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1 INTRODUCTION 

The Medcalf Vanadium Project (the Project) is located approximately 470 km southeast of Perth, 

Western Australia. The Project will consist of an open pit mine, beneficiation plant, tailings storage 

facility (TSF), two evaporation ponds (EPs), drainage diversions and associated infrastructure.  

Mine Earth was commissioned by Audalia Resources Limited (Audalia) to develop a conceptual closure 

design for the Project TSF and EPs (EP1 and EP2).  

This report is divided into the following key sections: relevant background information; closure 

requirements including closure criteria and design standards; conceptual closure design; and 

recommendations. 

2 BACKGROUND 

2.1 TSF and EP construction 

There is one side-hill TSF and two EPs planned for the Project to be located to the south of mining 

operations (Figure 1 to Figure 4).  

Tailings will be deposited from the confining embankments as a slurry at a beach slope of 0.5% allowing 

for 0.3 m freeboard (Golder, 2020). The embankments will be constructed from coarse material sourced 

from a local borrow pit in addition to materials sourced from within the TSF footprint. The operational 

design has a maximum embankment height of 22.1 m and a confining embankment angle of ~18°. The 

upstream batter slopes will be constructed at ~27°. This gives the operational design a storage capacity 

of 345,608 m3. Surface water from the upstream catchment will be redirected to a sediment pond to the 

south of the TSF via a surface water diversion drain.  

EP1 and EP2 will be used to store reject water from the reverse osmosis plant. Audalia has advised 

that the EPs will not be lined. Cross sections of the operational TSF and EP designs are presented in 

Figure 3 and Figure 4. The evaporation pond embankments will be constructed from material won from 

a local borrow pit. The EP1 embankment will consist of 541,819m3 of material and will be constructed 

to 361 mRL. The EP2 embankment will consist of 553,964m3 of material and will be constructed to 

350 mRL. Surface water from the upstream catchment will be redirected to a sediment pond to the 

south of EP2 via a surface water diversion drain. 
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Figure 1 Tailings design layout (Golder, 2020) 

 

Figure 2  Proposed TSF and EP layout
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Figure 3 Current operational design 

 

 

 

 

Figure 4  Sections 1 to 4 (top to bottom) 
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2.2 Tailings characteristics 

The tailings have been classified as a low plasticity clayey silt with a maximum consolidated dry density 

of ~1.7 t/m3 at the bottom of the tailings stack, assuming a ~20 m height. The tailings permeability is 

expected to range between 3 x 10-8 and 1 x 10-9 m/s from top to bottom within the TSF (Golder, 2020).  

Deslimed tailings and gravity reject tailings samples were classified as non-acid forming (NAF) with a 

low risk of slow-solute generation and leaching (GCA, 2020). Tailings-waters quality was predicted to 

be of a similar quality to potable water. 

GCA (2020) recommended the TSF should be ‘free-draining’ with no seepage control measures. GCA 

(2020) recommended a thin (300 mm nominal) cover of rock/soil. GCA (2020) did not flag a requirement 

for a dedicated capillary break or identify the movement of salts as an issue for cover and revegetation 

performance.  

The Golder (2020) concept design report has recommended a capillary break be constructed on the 

surface of the TSF to prevent the upward migration of salts from the tailings. Given the tailings 

characterisation data, it appears this is likely to only be required where precipitates from the EPs are 

stored within the TSF. 

2.3 Pond water characteristics 

No water quality data was available for the saline water that will be stored in the EPs. It is expected that 

the high salinity reject water will generate precipitates that shall require management at closure to 

minimise potential impacts to the environment and adverse closure outcomes.  

Audalia do not plan on lining the EPs. It is possible the impacts of the saline water and precipitates 

could extend below the floor of the EPs into the natural substrate and embankment materials. 

2.4 Rehabilitation resources 

Audalia has advised that approximately 2.9 Mm3 of fresh basalt is available from the TSF borrow pit for 

use in construction and closure works.  
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3 DESIGN STANDARDS  

The TSF risk category was assessed as ‘significant’ as per the ICMM, UNEP & PRI (2020) guidelines 

(Golder, 2020). The ICMM, UNEP & PRI global industry standard on tailings management (2020) 

present the TSF closure requirement as containment of the 1 in 10,000-year AEP event.  

Design standards were developed to inform the closure designs for the TSF and EPs. Design standards 

were established with reference to the ICMM, UNEP & PRI (2020) flood design requirements:  

• The post-closure TSF surface to contain the probable maximum precipitation (PMP) event plus 

the peak water level on a 90th percentile wet year with 300 mm freeboard (inclusive of upstream 

runoff).  

• Drains retained post-closure shall be designed in convey the 1% AEP critical rainfall event in 

their as-constructed state.  

• Provide a suitable surface for revegetation. 

• Achieve a final surface with acceptable erosion rates. 
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4 CONCEPTUAL CLOSURE DESIGN 

4.1 Design approach 

The key post-closure risks to be managed for the TSF are:  

• The management of incidental rainfall and upstream runoff that reports to the TSF top surface 

and the TSF embankment (Figure 5).  

• Potential salt-rise from the tailings impacting vegetation. 

• Erosion of TSF embankments. 

• Drainage management and erosion of the TSF top surface. 

• Generation of tailings dust. 

The conceptual closure design has avoided reliance upon drainage conveyance features where 

practicable. To function effectively drainage features such as diversion drains and spillways require 

ongoing inspection and maintenance, which is typically undesirable for a passive closure solution.  

Golder (2020) proposed a water shedding top surface for the TSF. To avoid the need for spillways and 

diversion drains, the TSF top surface has instead been designed as an internally draining system with 

sufficient capacity to contain the critical design events. This approach also capitalises on the life-of-

mine tailings surface, which drains internally with a predicted beach angle of 0.5%.  

The design approach assumes that the tailings will be trafficable within a reasonable timeframe 

following the cessation of deposition activities, tailings infrastructure such as decants, pipework and 

pump stations have been removed and that the tailings do not experience a large degree of differential 

settlement which may impact upon drainage on the TSF top surface. The design assumes that the final 

tailings surface is as per the maximum tailings surface presented in Golder (2020). 

The design approach for the TSF consists of: 

• Retain the existing TSF downstream embankment slope angle (~18°).  

• Remove the upstream diversion drains to the north of the TSF. Retain the diversion drain to the 

west of the TSF.  

• Expand the TSF embankment height to contain the incidental rainfall and upstream runoff, and 

accounting for a TSF surface cover. 

• Construct a cover system over the TSF surface to manage vertical migration of salt, stabilise 

the surface to reduce surface water erosion and dust generation, and support revegetation. 

• Manage water on the TSF top surface to enhance revegetation outcomes via cell bunding.  

• Apply topsoil to the TSF top surface. 

• Stabilise TSF embankments where required. 

• Apply topsoil to the TSF embankments.  

The key post-closure risks to be managed for the EPs are: 

• Salt impacts to the environment. 

• Long term stability of the EP embankments. 

• Scour from concentrated flows over the EP footprint, especially in the event of concentrated 

flows that may result from the failure of the upstream drainage diversion.  
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The design approach for the EPs consists of: 

• Remove the EP diversion drains. 

• Remove contaminants such as residue and salt impacted soils to manage the vertical migration 

of salt. 

• Remove the EP embankments.  

• Construct a cover over the impacted pond area to manage vertical migration of salt.  

• Rock armour drainage concentration areas within the EP footprint.  

• Apply topsoil to the EP footprint.  

 

Figure 5 Inferred pre-mining drain lines relative to the TSF and EPs  

4.2 TSF conceptual closure design 

The TSF conceptual design was developed using the 12D civil design model (12D). The current 

operational TSF and EP designs and pre-mining topography (in the form of 1 m contour data) were 

supplied by Audalia.  

4.2.1 Stormwater inflows 

Stormwater inflows into the TSF were calculated using the available information. The TSF was designed 

to contain the Probable Maximum Flood (PMF) inflow event superimposed to the peak surface water 

level during a 90th percentile rainfall year to meet the design standards presented in Section 3.  

The 72-hour PMP inflow was calculated following the procedure from the Bureau of Meteorology’s 

(2006) Guidebook to the Estimation of Probable Maximum Precipitation: Generalised Southeast 

Australia Method (GSAM). The design area was calculated to have a 72 hour PMP of 767 mm. 

Additional parameters derived from the procedure and used for the PMP calculation are presented in 

Table 1. 
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Table 1  GSAM catchment parameters (BoM, 2006) 

Description Catchment factor 

Topographical Adjustment Factor (TAF) 1.08 

Moisture Adjustment Factor (MAF) 0.76 

Initial Depth (D) 939 mm 

 

The runoff coefficient adopted for the probable maximum flood (PMF) from the upstream catchment 

was 0.959 (personal communication, R. Connolly, November 2020). This was applied to the TSF 

upstream catchment area presented in Figure 6. 

 

Figure 6  TSF and EP upstream and direct catchments 

The total inflow (rainfall and runoff) volume for the PMP event was calculated to be 830,932 m3. 

Additional capacity was required to account for antecedent inflows that may be stored within the TSF 

prior to the design PMF event. An allowance for an addition 213,000 m3 of storage to account for 

antecedent rainfall conditions was included within the design.  

12D was utilised to calculate the embankment depth that would be required for the TSF to contain the 

total predicted storage volume of 1.04 Mm3. To achieve this capacity, a ponding depth of 365.5 mRL 

would be required plus additional height to account for cover thickness and freeboard. A total cover 

thickness (including topsoil) of 0.95 m was adopted for the conceptual design. The design is required 

to retain a 0.3 m freeboard under the critical storm event. To accommodate these outcomes, the TSF 

crest bund was set at 366.75 mRL, with a design maximum water level of 366.45 mRL.  
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4.2.2 Conceptual closure design  

The conceptual closure design surface is presented in Figure 7 to Figure 16. 

The following works will need to be carried out on the TSF operational surface to construct the 

conceptual closure design surface: 

• A detailed plan considering waste management requirements for the EP precipitates will need 

to be developed and approved. The current strategy is to bury the precipitates from the EPs on 

the TSF surface (see Section 4.3). The precipitates should be buried away from the TSF pond, 

at least 100 m from the interface with the tailings and natural ground, and away from the higher 

permeability tailings beach (Figure 7). Trenches should be excavated within the tailings surface, 

and the precipitates covered with at least 1 m of tailings. A detailed waste disposal plan should 

be developed to ensure that the precipitates are effectively contained and meet relevant 

standards and guidelines.  

• Construct the crest bund to 366.75 mRL, with a crest width of 5 m with a 5% backslope draining 

internally (Figure 8). It has been assumed that embankment material will be sourced from EP 

embankments. The embankment should be constructed in compacted layers of 300 mm.  

• Construct a 0.8 m thick cap (assuming a 0.3 m capillary break layer overtopped by a 0.5 m 

cover) (Figure 9 and Figure 10). It is assumed that the capillary break shall be sourced from 

the borrow pit as it requires coarse material with low fines (depending on the PSD this material 

may also need to be screened). It has been assumed that cover material will be sourced from 

EP embankments. Where EP precipitates are not stored within the TSF, a capillary break 

should not be required (GCA, 2020) and the 0.5 m cover may be placed directly on the tailings 

surface.  

• Construct cell bunds from locally pushed up cover material to a nominal height of 0.75 m. The 

maximum RL of the cell bunds is 365.75 mRL and will therefore not impact upon the storage of 

extreme rainfall events within the TSF.  

• Apply rock armour to the interface between the TSF cover and natural ground as required to 

enhance erosion stability and armour the embankment against upstream runoff (Figure 11). It 

has been assumed that the rock armour will be sourced from the borrow pit.  

• Rock armour the embankment in areas that will be impacted by upstream flows. The need to 

rock armour the embankments will depend upon embankment materials and flow velocity at 

the embankment toe. It is anticipated that the greatest scour risk from the upstream catchment 

will occur at the south-western edge of the TSF embankment (Figure 12). It has been assumed 

that a 450 m length of the western embankment will require rock armouring to a height of 1 m. 

• Rock armour any low stability materials on the final TSF embankment surface as required. 

Where possible, the outer face of the embankment should be constructed with high stability 

rock during construction.  

• Apply a 150 mm layer of topsoil to the TSF top surface and embankments, excluding the top 

surface of the crest bund (Figure 13).  

• Backfill the drainage diversion to the north of the TSF (Figure 14). The western drain shall be 

retained as an adaptive measure for the TSF to facilitate the establishment of vegetation by 

minimising losses of topsoil from scour. There is no requirement to maintain the drain beyond 

the post-closure monitoring and maintenance period.  

Detail on the TSF embankment and cover are presented in Figure 15 and Figure 16. 
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Figure 7  TSF schematic showing the feasible area for precipitate disposal 

  

Figure 8  TSF crest bund conceptual design cross-section 
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Figure 9 TSF conceptual closure surface, after construction of capillary break layer (0.3 m + 

0.2 m loss through tailings surface) 

 

Figure 10  TSF conceptual closure surface, after construction of cover layer (0.5 m) 
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Figure 11  Rock armour at the interface between TSF top surface and natural ground 

 

Figure 12 Surface water modelling under PMF (Hydrologia, 2020) 

450 m 
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Figure 13  TSF conceptual closure surface, after topsoil application and cell bunding 

 

Figure 14  TSF cover conceptual design surface 
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Figure 15 TSF crest bund details 

  

Figure 16  TSF crest bund and cover detailed section 
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4.2.3 TSF post-closure performance modelling 

A water balance for the TSF closure design was undertaken to confirm that the conceptual TSF closure 

design met the design standards.  

Method 

A monthly timestep water balance was developed to assess the performance of the conceptual TSF 

design. The surface water model was developed in Microsoft Excel and was used to assess the extent 

of ponding on the TSF surface under mean and 90th percentile rainfall conditions. 

The water balance considered direct rainfall capture, stormwater inflows from the upstream catchment, 

evaporative losses and infiltration losses. A storage-area-depth curve for the TSF conceptual design 

was generated in 12d.  

The model used monthly average climate data presented in Table 2. Rainfall data was sourced from 

the Norseman Aero meteorological station and evaporation data was sourced from the Salmon Gums 

Research Station meteorological station.  

Table 2  Climatic data (BoM, 2020a and 2020b) 

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

Mean monthly rainfall (mm) 36 26 31 24 18 17 22 24 19 23 28 21 

Monthly rainfall in a 90th 

percentile wet year (mm) 

50 37 44 33 26 24 30 33 27 32 39 30 

Mean monthly evaporation 

(mm) 

245 188 158 99 56 42 47 62 93 140 183 223 

 

The direct and upstream catchment areas for the TSF were sourced from Hydrologia and are presented 

in Table 3. A runoff coefficient of 100% was selected for the TSF direct catchment, as this reflects the 

direct capture of rainfall. For the upstream catchment, a runoff coefficient of 30% was selected as a 

conservative setting for a small, relatively steep upstream catchment. 

Table 3  Catchment areas 

Catchment Area (ha) 

TSF direct catchment 56.4 

TSF upstream catchment 54.2 

 

An infiltration rate of 1 x 10-9 m/s was applied for the tailings which is consistent with the lower range 

hydraulic conductivity rate presented in Golder (2020).  
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Results 

Based upon the available information and assumptions listed above, the water balance predicts the 

pond water level will range between 364.4 and 364.8 mRL throughout a 90th percentile wet year.  

When the PMP was applied to the maximum 90th percentile water level, the water balance predicted a 

maximum water level of 366.4 mRL, 50 mm below the maximum design water level. The conceptual 

closure design for the TSF therefore meets the design standards for water storage.  

4.3 EP conceptual closure design 

4.3.1 Conceptual closure design  

The EP embankments shall be utilised to construct the TSF crest bund and cover layer. Earthworks 

modelling predicts that 298,340 m3 of the EP embankments shall be required for closure works on the 

TSF. There is a remaining 797,500 m3 of embankment material remaining following these works.  

Prior to closure works, it has been assumed that the evaporation pond shall be allowed to dry, that any 

contaminated sites issues have been resolved including an assessment of pond residue and adequate 

volumes have been removed. 

The conceptual closure design for the EPs is: 

• Remove precipitates and residues within EPs and dispose to the TSF as per Section 4.2.2. A 

detailed management plan for the EP precipitates and residues will need to be developed and 

approved prior to this work, cognisant of the requirements of relevant environmental legislation. 

• In accordance with the detailed contaminated sites management plan for the EP area, remove 

impacted substrate and embankment material from the EP floors and embankments and 

dispose within the TSF or the borrow pit reprofile zone for subsequent encapsulation. The 

material that requires removal and the disposal point of this material will be dependent upon 

the waste characterisation and cover modelling for the EPs.  

• Reprofile the remaining embankment material to form a minimum 1 m cover over the EP 

disturbance area. Where upstream drainage reports to the cover area, the cover should be tied 

into these areas at a grade of 1% to prevent ponding and form a free-draining surface at the 

interface of the cover and natural ground. On downstream facing areas, a grade of 20% may 

be adopted to tie in with the surrounding areas.  

• Rock armour drainage concentration areas within the EP footprint and at the upstream interface 

between natural ground and the EP footprint cover.  

• Apply 150 mm of topsoil to the disturbance area.  

• Backfill the drainage diversions.  

The EP conceptual closure design surface is presented in Figure 17 and Figure 18. 

4.4 Design surfaces and sections 

The final conceptual design surface and sections are presented in Figure 19 to Figure 22. 
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Figure 17  Evaporation pond conceptual design surface 

 

Figure 18 Upstream section through the EP cover 

 

Pre-mining surface 

EP cover surface 

Rock armour at interface 
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Figure 19 Combined design  

 

Figure 20 Combined design section A (x10 vertical exaggeration) 

 

Figure 21 Combined design section B (x5 vertical exaggeration) 
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Figure 22 Combined design section C (x10 vertical exaggeration) 

4.5 Conceptual closure quantities 

The volumes of materials required in the TSF conceptual closure design are presented in Table 4. The 

volume of materials required in the EP conceptual closure design are presented in Table 5. The 

inventory assumes that the downstream TSF embankment surface is constructed with high stability 

rock which does not require additional rock armouring except where there is the potential for impacts 

from upstream flows.  

Assuming the basalt from the TSF borrow pit is suitable for use as a capillary break and rock armour 

material, there is sufficient material available to complete the closure works at the TSF.  

Table 4  TSF conceptual closure design - material volumes 

Design aspect Assumed source Volume (m3) 

TSF crest bund EP embankments 56,220 

Capillary break (0.3 m + 0.2 m loss 
through tailing surface) 

Borrow pit 242,000 

Cover layer (0.5 m) EP embankments 242,120 

Topsoil – tailings top surface Topsoil stockpiles 73,500 

TSF interface rock armour Borrow pit 5,000 

TSF embankment rock armour Borrow pit  2,775 

TSF embankment topsoil Topsoil stockpiles 20,758 

Table 5  EP conceptual closure design - material volumes 

Design aspect Assumed source Volume (m3) 

EP precipitates  Disposal to TSF Unknown 

EP impacted material Disposal to borrow pit/TSF Unknown 

EP cover EP embankments 747,440 

EP interface rock armour Borrow pit 4,500 

EP topsoil Topsoil stockpiles 113,213 
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5 RECOMMENDATIONS  

A conceptual closure design for the TSF and EPs has been developed. The TSF cover has been 

designed to retain the PMP rainfall event in a 90th percentile wet-year with 300 mm freeboard. The EP 

area has been designed to have a minimum 1 m cover at closure. 

A number of key knowledge gaps have been identified that should be addressed in order to advance 

the closure design for the TSF and EPs: 

• Final tailings properties and resultant cover requirements. This may include vadose zone 

modelling to assess the need for a capillary break to manage the vertical migration of salts.  

• Geotechnical stability review of the closure design.  

• Stability characteristics of the TSF embankment material to determine whether rock armour 

application to the final TSF embankment is required.  

• Flow velocities at the interface between the TSF and natural ground under large events to 

develop the final armouring specification for the embankment.  

• Waste characterisation to confirm that geochemically benign durable rock sources from the 

borrow pit are suitable for use as a rock armour, TSF cover and capillary break resource. 

• An approved waste management and disposal strategy for the precipitates and residues.   

• Impacts upon the natural ground and embankment from the EP water. 

• Cover requirements over the EP impacted area to prevent salt impacts on vegetation from 

residual impacted material. 
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