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11 Closure 

Closure is a life-of-mine process that includes rehabilitation and decommissioning and ultimately 

culminates in relinquishment of tenure. Closure requires planning over the life of a project from 

prefeasibility through to cessation of operations, including follow-up monitoring and maintenance. 

11.1 Introduction 

This chapter describes the legislation, guidelines and strategies relevant to closure of the 

Fingerboards Mineral Sands Project (the project) and provides an overview of the characteristics of 

the existing biophysical and social environment that can affect closure activities and outcomes. The 

strategy for closure of the project is outlined, including the decommissioning and rehabilitation 

activities and proposed post-mining land use and landforms. The chapter also presents criteria that 

have been developed to measure closure success. 

The key potential risks, issues, and impacts associated with closure activities are discussed, together 

with proposed measures to avoid and mitigate these risks and impacts. Proposed inspections and 

monitoring activities to measure progress towards achieving closure criteria are specified, along with 

current knowledge gaps that affect closure activities, and the activities proposed to address these 

gaps. 

This chapter draws on information in the Fingerboards Minerals Sands Project draft mine 

rehabilitation plan prepared by Kalbar Operations Pty Ltd (Kalbar) (included as an appendix to the 

draft Work Plan, which is provided as Attachment B to this EES) and several specialist studies and 

memoranda including Osborne (2020), Mining One Consultants (2020), Environmental Geochemistry 

International (2020) and the rehabilitation report prepared by Landloch Pty Ltd (Appendix A014). The 

Fingerboards Minerals Sands Project draft mine rehabilitation plan was informed by the findings of 

these specialist studies and impact assessments undertaken for the project (Figure 11.1). 

The EES scoping requirements set out the following draft evaluation objective for closure: 

• Rehabilitation: To establish safe progressive rehabilitation and post-closure stable rehabilitated 

landforms capable of supporting native ecosystems and/or productive agriculture that will enable 

long-term sustainable use of the project area. 

The EES scoping requirements also set out other draft evaluation objectives relevant to closure: 

• Biodiversity: To avoid or minimise potential adverse effects on native vegetation, listed threatened 

and migratory species and ecological communities, and habitat for these species, as well as 

address offset requirements for residual environmental effects consistent with state and 

Commonwealth policies. 

• Water, catchment values and hydrology: To minimise effects on water resources and on beneficial 

and licensed uses of surface water, groundwater and related catchment values (including the 

Gippsland Lakes Ramsar site) over the short and long-term. 

• Amenity and environmental quality: To protect the health and wellbeing of residents and local 

communities, and minimise effects on air quality, noise and the social amenity of the area, having 

regard to relevant limits, targets or standards. 

• Social, land use and infrastructure: To minimise potential adverse social and land use effects, 

including on, agriculture (such as dairy irrigated horticulture and grazing), forestry, tourism 

industries and transport infrastructure. 

• Landscape and visual: To avoid adverse effects on the landscape and recreational values of the 

Mitchell River National Park and minimise visual effects on the open space areas.  
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11.2 Legislative context 

This section describes the legislation, guidelines and strategies relevant to closure of the project, 

including decommissioning and rehabilitation activities. Key legislation, policies, standards and 

guidelines relevant to all aspects of the project are detailed in Chapter 5: Regulatory framework. 

11.2.1 Legislation 

The legislation relevant to closure of the project is presented in Table 11.1. 

Table 11.1 Legislation relevant to closure of the project 

Name Relevance to the project 

Mineral Resources 

(Sustainable 

Development) Act 1990 

(Vic) and associated 

Mineral Resources 

(Sustainable 

Development) (Mineral 

Industries) Regulations 

2019 

The principal legislation governing the mining industry in Victoria. The act 

encourages the exploration and development of minerals in a manner that is 

compatible with the economic, social and environmental objectives of the state. 

The act establishes a legal framework to ensure mined land is rehabilitated and 

requires: 

• A rehabilitation plan to be prepared that considers any special characteristics 

of the land, the surrounding environment, land stability, agreed end uses, and 

the potential for long-term degradation of the environment. The plan must 

include proposals for the progressive rehabilitation, stabilisation and 

revegetation of extraction areas, waste disposal areas, stockpiles areas, dams 

and other land affected by the operation. Landscaping to minimise visual 

impacts and details of final rehabilitation and closure of the site must also be 

included in the plan. 

• A rehabilitation bond to be lodged by the proponent to cover rehabilitation 

costs should the operator default on its obligations to complete rehabilitation. 

The method used to calculate the bond needs to be approved by the Victorian 

Minister for Resources. Compensation agreements with landholders, 

severance or redundancy payments to employees or contractors, and shire 

rates, royalties or taxes do not form part of the bond. 

Catchment and Land 

Protection Act 1994 (Vic) 

The act aims to protect primary production, Crown land, the environment and 

community health from the effects of noxious weeds and pest animals. While not 

referring directly to rehabilitation, the act defines the obligations of land 

owners/managers that are applicable to the outcomes of rehabilitation, including 

taking all reasonable steps to avoid causing or contributing to land degradation 

which causes or may cause damage to land of another land owner, conserving 

soil, protecting water resources, controlling weeds and preventing the spread of 

pest animals. 

Occupational Health and 

Safety Act 2004 (Vic) and 

associated Occupational 

Health and Safety 

Regulations 2017 

These regulations apply to all workplace activities and management systems both 

during the rehabilitation process and up to the closure of the project. 

11.2.2 Policy and guidelines 

The main national policy and guideline documents relevant to closure include: 

• ANZMEC/MCA Strategic Framework for Mine Closure (2000). The framework aims to provide a 

consistent approach for mine closure across all Australian jurisdictions (although does not provide 

a detailed set of guidelines for mine closure). The development of comprehensive closure plans is 
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encouraged that are adequately financed, resourced, implemented and monitored, return mine 

sites to viable, and wherever practicable, self-sustaining ecosystems. The framework also 

promotes involvement of stakeholders in the mine closure process, and that processes and 

indicators are in place to demonstrate the successful completion of the closure process. 

• Mine Rehabilitation: Leading Practice Sustainable Development Program for the Mining Industry 

(2016). One of 17 handbooks addressing key issues of sustainable mining development, 

developed by the Australian Government in consultation with the mining industry and other 

stakeholders. The document is aimed at operational management and outlines the key principles 

and procedures of leading practice for planning, implementing and monitoring mine rehabilitation. 

Several other guidelines and non-statutory instruments developed by the Commonwealth and 

Victorian Governments, industry organisations and independent bodies, have guided the 

rehabilitation, decommissioning and closure strategy for the project, and include: 

• Guidance Materials for the Assessment of Geotechnical Risks in Open Pit Mines and Quarries 

(DEDJTR, 2015). 

• Technical Guideline – Design and Management of Tailing Storage Facilities (DEDJTR, 2017). 

• Guidelines on the Consequence Categories for Dams (ANCOLD, 2012b). 

• Guidelines on Tailings Dams – Planning, Design, Construction, Operation and Closure 

(ANCOLD, 2012a). 

• Victorian Environmental Protection Authority (EPA) – Industrial Waste Resource Guidelines for 

wastes and resources regulated under the Environment Protection (Industrial Waste Resource) 

Regulations 2009. 

11.3 Existing physical and social setting 

A range of interrelated factors can affect the strategy developed for closure, including the 

characteristics of the existing physical and social environment. This section summaries the key 

features of the physical and social setting for the project relevant to rehabilitation, decommissioning 

and closure, and any potential implications for closure activities. Further details are provided in 

Chapter 8: Environmental and socioeconomic context. 

11.3.1 Climate 

Climatic conditions are an important consideration for any closure strategy as rainfall patterns and 

evaporation rates determine the amount of water available to vegetation.  

Average monthly rainfall in the project area is approximately 50 to 65 mm. High rainfall events (75 mm 

or more over 24 hours) can occur at any time of year although are more frequent in winter. The East 

Gippsland region has the greatest frequency of such events in Victoria. This variability gives rise to 

periods of little rainfall and drought conditions as well as floods. Evaporation of water off the land 

(evaporation rate) is greater than rainfall for most of the year (except June and July) in this area. This 

gap between rainfall and evaporation rates (see Figure 8.20 in Chapter 8) is the greatest in summer 

and leads to vegetation experiencing water stress. These conditions in particular water availability and 

evaporation, have, and will continue to be, taken into account in the planning for rehabilitation 

activities, including in the selection of appropriate species and vegetation mixes for different locations 

within the project area. 
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11.3.2 Landforms and hydrology 

Landforms, in particular the slope angles or steepness of the ground, influence both soils and the way 

in which water moves around an area (the hydrology). Both these factors are important for 

determining appropriate closure activities. Further information on landforms and hydrology is included 

in Chapter 8: Environmental and socioeconomic context and in the Landform, Geology and Soil 

Investigation report prepared by Landloch Pty Ltd (Appendix A001). 

The project area has four main landform types as follows:  

• Plateau: The upper planar surface of the project area, which has a low gradient. 

• Swales: Broad flow paths draining the plateau, which are important drainage pathways for runoff 

from the plateau to flow channels. 

• Valley slopes: The steeper outer faces of the plateau that adjoin the flow channels. 

• Flow channels: Ephemeral creeks that drain the area. 

The plateau in the project area forms a major surface water source area, the swales a minor source 

and collection system, and the flow channels form the major water transport system. 

Extensive clearing of trees and regular grazing in the project area since European settlement has 

altered the hydrology of the site. These activities have increased surface runoff from rainfall events 

and reduced the amount of water taken up by vegetation. Storm flows in streams have increased, with 

higher but shorter duration of peak flows, and increased deep drainage and seepage into flow 

channels. The increased deep drainage increases the potential for tunnel erosion, which occurs when 

excess water moves through dispersive subsoils. 

These existing site conditions have influenced the closure strategy, for example, appropriate slope 

profile design is needed to avoid surface water ponding, and manage peak flows to reduce the 

potential for tunnel erosion. Revegetation strategies also need to consider the role vegetation plays in 

slowing down surface water runoff rates. 

11.3.3 Soils 

Soil properties and types, and their distribution, will be a key influence on closure activities in different 

parts of the project area. Three soil groups are present: 

• Sodosols, which are largely associated with the plateau tops in the project area. 

• Podosols, which are largely associated with slopes adjoining the plateau tops. 

• Shallow sandy soils overlying gravel and commonly associated with watercourses and valley 

floors. 

The predominant soil types, sodosols and podosols, are similar in texture and chemical fertility across 

the project area. Sodosols have a strong textural contrast between an acid, sandy surface layer over 

a sodic (high sodium content) and more alkaline underlying layer. The soils are generally structurally 

unstable and disperse in water into basic particles, such as sand, silt and clay. Consequently, 

sodosols are susceptible to tunnel erosion. Podosols are sandy soils of reasonably uniform texture 

with depth, are acidic, almost always non-sodic, and overlie gravel in the project area to varying 

depths. Shallow soils of this type are commonly associated with drainage lines. The shallow sandy 

soils formed by fluvial processes overlie gravel and are commonly associated with watercourses and 

valley floors. 
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The existing surface soils in the project area display several inherent limitations to plant growth which 

need to be considered in the rehabilitation process, including the final composition of topsoils and 

their ability to support plant growth under different land uses. These limitations include: 

• Acidity: Approximately half the surface soils have a pH less than 5, with levels of exchangeable 

(soluble) aluminium likely to affect plant growth. Aluminium is a major constituent of most soils and 

affects plants only when it moves into a soluble or exchangeable form. 

• Sodicity: Surface soils have low exchangeable sodium levels and a clay content of about 10%. 

While some potential exists for dispersion and hardsetting (‘cementing’ of the clay when wet), the 

electro-chemical stability of the soils is generally at the lower limit for productive plant growth. 

• Low water-holding capacity: Surface soils of both the podosols and sodosols have a sandy or 

loamy sand texture. In some cases, the sub-surface soils have a sandy texture as well. The sandy 

nature of the soils means that they have low levels of water storage that may be available to 

plants. The levels of plant-available water capacity in the soils are likely to sustain plant growth for 

only short periods in summer. 

• Spatially variable deficiencies in phosphorus and potassium: Approximately 20% of soil samples 

from the project area had pronounced deficiencies in phosphorus and potassium. A further 30 to 

50% of samples had marginal deficiencies. Both phosphorus and potassium are important for plant 

growth. The measured deficiencies are likely to restrict regrowth of some types of vegetation in 

some areas. 

• Trace element deficiencies: Soils are deficient in boron and copper, two elements that are 

important for plant growth, but which also influence the diversity of plants that can be established. 

Further information on soils is provided in Chapter 8: Environmental and socioeconomic context and 

in the Landform, Geology and Soil Investigation report prepared by Landloch Pty Ltd 

(Appendix A001). 

11.3.4 Biodiversity 

Most of the existing vegetation across the project area is dominated by pasture supporting introduced 

grasses and weeds. Timber plantations occupy about 30% of the area. Areas of native vegetation 

(less than 30% of the project area) represent mostly disturbed habitat and are concentrated around 

roadsides and in gullies. 

Some woodland, wetland, and forest vegetation in the project area is classified (in Victoria) as 

endangered or vulnerable and four state significant flora species are present. Two small areas (less 

than 10 ha) of Commonwealth-listed woodland and grassland remnants are located within the project 

area. Remnant trees commonly occur in farm paddocks and are largely Eucalyptus species. 

An understanding of the types and distribution of existing vegetation (and the fauna species that use 

different habitats) helps to inform the selection of flora species to revegetate the different land use 

zones in the final post-mining landform. For example, native species currently occurring in the project 

area, could be selected for revegetation of mined areas that provide habitat for listed threatened 

species known to occur or that have the potential to occur within the project area. 

Further information on biodiversity is provided in Chapter 8: Environmental and socioeconomic 

context and in the ecology investigations report prepared by Ecology and Heritage Partners Pty Ltd 

(Appendix A002). 
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11.3.5 Groundwater 

Groundwater can be interconnected with surface water and can support certain ecosystems that 

depend on this water source. An important aquifer for closure is contained within the upper part of a 

geological unit called the Coongulmerang Formation. This formation contains the water table beneath 

the project area and the Glenaladale mineral sands deposit. 

Groundwater levels in the Coongulmerang Formation aquifer relative to the Australian Height Datum 

(AHD) ranged from 45 to 70 m AHD in the western part of the project area falling to the northeast 

towards the Mitchell River where levels were generally between 27 and 28 m AHD. On a regional 

basis, the groundwater gradient is steep to the north of the project area, due to the steep topography, 

and becomes flatter in the coastal plain to the southeast. The dominant regional groundwater flow 

direction is generally from the northwest to the southeast, mostly discharging to the lower lying 

alluvium floodplain system near the current coastline. 

Groundwater is fresh to brackish (with no discernible pattern in salinity across the project area), and 

slightly to moderately acidic, with low dissolved oxygen concentrations. Nitrogen, primarily in the form 

of nitrate, and phosphorus were detected at all groundwater monitoring locations and are common 

groundwater contaminants associated with the agriculture industry. No pesticides or herbicides were 

detected in samples of groundwater. 

These groundwater characteristics are unlikely to limit rehabilitation activities in the project area, as 

groundwater is not expected to be a water source during closure, and interactions between 

groundwater and surface water in the project area are limited. 

Further information on groundwater is provided in Chapter 8: Environmental and socioeconomic 

context, the groundwater and surface water impact assessment conducted by Coffey Services 

Australia Pty Ltd (Coffey) (Appendix A003) and the groundwater modelling report (EMM, 2020a). 

11.3.6 Surface water 

Surface water in the project area exists only as ponds, small constructed dams and deep pools within 

the incised gullies. Most surface water runoff drains via these erosional gullies (including Perry Gully, 

Simpson Gully and Lucas Creek), which all discharge into the Mitchell River. Some surface water in 

the southwest of the project area drains 2 to 3 km to the south into Honeysuckle Creek and then a 

similar distance to the west into the Perry River catchment, which flows south, draining into Lake 

Wellington in the Gippsland Lakes. Perry River is a discontinuous river type consisting of a chain of 

ponds and flows only in winter. 

Small, ephemeral drainage lines located within the project area are typically dry and flow only after 

high-rainfall events. These drainage lines cross cleared farmland or commercial forest plantations and 

have been impacted by clearing, grazing, cropping and logging. None of the waterways are in, or 

close to, their natural state and have an existing high sediment load when they flow. Ponded water 

sampled from drainage lines across the project area was saline and had concentrations of total and 

dissolved metals higher than those in the Mitchell River. Levels of dissolved oxygen reflected the 

oxidising conditions typically expected for most fresh surface waterbodies. 

Water sampled from the Mitchell River, a potential water source for the project, had a lower sediment 

load compared to surface water in the project area. Major ion chemistry in the river is dominated by 

sodium, magnesium, chloride and bicarbonate, which indicates the water is sourced from rainfall 

runoff that has dissolved minerals in sediments as it flows to the river. 
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These characteristics of the surface water environment in the project area have implications for 

rehabilitation including the need to manage the quality of runoff water post mining and until, for 

example, vegetation has stabilised the landform. 

Further information on surface water is provided in Chapter 8: Environmental and socioeconomic 

context, and the groundwater and surface water impact assessment conducted by Coffey (Appendix 

A003) and its appendices including the conceptual site water balance (EMM, 2020b), groundwater 

model (EMM, 2020a) and regional and site surface water assessments (Water Technology, 2020b & 

2020c). 

11.3.7 Radiation 

The radionuclide content of surface soils in the project area, and south of Bairnsdale–Dargo Road, fall 

within or below the global average range for radionuclide content of surface soils for uranium, thorium 

and potassium (K) 40. On this basis, the soils do not have elevated levels of these radionuclides. 

The radionuclide content of surface soils in the project area north of Bairnsdale–Dargo Road is 

substantially elevated compared to the global average for both uranium and thorium. The elevated 

levels in this part of the project area are due to the orebody occurring at, or closer to, the ground 

surface. 

The average absorbed dose rates measured in the project area (0.13 microgray (μGy) per hour 

(μGy/hour)) are consistent with background terrestrial radiation levels encountered in Australia 

(approximately 0.09 μGy/hour). 

These baseline (naturally occurring) levels of radiation provide the basis for setting appropriate 

closure targets, i.e., less than or equal to baseline levels found within the project area. 

Further information on radiation is provided in Chapter 8: Environmental and socioeconomic context 

and in the radiation specialist study report prepared by SGS Radiation Services (Appendix A006). 

11.3.8 Land use and infrastructure 

Current (pre-mining) land use guides the types of post-closure land uses that may be suitable for 

areas disturbed by the project. Current land use in the project area is predominantly low intensity 

grazing of livestock, with some forestry in the southwestern corner, as well as small areas containing 

farm and rural living dwellings, and public roads (see Figure 8.37 in Chapter 8: Environmental and 

socioeconomic context). No dryland cropping occurs in the project area. Intensive irrigated horticulture 

occurs to the northeast, but not within the project area. 

Farm dams are used for stock water and groundwater bores for stock and domestic water use. No 

irrigation occurs in the project area. Other on-farm infrastructure includes sheds, tanks, troughs, 

stockyards, storage facilities, fences, driveways and access roads. 

The main road through the project area is the Bairnsdale–Dargo Road, together with several minor 

roads and tracks of various standards. Various power and telecommunication lines traverse the 

project area. 

Further information on land use is provided in Chapter 8: Environmental and socioeconomic context, 

the land use and planning specialist study report prepared by Matrix Planning Australia Pty Ltd 

(Appendix A008) and the agriculture specialist study report prepared by Hamilton SierraCon 

Consulting (Appendix A010). 
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11.3.9 People and communities 

Settlements and towns close to the project area are diverse in size and character. The majority of 

residents live in owner occupier households on rural residential living and farming properties. Three 

dwellings are located within the project area, one farm and two rural living dwellings. All three 

dwellings have been purchased by Kalbar and will be uninhabited during the project. 

Several groups of stakeholders were consulted about rehabilitation, decommissioning and closure 

activities as part of the engagement for the project (see Section 11.8: Closure issues and impacts). 

Comments were provided by potentially affected landowners and residents within, adjacent to and 

near the project area, local communities, special interest groups, and business and interest groups. 

Forums for engagement included meetings with landholders, government agencies and the 

community. A community survey was undertaken, and ‘frequently asked questions’ and information 

bulletins were made available on the project website. As the EES process progressed, the focus of 

community and stakeholder engagement shifted to providing information and seeking input on the 

technical studies. Workshops and drop-in community sessions were held, as well as meetings with 

landholders and government agencies, industry briefings with local businesses, regular updates of the 

project website, and distribution of project bulletins. Kalbar representatives also attended several East 

Gippsland regional community events. 

Potential issues raised from these stakeholders related to the proposed rehabilitation approach, land 

stability and erosion, relinquishment and closure criteria, monitoring plans, the final landform, 

post-mining land use (specifically, return to productive grazing land), risks to achieving effective 

rehabilitation, and financing post-closure activities. 

The key concern from community members was that rehabilitation of the project area will be 

unsuccessful and previous land uses will not be able to be reinstated, including agriculture and native 

vegetation. These issues have been considered in developing the closure strategy. 

Information sheets outlining key aspects of the project and the EES process were made available on 

the project website throughout the engagement process. The information sheets provided 

comprehensive information on key environmental and social aspects in response to specific issues 

raised by the community including rehabilitation and closure. The sheets and material on the website 

have been updated throughout the preparation of the EES. 

Further information on people and communities is provided in Chapter 8: Environmental and 

socioeconomic context and in the Socioeconomic Impact Assessment prepared by Coffey 

(Appendix A013). 

11.4 Closure strategy 

Closure of the project is described in the Fingerboards Minerals Sands Project draft mine 

rehabilitation plan prepared by Kalbar (included as an appendix to the draft Work Plan, which is 

provided as Attachment B to this EES). The plan addresses decommissioning, and rehabilitation, and 

both planned and unplanned final closure for components of the project within the project area. The 

plan has been developed and informed by legislative requirements, the site context (and the 

constraints and opportunities that it presents), findings of specialist studies and stakeholder input. 

Closure will also need to consider the infrastructure options area and other infrastructure located 

outside the project area. The approach to closure described for the project area in the draft mine 

rehabilitation plan, including the approach to decommissioning, closure implementation and 

rehabilitation processes will also apply to those components of the project located outside the project 

area. 



Fingerboards Mineral Sands Project 
Environment Effects Statement 

 

754-ENAUABTF11607_6_Ch11_Closure_Rev0 
August 2020 

11-10 

 

11.4.1 Closure targets and criteria 

Closure of the project is ultimately intended to establish post-closure conditions that are safe to 

humans and the environment, non-polluting, geotechnically and erosionally stable, and able to sustain 

the post-mining land uses agreed with stakeholders. In most cases, the mine area will be rehabilitated 

so that the post-closure topography approximates the pre-mining surface topography. Reference sites 

will be established outside the directly disturbed area as part of the rehabilitation monitoring program 

(see Section 11.1: Introduction) to provide a baseline against which rehabilitation success can be 

determined. 

This ultimate aim for closure has been further defined as specific targets for closure, which provide 

detail about what must be achieved to demonstrate closure success. For each target, one or more 

closure criteria have been developed, which provide a basis for measuring achievement of the closure 

target (Table 11.2). Further detail of the specific tools used to measure achievement of the closure 

targets and criteria is provided in Section 11.7: Measurement tools and timeframes to achieve closure 

criteria. 

Table 11.2 Closure targets and criteria 

Closure target  

(what must be achieved) 

Criteria 

(measure of closure target achievement) 

Previously disturbed areas are 

rehabilitated to establish a modified 

environment receptive to vegetation 

regrowth and recovery over time and 

which where possible, blends with the 

surrounding landscape. 

• Land capability equivalent or better than pre-mining condition.  

• Compliance with agreed post-mining land use plan. 

Landscape function and vegetation, for 

areas rehabilitated to a natural 

ecosystem land use, is resilient, self-

sustaining, and comparable to 

surrounding area (or to agreed 

analogue system). 

• Species richness/diversity values at 70% or more of reference 

sites. 

• Percentage vegetation cover. 

• Vegetation community structure/density of particular life forms. 

• Vegetation health. 

Most appropriate material mix (of 

topsoils, overburden, tailings) is used in 

the upper layers (~ 1 m) of post-mining 

landforms. 

Soil properties support desired surface 

stability and vegetation growth, 

productivity and resilience, according to 

zone requirements. 

• Land capability equivalent or better than pre-mining condition. 

• Areas rehabilitated to a grazing land use are resilient, self‐

sustaining, and comparable to the surrounding undisturbed area. 

• Major macronutrient (nitrogen (N), phosphorus (P), potassium (K), 

and organic carbon (C)) concentrations in root zone (0 to 

600 mm) are equal to, or greater than, those measured at 

comparable reference sites, and indicate that the soil is capable 

of sustaining required groundcover levels. 

Declared or controlled weed species 

are identified and controlled. 

• Weed diversity does not exceed 110% of baseline survey results. 

• Weed abundance is comparable to reference sites. 

• Vegetation in grazing zones (A) is dominated by pasture grass 

and legume species suitable for grazing. 

Air emissions are controlled. • Air emissions meet protocol for environmental management 

(PEM) requirements for particulates (PM10, PM2.5), respirable 

silica and heavy metals. 

No contaminated water is released from 

site. 

• Surface and groundwater quality reflect original (pre-mining) 

baseline chemistry. 
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Closure target  

(what must be achieved) 

Criteria 

(measure of closure target achievement) 

Adequate dewatering of fines and 

coarse sand tailings areas. 

• Tailings areas are sufficiently dewatered to be geotechnically 

stable. 

Landform designs to achieve 

appropriate landform erosion rates. 

• No evidence of uncontrolled subsidence or displacement of 

rehabilitated mine landform surfaces. 

• Land surface configuration complies with the final landform 

design including maximum allowed slope angles. 

• No erosion features incompatible with safe use of the land for 

agreed post-closure uses: 

− In areas of natural vegetation, density of rills / gullies and rate 

of sediment discharge does not exceed that on agreed 

reference sites. 

− On agricultural land, erosion features greater than 300 mm 

deep occupy less than 0.5% of the rehabilitated surface; no 

erosion features greater than 500 mm deep. 

Identification and re-shaping of all 

potentially geotechnically unstable mine 

waste landforms, embankment 

structures, or roads. 

• Any remaining mine voids or engineered slopes to satisfy relevant 

requirements of the Occupational Health and Safety Act 2004 and 

associated regulations and will comply with static and dynamic 

stability criteria defined the project’s ground control management 

plan. 

• Ground movements do not result in loss of infrastructure (roads, 

pipelines) functionality. 

• Drainage structures (e.g., drop structures) are designed by 

certified engineer and demonstrated to be stable. 

Implementation of a post mining land 

use plan which includes 

discouragement of livestock grazing on 

newly created (geomorphologically 

fragile) landforms, flow lines and 

riparian areas. 

• Livestock excluded from geomorphologically fragile areas until 

closure of areas achieved. 

Develop vegetation cover to minimise 

erosion. 

• Groundcover density achieves and maintains at least 70% of 

perennial surface cover. 

• Leaf litter density is comparable with reference sites. 

Design and construction of post-mining 

landforms such that post-closure 

hydrological patterns resemble the pre-

mining environment. 

• Waterways are kept geotechnically, hydrologically and erosionally 

stable and are adequately vegetated. 

• Surface flows from project area reflect flow patterns of the pre-

mining environment. 

Dewatering of tailings areas prevents 

groundwater mounding outside of 

project area. 

Management of the return of materials 

(tailings, overburden) prevents the 

creation of perched watertables close to 

the surface. 

• During active mining operations, mounding of groundwater is 

contained below the tailings layers within the rehabilitated 

landform and within the project area. 

• At the time of site revegetation, groundwater levels do not extend 

into the plant root zone (except in low lying areas where pre-

mining watertable levels are naturally shallow). 

Post-closure, no contaminated water 

from the project area enters the 

surrounding natural environment. 

• Surface and groundwater levels and quality reflect original (pre-

mining) baseline chemistry. 
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Closure target  

(what must be achieved) 

Criteria 

(measure of closure target achievement) 

Rehabilitation to ensure that radiation 

dose at surface and radon levels in 

atmosphere is less than or equal to 

baseline levels found within the project 

area. 

• Average surface radiation levels across site do not exceed 

background (baseline) for surface radiation levels, radon levels or 

activity levels with water. 

Operational hazardous materials 

management practices, such as 

bunding, etc. to be employed during 

closure process. 

See also decommissioning and removal 

of site infrastructure below. 

• Concentration of metals and hydrocarbons in soils to depth of at 

least 1 m do not exceed average pre-mining concentrations. 

• All hazardous structures removed from the area or remaining 

structures made safe; no open voids remain at project 

completion. 

• Any remaining hazardous materials will be appropriately 

removed, contained or remediated and do not exceed SEPP 

guidelines at closure or thereafter. 

Infrastructure will be decommissioned 

and removed, unless means of legal 

ownership transfer documentation has 

been agreed with stakeholders. 

• All industrial structures and visually obtrusive elements have been 

removed from the site unless legal documentation regarding 

transfer of ownership. 

Removal of any remaining stockpiles, 

visual or noise bunds as part of closure 

plan. Rehabilitated landform will closely 

resemble the existing natural landform. 

Once vegetation is established, the 

rehabilitated areas are expected to be 

visually indistinct from surrounding 

unmined areas. 

• Scale and form of remaining mine landforms in respect of 

surrounding landscape to be audited by an independent suitably 

qualified person. Audit report included in site relinquishment 

report. 

Application of current mining industry 

rehabilitation techniques suitable to the 

site conditions and constraints of the 

post-mining environment. 

Effective resourcing of annual update to 

closure cost estimate. 

Establishment of a cross functional 

closure planning key performance 

indicators (KPIs) for the mine site. 

Effective resourcing of triannual mine 

rehabilitation plan update. 

Effective resourcing of post-closure 

management and preparation of the 

final relinquishment report. 

• Closure planning key performance indicators and targets are met 

on an annual basis. 

• Financial provisioning for mine rehabilitation is adequate for 

remaining closure works (including post-closure monitoring and 

maintenance). 

• Legal transfer of liability for any ongoing maintenance works 

including if required any trust fund arrangements. 

Effective community and stakeholder 

consultation throughout the project life 

to ensure that all opinions, requests, 

commitments and legal liabilities are 

recorded and responded to. 

• Closure planning recognised as a Kalbar corporate KPI until final 

lease relinquishment. 

• Financial provisioning for mine rehabilitation adequately covers 

any remaining external landowner compensation claims. 

• Inclusion of the detailed stakeholder consultation register within 

the final relinquishment report. 
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Closure target  

(what must be achieved) 

Criteria 

(measure of closure target achievement) 

Implementation of the stakeholder 

consultation plan throughout the project 

life. 

• Legal transfer of liability for any ongoing maintenance works 

including if required any trust fund arrangements. 

• Administrating authority (Earth Resources Regulation) 

acceptance of final mine rehabilitation plan and application for 

surrender of mining lease. 

• Legal acceptance by post-mining landowners. 

11.4.2 Post-closure land uses and zones 

Anticipated post-closure land uses for the project area include pastoral and agricultural land use, 

especially grazing; ecosystem support by establishing native vegetation to provide habitat, maintain 

biodiversity and protect or restore ecosystem functions; and amenity plantings to enhance aesthetics 

and landscape values, particularly along public boundaries. The following factors were considered in 

determining post-closure land uses: 

• Existing land uses (see Section 11.3.8 and Section 8.9). 

• Views expressed by stakeholders during consultation (see Section 11.5.7 and Chapter 6). 

• Compliance with legal and policy requirements (see Section 11.2 and Chapter 5). 

• Likely success of achieving closure objectives, having regard to biophysical conditions at the site 

(see Section 11.8). 

Stakeholder consultation, including the opinion of landholders, produced a clear interest in returning 

the original character and function of the landform especially with respect to farming. This 

consideration led to six proposed closure land use zones within the project area based on landform, 

intended final land use and perceived interactions between land use, vegetation, and landform. These 

zones are presented in Table 11.3. Detailed information on the proposed revegetation within each 

zone is provided in Section 11.5.5. Post-closure land uses in these zones seek to largely reinstate 

pre-mining beneficial uses, but with consideration given to biophysical attributes of the rehabilitated 

land profile and an increase in the proportion of land allocated to the rehabilitation of native 

vegetation. Amenity plantings are planned to enhance aesthetics and landscape values, particularly 

along public boundaries and road reserves. 

Table 11.3 Post-closure land use zones 

Zone Type Area Final land use Description 

A Plateau grazing 696 ha (54.3%) Grazing/ pasture Large area of open woodland, native 

(10 to 20%) and improved pasture 

(80 to 90%) on broad undulating 

plateau top. 

B Swale and plateau 

edge 

116 ha (9%) Grazing and native 

vegetation 

Relatively small area bordering 

plateau edges where gradients 

begin to increase, and runoff flows 

concentrate prior to discharge onto 

valley slopes, supporting native 

trees and shrubs and native and 

exotic grasses. 

C Valley slope 200 ha (15.6%) Native vegetation Native vegetation (trees, shrubs, 

groundcover species and exotic and 

native grasses) on more steeply 

sloping plateau edges. 
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Zone Type Area Final land use Description 

D Channel and 

riparian 

32 ha (2.5%) Riparian areas and 

drainage lines 

including native 

vegetation 

Riparian and channel zones of 

existing and re-established drainage 

lines, vegetated with native riparian 

tree, shrub and groundcover 

species. 

E Native grass 

woodland 

205 ha (16%) Native vegetation Native grass woodland in western 

part of project area broadly 

consistent with Ecological 

Vegetation Class (EVC) 55 (Plains 

Grassy Woodland), EVC 47 (Valley 

Grassy Forest) and EVC 877 

(Lowland Herb-rich Forest). Located 

on plateau landform. 

F Road verge 33 ha (2.6%) Roadside (mostly 

native) vegetation 

Verges of realigned public road 

vegetated with predominantly native 

grass with low-density trees and 

shrubs. 

The proposed post-closure land uses within the project area do not currently target new or novel 

agricultural, industrial, commercial or recreational uses, although this could potentially change 

depending on ongoing stakeholder consultation. 

Outside the project area, new road verges will meet the road verge post-closure land use similar to 

Zone F in Table 11.3 for road verges in the project area. All infrastructure in the infrastructure options 

area will be decommissioned and all land, with the exception of new roads and road verges, will be 

returned to current (pre-mining) land uses. 

Agreements for land within the project area are proposed to be individually negotiated with 

landowners in accordance with the requirements of the Mineral Resources (Sustainable 

Development) Act 1990 (Sections 85 and 87). The act sets statutory compensation requirements and 

will take into account (but not be limited to) the following: 

• Land use post-mining (in most cases this is expected to reflect the pre-mining land use). 

• Changes to landform (e.g., slope contours) aligned with the post-mining land use. 

• Agreed vegetation planting aligned with the post-mining land use. 

• Hand-back criteria (e.g., productivity, weed density and soil condition) aligned with the post-mining 

land use. 

• Replacement, repair or maintenance of infrastructure (e.g., roads, fences and dams) located on 

the leased land. 

• Changes to land access (e.g., access roads and gates) after mining. 

• Possible agistment of livestock on alternative properties during the leasing period. 

• Ongoing compensation or rehabilitation obligations if land does not meet agreed handback criteria. 

Agreements for land located outside the project area will be negotiated with landowners on the 

following basis: 

• Registered easements for specific infrastructure or utility requirements (e.g., rail siding, power 

lines, private haul road). 
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• Compensation for loss of land related to these easements, including compensation for non-

financial disadvantage, if required. 

• Agreed post-mining land use and the need for easements (in most cases this is expected to reflect 

the pre-mining land use). 

11.5 Closure implementation 

Rehabilitation will occur during operation of the mine (progressive rehabilitation), and after mining has 

ceased (and following the decommissioning and removal of infrastructure). This section describes the 

adaptive approach to closure that will be implemented throughout the mine life, rehabilitation 

methods, physical and chemical properties of materials used in rehabilitation, approach to 

management of surface water, and details of revegetation in each of the zones. 

11.5.1 Adaptive management 

Rehabilitation activities will commence as early as the first year of mining and will continue for up to 

approximately five years following the cessation of mining operations and completion of 

decommissioning activities. Rehabilitation will therefore occur over a period of up to 25 years, with 

significant opportunities to review the approach over that timeframe. Rehabilitation, decommissioning 

and closure outcomes will also depend on actions and decisions made early in the mine life. The 

following activities have and will be undertaken to adapt and refine the rehabilitation approach where 

necessary to achieve the required outcomes: 

• Fully integrating ongoing closure planning into life-of-mine planning. 

• Providing adequate resources and materials (such as topsoil, capping material for landforms, seed 

and vegetative material) for successful progressive rehabilitation. 

• Basing rehabilitation plans and activities on sound science by undertaking site-specific studies and 

research trials early on in the mine life. 

• Regularly updating progressive rehabilitation strategies so they accurately reflect the life-of-mine 

planning (updated annually) and rehabilitation performance. 

• Reviewing and incorporating research and monitoring results into rehabilitation procedures. 

11.5.2 Environment review committee 

The environment review committee will continue to operate during the rehabilitation, decommissioning 

and closure phases of the project. The committee is expected to include members drawn from a 

range of stakeholders including representatives from the local community, community groups, local 

and state government agencies and authorities, Indigenous groups and small businesses. The 

committee would be chaired by an independent person to promote openness and transparency. The 

role of the committee in the closure period would be to provide information and feedback to Kalbar on 

the rehabilitation process. 

11.5.3 Rehabilitation process 

Mining will be conducted on a progressive basis, with areas of topsoil, then overburden being 

removed prior to the removal of ore. Mined areas will be progressively backfilled with coarse sand 

tailings, overburden and fines tailings. Fines tailings will be covered with overburden (including 

manufactured subsoil) and topsoil, and then rehabilitated. The time from overburden stripping to 
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completion of rehabilitation and re-establishment of the end land use is likely to be between three to 

five years. 

The general sequence of mining is illustrated in Figure 3.7 in Chapter 3: Project description. The 

timeframe for mining, from initial topsoil stripping to establishment of revegetation, can be as short as 

19 months (one year and seven months) or up to 68 months (five years and eight months) (see 

Table 3.3 in Chapter 3: Project description). These estimates exclude areas where fines tailings are 

returned to the mine void, where an additional 24 to 36 months (two to three years) is required. 

Two mine voids, of less than 100 ha total, are expected to be active at any one time. Progressive 

rehabilitation behind the active mining areas, tailings facilities and other infrastructure will result in a 

maximum area of disturbance of about 360 ha at any one time. On average, an area of about 80 ha is 

expected to be rehabilitated each year. This area will vary as new fines tailings cells hold back areas 

for rehabilitation and completed fines tailings cells release additional areas for rehabilitation. No 

tailings will remain at the surface of the final post-closure landform and tailings will not be used in the 

construction of outer slopes of built landforms. Tailings will be in a dried or partly dried state prior to 

being covered with overburden. 

Figures 3.8 to 3.12 in Chapter 3: Project description show the progression of mining, rehabilitation 

activities and re-establishment of agriculture through the landscape with indicative mining locations at 

years 1, 5, 8,12 and 15. Years 1 and 5 represent the periods when sources of emissions are closest 

to sensitive receptors and years 8 and 12 represent times of peak operation where the mobile mining 

equipment requirements are at a maximum. Year 15 represents a peak in the movement of 

overburden and mining activities located within the Perry River catchment. 

Project infrastructure, such as buildings, fencing, pipelines, powerlines, haul roads and other 

pavements, will be removed after discussion with all relevant stakeholders. Some infrastructure may 

be retained at the request of landholders, Southern Rural Water or East Gippsland Shire. 

11.5.3.1 Progressive rehabilitation 

Rehabilitation activities for the project will commence as early as the first year of mining and will 

continue until up to five years following the cessation of mining operations and completion of 

decommissioning activities. Figures 3.8 to 3.12 in Chapter 3: Project description show the progression 

of mining and rehabilitation activities through the project area at years 1, 5, 8, 12 and 15. Figure 11.2 

shows a conceptual rehabilitation profile cross section, which is representative of a variety of final 

rehabilitated landforms in the project area, including the plateau swales and plateau edges, valley 

slopes and channels. 

11.5.3.2 Topsoil management 

Topsoil will be stripped prior to mining and either stockpiled or transferred directly to nearby 

rehabilitation areas. Topsoil is likely to be stripped to a depth of 300 mm or to the depth of a heavy 

clay B horizon or gravel. This depth may vary according to existing landform and land use. 

Where possible, all stripped topsoil will be directly placed on rehabilitation areas after the third year of 

operations, with no stockpiling of topsoil required. Surface vegetation (predominantly pasture grasses) 

in these areas will be retained and mixed with topsoil when it is stripped. 

Where required and appropriate, ameliorants (such as lime, organic mulches, and fertilisers) will be 

spread on in-situ topsoils prior to stripping to improve the value of topsoil as a growth medium during 

rehabilitation. Ameliorant application rates may vary with final land use. For areas to be returned to 
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grazing, applications will aim to address current constraints to soil productivity. For areas to be 

rehabilitated to native vegetation, soil preparation may need to consider the potentially lower levels of 

chemical fertility required. In steeper areas, soil management will include the incorporating rock or 

gravel into the topsoil to increase erosion resistance and promote vegetation growth. 

Topsoil stockpiles scheduled to be left in place for four months or longer, will be restricted to 2 m in 

height and constructed with the top parallel to the ground. Vegetation will be established on these 

long-term stockpiles as soon as possible to increase stability and protect the soils from erosion. 

11.5.3.3 Subsoils 

Subsoils (the sub-surface soils below the topsoil) will be stripped and incorporated with the rest of the 

overburden. The subsoils are of poor quality for agriculture and other uses, being either deep sands 

with low fertility and low water-holding capacity, or sodic clays prone to dispersion and hardsetting. A 

manufactured subsoil will be used to provide a more productive medium for plant growth in 

rehabilitated landforms. The subsoil layers placed during rehabilitation will be designed to be 

accessible to plant roots and chemically neutral (e.g., neither saline nor with extremes of pH), not be 

hardsetting due to clay dispersion, and uncompacted. The subsoils will also be designed to have 

higher clay and silt content than the surface soil to raise the plant available water capacity of those 

layers. 

The subsoil material will be composed of some combination of fines and coarse sand tailings, or 

overburden and coarse sand tailings. This material will be mixed and ripped (mechanically broken up) 

to form a subsoil layer approximately 0.6 to 0.8 m thick with suitable permeability and water holding 

capacity. Trials are being conducted to determine optimal mixing ratios and rates of additives needed 

(e.g., gypsum, fertilisers and organic material) to optimise performance of the manufactured subsoil. 

The plans for material make-up and placement will be revised as necessary as the trial results 

become available. Findings to date indicate that a mixture of fines and coarse sand tailings will 

provide suitable properties for subsoil to be used as a growth medium. The specific mixture(s) 

adopted will aim to increase water and nutrient holding capacity of the subsoil and potentially greatly 

increase the resilience to drought and other stresses of vegetation established on the re-constructed 

soils. 

The existing subsoils in the project area will be replaced with tailored mixtures that will be non-

dispersive. These replaced soils will be less susceptible to hard setting and the development of tunnel 

erosion than the existing soils. 

11.5.3.4 Overburden 

The material sitting over the target mineral sands (overburden) is made up of a geological structure 

called the Haunted Hills Formation. This formation was formed through fluvial processes (rivers and 

streams) and comprises two distinct parts: a lower gravel unit, and an upper clay and sandy clay unit. 

Understanding the physical and chemical properties of the overburden material is important for 

rehabilitation as some properties of the overburden could affect rehabilitation success. Both the gravel 

and sand/clay units include a high percentage of exchangeable magnesium and sodium and a low 

calcium to magnesium ratio. These properties could cause clay dispersion and increase the risk of 

erosion. Clay dispersion occurs when excessive sodium is present, in that when water is added, the 

sodium attached to the clay forces the clay particles apart. This results in a cloud of clay forming 

around the aggregate. The fine clay particles that have dispersed clog small pores in the soil, degrade 

soil structure, and restrict root growth and water movement. 



Fingerboards Mineral Sands Project 
Environment Effects Statement 

 

754-ENAUABTF11607_6_Ch11_Closure_Rev0 
August 2020 

11-19 

 

Gypsum, a soft sulfate mineral composed of calcium sulfate dihydrate, will be applied during 

rehabilitation to any overburden placed within the first metre of the rehabilitated profile. Gypsum 

contains approximately 23% calcium and 18% sulfur and is used to improve soil structure and reduce 

crusting in hard setting clayey soils. 

Other properties of the overburden, such as salinity and sulfide concentrations, are sufficiently low so 

as to not generate saline seepage or leachate or acid mine drainage, respectively. No acid sulfate 

soils are present within the project area. 

Excavating and depositing the overburden back into the mine void will increase the volume of the 

landform by 1.22 times the undisturbed material at the time of placement. The volume increase is 

predicted to reduce to 1.08 following consolidation of the material following settlement and tracking 

with heavy vehicles and plant used in rehabilitation. 

The upper clay and sandy clay units of the overburden could trap water and form perched 

watertables, which can lead to tunnel erosion. Tunnel erosion will be managed by placing the clays 

away from slope edges (the distance to be determined by the slope gradient) (Mining One 

Consultants, 2020). 

11.5.3.5 Materials balance 

Only a small proportion (in the order of 5%) of the material mined for the project will be transported 

offsite as HMC and a shortfall in availability of bulk materials is unlikely. These materials will be used 

for reshaping of the final post-mining landform. Other than topsoil, which will be stripped separately 

and stockpiled for use in rehabilitation, the only material required for specific rehabilitation purposes is 

the cobbly or gravelly Haunted Hills Formation overburden. This material will be used for erosion 

protection and in other applications where material with a high component of coarse particles is 

required. A high level, whole-of-project materials balance for the project has been developed as 

shown in Table 11.4. A more detailed materials balance will be developed once detailed mine design 

has been completed. 

About 8 million tonnes of HMC will be produced over the life of the project. The volume represented 

by this material is more than compensated for by the slight swelling of mined material that occurs 

when it is excavated and then replaced. When swelling is taken into account, and as the amount of 

material exported is small relative to the total amount of mined material, sufficient material will be 

available to reinstate the land surface to a configuration similar to the pre-mining surface. This amount 

includes sufficient coarse material to satisfy project requirements for erosion protection and other 

engineering applications requiring gravelly or rock fill. 

Table 11.4 Life of mine materials balance 

Material type Mined material Required rehabilitation material 

Topsoil (surface to 300 mm) 3,535,800 m3 3,535,800 m3 

Subsoil and other overburden 162,753,400 m3 162,753,400 m3, comprising: 

• 140,195,300 m3 for bulk fill. 

• 22,558,100 m3 for surface profiling above 

fines tailings. 

Overburden (gravelly Haunted 

Hills Formation) 

63,930,300 m3 63,930,300 m3, comprising: 

• 25,449,000 m3 for bulk fill. 

• 19,690,000 m3 for slope armouring. 

• 17,798,200 m3 for road pillars. 
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Material type Mined material Required rehabilitation material 

• 993,000 m3 for dam construction. 

Ore 99,933,200 m3 NA 

Tailings NA 99,933,200 m3 

Total 330,152,600 m3 330,152,600 m3 

Note: Volumes are approximate and shown as ‘loose cubic metres’, meaning that the swell factor has already been taken into 

account. 

11.5.3.6 Tailings 

Coarse sand tailings and fines tailings have a high percentage of exchangeable sodium, which may 

lead to clay dispersion, and will be addressed through adding gypsum as needed. The salinity level of 

both the coarse sand tailings (0.03 dS/m) and fines tailings (0.09 dS/m) is sufficiently low such that 

the material will not generate saline seepage or leachate. Similarly, the coarse sand tailings and fines 

tailings contain insufficient concentrations of sulfide to cause acid mine drainage. 

The geochemical properties of the fines tailings and coarse sand tailings were compared to the limits 

set for different categories of soil waste as set out in the Industrial Waste Resource Guidelines – Soil 

Hazard Categorisation and Management (EPA Victoria, 2009a). The guidelines specify threshold 

levels for clean fill and other waste categories. 

Concentrations were also compared to the investigation levels contained in the National Environment 

Protection Council’s Guideline on the Investigation Levels for Soil and Groundwater (NEPC, 2013b). 

This guideline forms part of the National Environment Protection (Assessment of Site Contamination) 

Measure. Investigation levels are the concentrations of a contaminant above which further 

investigation and evaluation is required. They are an indicator for more detailed risk assessment 

being required, rather than implying that a significant risk is present. 

Concentrations of various chemical parameters were measured in the tailings materials and in 

leachate (the soluble component of tailings produced when in contact with water). Leachate was 

tested for specific parameters only when the levels measured in solid material were above the 

threshold criteria for clean fill. 

The results of the geochemical testing are summarised below, and include a comparison to the 

relevant guidelines: 

• Fines tailings: 

– The geochemical properties of the fines tailings were within the threshold limits of the soil waste 

category for clean fill, except for total arsenic (37 mg/kg measured compared to the upper limit 

20 mg/kg) and total chromium (86 mg/kg total chromium measured compared to the 1 mg/kg 

upper limit for chromium (VI)). The concentrations are well below the soil hazard classification 

upper limits for Category C waste (the next level down from clean fill) of 500 mg/kg. 

– The measured arsenic concentration (37 mg/kg) in fines tailings was below the ecological 

investigation level of 40 mg/kg (for national parks and areas with high ecological value) and the 

health investigation level of 100 mg/kg (for low density residential land use which includes 

consumption of home grown produce). 

– Total arsenic and chromium (chromium IV) concentrations from leachate tests of fines tailings 

samples were less than 0.01 mg/L, which are well below the upper limits of 0.7 mg/L (arsenic) 

and 5 mg/l (chromium IV) for Category C waste. 
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• Coarse sand tailings: 

– The geochemical properties of the coarse sand tailings were within the threshold limits of the 

soil waste category for clean fill, except for total chromium (10 mg/kg total chromium measured 

compared to the 1 mg/kg upper limit for chromium (VI)). This concentration is well below the 

soil hazard classification upper limit for Category C waste of 500 mg/kg. 

– The measured total chromium concentration (10 mg/kg) was well below the health investigation 

level of 100 mg/kg (for low density residential land use which includes consumption of home 

grown produce), noting that this level applies to the hexavalent form of chromium (chromium 

(VI)) rather than total chromium. No ecological investigation level for chromium has been 

established in the guidelines. 

– The chromium (IV) concentration from leachate tests of coarse sand tailings samples was less 

than 0.005 mg/L, and well below the soil hazard classification upper limit for total chromium of 

5 mg/L for Category C waste. 

Samples of solid tailings material were analysed for total chromium and leachate testing measured 

dissolved concentrations of chromium (VI). The guideline levels for chromium specifically relate to 

hexavalent form (chromium (VI)). Chromium occurs in the project area as the naturally occurring 

mineral chromite and exists as trivalent chromium. This form of chromium is less toxic than the 

hexavalent state. As such, the comparison of the results of the solid material testing with the 

chromium (VI) concentrations in the guidelines for solids is likely to overestimate the concentration of 

chromium (VI). 

On the basis of the concentrations in solids and leachate, the fines tailings and coarse sand tailings 

can be considered Category C waste and would not be considered material with potential for higher 

impact under the EPA guideline. Concentrations are also below the levels for which a health 

investigation level is set under the NEPC guidelines. Chromium and arsenic are unlikely to be a 

potential hazard in tailings that will require management during rehabilitation. 

In addition to overburden backfill, approximately 10 m of coarse tailings are expected to be placed 

over all areas, and up to 8 m of fines tailings will be placed at spaced locations during backfilling. The 

fines tailings material is prone to hardsetting when dried and is expected to restrict deep drainage. 

Fines tailings will be placed at a minimum depth of 3 m in the re-constructed profile so that any 

restrictions to drainage are not so close to the soil surface as to affect growth of grass or trees. 

Mixtures of fines tailings with other materials may be placed closer to the surface, provided they are of 

appropriate permeability. 

The methods used to release water from the fines tailings is expected to increase the content of solids 

to approximately 73% (Osborne, 2020). Placement of the fines tailings will be within constructed cells, 

across approximately one third of the mine void, at an approximate thickness of 6.5 m. The fines 

tailings are anticipated to settle by about 1.45 m following the application of approximately 18.3 m of 

overburden. Further detail on the settlement of replaced fines tailings and coarse sand tailings is 

provided in Section 11.6.2.4. 

11.5.4 Surface water and groundwater management 

Changes to the topography during closure activities will affect the surface water flow regime and 

potentially the behaviour of groundwater beneath the project area. The approach to managing surface 

water and groundwater during closure are described below. 
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11.5.4.1 Surface water 

Surface water flows 

In most cases, the mine area will be rehabilitated so that the post-closure topography and surface 

drainage gullies will approximate the pre-mining surface topography. Changes in topography and the 

effect on surface flows, between existing conditions and the proposed, post-closure landform were 

assessed by Water Technology as part of the flood modelling assessment (see Groundwater and 

Surface Water Impact Assessment Appendix A003; Appendix E). 

Surface water flows within the Lucas Creek catchment were largely predicted to follow the pre-mining 

drainage line. Some shallow ponding (mostly less than 100 mm but up to 200 mm deep) was predicted 

in the upper reaches of the creek around the Fingerboards intersection. Ponding is a result of 

irregularities in the modelled rehabilitated topography in areas of shallow gradient. Wider, shallower flow 

paths are predicted with the post-closure landform, and lower flood flow velocities (typically less than 

1 m/s, compared to current velocities averaging higher than 1.5 m/s) in the reshaped gullies leading 

into the creek. 

The proposed main drainage line within Simpson Gully is largely consistent with the current 

alignment. Reshaping of tributaries in the upper reaches of this drainage line will result in wider, 

shallower inflows into the main line. 

Perry Gully will undergo the most significant modification compared to the current configuration, with a 

large portion of the upper reaches proposed to be filled. A ridge line will divert flow into adjacent 

catchments, reducing the overall length of the waterway. The modelled 1:100-year average return 

interval (ARI) one-hour flow in the remaining reach of Perry Gully tended to be deeper than 1 m, with 

water velocities greater than 2 m/s. The reconfiguration of Perry Gully is required to allow for a 

sufficient void to undertake mining activities, while minimising the need for surface stockpiling of 

overburden and tailings in the early stages of the mine life. 

Changes in topography in the Honeysuckle Creek system will increase the catchment boundary and 

watershed. Adjustments to the landform, including reducing channelisation, will create generally 

wider, shallower flow paths. 

The following measures will be considered during the design of rehabilitated areas to prevent 

excessive surface water from entering the interior of the landform and causing potential stability 

issues: 

• Natural surface water drainage courses will be re-routed away from the landform. 

• Surface water ponding on the landform will be avoided through appropriate slope profile design 

and topsoil treatments. 

Surface water quality 

Potential impacts to surface water quality are discussed in the Conceptual Surface Water 

Management Strategy and Water Balance report by EMM (see Groundwater and Surface Water 

Impact Assessment Appendix A003; Appendix A). 

Water management, including the capture of possible sediment-laden runoff following initial 

rehabilitation, will be incorporated into the water management system throughout the mine plan. On 

the downhill side of containment structures (such as surface water drains and road batters), batters 

will undergo soil conditioning and be spread with topsoil and revegetated as soon as possible to 

minimise erosion and sediment-laden runoff. Options such as seeding, hydromulching and other 

spray emulsions will be considered and trialled for this application. 
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In active rehabilitation areas susceptible to erosion, the surface (minimum of 500 mm) of overburden 

will be mixed with gypsum to form a subsoil layer that reduces the dispersive qualities of the soil and 

improves stability. Topsoil will be mixed at the surface of the overburden layer and seeded to 

encourage the rapid establishment of vegetation to minimise erosion. 

Runoff controls including water management dams downstream of rehabilitation areas will be 

decommissioned once post-rehabilitation monitoring demonstrates that water quality controls are no 

longer required, and vegetation has stabilised the landform. Dams are expected to be in place for 

approximately two years following final shaping, seeding and mulching of rehabilitated areas. 

11.5.4.2 Groundwater 

The potential impacts of the project on groundwater values are discussed in the groundwater and 

surface water impact assessment prepared by Coffey (Appendix A003) and the Fingerboards 

Groundwater Modelling Report (EMM, 2020b) (appended to Appendix A003). 

Modelling of post-mining groundwater levels indicated that for 10 years following operations, the 

extent of groundwater mounding (defined by the 0.5 m mounding contour) in the Coongulmerang 

Formation aquifer is predicted to remain relatively constant. The mound is expected to gradually 

decline over time as water dissipates into the surrounding groundwater system. The risk of mounding 

impacting licenced users during closure and for at least five years post-closure is low. The 

assessment found that the effects from mounding on groundwater dependent ecosystems are likely to 

be negligible to low. 

11.5.5 Revegetation 

The primary goals of revegetation will be to establish vegetation that meets, or assists in meeting, 

both the overarching goals for the project area and the more specific goals for each post-closure land 

use zone (refer to Section 11.4: Closure strategy). For example, in pasture areas with an intended 

post-closure land use of grazing, species mixes will be developed considering local experience and 

knowledge, and with advice from local landholders, to ensure compatibility with future stocking 

requirements. Other aspects such as seeding times and rates of application will also draw on such 

knowledge alongside advice from agronomists to help maximise the chance of successful vegetation 

establishment. 

The proposed post-closure land use zones are shown in Figure 11.3. Changes in the extent of 

existing and post-closure land uses are shown in Figures 11.4 to 11.9. Areas omitted in the figures 

are parts of the project area that are not disturbed by mining activities. The most significant proposed 

change in land use is the removal of blue gum and pine plantations in the southwestern portion of the 

project area and their replacement with approximately 200 ha of native grassy woodland. The focus of 

revegetation in this area will be on species that comprise the ‘Gippsland Red Gum Grassy Woodland 

and Associated Native Grassland’ ecological community. This vegetation community is listed as 

threatened under the Commonwealth Environment Protection and Biodiversity Conservation Act 

1999. 

Trees and/or shrubs will be established in all zones. Tree seed or seedlings will be, as much as 

possible, provenance material sourced from within, or close to, the project area. Flora species 

selected to revegetate rehabilitated areas will provide habitat for listed threatened species known to 

occur or that have the potential to occur within the project area. Other factors which influence 

successful revegetation include soil properties, drainage, aspect and landform. 
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Zones A and B are currently subject to grazing and will be largely returned to similar vegetation with 

the intent of achieving grazing animal productivity equivalent to, or better than, current levels. Tree 

density, particularly in Zone B, will be increased from the current density to reduce deep drainage and 

seepage flows, and increase erosional stability. Trees will be established on the plateau and in swales 

and along plateau edges. Zones C and D will be revegetated with tree and shrub species consistent 

with local native vegetation communities. Grazing will be excluded from these zones, along with 

Zone E. Zones E and F will be revegetated with species broadly consistent with appropriate local 

native vegetation communities. 

Each proposed post-closure land use zone will be revegetated in accordance with the proposed post-

mining land uses. The strategy for revegetation of each zone is described in the following sections. A 

summary of estimated seeding rates and target planting densities for each zone is provided in 

Table 11.5. 

Table 11.5 Seeding rates and planting densities in each post-closure land use zone 

Zone Area Final land 

use 

Seeding rates and target planting densities (estimates) 

A 696 ha 

(54.3%) 

Grazing • 10 to 15 kg/ha of improved pasture and native grasses. 

• Trees – 20 to 30 stems/ha. 

B 116 ha 

(9%) 

Grazing and 

native 

vegetation 

• 10 to 15 kg/ha of exotic pasture and native grasses plus native trees and 

shrubs. 

• Trees – 50 stems/ha. 

• Shrubs – 500 stems/ha. 

• Grass-like stabilising species – 1,000 stems/ha. 

C 200 ha 

(15.6%) 

Native 

vegetation 

• 10 to 15 kg/ha of exotic pasture and native grasses plus native trees and 

shrubs. 

• Trees – 100 to 300 stems/ha. 

• Shrubs – 500 to 1,000 stems/ha. 

• Grass-like stabilising species – 1,000 stems/ha. 

D 32 ha 

(2.5%) 

Channels 

and riparian 

areas 

including 

native 

vegetation 

• 10 to 15 kg/ha of native riparian trees, shrubs and ground layer species. 

• Trees – 500 stems/ha. 

• Shrubs – 500 to 1,000 stems/ha. 

• Grass-like stabilising species – 1,000 stems/ha. 

E 205 ha 

(16%) 

Native 

vegetation 

• 50 kg/ha of composite native grassy woodland species possibly 

including a small area of chain of ponds with associated wetland 

vegetation species. 

• Trees – 20 to 50 stems/ha. 

• Grass-like stabilising species – 1,000 stems/ha. 

F 33 ha 

(2.6%) 

Roadside 

(mostly 

native) 

vegetation 

• 40 kg/ha of low growing native grasses and high amenity native 

wildflowers. 

• Planting density for road reserve is under investigation. 

11.5.5.1 Zones A and B (plateau grazing / swales and plateau edges) 

Pasture grasses will be an important component of the vegetation to be established in these zones. 

To maintain sufficient pasture growth in areas subject to grazing, a significant component of legumes 
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such as clovers will be sown to ensure a continued supply of nitrogen to the pasture (through 

nitrogen-fixation by rhizobium bacteria on legume roots) and improve pasture quality for grazing. 

A likely mixture of grass species suitable for the sandy surface soil in the project area would include 

AusVic perennial ryegrass, cocksfoot, and sub clover, along with summer-active tall fescue and 

lucerne to take advantage of the increased soil water storage capacity and extend the effective 

growing season. All legume seeds will be inoculated with commercial rhizobium bacteria prior to 

sowing, as the boron-deficient soils in the project area are likely to contain relatively ineffective 

rhizobia. 

A sowing rate of 15 to 20 kg per hectare (kg/ha) is recommended for pasture seed in Stephens 

Pasture Seeds’ Pasture Reference Guide (see the rehabilitation report prepared by Landloch Pty Ltd; 

Appendix A014). The sowing rate will be increased to 30 to 40 kg/ha where required to facilitate rapid 

development of surface cover and allow sown pasture to outcompete local weed populations present 

in the soil seed bank. 

Trees will also be established in these two land use zones, most likely through tubestock planting 

(young plants ready for planting in the field). Tree species established on the plateau (Zone A) will be 

the same as those currently present, including Gippsland red gum (Eucalyptus tereticornis subsp. 

mediana), red box (E. polyanthus) and white stringybark (E. globoidea), with a proposed initial density 

of 20 to 30 stems/ha and a final density of 10 to 20 stems/ha following thinning.  

For swales and plateau edges (Zone B), a wider range of plant species, typically associated with the 

Plains Grassy Woodland ecosystem (Ecological Vegetation Class [EVC] 55), will be considered. Tree 

species will include Gippsland red gum, river red gum (E. camaldulensis), and acacia species (such 

as black wattle (Acacia mearnsii)) and blackwood (A. melanoxylon). A slightly higher initial density of 

trees will be planted in swales and plateau edges (Zone B) to achieve a final stand density of 

approximately 20 to 30 stems/ha. The higher tree density in this zone is intended to promote greater 

water extraction from depth in the soil as a result of evapotranspiration by the trees. 

11.5.5.2 Zone C (valley slopes) 

Revegetation plant species for this zone will be selected from typical species associated with the 

Valley Grassy Forest ecosystem (EVC 47). Plants used in revegetation will be established from 

provenance seed from the project area or nearby areas wherever possible.  

Groundcover will need to be established soon after the final landform is constructed to reduce the risk 

of erosion. A relatively high density of trees and shrubs will be required on the steeper slopes 

bordering flow channels. Trees in this zone will be most effectively established by seeding to achieve 

a density significantly higher than the target. This approach allows for losses due to animal damage 

and other causes. Established vegetation will be thinned to achieve the target number of 20 stems/ha 

of Eucalyptus species. 

Fencing may be required to prevent grazing animals from entering valley slope areas during 

vegetation establishment. 

11.5.5.3 Zone D (channels and riparian areas) 

Tree, shrub and groundcover species for revegetation in this zone will be selected from typical 

species present in the Valley Grassy Forest ecosystem (EVC 47) and/or other relevant riparian or 

aquatic ecosystems. Vegetation will be established from provenance seed or other suitable 

propagules from the project area or nearby areas wherever possible. Trees and shrubs will be most 
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effectively established by direct seeding to establish a relatively high density and allow for losses due 

to animal damage and other causes. Established vegetation will be thinned where necessary. 

Fencing to exclude grazing animals may be required during vegetation establishment.  

11.5.5.4 Zone E (native grass woodland) 

A range of species associated with the Plains Grassy Woodland ecosystem (EVC 55) will be 

considered for this zone. An optimal revegetation method will be developed by a targeted research 

and development program and initiated once mine operation begins. The program will consider a 

range of factors such as seed sources, seed handling and management, soil requirements, planting 

methods and maintenance requirements. The potential impact of the existing soil seed bank 

(including weed content) will also be investigated. 

Livestock will be excluded from this zone. Fencing may be required to prevent livestock and other 

grazing animals from entering native grass woodland areas. 

11.5.5.5 Zone F (road verges) 

Road verges will be revegetated to serve multiple functions including as wildlife corridors and to 

enhance the safety and amenity of roads. Plant species used in this zone will be predominantly low-

growing native grasses and high-amenity native wildflower. Trees and shrubs will also be planted in 

low density. 

One of the key objectives of this zone is to establish low-maintenance vegetation that improves 

habitat values, provides high amenity, minimises erosion by maintaining adequate levels of 

groundcover, and avoids impact to the function and safety of roads. A range of species associated 

with the Plains Grassy Woodland ecosystem (EVC 55) will be considered for this zone, to the extent 

that is consistent with road safety, fire safety and local government requirements. Revegetation 

methods and plant selections will also benefit from research undertaken on the native grass 

woodland. 

11.5.6 Fire management 

The primary fire risk-reduction strategy for the project will be to maintain fuel loads at an acceptable 

level by slashing pasture. The strategy may include slashing of rehabilitated areas of pasture as early 

as one year after vegetation establishment, if vegetation condition is suitable. Firebreaks may be 

established and maintained at strategic points within the project area to protect immature 

rehabilitation sites. Firebreaks may also be established on private land to protect revegetated 

roadsides and rehabilitated mined areas. 

Where grazing activities become possible during the life of the project, they will be closely monitored 

and managed to keep fuel loads within an acceptable range without reducing groundcover below 

critical thresholds for erosion control. Areas of high erosion risk, such as gullies, will be fenced to 

prevent overgrazing, and areas with low tree density, such as road corridors, will be strategically 

managed as firebreaks. 

If controlled burning is undertaken, revegetated areas will be protected from all fire until the trees are 

taller than 5 m. 
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11.5.7 Stakeholder engagement 

Kalbar has prepared, and is implementing, a comprehensive community engagement plan for the 

project. A key objective of the Fingerboards Community Engagement Plan is to ensure that the 

affected communities are informed about the project at all stages of its development, operations and 

closure. Kalbar is committed to engaging with all community and stakeholder interests and promoting 

inclusiveness by encouraging and supporting a diverse representation of community participation in 

consultation. Communications will be timely, open and effective, and readily understandable, allowing 

all stakeholders to effectively contribute their views. 

Stakeholder engagement to date has included seeking specific feedback on concerns about closure 

of the mine, including on final landforms, land use and vegetation cover. The planning and design for 

closure has been informed by these discussions. 

Stakeholders will continue to be engaged throughout the life of the project in accordance with the 

Fingerboards Community Engagement Plan to promote full awareness in the community about mine 

closure, including rehabilitation and decommissioning activities, the proposed final land uses, and the 

timing of closure activities. During closure activities and post-closure of the project, Kalbar is 

committed to the following stakeholder engagement activities: 

• Holding meetings with directly affected landholders and other key stakeholders prior to 

commencement of rehabilitation to determine the preferred final land use. 

• Engaging with all relevant stakeholders (for example, landholders and local council) prior to the 

removal of project infrastructure, such as fencing, groundwater bores, haul roads and powerlines, 

to determine whether these assets could be used in the future (subject to regulatory approval).  

• Consulting with landholders, Traditional Owners and community groups such as Wildlife Victoria to 

determine preferred vegetation for rehabilitation of the site to ensure compatibility with future 

stocking requirements. 

• Communicating regularly with stakeholders through media releases and advertisements in local 

newspapers and project updates through the email database. 

• Providing to stakeholders annual environmental and rehabilitation performance reports in plain 

language with information in an accessible format. These reports would be made available through 

the project and Kalbar’s website. 

• Conducting and reporting on post-closure monitoring until closure criteria have been met and land 

is ready for relinquishment, unless otherwise agreed with Earth Resources Regulation and other 

stakeholders. 

11.6 Final mine closure 

Final mine closure will take place after mining has ceased. Closure planning also takes into account 

an unplanned closure of the mine. 

11.6.1 Overview 

Within the project area, final mine closure will need to consider all completed mining areas, tailings 

emplacements and areas cleared prior to mining as well as run of mine (ROM) ore and product 

stockpiles. Infrastructure within the project area will also need to be considered, including:  

• Freshwater storage dam, process water dam, contingency water dam, sediment detention basins 

and drainage infrastructure. 
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• Ore processing plant and associated facilities (mining unit plants and the wet concentrator plant). 

• Product loadout and materials handling area. 

• Pipelines, powerlines, the electrical substation, light vehicle roads, mine haul roads, site access 

roads, administration buildings, laboratory and ancillary buildings, hardstand and laydown areas, 

and the carpark area. 

The infrastructure options area sits outside the project area. All infrastructure associated with the 

project in this area is proposed to be decommissioned. Infrastructure that could provide a community 

benefit may be retained. This option will be explored in consultation with relevant stakeholders. Final 

closure of the infrastructure options area will need to consider the groundwater borefield, the pump 

station and pipelines from the Mitchell River, road diversion corridors, the Fernbank East rail siding 

and the infrastructure corridor (including pipelines, powerlines and the haulage road). 

Other infrastructure to be considered during final mine closure includes the realigned roads and 

upgraded intersections for the transport of concentrate to the Maryvale siding, Bairnsdale siding and 

Port Anthony or Barry’s Beach Marine Terminal. 

11.6.2 Planned closure 

At the end of the mine life, loaders, excavators and haul trucks suitable for closure activities will be 

directed to rehabilitation and decommissioning works where required. The remaining mining fleet will 

be demobilised. Additional equipment may be required for specialist tasks or to facilitate efficient 

closure. 

11.6.2.1 Decommissioning 

Fixed plant, buildings and infrastructure will be decommissioned and removed prior to, or during, mine 

closure. Decommissioning will commence with the decontamination of all plant and equipment 

through draining and/or removal of all liquids, solids and/or potentially hazardous materials. 

Remaining (unused) chemicals and hydrocarbons will be returned to the appropriate suppliers or sold 

to a third party. 

Infrastructure will be progressively removed as works reach completion and crews are demobilised. 

All economically salvageable structures and parts will be dismantled and removed. Other structures 

will be demolished and disposed of appropriately. 

Some structures or equipment may be retained for use beyond closure. In these instances, 

agreement will be sought with Earth Resources Regulation and the relevant landowner. Where 

required, these structures will be certified as safe and fit-for-purpose by a suitably-qualified civil, 

structural and/or mechanical engineer. Structures that could remain include water catchment dams or 

other water storages required by landowners for agricultural and farming purposes. 

Scrap metal and other economically recyclable materials will be taken offsite to an appropriate 

recycler. Any areas of ground contamination identified during decommissioning will be treated 

appropriately. Hazardous waste and/or contaminated material will be disposed of offsite by a licensed 

contractor, where necessary. 

A waste management plan specific to decommissioning activities will be developed with detailed 

schedules of salvaged and recyclable material and all waste products and chemicals expected to be 

generated at the site. The types of materials, quantities and proposal management and/or disposal 

methods will also be specified. The plan will include details of agreements with receivers of 

decommissioning materials and waste and will set out the requirements for chain of custody 
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documentation to track the movement of materials to ensure they are managed and/or disposed of 

appropriately. 

All surface pipelines, powerlines and security fences will be removed, and materials sold or disposed 

of by a licensed contractor. Sub-surface pipelines will be drained, flushed and sealed, and left in place 

if they cannot be economically salvaged. Dams will be drained, and liners cut, folded and removed for 

disposal to an appropriate landfill.  

In year five, the temporary TSF will be decommissioned. Fines tailings from the facility will be 

deposited in the mine voids. From year five onwards, the area underneath the temporary TSF will be 

mined for ore and subsequently rehabilitated. Fines tailings will continue to be deposited into the mine 

voids for the remaining life of the mine. A maximum of six fines tailings cells will be available within 

the mine voids to allow for adequate drying of tailings before overburden is replaced during 

rehabilitation. 

Nineteen water management dams are proposed to be located across the mine site over the life of 

the project. The dams will operate until rehabilitation in each catchment is complete. 

Decommissioning of dams will not occur until water quality monitoring demonstrates that runoff from 

the catchment no longer requires active management. 

A large stockpile of overburden and coarse sand tailings will be located northwest of the wet 

concentrator plant. This stockpile will be used to backfill the final mining voids and the freshwater 

storage dam. 

11.6.2.2 Remediation 

Any unplanned spills and leaks that occur during the project are expected to be recorded and cleaned 

up when they occur. A contamination assessment will also be conducted as part of project 

decommissioning and closure activities to check for hydrocarbon or other contamination, such as 

metals or radioactive materials. 

Any required remediation will be to a standard compatible with the agreed post-mining land use. The 

levels of radioactivity and other contaminants in surface soils within the project area will not be greater 

than the background concentrations measured prior to the project commencing. 

11.6.2.3 Rehabilitation 

Rehabilitation will follow the process described in Section 11.5.3. Reconstructed landforms will be 

created from backfilling and progressive rehabilitation of the mine voids. 

11.6.2.4 Final landform 

The final landform profile will be achieved through placement of various layers of consolidating 

materials at various thicknesses. These materials will include coarse sand tailings, fines tailings and 

overburden, and will be influenced by: 

• Variable properties of each layer of material used to create the landform profile (coarse sand 

tailings, fines tailings and overburden). 

• Rate of placement of each layer. 

• Timing of placement of each layer, and potential delays between placement. 

• Proportion of each layer in the landform profile. 

• Use and placement of various controls such as containment embankments and road pillars. 
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Table 11.6 details the quantities of returned materials (sand and fines tailings and oversize material) 

and the thickness of each layer in the landform profile, if tailings were to be placed uniformly over the 

mine area. 

Table 11.6 Post mining profile at time of placement for tailings if stored uniformly over the 

mine area 

Material Mass per m2 (t) Placed dry density (t/m3) Average layer thickness (m) 

Coarse sand tailings 10.31 1.4 7.37 

Fines tailings 2.92 1.36 2.15 

Oversize 0.17 1.66 0.10 

Total 13.4 4.42 9.62 

Source: Osborne (2020) 

The actual placement of fines tailings will be contained to specific storage cells, anticipated to cover 

33% of the mine area, while coarse sand tailings will be returned partially with the fines tailings and, 

also across the remaining 67% of the mine area. The volume of coarse sand tailings stored with the 

fines tailings will be maximised to create similar consolidation characteristics to address the potential 

issue of an uneven landform surface following differential consolidation. The characteristics of the 

materials within the final landform profile following rehabilitation are provided in Tables 11.7 and 11.8. 

Table 11.7 Characteristics of the final landform profile - area containing only coarse sand 

tailings 

Parameter Measurement  

Mine void depth 26.9 m 

Pre-mining depth of overburden and topsoil 18.3 m 

Ore depth 8.6 m 

Thickness of coarse sand tailings at time of placement 9.26 m 

Density at time of placement 1.4 t/m3 

Final (consolidated) density 1.55 t/m3 

Mass of sand per square metre 12.96 t 

Final thickness of coarse sand tailings 8.36 m 

Oversize thickness 0.10 m 

Thickness of overburden and topsoil as placed (1.22 bulking 

factor) 

22.33 m 

Final thickness of overburden and topsoil (1.08 bulking factor) 19.76 m 

Total final thickness of landform profile 28.22 m 

Source: Osborne (2020) 

Table 11.8 Characteristics of the final landform profile - area containing both coarse sand and 

fines tailings 

Parameter Measurement 

Mine void depth 26.9 m 

Pre-mining depth of overburden and topsoil 18.3 m 

Ore depth 8.6 m 
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Parameter Measurement 

Place thickness of coarse sand tailings 3.6 m 

Density at time of placement 1.4 t/m3 

Final (consolidated) density 1.55 t/m3 

Mass of coarse sand tailings per square metre 5.04 t 

Final thickness of coarse sand tailings 3.25 m 

Placed thickness of fines tailings 6.51 m 

Settlement of fines tailings under surcharge of overburden 1.4 m 

Final thickness of coarse sand and fines tailings 8.36 m 

Mass of coarse and fines tailings per square metre 13.89 t 

Oversize thickness 0.10 m 

Thickness of overburden and topsoil as placed (1.22 bulking 

factor) 

22.33 m 

Final thickness of overburden and topsoil (1.08 bulking factor) 19.76 m 

Total final thickness of profile 28.22 m 

Source: Osborne (2020) 

An overall increase of 5% of the volume of the landform is expected due to swelling of material 

backfilled into the mine void, with the post-mining landform will be on average 1.3 m higher than the 

existing pre-mining landform. The dominating factor influencing settlement of the returned material to 

the mine void will be the fine slurry within the fines and coarse sand tailings. Consolidation of this 

material is expected to be completed after 12 months of placement, with some subsequent 

insignificant settlement or ‘creep’. 

An allowance will be made for additional fill material to be used for fines and coarse sand tailings 

settlement ‘creep’ of up to 0.5 m to help ameliorate the potential for surface water ponding. 

Observations of settlement levels during the early stages of rehabilitated areas will be conducted to 

inform future rehabilitation. Consolidation of overburden placed in the mine void will result in only 

minor ‘creep’ beyond the time of placement. 

The post-mining topography in the project area will be integrated with existing land surfaces and 

contours and will generally be similar to the pre-mining topography (except for Perry Gully and 

Honeysuckle Creek). Flow paths in the final post-mining landform will generally be returned to their 

current location (Figure 11.10). 

The post-mining topography and hydrology will differ substantially from the existing topography in 

Perry Gully and the valley of Honeysuckle Creek. 

Following mining, Perry Gully will be backfilled to no higher than the height of the current Clay Hill to 

form a broad plateau and a gentle-sloping hill. The hill will extend and reduce in height from the 

existing hill on the south side of the valley. This change will divide the Perry Gully watershed into 

three: a small area feeding into the lower Perry Gully; a modest size re-direction of the northern flank 

of the new landform into the valley to the north; and a larger re-direction of approximately 54% of the 

new landform into Simpson Gully to the south. Perry Gully and the downstream environment will have 

reduced flows as a result of this significantly reduced watershed. 

To accommodate these changes and manage the increased watershed, the northern tributary of 

Simpson Gully will be extended, rocks and gravel from overburden mining will be introduced, 
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vegetation densities increased, and the valley floor widened (Figures 11.10 to 11.12). The existing 

watershed into the Perry Gully will be shortened to reduce runoff onto the new hill slope down to the 

remaining section of the Perry Gully. This change will produce an additional 10 million cubic metres of 

backfilling space to allow for a sufficient void to undertake mining activities and reduce the size of 

stockpiles in the early stages of the mine life. The proposed hillside across Perry Gully will be 

designed at a gradient of 1:5.5 shallower than adjacent hillsides and will be composed of Haunted 

Hills Formation basal gravels with a blended cover of topsoil for greater erosion resistance. 

The valley of Honeysuckle Creek at the end of the mine path will be broadened to reduce the amount 

of overburden required to backfill the area and allow the final mine voids to be backfilled (see 

Figure 11.10). Changes in topography in the Honeysuckle Creek system will increase the catchment 

boundary and watershed. Adjustments to the landform, including reducing channelisation, will create 

generally wider, shallower flow paths. Modelling of post-mining surface water flow velocities for a 1% 

annual exceedance probability, one-hour rainfall event showed no notable differences in flow velocity 

between the existing and rehabilitated landscape for Honeysuckle Creek (Water Technology, 2020a). 

Proposed surface water monitoring, including at Honeysuckle Creek, is outlined in Section 9.3.9 in 

Chapter 9, and in Chapter 12. 

Hydrologic and geomorphic factors will guide the design of reinstated flow channels to maximise 

stability. Measures proposed to increase the stability of drainage channels and riparian areas during 

storm flows include increasing the channel width to reduce flow depths and velocity, including rock in 

the bed of the channel to reduce the potential for scouring, and establishing riparian vegetation to 

reduce flow velocity. As a minimum, grazing by livestock will be excluded to help maintain a high 

coverage of riparian vegetation and prevent disturbance of soils from trampling by livestock.  

Swales will be designed to be broad, concave landforms. The outer slopes of swales will generally be 

constructed using gravel from the base of the Haunted Hills Formation. The swales on the north side 

of Lucas Creek will be designed very conservatively, i.e., lower in gradient and wider than the original 

topography. The channel lines for Lucas Creek will be the same or lower in gradient than the original 

topography. Where there are steeper slopes, the Haunted Hills Formation gravel will be used for the 

full depth to the mine void floor, whereas in shallower slopes, coarse sand tailings may be used. The 

steepest slopes of swale areas will occur at the north-facing scarp and scarps within incised gullies. 

Where slopes become steeper on the south side of Moilun Creek, gradients will be reduced and 

lengthened on the south side of Moilun Creek. Channels will also be widened to reduce erosion 

potential and manage the requirement to meet the plateau elevation which will be approximately 8 m 

higher than the current pre-mining elevation in that area. 

Drainage will be incorporated into the design of the mine void floor to increase the stability of the 

rehabilitated landform. The void floor will also be cleared of weak materials such as clays prior to 

placement of tailings and overburden. Clays restrict water infiltration and can cause water seepage 

around the base of the mine void, which could lead to tunnel erosion (Mining One Consultants, 2020). 

11.6.3 Unplanned closure 

Unplanned closure of the mine could occur due to internal or external factors, such as political or 

industrial unrest, market factors or natural disasters. In the event of a temporary suspension of 

operations, the Mineral Resources Sustainable Development Act 1990 and relevant occupational 

health and safety legislation would be used to guide the preparation of a suspension plan. Earth 

Resources Regulation would be notified of the suspension and its cause and consulted on the 

measures implemented to limit environmental and socioeconomic impacts and ensure health and 

safety requirements are met. 
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A suspension plan would likely include details of the following:  

• Signage, physical barriers and security to prevent unauthorised access to the mine site. 

• Removal or safe storage of any concentrate stockpiles remaining on site to minimise any impacts 

from radiological contamination. 

• Removal of domestic and industrial wastes, chemicals, hydrocarbons and other hazardous 

substances. 

• Provision of adequate onsite facilities for any staff remaining at the site (e.g., a caretaker). 

• Revision of statutory reporting arrangements, in consultation with regulators. 

• Review of the current surface water drainage for the duration of closure including all waterways, 

dams and mining areas, considering the need for stabilisation of landforms, monitoring of 

structures, and management of water accumulations in dams or mining voids. 

In the event of sudden, unanticipated permanent cessation of mining operations, a final closure report 

would be implemented immediately. If necessary, a post-closure monitoring schedule would also be 

implemented. The final closure report and, if necessary, post-closure monitoring schedule, would be 

prepared in consultation with Earth Resources Regulation. 

11.6.4 Closure finance 

Kalbar has used the Department of Jobs, Precincts and Regions’ bond calculator as the basis for 

preparing a preliminary cost estimate for rehabilitation, decommissioning and closure. The cost 

estimate will be provided to Earth Resources Regulation to inform its estimation of the bond required 

for the project. The cost estimate has considered the full extent of proposed disturbance and activities 

for the planned 20-year mine life, including: 

• Demolition or removal of industrial infrastructure, including associated hardstand areas and 

services. 

• General site clean-up to remove demolition debris and other rubbish. 

• Completion of a contaminated site assessment (including radiation monitoring) over the whole of 

the industrial infrastructure area and over any area in which mining products or residues (tailings) 

have been stored (either permanently or on a temporary basis). 

• An allocation for clean-up of soil contamination (assumed to affect up to 20% of the industrial area 

to a nominal depth of 0.5 m). 

• Backfilling, capping and recontouring of mine voids. 

• Removal or recontouring of onsite access and haul roads. 

• Removal or reshaping of bunds (if required). 

• Backfilling of water storages. 

• Topsoil replacement over all disturbed areas. 

• Revegetation of all disturbed areas to agreed post-mining vegetation types, using a combination of 

direct seeding and planting of tubestock. 

• Fencing of revegetated areas which require protection from grazing (nominal allocation of 25 km of 

fencing) and post-closure maintenance of fences for up to five years. 

• Post-closure monitoring, maintenance and reporting for 10 years, or until closure criteria have 

been achieved. 
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• A 10% contingency sum, as recommended in the Department of Jobs, Precincts and Regions' 

bond calculator. 

Kalbar’s financial provisioning process is linked to the company’s annual budget cycle. During 

operations, costs and unit rates for rehabilitation, decommissioning and closure activities will be 

developed at a site level and used as the basis for annual review of rehabilitation, decommissioning 

and closure cost provisioning. In the event of sudden (unplanned) permanent cessation of Kalbar’s 

operations, a final closure report would be prepared immediately. A review of the closure cost liability 

would be carried out and funds for closure sourced from Kalbar’s closure provision accounts. 

11.7 Closure risks  

The risk associated with significant impacts occurring to environmental and socioeconomic values 

during the closure phase was assessed. The risk assessment considered the consequences of not 

achieving successful closure of the project, including the risk of not meeting one of more of the 

closure targets. The outcomes of the risk assessment are presented in Table 11.9. The focus of the 

EES risk assessment and Table 11.9 is on key risks with the potential for significant impacts to 

environmental and socioeconomic values during closure. Additional detailed risks regarding 

successful execution of the closure strategy are included in the draft mine rehabilitation plan (included 

as an appendix to the draft Work Plan, which is provided as Attachment B to this EES). 

The table presents initial risk ratings for each potential impact related to closure assuming that the 

proposed standard mitigation is implemented. The residual risk ratings are then determined based on 

implementing additional measures where the initial risk ratings were moderate or higher. The potential 

impacts are discussed in Section 11.8: Closure issues and impacts, and the proposed standard and 

additional mitigation measures are presented in Section 11.9: Proposed mitigation. 
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Table 11.9 Closure risk assessment  

Potential impact Proposed mitigation 

(standard)* 

Likelihood Consequence Risk 

(initial) 

Proposed mitigation 

(additional)* 

Likelihood Consequence Risk 

(residual) 

Contamination of soils 

Contamination of soils due to leak or 

spill of hazardous materials such as 

hydrocarbons (diesel, oil, etc.) from 

loss of containment of material in 

storage containers/tanks with 

potential to delay and/or prevent 

successful rehabilitation. 

RH01, RH18 to 

RH20, TE41 

Likely Minor Moderate RH31, TE44 Possible Minor Low 

Adverse health impacts to members 

of the public from exposure to gamma 

radiation from tailings and overburden 

backfilled into the mine void. 

RH03 Rare Negligible Very low None required Rare Negligible Very low 

Adverse health impacts to members 

of the public from inhalation of, or 

contact with, radon gas or thoron gas 

that has escaped from tailings or 

overburden backfilled into the mine 

void. 

RH03 Rare Negligible Very low None required Rare Negligible Very low 

Erosion of soils 

Erosion (including surface erosion 

and tunnel erosion) of soil stockpiles 

and rehabilitated areas delaying 

and/or preventing successful 

rehabilitation. 

RH04 to RH14 Possible Moderate Moderate RH22 to RH29 Possible Minor Low 
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Potential impact Proposed mitigation 

(standard)* 

Likelihood Consequence Risk 

(initial) 

Proposed mitigation 

(additional)* 

Likelihood Consequence Risk 

(residual) 

Increased turbidity and sediment 

deposition in waterways leading to 

reduced water quality and potential 

impacts on water users (ecosystems 

and people) due to erosion of 

rehabilitated areas. 

RH04 to RH14 Possible Minor Low RH22 to RH29 Unlikely Negligible Very low 

Poor or failed vegetation establishment or performance 

Poor vegetation establishment and/or 

rehabilitation performance due to 

grazing by pest animals delaying 

and/or preventing successful 

rehabilitation. 

RH15, RH16 Possible Moderate Moderate RH29, RH30, RH33 Unlikely Minor Low 

Decreased fertility of topsoil from 

blending with overburden during 

excavation (including topsoil stripping 

and overburden removal) and 

stockpiling delaying and/or preventing 

successful rehabilitation. 

RH01, RH02 Unlikely Minor Low RH21 Unlikely Minor Low 

Poor establishment and/or 

performance of areas rehabilitated to 

pasture, leading to diminished use 

and/or value as grazing land. 

RH01, RH10, RH11, 

RH13, RH14 

Possible Minor Low None required Possible Minor Low 

Restriction of deep drainage due to 

hardsetting of backfilled fines tailings 

when dried affecting the growth of 

surrounding grass and trees. 

RH03 Rare Minor Very low None required Rare Minor Very low 
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Potential impact Proposed mitigation 

(standard)* 

Likelihood Consequence Risk 

(initial) 

Proposed mitigation 

(additional)* 

Likelihood Consequence Risk 

(residual) 

Geotechnical 

Slope failure due to ground 

movement or landform instability 

leading to damage to public 

infrastructure or properties outside 

the project area. 

GEO03, GEO05 to 

GEO09, GEO12, 

GEO16, GEO18, 

GEO19, GEO22, 

GEO23, GEO25 

Rare Major Medium† 

(Low) 

GEO02, GEO04, 

GEO10, GEO11 

Rare Major Medium† 

(Low) 

Consolidation of backfilled materials 

due to ground movement or landform 

instability leading to damage to public 

infrastructure (e.g., roads or 

powerlines) or properties outside the 

project area. 

GEO05 to GEO07, 

GEO09, GEO12 to 

GEO16, GEO23, 

GEO25 

Unlikely Moderate Medium† 

(Low) 

GEO03, GEO11 Rare Moderate Medium† 

(Low) 

Consolidation of backfilled materials 

due to ground movement or landform 

instability leading to land within the 

project area becoming unsuitable for 

agreed post-mining uses. 

GEO05 to GEO07, 

GEO09, GEO12 to 

GEO16, GEO23, 

GEO25 

Unlikely Moderate Medium† 

(Low) 

GEO03, GEO11 Unlikely Moderate Medium† 

(Low) 

Excessive slope gradients on 

constructed landforms due to ground 

movement or landform instability 

leading to erosion or slope failure of 

constructed slopes. 

GEO04, GEO20, 

GEO21, GEO24 

Possible Moderate Medium† 

(Moderate) 

RH06 to RH09, 

RH24, RH27 

Possible Minor Medium† 

(Low) 

† The risk ratings presented in this table for geotechnical risks have been derived from and align with the terminology and risk assessment framework used in the draft Work Plan (refer to Attachment B to 

this EES). Where they differ, the equivalent ratings that align with the EES risk assessment framework (see Chapter 7) are provided in parentheses. 

* Refer to Section 11.8 for proposed mitigation measures.  
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11.8 Closure issues and impacts 

This section focuses on key issues and impacts that affect closure success. The issues and impacts 

have been identified and assessed through ongoing stakeholder engagement, specialist studies, 

other investigations and field trials. Other issues and potential impacts that are not critical to closure 

success, although still relevant to decommissioning and rehabilitation activities more generally, and to 

the closure phase of the project, are addressed in detail in Chapter 9: Environmental and 

socioeconomic impact assessment. 

Key issues and potential impacts that could influence the successful closure of the project relate to: 

• Presence of any contamination in soils used for rehabilitation, including from hazardous materials, 

or the presence of radionuclides or heavy metals in the post-mining landform. 

• Erosion (loss) of soils from surface flows of runoff water on the post-mining landform. 

• Failure of vegetation to establish on the post-mining landform and/or poor growth of vegetation 

once established. 

• Geotechnical issues, including settlement and subsidence (deformation) risks, including: 

– Collapse or deformation of mined slopes. 

– Collapse or deformation of road pillars. 

– Liquefaction of saturated soils. 

Key socioeconomic impacts during mine closure relate to the loss of income and employment. As the 

project transitions from operations to closure, opportunities associated with the supply of goods and 

services to the project and employment will decline. Unplanned closure would result in temporary or 

permanent loss of employment and income for businesses supplying goods and services to the 

project. Socioeconomic issues and potential impacts of the project, including during closure, are 

discussed in Section 9.13: Socioeconomic. 

Slower than expected consolidation of fines tailings could delay rehabilitation, but impacts would be 

modest. The inherent control is the use of assisted mechanical consolidation (amphirols). This system 

makes the consolidation of fines tailings considerably faster and more consistent by reducing the 

reliance on drying weather. Mineralogical studies show that the clays are kaolinitic and comprise less 

than 25% of the sandy-clayey-silt. These studies, particle size analysis, and comparison to 

performance of close operational analogies all indicate that the Fingerboards fines tailings will 

respond well to assisted mechanical consolidation. Comparable operational analogues reach target 

consolidation in four to six weeks using the method and the upper end of this range has been used for 

setting of tailings storage areas. The implication of poorer performance is an increase in the number 

of amphirol machines required or an increase in the area of fines tailings consolidation cells. 

11.8.1 Soil contamination 

11.8.1.1 Hazardous materials 

Soils could become contaminated over the life of the project through accidental leaks or spills of 

hazardous materials such as diesel, oil, hydraulic fluids and chemicals. Contaminated soils will affect 

the ability of vegetation to establish on the final landform. Measures will be implemented throughout 

the project to prevent leaks or spills from occurring and to effectively clean up any contaminated soils 

should an accidental release occur. Any unexpected or previously unknown areas of contaminated 

soils encountered during rehabilitation, decommissioning and closure will be remediated so as not to 

adversely affect plant establishment during revegetation. 
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11.8.1.2 Radionuclides and heavy metals in post-mining landform 

Following mining of ore and backfill of the mine void with coarse sand tailings, overburden and fines 

tailings, the levels of radioactivity of the ground surface will be comparable to, or less than, pre-mining 

levels. 

The uranium activity concentrations of the material to be returned to the mine void range from 120 to 

180 Bq/kg. This range is generally lower than the radioactive concentration of uranium in surface soils 

north of Bairnsdale–Dargo Road of 80 to 660 Bq/kg. The thorium activity concentrations in the 

material to be returned to the mine void range from 280 to 400 Bq/kg. These levels are generally 

lower than the radioactive concentration of thorium in surface soils north of Bairnsdale–Dargo Road of 

125 to 1,230 Bq/kg. 

Samples of materials to be used in rehabilitation were tested for heavy metals. Coarse sand tailings 

had low levels of all heavy metals, which is consistent with a material largely, if not completely, 

composed of quartz grains. Low levels of all metals (except for arsenic) were found in fines tailings. 

Fines tailings had a concentration of arsenic of 37 mg/kg, which is below the ecological investigation 

level of 40 mg/kg and below the health investigation level of 100 mg/kg reported in the National 

Environment Protection Council’s Guideline on the Investigation Levels for Soil and Groundwater 

(NEPC, 2013b). 

Fines tailings will be either buried (encapsulated) or mixed with overburden or coarse sand tailings to 

form subsoils, significantly reducing the concentration of arsenic in such mixes. Encapsulated fines 

tailings will be covered by at least 3 m of overburden, manufactured subsoil and topsoil. 

11.8.2 Erosion of soils 

Erosion, of either surface soils or subsurface soils (tunnel erosion), can cause significant loss of soils 

from an area, create land instability (including through tunnel erosion) and lead to increased turbidity 

and sediment entering waterways. The factors affecting erosion risk have been considered in the 

design and planning of the final landform and the preparation of the closure strategy.  

11.8.2.1 Surface erosion 

The valley slopes and flow channels in the project area have the most potential for erosion compared 

to the plateau and swales. The key risk factors for the valley slopes are their relatively steep gradients 

and occurrence of grazing, which reduces surface vegetation cover and disturbs surface soil. 

Undercutting at the bottom of valley slopes, caused by erosion from surface water flows, is also a 

potential issue in some areas. The key risk factors for flow channels are the infrequent but large flows, 

lack of riparian vegetation, and disturbance caused by grazing to soils and vegetation cover.  

Erosion leads to soil loss with the rate of loss determined by the erosive strength (erosivity) of rainfall 

events (high intensity rainfall is generally more erosive), the stability of soils (erodibility), and 

steepness and length of slope and vegetation cover. Farming activities, such as mechanical 

ploughing on the contour of a slope, can also affect the amount of soil lost within an area.  

The overall plateau dimensions and distances that drainage (surface water) will move through the 

various flow channels will be similar to the pre-mining landform. When re-forming the plateau, 

increases in the length of slopes will be avoided through: 

• Maintaining a close to level slope on the plateau with a drainage pattern that evenly spreads runoff 

to the drainage paths discharging off the plateau. 
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• Forming the drainage paths (swales) conveying runoff from the plateau to the adjoining major flow 

channel as broad, U-shaped features, no steeper than and consistent in shape with current stable 

drainage paths. 

The post-closure land use zone with the highest gradients (and highest associated erosion risk) is 

Zone C (valley slopes). Gradients in this zone are planned to be similar or less steep than those 

currently present, reducing the erosion risk relative to existing conditions. Surface cover will be 

increased in Zone C relative to pre-mining levels of surface cover through including rock into the 

surface soil, excluding stock and using higher densities of trees and shrubs. The higher vegetation 

densities provide a range of benefits such as increased root mass in the soil, higher rates of infiltration 

of runoff water, reduced rates of seepage through valley slopes, and accumulation of surface leaf 

litter. 

The Revised Universal Soil Loss Equation (RUSLE; Renard et al, 1997) has been used for the project 

to determine whether the proposed rehabilitation approach will provide the same or greater landform 

erosional stability after mine closure. This equation is well-supported by research and widely used 

across Australia for assessment and management of erosion and calculates the average annual soil 

loss due to erosion (in tonnes per hectare per year): 

The equation is: A = R x K x LS x C x P; where: 

• A is the average annual soil loss due to erosion. 

• R is the average annual rainfall erosivity factor and represents the effect that rainfall has on soil 

erosion. 

• K is the soil erodibility factor and represents the influence of different soil properties on a 

landform’s susceptibility to erosion. 

• LS is the topographic factor, derived from slope length (L) and slope gradient (S), and represents 

the effect of a slope's length and steepness on sheet, rill, and inter-rill erosion by water. 

• C is the cover and management factor and compares soil loss from an area with a particular cover 

and management to that of a hypothetical field under clean-tilled continuous fallow. 

• P is the support practice factor and compares soil loss from an area under a specific soil 

conservation practice (such as contouring or terracing) to that of a hypothetical field with upslope 

and downslope tillage. Because it relates to the effects of tillage, P is largely irrelevant to mine 

rehabilitation. 

Broadly, for pre- and post-mining landforms, R (rainfall erosivity factor) will be unchanged (or at least, 

unchanged by mining) and K (soil erodibility factor) will be largely unchanged as the same topsoil 

layer will still be present on the soil. The proposed rehabilitation approach for the project includes 

increasing the surface cover and rock in the soil in the valley slope areas of Zone C, where the 

erosion risk is highest. This approach will reduce erosion thereby reducing the cover and 

management factor (C). 

Consequently, that leaves the LS factor combination as an indicator of changes in erosion potential 

due to changes in landform from pre- to post-mining. Figures 11.13 to 11.16 show the topographic 

factor (LS) and revegetation domains associated with local gradients and contributing surface water 

runoff area for pre- and post-mining landforms. The figures show that the post-mining landform will not 

increase LS in the steeper areas of highest erosion potential, and no increase in erosion risk is 

expected due to the contours of the proposed final rehabilitated landform.  
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Given that the project area, including the highest risk valley slope zone, is currently largely stable, the 

planned changes in landform, vegetation and surface management will increase the stability of the 

land surface and reduce the potential for soil erosion. 

11.8.2.2 Tunnel erosion 

The types of soils present in the project area, and the gradient of slopes in the areas in which they 

occur, generally do not favour the development of tunnel erosion. The sodosols are most likely to be 

susceptible to this type of erosion as they are strongly layered, and with unstable subsurface 

components. The layered surfaces provide a way for seepage flows to move through the subsurface. 

Sodosols mostly occur on the low-gradient plateau top, reducing the risk of tunnel erosion occurring. 

The podosol soil type that dominates areas with higher gradients are less susceptible to tunnel 

erosion as they are not strongly layered and are largely sandy soils. 

Tunnel erosion requires a point in the landscape at which a relatively large volume of water enters the 

soil. Soil profiles and the revegetation planned for each post-closure land use zone in the post-mining 

landform aim to maximise water use through increasing surface vegetation cover, tree densities and 

the overall ability of the soil to store water. Tunnel erosion also requires a soil layer that will be readily 

moved in the seepage flow. Potentially dispersive (unstable) soils (such as overburden or fines 

tailings) placed as part of a constructed subsoil will be treated with gypsum. Treatment will be over a 

thickness of at least 500 mm and will reduce exchangeable sodium and magnesium to levels that 

reduce the dispersive risk. 

A 300 mm topsoil layer will be placed over the manufactured subsoil will provide a total effective depth 

for plant roots of at least 800 mm. Topsoil and subsoil will be ripped (mechanically broken up) to 

remove any pronounced layering to eliminate the interface along which water can move. Revegetation 

will minimise the volume of seepage flows that reaches valley slopes and channels through increasing 

water use by increasing the density of deep-rooted species (trees and shrubs) to minimise the 

potential for seepage flows to exit in such areas. 

11.8.3 Poor or failed vegetation establishment or growth 

Successful rehabilitation relies heavily on vegetation becoming established, and continuing to grow, in 

the planned densities and species mix. 

Poor establishment and performance of areas of rehabilitated pasture may lead to diminished use and 

value as grazing land. Prolonged dry conditions with evaporation of water occurring at higher rates 

than incoming rainfall will reduce soil moisture and adversely affect pasture establishment and 

productivity. Selection of pasture mixes will be critical in maximising pasture productivity. 

Failure or poor performance of revegetation can occur due to several factors as described below.  

11.8.3.1 Poor viability of seed 

Plant seeds will be collected locally to provide material for use in revegetation of areas to be returned 

to native vegetation. The viability of such locally collected seed can vary due to factors such as how 

and when (time of year) it is collected. Rehabilitation areas will be either direct-seeded with locally 

collected seed after testing for viability or planted with tubestock grown from locally collected seed. 

11.8.3.2 Delayed or failed establishment of vegetation from seed 

Delayed establishment of vegetation from seed may occur due to prolonged dry conditions or a 

drought. Seed will remain viable in the soil and will establish once rainfall occurs. Delayed 
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establishment typically has no significant impact on rehabilitation outcomes where surface erosion (by 

water or wind) is not a significant risk. 

Establishment failure typically occurs when a rainfall event triggers germination, but subsequent 

prolonged dry conditions result in death of the germinated plants. In such cases, reapplication of seed 

at a later date (when suitable rainfall is considered more likely to occur) will resolve the issue with no 

significant damage or site deterioration due to delayed vegetation establishment. Establishment 

failure can also occur due to predation of seeds and/or young seedlings by insects. 

In areas where the risk of erosion (by water and/or wind) is higher, hydroseeding (applying seed with 

a tackifier, which is a chemical compound used to increase stickiness) can be used to stabilise the soil 

surface and minimise erosion. Hydromulches can also be used to prevent erosion and retain rainfall 

longer so it becomes more available to germinating seeds. In some cases, supplemental irrigation can 

be provided. 

11.8.3.3 Poor growth due to unsuitable soil chemistry or physical parameters 

Soils in the project area provide low to moderate productivity for grazing and are generally unsuitable 

for many other agricultural uses. The soils have several inherent limitations to plant growth, including 

acidity, sodicity, low water holding capacity, and deficiencies in phosphorus, potassium, boron and 

copper (refer to Section 11.3.3). 

Most of these limitations can be addressed using established soil management and agronomic 

approaches. These include adding fertilisers to address nutrient and mineral deficiencies and lime 

and gypsum to address pH and potential cation imbalances (imbalances in the ratio of cations, such 

as calcium, magnesium, sodium and potassium, which can result in soil structural issues). Where 

available, organic material can be incorporated to increase soil organic matter and provide nutrients in 

more slowly-available forms. 

If the soil has not been managed to ensure a suitable growing environment for revegetation, then the 

chances of failure are increased. The growing medium must be relatively free of weeds and have a 

suitable water holding capacity and fertility for the proposed revegetation. Mixing of topsoil with other 

soil substrates that contain undesirable chemical or physical properties may result in unfavourable 

conditions that hinder seed germination and plant growth. 

The suitability of topsoil for revegetation will be maximised where required by spreading ameliorants 

such as lime, organic mulches, and fertilisers on these soils prior to stripping. Surface grasses will be 

retained and mixed in with topsoil during the stripping process. A manufactured subsoil will be used to 

augment topsoil to provide a more productive medium for plant growth in rehabilitated landforms. The 

subsoil will be a mixture of overburden and coarse sand or fines tailings. Specific mixtures will aim to 

increase the water and nutrient holding capacity of the subsoil. 

11.8.3.4 Grazing and damage by pests, livestock and native animals 

Vegetation in rehabilitated areas will also certainly require protection from grazing pests, livestock and 

native animals. The level of protection needed will be assessed in each area and suitable measures 

applied once revegetation works have commenced. The strategies adopted in each location, and over 

time, will be flexible enough to adapt to the presence of different animals, fluctuating populations and 

variations in weather from year to year. 
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11.8.3.5 Restriction of deep drainage 

Deep drainage may be restricted due to hardsetting of backfilled fines tailings creating waterlogged 

soils and perched watertables within the soil profile. These restrictions to deep drainage could affect 

deep-rooted perennial pastures, trees and shrubs. 

11.8.4 Geotechnical issues 

Geotechnical issues (and resulting potential impacts on humans and the environment) could arise 

when ground movements occur within the final post-mining landform. Potential causes of ground 

movement and slope failures include subsidence, natural rebound, or batter collapse. 

The final post-mining landform is designed to be safe to humans and the environment, non-polluting, 

geotechnically and erosionally stable, and able to sustain the post-mining land uses agreed with 

stakeholders. This design applies in perpetuity, that is, the final post-mining landform is not designed 

to move or fail after a certain period of time. 

Ground movements could impact on human safety, and the surrounding environment and 

infrastructure. For example, complete or partial collapse of a mined slope adjacent to an existing road 

or a private property, could physically impact on the road or private property, as well as on the safety 

of people using those areas, and the surrounding environment. 

Ground movements can also lead to liquefaction. This process occurs in undrained soils when excess 

pore pressures are induced (for example, by shaking caused by an earthquake) and cannot dissipate 

fast enough, effectively causing particles of soil to ‘float’ within the soil water with a resulting loss of 

strength. Liquefaction is a risk to the stability of the rehabilitated landform, including backfilled areas, 

mined slopes and road pillars, particularly if the tailings returned to the mine void are not adequately 

dried and confined. Liquefaction could result in ground instability, potentially impacting the safety of 

people, as well as the surrounding environment and infrastructure. 

The likelihood of liquefaction occurring as a result of earthquake is rare in the project area. Although 

East Gippsland is a region of moderate seismic activity, the strongest earthquakes have occurred 

100 km or more from the project area and caused only minor damage near their epicentres (Mining 

One Consultants, 2020). If liquefaction was to occur, the consequence in some circumstances could 

be extreme or major. Deposited coarse sand tailings and fines tailings material will be allowed to 

settle and dry sufficiently to support earthmoving machinery. The dried tailings will be covered by 

overburden to confine them. If liquefaction was to occur, the stability of the landform does not depend 

on the strength of the tailings, and the overburden encapsulating the tailings would allow the landform 

to remain stable. 

Geotechnical risks relate to both operations and closure phases of the project, as both phases will 

take place concurrently and affect one another. Actions taken during operations, such as mining 

within acceptable slope tolerances and management of surface water ponding, will impact on the 

geotechnical stability of the final rehabilitated landform. 

11.9 Proposed mitigation 

Proposed mitigation to address the potential impacts associated with not achieving successful closure 

of the project are set out below. Unique alphanumeric identifiers included in parentheses are derived 

from the mitigation register (Attachment I). 
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Contamination of soils 

• Areas used for handling and/or storage of concentrated flocculent and hazardous materials will be 

bunded appropriately to avoid spilled or stored material reaching the surrounding environment and 

will contain spill response equipment (TE41). 

• Hazardous materials will be managed (including storage, handling, transport and disposal) in 

accordance with relevant safety data sheets (RH18). 

• Mobile plant and vehicles will be maintained regularly and in accordance with manufacturers’ 

specifications. Maintenance will include inspections for leaks and spills (RH19). 

• Personnel will be trained in management of hazardous materials and spill response procedures 

prior to commencement of work (RH20). 

• Triple interceptor traps will be used to prevent release of hazardous materials from bunded areas 

into rehabilitated areas (RH31). 

• If a leak or spill occurs, contaminated soil will be excavated and disposed of by a qualified 

specialist at a licenced facility (TE44). 

• The project will be operated in accordance with a management licence addressing radiation safety 

in accordance with the provisions of the Radiation Regulations, including likely conditions such as 

compliance with the Radiation Protection Series No. 9 and preparation of a radiation management 

plan for all operations. The plan would account for any special conditions or exemptions from 

specific provisions of the Radiation Regulations that might apply to the project (RD05). Additional 

information on radiation management is provide in Chapter 12: Environmental Management 

Framework, including in relation to proposed management plans to be prepared for the project and 

relevant approval and referral authorities. 

Erosion and increased turbidity and sediment deposition in waterways 

• The mine void will be progressively backfilled and rehabilitated to reduce generation of dust by 

minimising the area of exposed soil, including for topsoil and overburden stockpiles (AQ07). 

• Construction of stockpiles will be designed to avoid flow pathways to minimise erosion (RH04). 

• Rocks will be included in rehabilitated channel beds to increase critical shear of the bed, resist 

initiation of scour and increase channel stability to storm flows and minimise erosion (RH06). 

• Rehabilitation will be designed to ensure plateau tops are consistent in form to pre-mining 

landforms. Swales will be designed to be broad, U-shaped, no steeper than current stable 

drainage paths, and consistent in shape with the most stable drainage paths currently present 

(RH07). 

• Riparian vegetation will be established in rehabilitated flow channels to increase effective hydraulic 

roughness of the channels, reduce flow velocities, increase channel stability to storm flows and 

minimise erosion (RH08). 

• High rates of vegetation establishment will be prioritised in rehabilitated flow channels (especially 

in the first three years of rehabilitation) to maximise surface cover and minimise erosion (RH09). 

• Rehabilitation activities will be timed in consultation with landholders and based on analysis of 

long-term rainfall patterns to maximise the rate of successful vegetation establishment and 

rehabilitation performance (RH10). 

• Hydromulches or tackifiers will be used where appropriate to prevent erosion and the more 

effective use of incident rainfall by germinating seeds (RH11). 
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• Hydroseeding will be used in rehabilitation areas, where appropriate, to stabilise the soil surface 

and minimise erosion (RH12). 

• Stockpiles will be vegetated where appropriate to minimise erosion (RH22). 

• Stockpile slope angles will be constructed as low as practicable and mulch materials and contour 

ripping will be used strategically to stabilise stockpiles, prevent runoff and minimise erosion 

(RH23). 

• The density of deep-rooted trees and shrubs will be increased in areas at risk from tunnel erosion 

by minimising the volume of seepage flows reaching valley slopes and channels (RH24). 

• Grazing will be excluded in rehabilitated native grass woodland areas (Zone E), channels and 

riparian areas (Zone D), and on steeper valley slopes (Zone C) to maintain sufficient levels of 

vegetation cover and prevent disturbance of soils by trampling by livestock, thereby increasing 

stability and minimising erosion (RH25). 

• Topsoil stockpiles scheduled to be in place for four months or longer (or for an unknown duration) 

will be restricted to a height of 2 m and treated with a soil stabiliser or revegetated immediately 

following their construction (RH26). 

• Tree densities in areas planned for grazing land use, particularly in swale areas, will be increased 

to reduce deep drainage and seepage flows, and to maximise erosion stability (RH27). 

• Gypsum will be applied in sufficient quantity to a depth of at least 500 mm as part of a constructed 

subsoil where material likely to disperse is placed (such as Haunted Hills Formation overburden or 

fines tailings); to reduce exchangeable sodium and magnesium to acceptable levels (ESP <4 and 

Ca/Mg ratio >0.5) (RH28). 

• Revegetated areas will be fenced (electric fencing with multiple closely spaced tapes) to prevent 

damage by stock or kangaroos, where cost-effective to do so (RH29). 

Poor or failed vegetation establishment or performance 

• The mine void will be progressively backfilled, and rehabilitation will be progressive to re-instate 

pre-mining landforms and re-establish vegetation (VL05). 

• Grazing will be managed as follows: 

– Larger plants that are less susceptible to grazing damage will be used in rehabilitation areas 

where practicable (RH15). 

– Revegetation will be conducted over as large an area as practicable at one time to spread 

potential impacts of animal grazing over larger areas (RH30). 

– Planting of tubestock will be scheduled to maximise initial growth, including in spring to take 

advantage of warmer growing conditions, or in autumn to take advantage of the wet winter 

(RH33). 

– Rehabilitated areas will be irrigated where required to promote satisfactory performance and 

vegetation establishment (RH14). 

– Guards will be placed on tubestock where required to prevent damage by rabbits, cockatoos 

and other pest animals (RH16). 

– Seeds will be spread to achieve a stem density significantly higher than the target to allow for 

losses due to animal damage and other causes; thinning will occur at a later date to achieve 

the target number of stems per hectare, particularly in areas where a higher (moderate) density 

of trees is proposed and where there is inclusion of understorey species (RH34). 

– Revegetated areas will be fenced (electric fencing with multiple closely spaced tapes) to 

prevent damage by stock or kangaroos, where cost-effective to do so (RH29). 
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• Site/local experience will be considered when determining seed timings and rates to achieve 

maximum reliability of vegetation establishment. Seed will be re-applied at a later date in areas 

where rehabilitation performance does not meet established targets when suitable conditions, such 

as rainfall, are likely to occur (RH13). 

• Stripped topsoil will be transferred directly to nearby rehabilitation areas, or stockpiled separately 

to overburden adjacent to the active mining area within the disturbed area (RH01). 

• Site inductions for mining and rehabilitation personnel will include information on the different soil 

types present across the project area and their corresponding management, including for 

stockpiling (RH02). 

• Where practicable, ameliorants such as organic mulches and fertilisers will be spread on in-situ 

topsoils prior to stripping to increase soil fertility (RH21). 

• Fines tailings will be placed at depth in the backfilled mine void so that any restrictions to drainage 

are far enough below the soil to avoid impacts on vegetation growth and grazing animals (RH03). 

Geotechnical 

• Stability and displacement monitoring of mine slopes will be undertaken adjacent to roads using 

one or a combination of (GEO02): 

– Survey targets (prisms) located on mine slopes, read by a robotic total station from various 

fixed survey pillars. 

– Radar, for safety-critical situations where a rapid response may be required. 

• Daily visual assessments around mining areas near infrastructure will be undertaken, including 

checks for signs of deformation (e.g., cracks, compressional ridges), over steepening of slopes, 

and poor management of surface water (e.g., pooling) (GEO03). 

• All mined slopes adjacent to infrastructure will be surveyed to check they are within acceptable 

tolerances of specified slope designs (GEO04). 

• Surface water run-off controls will be incorporated into mine designs, including the following, where 

applicable (GEO05): 

– Preventing uncontrolled ponding of surface water from rainfall within the specified stand-off 

distance from slope crests. 

– Preventing any surface water run-off over mine slopes with crest windrows, including no 

ponding behind the windrows. 

– For the 5 m berm in mine slopes, if necessary, collecting any rainfall run-off and seepage water 

in drains along the toes, and re-direct it down the slope via a lined drain to the mine void floor. 

– Managing water storage and ponding areas on the mine void floor well away from slope toes, 

and away from areas that will form foundations for road pillars. 

• Visual assessments of surface water controls will be undertaken on a regular basis, and after 

rainfall, to check that any ponding, seepage or run-off meets design specifications (GEO06). 

• Earthquake motion (acceleration) will be accounted for in mine slope designs (GEO07). 

• Visual assessments of excavations will be undertaken to check for any variability from expected 

geological conditions, with particular focus on weaker than expected materials or features 

(GEO08). 

• Excavation visual assessments for evidence of slope instability or deformation, and any 

interactions with slopes will be routinely completed by an experienced geologist or mining engineer 

with geotechnical understanding (GEO09). 
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• Following an earthquake event, the following checks will be completed (GEO10): 

– Visually assessing mining areas and surrounds for evidence of slope instability or deformation, 

and any water interactions with slopes including seepage, liquefaction and infiltration into new 

cracks or depressions. 

– Visually assessing of roads adjacent to mining areas and roads on road pillars for evidence of 

cracking and subsidence; could include a drive-along at a safe speed to check surfaces for 

serviceability. 

– Checking the functioning of all slope stability and deformation monitoring equipment. 

• Deformation and settlement monitoring of mine slopes around mining operations will be 

undertaken, and horizontal strain and tilt at margins of existing roads will be assessed, measured 

by strain gauges and tilt meters (GEO11). 

• Deformation and settlement monitoring of road pillars around mining operations will be undertaken, 

including (GEO12): 

– Horizontal strain and tilt on completed road pillars, measured by strain and tilt gauges, initially 

prior to formation of the roads to confirm that residual deformations are below tolerances, and 

prior to, during and post filling the voids adjacent to the road pillar. 

– Settlement of constructed road, either by surveying and/or settlement plates. 

• Road pillars will be constructed from Haunted Hills Formation gravel or sand tailings (GEO13). 

• Trials will be conducted during the early stages of road pillar construction to verify construction 

methods and achieved densities (GEO14). 

• Construction and monitoring of all road pillars will be documented, reviewed and quality controlled, 

including (GEO15): 

– Assessing the construction of road pillars against planned construction methods. 

– Trialling various compaction methods to document and assess performance outcomes. 

– Formally reviewing road pillar construction methods prior to constructing high road pillar, 

including specifications of Haunted Hills Formation gravel, coarse sand tailings dewatering and 

compaction, any additives (e.g., fly ash), achieved strengths, and deformation moduli and 

settlement times for each stage. 

• Where practicable, exclusion zones will be put in place for the geotechnical risk zones around 

each mining area, and public access will be limited in affected areas (GEO16). 

• Overburden and sand tailings will be placed on a stable and well drained floor after removal of 

weaker materials or deep ripping (GEO18). 

• If excess materials are placed on natural surfaces, weak materials such as topsoil, alluvium, and 

dune sand will be removed prior to placement (GEO19). 

• Slopes of landforms will be constructed from Haunted Hills Formation gravel, particularly for slopes 

with a gradient of 1:3 or steeper. For slopes of 1:4 or flatter, dewatered, stacked and compacted 

coarse sand tailings can be placed within the outer zone of the slope, with Haunted Hills Formation 

gravel forming an armouring layer (GEO20). 

• Haunted Hills Formation clay will be placed well within the landform away from the final landform 

slope profile to maintain slope stability (GEO21). 

• The next lift of material on top of sand tailings will be constructed only when the deposited sand 

tailings have achieved a partially-dewatered state (i.e., such that rapid loading will not induce a 

pore pressure increase) (GEO22). 
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• Haunted Hills Formation gravel will be nominally compacted, such as under the weight of 

machinery, to minimise latent settlement of the landform that may affect the final rehabilitated 

landform profile (GEO23). 

• Surface watercourses will be directed away from the landform during construction and operations, 

so rainfall does not pond or cause localised infiltration (GEO24). 

• Geotechnical assessments of the tailings cell structures will be conducted. Assessments may be 

undertaken during operations to also observe and test the tailings being produced (GEO25). 

11.10 Monitoring and reporting 

Ongoing monitoring and review of closure activities will be conducted on at least an annual basis by 

Kalbar staff with regular third-party reviews from an external industry professional. Monitoring will be 

conducted to measure progress towards achieving the agreed closure criteria and identify 

maintenance requirements during progressive rehabilitation. 

The information and data gathered during the monitoring activities will help determine where 

corrective actions are required to repair or stabilise failed or failing areas of rehabilitation, provide 

information for future planning and improvement in rehabilitation techniques, and identify possible 

changes or innovations that could improve closure outcomes. 

General monitoring to measure progress towards achieving closure criteria will include: 

• Erosion (measured onsite and at reference sites, and at and directly downstream of locations 

where modified or diverted waterways enter or re-join their original channels). 

• Vegetation cover (measured onsite and at reference sites). 

• Pasture species and biomass/dry matter productivity (measured onsite and at reference sites). 

• Perennial plant species and density (measured onsite and at reference sites). 

• Vegetation recruitment (e.g., flowering, seeding). 

• Litter density (measured onsite and at reference sites). 

• Weed diversity and abundance (measured onsite and at reference sites). 

• Landscape function analysis (measured onsite and at reference sites). 

• Major macronutrient (nitrogen, phosphorus, potassium and organic carbon) concentrations in the 

root zone (0 to 600 mm) (measured onsite and at reference sites). 

• Runoff and receiving water quality and sediment concentrations (measured at authorised release 

points and downstream monitoring points). 

• Groundwater quality (measured at designated monitoring bores). 

• Consolidation (e.g., monitor surface elevation change for a minimum of one year following 

rehabilitation). 

Remote sensing techniques are expected to be used to assess biomass and vegetation cover spatial 

variations (for example, bare ground index), and to identify areas for targeted (on ground) 

investigations. 

Reference sites will be established as part of the rehabilitation monitoring program to form a baseline 

and define target values that will be used to assess the success of rehabilitation. These sites will be 

established outside the mining footprint for all planned post-mining vegetation communities. 
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Where monitoring identifies an area of failed rehabilitation or an issue that could result in rehabilitation 

failure, corrective or remedial works will be implemented. Such measures include weed control, 

supplementary seeding or planting, additional soil amelioration and remedial earthworks. 

Kalbar has assumed that the monitoring program will be conducted until closure criteria have been 

met and land is ready for relinquishment, unless otherwise agreed with Earth Resources Regulation. 

An independent audit of closure activities will be conducted every three years (including for 

progressive rehabilitation conducted during operations) to measure performance against the 

monitoring schedule and standards shown in Table 11.10.
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Table 11.10 Closure monitoring 

EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

Rehabilitation 

Social, land use 

and 

infrastructure 

Landscape and 

visual 

A • Previously disturbed areas are 

rehabilitated to establish a 

modified environment receptive 

to vegetation regrowth and 

recovery over time and which 

where possible, blends with the 

surrounding landscape. 

• Land capability equivalent or 

better than pre-mining condition. 

• Compliance with agreed post 

mining land use plan. 

• Pasture conditions (biomass, 

dry matter productivity) 

observed to be acceptable, 

using data from enclosures and 

species balance surveys prior to 

mining. 

• Annual surveys of rehabilitated 

areas from commencement of 

mining operations to assess 

progress against criteria. 

• Compliance audits conducted 

within five years of completion 

of rehabilitation activities.  

• Monitoring to continue until 

closure criteria met. 

Rehabilitation B, C, 

D, E, 

F 

• Landscape function and 

vegetation, for areas 

rehabilitated to a natural 

ecosystem land use, is 

resilient, self-sustaining, and 

comparable to surrounding 

area (or to agreed analogue 

system). 

• Species richness/diversity 

values at 70% or more of 

reference sites. 

• Percentage vegetation cover. 

• Vegetation community structure/ 

density of particular life forms. 

• Vegetation health. 

• For native revegetation areas, 

perennial plant species and 

groundcover density 

demonstrate development 

trends along desired trajectory 

based on pre-mining surveys 

and comparable reference sites. 

• Comparison of vegetation 

cover, condition, species 

diversity and weed occurrence 

with agreed references sites. 

• Annual surveys of rehabilitated 

areas from commencement of 

mining operations to assess 

progress against criteria. 

• Compliance audits conducted 

within five years after 

completion of rehabilitation 

activities. 

Rehabilitation 

Social, land use 

and 

infrastructure 

A, B, 

C, E, 

F 

• Most appropriate material mix 

(of topsoils, overburden, 

tailings) is used in the upper 

layers (~1 m) of post-mining 

landforms. Soil properties 

support desired surface 

stability and vegetation growth, 

productivity and resilience, 

• Land capability equivalent or 

better than pre-mining condition. 

• Areas rehabilitated to a grazing 

land use are resilient, self‐

sustaining, and comparable to 

the surrounding undisturbed 

area. 

• Pasture biomass/dry matter 

productivity measured at 

rehabilitation monitoring sites 

equal to, or greater than that 

measured at reference sites. 

• Comparison of vegetation 

cover, condition, species 

diversity and weed occurrence, 

• Annual surveys of rehabilitated 

areas from commencement of 

mining operations to assess 

performance of materials 

against vegetation criteria. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

according to zone 

requirements. 

and yield or carrying capacity 

with agreed references sites. 

Rehabilitation 

Social, land use 

and 

infrastructure 

A • Most appropriate material mix 

(topsoils, overburden, tailings) 

are used in the upper layers (~ 

1 m) of post mining landforms. 

Soil properties support desired 

surface stability and vegetation 

growth, productivity and 

resilience, according to zone 

requirements. 

• Major macronutrient (nitrogen 

(N), phosphorus (P), potassium 

(K), and organic carbon (C)) 

concentrations in root zone (0 to 

600 mm) are equal to, or 

greater than, those measured at 

comparable reference sites, and 

indicate that the soil is capable 

of sustaining required 

groundcover levels. 

• Soil monitoring against pre-

mining data and reference sites. 

• Twice yearly surveys of 

rehabilitated areas from 

commencement of mining 

operations to assess soil 

macronutrients in soils. 

Rehabilitation 

Biodiversity 

A, B, 

C, E, 

F 

• Declared or controlled weed 

species are identified and 

controlled. 

• Weed diversity does not exceed 

110% of baseline survey 

results. 

• Weed abundance is comparable 

to reference sites. 

• Vegetation in grazing zones (A) 

is dominated by pasture grass 

and legume species suitable for 

grazing. 

• Pre-mining flora and vegetation 

surveys and surveys of adjacent 

non mining area reference sites. 

• Annual surveys post-

commencement of rehabilitation 

activities in an area. 

• Monitoring to continue until 

closure criteria met. 

Rehabilitation 

Amenity and 

environmental 

quality 

All • Air emissions are controlled. • Air emissions meet protocol for 

environmental management 

(PEM) requirements for 

particulates (PM10, PM2.5), 

respirable silica and heavy 

metals. 

• Air quality monitoring as per 

EPA requirements. 

• Ongoing monthly monitoring 

from EES approval. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

Rehabilitation 

Biodiversity 

Water, 

catchment 

values and 

hydrology 

All • No contaminated water is 

released from site.  

• Surface and groundwater 

quality reflect original (pre-

mining) baseline chemistry. 

• Comparison against baseline 

monitoring data. 

• Quarterly monitoring of surface 

and groundwater sites during 

operational phase of mining: 

frequency of ongoing post-

closure monitoring to be 

reviewed in final mine 

rehabilitation plan. 

• Water quality monitoring at 

Mitchell River approved 

compliance points (MR-1 to MR-

5, see Figure 8.19 in Chapter 8: 

Environmental and 

socioeconomic context) in 

accordance with relevant 

Australian Standards; results to 

be compared with SEPP or 

discharge licence criteria. 

• Initially every two months during 

construction, operations and 

active rehabilitation phases, 

moving to quarterly thereafter 

with agreement from regulator. 

• Field and laboratory testing of 

water quality at two 

representative locations along 

Perry River (locations to be 

agreed with regulators) in 

accordance with relevant 

Australian Standards; results to 

be compared with SEPP or 

discharge licence criteria. 

• Initially every two months during 

construction, operations and 

active rehabilitation phases, 

moving to quarterly thereafter 

with agreement from regulator. 

• Water quality within on-site 

disturbed catchments at two 

locations within each impacted 

drainage line (locations to be 

• Every two months (if water is 

present) during construction, 

operations and active 

rehabilitation phases. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

agreed with regulators) in 

accordance with relevant 

Australian Standards; results to 

be compared with SEPP or 

discharge licence criteria. 

• Water quality at on-site surface 

water sampling locations SW-1 

to SW-6 (see Figure 8.19 in 

Chapter 8: Environmental and 

socioeconomic context) in 

accordance with relevant 

Australian Standards; results to 

be compared with SEPP or 

discharge licence criteria. 

• Following significant rainfall 

events (when rainfall received at 

the mine site exceeds 60 mm 

within a 24 hour period, which 

corresponds approximately to a 

one year ARI event) during 

construction, operations and 

active rehabilitation phases, 

when sufficient water is 

available to sample. 

• Dipping of bores to monitor 

groundwater levels in the 

Coongulmerang and Balook 

Formations to detect potential 

mounding or perching at 12 

locations to be agreed with 

regulators. 

• Monthly. 

• Groundwater quality (pH, 

salinity, dissolved metals, 

radionuclides, major cations and 

anions, and nutrients) in the 

Coongulmerang and Balook 

Formations at the same 12 

locations as above. 

• Quarterly. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

Rehabilitation A • Adequate dewatering of fines 

and coarse sand tailings areas. 

• Tailings areas are sufficiently 

dewatered to be geotechnically 

stable. 

• Tailings areas are greater than 

70% solids and consolidated. 

• On-going three-monthly 

monitoring during operations. 

Rehabilitation 

Biodiversity 

Water, 

catchment 

values and 

hydrology 

All • Landform designs to achieve 

appropriate landform erosion 

rates. 

• No evidence of uncontrolled 

subsidence or displacement of 

rehabilitated mine landform 

surfaces. 

• Land surface configuration 

complies with the final landform 

design including maximum 

allowed slope angles. 

• No erosion features 

incompatible with safe use of 

the land for agreed post-closure 

uses: 

− In areas of natural 

vegetation, density of rills / 

gullies and rate of sediment 

discharge does not exceed 

that on agreed reference 

sites. 

− On agricultural land, erosion 

features greater than 

300 mm deep occupy less 

than 0.5% of the 

rehabilitated surface; no 

erosion features greater 

than 500 mm deep. 

• As built surveys and elevation 

data recorded and used for 

comparisons. 

• Visual observation of water 

ponding and flow paths 

following rainfall events. 

• Twice yearly, with additional 

inspections following significant 

storm events (greater than 1 in 

10-year event). 

• Visual inspection and reporting 

by qualified engineer of retained 

drainage structures and/or 

sediment detention dams. 

• Annually, with additional 

inspections following significant 

storm events (greater than one 

in 10 years events). 

• Continuous operational 

settlement monitoring of 

constructed landforms using 

survey targets (prisms) located 

on mine slopes and read by a 

robotic total station (RTS). 

• Annually, with review of 

monitoring data by a qualified 

engineer. 

• Topographic survey of surface 

levels of constructed landforms 

using LIDAR (Light Detection 

and Ranging). 

• At closure and five years post-

closure. 

• Qualitative or quantitative 

assessment of erosion of 

constructed landforms and other 

rehabilitated areas and 

comparison with agreed 

reference sites. At a minimum to 

• Twice yearly and after 

significant rainfall events (>1 in 

10 years event) for five years 

following completion of 

rehabilitation. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

include visual assessment (and 

photographic record) to 

document evidence of sheet, rill 

or tunnel erosion. 

• Observations of quantity of 

sediment (volumetric estimate) 

in sediment detention ponds. 

• Six-monthly. 

• Field and laboratory testing of 

water quality in sediment 

detention ponds and 

comparison with SEPP or 

discharge licence criteria. 

• Six-monthly. 

Rehabilitation All • Identification and re-shaping of 

all potentially geotechnically 

unstable mine waste 

landforms, embankment 

structures, or roads. 

• Any remaining mine voids or 

engineered slopes to satisfy 

relevant requirements of the 

Occupational Health and Safety 

Act 2004 and associated 

regulations and will comply with 

static and dynamic stability 

criteria defined the project’s 

ground control management 

plan. 

• Ground movements do not 

result in loss of infrastructure 

(roads, pipelines) functionality. 

• Drainage structures (e.g., drop 

structures) are designed by 

• Results of slope displacement 

monitoring and road pillar 

deformation monitoring during 

and after backfilling. 

• Results of daily planned, routine 

visual observations for 

deformation in road pavements. 

• Geotechnical monitoring of 

landforms and structures from 

completion of landform 

formation post mining activity. 

Use of drone aerial photographs 

and Lidar data to monitor 

changes. 

• Inspections show that channel 

linings, surface armour, 

• Quarterly internal, review of 

slope stability information, 

pavement deformation data and 

other geotechnical monitoring 

data. 

• Annual independent review of 

geotechnical monitoring data. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

certified engineer and 

demonstrated to be stable. 

engineered drop structures, etc. 

are in place and functioning. 

• Operational monitoring of 

deformation of road pavements 

in geotechnical risk zone or 

within 50 m of geotechnical risk 

zone using visual inspections 

and strain and tilt gauges and/or 

settlement plates. 

• Annual visual observations and 

review of settlement data by 

qualified engineer. 

Rehabilitation C, D, 

E 

• Implementation of a post 

mining land use plan which 

includes discouragement of 

livestock grazing on newly 

created (geomorphologically 

fragile) landforms, flow lines 

and riparian areas. 

• Livestock excluded from 

geomorphologically fragile 

areas until closure of areas 

achieved. 

• Livestock access into 

geomorphologically fragile 

areas controlled and monitored. 

• Ongoing monitoring of 

geomorphologically fragile 

areas from commencement of 

rehabilitation. 

Rehabilitation C, D, 

E 

• Develop vegetation cover to 

minimise erosion.  

• Groundcover density achieves 

and maintains at least 70% of 

perennial surface cover. 

• Leaf litter density is comparable 

with reference sites. 

• For native revegetation areas, 

perennial plant species and 

groundcover density 

demonstrate development 

trends along desired trajectory 

based on pre-mining surveys 

and comparable reference sites. 

• Annual surveys of rehabilitated 

areas from commencement of 

mining operations to assess 

progress against criteria. 

• Compliance audits conducted 

within five years of completion 

of rehabilitation activities. 

Rehabilitation 

Biodiversity 

Water, 

catchment 

values and 

hydrology 

C, D • Design and construction of post 

mining landforms such that 

post closure hydrological 

patterns resemble the pre-

mining environment. 

• Waterways are kept 

geotechnically, hydrologically 

and erosionally stable and are 

adequately vegetated. 

• Inspections using AusRivAS (or 

an agreed equivalent) to assess 

the stability, vegetation health 

and flow regimes of waterways 

within and adjacent to the 

project area. 

• Two-yearly and following major 

rainfall events (when 72 hour 

rainfall exceeds 136 mm, 

corresponding approximately to 

a one in five year 72 hour event. 



Fingerboards Mineral Sands Project 
Environment Effects Statement 

 

754-ENAUABTF11607_6_Ch11_Closure_Rev0 
August 2020 

11-71 

 

EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

Rehabilitation 

Water, 

catchment 

values and 

hydrology 

C, D • Design and construction of post 

mining landforms such that 

post closure hydrological 

patterns resemble the pre-

mining environment. 

• Surface flows from project area 

reflect flow patterns of the pre-

mining environment. 

• Comparison against baseline 

monitoring data and EES 

surface water flow modelling. 

• Annual monitoring. 

• Monitoring to continue until 

closure criteria met. 

Rehabilitation 

Biodiversity 

Water, 

catchment 

values and 

hydrology 

A • Dewatering of tailings areas 

prevents groundwater 

mounding outside of project 

area. 

• Management of the return of 

materials (tailings, overburden) 

prevents the creation of 

perched watertables close to 

the surface. 

• During active mining operations, 

mounding of groundwater is 

contained below the tailings 

layers within the rehabilitated 

landform and within the project 

area. 

• At the time of site revegetation, 

groundwater levels do not 

extend into the plant root zone 

(except in low lying areas where 

pre-mining watertable levels are 

naturally shallow). 

• Monitoring of groundwater 

levels within and surrounding 

the project area. 

• Quarterly monitoring 

groundwater levels from 

authorisation of the EES. 

• Annually post-closure until 

closure criteria met. 

Rehabilitation 

Biodiversity 

Water, 

catchment 

values and 

hydrology 

All • Post closure, no contaminated 

water from the project area 

enters the surrounding natural 

environment. 

• Surface and groundwater levels 

and quality reflect original (pre-

mining) baseline chemistry. 

• Comparison against baseline 

monitoring data. 

• Annual monitoring until closure 

criteria met. 

Rehabilitation 

Amenity and 

environmental 

quality 

All • Rehabilitation to ensure that 

radiation dose at surface and 

radon levels in atmosphere is 

less than or equal to baseline 

• Average surface radiation levels 

across site do not exceed 

background (baseline) for 

surface radiation levels, radon 

• Gamma radiation survey across 

backfilled areas and comparison 

with pre-mining radiation levels 

at Fingerboards site and in 

surrounding areas. 

• Annually for first two years and 

then every three years if 

radiation is found below 

baseline levels. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

levels found within the project 

area. 

levels or activity levels with 

water. 
• Radon and thoron monitoring 

and comparison with pre-mining 

radiation levels at Fingerboards 

site and in surrounding areas. 

• Annually for first two years and 

then every three years if 

radiation is found below 

baseline levels. 

• Dust deposition. • Monthly during operations and 

rehabilitation activities. 

• Total gamma radiation levels in 

water (surface and ground) and 

comparison with pre-mining 

radiation levels at Fingerboards 

site and in surrounding areas. 

• Quarterly. 

Rehabilitation All • Operational hazardous 

materials management 

practices, such as bunding, etc. 

to be employed during closure 

process. 

• See also decommissioning and 

removal of site infrastructure 

below. 

• Concentration of metals and 

hydrocarbons in soils to depth 

of at least 1 m do not exceed 

average pre-mining 

concentrations. 

• All hazardous structures 

removed from the area or 

remaining structures made safe; 

no open voids remain at project 

completion. 

• Any remaining toxic materials 

will be appropriately removed, 

contained or remediated and do 

not exceed SEPP guidelines at 

closure or thereafter. 

• Site contamination assessment 

at project completion. 

• At rehabilitation completion. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

Social, land use 

and 

infrastructure 

Landscape and 

visual 

All • Infrastructure will be 

decommissioned and removed, 

unless means of legal 

ownership transfer 

documentation has been 

agreed with stakeholders. 

• All industrial structures and 

visually obtrusive elements 

have been removed from the 

site unless legal documentation 

regarding transfer of ownership. 

• Decommissioning completion 

report and regulator site 

inspection. 

• At the completion of mining and 

processing operations. 

Landscape and 

visual 

All • Removal of any remaining 

stockpiles, visual or noise 

bunds as part of closure plan. 

• Rehabilitated landform will 

closely resemble the existing 

natural landform. Once 

vegetation is established, the 

rehabilitated areas are 

expected to be visually 

indistinct from surrounding 

unmined areas. 

• Scale and form of remaining 

mine landforms in respect of 

surrounding landscape to be 

audited by an independent 

suitably qualified person. Audit 

report included in site 

relinquishment report. 

• Photographic records: 

comparison with pre-mining 

landscape. 

• At rehabilitation completion. 

Rehabilitation 

Biodiversity 

Water, 

catchment 

values and 

hydrology 

Amenity and 

environmental 

quality 

Social, land use 

and 

infrastructure 

All • Application of current mining 

industry rehabilitation 

techniques suitable to the site 

conditions and constraints of 

the post-mining environment. 

• Effective resourcing of annual 

update to closure cost 

estimate. 

• Establishment of a cross 

functional closure planning 

KPIs for the mine site. 

• Closure planning KPIs and 

targets are met on an annual 

basis. 

• Financial provisioning for mine 

rehabilitation is adequate for 

remaining closure works 

(including post-closure 

monitoring and maintenance). 

• Legal transfer of liability for any 

ongoing maintenance works 

including if required any trust 

fund arrangements. 

• Annual review of rehabilitation 

and closure provisioning; three 

yearly independent audit of 

closure provisioning. 

• Acceptance of relinquishment 

by regulators or landowners 

based on agreed closure 

criteria. 

• From commencement of 

operations. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

Landscape and 

visual 

• Effective resourcing of 

Triannual mine rehabilitation 

plan update. 

• Effective resourcing of post-

closure management and 

preparation of the final 

relinquishment report. 

Rehabilitation 

Biodiversity 

Water, 

catchment 

values and 

hydrology 

Amenity and 

environmental 

quality 

Social, land use 

and 

infrastructure 

Landscape and 

visual 

All • Effective community and 

stakeholder consultation 

throughout the project life to 

ensure that all 

opinions/requests/commitment

s/legal liabilities are recorded 

and responded to. 

• Closure planning recognised as 

a corporate KPI until final lease 

relinquishment. 

• Financial provisioning for mine 

rehabilitation adequately covers 

any remaining external 

landowner compensation 

claims. 

• Inclusion of the detailed 

stakeholder consultation 

register within the final 

relinquishment report. 

• Implementation of the 

stakeholder consultation plan 

throughout project life. 

• Continuous up-dating of stake 

holder consultation register. 

• From preparation of EES 

onwards. 

Rehabilitation 

Biodiversity 

Water, 

catchment 

values and 

hydrology 

All • Implementation of the 

stakeholder consultation plan 

throughout the project life. 

• Legal transfer of liability for any 

ongoing maintenance works 

including if required any trust 

fund arrangements. 

• Administrating authority (Earth 

Resource Regulation) 

acceptance of final mine 

rehabilitation plan and 

• Continuous updating of 

stakeholder consultation 

register. 

• From preparation of EES 

onwards. 
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EES draft 

evaluation 

objective 

Zone Closure target 

(what must be achieved) 

Criteria 

(measure of closure target 

achievement) 

Measurement tool 

(data or observations that will be 

used) 

Timeframe / frequency 

(when measurement will be 

undertaken) 

Amenity and 

environmental 

quality 

Social, land use 

and 

infrastructure 

Landscape and 

visual 

application for surrender of 

mining lease. 

• Legal acceptance by 

post-mining landowners. 
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11.11 Knowledge gaps 

The key knowledge gaps relevant to closure that have been identified to date are summarised in 

Table 11.11. Kalbar’s proposed activities to address the gaps are also provided. 

Kalbar is committed to an adaptive management approach (see Section 11.5.1). Research outcomes 

and monitoring results from planned activities to address information gaps will inform regular review of 

rehabilitation strategies so they accurately reflect the life-of-mine planning (updated annually) and 

rehabilitation performance. Kalbar will report annually on rehabilitation progress (as required by 

Regulation 56 of the Mineral Resources Sustainable Development Regulations). This reporting will 

include information about the outcomes of planned research to address rehabilitation and closure 

knowledge gaps. 
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Table 11.11 Closure knowledge gaps 

EES draft evaluation 

objective 

Knowledge gap Proposed activities to address gap Timing 

Rehabilitation The optimum methods for placement of mining 

residues and recovered soil materials to achieve 

best land productivity and stability. 

Use of mine residues to improve drought 

resilience and pasture productivity. 

• Further field studies to be carried out using 

various mixtures of overburden and residue 

samples. 

• Preparation of materials inventory (quantities 

of various materials likely to be available at 

various stages of mining). 

• Scheduling and placement of backfill to be 

reviewed as part of detailed mine planning 

and design, Q4 2020. 

Techniques for establishing vegetation 

communities typical of the pre-European 

vegetation communities that originally occurred 

within the project locality (Rehabilitation 

methods for establishment and maintenance of 

native grass woodland). 

• Rehabilitation trials to test planting 

techniques, requirements for fertiliser or 

other soil amendments and need for fencing 

to exclude herbivores. 

• Seed collection – from 2019. 

• Establish nursery to help establish seed 

bank – 2020. 

• Early trials of rehabilitation techniques in 

areas not required for mining (visual 

screening bunds), starting within six months 

of target area becoming available for 

revegetation – 2022 onwards. 

Consolidation behaviour of backfilled materials. • Development of a documented ground 

control management plan. 

• Field trials to test deformation behaviour and 

compaction performance during construction 

of road pillars. 

• Ground control management plan to be 

developed and implemented prior to 

commencement of construction. 

• Field compaction trials and settlement 

monitoring to be conducted as part of 

establishment of road pillars. 

• Ongoing observations of slope stability, 

ground deformation and settlement 

throughout life of operations. 

  



Fingerboards Mineral Sands Project 
Environment Effects Statement 

754-ENAUABTF11607_6_Ch11_Closure_Rev0 
August 2020 

11-78 

 

EES draft evaluation 

objective 

Knowledge gap Proposed activities to address gap Timing 

Biodiversity Implications of climate change for drainage 

design and selection of revegetation treatments. 

• Incorporate climate change scenarios in 

landform evolution model. 

• Use of analogue sites (rather than fixed, 

arbitrary criteria) as basis for assessing 

revegetation performance. 

• Develop landform evolution model proposed 

Q3 2020 (in parallel with detailed design and 

mine planning). 

• Establish analogue sites for target 

vegetation / pasture types prior to 

commencement of ground disturbing works. 

Water catchment values 

and hydrology 

Implications of climate change for drainage 

design and selection of revegetation treatments. 

• Incorporate climate change scenarios in 

landform evolution model. 

• Use of analogue sites (rather than fixed, 

arbitrary criteria) as basis for assessing 

revegetation performance. 

• Develop landform evolution model proposed 

Q3 2020 (in parallel with detailed design and 

mine planning). 

• Establish analogue sites for target 

vegetation / pasture types prior to 

commencement of ground disturbing works. 

The potential for water erosion of constructed 

landforms, especially along drainage lines; 

effect of landform changes on erosion 

susceptibility. 

• Field rainfall simulation trials to enable 

calibration of landform evolution models. 

• Development of landform evolution model. 

• Further field/laboratory testing to better 

define erosion parameters proposed Q4 

2020. 

• Development of landform evolution model 

proposed Q4 2020. 

• Planned observations of erosion and runoff 

throughout operational life of mine. 

The likely quality of runoff from areas disturbed 

by mining activities. 

• Field rainfall simulation trials to enable 

calibration of landform evolution models. 

• Further field/laboratory testing to better 

define erosion parameters proposed Q4 

2020. 
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EES draft evaluation 

objective 

Knowledge gap Proposed activities to address gap Timing 

Social, land use and 

infrastructure 

Implications of climate change for drainage 

design and selection of revegetation treatments. 

• Incorporate climate change scenarios in 

landform evolution model. 

• Use of analogue sites (rather than fixed, 

arbitrary criteria) as basis for assessing 

revegetation performance. 

• Development of landform evolution model 

proposed Q4 2020 (in parallel with detailed 

design and mine planning). 

• Establish analogue sites for target 

vegetation / pasture types prior to 

commencement of ground disturbing works. 

Arrangements for transferring land ownership 

and / or control to existing or new owners at 

completion of rehabilitation works. 

• Ongoing discussions with stakeholders, 

including government agencies. 

• Further development of closure criteria, in 

consultation with stakeholders. 

• Work commenced as part of land access 

negotiations. 
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11.12 Summary and conclusion 

The project area will be progressively rehabilitated through the mine life, with infrastructure 

decommissioned and removed from the project area prior to final mine closure. Safe and stable 

post-closure landforms will be established that are capable of supporting both native ecosystems and 

productive agriculture, enabling long-term sustainable use of the project area. 

The strategy, targets and criteria for closure have been developed and informed by legislative 

requirements, the site context (including the associated constraints and opportunities), findings of an 

extensive range of technical and specialist studies, as well as stakeholder input. Stakeholders will 

continue to be engaged throughout the life of the project in accordance with the Fingerboards 

Community Engagement Plan to ensure there is full awareness in the community about mine closure, 

including rehabilitation and decommissioning activities, the proposed final land uses, and the timing of 

closure activities. 

Targets have been defined to set out what must be achieved as part of closure to meet the 

overarching goal to establish post-closure conditions that are safe to humans and the environment, 

non-polluting, geotechnically and erosionally stable, and able to sustain the post-mining land uses as 

agreed with stakeholders. These targets also define what must be achieved to meet the EES draft 

evaluation objectives. For each target, one or more closure criteria have been developed that allow 

progress against, and achievement of, each target to be measured. 

The potential impacts associated with closure of the project can be effectively managed with the 

implementation of the proposed mitigation. Ongoing and planned research and monitoring activities 

will allow the closure approach to be adapted and refined (as needed) throughout the mine life. 

Table 11.12 summarises the strategy for closure and actions to be implemented by the project to 

achieve successful closure, linked to the relevant EES draft evaluation objective. 

Table 11.12 Summary of closure strategy and actions 

EES draft evaluation objective 

Rehabilitation: To establish safe progressive rehabilitation and post-closure stable rehabilitated landforms 

capable of supporting native ecosystems and/or productive agriculture that will enable long-term sustainable 

use of the project area. 

Strategy and actions 

• Progressive rehabilitation will be conducted to return land within the project area to pre-mining land use 

capability and productivity, or an alternative land use may be agreed with stakeholders and government 

decision-making authorities. The overall area available to agriculture and forestry land use within the 

project area will be retained following rehabilitation, except where alternative land uses are agreed upon. 

• The project area is currently largely stable, including along the valley slopes, which have the highest risk of 

erosion. Surface erosion of the post-mining landform will depend on surface cover and the length and 

gradient of the landform’s slopes. The post-closure land use zone with highest gradient (and highest 

associated erosion risk) is Zone C (valley slopes). Surface cover will be increased in the valley slope areas 

relative to pre-mining surface cover through inclusion of rock in the surface soil, exclusion of grazing and by 

adopting a revegetation plan with a higher density of trees and shrubs. This approach provides a range of 

benefits including increased root mass in the soil, higher rates of infiltration of rainwater, reduced rates of 

seepage of water through valley slopes, and accumulation of surface leaf litter. 

• Slope lengths and gradients of the post-mining landform will be largely unchanged from the pre-mining 

landform, with similar plateau dimensions and distances that water will move through the landscape. When 

reforming the plateau, increases in the slope length or gradient will be avoided. The top of the plateau will 

be shaped to be close to level with a drainage pattern that ensures runoff is evenly distributed to the 
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EES draft evaluation objective 

drainage paths discharging off the plateau. Drainage paths (swales) that convey runoff from the plateau to 

the adjoining major flow channels will be broad, U-shaped, and no steeper than current stable drainage 

paths, and consistent in shape with the most stable current drainage paths. 

• The post-mining landform has been designed to be geotechnically stable and for erosion rates to be similar 

to or better than current rates. Surface erosion of the post-mining landform will depend on surface cover 

and the length and gradient of the landform’s slopes. Rehabilitation will be designed to maintain or further 

reduce the low pre-mining risk of tunnel erosion in the project area through consideration of the key drivers 

for the development of tunnel erosion. The density of deep-rooted trees and shrubs will be increased in 

areas at risk from tunnel erosion by minimising the volume of seepage flows reaching valley slopes and 

channels. 

• The risk of tunnel erosion across the reformed landform will be low. The sodosols in the project area would 

be most likely to be highly susceptible to tunnel erosion as they are strongly layered and have unstable 

subsurface layers. These soils occur largely on the low-gradient plateau top, where the risk of tunnel 

erosion is reduced. Tunnel erosion requires a point in the landscape at which a relatively large volume of 

water enters the soil. Soil profiles in the post-mining landform will be developed to maximise water use. 

Strategies to maximise water use include increasing surface vegetation cover, tree density and soil water 

storage.  

• As the development of tunnel erosion also requires a soil layer that will be readily moved in the seepage 

flow, potentially dispersive soils (such as overburden or fines tailings) that will be placed as part of a 

constructed subsoil will be treated with gypsum to reduce exchangeable sodium and magnesium to 

acceptable levels over a depth of at least 500 mm. Topsoil and subsoil will be ripped to mix the two layers 

to remove pronounced layering (if any) in the slope formed and eliminate the interface along which 

seepage flows would otherwise move. 

• Where seepage flows (that can lead to tunnel erosion) do occur, revegetation mixes will be established to 

reduce the volume of flows that reaches valley slopes and channels. In such areas, the density of deep-

rooted species (trees and shrubs) will be increased. The higher density of deep-rooted species will also 

increase the geotechnical stability of the slopes. 

• Riparian vegetation will be established in riparian areas along rehabilitated flow channels to slow water 

down, increase the stability of the channels and riparian areas during storm flows and minimise erosion. 

High rates of vegetation establishment will be prioritised in riparian areas (especially in the first three years) 

to maximise surface cover and minimise erosion. Grazing will be excluded in rehabilitated native grass 

woodland areas, channels and riparian areas, and on steeper valley slopes to maintain sufficient levels of 

vegetation cover and prevent disturbance of soils by trampling by livestock, thereby increasing stability and 

minimising erosion. 

• The risk to human health of radiation and heavy metals in soils in the post-mining landform was assessed 

as low to very low. The uranium and thorium activity concentrations in the material to be returned to the 

mine void will be generally lower than the pre-mining uranium activity concentrations in surface soils in the 

project area. The level of heavy metals in the material to be returned to the mine void and used in the 

construction of the final landform are similarly predicted to be below applicable guideline levels, except for 

arsenic. To manage this potential risk, fines tailings will be either buried deeply (i.e., encapsulated) or 

mixed in a low ratio with overburden material to form subsoils with acceptable arsenic levels.  

• Kalbar has established financial provisioning processes that will ensure adequate resources are available 

for closure, including rehabilitation and ongoing maintenance of disturbed areas. These processes are 

linked to Kalbar’s annual budget cycle. During operation, costs and unit rates for rehabilitation, 

decommissioning and closure activities will be developed at a site level and used as the basis for annual 

review of rehabilitation, decommissioning and closure cost provisioning. Three-yearly third-party review of 

closure cost estimates will also be undertaken.  

• In the event of sudden (unplanned) permanent cessation of the project, a final closure report would be 

prepared immediately. A review of the closure cost liability would be carried out and funds for closure 

sourced from Kalbar’s closure provision accounts.  

• Kalbar has used the Department of Jobs, Precincts and Regions' bond calculator as the basis for preparing 

a preliminary cost estimate for rehabilitation, decommissioning and closure. The cost estimate will be 
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EES draft evaluation objective 

provided to Earth Resources Regulation to inform its estimation of the bond required for the project. The 

cost estimate has considered the full extent of proposed disturbance and activities for the planned 20-year 

mine life. 

Biodiversity: To avoid or minimise potential adverse effects on native vegetation, listed threatened and 

migratory species and ecological communities, and habitat for these species, as well as address offset 

requirements for residual environmental effects consistent with state and Commonwealth policies. 

Strategy and actions 

• For closure planning, the landscape has been divided into six zones based on landform, intended final land 

use and perceived interactions between land use, vegetation, and landform. Zones C and D will be 

revegetated with tree and shrub species consistent with the Valley Grassy Forest ecosystem (EVC 47). 

Grazing will be excluded to help maintain sufficient levels of vegetation cover and minimise erosion. Tree 

and shrub density will be increased, particularly in the steeper slopes bordering flow channels, to slow 

down surface water and reduce the susceptibility of these areas to erosion. Zones E and F will be 

revegetated with species broadly consistent with the Plains Grassy Woodland ecosystem (EVC 55). 

• Seeding times and rates will consider site/local experience to maximise the reliability of vegetation 

becoming established. Seed will be re-applied in areas where rehabilitation performance does not meet 

established targets when suitable conditions, e.g., rainfall, are likely to occur. Measures may include the 

use of hydromulches and hydroseeding to stabilise the soil surface, minimise erosion and help retain water 

in the soil. Rehabilitated areas will be irrigated where required to promote satisfactory establishment and 

growth of vegetation. 

Water, catchment values and hydrology: To minimise effects on water resources and on beneficial and 

licensed uses of surface water, groundwater and related catchment values (including the Gippsland Lakes 

Ramsar site) over the short and long-term. 

Strategy and actions 

• Rehabilitation activities have the potential to mobilise fine material in surface runoff and drainage, thereby 

leading to offsite impacts through sedimentation. The design of the project includes sedimentation ponds 

and surface water management infrastructure such as drains with scour-resistant materials that aim to slow 

and retain runoff water and trap sediment on site. These measures will be in place throughout the project, 

including during progressive rehabilitation. Infrastructure, such as the sedimentation dams will only be 

decommissioned once they are no longer required.  

• As the post mining landforms are established, erosion rates are expected to be the same or better than 

current rates. The risks of sediment laden water reaching offsite watercourses such as the Mitchell River, 

Perry River and Gippsland Lakes, as well as affecting beneficial uses of surface water are very low to low. 

The closure strategy aims to achieve characteristics and flow patterns generally reflective of pre-mining 

conditions for both surface and groundwater in the project area. The final landforms have been designed to 

be largely consistent with pre-mining landform, with the main change being the filling of the upper reaches 

of Perry Gully (which will decrease flood levels). Mitigation and management measures adopted throughout 

operation of the project, will also be effective in reducing the potential for adverse impacts on surface and 

groundwater quality and availability of water to other users during progressive rehabilitation, 

decommissioning and closure.  

• Riparian vegetation will be established in riparian areas along rehabilitated flow channels to slow water 

down, increase the stability of the channels and riparian areas during storm flows and minimise erosion. 

High rates of vegetation establishment will be prioritised in riparian areas (especially in the first three years) 

to maximise surface cover and minimise erosion. Grazing will be excluded in rehabilitated flow channels 

and riparian areas to maintain adequate vegetation cover and prevent soil disturbance through trampling by 

livestock, increasing channel stability to storm flows and minimising erosion risk. 

• The density of deep-rooted trees and shrubs will be increased in areas at risk from tunnel erosion by 

minimising the volume of seepage flows reaching valley slopes and channels. 
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EES draft evaluation objective 

• The 19 water management dams across the project area will function until rehabilitation in each catchment 

is complete. Decommissioning of dams will not occur until water quality monitoring demonstrates that runoff 

from the catchment no longer requires active management. Freeboards on the water storages will be 

maintained to allow for storm events and high rainfall periods.  

• Groundwater will not be intersected by mining activities and numerous measures are proposed to prevent 

contamination from project activities entering any groundwater resource. Such measures include adequate 

containment and storage of all hazardous materials, limiting the volume of chemicals on site, cleaning up 

any spills that do occur. All waste, including hazardous waste will be removed from site by a licensed 

contractor for treatment or disposal in an approved facility in accordance with the requirements. 

• The altered topography during mining could affect groundwater recharge and flow direction affecting 

beneficial uses of groundwater. Rehabilitation will include reshaping of the landscape to reflect the natural 

conditions as far as possible with the exception of the filling of Perry Gully and permanent changes to the 

catchment geometry for the surrounding gullies. While the alteration of the natural topography may lead to 

altered distribution of groundwater recharge, the effect on groundwater levels in the Coongulmerang 

Formation will not be measurable and will not extend beyond the project area. The availability of 

groundwater to licenced users or hydrology of nearby groundwater dependant ecosystems would not be 

affected by altered surface topography. 

• Seepage of water from the freshwater storage dam (until decommissioned) and tailings also has the 

potential to cause groundwater mounding and could impact the supply of groundwater to licenced users or 

groundwater dependent ecosystems. Model indicates that for ten years following operations, the extent of 

groundwater mounding (defined by the 0.5 m mounding contour) is predicted to remain relatively constant. 

The mound is expected to gradually decline over time as water dissipates into the surrounding groundwater 

system and the risk of mounding impacting licenced users during closure and for at least five years post-

closure is low. The low risk of groundwater mounding impacting licenced users during operations (see 

Section 9.2.4.1 in Chapter 9) is continued during closure and will remain for at least five years post-closure. 

• The soils present in the project area contain insufficient concentrations of sulfide to cause acid and 

metalliferous drainage. 

Amenity and environmental quality: To protect the health and wellbeing of residents and local communities, 

and minimise effects on air quality, noise and the social amenity of the area, having regard to relevant limits, 

targets or standards. 

Strategy and actions 

• Rehabilitation activities on exposed areas of ground will be undertaken to prevent or minimise dust and 

water emissions travelling off site. Earthworks will be required to establish the final landform as the project 

area is progressively rehabilitated. As vegetation is established on these areas, both dust emissions and 

the runoff will reduce.  

• The measures adopted to prevent dust emissions exceeding guidelines values will also be applied during 

rehabilitation and closure activities, and the risks to surrounding land uses and receptors is low or very low. 

• The risk to human health and animals from radiation and heavy metals in soils in the post-mining landform 

was assessed as low to very low. The uranium and thorium activity concentrations in the material to be 

returned to the mine void will be generally lower than the pre-mining uranium activity concentrations in 

surface soils in the project area. The level of heavy metals in the material to be returned to the mine void 

and used in the construction of the final landform are similarly predicted to be below applicable guideline 

levels, except for arsenic. To manage this potential risk, fines tailings will be either buried deeply (i.e., 

encapsulated) or mixed in a low ratio with overburden material to form subsoils with acceptable arsenic 

levels. 
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EES draft evaluation objective 

Social, land use and infrastructure: To minimise potential adverse social and land use effects, including on, 

agriculture (such as dairy irrigated horticulture and grazing), forestry, tourism industries and transport 

infrastructure. 

Strategy and actions 

• Kalbar has prepared, and is implementing, a comprehensive Community Engagement Plan for the project. 

A key objective of the Fingerboards Community Engagement Plan is to ensure that the affected 

communities are informed about the project at all stages of its development, operation and closure. Kalbar 

is committed to engaging with all community and stakeholder interests and promoting inclusiveness by 

encouraging and supporting a diverse representation of community participation in consultation. 

Communications will be timely, open and effective, and readily understandable, allowing all stakeholders to 

effectively contribute their views.  

• Stakeholder engagement to date has included seeking specific feedback on concerns about closure of the 

mine, including on final landforms, land use and vegetation cover. The planning and design for closure has 

been informed by these discussions. 

• Stakeholders will continue to be engaged throughout the life of the project in accordance with the 

Fingerboards Community Engagement Plan to ensure there is full awareness in the community about mine 

closure, including rehabilitation and decommissioning activities, the proposed final land uses, and the 

timing of closure activities. 

• For closure planning, the landscape has been divided into six zones based on landform, intended final land 

use and perceived interactions between land use, vegetation, and landform. Zones A and B are grazed 

currently and will be largely returned to similar vegetation to achieve grazing animal productivity equivalent 

to, or better than, current levels. Tree density, particularly in Zone B, will be increased to reduce deep 

drainage and seepage flows, and reduce the susceptibility of these areas to erosion. 

• Kalbar will continue to negotiate with landowners, with a view to acquiring further land through purchase 

agreements similar to those already in place. Alternatively, where landowners wish to retain ownership of 

land, Kalbar would seek to enter into lease agreements with the landowners. Compensation agreements 

with landowners will be implemented until agreed pre-mining productivity measures are met. Land access 

agreements relating to land within the mining licence area will address statutory compensation 

requirements. Land agreements for land located outside of the mining licence will be negotiated with 

landowners based on registered easements for specific infrastructure or utility requirements, compensation 

for loss of land related to these easements, and agreed land use post-mining and the need for easements. 

• Agreements for land within the project area are proposed to be individually negotiated with landowners in 

accordance with the requirements of the Mineral Resources (Sustainable Development) Act 1990 

(Sections 85 and 87). The act sets statutory compensation requirements and will take into account (but not 

limited to) the following: 

− Land use post-mining (in most cases this is expected to reflect the pre-mining land use). 

− Changes to landform (e.g., slope contours) aligned with the post-mining land use. 

− Agreed vegetation planting aligned with the post-mining land use. 

− Hand-back criteria (e.g., productivity, weed density and soil condition) aligned with the post-mining land 

use. 

− Replacement, repair or maintenance of infrastructure (e.g., roads, fences and dams) located on the 

leased land. 

− Changes to land access (e.g., access roads and gates) after mining. 

− Possible agistment of livestock on alternative properties during the leasing period. 

− Ongoing compensation or rehabilitation obligations if land does not meet agreed handback criteria. 

• Agreements for land located outside the project area will be negotiated with landowners on the following 

basis: 

− Registered easements for specific infrastructure or utility requirements (e.g., rail siding, power lines, 

private haul road). 

− Compensation for loss of land related to these easements, including compensation for non-financial 

disadvantage, if required. 
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− Agreed post-mining land use and the need for easements (in most cases this is expected to reflect the 

pre-mining land use). 

Landscape and visual: To avoid adverse effects on the landscape and recreational values of the Mitchell 

River National Park and minimise visual effects on the open space areas. 

Strategy and actions 

• The final landform and land uses, including the revegetation strategy for each rehabilitation area are 

consistent with the current landform and vegetation. Specifically, the strategy for rehabilitation aims to 

restore the landform in a way that minimises visual impacts from elevated viewpoints, provide a natural 

appearance to the final landform, revegetate disturbed areas with local indigenous vegetation where 

appropriate and to replace trees and vegetations on properties in a manner agreed with landowners.  

• Closure activities will occur throughout the life of the mine, with areas progressively rehabilitated and 

revegetated as mining moves through the project area. Rehabilitation will be undertaken to reinstate pre-

mining landforms and vegetation as closely as possible to the condition prior to mining so that agricultural 

land uses, or other approved uses, can be resumed.  

• Final closure of the project will involve removal of all infrastructure within the project area, backfilling and 

rehabilitation of the void and other remaining disturbed areas. 
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