196 Unique Mapping Areas (UMAs) were 
identified in the project site (Table 4-1). 
 
Table 4-1: SEV Project soil mapping units 

 

4.3.2 Soil chemistry  

Collection of soil samples for laboratory analysis included 17 samples from four sites representing major soil 
mapping units (SMU)). This work was undertaken by GT Environmental (2019) in line with the Land Suitability 
Assessment Techniques (LSAT) outlined in the Department of Minerals and Energy (DME) guideline Technical 
Guidelines for Environmental Management of Exploration and Mining in Queensland (DME, 1995). Soil 
samples were collected to a depth of 1m bgl. 
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Completed sampling and analysis verifies the following. 
 

• There are no acidity issue with the soil pH ranging from 7.82 to 9.01 
• The total sulfur measured in the soil was 0.008 % to 0.017%  
• Topsoil from 0 to 0.6 m bgl has low salinity ranging from 309 to 674 µS/cm and low ESP 
• Subsoil is moderately to highly saline with salinity ranging from 1,226 to 5,074 us/cm with high ESP 
• There is no metal(loid) data for the soil samples. 

 
This MMM Plan includes additional work to fill existing data gaps in Section 0. 

4.3.3 Overburden and interburden geochemistry 

The SEV Project has an extensive geo-environmental database that can be used to define the potential 
geochemical and physical properties of the overburden units. 

• Within the database there are 2087 data points with < 2000 ppm V. 
• The 2087 data points are defined as overburden (material that could be used for rehabilitation or 

may need to be considered as waste).  
• The assay data for the 2087 samples includes Al, Ba, Ca, Cd, Cu, Fe, K, Li, Mg, Mn, Mo, Na, S, Se, 

Sr, Ti, Zn and Zr. 
• There is missing data in the regolith above the ore.  
• The TS values are 250 ppm, 10,652 ppm and 68,400 ppm. Most of the S is assumed to be present 

in non-acid forming minerals such as gypsum. 
 
This MMM Plan includes additional work to fill existing data gaps in Section 5.5 and Section 5.6. 

4.3.4 Ore geochemistry 

The resource endowment is widespread and shows excellent continuity within the tenement which is hosted 
within vanadium pentoxide (V2O5) enriched oxidised units of the Toolebuc Formation. The orebody is 
homogeneous in nature with minimal grade variation and lithology is consistent. Weathering along the anticline 
structures has some differing overburden amounts. The reconciliation of the topography against the underlying 
lithologies has allowed the production of a strip ratio map of overburden down to the oxide layer. The Micromine 
model has also allowed the definition of composite V2O grade within both the shale and coquina lithologies 
and grades of V2O5 and CaCO3 were estimated in the block models using an inverse distance interpolation. 
Sampling was split to 0.5m increments in the block model. 

4.3.5 Tailings static and kinetic geochemical testing 

In 2019 Wave International Pty Ltd (Wave) engaged RGS Environmental Pty Ltd (RGS) to supervise the static 
geochemical analysis of the following (five) samples. These samples were used to provide the two samples 
that are being subjected to kinetic leach column (KLC) testing. The RGS report sumitted 28 August 2019 is in 
Appendix A. Raw data from ALS for the kinetic testing is in Appendix B. 

• 3 x fractions of bulk calcite rejects Coquina Comp 1 (received by ALS 1st April 2019) that included: 

• Coquina Comp 2 +4mm 

• Coquina Comp 2 -4+0.3mm 

• Coquina Comp 2 -0.3mm Cyc #1 52 UF 

• 1 x bulk Calcite Rejects Coquina Comp 2 (sent to ALS 12th June 2019) 

• 1 x Bulk Calcite Rejects 2 Roasted - H2SO4 Leach Residue – Neutralisation (sent to ALS 24th June 
2019). 

RGS has completed 3 x weekly leach cycles and 2 x monthly leach cycles on 2 x KLC samples that include a:  
 

• KLC#1: Composite of the 3 x fractions of the bulk calcite rejects Coquina Comp 1 
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• KLC#2: bulk calcite rejects Coquina Comp 2 
 

The static geochemical characterisation methods used to classify the tailings are in Table 4-2. 

Table 4-2: Analytical methods used for the static tailings program 

Static 
geochemical 
characterisation 

IN-4S pH and EC at 1:5 wt/v Report pH and EC of deionised water used in 
1:5 test along with deliverables  

EA013 Acid Neutralising Capacity 
ED042T Sulfur - Total as S (LECO) 
EA026 Chromium Reducible Sulfur (CRS) 
ME-MS41   Full suite of Metals (48 elements using a 2-acid aqua regia digest) 

ED008 Exchangeable Cations (Ca, Mg, Na, K) plus EC & ESP with pre-
treatment on Soils (pH <7.3 and EC >300μm) NOTE: If pH < 6.0 

        
 

 
 
 
 
 
 
Water soluble 1:3 
x 16 hr soil 
extract 
 
 
 
 
 
 
  

EN35 1:3 Soil Water Extract 
EA005P  pH by PC titrator 
EA010P EC by PC titrator 
NT-1  Major Cations (Ca, Mg, Na, K)  
ED041G Sulfate (Turbidimetric) as SO4 2- by Discrete Analyser 
ED045G Chloride by Discrete Analyser 
EK040P Fluoride by PC Titrator 
EK071G Reactive Phosphorus as P by discrete analyser 
ED093F Dissolved Major Cations (Ca, Mg, K, Na) 

EG020F  Metals listed on Water-KLC Extended Suite (48 elements (ICP-MS)) 

4.3.5.1 Actual and potential acidity 

The hydrogen ion concentration (pH) of all samples are mildly alkaline at pH 7.8 to 8.5. 

The sulfide concentrations of all samples are very low ranging from < 0.005 to 0.01% verifying the materials 
have a very low potential to oxidise and produce acid.  

All samples have very high ANC ranging from 825 to 942 kg H2SO4/t.   

All samples are classified as Acid Consuming (AC) and are determined to leach mildly alkaline to neutral pH 
water. This is a positive finding for the tailings assessment. 

The Bulk Calcite Rejects 2 Roasted - H2SO4 Leach Residue – Neutralisation sample was from a process 
that is not going to be used at the site. 

4.3.5.2 Saline drainage potential 

The EC of the samples are very low ranging from 102 to 183 µS/cm. Furthermore, the TS concentrations of 
0.02 to 0.05% verify the potential for saline drainage dominated by SO42- is also very low.   

4.3.5.3 Total elemental content of rejects and tailings  

The total elemental content was measured using the ALS MEMS41 method (2 acid aqua regia digest). The 
total elemental content can be compared to the soil concentrations to evaluate if the enrichment has the 
potential to adversely affect soils in the receiving environment or water resources. Total elemental content 
does not infer the elements would be susceptible to being environmentally mobile. 
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The concentration of elements of environmental concern such as arsenic, cadmium, cobalt, copper, lead, and 
zinc are all in the same range of concentrations as the median values of Australian soils.  

• Co was measured at 1.3 mg/kg to 3.1 mg/kg – median concentration in Australia in soil 26 mg/kg  

• Pb was measured at 1.3 mg/kg to 4.8 mg/kg – median concentration in Australia in soil 14 to 24 mg/kg  

The concentration of elements of environmental concern such as arsenic, cadmium, copper, manganese, 
molybdenum selenium and zinc are all elevated above the median values of Australian soils, suggesting there 
may be some potential for water quality issues associated with the mining and placement of these materials. 

• As was measured at 7.7 mg/kg to 23.7 mg/kg – median concentration in Australia in soil 3 to 5 mg/kg  

• Cd was measured at 18.7 mg/kg to 68.8 mg/kg – median concentration in Australia in soil 0.12 mg/kg  

• Cu was measured at 48.9 mg/kg to 91.2 mg/kg – median concentration in Australia in soil 9 to 38 
mg/kg  

• Mn was measured at 466 mg/kg to 686 mg/kg – median concentration in Australia in soil 201 to 780 
mg/kg  

• Mo was measured at 16.2 mg/kg to 78.1 mg/kg – median concentration in Australia in soil 1.01 to 3.2 
mg/kg 

• Se was measured at 0.8 mg/kg to 1.7 mg/kg median concentration in Australia in soil of 0.28 mg/kg 

• Zn was measured at 176 mg/kg to 354 mg/kg – median concentration in Australia in soil 10 to 73 
mg/kg  

4.3.5.4 Water soluble process residue results 

The 1:3 (solid to water) 16-hour water soluble leach test is a selective leaching procedure that is used to 
quantify the concentration of each element that may be susceptible to being leached from the sample by water 
for a single leach event.  

The pH and EC results verify the samples are circum-neutral and have very low salinity (102 to 183 us/cm).  

The results also verify that the water-soluble elemental content is very low for the major cations (Ca, Mg, K 
and Na), major anions (Cl, F and P) and major, minor and trace elements (metal(loids)). 

There are 5 samples of process residue (tailings samples) (Table 4-3). Static geochemical testing on the 4 
Coquina samples verifies the following. 
 

• Total sulfur in the 4 Coquina Comp and Calcite Rejects samples is 0.02 to 0.05%  
• The ANC is very high > 825 kg/tonne 
• The samples are acid consuming (AC) and should not produce acid 
• Total elemental assay concentrations are low/very low. 

 
This MMM Plan includes additional work to fill existing data gaps in Section 5.4.3. 

Table 4-3: Static geochemical results of the 5 tailings samples. 
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pH Value pH Unit 0.1       8.8 7.1 
Net Acid Production Potential kg H2SO4/t 0.5 -915 -942 -825 -855 73 
Electrical Conductivity @ 25°C µS/cm 1 179  138  102  183 2740 
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ANC as H2SO4 kg H2SO4 equiv./t 0.5 916 943 827 856 98 
ANC as CaCO3 % CaCO3 0.1 93 96 84 87 10 
Fizz Rating Fizz Unit 0 5.000 5.000 5.000 5.000 2 
Chromium Reducible Sulphur % 0.005 0.010 0.006 0.007 <0.005 0.019 
Sulfur - Total as S (LECO) % 0.01 0.030 0.020 0.050 0.020 5.61 
Moisture Content % 0.1       <0.1 35 
Exchangeable Calcium meq/100g 0.2       2.2 203 
Exchangeable Magnesium meq/100g 0.2       <0.2 0.8 
Exchangeable Potassium meq/100g 0.2       <0.2 0.7 
Exchangeable Sodium meq/100g 0.2       <0.2 0.2 
Cation Exchange Capacity meq/100g 0.2       2.2 205 
Exchangeable Sodium Percent % 0.2       <0.2 0.1 
Kinetic leach cell testing 
commencing   YES YES  

 

The kinetic leach column results for the two KLC samples in Table 4-4 verify the materials are acid consuming 
(AC) and produce leachate that is mildly alkaline, with low salinity and low metal(loid) concentrations. 
 
This MMM Plan includes additional work to fill existing data gaps in Section 5.4.3. 
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Table 4-4: Kinetic leach column geochemical results of the 2 composite tailings samples. 

 
    KLC 1 Coquina Composite   KLC 2 Bulk Calcite Rejects 

Date 10-Jul-19 16-Jul-19 31-Jul-19 27-Aug-19 10-Jul-19 16-Jul-19 31-Jul-19 27-Aug-19 
Number of Weeks 0 4 9 13 0 4 9 13 
Leach Number 1 2 3 4 1 2 3 4 
ALS Laboratory Number EB1917963001 EB1918377001 EB1919937001 EB1922373001 EB1917963002 EB1918377002 EB1919937002   
Volume On (L) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Volume Off (L) 0.793 0.695 0.680 0.323 0.441 0.672 0.393 0.788 
Cum. Volume (L) 0.79 1.49 2.17 2.49 0.44 1.11 1.51 2.29 
Pore Volumes 0.6 1.1 1.6 1.8 0.3 0.8 1.1 1.7 
pH (RGS Measurement) 8.28 8.25 8.04 8.29 7.88 8.84 8.12 8.60 
pH (ALS Measurement) 8.38 7.92 7.71 8.15 7.77 8.37 8.20 8.35 
pH (deionised water used in test) 5.22 5.47 5.47 6.01 5.22 5.47 5.47 6.01 
EC (RGS Measurement) (μS/cm) 234 124 133 171 601 104 90 92 
EC (ALS Measurement) (μS/cm) 288 153 143 184 680 127 111 96 
Acidity (mg/L)* 0.5 1 1 0.5 2 0.5 0.5 0.5 
Alkalinity (mg/L)* 48 36 38 81 93 48 43 39 
Net Alkalinity (mg/L)* 47.5 35 37 80.5 91 47.5 42.5 38.5 

                    
Major Ions (mg/L) LoR     
Calcium (Ca) 1 19 13 13 22 58 15 13 12 
Potassium (K) 1 2 0.5 1 1 3 0.5 0.5 0.5 
Magnesium (Mg) 1 2 1 1 2 3 0.5 0.5 0.5 
Sodium (Na) 1 31 15 14 18 76 11 8 6 
Chloride (Cl) 1 39 13 12 8 83 5 3 4 
Fluoride (F) 0.1 0.8 0.7 1 0.07 1.3 0.4 0.4 0.07 
Sulfate (SO4) 1 19 12 12 19 86 14 12 7 
Trace metals/ metalloids (mg/L) LoR     
Aluminium (Al) 0.01 0.0300 0.0400 0.0200 0.0050 0.0100 0.0200 0.0300 0.1000 
Arsenic (As) 0.001 0.0080 0.0090 0.0100 0.0260 0.0640 0.0170 0.0140 0.0900 
Boron (B) 0.05 0.0250 0.0500 0.0600 0.0600 0.1300 0.0600 0.0500 0.0250 
Barium (Ba) 0.001 0.0430 0.0250 0.0420 0.0460 0.0670 0.0190 0.0310 0.0490 
Beryllium (Be) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0010 0.0005 
Cadmium (Cd) 0.0001 0.0001 0.0002 0.0001 0.0002 0.0001 0.0001 0.0003 0.0001 
Cerium  (Ce) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Caesium (Cs) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Cobalt (Co) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Chromium (Cr) 0.001 0.0030 0.0010 0.0005 0.0020 0.0420 0.0020 0.0005 0.0005 
Copper (Cu) 0.001 0.0180 0.0120 0.0110 0.0070 0.0190 0.0040 0.0060 0.0040 
Dysprosium (Dy) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Erbium (Er) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Europium (Eu) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Gadolinium (Gd) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Gallium (Ga) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Hafnium (Hf) 0.01 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 
Holmium (Ho) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Indium (In) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Lanthanum (La) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Lithium (Li) 0.001 0.0250 0.0120 0.0120 0.0100 0.0150 0.0040 0.0040 0.0070 
Lutetium (Lu) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Iron (Fe) 0.05 0.0250 0.0500 0.0250 0.0250 0.0250 0.0250 0.0250 0.0250 
Mercury (Hg) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
Manganese (Mn) 0.001 0.0070 0.0050 0.0040 0.0190 0.0040 0.0010 0.0030 0.0030 
Molybdenum (Mo) 0.001 0.0110 0.0090 0.0090 0.0150 0.0570 0.0140 0.0100 0.0050 
Neodymium (Nd) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Nickel (Ni) 0.001 0.0010 0.0010 0.0005 0.0005 0.0010 0.0005 0.0005 0.0005 
Lead (Pb) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Antimony (Sb) 0.001 0.0010 0.0010 0.0020 0.0040 0.0070 0.0020 0.0020 0.0010 
Praseodymium (Pm) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Rubidium (Rb) 0.001 0.0010 0.0005 0.0005 0.0005 0.0010 0.0005 0.0005 0.0005 
Samarium (Sm) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
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Selenium (Se) 0.01 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 
Silver (Ag) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Strontium (Sr) 0.001 0.1750 0.1300 0.1680 0.2080 0.5760 0.1160 0.1210 0.1260 
Tellurium (Te) 0.005 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 
Terbium (Tr) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Thallium (Tl) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Thorium (Th) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Thulium ™ 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Tin (Sn) 0.01 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Titanium (ti) 0.001 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 
Uranium (U) 0.001 0.0030 0.0040 0.0040 0.0040 0.0100 0.0020 0.0200 0.0030 
Vanadium (V) 0.001 0.3500 0.3000 0.3600 0.4400 0.9200 0.3600 0.3600 0.2300 
Ytterbium (Yb) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Yttrium (Y) 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Zinc (Zn) 0.005 0.0070 0.0080 0.0025 0.0025 0.0005 0.0025 0.0025 0.0025 
Zirconium (Zr) 0.005 0.0005 0.0025 0.0025 0.0025 0.0005 0.0025 0.0025 0.0025 
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5 Short and Medium Term (5-Year) MMM Plan 

5.1 Mine Plan 

Commitment 10: The 5-Year Plan will be updated annually so there is always a detailed 5-Year Plan to 
work towards. 

Multicom has engaged Downer Mining to undertake a prefeasibility (PFS) level mining study for open pit mining 
operations at the SEV Project. The purpose of this PFS Mining Study is to develop a fully costed and workable 
mine plan and schedule for open pit mining. In addition, any further work required to achieve a safe and efficient 
mining operation is to be identified, to enable progression to a Feasibility Study for the SEV Project. 

The mining reserves were developed based on the provided “Mar18 BMF Downer Export GDA94.csv” 
geological model and a 0.2 % V2O5 cut-off grade for in-situ ore. A 5-year mining schedule was completed and 
costed. A 25-year mining schedule has also been run, but not costed. It is assumed the costs can be factored 
up from the 5-year schedule for the purposes of this study and the level of detail. 

Boundaries for the 5-year and 25-year mine plans are shown in Figure 5-1.  Orebody and Overburden 
thickness plots for the Project are provided in Figure 5-2 and Figure 5-3.   

 

 

Figure 5-1: Boundaries for 5-year and 25-year mine plans 
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Figure 5-2: Orebody thickness plot 5 Years 

 
Figure 5-3: Overburden thickness  
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In the transition from the PFS and EIS to site operations some amendments may be required to the procedures 
and plans that were developed and anticipated to be implemented at site.  

The information in this section of the MMM Plan aims to allow the implementation of a staged series of work 
programs that are designed to meet the requirements in the EA, reduce the potential for environmental harm 
and enable successful progressive rehabilitation. 

5.2 Existing numerical models and data 

Commitment 11: The numerical models and data in Figure 5-1 to Figure 5-3 associated with the mine 
plan including definition of the ore body and overburden thickness will be used to assist in the 
development of the geo-environmental block model.  

5.2.1 Resource drilling and sampling program  

The geological model and resource estimation within the SEV Project has been based on a robust data set 
including in excess of 550 holes and over 2,400 samples. Geostatistical analysis of the data has allowed 
extrapolation from points of observation to be determined with confidence. However, a relatively small 
proportion of the total resource falls within the JORC (2012) measured resource framework, and, dependant 
on mining production rates, may not be able to support a proven reserves estimation beyond a 10-year mine 
life. Figure 3-2 details a drilling plan to extend the Measured Resources over approximately half of the current 
Indicated Resources footprint. The recommended drilling encompasses 180 shallow reverse circulation holes, 
and 10 further HQ core holes for geotechnical and ground water characterisation. 

Commitment 12: All diamond core holes drilled for geotechnical and ground water characterisation 
will be submitted to the GaPSaAP. 

5.3 Geochemical and physical sampling and analysis plan (GaPSaAP) 

Commitment 13: Geochemical and physical sampling and analysis will be completed ahead of mining 
to: 

• characterise the potential for acid, neutral or alkaline pH and saline and metalliferous drainage 
(collectively referred to as AMD) in mine impacted water or natural water sources;  

• predict under the proposed placement and disposal strategy the quality of runoff and seepage 
generated concerning potentially environmentally significant effects including salinity, acidity, alkalinity 
and dissolved metals, metalloids and non-metallic inorganic substances; and 

• identify dispersive and non-dispersive spoil and the salinity, acid and alkali producing potential and 
metal/metalloid concentrations of waste rock and tailings. 

Commitment 14: Geochemical and physical sampling and analysis will be completed after material is 
mined and placed into storage areas to: 

• verify encapsulation and/or placement of potentially acid-forming and acid-forming waste rock and 
tailings has been done in a manner that can limit the potential for adverse environmental harm; and, 

• verify the requirements and methods for decommissioning and final rehabilitation of the placed 
materials, including the prevention and management of AMD, erosion minimisation and establishment 
of vegetation cover has been done in a manner that can limit the potential for adverse environmental 
harm. 

Commitment 15: Geochemical and physical sampling and analysis will be completed after material is 
rehabilitated to: 

• comply with Contaminated Land legislation under the EP Act and provide a Site Investigation Report 
prior to applying for progressive rehabilitation certification; and 

• to ensure that the land is suitable for its final land use. 
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5.4 Geo-environmental block model 

Commitment 16: The GBM will be developed using the outcome of the GaPSaAP to be completed in 
this iteration of the MMM Plan (detailed in Section 5.4) for the:  

• Major rehabilitation units (MRUNITS) in the overburden such as topsoil, subsoil, weathered regolith, 
transition regolith and fresh rock, that theoretically should be replaced to reinstate a rehabilitated 
regolith profile, some interburden units may also be considered as MRUNITS if their chemical and 
physical properties are conducive for use in the rehabilitation program 

• In-situ mine waste units (MWUNITS) such as mined void floor and wall material and some overburden 
units that may also be considered as waste if their chemical and physical properties are not conducive 
for use in the rehabilitation program 

• Process waste units (PWUNITS) such as rejects and tailings  

As discussed in Section 3.4 and Section 3.5 there is a requirement by DES to produce a numerical model 
(referred to by DES as a block model) for the PRC Planning process to manage high risk material and facilitate 
effective rehabilitation. 

The GBM is likely to include a: 

• geological strata bound model that provides surfaces and solids for topsoil, subsoil and the other 
geological units; 

• numerical model that applies; 
• quantitative attributes for elements such as sodium or sulfur into defined blocks (e.g. 50 m x 50 m 

wide x 5 m deep within the strata referenced above 
• qualitative attributes such as hardness or weathering to define physical properties 
• qualitative attributes (derived from numerical values) to classify blocks as PAF or NAF to define the 

NAPP, or Saline or Sodic classification 
• qualitative attributes in blocks or sub blocks to define the blocks as MRUNITS, MWUNITS and PWUNITS 

based on the quantitative.  

5.4.1 Mine Rehabilitation Units (MRUNITS) 

In this MMM Plan, MRUNITS may include (if they have the appropriate chemical and physical 
properties): 

• Topsoil is defined as the soil horizon with highest organic carbon and nutrient and 
seed capital, taken as top 300mm from natural surface; 

• Subsoil present below the shallow topsoil horizon  
• Extremely weathered regolith (e.g. clay lenses) 
• Weathered regolith extends below the subsoil and extends down to the baseline 

(pre-mine) ore body 
• Transition regolith may contain extremely weathered to weathered regolith and 

residual fresh rock (if present).  

Each of the MRUNITS has discrete uses and limitations for beneficial reuse e.g. subsoil could be used to 
establish vegetation, but its ability to establish sustainable growth would be limited as this unit does not contain 
the carbon and nutrient and biological properties that are only found in the topsoil profile. Soil profile 
morphology such as the depth to underlying fresh rock, texture, colour and structure can be used to delineate 
and classify the soil types.  

Soil stripping, storage and placement recommendations is to be provided for all soils mapped in the SEV 
Project area.  

Commitment 17: Multicom will define the RMUNITS that will be sampled, characterised, classified and 
modelled so they can be scheduled for progressive rehabilitation.  
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Commitment 18: Multicom will develop a soil management Standard Operating Procedure (SOP) that 
addresses topsoil and subsoil stripping, stockpiling and or direct placement prior to the 
commencement of works. 
 
Commitment 19: Multicom will develop a MRUNIT material balance and schedule to determine when 
these saline and sodic units will be mined and then ascertain how the mining and placement of these 
materials could affect the rehabilitation planning process.  
 
The purpose of tracking the MRUNITS is to ensure that there is going to be enough material available over the 
LoM to achieve the rehabilitation goals and objectives. 

Commitment 20: At each exploration or resource drill site when sumps are developed for drilling, the 
Geology Department /drillers will log the soil profile to quantify the soil type against the SEV soil maps 
and verify topsoil and subsoil depth. The regolith profile will also be logged from all diamond core drill 
holes and can be used to provide a description of soils mapped over the Project area. 

Commitment 21: Soil sampling and analysis 

• In Q1 and Q2 2020 a detailed topsoil and subsoil mapping and sampling and analysis program 
will be completed.  

• The objective will be to ensure that only low EC soil is mapped then mined and placed within 
the topsoil horizon of the rehabilitated profile. 

• Soil samples will be analysed for (pH, EC, NAPP, MEMS41 total element suite, CEC, ESP, plant 
available P, Organic carbon, organic matter) 

• Soil samples will be analysed for physical properties necessary to verify how the material will 
behave when it used for rehabilitation. This is to address hydraulic properties and the 
potential for sodicity and erosion. 

• In Year 1 the sampling frequency may include 24 test pit locations and the analysis of 72 
samples collected at 0 to 0.5 m, 0.5 to 1 m and 1 to 1.5 m bgl. 

• The data from the soil sampling program conducted in Q1 Y1 will be used to inform the 
development of the geological model and geoenvironmental model that will be used for 
progressive rehabilitation and mine waste management purposes. 

5.4.2 Mine Waste Units (MWUNITS) 

MWUNITS may include overburden and basement units if their chemical and physical properties are not 
conducive for use in the rehabilitation program. 

• Oxide Coquina – Coquina above base of weathering 
• Fresh Coquina – Coquina below base of weathering 
• Fresh rock disturbed by mining 

To address the current data gaps outlined in Section 4.3.3 the following work is to be undertaken in Q4 2019 
on existing samples retained at ALS. 

Commitment 22: Sampling and analysis program  

• To address data gaps in Q1 and Q2 Y1 samples of each major lithological unit will be obtained 
from the 24 subsoil test pit locations identified in the RMUNIT assessment above using diamond 
core drilling to verify chemical and physical properties.  

• Solid overburden samples (192 samples) will be analysed for pH, EC, total element content, 
NAPP and CRS: 38 samples will be analysed for water soluble element content. 

• Solid overburden samples will be analysed for physical properties necessary to verify how 
the material will behave when they are backfilled to an open pit. This is to address hydraulic 
properties and the potential for sodicity and erosion.  

• Representative samples of each major lithological or stratigraphic unit in the overburden will 
be submitted for KLC testing (10 samples)   
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• The data will be reviewed, and the sampling and analytical program will be adjusted on an as 
required basis for the Y2 GaPSaAP. 

Commitment 23: Maximum potential acidity (MPA) assessment 

• In Q4 2019 Multicom will commence the gap analysis related to the MWUNITS outlined in Section 
4.3.3 to verify the potential for acid drainage.  
• TS values of the 2,087 waste samples in the GBM are 250 ppm (Min.), 10,652 

ppm (Av.) and (Max.) 68,400 ppm.  
• TS on its own cannot be used to quantify acid drainage potential.  
• Acid drainage occurs when acid producing sulfide minerals such as pyrite are 

exposed to oxygen and water. 
• The elevated TS could lead to sulfate dominated saline drainage even if there 

is no acid drainage. 

Commitment 24: Sulfide speciation 

• Pulp samples from drilling done in 2019 that are retained at ALS will be identified and 
submitted for chromium reducible sulfur (CRS) analysis in Q4 2019 on selected samples with 
> 0.2% TS to verify sulfide content.  
• The data from the CRS analysis will be used to quantify the risk of acid drainage.  
• If CRS sulfide is identified selected samples will be issued for semi-quantitative 

mineralogy using XRD. 
• If acid producing sulfide minerals are identified the need for a numerical sulfide 

sulfur model will be evaluated. 

Commitment 25: Acid neutralisation capacity (ANC) assessment 

• Pulp samples from drilling done in 2019 that are retained at ALS will be identified and 
submitted for ANC analysis in Q4 2019. 
• Ca values of the 2,087 waste samples in the GBM are 3,600 ppm (Min.), 

239,243 ppm (Av.) and 411,000 ppm (Max.).  
• Ca can be indicative of minerals such as calcite that neutralise acid or gypsum 

that has no neutralising capacity. 

Commitment 26: Net acid producing potential (NAPP) assessment  

• The MPA and ANC data will be used to calculate the NAPP and classify the MWUNITS into the 
AMD classes in Section 1.2. 

Commitment 27: Saline and metalliferous drainage assessment  

• In Q4 2019 ALS will be requested to provide the full elemental data they have for the 2087 
waste data points in the Multicom database.  

• The data will be reviewed to ascertain the major elements that may be environmental concern, 
and in turn, the potential for saline or metalliferous drainage. 

• Elements that may be environmental concern will be identified and used as the basis for 
ongoing geochemical characterisation studies.  

5.4.3 Process Waste Units (PWUNITS) 

The following PWUNITS have been identified. 

• TSF1 Beneficiation & Calcite Tailings  
• TSF2 Leach Residue Tailings  
• TSF2 Solvent Extraction Raffinate Bleed  
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• TSF2 Desilication Tailings  
• TSF2 Solvent Extraction Tailings  

5.5 Tailings and rejects management 

The tailings and reject management strategy for the SEV Project is documented in the EIS. A summary of the 
overall proportion of soil, overburden, ore and rejects to be managed is in  

Table 5-1: Extracted material volumes and management 

Extracted Material Relative Volume1 Destination 

Topsoil and subsoil 0 – 5% 
 Temporarily stockpiled adjacent to the pit.  
 Will be used for rehabilitation once the pit has been 

backfilled.  

Overburden 75 – 80% 
 Temporarily stockpiled adjacent to the previous mined 

pit.  
 Will be used to back fill the previously mined pit.  

Ore (total) 15 – 20%  Transported for processing in the MIA.  
Processed Ore 

Non-beneficiation rejects 10 – 15%   Returned to the mine pit and used for backfill.  

Beneficiation tailings rejects  5 – 10%  Transferred to tailing storage facility. 

Solvent extraction rejects <0.5%  Transferred to the evaporation pond. 

Saleable product 0.03%  Transport off-site.  
1 Relative to the total volume extracted from any mined pit.  
 

Commitment 28: Multicom will develop detailed designs for the mine waste and tailings/reject 
placement strategy. The detailed designs will be reviewed by suitably qualified persons e.g. 
geotechnical, civil, mine planning and geochemical engineers. 

• The GBM will be used to verify if there is any clay available for lining and capping, and if there 
is, whether it will be available when it is required. The GaPSaAP will include clay samples to 
the geochemical and physical properties of the clay are quantified. 

• The water in the process residue and tailings storage facility (TSF), or TSF cell at the base of 
backfilled voids will be sampled every three months if there is a standing water pond. Water 
sampling will also be done prior to and after major rainfall events.   

The intention of the water sampling program in the backfilled voids is to quantify if the water quality: 

• in seepage from the backfilled material changes over time i.e. as the mass of backfilled material 
increases over time does the quality of the toe seepage increase, decrease or stay the same 

• in the water storage dams or sumps in the floor of the pit changes after rainfall events? 

5.6 Physical properties 

The exploration and operational drill holes are logged for weathering, oxidation and hardness (and other 
properties). The physical properties can be used to qualify the potential for strata and lithological units to be 
used for rehabilitation purposes.  

Qualitative data can be built into existing geology models to quantify the inferred LoM material balances for 
topsoil, subsoil, extremely weathered regolith, partially weathered regolith and fresh rock within major 
stratigraphic / lithological units. 
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Commitment 29: The Multicom geology department will develop a procedure to include the physical 
attributes from the geological logs into the geology model for the RMUNITS e.g. include weathering and 
hardness field to determine if the material is “soft”, “moderately hard” or “hard”. 

The reason for doing this is that civil construction projects and rehabilitation projects require different material 
with different physical properties for different purposes. For example, if a unit is flagged as being very hard 
and is about to be mined but there is a need for soft material for rehabilitation this can be accommodated in 
the Mine Plan.  

The in-situ physical behaviour of regolith units (including the topsoil and subsoil) differs significantly to the 
material after it has been mined and replaced into a cover system, mostly because the mining process breaks 
the material up and increases the surface area. 

When soil and weathered regolith is mined it has the potential for physical deterioration and breakdown after 
exposure to water. Dispersion testing is one of several physical analytical methods that are required to quantify 
how the materials are likely to perform physically (to quantify how water and salts can move through the spoil 
or how they may erode) as they are placed into ex-pit waste dumps or if they are placed in-pit. Other analytical 
methods include: 

• permeability testing; 
• particle size distribution (PSD) to quantify the fines content; 
• soil water characteristic curve (SWCC) to measure how the material would retain water; 
• sodium sulfate soundness method to determine how the sedimentary rock may break down under 

chemical and physical processes; and, 
• Los Angeles Abrasion method to qualify how strong the material is. 

If there is an intention to construct ex-pit and in-pit mined landforms that can meet the rehabilitation goals in 
an EA, additional sampling and physical analyses is likely to be required on representative samples of all 
mined units.  

Commitment 30: The results of the physical analyses from representative bulk (20 L) soil and mine 
waste samples and drill core samples will be used to: 

• document the material specifications for lining or covering mine waste units (e.g. Material A must have 
> 15 % of material < 2 mm PSD)  

• develop landform design criteria (e.g. Material A must be placed as a 50 cm topsoil layer on 
constructed landforms)  

• define design objectives that must be met (e.g. Material A should not lose more than 25 tonnes of 
sediment /ha per year due to erosion) 

5.7 Data management  

Commitment 31: AcQuire (or another suitable database) will be used to store all geological data.  

• The chemical and physical data collected under this MMM Plan will be provided to the geology 
department, so the data can be stored in with the geological data. 

• A SOP will be developed to enable the geo-environmental chemical and physical data to be 
stored with the geological data so it can then be provided to the Environmental Department for 
annual reporting.   

• All other environmental data will be managed by the Environment Department and stored 
within an appropriate data management system (e.g. DataSight). 

• Electronic LHS and CAD files related to the development of the mine will be retained in a central 
area. Multicom will document the server/folder/file locations of all LHS and CAD files, including 
annual aerial imagery in this MMM Plan. 
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5.8 Survey control and verification of the mine material placement schedule  

Commitment 32: The Mine Planning / Survey Department will document (map) where mining waste is 
being placed.  

This information can be used to (i) verify that the ‘as-built’ plan adheres to the ‘as-designed’ plan for mined 
landforms (ii) verify the location of as placed tailings and rejects within dumps or pits (iii) evaluate 
environmental / water studies.  

This information (digital repository of as-built landform design) can become critical data to quantify the potential 
for environmental harm i.e. if the location, and volume of all the mined units that have been placed into mined 
pits is known and is available in a 3D CAD Model then this data can be used for numerical surface water and 
seepage modelling. 

5.9 Landform design  

Commitment 33: Multicom will develop detail landform designs after the GBM is completed.  

5.10 Survey control and verification of the landform design  

Commitment 34: Multicom will develop a standard operating procedure to verify that the landform 
designs are adhering to the detail landform designs. 

5.11 Rehabilitation strategy 

Rehabilitation is a process that culminates in the post mine land supporting a beneficial reuse (where feasible). 
The rehabilitation process includes backfilling rejects and tailings to shallow (approx. 20 m bgl) mined voids 
then replacing the regolith over the mined waste. This process is to be followed by landform profiling and 
reseeding the soil to initiate revegetation.  

Commitment 35: The LoM rehabilitation schedule will be updated each year by the Geology and Mine 
Planning Departments. The EIS values will be retained in the table to enable direct comparison against 
revised material balances over the LoM. 

Commitment 36: Multicom will develop a detailed PRC Plan for the Project that will be aligned with this 
MMM Plan.  

5.12 Environmental performance monitoring 

Commitment 37: Multicom will establish a rehabilitation monitoring program to evaluate the ability of 
the initial constructed landforms to meet the EA requirements.  

6 Risks and opportunities  
Commitment 38: Multicom will complete a detailed risk and opportunity assessment focusing on 
environmental, technical and financial aspects in Q3 Y1 after the GaPSaAP is completed by Q2 Y1 and 
GBM work is completed in Q3 Y1. 

Commitment 39: The potential for environmental harm through the increased mobility of vanadium 
and other elements including salts in the backfilled rejects and tailings and its potential to have 
adverse environmental effects on the receiving environment will be evaluated through the following.  

• Static and kinetic leach testing to characterise the behaviour of the major mined materials 
• Developing the GBM to produce material balances and the landform haulage schedule to 

quantify when, where and how much material is being moved 
• Development of detailed conceptual models to depict (using plan view and cross section 

drawings and process flow diagrams) the environmental processes that will occur and that 
could cause environmental harm 
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• Utilising the conceptual models and geochemical and physical properties form the static and 
kinetic testing as inputs to numerical models 

• Producing numerical models (e.g. GoldSim water balance model, water quality model, seepage 
model, soil cover model) to quantify the potential for environmental harm. 
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8 Certification 

8.1 Suitably Qualified Persons – RGS Company Details 

The core business of RGS is to undertake static and kinetic chemical and physical material characterisation 
studies and produce certified mine material, mine rehabilitation and mine closure plans that include sampling, 
analytical and monitoring programs.    

RGS is an owner-operated leading environmental consulting company that has been operating successfully 
for the past twelve years. We provide timely and cost-effective solutions to complex environmental 
management issues from exploration through the planning, operational and closure phases of small to large 
scale mining projects. RGS has gained an international reputation as a leading provider of environmental 
management services to the mining and mineral processing industry and takes pride in being flexible, practical 
and innovative. RGS is committed to delivering on time and within budget; technical excellence; consistent 
quality; and continual improvement of our service delivery and skills. 

RGS personnel have provided services to more than 400 mining and mineral processing projects in Algeria, 
Argentina, Australia, Bangladesh, Brazil, China, Ghana, India, Indonesia, Laos, Malaysia, Mozambique, New 
Caledonia, New Zealand, Papua New Guinea, Philippines, Romania, Thailand, Turkey and Vietnam. RGS has 
worked on more than 50 coal mine projects in Queensland, New South Wales, Western Australia, Africa, New 
Zealand, Indonesia, Laos and Bangladesh. Our clients range from small to large mining companies including 
Anglo American, BHP Billiton, CS Energy, Evolution Mining, MMG, Rio Tinto, Stanwell Corporation, Vale and 
Glencore. 

8.2 Suitably Qualified Persons – Relevant Experience 

RGS Personnel  

Greg Maddocks has a PhD in Geochemical Engineering, over 15 years’ mining sector experience and has 
worked on various open pit and underground mining projects in Australia and South-East Asia. Greg has 
developed Mine Waste and Rehabilitation Management Plans compliant with the requirements of Australian 
industry guidelines and standards.  Mine closure work ranges from evaluating and selecting optimal water and 
waste management strategies to developing management plans for tailings and waste rock storage facilities 
and open pits.  

Alan Robertson has a PhD in Pure and Applied Chemistry and has over 25 years’ experience completing 
geochemical studies for the mining and mineral processing industry.  He has worked on projects for major 
mining companies (e.g. Anglo American, BHP Billiton, Glencore and Vale) in Australia, Asia, Africa, Europe 
and South America for both coal and hard rock mines.  Alan has expertise in mine waste characterisation, 
development of AMD management plans, and design of mine waste storage facilities from conception through 
to closure.  Alan has previously been engaged directly by Regulators to provide independent environmental 
advice to legal experts on a mine closure and rehabilitation aspects of mining operations. 

8.3 Certification 

This section will be completed by RGS when the final MMM Plan is finalised.  
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9 Appendices 

9.1 Appendix A: RGS Reject and tailings test report (28 August 2019) 

  



 

RGS Environmental Pty Ltd………..……PO Box 3091, Sunnybank South, QLD, 4109………………www.rgsenv.com 

 

28 August 2019 
Job Number 2019021_001  
Document Status Rev0 

Multicom Resources Limited and Wave International 
 

Attention: Mike Reed 

     

Subject: Geochemical assessment of process waste  

 

 Background 

RGS Environmental Pty Ltd (RGS) is undertaking geochemical assessment of process residue to support 
development of a Mine Material Management Plan (MMM Plan) for Wave International Pty Ltd (Wave) on 
behalf of Multicom Resources Limited (Multicom) for the Saint Elmo Vanadium Project (SEV Project).  

Multicom is seeking to develop the SEV Project for the purposes of mining and processing Vanadium 
Pentoxide. The SEV Project is located 25 kilometres (km) east of Julia Creek in the priority North West Minerals 
Province of north western Queensland, within the McKinlay Local Government Area. The area of the SEV 
Project within MLA100162 and EPM 26410 is 8,882 hectares (ha).    

The proposed SEV Project would consist of: 

 a shallow (15 m average depth) open cut ore extraction pit, with north-south aligned strip-mining 
panels to be sequentially mined, backfilled and rehabilitated; 

 a run-of-mine stockpile area; 
 overburden and topsoil storage and management areas; 
 an area for blending run-of-mine stockpiles to minimise feed grade variation through the processing 

plant; 
 an ore processing plant, to extract Vanadium Pentoxide (V2O5); 
 access for trucks to deliver reagents to the ore processing plant; 
 an infrastructure area, including offices, laboratories, workshops; 
 a sewerage treatment plant and effluent disposal area; 
 a bore water supply for the site, including a reverse osmosis plant as required, and potable water 

storage; 
 a tailings storage facility (TSF); 
 progressive rehabilitation of disturbed areas; 
 an electrical sub-station power plant or solar plant; 
 the creation of approximately 100 ongoing operational jobs for the life of the mine and an estimated 

250 construction jobs; and 
 an investigation of accommodation options, including a workforce accommodation village and housing 

options within the Julia Creek township 

 Requirement for the material characterisation program 

The material characterisation and MMM Plan is being developed by RGS in response to comments by the 
Queensland Department of Environment and Science (DES) issued on 13 March 2019. 
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 All waste generated by the proposed project has not been adequately characterised and described to 
allow the department to identify whether waste types and volumes can be appropriately stored, treated 
and managed onsite and regulated via an environmental authority.  

 Waste characterisation assessment must be completed as part of the EIS to provide of the required 
detail regarding the physical and chemical characteristics of waste generated by the proposed project. 

 Geochemical characterisation of waste rock, including identification of the risk of acid or neutral 
mine drainage, is not described. Therefore, the risks associated with the proposed strategy to 
manage waste rock and the likely success of the proposed rehabilitation plan, is unknown. The EIS 
states that the risk of acid mine drainage is low/negligible and that waste rock (overburden) is inert. 
Insufficiently detailed information is included in the EIS to support these assertions and the plan to 
dispose of waste rock in the mine pit. The proposed waste characterisation study must be completed 
to ensure appropriate storage and treatment of waste rock. 

 The proportion of ore to be processed using the two proposed processing methods (pressure and 
heap leaching) must be fully described in order to accurately quantify wastes that would be generated 
onsite and the risks posed by these quantities of waste. From the information provided in the EIS the 
department cannot adequately assess whether waste storage, management, treatment and transport 
can be appropriately managed onsite. The EIS must identify the proportion of ore to be processed 
using the two proposed processes and quantify the volumes of wastes produced via each process per 
year and identify how these wastes would be suitable stored, treated, managed and disposed of. 

 There are inconsistencies in the current description of wastes, for example: some documentation 
states that no sodium sulphate is used or produced by the proposed project, however other sections 
state that sodium sulphate production would not exceed 10 tons per day.  

 There is insufficient information regarding regulated wastes, including waste that may include 
vanadium compounds (e.g. water), that is considered a regulated waste. Some documentation 
describes the storage of water used to wash filtration cakes in a sealed containment cell. The EIS 
does not adequately describe the volume of water that requires management in this way.  

 All regulated waste streams must be quantified and the EIS must demonstrate that these volumes of 
wastes can be appropriately treated, stored and managed on or offsite.  

 The types and quantities of waste that would be generated during mine decommissioning and 
rehabilitation are not fully described. The EIS proposes that this assessment would be undertaken at 
a later stage. This information must be adequately assessed at the EIS stage.  

 Laboratory and trade waste are briefly mentioned in the EIS but not described in sufficient detail, nor 
are their potential impacts or proposed methods of their management. 

 For wastes proposed to be transported and disposed of offsite, the EIS should describe the proposed 
disposal location and ensure the facility is licenced to accept the waste and has adequate capacity at 
that proposed location. The EIS should assess the risk of spills during loading/unloading and 
transporting of the waste, taking into account the wastes properties, including dispersive properties. 

 The EIS must describe in detail the quantity and quality of wastewater to be generated by the proposed 
project and how water treatment would vary depending on the quality of the water.   

 Describe how nominated quantitative standards and indicators may be achieved for waste 
management, and how the achievement of the objectives would be monitored, audited and 
corrective/preventative actions would be managed (e.g. incident/compliant/non-conformance 
management system). 

 Acid and metalliferous drainage (AMD) 

The use of consistent terminology is required so the potential for misunderstanding is reduced.  

SEV Project mined materials include: 

 rehabilitation materials – material to be utilised for cover systems and water management drains that 
could include oxide (e.g. soil, or fully weathered non-consolidated units such as clay that can be free dug 
without blasting), transition (include oxide and fresh material) or fresh (competent un-weathered rock) 
geological units 
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 cover materials – material selectively placed within the upper profile of the rehabilitated landform in a 
cover system. Cover systems are constructed from rehabilitation materials. Cover systems should be 
designed and constructed to meet specific objectives and design criteria. Chemical and physical 
characterisation of rehabilitation materials is required to ensure that the cover system will meet the 
objectives and design criteria.  

 SEV process residue 

In Australia, the term Acid and Metalliferous Drainage (AMD) is defined as incorporating acidic metalliferous 
drainage, neutral metalliferous drainage (NMD) and saline drainage (SD) (COA, 2016).   

Standard industry terms used to classify the net acid producing potential (NAPP) of mined materials 
include the following. 

 PAF (Potentially Acid Forming) - has the potential to produce acid  
 PAF- LC (Low Capacity - Potentially Acid Forming) - has the potential to produce minor acid  
 NAF (Non-Acid Forming) - will not produce acid but may leach salts and some metals due to the presence 

of low sulfide bearing material  
 NAF-B (Non-Acid Forming-Barren) - will not produce acid or leach salts due to the absence of sulfide 

minerals  
 AC (Acid Consuming) – has some ANC that will contribute to ongoing acid neutralisation e.g. calcite in 

Basalt 

General industry terms that can be used to describe water quality at mines include the following. 

 Acid Mine Drainage 
 Acid Rock Drainage 
 Acid and Metalliferous Drainage 
 Neutral Mine Drainage 
 Saline Drainage 
 Mine Impacted Water 

Water on mines includes surface water and groundwater.  In this report, groundwater is defined as water that 
is present in non-mined “virgin” ground that has the potential to enter pits (operational pits, backfilled pits (BFP) 
or decommissioned pits). After groundwater enters a pit, it will become mine impacted water. Mine impacted 
water could leave a pit and enter the groundwater system in the receiving environment or become surface 
water that may then be pumped from the pit. Surface water is present in dams, creeks, and process plants. 
Seepage from landforms can drain to groundwater or it may appear as resurgent seepage to surface water. 

In this plan the term mine impacted water is used a general term to describe water which contacts disturbed 
ground and that may include water in: 

 seepage from waste rock dumps or low-grade ore stockpiles (in-pit or ex-pit); 
 operating pits; 
 decommissioned pits; and 
 back-filled pits.  

Mine impacted water can be classified as having: 

 acid, neutral or alkaline pH ; 
 variable concentrations of major ions (salts e.g. calcium, magnesium, potassium, sodium, chloride, 

sulfate, boron or fluoride); and 
 variable concentrations of metals (e.g. Al, Fe, Mn and Zn) or metalloids (e.g. Mo, Se and V) with the 

concentrations often linked to pH. 

Potential sources of acid in mine impacted water at mine sites can include: 



 
Waste Characterisation Report 
 
 

Page | 4                                    2019040_Rev0 

 

 oxidation of sulfide minerals such as pyrite that produce sulfuric acid (INAP, 2009); 
 rainfall and leaching of cations such as calcium (Ca2+), magnesium (Mg2+), potassium (K+) and sodium 

(Na+) that reduce soil acidification by atmospheric carbonic, nitric or sulfuric acid; and 
 organic matter decay 

Potential sources of salts in mine impacted water at mine sites that can include: 

 oxidation of sulfide minerals, the production of sulfuric acid and subsequent neutralisation reactions that 
mobilise major ions such as sulfate (SO42-) and calcium; 

 chemical weathering of adjacent soil and rock by sulfuric acid that releases major ions such as sodium, 
potassium, magnesium and chloride; and 

 the mobilisation of sodium chloride (NaCl) or sodium bi-carbonate (NaHCO3) that are present within 
geological units and groundwater and then released in fluxes as mined materials are extracted (blasted), 
processed (crushed) and placed into mine landforms. 
 

Potential sources of metals (e.g. Al, Fe, Mn, and Zn) and metalloids (oxyanions such as Mo, Se and V) in 
water at mine sites can include elements present: 

 as ancillary minerals within primary sulfide minerals like pyrite or marcasite;  
 in the solid phase of geological units in a range of minerals with increasing environmental mobility that 

include immobile oxide <<< carbonate << exchangeable < water soluble; and  
 in pore water. 

Pathways by which AMD is mobilised 

AMD is mobilised by water and is transported from the source materials along aqueous physical pathways into 
the receiving environment. The salts metals and metalloids in aqueous phases can be taken up by aqueous 
flora and fauna via aqueous biophysical pathways.  

Salts, metals and metalloids present as exchangeable or less soluble fractions (e.g. carbonate or oxide 
fractions) can also be relocated via physical pathways in the aqueous environment as suspended sediment or 
bedload sediment.    

Salts, metals and metalloids present in soluble or exchangeable fractions within mined material or process 
waste can also be taken up by plants via terrestrial biophysical pathways.   

Wind borne erosion is another pathway whereby salts, metals and metalloids can be moved from the source 
to the receiving environment.  

 Sampling program 

The samples were provided by NAGROM to ALS. 

 Scope of work 

Wave International Pty Ltd (Wave) engaged RGS Environmental Pty Ltd (RGS) to supervise the static 
geochemical analysis of: 

 three fractions of process residue (received by ALS 1st April 2019) that included: 

 Coquina Comp 2 +4mm 

 Coquina Comp 2 -4+0.3mm 

 Coquina Comp 2 -0.3mm Cyc #1 52 UF 

 a single process residue sample labelled Coquina Comp 2 bulk Calcite Float 2 CON Comp (sent to 
ALS 12th June 2019) 
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 a single Bulk Calcite Float 2 Roasted - H2SO4 Leach Residue – Neutralisation (sent to ALS 24th June 
2019). 

This memorandum describes the sampling and analytical program that was completed on samples provided 
by NAGROM. The information from this analytical program will support development applications and be 
included in the SEV Project Mine Material Management Plan that RGS is developing with EPIC Environmental. 

 Analytical methods 

The analytical methods used by ALS to characterise the samples are in Table 6-1. 

Table 6-1: Table of analytical methods used for the analytical program 

Static 
geochemcial 
characterisation 

IN-4S pH and EC at 1:5 wt/v Report pH and EC of deionised water used 
in 1:5 test along with deliverables  

EA013 Acid Neutralising Capacity 
ED042T Sulfur - Total as S (LECO) 
EA026 Chromium Reducible Sulfur (CRS) 
ME-MS41   Full suite of Metals (48 elements using a 2 acid aqua regia digest) 

ED008 Exchangeable Cations (Ca, Mg, Na, K) plus EC & ESP with pre-
treatment on Soils (pH <7.3 and EC >300μm) NOTE: If pH < 6.0 

 
 
 
 
 
 
Water soluble 
1:3 x 16 hr soil 
extract 
 
 
 
 

EN35 1:3 Soil Water Extract 
EA005P  pH by PC titrator 
EA010P EC by PC titrator 
NT-1  Major Cations (Ca, Mg, Na, K)  
ED041G Sulfate (Turbidimetric) as SO4 2- by Discrete Analyser 
ED045G Chloride by Discrete Analyser 
EK040P Fluoride by PC Titrator 
EK071G Reactive Phosphorus as P by discrete analyser 
ED093F Dissolved Major Cations (Ca, Mg, K, Na) 

EG020F  Metals listed on Water-KLC Extended Suite (48 elements (ICP-
MS)) 

 

 Analytical results 

 Solid process residue results 

 Actual and potential acidity 

The hydrogen ion concentration (pH) of all samples are mildly alkaline at pH 7.8 to 8.5. 

The sulfide concentrations of all samples are very low ranging from < 0.005 to 0.01% verifying the materials 
have a very low potential to oxidise and produce acid.  

Furthermore, all samples have very high ANC ranging from 825 to 942 kg H2SO4/t.   

All samples are classified as Acid Consuming (AC) and will leach mildly alkaline to neutral pH water. 

 Saline drainage potential 

The EC of the samples are very low ranging from 112 to xxx µS/cm. Furthermore, the TS concentrations of 
0.02 to 0.05% verify the potential for saline drainage dominated by SO42- is also very low.   
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 Total elemental content of process residue  

The total elemental content was measured using the ALS MEMS41 method (2 acid aqua regia digest). The 
total elemental content can be compared to the soil concentrations to evaluate if the enrichment has the 
potential to adversely affect soils in the receiving environment or water resources. Total elemental content 
does not infer the elements will be susceptible to being environmentally mobile. 

The concentration of elements of environmental concern such as arsenic, cadmium, cobalt, copper, lead, and 
zinc are all in the same range of concentrations as the median values of Australian soils.  

 Co was measured at 1.3 mg/kg to 3.1 mg/kg – median concentration in Australia in soil 26 mg/kg  

 Pb was measured at 1.3 mg/kg to 4.8 mg/kg – median concentration in Australia in soil 14 to 24 mg/kg  

The concentration of elements of environmental concern such as arsenic, cadmium, copper, manganese, 
molybdenum selenium and zinc are all elevated above the median values of Australian soils, suggesting there 
may be some potential for water quality issues associated with the mining and placement of these materials. 

 As was measured at 7.7 mg/kg to 23.7 mg/kg – median concentration in Australia in soil 3 to 5 mg/kg  

 Cd was measured at 18.7 mg/kg to 68.8 mg/kg – median concentration in Australia in soil 0.12 mg/kg  

 Cu was measured at 48.9 mg/kg to 91.2 mg/kg – median concentration in Australia in soil 9 to 38 
mg/kg  

 Mn was measured at 466 mg/kg to 686 mg/kg – median concentration in Australia in soil 201 to 780 
mg/kg  

 Mo was measured at 16.2 mg/kg to 78.1 mg/kg – median concentration in Australia in soil 1.01 to 3.2 
mg/kg 

 Se was measured at 0.8 mg/kg to 1.7 mg/kg median concentration in Australia in soil of 0.28 mg/kg 

 Zn was measured at 176 mg/kg to 354 mg/kg – median concentration in Australia in soil 10 to 73 
mg/kg  

 Water soluble process residue results 

The 1:3 (solid to water) 16-hour water soluble leach test is a selective leaching procedure that is used to 
quantify the concentration of each element that may be susceptible to being leached from the sample by water 
for a single leach event.  

The pH and EC results verify the samples are circum-neutral and have very low salinity (102 to 183 us/cm). 
However the EC of the H2SO4 leach residue sample is elevated and dominated by sulfate and calcium. 

The results also verify that the water-soluble elemental content is very low for the major cations (Ca, Mg, K 
and Na), major anions (Cl, F and P) and major, minor and trace elements (metal(loids)). 

The results verify that water soluble concentration of elements is higher in the H2SO4 leach residue sample. 

RGS is conducting kinetic leach cell testing on all samples to verify the concentrations that can be expected 
to be leached from the samples over time. It is considered likely that the bulk of the soluble Al is colloidal and 
that the Ba and V is present within the porewater of the process residue, and after the porewater is flushed 
out of the samples the long-term concentrations will be very low. 
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Table 7-1: Static results 

Static geochemical analysis 
    

Coquina Comp 2 +4mm Coquina Comp 2 -4+0.3mm Coquina Comp 2 -0.3mm Cyc #1 52 
UF 

Coquina Comp 2 bulk 
Calcite Float 2 CON 

Comp 

Bulk Calcite Float 2 Roasted - 
H2SO4 Leach Residue - 

Neutralisation
pH Value pH Unit 0.1   8.8 7.1
Net Acid Production Potential kg H2SO4/t 0.5 -915 -942 -825 -855 73
Electrical Conductivity @ 25°C µS/cm 1       112 2350 
ANC as H2SO4 kg H2SO4 equiv./t 0.5 916 943 827 856 98 
ANC as CaCO3 % CaCO3 0.1 93 96 84 87 10
Fizz Rating Fizz Unit 0 5.000 5.000 5.000 5.000 2
Chromium Reducible Sulphur % 0.005 0.010 0.006 0.007 <0.005 0.019
Sulfur - Total as S (LECO) % 0.01 0.030 0.020 0.050 0.020 5.61 
Moisture Content % 0.1       <0.1 35 
Exchangeable Calcium meq/100g 0.2       2.2 203 
Exchangeable Magnesium meq/100g 0.2   <0.2 0.8
Exchangeable Potassium meq/100g 0.2   <0.2 0.7
Exchangeable Sodium meq/100g 0.2   <0.2 0.2
Cation Exchange Capacity meq/100g 0.2       2.2 205 
Exchangeable Sodium Percent % 0.2       <0.2 0.1 
     
Kinetic leach cell testing commencing   YES YES YES

 

Table 7-2: Total elemental content 

  ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41
SAMPLE Ag Al % As Au B Ba Be Bi Ca % Cd Ce Co Cr
Coquina Comp 2 +4mm 0.04 0.14 11.4 <0.02 <10 150 0.13 0.05 >25.0 68.8 3.17 1.3 14 
Coquina Comp 2 -4+0.3mm 0.03 0.07 7.7 <0.02 <10 60 0.08 0.02 >25.0 26.1 3.44 2.3 10
Coquina Comp 2 -.3mm Cyc #1 52 UF 0.04 0.08 10.7 <0.02 <10 90 0.18 0.7 >25.0 18.75 8.25 2.4 13
Coquina Comp 2 Bulk Calculate 2 con 0.06 0.32 23.7 <0.02 <10 80 0.27 0.08 >25.0 40.7 6.48 3.1 36 
  ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41
  Cs Cu Fe % Ga Ge Hf Hg In K  % La Li Mg % Mn
Coquina Comp 2 +4mm 0.17 76.8 0.28 0.72 0.06 0.07 0.02 0.008 0.03 3.5 0.6 0.2 466 
Coquina Comp 2 -4+0.3mm 0.13 48.9 0.19 0.49 0.05 0.04 0.04 <0.005 0.02 3.7 0.6 0.22 643
Coquina Comp 2 -.3mm Cyc #1 52 UF 0.75 91.2 0.24 0.65 0.07 0.07 0.03 0.007 0.02 8.5 4.5 0.19 686
Coquina Comp 2 Bulk Calculate 2 con 0.34 151 0.6 1.67 0.08 0.05 0.04 0.01 0.06 5.9 2.1 0.21 601 
  ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41
  Mo Na % Nb Ni P Pb Rb Re S % Sb Sc Se Sn
Coquina Comp 2 +4mm 27.4 0.08 0.06 29.4 430 2.2 1.1 0.001 0.03 7.76 1.7 0.8 <0.2 
Coquina Comp 2 -4+0.3mm 16.2 0.1 <0.05 26.4 370 1.3 0.7 0.001 0.02 4.47 1.9 0.9 <0.2
Coquina Comp 2 -.3mm Cyc #1 52 UF 19.55 0.1 0.14 30.7 1320 4.8 7.2 0.001 0.03 4.8 1.9 0.9 4.1
Coquina Comp 2 Bulk Calculate 2 con 78.1 0.08 0.16 73.2 720 3.2 3.1 0.002 0.02 18.05 2.5 1.7 <0.2 
  ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41 ME-MS41
  Sr Ta Te Th Ti Tl % U V W Y Zn Zr
Coquina Comp 2 +4mm 779 <0.01 0.04 0.2 <0.005 0.48 6.44 351 0.27 9.17 354 4.9   
Coquina Comp 2 -4+0.3mm 867 <0.01 0.03 0.2 <0.005 0.39 5.76 236 0.12 8.67 176 2.5
Coquina Comp 2 -.3mm Cyc #1 52 UF 728 0.01 0.05 0.9 <0.005 0.38 12.35 218 1.13 18.7 181 3.1
Coquina Comp 2 Bulk Calculate 2 con 749 <0.01 0.13 0.6 0.006 0.81 11.4 918 0.29 14.25 442 3.1   
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Table 7-3: Water-soluble results 

Matrix: DI WATER LEACHATE Sample Type: REG REG REG REG REG
Workgroup: EB1915608  ALS Sample Number: EB1910401001 EB1910401002 EB1910401003 EB1915608001 EB1916683001

Project name/number: 2019021 - Wave Vanadium Sample Date: 01/04/2019 01/04/2019 01/04/2019 13/06/2019 10/07/2019 

Results derived using a 1:3 solid to water shake extraction flask wiith a 16 hours leach cycle 

 

Coquina Comp 2 +4mm Coquina Comp 2 -
4+0.3mm 

Coquina Comp 2 -
0.3mm Cyc #1 52 UF 

Coquina Comp 2 bulk 
Calcite Float 2 CON 

Comp 

Bulk Calcite Float 2 
Roasted - H2SO4 
Leach Residue - 

Neutralisation 

Analyte grouping/Analyte CAS Number Unit Limit of reporting   
pH Value   pH Unit 0.01 7.92 8.09 8.46 7.87 8.15 
Electrical Conductivity @ 25°C   µS/cm 1 179 138 102 183 2740 
Sulfate as SO4 - Turbidimetric 14808-79-8 mg/L 1   19 1600
Chloride 16887-00-6 mg/L 1  14 1 
Calcium 7440-70-2 mg/L 1  17 713 
Magnesium 7439-95-4 mg/L 1  <1 38
Sodium 7440-23-5 mg/L 1  18 23 
Potassium 7440-09-7 mg/L 1       1 18 
Aluminium 7429-90-5 mg/L 0.01 0.050 0.010 0.240 0.450 0.020
Antimony 7440-36-0 mg/L 0.001 0.003 0.002 0.002 0.007 0.030 
Arsenic 7440-38-2 mg/L 0.001 0.009 0.006 0.009 0.042 0.013 
Barium 7440-39-3 mg/L 0.001 0.341 0.084 0.111 0.928 0.068
Boron 7440-42-8 mg/L 0.05 0.070 <0.05 0.310 0.170 0.310 
Cadmium 7440-43-9 mg/L 0.0001 <0.0001 <0.0001 0.000 0.000 0.022 
Chromium 7440-47-3 mg/L 0.001 0.002 0.002 0.002 0.009 <0.001
Cobalt 7440-48-4 mg/L 0.001 <0.001 <0.001 <0.001 <0.001 0.064 
Copper 7440-50-8 mg/L 0.001 0.003 0.004 0.026 0.016 <0.001 
Fluoride 16984-48-8 mg/L 0.1  1.200 2.200
Iron 7439-89-6 mg/L 0.05  0.280 <0.05 
Lithium 7439-93-2 mg/L 0.001 0.004 0.011 0.011 0.005 0.021 
Manganese 7439-96-5 mg/L 0.001 <0.001 <0.001 0.014 0.003 2.940
Molybdenum 7439-98-7 mg/L 0.001 0.011 0.008 0.011 0.019 6.890 
Nickel 7440-02-0 mg/L 0.001 <0.001 <0.001 0.005 0.003 0.527 
Phosphorus as P 14265-44-2 mg/L 0.01  <0.01 0.080
Rubidium 7440-17-7 mg/L 0.001 <0.001 <0.001 <0.001 0.001 0.015 
Strontium 7440-24-6 mg/L 0.001 0.222 0.166 0.152 0.199 2.190 
Titanium 7440-32-6 mg/L 0.01 <0.01 <0.01 0.010 0.020 <0.01
Uranium 7440-61-1 mg/L 0.001 0.002 0.002 0.006 0.002 0.056 
Vanadium 7440-62-2 mg/L 0.01 0.690 0.450 0.350 1.200 4.950 
Yttrium 7440-65-5 mg/L 0.001 <0.001 <0.001 0.001 <0.001 <0.001
Zinc 7440-66-6 mg/L 0.005 <0.005 <0.005 <0.005 0.104 0.164 
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 Conclusions 

The static testing results verify that the potential for acid drainage from the tested samples is very low 
(improbable). 

The saline drainage potential from the Coquina samples and Coquina Calcite float samples is low, but the 
potential from the H2SO4 leach residue sample is very high. 

The water-soluble leach testing has identified 23 metal(loids) are likely to be leached from the tested samples. 
the water-soluble leaching potential of the H2SO4 leach residue sample is much higher than the other samples. 

The analyses are currently restricted to static testing methods. To address this limitation RGS is commencing 
kinetic leach cell testing on all samples. 

RGS note that the results of these analyses are limited to the samples tested and cannot be used to infer if 
there may be adverse environmental impacts from the mining and placement of the materials into shallow pits 
or tailings dams.  

For example seepage from waste dumps and tailings materials is a function of the physical, climatic, 
geochemical and hydraulic aspects at a site and to evaluate probable seepage or surface water quality hydro-
geochemical modelling using static and kinetic geochemical data coupled with GoldSim water balance models 
is required to be done. 

 Closing 

Thank you for the opportunity to submit this proposal. Please contact Greg Maddocks on 07 3344 1222 (office) 
or 0423 872 154 (mobile) with any queries or if you require further information.   
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 Attachment A: ALS Reports  
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Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 8EB1910401

:: LaboratoryClient RGS ENVIRONMENTAL PTY LTD Environmental Division Brisbane

: :ContactContact MR ALAN ROBERTSON Customer Services EB

:: AddressAddress PO Box 3091

SUNNYBANK SOUTH QLD, AUSTRALIA 4109

2 Byth Street Stafford QLD Australia 4053

:Telephone +61 07 3344 1222 :Telephone +61-7-3243 7222

:Project T2507-37 Multicom Resources Date Samples Received : 01-Apr-2019 12:20

:Order number Date Analysis Commenced : 23-Apr-2019

:C-O-C number ---- Issue Date : 08-May-2019 14:22

Sampler : ----

Site : ----

Quote number : EN/222

4:No. of samples received

4:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ben Felgendrejeris Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1910401

T2507-37 Multicom Resources:Project

RGS ENVIRONMENTAL PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ASS: EA013 (ANC) Fizz Rating: 0- None; 1- Slight; 2- Moderate; 3- Strong; 4- Very Strong; 5- Lime.l

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

EB1910401

T2507-37 Multicom Resources:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

--------Coquina Comp 2 

-0.3mm Cyc #1 52 UF

Coquina Comp 2 

-4+0.3mm

Coquina Comp 2 

+4mm

Client sample IDSub-Matrix: DI WATER LEACHATE

 (Matrix: WATER)

--------01-Apr-2019 00:0001-Apr-2019 00:0001-Apr-2019 00:00Client sampling date / time

----------------EB1910401-003EB1910401-002EB1910401-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EA005P: pH by PC Titrator

7.92 8.09 8.46 ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

179 138 102 ---- ----µS/cm1----Electrical Conductivity @ 25°C

EG020W: Water Leachable Metals by ICP-MS

0.05Aluminium 0.01 0.24 ---- ----mg/L0.017429-90-5

<0.001Germanium <0.001 <0.001 ---- ----mg/L0.0017440-56-4

0.003Antimony 0.002 0.002 ---- ----mg/L0.0017440-36-0

<0.001Niobium <0.001 <0.001 ---- ----mg/L0.0017440-03-1

0.009Arsenic 0.006 0.009 ---- ----mg/L0.0017440-38-2

<0.001Palladium <0.001 <0.001 ---- ----mg/L0.0017440-05-3

<0.001Beryllium <0.001 <0.001 ---- ----mg/L0.0017440-41-7

<0.001Platinum <0.001 <0.001 ---- ----mg/L0.0017440-06-4

0.341Barium 0.084 0.111 ---- ----mg/L0.0017440-39-3

<0.001Rhenium <0.001 <0.001 ---- ----mg/L0.0017440-15-5

<0.001Bismuth <0.001 <0.001 ---- ----mg/L0.0017440-69-9

<0.0001Cadmium <0.0001 0.0003 ---- ----mg/L0.00017440-43-9

<0.001Cerium <0.001 <0.001 ---- ----mg/L0.0017440-45-1

<0.001Caesium <0.001 <0.001 ---- ----mg/L0.0017440-46-2

0.002Chromium 0.002 0.002 ---- ----mg/L0.0017440-47-3

<0.001Cobalt <0.001 <0.001 ---- ----mg/L0.0017440-48-4

0.003Copper 0.004 0.026 ---- ----mg/L0.0017440-50-8

<0.001Dysprosium <0.001 <0.001 ---- ----mg/L0.0017429-91-6

<0.001Erbium <0.001 <0.001 ---- ----mg/L0.0017440-52-0

<0.001Europium <0.001 <0.001 ---- ----mg/L0.0017440-53-1

<0.001Gadolinium <0.001 <0.001 ---- ----mg/L0.0017440-54-2

<0.001Gallium <0.001 <0.001 ---- ----mg/L0.0017440-55-3

<0.01Hafnium <0.01 <0.01 ---- ----mg/L0.017440-58-6

<0.001Holmium <0.001 <0.001 ---- ----mg/L0.0017440-60-0

<0.001Lanthanum <0.001 <0.001 ---- ----mg/L0.0017439-91-0

<0.001Lead <0.001 <0.001 ---- ----mg/L0.0017439-92-1

0.004Lithium 0.011 0.011 ---- ----mg/L0.0017439-93-2

<0.001Lutetium <0.001 <0.001 ---- ----mg/L0.0017439-94-3

<0.001Manganese <0.001 0.014 ---- ----mg/L0.0017439-96-5

0.011Molybdenum 0.008 0.011 ---- ----mg/L0.0017439-98-7
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Work Order :

:Client

EB1910401

T2507-37 Multicom Resources:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

--------Coquina Comp 2 

-0.3mm Cyc #1 52 UF

Coquina Comp 2 

-4+0.3mm

Coquina Comp 2 

+4mm

Client sample IDSub-Matrix: DI WATER LEACHATE

 (Matrix: WATER)

--------01-Apr-2019 00:0001-Apr-2019 00:0001-Apr-2019 00:00Client sampling date / time

----------------EB1910401-003EB1910401-002EB1910401-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EG020W: Water Leachable Metals by ICP-MS - Continued

<0.001Neodymium <0.001 <0.001 ---- ----mg/L0.0017440-00-8

<0.001Nickel <0.001 0.005 ---- ----mg/L0.0017440-02-0

<0.001Praseodymium <0.001 <0.001 ---- ----mg/L0.0017440-10-0

<0.001Rubidium <0.001 <0.001 ---- ----mg/L0.0017440-17-7

<0.001Samarium <0.001 <0.001 ---- ----mg/L0.0017440-19-9

<0.01Selenium <0.01 <0.01 ---- ----mg/L0.017782-49-2

<0.001Silver <0.001 <0.001 ---- ----mg/L0.0017440-22-4

0.222Strontium 0.166 0.152 ---- ----mg/L0.0017440-24-6

<0.005Tellurium <0.005 <0.005 ---- ----mg/L0.00522541-49-7

<0.001Terbium <0.001 <0.001 ---- ----mg/L0.0017440-27-9

<0.001Thallium <0.001 <0.001 ---- ----mg/L0.0017440-28-0

<0.001Thorium <0.001 <0.001 ---- ----mg/L0.0017440-29-1

<0.001Thulium <0.001 <0.001 ---- ----mg/L0.0017440-30-4

<0.001Tin <0.001 <0.001 ---- ----mg/L0.0017440-31-5

<0.01Titanium <0.01 0.01 ---- ----mg/L0.017440-32-6

0.002Uranium 0.002 0.006 ---- ----mg/L0.0017440-61-1

0.69Vanadium 0.45 0.35 ---- ----mg/L0.017440-62-2

<0.001Ytterbium <0.001 <0.001 ---- ----mg/L0.0017440-64-4

<0.001Yttrium <0.001 0.001 ---- ----mg/L0.0017440-65-5

<0.005Zinc <0.005 <0.005 ---- ----mg/L0.0057440-66-6

<0.005Zirconium <0.005 <0.005 ---- ----mg/L0.0057440-67-7

0.06Boron <0.05 <0.05 ---- ----mg/L0.057440-42-8

0.07Iron <0.05 0.31 ---- ----mg/L0.057439-89-6

<0.001Gold <0.001 <0.001 ---- ----mg/L0.0017440-57-5

<0.001Tungsten <0.001 <0.001 ---- ----mg/L0.0017440-33-7

<0.001Tantalum <0.001 <0.001 ---- ----mg/L0.0017440-25-7

EG035W: Water Leachable Mercury by FIMS

<0.0001Mercury <0.0001 <0.0001 ---- ----mg/L0.00017439-97-6
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Work Order :

:Client

EB1910401

T2507-37 Multicom Resources:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

--------Coquina Comp 2 

-0.3mm Cyc #1 52 UF

Coquina Comp 2 

-4+0.3mm

Coquina Comp 2 

+4mm

Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

--------01-Apr-2019 00:0001-Apr-2019 00:0001-Apr-2019 00:00Client sampling date / time

----------------EB1910401-003EB1910401-002EB1910401-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EA009: Nett Acid Production Potential

-915 -942 -825 ---- ----kg H2SO4/t0.5----Net Acid Production Potential

EA013: Acid Neutralising Capacity

916 943 827 ---- ----kg H2SO4 

equiv./t

0.5----ANC as H2SO4

93.4 96.2 84.3 ---- ----% CaCO30.1----ANC as CaCO3

5 5 5 ---- ----Fizz Unit0----Fizz Rating

ED042T: Total Sulfur by LECO

0.03 0.02 0.05 ---- ----%0.01----Sulfur - Total as S (LECO)
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Work Order :

:Client

EB1910401

T2507-37 Multicom Resources:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

----------------Perth Tap WaterClient sample IDSub-Matrix: WATER

 (Matrix: WATER)

----------------01-Apr-2019 00:00Client sampling date / time

--------------------------------EB1910401-004UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EA005P: pH by PC Titrator

7.56 ---- ---- ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

537 ---- ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 ---- ---- ---- ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 ---- ---- ---- ----mg/L13812-32-6

57Bicarbonate Alkalinity as CaCO3 ---- ---- ---- ----mg/L171-52-3

57 ---- ---- ---- ----mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

16Sulfate as SO4 - Turbidimetric ---- ---- ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

136Chloride ---- ---- ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

18Calcium ---- ---- ---- ----mg/L17440-70-2

5Magnesium ---- ---- ---- ----mg/L17439-95-4

82Sodium ---- ---- ---- ----mg/L17440-23-5

3Potassium ---- ---- ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.01Aluminium ---- ---- ---- ----mg/L0.017429-90-5

<0.001Dysprosium ---- ---- ---- ----mg/L0.0017429-91-6

<0.001Silver ---- ---- ---- ----mg/L0.0017440-22-4

<0.001Arsenic ---- ---- ---- ----mg/L0.0017440-38-2

<0.001Bismuth ---- ---- ---- ----mg/L0.0017440-69-9

<0.001Erbium ---- ---- ---- ----mg/L0.0017440-52-0

0.34Boron ---- ---- ---- ----mg/L0.057440-42-8

<0.001Europium ---- ---- ---- ----mg/L0.0017440-53-1

0.141Strontium ---- ---- ---- ----mg/L0.0017440-24-6

0.020Barium ---- ---- ---- ----mg/L0.0017440-39-3

<0.001Gadolinium ---- ---- ---- ----mg/L0.0017440-54-2

<0.01Titanium ---- ---- ---- ----mg/L0.017440-32-6

<0.001Beryllium ---- ---- ---- ----mg/L0.0017440-41-7

<0.001Gallium ---- ---- ---- ----mg/L0.0017440-55-3

<0.0001Cadmium ---- ---- ---- ----mg/L0.00017440-43-9

<0.01Hafnium ---- ---- ---- ----mg/L0.017440-58-6
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Work Order :

:Client

EB1910401

T2507-37 Multicom Resources:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

----------------Perth Tap WaterClient sample IDSub-Matrix: WATER

 (Matrix: WATER)

----------------01-Apr-2019 00:00Client sampling date / time

--------------------------------EB1910401-004UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EG020F: Dissolved Metals by ICP-MS - Continued

<0.005Tellurium ---- ---- ---- ----mg/L0.00522541-49-7

<0.001Cobalt ---- ---- ---- ----mg/L0.0017440-48-4

<0.001Holmium ---- ---- ---- ----mg/L0.0017440-60-0

<0.001Uranium ---- ---- ---- ----mg/L0.0017440-61-1

<0.001Caesium ---- ---- ---- ----mg/L0.0017440-46-2

<0.001Chromium ---- ---- ---- ----mg/L0.0017440-47-3

<0.001Indium ---- ---- ---- ----mg/L0.0017440-74-6

0.112Copper ---- ---- ---- ----mg/L0.0017440-50-8

<0.001Lanthanum ---- ---- ---- ----mg/L0.0017439-91-0

0.004Rubidium ---- ---- ---- ----mg/L0.0017440-17-7

0.001Lithium ---- ---- ---- ----mg/L0.0017439-93-2

<0.001Lutetium ---- ---- ---- ----mg/L0.0017439-94-3

<0.001Thorium ---- ---- ---- ----mg/L0.0017440-29-1

<0.001Cerium ---- ---- ---- ----mg/L0.0017440-45-1

0.001Manganese ---- ---- ---- ----mg/L0.0017439-96-5

<0.001Neodymium ---- ---- ---- ----mg/L0.0017440-00-8

<0.001Molybdenum ---- ---- ---- ----mg/L0.0017439-98-7

<0.001Praseodymium ---- ---- ---- ----mg/L0.0017440-10-0

<0.001Nickel ---- ---- ---- ----mg/L0.0017440-02-0

<0.001Samarium ---- ---- ---- ----mg/L0.0017440-19-9

<0.001Lead ---- ---- ---- ----mg/L0.0017439-92-1

<0.001Terbium ---- ---- ---- ----mg/L0.0017440-27-9

<0.001Antimony ---- ---- ---- ----mg/L0.0017440-36-0

<0.001Thulium ---- ---- ---- ----mg/L0.0017440-30-4

<0.01Selenium ---- ---- ---- ----mg/L0.017782-49-2

<0.001Ytterbium ---- ---- ---- ----mg/L0.0017440-64-4

<0.001Tin ---- ---- ---- ----mg/L0.0017440-31-5

<0.001Yttrium ---- ---- ---- ----mg/L0.0017440-65-5

<0.001Thallium ---- ---- ---- ----mg/L0.0017440-28-0

<0.005Zirconium ---- ---- ---- ----mg/L0.0057440-67-7

<0.01Vanadium ---- ---- ---- ----mg/L0.017440-62-2

0.030Zinc ---- ---- ---- ----mg/L0.0057440-66-6

<0.05Iron ---- ---- ---- ----mg/L0.057439-89-6

EG035F: Dissolved Mercury by FIMS

<0.0001Mercury ---- ---- ---- ----mg/L0.00017439-97-6
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Work Order :

:Client

EB1910401

T2507-37 Multicom Resources:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

----------------Perth Tap WaterClient sample IDSub-Matrix: WATER

 (Matrix: WATER)

----------------01-Apr-2019 00:00Client sampling date / time

--------------------------------EB1910401-004UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EK040P: Fluoride by PC Titrator

0.8Fluoride ---- ---- ---- ----mg/L0.116984-48-8

EN055: Ionic Balance

5.31 ---- ---- ---- ----meq/L0.01----Total Anions

4.95 ---- ---- ---- ----meq/L0.01----Total Cations

3.46 ---- ---- ---- ----%0.01----Ionic Balance



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 2EB1914830

:: LaboratoryClient RGS ENVIRONMENTAL PTY LTD Environmental Division Brisbane

: :ContactContact MR GREG MADDOCKS Customer Services EB

:: AddressAddress PO Box 3091

SUNNYBANK SOUTH QLD, AUSTRALIA 4109

2 Byth Street Stafford QLD Australia 4053

:Telephone +61 07 3344 1222 :Telephone +61-7-3243 7222

:Project 2019021 Date Samples Received : 10-Jun-2019 09:40

:Order number Date Analysis Commenced : 13-Jun-2019

:C-O-C number ---- Issue Date : 14-Jun-2019 13:06

Sampler : FIELD PERSONEL

Site : Wave Vanadium

Quote number : EN/222

3:No. of samples received

3:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ben Felgendrejeris Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1914830

2019021:Project

RGS ENVIRONMENTAL PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Analytical Results

--------Coquina Comp 2 

-0.3mm Cyc #1 52 UF

Coquina Comp 2 

-4+0.3mm

Coquina Comp 2 

+4mm

Client sample IDSub-Matrix: PULP

 (Matrix: SOIL)

--------01-Apr-2019 00:0001-Apr-2019 00:0001-Apr-2019 00:00Client sampling date / time

----------------EB1914830-003EB1914830-002EB1914830-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EA026 : Chromium Reducible Sulfur

0.010 0.006 0.007 ---- ----%0.005----Chromium Reducible Sulphur



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 5EB1915608

:: LaboratoryClient RGS ENVIRONMENTAL PTY LTD Environmental Division Brisbane

: :ContactContact MR GREG MADDOCKS Customer Services EB

:: AddressAddress PO Box 3091

SUNNYBANK SOUTH QLD, AUSTRALIA 4109

2 Byth Street Stafford QLD Australia 4053

:Telephone +61 07 3344 1222 :Telephone +61-7-3243 7222

:Project 2019021 - Wave Vanadium Date Samples Received : 13-Jun-2019 14:45

:Order number 2019021 Date Analysis Commenced : 18-Jun-2019

:C-O-C number ---- Issue Date : 02-Jul-2019 12:56

Sampler : FIELD PERSONEL

Site : ----

Quote number : EN/222

2:No. of samples received

2:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ben Felgendrejeris Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Tom Maloney Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1915608

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ED006 (Exchangeable Cations on Alkaline Soils): Unable to calculate Calcium/Magnesium Ratio for sample EB1915608-001 (Coquina Comp 2 bulk Calcite Float 2 CON Comp) as the required results for 

Calcium/Magnesium are below LOR.

l

ED006 (Exchangeable Cations on Alkaline Soils): Unable to calculate Magnesium/Potassium Ratio for sample EB1915608-001 (Coquina Comp 2 bulk Calcite Float 2 CON Comp) as the required results for 

Magnesium/Potassium are below LOR.

l

ALS is not NATA accredited for the analysis of Exchangeable Aluminium and Exchange Acidity in soils when performed under ALS Method ED005.l

ALS is not NATA accredited for the analysis of Exchangeable Cations on Alkaline Soils when performed under ALS Method ED006.l

ASS: EA013 (ANC) Fizz Rating: 0- None; 1- Slight; 2- Moderate; 3- Strong; 4- Very Strong; 5- Lime.l

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

EB1915608

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

----------------Coquina Comp 2 bulk 

Calcite Float 2 CON 

Comp

Client sample IDSub-Matrix: DI WATER LEACHATE

 (Matrix: WATER)

----------------13-Jun-2019 00:00Client sampling date / time

--------------------------------EB1915608-001UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EA005P: pH by PC Titrator

7.87 ---- ---- ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

183 ---- ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

19Sulfate as SO4 - Turbidimetric ---- ---- ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

14Chloride ---- ---- ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

17Calcium ---- ---- ---- ----mg/L17440-70-2

<1Magnesium ---- ---- ---- ----mg/L17439-95-4

18Sodium ---- ---- ---- ----mg/L17440-23-5

1Potassium ---- ---- ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

0.45Aluminium ---- ---- ---- ----mg/L0.017429-90-5

<0.001Dysprosium ---- ---- ---- ----mg/L0.0017429-91-6

<0.001Silver ---- ---- ---- ----mg/L0.0017440-22-4

0.042Arsenic ---- ---- ---- ----mg/L0.0017440-38-2

<0.001Bismuth ---- ---- ---- ----mg/L0.0017440-69-9

<0.001Erbium ---- ---- ---- ----mg/L0.0017440-52-0

0.17Boron ---- ---- ---- ----mg/L0.057440-42-8

<0.001Europium ---- ---- ---- ----mg/L0.0017440-53-1

0.199Strontium ---- ---- ---- ----mg/L0.0017440-24-6

0.928Barium ---- ---- ---- ----mg/L0.0017440-39-3

<0.001Gadolinium ---- ---- ---- ----mg/L0.0017440-54-2

0.02Titanium ---- ---- ---- ----mg/L0.017440-32-6

<0.001Beryllium ---- ---- ---- ----mg/L0.0017440-41-7

<0.001Gallium ---- ---- ---- ----mg/L0.0017440-55-3

0.0004Cadmium ---- ---- ---- ----mg/L0.00017440-43-9

<0.01Hafnium ---- ---- ---- ----mg/L0.017440-58-6

<0.005Tellurium ---- ---- ---- ----mg/L0.00522541-49-7

<0.001Cobalt ---- ---- ---- ----mg/L0.0017440-48-4

<0.001Holmium ---- ---- ---- ----mg/L0.0017440-60-0

0.002Uranium ---- ---- ---- ----mg/L0.0017440-61-1
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Work Order :

:Client

EB1915608

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

----------------Coquina Comp 2 bulk 

Calcite Float 2 CON 

Comp

Client sample IDSub-Matrix: DI WATER LEACHATE

 (Matrix: WATER)

----------------13-Jun-2019 00:00Client sampling date / time

--------------------------------EB1915608-001UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EG020F: Dissolved Metals by ICP-MS - Continued

<0.001Caesium ---- ---- ---- ----mg/L0.0017440-46-2

0.009Chromium ---- ---- ---- ----mg/L0.0017440-47-3

<0.001Indium ---- ---- ---- ----mg/L0.0017440-74-6

0.016Copper ---- ---- ---- ----mg/L0.0017440-50-8

<0.001Lanthanum ---- ---- ---- ----mg/L0.0017439-91-0

0.001Rubidium ---- ---- ---- ----mg/L0.0017440-17-7

0.005Lithium ---- ---- ---- ----mg/L0.0017439-93-2

<0.001Lutetium ---- ---- ---- ----mg/L0.0017439-94-3

<0.001Thorium ---- ---- ---- ----mg/L0.0017440-29-1

<0.001Cerium ---- ---- ---- ----mg/L0.0017440-45-1

0.003Manganese ---- ---- ---- ----mg/L0.0017439-96-5

<0.001Neodymium ---- ---- ---- ----mg/L0.0017440-00-8

0.019Molybdenum ---- ---- ---- ----mg/L0.0017439-98-7

<0.001Praseodymium ---- ---- ---- ----mg/L0.0017440-10-0

0.003Nickel ---- ---- ---- ----mg/L0.0017440-02-0

<0.001Samarium ---- ---- ---- ----mg/L0.0017440-19-9

<0.001Lead ---- ---- ---- ----mg/L0.0017439-92-1

<0.001Terbium ---- ---- ---- ----mg/L0.0017440-27-9

0.007Antimony ---- ---- ---- ----mg/L0.0017440-36-0

<0.001Thulium ---- ---- ---- ----mg/L0.0017440-30-4

<0.01Selenium ---- ---- ---- ----mg/L0.017782-49-2

<0.001Ytterbium ---- ---- ---- ----mg/L0.0017440-64-4

<0.001Tin ---- ---- ---- ----mg/L0.0017440-31-5

<0.001Yttrium ---- ---- ---- ----mg/L0.0017440-65-5

<0.001Thallium ---- ---- ---- ----mg/L0.0017440-28-0

<0.005Zirconium ---- ---- ---- ----mg/L0.0057440-67-7

1.20Vanadium ---- ---- ---- ----mg/L0.017440-62-2

0.104Zinc ---- ---- ---- ----mg/L0.0057440-66-6

0.28Iron ---- ---- ---- ----mg/L0.057439-89-6

EK040P: Fluoride by PC Titrator

1.2Fluoride ---- ---- ---- ----mg/L0.116984-48-8

EK071G: Reactive Phosphorus as P by discrete analyser

<0.01Reactive Phosphorus as P ---- ---- ---- ----mg/L0.0114265-44-2
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Work Order :

:Client

EB1915608

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------DI pH and ECCoquina Comp 2 bulk 

Calcite Float 2 CON 

Comp

Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------17-Jun-2019 00:0013-Jun-2019 00:00Client sampling date / time

------------------------EB1915608-002EB1915608-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EA002: pH 1:5 (Soils)

8.8 6.0 ---- ---- ----pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-855 ---- ---- ---- ----kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

112 <1 ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA013: Acid Neutralising Capacity

856 ---- ---- ---- ----kg H2SO4 

equiv./t

0.5----ANC as H2SO4

87.3 ---- ---- ---- ----% CaCO30.1----ANC as CaCO3

5 ---- ---- ---- ----Fizz Unit0----Fizz Rating

EA026 : Chromium Reducible Sulfur

<0.005 ---- ---- ---- ----%0.005----Chromium Reducible Sulphur

EA055: Moisture Content (Dried @ 105-110°C)

<0.1 ---- ---- ---- ----%0.1----Moisture Content

ED006: Exchangeable Cations on Alkaline Soils

2.2ø ---- ---- ---- ----meq/100g0.2----Exchangeable Calcium

<0.2ø ---- ---- ---- ----meq/100g0.2----Exchangeable Magnesium

<0.2ø ---- ---- ---- ----meq/100g0.2----Exchangeable Potassium

<0.2ø ---- ---- ---- ----meq/100g0.2----Exchangeable Sodium

2.2ø ---- ---- ---- ----meq/100g0.2----Cation Exchange Capacity

<0.2ø ---- ---- ---- ----%0.2----Exchangeable Sodium Percent

ED042T: Total Sulfur by LECO

0.02 ---- ---- ---- ----%0.01----Sulfur - Total as S (LECO)



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 6EB1916683

:Amendment (Preliminary Report)
:: LaboratoryClient RGS ENVIRONMENTAL PTY LTD Environmental Division Brisbane

: :ContactContact MR GREG MADDOCKS Customer Services EB

:: AddressAddress PO Box 3091

SUNNYBANK SOUTH QLD, AUSTRALIA 4109

2 Byth Street Stafford QLD Australia 4053

:Telephone +61 07 3344 1222 :Telephone +61-7-3243 7222

:Project 2019021 - Wave Vanadium Date Samples Received : 27-Jun-2019 17:48

:Order number Date Analysis Commenced : 11-Jul-2019

:C-O-C number ---- Issue Date : 18-Jul-2019 17:43

Sampler : ----

Site : ----

Quote number : EN/222

2:No. of samples received

2:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ben Felgendrejeris Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1916683

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ALS is not NATA accredited for the analysis of Exchangeable Aluminium and Exchange Acidity in soils when performed under ALS Method ED005.l

ALS is not NATA accredited for the analysis of Exchangeable Cations on Alkaline Soils when performed under ALS Method ED006.l

ASS: EA013 (ANC) Fizz Rating: 0- None; 1- Slight; 2- Moderate; 3- Strong; 4- Very Strong; 5- Lime.l

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

EB1916683

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

----------------Bulk Calcite Float 2 

Roasted - H2SO4 

Leach Residue - 

Neutralisation

Client sample IDSub-Matrix: LEACHATE

 (Matrix: WATER)

----------------10-Jul-2019 00:00Client sampling date / time

--------------------------------EB1916683-001UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EA005P: pH by PC Titrator

8.15 ---- ---- ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

2740 ---- ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

1600Sulfate as SO4 - Turbidimetric ---- ---- ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

1Chloride ---- ---- ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

713Calcium ---- ---- ---- ----mg/L17440-70-2

38Magnesium ---- ---- ---- ----mg/L17439-95-4

23Sodium ---- ---- ---- ----mg/L17440-23-5

18Potassium ---- ---- ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

0.02Aluminium ---- ---- ---- ----mg/L0.017429-90-5

<0.001Dysprosium ---- ---- ---- ----mg/L0.0017429-91-6

<0.001Silver ---- ---- ---- ----mg/L0.0017440-22-4

0.013Arsenic ---- ---- ---- ----mg/L0.0017440-38-2

<0.001Bismuth ---- ---- ---- ----mg/L0.0017440-69-9

<0.001Erbium ---- ---- ---- ----mg/L0.0017440-52-0

0.31Boron ---- ---- ---- ----mg/L0.057440-42-8

<0.001Europium ---- ---- ---- ----mg/L0.0017440-53-1

2.19Strontium ---- ---- ---- ----mg/L0.0017440-24-6

0.068Barium ---- ---- ---- ----mg/L0.0017440-39-3

<0.001Gadolinium ---- ---- ---- ----mg/L0.0017440-54-2

<0.01Titanium ---- ---- ---- ----mg/L0.017440-32-6

<0.001Beryllium ---- ---- ---- ----mg/L0.0017440-41-7

<0.001Gallium ---- ---- ---- ----mg/L0.0017440-55-3

0.0222Cadmium ---- ---- ---- ----mg/L0.00017440-43-9

<0.01Hafnium ---- ---- ---- ----mg/L0.017440-58-6

<0.005Tellurium ---- ---- ---- ----mg/L0.00522541-49-7

0.064Cobalt ---- ---- ---- ----mg/L0.0017440-48-4

<0.001Holmium ---- ---- ---- ----mg/L0.0017440-60-0
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Work Order :

:Client

EB1916683

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

----------------Bulk Calcite Float 2 

Roasted - H2SO4 

Leach Residue - 

Neutralisation

Client sample IDSub-Matrix: LEACHATE

 (Matrix: WATER)

----------------10-Jul-2019 00:00Client sampling date / time

--------------------------------EB1916683-001UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EG020F: Dissolved Metals by ICP-MS - Continued

0.056Uranium ---- ---- ---- ----mg/L0.0017440-61-1

<0.001Caesium ---- ---- ---- ----mg/L0.0017440-46-2

<0.001Chromium ---- ---- ---- ----mg/L0.0017440-47-3

<0.001Indium ---- ---- ---- ----mg/L0.0017440-74-6

<0.001Copper ---- ---- ---- ----mg/L0.0017440-50-8

<0.001Lanthanum ---- ---- ---- ----mg/L0.0017439-91-0

0.015Rubidium ---- ---- ---- ----mg/L0.0017440-17-7

0.021Lithium ---- ---- ---- ----mg/L0.0017439-93-2

<0.001Lutetium ---- ---- ---- ----mg/L0.0017439-94-3

<0.001Thorium ---- ---- ---- ----mg/L0.0017440-29-1

<0.001Cerium ---- ---- ---- ----mg/L0.0017440-45-1

2.94Manganese ---- ---- ---- ----mg/L0.0017439-96-5

<0.001Neodymium ---- ---- ---- ----mg/L0.0017440-00-8

6.89Molybdenum ---- ---- ---- ----mg/L0.0017439-98-7

<0.001Praseodymium ---- ---- ---- ----mg/L0.0017440-10-0

0.527Nickel ---- ---- ---- ----mg/L0.0017440-02-0

<0.001Samarium ---- ---- ---- ----mg/L0.0017440-19-9

<0.001Lead ---- ---- ---- ----mg/L0.0017439-92-1

<0.001Terbium ---- ---- ---- ----mg/L0.0017440-27-9

0.030Antimony ---- ---- ---- ----mg/L0.0017440-36-0

<0.001Thulium ---- ---- ---- ----mg/L0.0017440-30-4

<0.01Selenium ---- ---- ---- ----mg/L0.017782-49-2

<0.001Ytterbium ---- ---- ---- ----mg/L0.0017440-64-4

<0.001Tin ---- ---- ---- ----mg/L0.0017440-31-5

<0.001Yttrium ---- ---- ---- ----mg/L0.0017440-65-5

<0.001Thallium ---- ---- ---- ----mg/L0.0017440-28-0

<0.005Zirconium ---- ---- ---- ----mg/L0.0057440-67-7

4.95Vanadium ---- ---- ---- ----mg/L0.017440-62-2

0.164Zinc ---- ---- ---- ----mg/L0.0057440-66-6

<0.05Iron ---- ---- ---- ----mg/L0.057439-89-6

EK040P: Fluoride by PC Titrator

2.2Fluoride ---- ---- ---- ----mg/L0.116984-48-8
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Work Order :

:Client

EB1916683

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

----------------Bulk Calcite Float 2 

Roasted - H2SO4 

Leach Residue - 

Neutralisation

Client sample IDSub-Matrix: LEACHATE

 (Matrix: WATER)

----------------10-Jul-2019 00:00Client sampling date / time

--------------------------------EB1916683-001UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EK071G: Reactive Phosphorus as P by discrete analyser

0.08Reactive Phosphorus as P ---- ---- ---- ----mg/L0.0114265-44-2
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Work Order :

:Client

EB1916683

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------pH and EC of DI waterBulk Calcite Float 2 

Roasted - H2SO4 

Leach Residue - 

Neutralisation

Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------10-Jul-2019 00:0010-Jul-2019 00:00Client sampling date / time

------------------------EB1916683-002EB1916683-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EA002: pH 1:5 (Soils)

7.1 7.2 ---- ---- ----pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

73.4 ---- ---- ---- ----kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

2350 <1 ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA013: Acid Neutralising Capacity

98.3 ---- ---- ---- ----kg H2SO4 

equiv./t

0.5----ANC as H2SO4

10.0 ---- ---- ---- ----% CaCO30.1----ANC as CaCO3

2 ---- ---- ---- ----Fizz Unit0----Fizz Rating

EA026 : Chromium Reducible Sulfur

0.019 ---- ---- ---- ----%0.005----Chromium Reducible Sulphur

EA055: Moisture Content (Dried @ 105-110°C)

35.6 ---- ---- ---- ----%0.1----Moisture Content

ED008: Exchangeable Cations

203 ---- ---- ---- ----meq/100g0.1----Exchangeable Calcium

0.8 ---- ---- ---- ----meq/100g0.1----Exchangeable Magnesium

0.7 ---- ---- ---- ----meq/100g0.1----Exchangeable Potassium

0.2 ---- ---- ---- ----meq/100g0.1----Exchangeable Sodium

205 ---- ---- ---- ----meq/100g0.1----Cation Exchange Capacity

0.1 ---- ---- ---- ----%0.1----Exchangeable Sodium Percent

254 ---- ---- ---- -----0.1----Calcium/Magnesium Ratio

1.1 ---- ---- ---- -----0.1----Magnesium/Potassium Ratio

ED042T: Total Sulfur by LECO

5.61 ---- ---- ---- ----%0.01----Sulfur - Total as S (LECO)
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Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 5EB1917963

:: LaboratoryClient RGS ENVIRONMENTAL PTY LTD Environmental Division Brisbane

: :ContactContact MR GREG MADDOCKS Customer Services EB

:: AddressAddress PO Box 3091

SUNNYBANK SOUTH QLD, AUSTRALIA 4109

2 Byth Street Stafford QLD Australia 4053

:Telephone +61 07 3344 1222 :Telephone +61-7-3243 7222

:Project 2019021 - Wave Vanadium Date Samples Received : 10-Jul-2019 15:00

:Order number Date Analysis Commenced : 12-Jul-2019

:C-O-C number ---- Issue Date : 18-Jul-2019 16:23

Sampler : MARY MACILROY

Site : ----

Quote number : EN/222

2:No. of samples received

2:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1917963

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Ionic balances are within acceptable limits as detailed in the 21st Ed. APHA "Standard Methods for the Examination of Water and Wastewater".l

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

EB1917963

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC 2KLC 1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------10-Jul-2019 00:0010-Jul-2019 00:00Client sampling date / time

------------------------EB1917963-002EB1917963-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EA005P: pH by PC Titrator

8.38 7.77 ---- ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

288 680 ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 ---- ---- ----mg/L1DMO-210-001

3Carbonate Alkalinity as CaCO3 <1 ---- ---- ----mg/L13812-32-6

45Bicarbonate Alkalinity as CaCO3 93 ---- ---- ----mg/L171-52-3

48 93 ---- ---- ----mg/L1----Total Alkalinity as CaCO3

ED038A: Acidity

<1 2 ---- ---- ----mg/L1----Acidity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

19Sulfate as SO4 - Turbidimetric 86 ---- ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

39Chloride 83 ---- ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

19Calcium 58 ---- ---- ----mg/L17440-70-2

2Magnesium 3 ---- ---- ----mg/L17439-95-4

31Sodium 76 ---- ---- ----mg/L17440-23-5

2Potassium 3 ---- ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

0.03Aluminium 0.01 ---- ---- ----mg/L0.017429-90-5

0.001Antimony 0.007 ---- ---- ----mg/L0.0017440-36-0

0.008Arsenic 0.064 ---- ---- ----mg/L0.0017440-38-2

<0.05Boron 0.13 ---- ---- ----mg/L0.057440-42-8

0.043Barium 0.067 ---- ---- ----mg/L0.0017440-39-3

<0.001Beryllium <0.001 ---- ---- ----mg/L0.0017440-41-7

<0.001Bismuth <0.001 ---- ---- ----mg/L0.0017440-69-9

<0.0001Cadmium 0.0001 ---- ---- ----mg/L0.00017440-43-9

<0.001Cobalt <0.001 ---- ---- ----mg/L0.0017440-48-4

0.003Chromium 0.042 ---- ---- ----mg/L0.0017440-47-3

<0.001Indium <0.001 ---- ---- ----mg/L0.0017440-74-6

<0.001Cerium <0.001 ---- ---- ----mg/L0.0017440-45-1

0.018Copper 0.019 ---- ---- ----mg/L0.0017440-50-8

<0.001Caesium <0.001 ---- ---- ----mg/L0.0017440-46-2
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Work Order :

:Client

EB1917963

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC 2KLC 1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------10-Jul-2019 00:0010-Jul-2019 00:00Client sampling date / time

------------------------EB1917963-002EB1917963-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EG020F: Dissolved Metals by ICP-MS - Continued

0.007Manganese 0.004 ---- ---- ----mg/L0.0017439-96-5

0.001Nickel 0.001 ---- ---- ----mg/L0.0017440-02-0

<0.001Dysprosium <0.001 ---- ---- ----mg/L0.0017429-91-6

<0.001Lead <0.001 ---- ---- ----mg/L0.0017439-92-1

<0.001Erbium <0.001 ---- ---- ----mg/L0.0017440-52-0

<0.001Europium <0.001 ---- ---- ----mg/L0.0017440-53-1

<0.01Selenium <0.01 ---- ---- ----mg/L0.017782-49-2

<0.001Gadolinium <0.001 ---- ---- ----mg/L0.0017440-54-2

<0.001Gallium <0.001 ---- ---- ----mg/L0.0017440-55-3

<0.01Hafnium <0.01 ---- ---- ----mg/L0.017440-58-6

0.35Vanadium 0.92 ---- ---- ----mg/L0.017440-62-2

<0.001Holmium <0.001 ---- ---- ----mg/L0.0017440-60-0

0.007Zinc <0.005 ---- ---- ----mg/L0.0057440-66-6

<0.001Lanthanum <0.001 ---- ---- ----mg/L0.0017439-91-0

0.025Lithium 0.015 ---- ---- ----mg/L0.0017439-93-2

<0.001Lutetium <0.001 ---- ---- ----mg/L0.0017439-94-3

0.011Molybdenum 0.057 ---- ---- ----mg/L0.0017439-98-7

<0.001Neodymium <0.001 ---- ---- ----mg/L0.0017440-00-8

<0.001Praseodymium <0.001 ---- ---- ----mg/L0.0017440-10-0

0.001Rubidium 0.001 ---- ---- ----mg/L0.0017440-17-7

<0.001Samarium <0.001 ---- ---- ----mg/L0.0017440-19-9

<0.001Silver <0.001 ---- ---- ----mg/L0.0017440-22-4

0.175Strontium 0.576 ---- ---- ----mg/L0.0017440-24-6

<0.005Tellurium <0.005 ---- ---- ----mg/L0.00522541-49-7

<0.001Terbium <0.001 ---- ---- ----mg/L0.0017440-27-9

<0.001Thallium <0.001 ---- ---- ----mg/L0.0017440-28-0

<0.001Thorium <0.001 ---- ---- ----mg/L0.0017440-29-1

<0.001Thulium <0.001 ---- ---- ----mg/L0.0017440-30-4

<0.001Tin <0.001 ---- ---- ----mg/L0.0017440-31-5

<0.01Titanium <0.01 ---- ---- ----mg/L0.017440-32-6

0.003Uranium 0.010 ---- ---- ----mg/L0.0017440-61-1

<0.001Ytterbium <0.001 ---- ---- ----mg/L0.0017440-64-4

<0.001Yttrium <0.001 ---- ---- ----mg/L0.0017440-65-5

<0.005Zirconium <0.005 ---- ---- ----mg/L0.0057440-67-7

<0.05Iron <0.05 ---- ---- ----mg/L0.057439-89-6
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Work Order :

:Client

EB1917963

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC 2KLC 1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------10-Jul-2019 00:0010-Jul-2019 00:00Client sampling date / time

------------------------EB1917963-002EB1917963-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EG035F: Dissolved Mercury by FIMS

<0.0001Mercury <0.0001 ---- ---- ----mg/L0.00017439-97-6

EK040P: Fluoride by PC Titrator

0.8Fluoride 1.3 ---- ---- ----mg/L0.116984-48-8

EN055: Ionic Balance

2.45ø 5.99 ---- ---- ----meq/L0.01----Total Anions

2.51ø 6.52 ---- ---- ----meq/L0.01----Total Cations

----ø 4.26 ---- ---- ----%0.01----Ionic Balance
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 5EB1918377

:Amendment 1
:: LaboratoryClient RGS ENVIRONMENTAL PTY LTD Environmental Division Brisbane

: :ContactContact MS VERONICA CANALES Customer Services EB

:: AddressAddress PO Box 3091

SUNNYBANK SOUTH QLD, AUSTRALIA 4109

2 Byth Street Stafford QLD Australia 4053

:Telephone +61 07 3344 1222 :Telephone +61-7-3243 7222

:Project 2019021 - Wave Vanadium Date Samples Received : 16-Jul-2019 17:11

:Order number - Date Analysis Commenced : 17-Jul-2019

:C-O-C number 2530 Issue Date : 25-Jul-2019 14:18

Sampler : MARY MACELROY, VERONICA CANALES

Site : Wave Vanadium

Quote number : BN/1234/19

2:No. of samples received

2:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

Tom Maloney Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1918377 Amendment 1

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Amendment (25/07/2019): This report has been amended to alter the site office details.  All analysis results are as per the previous report.l

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

EB1918377 Amendment 1

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC -2KLC -1Client sample IDSub-Matrix: PROCESS WATER

 (Matrix: WATER)

------------16-Jul-2019 11:3216-Jul-2019 10:26Client sampling date / time

------------------------EB1918377-002EB1918377-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EA005P: pH by PC Titrator

7.92 8.37 ---- ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

153 127 ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 ---- ---- ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 2 ---- ---- ----mg/L13812-32-6

36Bicarbonate Alkalinity as CaCO3 48 ---- ---- ----mg/L171-52-3

36 48 ---- ---- ----mg/L1----Total Alkalinity as CaCO3

ED038A: Acidity

1 <1 ---- ---- ----mg/L1----Acidity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

12Sulfate as SO4 - Turbidimetric 14 ---- ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

13Chloride 5 ---- ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

13Calcium 15 ---- ---- ----mg/L17440-70-2

1Magnesium <1 ---- ---- ----mg/L17439-95-4

15Sodium 11 ---- ---- ----mg/L17440-23-5

<1Potassium <1 ---- ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

0.04Aluminium 0.02 ---- ---- ----mg/L0.017429-90-5

<0.001Dysprosium <0.001 ---- ---- ----mg/L0.0017429-91-6

0.001Antimony 0.002 ---- ---- ----mg/L0.0017440-36-0

<0.001Erbium <0.001 ---- ---- ----mg/L0.0017440-52-0

0.009Arsenic 0.017 ---- ---- ----mg/L0.0017440-38-2

<0.001Europium <0.001 ---- ---- ----mg/L0.0017440-53-1

<0.001Beryllium <0.001 ---- ---- ----mg/L0.0017440-41-7

<0.001Gadolinium <0.001 ---- ---- ----mg/L0.0017440-54-2

0.025Barium 0.019 ---- ---- ----mg/L0.0017440-39-3

<0.001Gallium <0.001 ---- ---- ----mg/L0.0017440-55-3

<0.001Bismuth <0.001 ---- ---- ----mg/L0.0017440-69-9

<0.01Hafnium <0.01 ---- ---- ----mg/L0.017440-58-6

<0.001Holmium <0.001 ---- ---- ----mg/L0.0017440-60-0

0.0002Cadmium 0.0001 ---- ---- ----mg/L0.00017440-43-9
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Work Order :

:Client

EB1918377 Amendment 1

2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC -2KLC -1Client sample IDSub-Matrix: PROCESS WATER

 (Matrix: WATER)

------------16-Jul-2019 11:3216-Jul-2019 10:26Client sampling date / time

------------------------EB1918377-002EB1918377-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EG020F: Dissolved Metals by ICP-MS - Continued

<0.001Indium <0.001 ---- ---- ----mg/L0.0017440-74-6

<0.001Cerium <0.001 ---- ---- ----mg/L0.0017440-45-1

<0.001Lanthanum <0.001 ---- ---- ----mg/L0.0017439-91-0

<0.001Caesium <0.001 ---- ---- ----mg/L0.0017440-46-2

<0.001Lutetium <0.001 ---- ---- ----mg/L0.0017439-94-3

0.001Chromium 0.002 ---- ---- ----mg/L0.0017440-47-3

<0.001Neodymium <0.001 ---- ---- ----mg/L0.0017440-00-8

<0.001Cobalt <0.001 ---- ---- ----mg/L0.0017440-48-4

<0.001Praseodymium <0.001 ---- ---- ----mg/L0.0017440-10-0

0.012Copper 0.004 ---- ---- ----mg/L0.0017440-50-8

<0.001Samarium <0.001 ---- ---- ----mg/L0.0017440-19-9

<0.001Terbium <0.001 ---- ---- ----mg/L0.0017440-27-9

<0.001Thulium <0.001 ---- ---- ----mg/L0.0017440-30-4

<0.001Ytterbium <0.001 ---- ---- ----mg/L0.0017440-64-4

<0.001Yttrium <0.001 ---- ---- ----mg/L0.0017440-65-5

<0.005Zirconium <0.005 ---- ---- ----mg/L0.0057440-67-7

<0.001Lead <0.001 ---- ---- ----mg/L0.0017439-92-1

0.012Lithium 0.004 ---- ---- ----mg/L0.0017439-93-2

0.005Manganese 0.001 ---- ---- ----mg/L0.0017439-96-5

0.009Molybdenum 0.014 ---- ---- ----mg/L0.0017439-98-7

0.001Nickel <0.001 ---- ---- ----mg/L0.0017440-02-0

<0.001Rubidium <0.001 ---- ---- ----mg/L0.0017440-17-7

<0.01Selenium <0.01 ---- ---- ----mg/L0.017782-49-2

<0.001Silver <0.001 ---- ---- ----mg/L0.0017440-22-4

0.130Strontium 0.116 ---- ---- ----mg/L0.0017440-24-6

<0.005Tellurium <0.005 ---- ---- ----mg/L0.00522541-49-7

<0.001Thallium <0.001 ---- ---- ----mg/L0.0017440-28-0

<0.001Thorium <0.001 ---- ---- ----mg/L0.0017440-29-1

<0.001Tin <0.001 ---- ---- ----mg/L0.0017440-31-5

<0.01Titanium <0.01 ---- ---- ----mg/L0.017440-32-6

0.004Uranium 0.002 ---- ---- ----mg/L0.0017440-61-1

0.30Vanadium 0.36 ---- ---- ----mg/L0.017440-62-2

0.008Zinc <0.005 ---- ---- ----mg/L0.0057440-66-6

0.05Boron 0.06 ---- ---- ----mg/L0.057440-42-8

0.05Iron <0.05 ---- ---- ----mg/L0.057439-89-6
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Work Order :

:Client
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2019021 - Wave Vanadium:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC -2KLC -1Client sample IDSub-Matrix: PROCESS WATER

 (Matrix: WATER)

------------16-Jul-2019 11:3216-Jul-2019 10:26Client sampling date / time

------------------------EB1918377-002EB1918377-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EG035F: Dissolved Mercury by FIMS

<0.0001Mercury <0.0001 ---- ---- ----mg/L0.00017439-97-6

EK040P: Fluoride by PC Titrator

0.7Fluoride 0.4 ---- ---- ----mg/L0.116984-48-8

EN055: Ionic Balance

1.34ø 1.39 ---- ---- ----meq/L0.01----Total Anions

1.38ø 1.23 ---- ---- ----meq/L0.01----Total Cations



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 5EB1919937

:: LaboratoryClient RGS ENVIRONMENTAL PTY LTD Environmental Division Brisbane

: :ContactContact MS VERONICA CANALES Customer Services EB

:: AddressAddress PO Box 3091

SUNNYBANK SOUTH QLD, AUSTRALIA 4109

2 Byth Street Stafford QLD Australia 4053

:Telephone +61 07 3344 1222 :Telephone +61-7-3243 7222

:Project Wave vanadium- 2019021 Date Samples Received : 31-Jul-2019 17:00

:Order number Date Analysis Commenced : 02-Aug-2019

:C-O-C number 2865 Issue Date : 07-Aug-2019 17:16

Sampler : MARY MACELROY

Site : Wave vanadium

Quote number : BN/1234/19

2:No. of samples received

2:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1919937

Wave vanadium- 2019021:Project

RGS ENVIRONMENTAL PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

EB1919937

Wave vanadium- 2019021:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC-2KLC-1Client sample IDSub-Matrix: WASTEWATER

 (Matrix: WATER)

------------31-Jul-2019 10:4931-Jul-2019 10:47Client sampling date / time

------------------------EB1919937-002EB1919937-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EA005P: pH by PC Titrator

7.71 8.20 ---- ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

143 111 ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 ---- ---- ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 ---- ---- ----mg/L13812-32-6

38Bicarbonate Alkalinity as CaCO3 43 ---- ---- ----mg/L171-52-3

38 43 ---- ---- ----mg/L1----Total Alkalinity as CaCO3

ED038A: Acidity

1 <1 ---- ---- ----mg/L1----Acidity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

12Sulfate as SO4 - Turbidimetric 12 ---- ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

12Chloride 3 ---- ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

13Calcium 13 ---- ---- ----mg/L17440-70-2

1Magnesium <1 ---- ---- ----mg/L17439-95-4

14Sodium 8 ---- ---- ----mg/L17440-23-5

1Potassium <1 ---- ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

0.02Aluminium 0.03 ---- ---- ----mg/L0.017429-90-5

<0.001Dysprosium <0.001 ---- ---- ----mg/L0.0017429-91-6

0.002Antimony 0.002 ---- ---- ----mg/L0.0017440-36-0

<0.001Erbium <0.001 ---- ---- ----mg/L0.0017440-52-0

0.010Arsenic 0.014 ---- ---- ----mg/L0.0017440-38-2

<0.001Europium <0.001 ---- ---- ----mg/L0.0017440-53-1

<0.001Beryllium <0.001 ---- ---- ----mg/L0.0017440-41-7

<0.001Gadolinium <0.001 ---- ---- ----mg/L0.0017440-54-2

0.042Barium 0.031 ---- ---- ----mg/L0.0017440-39-3

<0.001Gallium <0.001 ---- ---- ----mg/L0.0017440-55-3

<0.001Bismuth <0.001 ---- ---- ----mg/L0.0017440-69-9

<0.01Hafnium <0.01 ---- ---- ----mg/L0.017440-58-6

<0.001Holmium <0.001 ---- ---- ----mg/L0.0017440-60-0

0.0001Cadmium 0.0003 ---- ---- ----mg/L0.00017440-43-9
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Work Order :

:Client

EB1919937

Wave vanadium- 2019021:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC-2KLC-1Client sample IDSub-Matrix: WASTEWATER

 (Matrix: WATER)

------------31-Jul-2019 10:4931-Jul-2019 10:47Client sampling date / time

------------------------EB1919937-002EB1919937-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EG020F: Dissolved Metals by ICP-MS - Continued

<0.001Indium <0.001 ---- ---- ----mg/L0.0017440-74-6

<0.001Cerium <0.001 ---- ---- ----mg/L0.0017440-45-1

<0.001Lanthanum <0.001 ---- ---- ----mg/L0.0017439-91-0

<0.001Caesium <0.001 ---- ---- ----mg/L0.0017440-46-2

<0.001Lutetium <0.001 ---- ---- ----mg/L0.0017439-94-3

<0.001Chromium <0.001 ---- ---- ----mg/L0.0017440-47-3

<0.001Neodymium <0.001 ---- ---- ----mg/L0.0017440-00-8

<0.001Cobalt <0.001 ---- ---- ----mg/L0.0017440-48-4

<0.001Praseodymium <0.001 ---- ---- ----mg/L0.0017440-10-0

0.011Copper 0.006 ---- ---- ----mg/L0.0017440-50-8

<0.001Samarium <0.001 ---- ---- ----mg/L0.0017440-19-9

<0.001Terbium <0.001 ---- ---- ----mg/L0.0017440-27-9

<0.001Thulium <0.001 ---- ---- ----mg/L0.0017440-30-4

<0.001Ytterbium <0.001 ---- ---- ----mg/L0.0017440-64-4

<0.001Yttrium <0.001 ---- ---- ----mg/L0.0017440-65-5

<0.005Zirconium <0.005 ---- ---- ----mg/L0.0057440-67-7

<0.001Lead <0.001 ---- ---- ----mg/L0.0017439-92-1

0.012Lithium 0.004 ---- ---- ----mg/L0.0017439-93-2

0.004Manganese 0.003 ---- ---- ----mg/L0.0017439-96-5

0.009Molybdenum 0.010 ---- ---- ----mg/L0.0017439-98-7

<0.001Nickel <0.001 ---- ---- ----mg/L0.0017440-02-0

<0.001Rubidium <0.001 ---- ---- ----mg/L0.0017440-17-7

<0.01Selenium <0.01 ---- ---- ----mg/L0.017782-49-2

<0.001Silver <0.001 ---- ---- ----mg/L0.0017440-22-4

0.168Strontium 0.121 ---- ---- ----mg/L0.0017440-24-6

<0.005Tellurium <0.005 ---- ---- ----mg/L0.00522541-49-7

<0.001Thallium <0.001 ---- ---- ----mg/L0.0017440-28-0

<0.001Thorium <0.001 ---- ---- ----mg/L0.0017440-29-1

<0.001Tin <0.001 ---- ---- ----mg/L0.0017440-31-5

<0.01Titanium <0.01 ---- ---- ----mg/L0.017440-32-6

0.004Uranium 0.002 ---- ---- ----mg/L0.0017440-61-1

0.36Vanadium 0.36 ---- ---- ----mg/L0.017440-62-2

<0.005Zinc <0.005 ---- ---- ----mg/L0.0057440-66-6

0.06Boron 0.05 ---- ---- ----mg/L0.057440-42-8

<0.05Iron <0.05 ---- ---- ----mg/L0.057439-89-6
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EB1919937

Wave vanadium- 2019021:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC-2KLC-1Client sample IDSub-Matrix: WASTEWATER

 (Matrix: WATER)

------------31-Jul-2019 10:4931-Jul-2019 10:47Client sampling date / time

------------------------EB1919937-002EB1919937-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EG035F: Dissolved Mercury by FIMS

<0.0001Mercury <0.0001 ---- ---- ----mg/L0.00017439-97-6

EK040P: Fluoride by PC Titrator

1.0Fluoride 0.4 ---- ---- ----mg/L0.116984-48-8

EN055: Ionic Balance

1.35ø 1.19 ---- ---- ----meq/L0.01----Total Anions

1.36ø 1.00 ---- ---- ----meq/L0.01----Total Cations



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 5EB1922373

:: LaboratoryClient RGS ENVIRONMENTAL PTY LTD Environmental Division Brisbane

: :ContactContact MS VERONICA CANALES Customer Services EB

:: AddressAddress 2 Byth Street Stafford QLD Australia 4053

:Telephone +61 07 3344 1222 :Telephone +61-7-3243 7222

:Project Wave Template Date Samples Received : 27-Aug-2019 15:20

:Order number Date Analysis Commenced : 27-Aug-2019

:C-O-C number 3549 Issue Date : 02-Sep-2019 15:39

Sampler : CARSTEN EMRICH

Site : Wave Vanadium L4

Quote number : BN/1234/19

2:No. of samples received

2:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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:Client
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Wave Template:Project

RGS ENVIRONMENTAL PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Results for run #3958732 are attached to run #3958662l

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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:Client

EB1922373

Wave Template:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC-2KLC-1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------27-Aug-2019 12:4027-Aug-2019 12:39Client sampling date / time

------------------------EB1922373-002EB1922373-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EA005P: pH by PC Titrator

8.15 8.35 ---- ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

184 96 ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 ---- ---- ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 3 ---- ---- ----mg/L13812-32-6

81Bicarbonate Alkalinity as CaCO3 36 ---- ---- ----mg/L171-52-3

81 39 ---- ---- ----mg/L1----Total Alkalinity as CaCO3

ED038A: Acidity

<1 <1 ---- ---- ----mg/L1----Acidity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

19Sulfate as SO4 - Turbidimetric 7 ---- ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

8Chloride 4 ---- ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

22Calcium 12 ---- ---- ----mg/L17440-70-2

2Magnesium <1 ---- ---- ----mg/L17439-95-4

18Sodium 6 ---- ---- ----mg/L17440-23-5

1Potassium <1 ---- ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.01Aluminium 0.01 ---- ---- ----mg/L0.017429-90-5

<0.001Dysprosium <0.001 ---- ---- ----mg/L0.0017429-91-6

0.004Antimony 0.001 ---- ---- ----mg/L0.0017440-36-0

<0.001Erbium <0.001 ---- ---- ----mg/L0.0017440-52-0

0.026Arsenic 0.009 ---- ---- ----mg/L0.0017440-38-2

<0.001Europium <0.001 ---- ---- ----mg/L0.0017440-53-1

<0.001Beryllium <0.001 ---- ---- ----mg/L0.0017440-41-7

<0.001Gadolinium <0.001 ---- ---- ----mg/L0.0017440-54-2

0.046Barium 0.049 ---- ---- ----mg/L0.0017440-39-3

<0.001Gallium <0.001 ---- ---- ----mg/L0.0017440-55-3

<0.001Bismuth <0.001 ---- ---- ----mg/L0.0017440-69-9

<0.01Hafnium <0.01 ---- ---- ----mg/L0.017440-58-6

<0.001Holmium <0.001 ---- ---- ----mg/L0.0017440-60-0

0.0002Cadmium 0.0001 ---- ---- ----mg/L0.00017440-43-9
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Work Order :

:Client

EB1922373

Wave Template:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC-2KLC-1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------27-Aug-2019 12:4027-Aug-2019 12:39Client sampling date / time

------------------------EB1922373-002EB1922373-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EG020F: Dissolved Metals by ICP-MS - Continued

<0.001Indium <0.001 ---- ---- ----mg/L0.0017440-74-6

<0.001Cerium <0.001 ---- ---- ----mg/L0.0017440-45-1

<0.001Lanthanum <0.001 ---- ---- ----mg/L0.0017439-91-0

<0.001Caesium <0.001 ---- ---- ----mg/L0.0017440-46-2

<0.001Lutetium <0.001 ---- ---- ----mg/L0.0017439-94-3

0.002Chromium <0.001 ---- ---- ----mg/L0.0017440-47-3

<0.001Neodymium <0.001 ---- ---- ----mg/L0.0017440-00-8

<0.001Cobalt <0.001 ---- ---- ----mg/L0.0017440-48-4

<0.001Praseodymium <0.001 ---- ---- ----mg/L0.0017440-10-0

0.007Copper 0.009 ---- ---- ----mg/L0.0017440-50-8

<0.001Samarium <0.001 ---- ---- ----mg/L0.0017440-19-9

<0.001Terbium <0.001 ---- ---- ----mg/L0.0017440-27-9

<0.001Thulium <0.001 ---- ---- ----mg/L0.0017440-30-4

<0.001Ytterbium <0.001 ---- ---- ----mg/L0.0017440-64-4

<0.001Yttrium <0.001 ---- ---- ----mg/L0.0017440-65-5

<0.005Zirconium <0.005 ---- ---- ----mg/L0.0057440-67-7

<0.001Lead <0.001 ---- ---- ----mg/L0.0017439-92-1

0.010Lithium 0.007 ---- ---- ----mg/L0.0017439-93-2

0.019Manganese 0.003 ---- ---- ----mg/L0.0017439-96-5

0.015Molybdenum 0.005 ---- ---- ----mg/L0.0017439-98-7

<0.001Nickel <0.001 ---- ---- ----mg/L0.0017440-02-0

<0.001Rubidium <0.001 ---- ---- ----mg/L0.0017440-17-7

<0.01Selenium <0.01 ---- ---- ----mg/L0.017782-49-2

<0.001Silver <0.001 ---- ---- ----mg/L0.0017440-22-4

0.208Strontium 0.126 ---- ---- ----mg/L0.0017440-24-6

<0.005Tellurium <0.005 ---- ---- ----mg/L0.00522541-49-7

<0.001Thallium <0.001 ---- ---- ----mg/L0.0017440-28-0

<0.001Thorium <0.001 ---- ---- ----mg/L0.0017440-29-1

<0.001Tin <0.001 ---- ---- ----mg/L0.0017440-31-5

<0.01Titanium <0.01 ---- ---- ----mg/L0.017440-32-6

0.004Uranium 0.003 ---- ---- ----mg/L0.0017440-61-1

0.44Vanadium 0.23 ---- ---- ----mg/L0.017440-62-2

<0.005Zinc <0.005 ---- ---- ----mg/L0.0057440-66-6

0.06Boron <0.05 ---- ---- ----mg/L0.057440-42-8

<0.05Iron <0.05 ---- ---- ----mg/L0.057439-89-6
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:Client

EB1922373

Wave Template:Project

RGS ENVIRONMENTAL PTY LTD

Analytical Results

------------KLC-2KLC-1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------27-Aug-2019 12:4027-Aug-2019 12:39Client sampling date / time

------------------------EB1922373-002EB1922373-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EG035F: Dissolved Mercury by FIMS

<0.0001Mercury <0.0001 ---- ---- ----mg/L0.00017439-97-6

EK040P: Fluoride by PC Titrator

0.7Fluoride 0.7 ---- ---- ----mg/L0.116984-48-8

EN055: Ionic Balance

2.24ø 1.04 ---- ---- ----meq/L0.01----Total Anions

2.07ø 0.86 ---- ---- ----meq/L0.01----Total Cations



 

 

 


	Geochemical and physical characterisation, classification and management over the life of mine
	Geochemical and physical characterisation, classification and management over the life of mine
	DOCUMENT CONTROL
	DOCUMENT DISTRIBUTION
	1 Introduction
	1.1 Terms of reference
	1.2 Quality, standards, regulation, legislation and guidelines
	1.3 Background to acid and metalliferous drainage (AMD)
	1.3.1 Vanadium and environmental compliance
	1.3.2 Vanadium biogeochemistry
	1.3.3 Vanadium biochemical considerations in freshwater

	2 Purpose of the MMM Plan
	2.1 How to use this Plan
	2.2 Scope
	2.3 Aim
	2.4 Objectives
	2.5 Data management
	2.6 Regulation and potential license conditions
	2.6.1 Environmental Authority Application
	2.6.2 Mine Waste and tailings management
	2.6.3 Progressive Rehabilitation and Closure Plan
	2.7 Document control and review process
	2.8 Integration of the plan with other departments

	Document Control
	Document Control
	3 Geology, resource and geo-environmental block model
	3.1 Regional setting and diagenesis
	3.2 Geology
	3.3 Multicom resource block model
	3.4 DES geo-environmental block model requirements
	3.5 Multicom geo-environmental block model commitments

	4 Completed planning and soil and geochemical assessment
	4.1 Life of mine plan
	4.2 Operational drilling for exploration, resource, geotechnical and hydrogeological programs
	4.3 Major mine materials
	4.3.1 Soil survey
	4.3.2 Soil chemistry
	4.3.3 Overburden and interburden geochemistry
	4.3.4 Ore geochemistry
	4.3.5 Tailings static and kinetic geochemical testing
	4.3.5.1 Actual and potential acidity
	4.3.5.2 Saline drainage potential
	4.3.5.3 Total elemental content of rejects and tailings
	4.3.5.4 Water soluble process residue results


	5 Short and Medium Term (5-Year) MMM Plan
	5.1 Mine Plan
	5.2 Existing numerical models and data
	5.2.1 Resource drilling and sampling program
	5.3 Geochemical and physical sampling and analysis plan (GaPSaAP)
	5.4 Geo-environmental block model
	5.4.1 Mine Rehabilitation Units (MRUNITS)
	5.4.2 Mine Waste Units (MWUNITS)
	5.4.3 Process Waste Units (PWUNITS)
	5.5 Tailings and rejects management
	5.6 Physical properties
	5.7 Data management
	5.8 Survey control and verification of the mine material placement schedule
	5.9 Landform design
	5.10 Survey control and verification of the landform design
	5.11 Rehabilitation strategy
	5.12 Environmental performance monitoring

	6 Risks and opportunities
	7 References
	8 Certification
	8.1 Suitably Qualified Persons – RGS Company Details
	8.2 Suitably Qualified Persons – Relevant Experience
	8.3 Certification

	9 Appendices
	9.1 Appendix A: RGS Reject and tailings test report (28 August 2019)
	9.2 Appendix B: ALS Kinetic Results




