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EXECUTIVE SUMMARY 

Scope 

This document discusses rehabilitation strategies and methods for the Fingerboards 

Mineral Sands Project.   

It touches briefly on closure planning, but consideration of closure is in this report is 

largely conceptual because the project is still at an early planning stage and not yet 

approved.   

Approach 

In Landloch’s experience, where mine rehabilitation has been particularly successful, 

there has been – within mine and contracting staff - clear understanding of the 

rehabilitation strategy being applied; its goals, the underlying principles, and the 

priorities for performance of different elements of the rehabilitated landscape.  In 

contrast, where rehabilitation actions have simply followed prescribed actions, 

rehabilitation outcomes have been consistently less satisfactory. 

Consequently, this document: 

 Outlines key properties of the site and the materials available for rehabilitation 

works; 

 Identifies key components of the rehabilitated landscape (landform, vegetation 

ecosystem, final land use); 

 Details performance requirements for each of those landscape elements; 

 Considers options for achieving the required performance (soil re-construction, 

landform design, vegetation strategies, erosion control); 

 Documents a range of management issues to be addressed; and 

 Outlines a rehabilitation monitoring strategy. 

It should be recognised from the outset that this site is distinctive for the high rate of 

progressive rehabilitation that will occur, and that there is, consequently, considerable 

potential for continuing improvement in rehabilitation methods during the life of the 

mine.  Clear understanding of the performance requirements for the different 

landscape elements will be key to achieving such improvements. 

A risk assessment has been included to inform stakeholders of the important issues 

associated with each rehabilitated landscape element. 

Rehabilitation overview 

Rehabilitation works will aim to return: 

 A landform broadly similar to that currently present, with no increases in 

gradient in steeper sections relative to those currently present; 

 Soil profiles with greater potential plant productivity and resilience than the 

soils currently present; and 

 Vegetation communities consistent with the requirements of each landscape 

element. 
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Landscape elements identified for rehabilitation purposes (largely linked to landform 

and land use) are: 

 Plateau grazing  (696 ha) 

 Swales and plateau edges (116 ha) 

 Valley slopes   (200 ha) 

 Channels   (32 ha) 

 Native grass woodland (205 ha) 

 Road Verge   (33 ha)  

Challenges and priorities for each element are outlined in Table 5 (p. 45).  

Rehabilitation methods 

Mining will move progressively, with topsoil and overburden layers being removed, 

hauled, then placed to the rear of the void in the same vertical order they were 

removed. After the topsoil and overburden removal, ore will be mined and, in steady 

state operations, the tailings from ore treatment will be placed back into the void in 

the form of sand tailings and fine tailings.  In the early years of operation, fine tailings 

will be placed in an off-path tailings storage facility, but this will be replaced by in-pit 

tailings operations as the continuing mining operations present sufficient space to do 

so.  

Rehabilitation works will be carried out progressively to minimise stockpile areas of 

overburden and topsoil. It is anticipated that on average, 80 ha of rehabilitation will be 

carried out each year, but the area will be variable. 

Topsoil will be stripped to approximately 300 mm depth and (over most of the project) 

directly transferred to areas being rehabilitated.  A different topsoil management 

strategy will be applied for restoration of native grass woodland areas.  For most of the 

area, a manufactured subsoil will be used to provide a more productive medium for 

plant growth than the existing subsoils, with subsoil materials and mixing options 

currently being trialled to identify suitable growth media. 

In valley slope areas where surface and tunnel erosion risk (although low) is higher than 

on the rest of the site, a gravelly clay overburden will be used as a subsoil to reduce 

erosion potential.  (Again, current soil profile trials will confirm the utility or otherwise 

of this option.) 

Fertiliser and amendments will be applied to both topsoil and subsoil layers (with rates 

based on regular soil analysis) to ensure vigorous plant growth in both short and long 

term. 

Grass will be seeded across the various landscape elements, with hydromulching or 

hydroseeding being used for situations where wind or water erosion risk is considered 

significant.  Trees and shrubs will be either (or both) seeded and planted as tubestock. 

In all cases, species planted will be consistent with the target vegetation communities 

and will use provenance seed where appropriate.  For the areas with higher gradients 

or erosion potential – swales and plateau edges, valley sideslopes, and channels - tree 

and shrub densities will be increased to lesser or greater degrees to reduce lateral 

seepage and to restore riparian ecosystems. 
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As part of the rehabilitation monitoring program, analogue/reference sites will be 

established outside of the mining footprint area for all the vegetation associations 

planned to be removed and reinstated.  Pasture productivity measured using harvests 

from exclosures will be compared against growth on comparable undisturbed areas, 

preferably using remote sensing to assess reasonably wide areas – provided suitable 

techniques can be validated. 

Key aspects of rehabilitation planning are listed in Section 6.13. 

A wide range of other risks and issues are covered in the detail of the report. 
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1 INTRODUCTION  

1.1 Background – Fingerboards Project 

Kalbar Operations Pty Limited (Kalbar) propose to construct, operate and (ultimately) 

close a mineral sands mine and associated infrastructure (the project) in Glenaladale, 

Victoria. 

The project lies within the Glenaladale Deposit that occurs within unconsolidated 

sediments and contains heavy minerals such as zircon, rutile, ilmenite and rare-earth 

bearing minerals (monazite and xenotime). The project represents the first phase of 

mineral sands production (up to 20 years) from the Glenaladale Deposit.  

Greater detail on the proposed project is given in Section 3. 

1.2 Purpose of this document 

Landloch Pty Ltd have been engaged by Kalbar to review the existing environment and 

the project’s proposed operations and develop rehabilitation planning, methodology, 

management, and monitoring recommendations.  

These recommendations will be used by Kalbar as the basis for the Project’s 

Rehabilitation and Closure Plan, with additional information to be added by Kalbar with 

respect to stakeholder engagement, financial provisioning, risk assessment, and 

managing data and information. 

As the project is currently in its Early Phase (feasibility, planning and design, approvals), 

this document provides conceptual information on closure only. 

1.3 Rehabilitation Study Methods  

Rehabilitation requirements for the Fingerboards Project have been studied by a 

combination of: 

• Assessment of existing data for the site; 

• Site inspection by rehabilitation expert (Dr Rob Loch); 

• Discussions with local stakeholders including landholders and regulators; 

• Review of specialist study reports previously undertaken including biodiversity, 

existing land uses, visual amenity, and water; 

• Soil sampling and analysis; and 

• Consideration of mining process and schedule. 

1.4 Links with other reports 

This report is one of a large number of specialist reports prepared for the project, and, 

as such, it reports information specific to its topic area.  There are obvious linkages to 

other studies from which this document may have taken limited information or 

conclusions, and greater detail on a range of associated topics may be found in those 

reports.   

Specific issues linked to this report, and relevant reports dealing with those issues are: 
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Ecosystems and biodiversity:  Ecology and Heritage Partners (EHP), 2020. Detailed 

Ecological Investigations for the Proposed Fingerboards Mineral Sands Project, 

Glenaladale, Victoria. Report prepared for Kalbar Operations Pty Limited, April 

2020.   

Flow line stability and sedimentation:  Water Technology, 2020. Fingerboards 

Mineral Sands Landscape Stability and Sediment Transport Regime Assessment. 

Report prepared for Kalbar Operations Pty Limited, April 2020. 

Geotechnical considerations: GHD, 2020. Glenaladale Starter Pit Preliminary 

Geotechnical Investigations. Report prepared for Kalbar Operations Pty Limited, 

April 2020. 

GHD, February 2018.  Fingerboards Mineral Sands Mine.  Trial Pit Short Term 

Batter Stability Assessment. 

Mining One Consultants. 2020. Fingerboards Mineral Sands Project Geotechnical 

Assessment. Report prepared for Kalbar Operations Pty Limited, April 2020. 

Geomorphology:  Rosengren, N.  2017.  Fingerboards Mineral Sands Project: 

Glenaladale.  Background Paper: Geomorphology and Geology.  Report 

prepared for Andrew Long and Associates. 

Land use:  Matrix Planning Australia Pty Ltd 2020. Fingerboards Mineral Sands Project. 

Land use and planning impact assessment. Report prepared for Kalbar 

Operations Pty Limited, April 2020. 

Radiation: SGS Radiation Services. 2020. Fingerboards Project. Radiation Assessment 

Report. Report prepared for Kalbar Operations Pty Limited, April 2020. 

Soils, geology, and landforms:  Landloch, 2020. Landform, geology, and soil 

investigation. Fingerboards Mineral Sands Project. Report prepared for Kalbar 

Operations Pty Limited, April 2020 

Surface water: Water Technology, 2020. Fingerboards Mineral Sands Surface Water 

Assessment – Regional Study. Report prepared for Kalbar Operations Pty 

Limited, April 2020. 

Site rehabilitation (work practices, detailed specifications, topsoil management):  

Kalbar Operations Pty Limited, 2020. Fingerboards Mineral Sands Project Draft 

Mine Rehabilitation and Closure Plan, April 2020. 

Visual impacts:  Urbis, 2020. Fingerboards Mineral Sands Project. Landscape and Visual 

Impact Assessment. Report prepared for Kalbar Operations Pty Limited, April 

2020.  

 

2 LEGISLATIVE CONTEXT AND STANDARDS 

There are two key pieces of legislation governing the requirement for mining 

operations including rehabilitation in Victoria: 
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1. Mineral Resources (Sustainable Development) Act 1990 (MRSDA)  

The purpose of the act is to encourage mineral exploration and economically viable 

mining and extractive industries which make the best use of, and extract the value from, 

resources in a way that is compatible with the economic, social and environmental 

objectives of the State. 

2. Mineral Resources (Sustainable Development) (Mineral Industries) 

Regulations 2013 (Regulations) 

The objectives of these Regulations are: 

a) to prescribe various procedures, details, royalties, fees, forms, information 

required in documents and other matters authorised by the Mineral Resources 

(Sustainable Development) Act 1990; and  

b) to set out requirements relating to survey of and marking out licence areas; and  

c) to prescribe certain offences as infringement offences; and  

d) to set out requirements relating to declared mines; and  

e) to set out the requirements for persons who are required, under the Mineral 

Resources (Sustainable Development) Act 1990, to disclose any interests. 

As stated by DEDJTR (2017), the Minister for Resources (Victorian Government) is 

responsible for administering the MRSDA and Regulations. The Earth Resources 

Regulation (ERR) Branch in the Department of Economic Development, Jobs, Transport 

and Resources (DEDJTR) is responsible for the regulation of mines in Victoria under the 

MRSDA.  

2.1 Legislation relevant to rehabilitation 

A work authority is required in order to carry out mining activities. In order to obtain a 

work authority, an applicant must have the following: 

 Mining licence; 

 Rehabilitation bond; 

 Approved Cultural Heritage Management Plan;  

 Compensation agreements with affected landholders1; and 

 Approved work plan. 

A licensee who proposes to do work under the licence must lodge a work plan with 

the Department Head under section 40 of the MRSDA. Section 40(3) of the MRSDA 

states that a work plan must: 

 be appropriate in relation to the nature and scale of the work proposed to be 

carried out; and  

 identify the risks that the work may pose to the environment, to any member 

of the public, or to land, property or infrastructure in the vicinity of the work; 

and  

 

1 The Cultural Heritage Management Plan and Compensation Agreements are outside of the 

scope of this report, and will be discussed in other documents prepared by Kalbar Operations 

Pty Ltd. 



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 7 

 specify what the licensee will do to eliminate or minimise those risks as far as 

reasonably practicable; and 

 include a rehabilitation plan for the area of land covered by the licence; and 

 if the licence is a mining licence relating to a declared mine, contain the 

prescribed mine stability requirements and processes; 

Under section 78 of the MRSDA, the holder of a mining licence must rehabilitate land: 

1) in accordance with the rehabilitation plan approved by the Department 

Head; and  

2) in accordance with the conditions in the licence 

Section 79 of the MRSDA sets out the requirements for the Rehabilitation Plan which 

must:  

(a) take into account –  

i. any special characteristics of the land; and  

ii. the surrounding environment; and  

iii. the need to stabilise the land; and  

iv. the desirability or otherwise of returning agricultural land to a state that is as 

close as is reasonably possible to its state before the mining licence, prospecting 

licence or extractive industry work authority was granted; and  

v. any potential long term degradation of the environment; and  

(b) be prepared by –  

i. the applicant for the extractive industry work authority after consultation with 

the owner of the land, if the land is private land; or  

ii. the licensee after consultation with the owner of the land, if the land is private 

land and the licence is a mining licence or prospecting licence.  

(Note that in addition to the above, other approvals may be required under other 

Victorian legislation.) 

2.1.1 Rehabilitation Bond 

Schedule 80 of the MRSDA requires the lodgement of a rehabilitation bond from the 

mine operator to cover rehabilitation costs should the operator default on its 

obligations to complete rehabilitation. The rehabilitation bond value will be calculated 

for the operation using the Rehabilitation Liability Self-Assessment methodology and 

bond calculator and approved by the Minister. The total open (disturbed) area is the 

single largest factor in calculating the value of an operation’s bond. 

2.1.2 Rehabilitation Plan 

A Rehabilitation Plan will be developed and updated as part of the operation’s Work 

Plan. Schedule 15 of the MRSD Regulations specifies the requirements for the 

Rehabilitation Plan: 

a) Addresses concepts for the end utilisation of the mine site; 

b) Includes proposals for the progressive rehabilitation, stabilisation and 

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

other land affected by the operation; 



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 8 

c) Includes proposals for landscaping to minimise the visual impact of the mine site; 

and 

d) Includes proposals for the final rehabilitation and closure of the site, including 

security of the site and the removal of plant and equipment, taking into account 

any potential long-term degradation of the environment. 

 

2.2 Other relevant agencies and legislation 

2.2.1 Department of Environment, Land, Water and Planning (DELWP) 

DELWP facilitates multiple aspects of land and water management between local 

government, water catchment authorities, local organisations and industry; therefore, 

it has various roles in mine rehabilitation. Several Acts relevant to mine rehabilitation 

and closure which are administered by DELWP include:  

Environment Effects Act 1978 

The Environment Effects Act 1978 was established to set out a framework for 

determining whether any proposed development requires an Environment Effects 

Statement (EES). An Environment Effects Statement (EES) describes the likely 

environmental effects of a proposed development. It is intended to ensure that impacts 

are carefully assessed before any decision is made on the proposed development. 

Where an EES is required for a mining project, approval procedures are coordinated as 

closely as possible and the proponent is not required to obtain further planning 

approvals for the activity assessed in the EES. 

Flora and Fauna Guarantee Act 1988  

The Flora and Fauna Guarantee Act 1998 establishes a legal and administrative 

framework for the conservation of Victoria’s native flora and fauna. The Act provides 

procedures for the conservation, management or control of flora and fauna and the 

management of potentially threatening processes. The Victorian Department of 

Environment, Land, Water and Planning (DELWP) is required to prepare Action 

Statements (brief management plans) for all threatened flora and fauna and 

threatening processes listed under the Act. 

Planning and Environment Act 1987  

The Planning and Environment Act 1987 and the amended (Planning Schemes) version 

of this Act (1996) provides a framework for planning the use, development and 

protection of land in Victoria. It has a number of aims related to environmental 

protection, social equity and facilitation of appropriate development. Native vegetation 

retention policy is implemented in Victoria by the operation of this Act and the 

planning schemes approved under it. 

2.2.2 Department of Economic Development, Jobs, Transport and 

Resources (DEDJTR) 

DEDJTR is responsible for administering the Catchment and Land Protection Act 1994. 

The relevance of this act to rehabilitation is to protect primary production, Crown land, 
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the environment and community health from the effects of noxious weeds and pest 

animals.  

Although no specific reference is made to mine rehabilitation in this Act, it does define 

the obligations of land owners/managers, 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. 

• Conserve soil. 

• Protect water resources. 

• Eradicate regionally prohibited weeds. 

• Prevent the growth and spread of regionally controlled weeds. 

• Prevent the spread of, and as far as possible eradicate established pest animals. 

2.2.3 Commonwealth legislation 

The Commonwealth Government implements the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act) to protect corresponding matters of 

national significant and to compliment state and territory laws in matters of local 

significance.  

Also the National Environment Protection Council (NEPC) formed under the National 

Environment Protection Council Act 1994 may play a role in mine rehabilitation as they 

set National Environment Protection Measures. 

The Fingerboards project was referred to the Commonwealth Department of 

Environment and Energy for assessment, which determined that the project is a 

Controlled Action. Requirements under the EPBC Act to rehabilitate the project area 

will be included in the Project’s Mining Licence.  

2.3 Relevant guidelines for rehabilitation 

Rehabilitation methodologies utilised for this project are guided by several documents 

that have been produced by the Commonwealth and Victorian Governments, industry 

organisations and independent bodies. Several of the documents are outlined below 

in Table 1 with their relevance to rehabilitation. 

 

Table 1: Summary of the relevant available rehabilitation documentation.  

Document Purpose Relevance to 

Fingerboards 

rehabilitation 

Commonwealth 

Mine Rehabilitation - 

Leading Practice 

Sustainable Development 

A handbook to address 

mine rehabilitation in the 

context and national 

interest of the ‘Leading 

Outlines the key principles 

and procedures now 

recognised as leading 

practice for planning, 
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Program for the Mining 

Industry. 

Department of Foreign Affairs 

and Trade 2016. 

https://www.industry.gov.au/sit
es/g/files/net3906/f/July%2020
18/document/pdf/mine-
rehabilitation-handbook.pdf 

Practice Sustainable 

Development (LPSD) 

Program’ 

 

implementing and 

monitoring rehabilitation. 

Detailed case studies of 

various mine rehabilitation 

methods are given. 

Mine Closure - Leading 

Practice Sustainable 

Development Program for 

the Mining Industry. 

Department of Foreign Affairs 

and Trade 2016. 

https://www.industry.gov.au/res

ource/Documents/LPSDP/LPSDP

-

MineClosureCompletionHandboo

k.pdf  

A handbook to address 

mine closure in the context 

and national interest of the 

‘Leading Practice 

Sustainable Development 

(LPSD) Program’ 

To set a broad standard for 

the process of mine closure 

and rehabilitation across 

Australia for industry, state, 

and local governments. 

Highly relevant for 

understanding overall 

concepts and the general 

processes involved to 

completion of closure. 

Detailed case studies of 

various mine closures and 

rehabilitation methods are 

given. 

Victoria 

Rehabilitation and Closure 

Plan Guideline for the 

Mining Industry 

Department of Economic 

Development, Jobs, Transport 

and Resources 

Earth Resources Regulation 

Branch 2017 

To assist operators of 

mining industries to prepare 

a Rehabilitation and Closure 

Plan  

To complement the current 

statutory requirements for a 

rehabilitation plan to 

include closure as an 

integral part of operations 

development and planning 

Highly relevant information 

on preparation, 

recommended structure and 

submission for the 

Rehabilitation and Closure 

Plan 

Rehabilitation and Closure 

Plan Checklist 

Minerals Guidelines and 

Codes of Practice.  

Rehabilitation - Guidelines for 

Environmental Management 

in Exploration and Mining 

Earth Resources Regulation 

(DEDJTR) 2014  

http://earthresources.vic.gov.au/

earth-resources-

regulation/licensing-and-

approvals/minerals/guidelines-

and-codes-of-practice  

To provide assistance to 

mining licensees in Victoria 

in the areas of: 

 rehabilitation of mineral 

exploration sites and 

drill holes 

 rehabilitation and 

environmental aspects 

of mining and extractive 

work plans 

Highly relevant, and detailed 

technical information is given 

for management of various 

mining operations and types 

of overburden and tailings. 

Information on other 

environmental aspects that 

should be included in the 

Work Plan such as: 

- flora and fauna 

- noise and vibration 

- water storage 

- erosion and runoff  
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- management of hazardous 

materials 

Guidance Material for the 

Assessment of Geotechnical 

Risks in Open Pit Mines and 

Quarries 

Earth Resources Regulation 

(DEDJTR) 2015 

http://earthresources.vic.gov.au/

earth-resources-

regulation/licensing-and-

approvals/minerals/guidelines-

and-codes-of-practice/guidance-

material-for-the-assessment-of-

geotechnical-risks-in-open-pit-

mines-and-quarries  

To assist mine and quarry 

owners in Victoria in: 

 understanding risk 

concepts; 

 identifying geotechnical 

risks associated with 

mine and quarry 

developments; 

 developing assessments 

of the scale of the 

perceived risks; and 

 developing control 

measures to reduce risks 

to a level that is as low as 

practically possible. 

Provides the technical 

information required for the 

work plan and on 

geotechnical risks (including 

during rehabilitation) and 

how to reduce them. 

Technical Guideline – 

Design and Management of 

Tailings Storage Facilities 

Earth Resources Regulation 

(DEDJTR) 2017 

Guideline for preparing a 

Mining Work Plan and to 

assist in the safe and 

effective design, 

construction, operation and 

decommissioning of large 

TSF structures. 

Covers decommissioning and 

closure of large TSF’s, 

including a description of 

what information must be 

included in a TSF Closure Plan. 

Strategic framework for 

tailings management 

Earth Resources Regulation 

(DEDJTR) 2014 

http://earthresources.vic.gov.au/

earth-resources-

regulation/licensing-and-

approvals/minerals/guidelines-

and-codes-of-practice/strategic-

framework-for-tailings-

management  

Guidelines to assist with 

design, operation, 

monitoring, maintenance 

and emergency response 

planning of new and 

existing small tailings 

storage facilities containing 

benign or low level 

contaminated tailings. 

Relevant for tailings storage 

management for 

rehabilitation.  

Including:  

- Irrigation and Commercial 

Farm Dams Licence to Water 

Your Dam Responsibility 

- Management of Tailings 

Storage Facilities 

- Management of Small 

Tailings Storage Facilities 

- Tailings Storage Data Sheet 

- Explanatory Notes for 

Completing Tailings Storage 

Data Sheet 

Other/non-government 

Strategic Framework for 

Mine Closure 

Australian and New Zealand 

Minerals and Energy Council 

To provide a broadly 

consistent framework for 

mine closure across 

Australian including: 

General rehabilitation 

requirements for all operators 

across Australia 
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Minerals Council of Australia 

2000 

 

1) involving stakeholders, 2) 

operating in a cost-effective 

and timely manner  

4) remaining financially 

sound 

3) establishing a set of 

indicators to demonstrate 

the successful completion of 

the closure process 

5) final decision making on 

closure. 

Potential scenarios and 

examples are given for 

various pathways of site 

closure 

Common problems and 

legislation that may be 

involved. 

Guidelines on the 

Consequence Categories for 

Dams (October 2012)  

Guidelines on Tailings Dams 

– Planning, Design, 

Construction, Operation 

and Closure (May 2012)  

Regulation and Practice for 

the Environmental 

Management of Dams in 

Australia (June 2014) 

ANCOLD 

https://www.ancold.org.au/  

This series of documents 

covers the environmental 

management, design, 

construction and closure of 

large dams 

To raise awareness of 

significant environmental 

matters to be considered by 

all dam owners/operators. 

 

Applicable for water or 

tailings dams with the 

potential to cause loss of life 

or significant environmental 

or physical damage through 

operation or failure 

Technical working groups 

report on a range of 

environmental issues that 

dam owners/ operators need 

to be aware of in all dam 

projects in a clear and simple 

format. 

 

2.4 EES Scoping Requirements for rehabilitation 

An environment effect statement (EES) is required under the Environment Effects Act. 

The EES process is an assessment of the potential environmental impacts or effects of 

the proposed activities.  This report aims to provide initial information that will assist 

development of an EES chapter dealing with rehabilitation and closure. 

The matters to be investigated and documented in an EES are set out in the Scoping 

Requirements which are issued by the Minister for Planning. The extent of investigation 

required will depend on the level of risk to aspects of the environment. 

In relation to rehabilitation, the draft evaluation objective is: 

“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.” 

In order to demonstrate the ability to achieve this objective, the draft EES scoping 

requirements for rehabilitation state that the EES must address the Key Issues listed in 

Table 2, which identifies the sections of this report that address these requirements, 

and provides references to other reports that may cover an item in more detail.   
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Table 2: Summary of EES scoping requirements relevant to rehabilitation and 
references to sections of this report (or other reports) that address them. 

EES requirement Reference 

Mine operation will change topography, soil profiles, 

surface water flow, hydrology and drainage, as well as 

changed vegetation cover. 

Section 6.3, 6.5, 6.6, Water 

Technology 2019 a and b, 

Long-term mining activities can affect sustainable 

agriculture, forestry and tourism associated with the 

Mitchell River National Park. 

Section 6.12, 6.5.6.3, Urbis 

2018,  

Adequate overburden and soil availability for the 

rehabilitation of the project area to ensure the post-

mining topography can be reconfigured to pre-mining 

topography, or as close as practical to enable productive 

land-uses to be re-instated. 

Section 5. Materials 

balance to be developed as 

part of RCMP. 

Appropriate design criteria required to avoid long term 

landform degradation. Consideration to be given to 

slope geometry, upper soil profile characteristics 

(physical/chemical) and surface drainage and erosion 

mitigation. 

Section 6.3 

Intensive management and/or amelioration of dispersive 

soils may be required to prevent long-term degradation 

of the rehabilitated landform. 

Section 5.2, 6.4, 6.5.6.7, 

6.5.6.8, 6.5.6.9, 6.6 

Priorities for characterising the existing environment 

Describe the existing topography, soil profiles, drainage, 

plant-soil-water interactions and vegetation cover within 

the project area, in particular in the proposed mine 

footprint over the proposed mine life. 

Section 4, Water 

Technology 2019 a and b, 

Describe current agricultural and horticultural practices 

in the project area, including key factors influencing 

sustainable cropping and outputs. 

Section 4.4 

Characterise the relevant physical and chemical 

properties of overburden and topsoil materials to be 

used in rehabilitation. 

Section 4.3, 4.7, 4.8 

Design and mitigation measures 

Provide a draft rehabilitation framework that incorporates: 
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proposed storage and management of stockpiled topsoil 

and subsoils; 

Section 6.4 

representative geotechnical cross-sections of 

rehabilitated areas; 

Section 5.2.4 

proposed management of surface water and 

groundwater flows, including flood risks, and 

consideration of restoring natural drainage and 

restoration of disturbed waterways; 

Water Technology 2019a 

and b, EMM 2019a, Section 

6.5.6, Appendix 3. 

design criteria relating to landform and soil profile 

reconstruction; 

Section 5.2, 6.3 

principles of establishing sustainable vegetation cover, 

including consideration of habitat suitable for listed 

threatened species and communities or potential for 

productive land uses; 

Section 6.5, 6.7 

propose fire management measures; Section 6.8 

consideration of landscape and visual values from the 

Mitchell River National Park vantage points and tourist 

tracks; 

Section 6.12, Urbis 2018 

a plan for progressive rehabilitation and mine closure. Section 9.4 – Closure plan 

to be developed 

Assessment of likely effects 

Assess best practice methods for storage and 

management of stockpiled topsoil and subsoils, 

restoring soil profiles, drainage and productivity, as well 

as landscape rehabilitation in the context of back-filling 

of the mine voids and decommissioning of other earth 

structures. 

Section 6.4, 

Topsoil management Plan 

to be developed. 

Assess levels of certainty of successful outcomes from 

the proposed design and mitigation measures and 

consequential performance management measures. 

Section 8, 9 

Assess potential risks from radiation on the environment, 

biodiversity values and human health. 

Section 6.9, SGS 2018 

Approach to manage performance 
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Outline and evaluate the proposed performance 

requirements for rehabilitation, including monitoring 

and auditing of performance. 

Section 10 

Design criteria to be developed to ensure rehabilitation 

is appropriate for the intended end land-use (agricultural 

and native areas) and does not result in long term 

degradation. Consideration to be given to soil profile 

characteristics (physical/chemical), horizon depths, 

maximum slope geometry, factor of safety, plant-soil-

water interactions for targeted vegetation communities. 

Section 6 

Prepare a draft mine rehabilitation and closure plan with 

strategies for progressive rehabilitation, appropriate 

design criteria, completion criteria/monitoring 

methodologies and contingency measures for 

unplanned/ forced closure. 

Rehabilitation and Closure 

Plan  

Outline the proposed agreements with landowners with 

respect to the proposed changes to land use over the 

period of mine construction, operation, rehabilitation, 

decommissioning and post-closure. 

Section 10.3 of Draft Work 

Plan 

 

3 PROJECT DESCRIPTION 

3.1 Proposed development 

Kalbar Operations Limited (Kalbar) propose to construct, operate and (ultimately) close 

a mineral sands mine and associated infrastructure (the project) in Glenaladale, Victoria 

(Figure 1). 
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Figure 1:  Location of Fingerboards Project area 

 

4 Project description 

The Fingerboards Mineral Sands Project (the project) is located in East Gippsland, 

Victoria and involves mining of mineral sands from the Fingerboards resource, which 

lies within the more extensive Glenaladale deposit. Kalbar Operations Limited (Kalbar) 

proposes to mine areas of enriched grades of mineral sands occurring close to the 

ground surface within the project area. Kalbar proposes to construct, operate, 

rehabilitate and (ultimately) close the mineral sands mine and associated infrastructure 

that form the project. 

The Glenaladale mineral sands deposit occurs within unconsolidated sediments and 

contains heavy minerals such as zircon, rutile, ilmenite and rare-earth minerals 

(monazite and xenotime). The proposed project area is approximately 1,675 hectares 

(ha), of which about 1,350 ha is proposed to be directly disturbed by mining and 

infrastructure over the life of the project. 

The mineral resource estimate for the Fingerboards resource contains 1.19 billion 

tonnes (Bt) of ore at 0.5% zircon, 1.4% titanium minerals and 0.05% rare-earth minerals. 

Kalbar plans to produce eight million tonnes (Mt) of magnetic and non-magnetic heavy 

mineral concentrate (HMC) from 170 Mt of ore for up to 20 years. The mine life includes 

approximately two years for construction and commissioning and 15 years of 

production at full capacity (12 Mt/year) followed by closure activities 

(decommissioning, rehabilitation and post-closure). Final closure may require an 

additional five years of management.  

Figure 2 shows the general arrangement for the proposed mine and associated 

infrastructure. 
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4.1 Mining and mineral processing 

The mining method is open-cut dry mining using conventional earthmoving 

equipment including scrapers, excavators and trucks and tractor scoops for topsoil 

removal. The mine will operate 24- hours-a-day, 365-days-a-year.  

At peak production, the ore will be fed into two mining unit plants (MUPs) for slurrying 

and pumping to the wet concentrator plant (WCP). There, the slurried ore will undergo 

onsite processing to produce HMC, which will then be separated using wet high 

intensity magnets to produce magnetic and non-magnetic concentrates. The 

concentrates will be exported for secondary processing in mineral separation plants in 

Asia. The concentrates will be stockpiled at a loading facility adjacent to the WCP 

before being transported to port via road, rail or a combination of both. 

4.2 Transportation  

Initially, the concentrate will be transported by bulk road transport to Port Anthony or 

the adjacent Barry Beach Marine Terminal, and by containerised road transport to the 

existing siding in Maryvale. Containerised concentrate will then be transported by rail 

from Maryvale to the Port of Melbourne. 

Once the rail bridge at Stratford on the Avon River has been upgraded, Kalbar will have 

the option of rail transport of concentrate from the Bairnsdale rail siding, or a purpose-

built siding south of the project area. Haulage from the project area to the Bairnsdale 

siding would be via Bairnsdale-Dargo Road and Lindenow-Glenaladale Road to the 

Princes Highway and then to Bairnsdale. Haulage to a new siding south of the project 

area would be along a private sealed haulage road within the infrastructure corridor. 

No more than 40 trucks containing concentrate, either for bulk or container shipments, 

are expected to leave the project area every 24 hours. 

 

4.3 Tailings 

Overburden and tailings (non-economic sand, silts and clay) from the mining and 

processing will ultimately be returned to the mine void as part of the rehabilitation 

process. At the end of mining, the final landform will have no above-ground tailings or 

waste storages. 

Coarse sand tailings will initially be placed in Perry Gully until sufficient space is 

available for depositing tailings directly into the mine void. The tailings will be covered 

with overburden and topsoil prior to rehabilitation. 

Fines tailings (particle diameters less than 38 µm), equivalent to about 23% of the ore 

tonnage, will initially (for approximately four and a half years) be deposited into a 

constructed tailings storage facility (TSF) on the future mine path. As mined out areas 

of the void become available, the fines tailings will be placed within contained cells 

within the mine void. 

Following backfilling with coarse sand tailings and fines tailings, overburden and 

topsoil will be replaced during rehabilitation. At least 3 m of overburden and topsoil is 
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expected to be replaced on top of tailings. The land will then be returned to pre-mining 

land use and capability, or native vegetation. 

Return of coarse and fine waste materials is discussed in greater detail in Section 5.2. 

4.4 Water and power supply 

Approximately 3 GL of water will be required on an annual basis for processing, dust 

suppression and rehabilitation. Water for the project will be sourced from surface water 

(winterfill from the Mitchell River) and groundwater from the Latrobe Group Aquifer 

(from a borefield south of the project area).  

The power demand for the MUPs and WCP is estimated at 9,000 kVA on average. 

During construction, power will be sourced from six diesel generators, and during 

operations and closure from the 66 kV network. 

An infrastructure corridor containing a haulage road to the proposed rail siding, 66 kV 

and 22 kV powerlines and a groundwater pipeline from the borefield, will be 

constructed from the WCP to the railway line south of the project area, as shown in 

Figures 2 and 3.  

Figure 3 shows the proposed infrastructure options area comprised of the groundwater 

borefield, Mitchell River pumping station options, water pipeline routes, powerline 

routes, rail siding options, road diversion options and intersection and road upgrade 

areas. 
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Figure 2:  General arrangement layout of Project area 
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Figure 3:  Proposed infrastructure outside the project area 
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5 EXISTING ENVIRONMENT 

5.1 Climate 

The East Gippsland Regional Catchment Strategy notes that East Gippsland is generally 

sheltered by topography from both the winter cold fronts and the rain-bearing north-

westerly winds that produce precipitation over the Great Dividing Range. However, low 

pressure systems off the east coast can be responsible for extremely heavy rainfall 

events in East Gippsland. These events may bring rainfall in excess of 100 mm in 24 

hours, with East Gippsland having the greatest frequency of 24-hour rainfall in excess 

of 75 mm in Victoria. 

This rainfall variability gives rise to droughts and floods that have an effect on waterway 

health, and fire and land management. There is potential for this variability to further 

increase under the influence of climate change. For dryland cropping (and pastures), 

reductions in rainfall and increases in evaporation are expected to directly contribute 

to reductions in soil moisture and in pasture productivity. 

Monthly data for the Fingerboards site show that monthly rain is relatively constant 

throughout the year.  However, monthly evaporation potential varies considerably, with 

several months (May – July) in which rainfall exceeds evaporation.  As temperatures 

rise into summer, evaporation potential increases strongly, and crops and pastures will 

frequently be under significant water stress during the summer months. Monthly 

meteorological averages are presented in Figure 4. 

Capacity of the soils to store water – both from the wet winter period and also from 

occasional large rainfall events during summer – is critical for pasture productivity and 

continuity of fodder production during the summer months when evaporative demand 

is high.  Dairy Australia notes that “In the typical southern Australian dryland perennial 

ryegrass based dairy system, there is a summer feed gap when ryegrass growth 

declines due to high temperatures and frequent water stress2.” 

This feed gap is exacerbated by reliance on winter-active species, with inclusion of 

more summer-active grasses and legumes being widely considered to increase annual 

pasture production.  In such situations, the amount of stored water retained in the soil 

after winter could have significant impact on pasture production during spring and 

early summer. 

 

Key climate-related factors to be considered in rehabilitation planning are: 

 Potential for high-erosivity rainfall events in summer. 

 The importance of maximising soil water storage capacity to take advantage of 

winter rain and heavy summer rainfall events, reduce impact of dry periods, and 

maximise pasture productivity and ground cover in summer. 

 

2 https://www.dairyaustralia.com.au/-/media/dairyaustralia/.../millet-and-sorghum.ashx 
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Figure 4: BoM Monthly Pan Evaporation Gridded Data for the site (-37.787711, 
147.33622); and BoM Monthly rainfall data for 85050 Lindenow (-37.8010, 
147.4578), ~11km from the site (-37.787711, 147.33622). Data for 1897-2015. 

 

5.2 Geomorphology 

The geomorphology of the project area is discussed in detail in the Fingerboards 

Mineral Sands Project Background Paper: Geomorphology and Geology (Rosengren 

2017), which describes the following nine geomorphological categories present in the 

project area: 

 High Ridges 

 Upper Planar Surfaces 

 Streams 

 Valley Heads 

 Valley Slopes 

 Alluvial and Colluvial Fans 

 Channels 

 Floodplains 

 Alluvial Terraces 

For the purposes of rehabilitation, these landform units can be condensed into four 

key functional landform zones within which vegetation, final land use, rehabilitation 

strategies will be closely linked (Figure 5).  They are: 

 Plateau – upper planar surface of the project area, area of low gradient; 

 Swales (broad flow paths) draining the plateau – not described by Rosengren 

but obviously important drainage pathways for runoff draining from the upper 

planar surface to the channels; 

 Valley slopes - steeper outer faces of the plateau adjoining channels; and 

 Flow channels (ephemeral creeks) draining the area. 
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Figure 5: View of plateau in Fingerboards area, with various landform zones 
within the landscape indicated 

 

Of these four functional landform zones, two (Valley Slopes and Flow Channels) could 

be considered to have some potential for erosion by water, whereas the lower gradient 

plateau and swale areas have relatively low potential for erosion by water.   

For the Valley Slopes, key risk factors are: 

 Relatively steep gradient; and 

 Grazing (which reduces surface vegetation cover and disturbs surface soil) 

Undercutting at the toe of some slopes appears to be a potential issue in one or two 

areas. 

For the Flow Channels, the key risk factors include the occasionally large flows 

conveyed, the lack of riparian vegetation, and the impact of grazing on surface 

vegetation cover and soil disturbance.  

Despite the risk factors observed, the existing occurrence of accelerated erosion in 

these landform zones is not widespread, and if these risk factors are effectively 

controlled, the rehabilitated landforms can be expected to be similarly stable.  An 

assessment by Water Technology (2020a) found that the existing environment is 

relatively stable, noting that “The waterways assessed as part of this project were in 

remarkably good condition considering their steep grade and the degree to which the 

catchments have been exposed to intense agriculture. The gullies and creeks were all very 

deep and steep. Incision through knickpoint migration and scour was common but did 

not appear to be occurring rapidly.” 
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Flow 
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5.3 Soils 

Previous 1:100 000 mapping of the region3 by the Victorian Department of Agriculture 

had indicated that the predominant soil types in the Fingerboards area are Sodosols 

and Podosols (Figures 6 and 7), respectively: 

 texture contrast soils (Sodosols) with acidic, sandy, surface horizons overlying 

sodic, higher-clay subsoils; and 

 sandy soils (Podosols) of reasonably uniform texture throughout the profile, 

acid pH, and almost all non-sodic, overlying gravel, with soil depth to gravel 

varying from shallow to deep. 

A soil assessment at the site (Landloch 2020a) was carried out to provide information 

for: 

 Characterisation of the main soil types; 

 Planning of topsoil stripping and amendment; 

 Identification of current site constraints to be addressed during rehabilitation 

works; 

 Information on the likely remedial measures to be investigated prior to 

commencement of rehabilitation works; and 

 Information on likely rehabilitation strategies and targets. 

This Landloch assessment confirmed the site soils to be Sodosols and Podosols. 

Location of these two soil forms relative to position in the landscape demonstrated 

that the texture contrast soils (Sodosols) are largely associated with the plateau tops, 

and the Podosols are largely associated with adjoining slopes and flow lines.  

Clear identification and delineation of locations of the two soil forms was not, however, 

considered critical for soil management for rehabilitation, as: 

 In both soil forms, the subsoil was of low chemical and/or physical fertility, and 

was not planned to be recovered for placement in rehabilitation operations; 

and 

 The surface soil (A horizon) was broadly consistent in texture and chemical 

fertility across both soil forms, and would be stripped to either 300 mm or to 

the depth of either gravel or heavy clay B horizon, which ever was encountered 

first.   

Limiting stripping of surface soil to a depth of 300 mm was recommended, as deeper 

soil (irrespective of texture) is low in nutrients and organic matter, and of no greater 

value for rehabilitation purposes than the subsoil material options currently being 

researched. 

 

 

3 Soils and landforms of the Bairnsdale and Dargo Region, Agriculture Victoria.  

http://vro.agriculture.vic.gov.au/dpi/vro/egregn.nsf/0d08cd6930912d1e4a2567d2002579cb/e

g_soil_bairnsdale_dargo.   The information is a revision of:  Ian Sargeant and Julianne Sargeant 

(2005) Sustainable Soil Management: A reference manual to the major agricultural soil of the 

Bairnsdale and Dargo Regions. Department of Primary Industries, Bairnsdale, Victoria. 
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Figure 6:  View of sampled sodosol profile and data for clay content, pH, and 
Exchangeable sodium percentage (ESP) across the 5 depths sampled. 
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Figure 7:  View of sampled shallow podosol profile and data for clay content, 
pH, and Exchangeable sodium percentage (ESP) across the 3 depths sampled. 

 

Soil analytical data from all depths studied showed a number of inherent limitations to 

plant growth that could be considered characteristic of the site (Landloch 2020a), and 

these are discussed in greater detail in Section 4.7. These soils are clearly not suitable 

for agriculture, and are likely to be of low-moderate productivity only for grazing uses.   
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5.4 Land Use 

Land use in the project area is predominantly low-intensity grazing, with some forestry 

(exotic Pinus species and Tasmanian blue gum) in the south-western corner (Matrix 

Planning Australia 2020).   

This is consistent with a more general description of the East Gippsland area, which 

notes “... soils are generally low in organic matter content, are lightly textured and prone 

to erosion. The lowlands in this part of the region are characterised by soils of uniform 

texture contrast. These lowlands, which represent the majority of freehold land in the 

region, are mainly used for broad scale grazing of sheep and cattle, with intensive 

horticulture and cropping being limited to the more fertile soils found in the river valleys 

and on the Redgum Plains.”  (East Gippsland Catchment Management Authority 2013). 

Intensive agriculture/horticulture is present to the north-east of the project area, on 

the deeper and more fertile soils of the floodplain of the Mitchell River, but not within 

the project area.  In the general area of the Fingerboards plateau, there are areas that 

have visibly been tilled for cropping in the past, but – as would be expected for sandy 

soils of low chemical and physical fertility – cropping is not a significant or sustainable 

component of land use on the plateau area. 

5.5 Vegetation 

Assessment of the project area by EHP (2020) reports that it contains “large areas of 

improved pastures and derived native grasslands, scattered patches of remnant 

vegetation and regrowth from past clearing.  A timber plantation is also present within 

the western section of the study area, encompassing approximately 450 ha (~29%) of the 

site.   

The majority (1,511 ha or 90%) of land surveyed within the study area is classified as 

modified and disturbed (including the timber plantation).  The remaining areas support 

native vegetation, which is concentrated around roadsides and the dissecting gullies.” 

Patches of Plains Grassy Forest (EVC 151) and Plains Grassy Woodland (EVC 55) are 

present in road reserves, with gullies on the eastern side of the study area supporting 

Plains Grassy Forest and Valley Grassy Forest (EVC 47) communities. Remnant trees 

scattered through the area are predominantly Gippsland Red Gums (Eucalyptus 

tereticornis subsp. mediana), Red Box (E. polyanthus), and White Stringybarks (E. 

globoidea) (EHP 2020). 

Relevant information on the ecosystems identified is shown in Appendix 1. 

5.6 Soil and site hydrology 

Relative to conditions prior to European settlement, the current (grazing) land use and 

associated clearing of native vegetation can be expected to have resulted in: 

 Increased rates of surface runoff; 

 Increased rates of drainage to depth; and 

 Reduced water use by vegetation. 

The relatively low water storage capacity of the soil means that potential for 

exceedance of water storage capacity and resultant drainage to depth below the root 
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zone could be relatively high (Yee Yet and Silburn 2003), unless there is deep-rooted 

(tree) vegetation present to extract water from greater depths and to transpire water 

more consistently through all seasons of the year.  Consequently, reduction of tree 

cover can be expected to have both increased deep drainage and reduced plant water 

use.  Within the mine footprint, the maximum water table elevation is 45 m RL 

(EMM,2020b) and the minimum pit floor elevation is 59m RL.  Therefore, the local 

groundwater levels are located below the ore body and are unlikely to affect the 

stability of current or future landforms. 

Relative to pre-European settlement, increased surface runoff is likely, due to a 

combination of factors including reductions in tree cover, surface compaction by 

vehicles and hoofed animals, and potential for water movement to depth to be limited 

by an impermeable subsoil or a bleached A2 horizon. 

Overall, these changes over the previous 100-200 years will have increased the 

potential for the landscape to undergo increased erosion, with larger flows in gullies, 

and potential for wet (seepage) zones from perched water tables to provide additional 

points for incision to commence at gully heads or on sideslopes.  As has been reported 

widely for Australian rangelands, poorly managed and degraded areas produce higher 

volumes of runoff than do well-managed areas. 

Nonetheless, Rosengren (2017) reports “Limited development of active gullies” for the 

project area, indicating that – to date - the impact of land use changes on landscape 

stability has not been great.  That may indicate some resilience of the current 

landforms, but – for successful rehabilitation – practices that reduce, or at the very least 

do not exacerbate the impacts of historic land use changes – are clearly desirable to 

reduce risks to landscape stability.  Similarly, the assessment by Water Technology 

(2020a) (referred to previously) noted that the waterways are in remarkably good 

condition. 

5.7 Limiting soil factors for site rehabilitation 

A major requirement for rehabilitation will be to replace a soil that is at least as 

productive as that currently present – though preferably with higher chemical and 

physical fertility in areas where biomass production is a high priority.   

Preliminary soil analysis (Landloch 2020a) showed that although the soils in the project 

area have considerable variation in properties, there are a number of inherent 

constraints to plant growth that occur sufficiently consistently to be considered 

characteristic of the site.  Although some soil constraints may require further 

investigation and development of rehabilitation methods, most chemical constraints 

can be addressed with straightforward amendment of the materials using well-

developed soil and agronomic principles and methods, such as addition of fertilisers 

to address deficiencies, amendments (lime and gypsum) to address pH and cation 

imbalances, and (where available) organic materials to increase soil organic matter and 

provide nutrients in more slowly-available forms. 

Current widespread physical limitations associated with subsoils appear to be best 

addressed by replacing the existing subsoils with a layer of alternative material that will 

be more physically and chemically productive.  Research will be needed to identify 
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appropriate materials for subsoil replacement, and to identify amelioration 

requirements and practices to ensure suitable “subsoil” performance. 

Properties of soil currently on the site that would consistently limit plant growth are: 

 Acidity – Approximately half the surface soils were found to be largely strongly to 

very strongly acid, with pH (in CaCl2) <5, and with levels of exchangeable 

aluminium in some topsoil samples that could be expected to have impacts on 

plant growth (exchangeable aluminium ranging from ~20% to ~43%).   

 

 Sodicity - Exchangeable sodium levels in surface soil are not particularly high (with 

a large proportion being <6%4).  As well, the surface soil clay content is largely in 

the order of 10%, which is generally the lower limit at which clay dispersion is 

considered to be of concern. Nonetheless, the Electro-chemical Stability Index of 

the surface and sub-surface soil is low (less than the critical value of 0.05), 

indicating that there is some potential for dispersion and hardsetting because soil 

solution concentrations are very low.  

 

 Subsoil limitations – for both Podosols and Sodosols, the subsoils represent 

considerable constraints to productivity.  For the Sodosols, the subsoils composed 

of dispersive clay are hardsetting and impermeable, preventing both root 

penetration and water entry, creating, effectively, a quite shallow soil.  For the 

Podosols, root penetration to depth will be greater, but the chemical and physical 

fertility of the sandy/gravel layers will be low. 

 

 Low water holding capacity due to sandy texture of surface soils (and in many 

cases, sub-surface soils as well).  For soils with sand or loamy sand texture (such 

as the surface soils of both the Podosols and Sodosols found in the project area), 

plant available water storage is typically 4 mm per 10 cm depth (DILGPQ 2014 – 

see Appendix 2). For a 30 cm deep layer, that equates to a Plant Available Water 

Capacity (PAWC) of 12mm, which is unlikely to sustain plant growth for more than 

short periods in summer, with daily Pan Evaporation exceeding 3 mm per day in 

the period October to March.  Although roots will penetrate deeper into Podosols 

than Sodosols, the sandy/gravelly subsoils have quite low PAWC and overall profile 

water storage capacity is low. 

 

 Spatially variable deficiencies in P and K – previous soil analysis found deficiencies 

in P and K are pronounced in approximately 20% of samples, and marginal in a 

further 30-50% of samples, meaning that deficiencies are spatially variable but 

reasonably common and are likely to restrict plant regrowth.  

 

 Trace element (B, Cu) deficiencies – deficiencies in boron and copper were also 

found across the site and will cause limitations to plant growth and diversity.  

 

 

4 Generally, soils with exchangeable sodium >6% of exchangeable cations are classed as “sodic”. 
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Other deficiencies or limitations may be identified for specific small areas of soil, to be 

identified by on-going soil sampling and analysis and rectified as part of rehabilitation 

works. 

5.8 Geology and properties of excavated materials 

The project will excavate mineral bearing sands of the Coongulmerang Formation, 

which comprises predominantly fine-grained silty sands, which Kalbar Operations have 

subdivided into five units from a grade perspective but which are geotechnically very 

similar.  These units are shown in Figure 8, and are: 

US – upper sands 

USA – Upper Sands A 

USM – Upper Sands Marker 

MARK – Marker Unit 

SM – Sub Marker 

LS – Lower sands. 

These are overlain by the Haunted Hills Formation (HHF), which is a fluvial deposit 

comprising two distinct units: a lower gravel unit, and an upper clay and sandy clay 

unit.   

Overlying the Haunted Hills Formation are dune deposits of silty sand, and alluvium.   

A geological cross-section provided by Kalbar Operations is shown in Figure 8. 

 

Figure 8: Geological North-South Cross-Section at 529550E, Looking East 
(Figure: Kalbar Operations) 
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For the purposes of site rehabilitation planning, materials to be placed and 

rehabilitated are represented by the following horizons: 

 Topsoil, which will require management for plant regrowth (crop/pasture or 

native species). 

 Subsoil, overburden (HHF) and ore materials, which will require management 

to achieve suitable rehabilitation outcomes.  Overburden will be generated in 

significantly larger quantities than topsoil/subsoil. 

 Processed ore, which will be returned to the pit as fine and coarse sand tailings 

following extraction of the heavy mineral concentrate. 

Volumes of those key horizons are shown in Table 3. 

 

Table 3:  Volumes of the key excavated materials 

Material Thickness (m) 

Average 

Volume 

Moved (m3) 

per annum 

Minimum 

Volume 

Moved (m3) 

per annum 

Maximum 

Volume 

Moved (m3) 

per annum 

Topsoil 0.2-0.3 312,651 133,725 497,802 

Overburden Up to 30 14,324,594 7,834,826 19,019,410 

Sand 

tailings 
Not Applicable 5,598,538 3,270,941 6,179,890 

Fine tailings Not Applicable 1,560,222 911,558 1,722,235 

 

Chemical properties (measured by a NATA accredited soils laboratory) of several of the 

waste streams are shown in Table 4.  Note that – particularly for the HHF samples – the 

sampling done was not extensive and there may be some variation from the measured 

properties as the HHF layer is excavated5.  (Continued monitoring of HHF waste 

properties will be a necessary part of mine/rehabilitation management, though the 

level of sampling and measurement will undoubtedly be adjusted as more information 

becomes available.) 

Samples of fine and sand tailings were provided from materials produced when 

processing a 10 tonne bulk sample during 2017 metallurgical test work. 

Cells shaded yellow (Table 4) indicate material properties that are of concern (because 

of potential to cause clay dispersion) and that will need to be addressed through 

addition of gypsum during rehabilitation works if the material is placed within the 

surface metre of the rehabilitated profile. 

Importantly, the samples show salinity levels (as indicated by Electrical Conductivity 

(EC)) that range from “low” to “medium” in terms of plant growth potential (Hazelton 

and Murphy 2007), which indicates that the materials do not contain high 

concentrations of stored salinity that could be mobilised over prolonged periods.  

 

5 Gravelly Sand was a bulk composite from 3 sonic drill holes from the 2017 sonic program. 

Silty Clay layer was a composite of core from the 2016 and 2017 aircore program 
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Consequently, it can be concluded that any stockpiles or areas of waste will not 

generate significant saline seepage or leachate. 

The potential for Acid and Metalliferous Drainage (AMD) to be generated by excavated 

materials has been investigated through a geochemical leachability study undertaken 

by EGI (2020) and concluded to be not of concern.  Key points include: 

 the mine site is not predicted to contain coastal acid sulphate soils based on 

studies conducted by Agriculture Victoria; 

 the Haunted Hill formation (overburden) has existed above the water table for 

at least 200 Ma, and therefore has been subjected to unsaturated/oxidised 

conditions which are not conducive to forming acid sulphate soils; and 

 sulphur content within the overburden and ore zones is low, giving the soil low 

acid-forming potential. Examination of the ore via X-ray diffraction (XRD) also 

did not find any evidence of pyrite, although the limit of detection is relatively 

high compared to the low sulphur content identified. 

 

Groundwater investigations (EMM 2020b) indicate that the local water table lies 

approximately 30 metres below the ore body (as shown in Figure 8).   

 

Table 4:  Chemical properties of the various wastes  

Analyses Unit 
Sand/Clay 

HHF 
Gravel 
HHF 

Sand 
tailings 

Fine 
tailings 

pH - Water pH units 6.02 7.52 7.38 7.85 

Electrical 
Conductivity (EC) 
that range from  

dS/m 
0.31 0.44 0.03 0.09 

Chloride mg/kg 310 484 19 65 

Cation Extraction 
Method 

Rayment& 
Lyons 

15A2 15C1 15C1 15C1 

Cation Exchange 
Capacity 

meq/100g 
6.7 4.9 0.8 2.7 

Exch. Calcium  % 5.5 7.3 41.5 33.2 

Exch. Magnesium  % 71.6 65.0 20.8 51.1 

Exch. Potassium  % 2.3 4.2 25.5 6.7 

Exch. Sodium  % 20.3 23.3 10.8 8.5 

Exch. Aluminium % 0.17 0.23 1.41 0.41 

Calcium/Magnesium 
Ratio 

- 
0.1 0.1 2.0 0.7 

Gravel >2.0mm % 26.9 25.9 0.0 0.0 

Coarse Sand 0.2-
2.0mm % 

22.7 38.9 0.3 0.0 

Fine Sand 0.02-
0.2mm % 

29.9 18.4 95.4 36.6 

Silt 0.002-0.02mm % 5.2 3.3 1.1 22.3 

Clay <0.002mm % 15.3 13.5 0.9 41.1 

Note:  Gravel HHF sample had 54% by weight of particles >20 mm removed prior to 

analysis. 
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6 MINING SEQUENCE AND PROGRESSIVE REHABILITATION 

6.1 Mining sequence 

Mining will move progressively, with topsoil and overburden layers being removed, 

hauled, then placed to the rear of the void in the same vertical order they were 

removed. After topsoil and overburden removal, ore will be mined and, in steady state 

operations, the tailings from ore treatment will be placed back into the void in the form 

of sand tailings and fines tailings. The mining sequence is illustrated in Figure 9  In the 

early years of operation, fines tailings will be placed in an off path tailings storage 

facility, but this will be replaced by in-pit tailings operations as the continuing mining 

operations present sufficient space to do so.  

Mining will move progressively over the plateau, with rehabilitation works being carried 

out progressively to minimise stockpile areas of overburden and topsoil (as shown in 

Figures 10-15). It is anticipated that on average, 80 ha of rehabilitation will be carried 

out each year, but the area will be variable as new fines tailings cells withhold areas for 

rehabilitation and completed fines tailings cells allow additional areas for rehabilitation.  

Mining will cross all waterways on the mine footprint, and significant structures are 

required to ensure mine-contacted water will only be released to fluvial systems via 

approved and controlled discharge or, on a rare 1% AEP event, via spillway discharge. 

A separate Surface Hydrology report (EMM, 2020a) will outline the planning for the 

structures required.   

Undisturbed surface flow water from upstream of the mining area will be captured in 

in-stream dams and piped by bypass pipelines to be discharged downstream of mining 

infrastructure.  This activity is considered adequate to maintain existing plant 

communities downstream of the mining activities. 

Several schedule attempts were made to define a designed rehabilitated topography 

surface and mine scheduling combination that allows sufficient void space for all 

mining activity, reduces stockpiling to a practicable limit, backfills final voids and allows 

void space and time for road construction and relocation.  The successful schedule 

identified that: 

 Perry Gully requires filling and lifting to a hill in the early years of production, 

 An off path fines tailings storage facility is required in years 1 to 4, 

 The Honeysuckle Creek Valley requires widening at the base to allow filling of 

final voids, and 

 A significant overburden and sand tailings temporary stockpile is required to 

be built in mid mine life, with later additions (Figure 15). It also provides void 

filling capacity for mine closure. 

The mine schedule allows sufficient overburden to fill the final cells and restore surface 

contours at the end of mining.  At that time, the majority of the project area will have 

been progressively rehabilitated, with closure involving rehabilitation of the final pits 

and removal of infrastructure. Approximately 360 ha will be rehabilitated as part of 

closure works. 
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Figure 9: Summary of mining, overburden and tailings replacement and 
rehabilitation process (from Kalbar Operations) (arrow indicating movement of 
materials as opposed to the progression of mining). 

 

6.2 Profile reconstruction 

The likely sequence of profile reconstruction for areas with fine tailings cells is: 

1. Construction of Sand tailings toe bunds 

2. Placement of Sand Tailings 

3. Placement of Overburden while creating tailings cells 

4. Placement of Fine Tailings 

5. Shape or mine consolidated fine tailings to design profile shape including 

provision for drainage through the consolidated fine tailings 

6. Fill to topographic profile with overburden – mix subsoil 300mm to 900mm 

below surface 

7. Topsoil – typically 200-300 mm depth 

8. Revegetate 

 

For areas outside the tailings cells, the sequence of profile construction will be: 

1. Sand tailings toe bunds 

2. Sand Tailings 

3. Fill to topographic profile with overburden – mix subsoil 300mm to 900mm 

below surface 

4. Topsoil – typically 200-300 mm depth 

5. Revegetate 
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6.2.1 Subsoil 

A manufactured subsoil will be used to augment the existing topsoil materials to 

provide a more productive medium for plant growth. The subsoil material will be 

composed of some combination of fine and coarse tailings or overburden and coarse 

tailings, mixed and ripped to form a subsoil layer approximately 0.6 to 0.8 metre thick 

with suitable permeability and water holding capacity. Initial trials (as discussed in 

Section 7.14) have investigated optimal mixing ratios and rates of amendments (e.g., 

gypsum, fertilisers, organic material) to optimise performance of the manufactured 

subsoil, and the current plans for material placement have incorporated that 

information, though further studies may carried out to provide greater detail. Findings 

to date indicate that a mixture of fine and coarse tailings will have suitable properties 

to be used as a growth medium (Landloch 2020b), and use of variously managed 

overburden is also practicable (Landloch 2020c). 

The specific mixtures adopted will aim to increase water and nutrient holding capacity 

of the subsoil horizon, and potentially greatly increase the resilience of vegetation 

established on the re-constructed soils. 

6.2.2 Variation in profile design in response to landform position 

For areas on higher gradient with greater erosion risk (valley slopes), it is planned to 

place topsoil directly over gravelly overburden as shown in Figure 16.   

The overburden will be treated with gypsum to address high levels of sodium and 

magnesium in the surface 0.5 metres, and the topsoil will be lightly ripped into the 

overburden surface, with amendment and fertiliser used to ensure vigorous 

establishment of grass, trees, and shrubs.  The resulting gravelly surface will be more 

erosion resistant, and the profile formed will not be susceptible to tunnel erosion due 

to: 

 Amendment to prevent clay dispersion in the surface 0.5 metre of overburden; 

 Mixing of topsoil into the surface of the overburden layer to eliminate the 

layering require to establish lateral seepage flows (see Sections 6.5.7 – 6.5.9).   

Depending on initial assessments, the depth of the topsoil layer placed may be 

increased (and topsoil stripping depth increased accordingly) where soils in the area 

are Podosols. 

6.2.3 Tailings placement 

It is expected that in addition to overburden backfill, approximately 10 metres of coarse 

tailings will be placed over all areas, and up to 8 metres of fine tailings will be placed 

at spaced locations during backfilling. The fine tailings material is prone to hardsetting 

when dried and is expected to restrict deep drainage. Fine tailings should be placed at 

a minimum depth of 3 metres 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 fine tailings with other materials may be placed closer to the surface, 

provided such mixtures are of appropriate permeability.) 

During pouring, the toe of the sand tailings interface (the closest approach of sand 

tailings to the outer slope) will be no closer than vertically below the crest of the 
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ultimate slope (Mining One, 2020).  Under most slopes on site, this will be a minimum 

of 40m from the down slope at the pit edge.  The sand tailings are isolated from the 

slopes by a toe bund and by a pit perimeter bund. Also, regular inspections will take 

place as they are also necessary for normal operations.  Sand tailings drain quickly with 

assistance from floor drainage and once drained they are quite stable. Once grass and 

trees are established over a “subsoil’ of increased water holding capacity, water use by 

vegetation will minimise deep drainage of water into the sand tailings layer. Also, as 

shown in Figure 16, the higher density of deep-rooted trees on the outer parts of the 

plateau will act to extract water from the sand tailings layer and minimise potential for 

seepage to exit on the steep outer slopes. 

Fine tailings will be placed a minimum of 40 m from the pit slope and are protected by 

a substantial perimeter wall and the pit perimeter bund.  Operations methodology will 

also decrease any risk of spillage.  
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Figure 10: Sequence of mining and rehabilitation progress across life of project – Year 1 
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Figure 11: Sequence of mining and rehabilitation progress across life of project – Year 5 
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Figure 12: Sequence of mining and rehabilitation progress across life of project – Year 8 
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Figure 13: Sequence of mining and rehabilitation progress across life of project – Year 12 
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Figure 14: Sequence of mining and rehabilitation progress across life of project – Year 15 
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Figure 15: Sequence of mining and rehabilitation progress across life of project – Year 18. 
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Figure 16: Conceptual rehabilitation profile cross section (Figure from Kalbar Operations). Note tree densities are consistent with the 
section representing a 10m wide strip. 
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6.2.4 Geotechnical considerations 

An initial geotechnical assessment of the proposed slopes to be constructed bordering 

the gullies (Mining One 2020) produced a range of recommendations to ensure 

stability of constructed slopes, including a requirement for use of HHF gravels both as 

a base for outer slopes of the landform and to construct the full depth of batter slopes 

where the slope angle exceeds 1:4. 

Some further geotechnical and geomorphological assessment of construction plans is 

recommended once the project commences. 

6.2.5 Potential impacts of post-placement settlement 

Potential for differential settlement of the reconstructed landform following 

construction and rehabilitation could create issues with, for example, areas of ponding 

and some diversion and concentration of overland flow.  This is particularly the case 

where the placed materials not only differ in properties and rates of consolidation, but 

also in the depths of those materials placed at different points of the landform, as 

shown in Figure 16).  

Post-closure settlement was assessed by T.R. Osborne (report dated 12/9/2019), who 

reported that: 

 Settlement of sand tailings will be largely complete by the time overburden 

placement is complete; 

 Consolidation of fine tailings is likely to be largely complete within 12 months 

after placement; and 

 Overburden will be compacted during placement and little further settlement 

will occur.   

This indicates that the material most likely to show post-placement settlement is fine 

tailings, with a maximum potential total depth change of ~1.4 m. 

In practice, the lower, earlier layers of fine tailings will be placed at least three months 

before the final layer is consolidated. Also, placement of overburden, subsoil, and 

topsoil is likely to take approximately 4-6 months after fine tailings placement and 

surface consolidation by amphirole is completed  (S. Thomas, Kalbar, pers. comm.).   

Consequently, it is likely that the majority of fine tailings settlement will have occurred 

by the time rehabilitation works are carried out, and subsequent further settlement 

may not be large.   

Nonetheless, as it is essential that surface runoff on the final landform drains evenly, 

with no areas of ponding and minimal diversion and concentration of flow at any point, 

initial rehabilitation works should: 

a) Make provision for approximately 0.5 m of settlement in areas overlying fine 

tailings storages by placing additional material in those areas; 

b) Monitor surface elevation change for a minimum of 1 year following 

rehabilitation works; 

c) Have provision for placement of additional material – if needed – to fill any 

depressions resulting from settlement in initially rehabilitated areas; and 
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d) Use the measured amount of settlement to establish guidelines for material 

placement for all future rehabilitation works. 

6.3 Progression of mining and material placement 

In general, rehabilitation works will aim to achieve stability of the various landform 

domains by: 

 Re-creating slopes of similar or lower gradient – in particular for areas of higher 

gradient (>10%) which represent greatest erosion risk.  Some slight increase in 

gradient may occur in areas where gradient is low (generally <5%); 

 Ensuring that flow concentration at points on the landform is no greater than 

currently occurs; 

 Maximising surface vegetative cover; and 

 Reducing surface runoff and deep drainage by maximising water use by 

vegetation. 

Effectively, rehabilitation will aim to ensure that all landform/soil surface properties 

associated with landform stability are at similar or higher (greater stability) levels than 

pre-mining.  (This is shown in greater detail in Section 6.6 and Figures 28-31.) The 

closure and rehabilitation plan shows that the final surface elevations of parts of the 

rehabilitated surfaces - especially around the central plateau area - will be significantly 

higher than the pre-mining surface.  This is sufficient to accommodate any increase in 

the volume of backfilled material without affecting gradients in key areas. 

It should be noted that: 

 Mineral sand mines have a much lower level of swell than do hard rock mines.  

The subsurface materials that will be mined by the Fingerboards project consist 

entirely of alluvial materials. 

 The vast majority of material mined will be placed back in pit and compacted 

both by the equipment driving over it and by the weight of material placed 

above it.  The material which swells most is the gravelly Haunted Hill Formation 

which is not expected to swell by greater than 7%. Substantially less swell than 

this is expected for the remaining majority of materials.  In addition, the removal 

of HMC product will offset the swelling by approximately 2.5%.  The remaining 

swell is accommodated by lifting the topography. 

7 REHABILITATION STRATEGIES AND METHODS 

7.1 Goals 

The overarching goals for the Fingerboards Project’s rehabilitation program are to 

establish conditions that are: 

 Safe to humans and the environment; 

 Non-polluting; 

 Geotechnically and erosionally stable; and 

 Able to sustain post-mining land uses agreed with stakeholders. 

More specifically, rehabilitation planning aims to return a landscape that integrates: 
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 Climate; 

 Soil; 

 Landform; 

 Vegetation; and  

 Land use 

to achieve the above broad goals, while at the same time addressing more specific 

goals associated with stakeholder expectations.   

7.2 Rehabilitation overview and identification of functional zones 

Rehabilitation will aim to return a significant proportion of the land to its original land 

use.  For rehabilitation planning, the landscape has been divided into six (6) 

rehabilitation zones on the basis of landform, intended final land use, and perceived 

interactions between land use, vegetation, and landform.   

Rehabilitation zones are described in Table 5 and shown in Figures 17 to 22.  The table 

also lists challenges and priorities for each zone, as – for each zone – vegetation and 

land use have been integrated to address those priorities and challenges.  Effectively, 

the table considers the relationships between upslope and lower slope areas and aims 

to both minimise downslope impacts and to manage surface and subsurface impacts 

from upslope areas. 

Greater detail on species composition and target planting rates and densities is given 

in Appendix 4.  Obviously, those planting rates may be subject to modification on the 

basis of initial rehabilitation experience and site conditions. 

The primary objective for all rehabilitation will be stability and establishing resilient 

vegetative groundcover to control erosion, but – to meet stakeholder expectations – 

there are other goals to be addressed.  

Infrastructure areas outside the project area will be rehabilitated during construction 

and when assets are decommissioned, to a vegetation community consistent with 

surrounding areas, being mindful of soil properties, future use, drainage and 

vegetation.   

There will be approximately 20 ha of rehabilitation works carried out on gully edges 

prior to mining to increase flow line stability, but that area is not considered further in 

this document. 
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Table 5: Summary of rehabilitation/closure zones: 

Zone 

code 

Rehabilitation 

Zone Name 

Zone area 

(ha) (%) 

Final Land 

Use/ecosystem 

Description/example Challenges and priorities  

A Plateau grazing 696 

(54.3%) 

Grazing/pasture Large area of open woodland, native 

and improved pasture on broad 

undulating plateau top. 

Promoting biomass productivity and resilience to 

achieve pasture productivity equivalent to or better 

than pre-mining condition by improving soil chemical 

and physical fertility. 

Maximise surface cover and minimising runoff and 

deep drainage. 

B Swales and 

plateau edges 

116   

(9%) 

Limited grazing Relatively small area bordering 

plateau slopes where gradients begin 

to increase and runoff flows 

concentrate prior to discharge onto 

plateau slopes, supporting native 

trees and shrubs and native and 

exotic grasses. 

Maintaining adequate levels of groundcover to 

minimise surface erosion, and increased density of 

trees to maximise water use from deeper layers.  

Grazing in these areas may be limited in early stages of 

development, or excluded until trees are mature 

enough to avid damage by stock. 

C Valley slopes 200 

(15.6%) 

Grazing exclusion 

for stability 

Native vegetation (trees, shrubs, 

groundcover species and exotic and 

native grasses) on more steeply 

sloping plateau edges. 

Maintaining adequate levels of groundcover to 

minimise surface erosion.  Moderate density of trees to 

maximise water use from deeper layers and minimise 

any potential for seepage to occur on slopes.  Grazing 

is likely to be excluded from these areas due to their 

higher erosion risk. 

D Channels 32 

(2.5%) 

Riparian drainage 

lines 

Riparian zones of existing and re-

established drainage lines, vegetated 

with native riparian tree, shrub and 

ground cover species. 

Maximising stability through increased hydraulic 

roughness from riparian vegetation and higher surface 

cover.  Grazing is likely to be excluded from these 

areas, consistent with typical management practices 

for riparian zones. 

E Native grass 

woodland 

205 

(16%) 

Native 

conservation area 

Composite native grassy woodland in 

western part of Project Area broadly 

consistent with EVC 55: Plains Grassy 

Woodland, Valley Grassy Forest, and 

Lowland Herb-rich Forest (Appendix 

1).  Located on plateau landform. 

Maintaining adequate levels of groundcover, 

promoting biodiversity. 
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F Road Verge 33 

(2.6%) 

Functional, low 

maintenance, high 

amenity native 

ground layer 

vegetation 

Verges of realigned public roads 

vegetated with predominantly native 

grass with low-density trees and 

shrubs. 

Maintaining adequate levels of groundcover, 

minimising erosion, and avoiding impacts to function 

and safety of roads.  Potential to be managed for bush 

fire control. 
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Figure 17: Layout of closure land uses.



 

 
Fingerboards Mineral Sands Project - Rehabilitation | 51 

 

Figure 18: Closure land uses (rehabilitation domains) – detailed map 1 



 

 
Fingerboards Mineral Sands Project - Rehabilitation | 52 

 

Figure 19: Closure land uses (rehabilitation domains) – detailed map 2 
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Figure 20: Closure land uses (rehabilitation domains) – detailed map 3 
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Figure 21: Closure land uses (rehabilitation domains) – detailed map 4 
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Figure 22: Closure land uses (rehabilitation domains) – detailed map 5 
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In particular, the plateau top area and swales (Figure 5) currently subject to grazing 

and with low to moderate densities of trees will be largely returned to similar 

vegetation with the intent of achieving grazing animal productivity equivalent to, or 

better than, current levels.  Tree densities in areas planned for grazing land use will be 

increased slightly, particularly in the swale areas, to ensure reductions of deep drainage 

and seepage flows, and to maximise erosion stability of those areas.  Tree species 

established in those areas will be consistent with those currently present. 

The watercourses and valley slopes bordering them will be vegetated with tree and 

shrub species consistent with the Valley Grassy Forest ecosystem (EVC 47), which has 

been reported to be present in gullies on the eastern side of the project area (EHP 

2018).  It is understood that grazing of the drainage lines and valley slopes is not being 

recommended as a future land use, and exclusion fencing will be installed in 

accordance with the specifications given in Appendix 2 of the DSE’s Revegetation 

Planting Standards Guidelines (DSE 2006).  The revegetation option selected and the 

exclusion of grazing are specifically targeted to increase the stability of those two zones 

for which there is some risk of erosion being initiated unless they are managed 

appropriately6.  Increasing tree/shrub density will increase hydraulic roughness of the 

channels, thereby slowing flow velocities, and eliminating grazing by domestic stock 

will maintain surface cover at higher levels and avoid soil surface disturbance by hooves 

on both valley slopes and channels. Excluding grazing from these areas will also assist 

in maintaining and enhancing biodiversity and ecosystem function in onsite and 

downstream riparian areas.  

According to hydrological modelling, a modest increase in flow rates in the Simpson 

Gully after mine completion in the area can be expected. This, and the existing 

erosional instability in channels within and adjacent to the project area indicate a need 

to plant denser riparian vegetation well in advance of mining to establish a mature 

plant community by the time it is required.  A review of the need for similar action is 

recommended for other gullies exiting from the mine site (Water Technology, 2020a). 

For the area currently under forestry and road verges, Kalbar currently plans to 

predominantly establish some form of Native Grass Woodland (broadly consistent with 

EVC 55 – Plains Grassy Woodland, which has been identified in the project area (EHP 

2020)).  

Revegetation will be undertaken with consideration given to the recommendations in 

DSE’s Revegetation Planting Standards Guidelines (DSE 2006), however, planting 

densities would be aimed primarily at meeting stability and functionality objectives, 

which can be expected to exceed the survival targets prescribed in the Guidelines. 

7.3 Landform 

Current and post-mining views of the topography (Figures 23 to 26) demonstrate that 

the topography after mining will be integrated with existing land surfaces and contours 

and similar to the existing topography, with the exception of Perry Gully and the 

Honeysuckle Creek Valley.  (See Figure 26 for locations of all gullies/creeks.)  

 

6 Once land is returned to commercial use by a landholder, management options such as 

exclusion of grazing may not be continued, though that would be considered best practice. 
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Rehabilitation designs for gullies and creeks should be developed in consultation with, 

or assessed by, a geomorphologist to ensure consistency and integration with 

surrounding landforms.  After mining, the Perry Gully will be backfilled to 

approximately the same height as the current Clay Hill.  This will form a broad plateau 

with any runoff adding to watersheds to the north and the Simpson Gully to the south. 

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 produces 

an additional 10 million cubic metres of backfilling space to allow for sufficient void to 

undertake mining activities and reduce the size of stockpiles in the early stages of the 

mine life. 

The valley of Honeysuckle Creek at the end of the mine path has been broadened to 

reduce the overburden required to backfill the area. This allows the final mining void 

to be filled.  

At the completion of the mine life a large stockpile will remain, located north-west of 

the WCP.  This will be recovered and the sand and overburden used to backfill the 

mining void and the fresh water dam, with the result that there will be no above-

ground storages or structures left when site rehabilitation is completed. 

Hydrological modelling demonstrated the impacts of these landform changes with 

resultant erosion potential most significant on the Simpson Gully and the tributary of 

Honeysuckle Creek. Flood depths from a 1% AEP storm event are modelled to increase 

by 200mm and 150mm respectively, but increases only occur over a maximum of 2 

hours. (Water Technology, 2020b ). 
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Figure 23:  Current topography in the area of Perry and Simpson Gully. 
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Figure 24:  Planned post-mining topography in the area of Perry and Simpson Gully. 
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Figure 25: Current Topography (top) and designed rehabilitated landform (bottom) as east end advances.
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Figure 26: Current Topography (top) and designed rehabilitated landform (bottom) – view of complete project area
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7.4 Soil management for rehabilitation 

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

nearby rehabilitation areas. As discussed in Section 4.7, topsoil resources are 

commonly acidic, with deficiencies in P, K and trace elements being common.  

Consequently, the topsoils will require amelioration to improve their value as growth 

media. Regular sampling and analysis will be used to develop tailored amelioration 

programs. Where possible, ameliorants (such as lime, organic mulches, and fertilisers) 

will be spread on in-situ topsoils prior to stripping. The process of stripping, 

transporting and spreading the topsoil then provides effective mixing and allows 

ameliorants to take effect more rapidly and more effectively. It is anticipated that after 

year 3 of operations, all stripped topsoils will be directly placed on new rehabilitated 

areas, with no stockpiling required. 

Typical fertiliser/amendment applications to topsoil may include: 

 Diammonium Phosphate (DAP) with added trace elements (B, Cu) – likely 200-

300 kg/ha 

 Sulfate of Potash –  likely 50-100 kg/ha 

 Lime – likely 2-3 t/ha 

 Compost, manure, or biosolids – likely 5-10 t/ha 

Care will be taken to ensure that lime is not “over-applied”, as there is potential for 

high levels of calcium to exacerbate boron deficiency (which has been noted for 

topsoils within the project area (Landloch 2020a)).  Local research (Hamilton et al. 2015) 

indicates that there can be large responses to application of boron to deficient soils, 

but that Ca:B ratios in soil need to be managed for optimal results (Hamilton pers. 

comm.) 

Applications to subsoil may (similarly) include DAP with trace elements, Muriate of 

Potash, Gypsum, and some organic material.  Specific rates to be applied could vary 

greatly depending on the subsoil mixtures that are recommended from initial trials, 

and on the results of regular analyses of the materials used to construct the subsoils. 

A Topsoil Management Plan will be developed and implemented to document topsoil 

management practices, including a topsoil balance to track available and required 

volumes. 

Current recommendations for topsoil stripping and stockpiling (Landloch 2020a) are: 

 Prior to stripping, any tree vegetation should be cleared, but surface grass 

should be retained and mixed with the topsoil when it is stripped.   

 If the stripped topsoil is to be stockpiled for periods greater than 4 months, an 

additional 50 kg/ha of DAP (Di-ammonium Phosphate) should be spread prior 

to topsoil stripping to be mixed through the stripped soil and to encourage 

and assist with decomposition of the grass vegetation that will be mixed into 

the soil.   

 Where stockpiles will be left in position for less than 4 months, there is no 

requirement for restrictions on stockpile height.  However, where stockpiles are 

to be left in position for 4 months or longer, restriction of stockpile height to 2 

metres, and construction of flat-topped stockpiles will be required.  If there is 
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uncertainty with respect to the length of time a stockpile will be retained, then 

it should be constructed to the form recommended for greater than 4 months. 

 Vegetation should be established as soon as possible on topsoil stockpiles if 

they are to be left in position for 4 months or longer.  This will typically occur 

in response to rain on the stockpiles germinating the soil seed bank.  If the 

established vegetation is dominated by weed species, then spraying to kill 

weeds and re-seeding with desired grass and legume species will be required. 

 If erosion by wind or water is found to be an issue for stockpiles, it may be 

necessary for all stockpiles to be sprayed with some form of soil stabiliser 

immediately following their construction, and application of seed at the same 

time would be advisable. 

These recommendations may be updated as the site gains experience in topsoil 

management. 

7.5 Revegetation 

The primary goals of revegetation for the Fingerboards Project will be to establish 

vegetation that meets, or assists in meeting, both the overarching goals for the area 

(stable, sustainable, and non-polluting) and the more specific goals for each 

rehabilitation zone.  The first priority for all rehabilitation will be erosional stability, 

achieved principally by maximising vegetative groundcover. 

7.5.1 Grass and legume – broad area plantings for grazing 

For most rehabilitated areas (particularly Zones A and B (plateau grazing and swales), 

and to a lesser degree, C and D (valley slopes and channels)), grass will be an important 

component of the vegetation to be established.  To achieve sustainability of grass 

growth in areas subject to grazing, there will need to be a significant component of 

legume (clovers, for example) also sown, to ensure a continuing supply of nitrogen to 

the pasture (through N-fixation by rhizobium bacteria on legume roots) and to improve 

pasture quality for grazing.  

Species mixes for pasture areas will be developed on the basis of local experience and 

knowledge, on-going rehabilitation trials, and advice from local landholders to ensure 

compatibility with future stocking requirements.   

The species mixture should be suitable for the sandy surface soil on the site, and 

pasture species options include Ausvic LE perennial ryegrass, cocksfoot, and sub clover, 

possibly with some inclusion of summer-active tall fescue and lucerne to take 

advantage of increased soil water storage capacity and extend the effective growing 

season.  All legume seed will be inoculated with commercial rhizobium prior to sowing, 

as research (Hamilton et al. 2015) indicates that boron-deficient soils tend to be 

dominated by relatively ineffective rhizobia, which can then limit responses to applied 

boron. 

The recommended pasture seed sowing rate of 15-20 kg/ha (SPS 2018) would be 

usefully increased to 30-40 kg/ha to ensure rapid development of surface cover and to 

ensure that local weed populations present in the soil seed bank are to some degree 

“swamped” by the sown pasture.  Depending on results, that sowing rate may be able 

to be reduced on the plateau top areas, but the higher sowing rate would likely be 
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maintained in the more steeply sloping swale and valley slope areas to reduce risks of 

erosion during the early stages of vegetation establishment.   

Seeding times and rates will consider the experience and knowledge of local 

landholders and agronomists to assist in achieving maximum reliability of 

establishment, though it is noted that local “rules of thumb” do not always apply, due 

to climatic variability (Gibson-Roy et al. 2010). 

7.5.2 Native grass woodland 

Optimal revegetation methodology for the native grass woodland domain (Zone E) will 

be developed by a research and development program which will be initiated once 

operations commence, to assess: 

 Soil requirements for native grass woodland communities; 

 Impacts of existing soil seed bank (and any weed issues); 

 Potential seed sources (identified native grassland swards as well as commercial 

suppliers); 

 Seed handling and management requirements;  

 Planting methods; and 

 Maintenance requirements. 

The Rehabilitation Management Plan will be updated and refined based on the 

outcomes of this work. 

7.5.3 Establishment of trees at low or moderate densities  

In all cases, seed or seedlings sourced will, as much as possible, be provenance material 

sourced from within, or close to, the project site.  Greater information on planting 

densities for tree, shrubs, and grass-like species is given in Appendix 4. 

Zones A, E and F are planned to include some low-density trees, with some shrubs also 

included in areas E and F (which will not be subject to grazing land use and can be 

tailored more closely to local ecosystems).   

For Zone A, species to be established will be the same as those currently present - 

Gippsland Red Gums (Eucalyptus tereticornis subsp. mediana), Red Box (E. polyanthus), 

and White Stringybarks (E. globoidea) (EHP 2020).  Currently, an initial density of 20-30 

tree stems/ha is recommended, with later thinning to a density of 10-20 stems/ha.  

Although that is broadly consistent with the density of large trees recorded for EVC 55 

(Plains Grassy Woodland), there is no intent to re-establish that EVC.  (The goal for 

Zone A is to return it to a grazing land use.)   

For Zone B, a slightly higher initial density of trees will be required (50 stems/ha), with 

a final stand density of approximately 20 30 tree stems per hectare, as – although this 

area will be subject to grazing – a higher tree density to ensure greater water extraction 

from depth in the soil is highly desirable.  Tree species for this zone could be sourced 

from those typically present in EVC 55 and cover a wider range than that planted in 

Zone A.  Shrubs will also be planted in this area. 

For establishment of the lower density of trees, it is expected that tubestock plantings 

will be the most practical method of establishing the required density. 
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For Zone C, a higher target tree planting density of 500 stems/ha will be applied, 

together with 500-1000 shrub stems/ha. 

For Zones E and F, a slightly wider range of tree and shrub species could be considered, 

with species selection based on typical species associated with EVC 55. 

As stated previously, stability and erosion prevention are the primary goals for 

revegetation. High tree densities are likely to negatively impact on groundcover levels, 

which will reduce erosion protection. Therefore target tree densities will be based on 

facilitating optimum groundcover levels for erosion protection first, with ecological 

target densities a secondary consideration. 

Issues with grazing and damage by rabbits, kangaroos, and deer will need to be 

addressed.  Use of guards to protect trees from rabbits will be essential, but the need 

for protection from kangaroo and deer grazing will depend on a range of factors, 

including local populations, availability of alternative feed, and whether site operations 

deter animals’ use of the site.  Once revegetation works commence, the level of 

protection required can be assessed and suitable measures applied.  Options include 

sprays to deter grazing by kangaroos, use of larger plants that are less susceptible to 

damage, electric fencing, and site vehicle movements specifically to drive animals from 

the area.  For the lower density areas, a likely strategy is: 

 Tubestock planted either in spring to take advantage of warmer growing 

conditions or in autumn to take advantage of the wet winter; 

 Planted at approximately 20 metre spacing;  

 Supplemental irrigation as necessary to ensure survival; 

 Guards placed on tubestock to prevent damage by rabbits; and 

 Actions as necessary to control damage by kangaroos and/or deer. 

Specific methods adopted will be developed once revegetation works commence, but 

it is most likely that any strategy adopted will need to be flexible to manage variations 

in climate from year to year. 

For the higher (moderate) density of trees, and particularly where there is inclusion of 

understorey species, an alternative strategy that has been used successfully in other 

works is to spread seed to achieve a stem density significantly higher than the target, 

thereby allowing for losses due to animal damage and other causes, with thinning at a 

later date to achieve the target number of stems per hectare.  

Again, the specific methods adopted will need to be developed once revegetation 

works are commenced and the levels of damage by animals can be assessed. 

7.5.4 Higher density trees and shrubs (Zone C) 

For the steeper slopes bordering flow channels (Zone C), a higher density of trees and 

shrubs will be required.  Based on reported experience in other areas, it appears that 

trees in this area will be most effectively established by seeding to achieve a density 

significantly higher than the target, thereby allowing for losses due to animal damage 

and other causes, with thinning at a later date to achieve the target number of stems 

per hectare.  

As this area is unlikely to be grazed or mown, this strategy appears most appropriate. 

Depending on the area involved, fencing to completely exclude grazing animals may 
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be cost-effective, and there will be benefits from revegetating as large an area as 

possible at one time, so that potential impacts of animal grazing are spread over larger 

areas.  Again, specific methods will be developed once the likely level of damage to 

tree and shrub seedlings has been assessed. 

For this zone, species selected will be based on typical species present in the Valley 

Grassy Forest ecosystem (EVC 47), and will, as much as possible, be provenance seed 

either from the site or from locations in close proximity. 

7.5.5 Riparian vegetation 

For this zone, species selected will be based on typical species present in either the 

Valley Grassy Forest ecosystem (EVC 47) or some relevant riparian ecosystem, and will, 

as much as possible, be provenance seed either from the site or from locations in close 

proximity. 

Riparian areas will have indigenous vegetation (shrubs, trees, and groundcover species) 

established.  Based on reported experience in other areas, it appears that trees and 

shrubs in this area will be most effectively established by seeding to establish a 

relatively high density, thereby allowing for losses due to animal damage and other 

causes, with thinning at a later date if necessary.  

As this is a relatively small area and unlikely to be grazed or mown, this strategy 

appears more appropriate, and fencing to exclude grazing animals is likely to be cost-

effective.  

7.5.6 Surface water and drainage 

7.5.6.1 Overview 

Surface hydrology of the site could be described as having three basic components: 

 A major source area (the plateau top); 

 A minor source and collection system (the swales); and 

 A major transport system (the flow channels). 

Since European settlement, the Fingerboards area, like much of Australia, has had 

significant clearing of trees, and is subject to regular grazing.  The hydrologic 

consequence of those changes is generally increased surface runoff from rainfall events 

and reduced plant water use, leading to increased storm flows in streams, with higher 

peak flows and shorter durations, together with increased deep drainage and seepage 

into channels (causing wet zones and increasing potential for tunnel erosion).   

The fundamental aim of rehabilitation works is to increase water storage in the soils, 

thereby maximising potential water use by grass and trees, and reducing both surface 

runoff and deep drainage.  At the same time, vegetative surface (contact) cover (largely 

grass) will be maximised in runoff source areas, and will act to stabilise the soil surface 

against erosion and increase infiltration of rain.   

7.5.6.2 Soil water balance (conceptual modelling) 

A preliminary soil water balance study for the site area was carried out to consider likely 

impacts of plant available water capacity (PAWC), soil permeability, and vegetation 

growth (low and high fertility pastures, trees) on runoff and deep drainage (Appendix 
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3, EMM 2020a).  Measured data are not available to enable calibration of both inputs 

and outputs, but the modelling did use previously validated data for soils similar to 

those present on site, together with a local climate file.   

Consequently, for the purpose of assessing likely impacts of various rehabilitation 

options, it provides useful and credible information on likely impacts of soil properties 

(in particular, subsoil properties) and vegetation on the soil water balance and on plant 

water use. 

Three soils were considered: a sodosol and a podosol similar to those identified on site, 

and a sandy duplex soil with a stable clay B horizon indicative of the soil that 

rehabilitation works will aim to construct on the site.    

Climate data for the site were obtained from the National Climate Database. 

Specifically, the modelling showed: 

 Much higher runoff from the sodosol than the other soils, due to its 

impermeable B horizon; 

 Much higher deep drainage through the podosol than through the 

rehabilitated soil due to high permeability and low PAWC of the podosol;  

 Much lower deep drainage through the podosol and rehabilitated soil when 

tree canopy cover of approximately 25% was included with pastures (the 

sodosol was predicted to have very little drainage due to its dispersive B 

horizon, irrespective of vegetation form); and 

 Higher water use by plants for the rehabilitated soil under all vegetation forms, 

confirming that the proposed rehabilitated soil profile will be more effective in 

supporting vegetation growth. 

The degree to which the recommended changes in subsoil properties will affect site 

hydrology are not clear and may not be large.  For example, conversion of the present 

podosol soils to the planned soil with a higher clay B horizon will increase runoff, 

whereas conversion of the current sodosol soils to the planned soil would reduce 

runoff.  It is most likely that any changes in overall runoff from the area will be greatest 

for small rainfall events, with impacts of soil changes on runoff being least (and 

probably small) for the larger events that currently produce larger volumes of runoff. 

7.5.6.3 Hydrologic impacts 

In terms of landform and vegetation supported, the rehabilitated site should appear 

similar to its current condition, though with slightly more vigorous and resilient 

vegetation and higher densities of tree/shrub vegetation in some channels. 

Regional scale hydrological modelling based on the conceptual surface water balance 

(EMM 2020a) has demonstrated that the operations of the mine will have negligible 

impacts on the Mitchell River with a -0.01% average annual volume change before 

consideration of proposed winterfill extraction and a 0.98% increase in average annual 

flow volume in the Perry River (Water Technology 2019c). 

A conceptual flood impact assessment (Water Technology 2020b) indicated some 

“moderate” increases in flood levels in Simpson Gully and Honeysuckle Creek in 

response to changes in contributing catchments.  For a 1% AEP event on the 

rehabilitated site, predicted increases in flood levels for those two flow lines were 150-
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200 mm – with actual flood depths being up to 1.0-2.5 m.  Importantly, the assessment 

did not allow for any increases in infiltration rates on the site in response to soil 

amendment and increases in vegetation cover. 

Reinstatement of flow channels is likely to involve some changes in bed level, and will 

be guided by hydrologic and geomorphic design to maximise stability. Options to 

increase channel stability to storm flows that will be assessed include: 

 Increases in channel width to reduce flow depths and velocities;  

 Inclusion of rock in the channel bed to increase critical shear of the bed and 

resist initiation of scour; 

 Establishment of riparian vegetation to increase effective hydraulic roughness 

of the channels, thereby reducing flow velocities; and  

 Exclusion of grazing so that higher levels of vegetation cover are maintained 

on the surface of the channel bed, and disturbance of soils by trampling by 

livestock is eliminated. 

 An early revegetation programme for gullies downstream of mining activities is 

recommended in the landscape stability report (Water Technology, 2020a) and 

is supported by Landloch. 

Designs for channel reinstatement and stabilisation will be included in the site’s 

Rehabilitation Management Plan once they have been prepared. 

7.5.7 Sub-surface flows and tunnel erosion 

7.5.7.1 Background 

Although there is considerable concern with respect to tunnel erosion in the general 

area of the Fingerboards project (Department of Primary Industries 2010), inspection 

of the project site found no evidence of widespread tunnel erosion.  The following 

schematic (Figure 27) allows consideration and discussion of site rehabilitation 

methods planned to prevent future development of tunnel erosion. 

 

 

Figure 27:  Schematic showing conditions contributing to development of 
tunnel erosion 

 

Schematic view of tunnel formation, taken from  
Cummings, D. (1999): Tunnel erosion. Landcare Note SC0001, State of Victoria, (former) 
Department of Natural Resources and Environment. 
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Firstly, and critically, the development of tunnel erosion requires a “driver”, which is 

some point in the landscape at which a relatively large volume of water enters the soil. 

Secondly, the tunnel process requires a layered soil so that the excess water that enters 

at a point will move as a significant seepage flow along the surface of some 

impermeable soil layer.   

Thirdly, the process requires gradient, so that the seepage flow moves relatively rapidly, 

giving it potential to move significant quantities of mobile soil particles. 

And finally, the process requires the presence of a soil layer that will be readily moved 

in the seepage flow.  Generally, this means either dispersive (sodic and/or magnesic) 

clay, or a high proportion of silt-sized particles (Landloch 2004; 2006). 

7.5.8 Specific site attributes affecting tunnel erosion development 

Potential for intake of concentrated flows 

For the Fingerboards project area, there are few features that concentrate flow and 

pond runoff such that it can enter the soil in relatively large quantities at a point, and 

it is planned that rehabilitated slopes will not carry any water-retaining or ponding 

features, thereby eliminating the key driving force for tunnel erosion to develop.   

The only current location where there is an obvious intake area for surface flow is a 

small quarry that has been loosely filled and – not surprisingly – is associated with a 

large tunnel discharging into an adjacent channel.  (Obviously, water ponded in the 

loosely filled quarry has moved laterally and exited through the channel bank.)  

However, it is the only active tunnel observed by Dr Loch during his inspection of the 

area. A second active tunnel has been located onsite, but it is so far progressed that it 

is impossible to determine the original cause.  

Soils and slopes 

Of the soils present in the Fingerboards area, the sodosols could be expected to be 

highly susceptible to tunnel erosion as they are strongly layered and have dispersive B 

horizons.  However, it appears that these soils occur largely on the low-gradient plateau 

top, with podosols (effectively non-layered sandy soils) largely dominant in the more 

sloping areas.  Consequently, the soils present in sloping areas are not conducive to 

tunnel formation. 

As a result, the soil/slope combinations currently present on site do not – generally – 

favour development of tunnel erosion.   

Because it is planned to replace current subsoils with tailored mixtures that will 

not be dispersive, the soils to be replaced will be even less susceptible to tunnel 

erosion development than the existing profiles. 

7.5.9 Rehabilitation designs to prevent tunnel erosion 

Soil profile development and vegetation establishment for the plateau top landform 

zone have been specifically planned to: 

 Reduce surface runoff by increasing plant growth and surface vegetation cover; 

 Maximise water use by plants by increasing soil water storage in the profiles 

and increasing tree density slightly; and 
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 Minimise drainage to depth by increasing profile water storage and tree 

density. 

Where material likely to disperse (such as HHF overburden or fine tails) is placed as 

part of a constructed subsoil, gypsum will be applied in sufficient quantity to reduce 

exchangeable sodium and magnesium to acceptable levels (ESP <4 and Ca/Mg ratio 

>0.5) over a depth of at least 500mm.  With placement of a 300 mm deep topsoil layer 

over the constructed subsoil, that should give an effective rooting depth of at least 800 

mm. 

Spatial variations in vegetation are targeted to minimise any seepage flows reaching 

the valley slopes and channels by increasing the density of deep-rooted species (trees 

and shrubs) in those areas (Figure 16).  Consequently, potential for any seepage flows 

to exit in those areas is minimised, and the geotechnical stability of the slopes will be 

increased by presence of a higher density of deep-rooted species.   

However, the valley slopes will constitute some risk of tunnel erosion unless managed 

carefully.  Specifically, the gravelly HHF material placed underlying the topsoil layer in 

those areas will need to be amended with gypsum to ensure that exchangeable sodium 

and magnesium are reduced to acceptable levels (ESP <4 and Ca/Mg ratio >0.5) over 

a depth of at least 500mm within the gravelly layer.  It may also be useful to increase 

the depth of the “topsoil” layer by stripping any Podosol soils in the area to greater 

depth than 300 mm and placing a greater depth of soil material over the gravelly HHF.  

Ripping to cause some mixing of the two layers (“topsoil” and HHF) would be desirable 

to remove any pronounced layering in the slope formed and eliminate the interface 

along which seepage flows would otherwise move. 

7.5.10 Flow channels 

Flow line paths have been designed to be returned to their original location with the 

exception of: 

 Perry Gully, where the valley is planned to be filled to a gentle hill extending 

and lowering in height from the existing hill on the south side of the valley. This 

has divided the Perry Gully watershed into three watersheds: 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.  

 The Perry Valley in the west, where a temporary or permanent diversion within 

the broader designed valley will be investigated as an alternative to a large 

‘mine contacted’ water dam.  

To accommodate the changes, the northern tributary leading into Simpsons Gully will 

be extended, the gradient reduced, rocks and gravel from overburden mining 

introduced, and the valley floor widened.  This is seen as adequate to manage the 

increased watershed.  However, the changes in soil profile and tree density will provide 

additional stability to the water channel by reducing runoff into the tributary.   

Changes to the northern valley are less pronounced but similar controls will be applied 

to provide a stable landform. 
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Wherever creek beds are re-established after mining, channel flow energy will be 

reduced by the introduction of logs from clearing activities, the introduction of cobbles, 

and gravel from screened overburden, and significant planting of native species. 

Transition zones where modified or diverted waterways enter or re-join their original 

channel will need to be carefully constructed and monitored for increased erosion at 

and directly downstream of the confluence. 

Where a watershed is intersected by mining activities, engineered dams will be 

constructed on the downstream side of mine workings and water containment will be 

created on the upstream side of workings. The dams will be sized for a 1 in 100 year 

creek flow event, but will also have overflow structures designed for larger events.  

Water from these dams will be pumped to fill spare water capacity in the mine 

production dams as soon as possible.  Upstream water containment will be created by 

pre-digging overburden pits in the creek path where the mine is progressing upstream, 

or will be created by leaving areas of void unfilled where the mine is progressing 

downstream. (EMM, 2020a).  

7.6 Control of surface erosion 

Erosion of the soil surface during and following rehabilitation/revegetation works could 

occur via processes of interrill, rill, and gully erosion.  The Revised Universal Soil Loss 

Equation (RUSLE) (Renard et al. 1997) provides a technical framework within which to 

consider erosion risks.  The RUSLE is based on statistical analysis of about 10,000 plot 

years of data, and is used across Australia for assessment and management of erosion 

risk on construction sites (IECA 2008).  It is designed to predict the long-time average 

annual loss of soil in runoff from specified land units under specified management. It 

has been applied successfully to rangelands, forest lands, urban lands and disturbed 

areas such as roads, construction sites and mined areas. 

The equation is: 

 A = R . K . L . S . C . P  

where A is the average annual soil loss (in t/ha/year), R is the average annual rainfall 

erosivity factor, K is the soil erodibility factor, L is the slope length factor, S is the slope 

steepness factor, C is the cover management factor and P is the support practice factor. 

7.6.1 Post-mining situation 

Broadly, for pre- and post-mining landforms, R (rainfall erosivity) will be unchanged (or 

at least, not changed by mining) and K (soil erodibility) will be largely unchanged as 

the same topsoil layer will still be present on the soil.  Within the RUSLE, the practice 

factor P is largely used to describe effects of tillage on the contour, so is not relevant 

to minesite rehabilitation.   

That leaves factors L, S, and C that may be altered by mining and rehabilitation.   

It is planned to increase surface cover (thereby reducing the factor, C) in the valley 

slope areas (where erosion risk is highest) by a combination of: 

 Inclusion of some rock into the surface soil to increase effective cover; 

 Exclusion of stock grazing (which should deliver a large increase in surface cover 

relative to present conditions); and 
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 Higher density of trees and shrubs to provide a range of benefits including 

increased root mass in the soil, higher rates of infiltration, reduced rates of 

seepage through valley slopes, and accumulation of surface litter. 

 

Consequently, that leaves the LS factor combination as an indicator of potential 

changes in erosion potential due to changes in landform from pre- to post-mining. 

In general, slope lengths (L) will be largely unchanged, as the overall plateau 

dimensions and distances that drainage will move to the various flow channels will not 

be greatly changed.  When reforming the plateau, the following design requirements 

are recommended to avoid effective increases in L: 

 The top of the plateau is close to level, but formed with a drainage pattern such 

that runoff is evenly distributed to the drainage paths discharging off the 

plateau;  

 The drainage paths (swales) to convey runoff from the plateau to the adjoining 

major flow channel are broad, U-shaped, no steeper than current stable 

drainage paths, and consistent in shape with the most stable drainage paths 

currently present; and  

 The drainage paths discharge into the adjoining flow channels without any 

undercutting or overfalls.  

 

In terms of gradient (S), the landform zone with highest gradient (and associated 

erosion risk) is the Valley Slopes.  It is planned that all Valley Slope gradients will be 

predominantly lower than, or the same as those currently present, thereby largely 

reducing erosion risk relative to that currently applying to the site. 

Mapping of LS factor7 distribution on pre- and post-mining landforms shows that the 

post-mining landform will not result in any increases in LS in the steeper areas of 

highest erosion potential (Figures 28 to 31).  Consequently, the assessment (based on 

well-established and accepted methodology) demonstrates no increase in erosion risk 

due to the contours of the proposed final rehabilitated landform.  Given that the 

project area (including the highest risk Valley Slope zone) is currently largely stable, it 

can be concluded that the planned changes in landform, vegetation, and surface 

management will all deliver increases in the erosion stability of the area.   

7.6.2 Design concepts and overview 

The design strategy applied is, effectively, natural or geomorphic landform design.  It 

seeks to return approximately the same landform, though with some slight decreases 

in gradient (reductions in erosion risk) at some points.  It also seeks to return the same 

soil surface material (topsoil, of the same erodibility, and to return the same or higher 

surface coverage by vegetation.   

 

7 The LS factor calculated at any point on the landform effectively integrates erosion risk 

associated with local gradient and contributing area. 
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For such a situation, the concept of a Design Life is inappropriate, as there are no 

engineered structures designed to manage a designated Design Storm.  Effectively, the 

landform’s Design Life is “the same as, or longer than, that of the existing landform”. 

The concept of a Service Life could be applied in considering the length of time over 

which the capping (topsoil) layer would remain productive until lost/depleted by 

erosion.  But again, given the planned replacement of existing soil profiles with soils of 

higher productivity, higher surface cover, and lower erosion potential, the Service Life 

is also, effectively, “the same as, or longer than, that of the existing landform”. 

It is planned that an on-site study using simulated rainfall and overland flows will be 

carried out to develop parameters for use in a landform evolution model (Willgoose et 

al. 1989; 1991), which will then be run to provide an additional and detailed assessment 

of the long-term stability of proposed final landforms.  However, unless the current 

design is significantly altered, that exercise is unlikely to provide any information 

contrary to that currently available. 
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Figure 28: Calculated LS values for pre-mining (top) and proposed post-mining 
(bottom) landforms (whole site). 
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Figure 29: Calculated LS values for pre-mining (top) and proposed post-mining 
(bottom) landforms (West). 
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Figure 30: Calculated LS values for pre-mining (top) and proposed post-mining 
(bottom) landforms (Central). 
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Figure 31: Calculated LS values for pre-mining (top) and proposed post-mining 
(bottom) landforms (East). 
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7.6.3 Site stabilisation during vegetation establishment 

Initial rehabilitation works will provide valuable information on erosion risks and 

methods of control.  At this stage, it is not anticipated that erosion by water will be a 

major risk for the lower-gradient areas of plateau tops and swales, though wind erosion 

may need to be considered, and hydroseeding could be used in those areas if control 

of wind erosion is needed. 

For the higher risk areas – steep outer faces and major flow channels – a range of 

options are readily available and have been widely used, including application of 

hydromulches with tackifiers, surface stabilisation compounds, compost blankets, and 

(in channels) strategic placement of rock.  The range of options – including some that 

are not appropriate for the larger areas being rehabilitated on minesites – are detailed 

in Catchments and Creeks (2012): Erosion control Measures (pp. 44-53).  Appropriate 

options will be trialled and assessed during initial rehabilitation operations. 

7.7 Probabilities and impacts of rehabilitation success, remedial 
options 

7.7.1 Establishment from seed 

For any activity relying on rainfall to establish vegetation from seed (largely grasses 

and legumes), there is potential for: 

 Delayed establishment; or 

 Establishment failure. 

Delayed establishment may occur due to prolonged droughts or dry periods, and is 

not uncommon in rehabilitation practice.  In such cases, seed will remain viable, and 

will establish once rain occurs.  Provided surface erosion (by water or wind) is not a 

significant risk, then delayed establishment will have little impact on rehabilitation 

outcomes. 

Erosion risk can be low can be due to the following site or management factors - either 

singly or in combination: 

 Low gradient – which will apply to 965 ha or 79 % of the area to be revegetated; 

 Surface treatment/stabilisation, using, for example, soil stabilisers, 

hydromulches, compost blankets, or some other form of protection. 

 

Establishment failure typically occurs when a small rainfall event triggers germination, 

but subsequent prolonged dry conditions result in death of the germinated plants.  

This occurrence is unusual, but where erosion by either water or wind is not a significant 

risk, then it will be possible to re-apply seed at a later date (when suitable rainfall is 

considered to be more likely to occur), with little damage or site deterioration due to 

delayed vegetation establishment. 

Where failure to establish vegetation in a timely manner could result in rates of wind 

or water erosion that would be of concern, remedial actions or changes in seeding 

methods that are commonly adopted to prevent such site damage include (as noted 

above): 
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 Hydromulching to both prevent erosion and ensure more effective use of 

incident rainfall by germinating seeds;  

 Hydroseeding (applying seed with tackifier) to stabilise the soil surface; or 

 Supplemental irrigation of key areas. 

Decisions on which options are most appropriate for given areas will be guided by 

experience and assessments of the levels of risk for each location.  Section 11.1 

discusses the role of ongoing monitoring and assessment to ensure that continuing 

improvement of practice can be achieved. 

Although discussions with landholders and analysis of long-term rainfall patterns will 

be used to identify the most reliable timing of rehabilitation works, it has been 

commonly reported that rainfall variability is such that preferred planting times are still 

not always effective.   

For example, Gibson-Roy et al. (2010) report on successful restoration of native 

grasslands at 13 experimental sites in Victoria, and noted “a flush of germination 

following the autumn break (the first rains after summer)” and initially scheduled their 

planting to occur following autumn breaks. However, they reported that “during the 3 

years of sowings, there was not one clearly defined autumn break across the sowing 

regions. Unwilling to ‘drysow’, we delayed seeding until spring in the expectation that 

winter and spring rains on fallowed paddocks would provide sufficient soil moisture for 

germination and establishment of the sown mixes when soil temperatures began to rise. 

……. Therefore, based on the broad establishment success of seed-mixes sown in the 

spring of 2005, sowings in 2006 and 2007 also took place in spring. A total of 39 separate 

sowings were conducted across the thirteen sowing sites.”    

It should be noted that: 

 Across a wide range of agricultural, construction and mined areas, broadscale 

seeding and establishment of grass dominated areas is not generally 

considered difficult, though establishment of native species is commonly more 

challenging than establishment of the more vigorous introduced grass and 

legume species that are commonly used in grazing areas; and 

 Flexibility in timing and methods will be essential to ensure success in a variable 

climate. 

Some views of native grassland restoration follow – Figures 32-33. 
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Figure 32:  A site in Narellan (NSW) immediately post seeding (2015) (top) and 
following seed establishment (2016) (bottom) – photos from Paul Gibson-Roy. 
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Figure 33:  A site in Geelong immediately post seeding (2006) (top) and 
following seed establishment (2009) (bottom) – photos from Paul Gibson-Roy. 

 

7.7.2 Planting and management of tree/shrub seedlings 

Where tube stock are planted to establish tree and/or shrub vegetation, there is a range 

of factors that could cause plant damage or death, including: 

 Drought 

 Fire; and 

 Damage by grazing animals 

In the event of death of some planted trees and shrubs, the impact – in terms of stability 

of the newly revegetated site – will be very small.  Generally, tree seedling deaths will 

almost only occur within the first 1-2 years after planting, with the result that impacts 
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on site stability or appearance are minimal, with the main issue being delayed 

development of tree/shrub components of revegetated areas.   

The response to such an event would be to re-plant.   

Obviously, it would be preferable to avoid plant deaths and the delay and cost 

associated with re-planting.  Consequently, it is expected that a range of actions will 

be adopted to reduce or eliminate risk factors for tree/shrub survival (as outlined 

previously). 

Where seeding is used to establish higher densities of shrubs and trees, the impacts 

and responses associated with widespread death of seedlings would be largely similar 

to that outlined above, though in the riparian zone there would be a slightly higher 

priority for establishment of the shrub/tree vegetation to provide hydraulic roughness.   

7.8 Fire 

A fire management program will be developed and implemented in collaboration with 

the Country Fire Authority and DELWP to reduce the risk of bushfire within the Project 

area.  

It is planned that the primary fire risk reduction strategy will be to maintain fuel loads 

at an acceptable level by slashing, which may include rehabilitated areas as early as 1 

year after vegetation establishment if vegetation condition is suitable. Firebreaks may 

be established and maintained at strategic points within the Project area to protect 

juvenile rehabilitation sites. 

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

closely monitored and managed so as to keep fuel loads within an acceptable range 

without reducing ground cover below critical thresholds for erosion control. Areas of 

high erosion risk such as gullies are to be fenced to exclude stock traffic and 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. Firebreaks may be established and maintained at 

strategic points within the Project area to protect juvenile rehabilitation sites.  

7.9 Radiation 

An assessment of the radiological impacts of the proposed mining and processing 

operations within the Project Area was carried out by SGS (2020).  It reported that: 

“The radionuclide concentrations in sand tailings disposed of into the mine pit from the 

primary processing of the mineral sand ore will be less than the uranium and thorium 

content in the original ore. Therefore, it is likely that the external radiation levels arising 

from the disposed material will be less than that currently associated with the 

undisturbed mineral resource. Furthermore, rehabilitation of the pit area after disposal 

will mean that the overburden and subsoil cover will lead to further attenuation of the 

gamma radiation field. As a consequence, the external radiation dose at the surface will 

not be significantly different to the ambient background radiation levels in the region. 
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It can be concluded that there will not be any significant long-term impact on 

radioactivity levels in groundwater arising from mining, mineral processing and the 

disposal of tailings and other waste.” 

(Underline added for emphasis in this report.) 

7.10 Heavy metals 

Heavy metal levels in the range of waste materials that will be used in rehabilitation 

have been measured on preliminary samples (Landloch 2020a, Table 3).   

Analyses showed low levels of all metals in coarse sand tailings, which is consistent 

with a material largely, if not completely, composed of sand grains.   

For the fines tailings (<38 microns), analyses showed a concentration of Arsenic of 45 

mg/kg, which is within the soil background range of 1-50 mg/kg reported by NEPC 

(1999).  It is above the Environmental Investigation Limit (EIL) of 20 mg/kg reported in 

that publication, but below the health investigation levels of 100-200 mg/kg reported 

in the same publication.   

As part of site rehabilitation, the fines tailings will be either buried deeply (i.e. 

encapsulated) or mixed in a low ratio (probably 25:75) with overburden material to 

form subsoils, thereby ensuring that the concentration of Arsenic in such mixes will be 

approximately 12 mg/kg.  It will then covered by a layer of 200-300 mm depth of 

topsoil, with the result that there will be no potential for Arsenic in subsoils of 

rehabilitated areas to have any significant impacts on either the environment or 

grazing animals8.  Such mixing – if adopted – would be done to improve soil water 

holding capacity.  The proportion of fine tailings that may be used in this way would 

be quite small, and does not represent a strategy for disposal of the fine tailings. 

7.11 Pests 

A Pest Management Plan will be developed that will describe key risks and regulatory 

requirements related to pest animals and weeds and provide a framework for the 

management methods used to address those risks and requirements. Activities and 

provisions outlined in the Pest Management Plan will be undertaken throughout 

rehabilitation works and will continue through the mine closure process until the 

relinquishment of the Mining Lease.  

Provisions to protect young trees from predation by rabbits, kangaroos and deer such 

as the installation of fencing and tree guards will be implemented on an as-required 

basis. Losses due to pests will also be taken into account when determining initial 

tree/shrub planting densities. Local experience is that kangaroos are unlikely to have a 

great impact on tree plantings if a vigorous grass sward is established, as they will 

preferentially graze the pasture.  

The use of electric fencing is recommended to exclude deer from newly-established 

rehabilitation areas. Electric fencing would also be reasonably effective at excluding 

 

8 Initial profile reconstruction trials have detected no As in plant biomass when grown with 30 

cm of topsoil overlying a 25:75 coarse:fines tailings mixture. 
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kangaroos, as large groups of adults will typically not stay in an area if the younger 

animals cannot enter with them. 

7.12 Aesthetics 

The project area is visible from several vantage points and tourist tracks in the nearby 

Mitchell River National Park. Visual amenity impacts caused by active mining are 

discussed in the Landscape and Visual Impact Assessment report (Urbis, 2020). 

Strategies to reduce visual amenity impacts during operation include the revegetation 

of stockpiles on the periphery of operational areas and the establishment of vegetation 

barriers as visual screens.  

Urbis (2020) indicates that:  

“The residual (visual) impact will progressively reduce due to rehabilitation. The most 

significant reduction in impact will occur reasonably quickly following the establishment 

of a grass cover over the exposed soils. The establishment of trees throughout the 

landscape will further reduce the level of residual impact to low after approximately 5 

year’s post rehabilitation.” 

“the development of the project will result in only a minimal visual impact on surrounding 

areas once the mining process is completed. This is due to the landform being returned 

to a profile that would be very similar to the existing, and the reinstatement of vegetation 

removed from along paddock boundaries and the verges of realigned roads.” 

7.13 Key aspects of rehabilitation planning 

The key elements of the rehabilitation methods and planning outlined in this section 

are as follows: 

Mining 

 Mining will move progressively over the plateau, with rehabilitation works 

being carried out progressively to minimise stockpile areas of overburden and 

topsoil. 

 The mine schedule allows sufficient overburden to fill the final cells and restore 

surface contours at the end of mining. 

Tailings 

 Approximately 10 metres of coarse tailings will be placed over all areas. 

 Up to 8 metres of fine tailings will be placed at spaced locations during 

backfilling. 

 Site planning currently considers placement of the fine tailings at a minimum 

depth of 3 metres in the re-constructed profile. 

 The toe of the sand tailings interface (the closest approach of sand tailings to 

the outer slope) will be no closer than vertically below the crest of the ultimate 

outer slope of the plateau. 

Landform 

 The topography after mining will be integrated with existing land surfaces and 

contours and similar to the existing topography, with the exception of Perry 

Gully and the Honeysuckle Creek Valley. 
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 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. 

 The valley of Honeysuckle Creek at the end of the mine path has been 

broadened to reduce the overburden required to backfill the area. 

 Rehabilitated flow lines will be designed in consultation with a fluvial 

geomorphologist. 

Geotechnical 

 Haunted Hills Formation gravels will be placed both as a base for outer slopes 

of the landform and to construct the full depth of batter slopes where the slope 

angle exceeds 1:4. 

Soils 

 Topsoils will be stripped prior to mining and either stockpiled or transferred 

directly to nearby rehabilitation areas. 

 Topsoils will be amended and fertilised on the basis of regular soil sampling 

and analysis. 

 Subsoils will be formed of mixtures of overburden and coarse or fine tailings, 

with the specific mixtures applied to be developed by initial trials. 

 Subsoils will be amended and fertilised on the basis of regular analyses of 

subsoil materials. 

 Amendment refers to lime, gypsum, or organic material applied as required . 

 For areas on higher gradient with greater erosion risk (valley slopes), it is 

planned to place topsoil directly over gravelly overburden and the overburden 

will be treated with gypsum to address high levels of sodium and magnesium 

in the surface 0.5 metre. 

Revegetation 

 For rehabilitation planning, the landscape has been divided into six (6) 

rehabilitation zones on the basis of landform, intended final land use, and 

perceived interactions between land use, vegetation, and landform. 

 For each rehabilitation zone, species mixes will be developed consistent with 

the target vegetation community, and established by a combination of seeding 

and tubestock planting. 

 Seeding times and rates will consider the experience and knowledge of local 

landholders and agronomists to assist in achieving maximum reliability of 

establishment. 

 Optimal revegetation methodology for the native grass woodland domain will 

be developed by a research and development program which will be initiated 

once operations commence. 

Erosion  

 The planned changes in landform, vegetation, and surface management will all 

deliver increases in the erosion stability of the area.  There are no changes in 

landform planned that could be expected to increase erosion risk. 

 It is not anticipated that erosion by water will be a major risk for the lower-

gradient areas of plateau tops and swales during vegetation establishment, 
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though hydroseeding could be used in those areas if control of wind erosion is 

needed. 

 For the higher risk areas – steep outer faces and major flow channels – a range 

of options for erosion control during vegetation establishment are readily 

available and have been widely used, including application of hydromulches 

with tackifiers, surface stabilisation compounds, compost blankets, and (in 

channels) strategic placement of rock.  

 A revegetation program for gullies downstream of mining is recommended to 

be commenced early in the mine life. 

Pests 

 Provisions to protect young trees from predation by rabbits, kangaroos and 

deer such as the installation of fencing and tree guards will be implemented on 

an as-required basis. 

 

7.14 Key knowledge gaps for rehabilitation 

In general, the information necessary to plan rehabilitation is known.  This includes 

information on soils, wastes, vegetation, and local hydrology.  It should also be stressed 

that the rehabilitation methods being applied are well-established, widely applied, and 

well understood. 

Gaps in knowledge are generally in the form of:  “precisely how best to carry out some 

action” or “which of one or more known options or methodologies will be most effective 

and under what conditions”.  Some of these knowledge gaps have been addressed by 

studies of soil profile reconstruction, considering impacts of various subsoil options on 

profile permeability, water holding capacity, and plant growth, but most can only be 

addressed once rehabilitation of the site commences. 

Table 6 sets out Landloch’s assessment of key gaps in knowledge relevant to site 

rehabilitation. 
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Table 6:  Key knowledge gaps for rehabilitation 

Objective Knowledge gap Relevant zones Activities to address Timing 

Soil properties support desired 

post-mining land use and self-

sustaining vegetation. 

Optimum subsoil 

mixes 

All Studies to test range of subsoil 

options 

Initial studies in progress 

Optimum subsoil 

amendment 

All Studies to test range of 

amendment and fertiliser 

options 

Initial studies in progress 

Vegetation cover to minimise 

erosion; and 

Soil properties support desired 

post-mining land use and self-

sustaining vegetation. 

Soil management for 

establishment of 

native grassland 

Native grassland, 

road verge 

Studies of soil management 

options 

Q3 and Q4 2019 

Landscape function and 

vegetation is resilient, self‐

sustaining, and comparable to the 

surrounding area. 

Optimum seeding 

rates and times 

All Observations and trials of 

differing approaches 

Commencement of 

rehabilitation works 

Pest impacts on 

planted tree seedlings 

All Observation and trials of 

different methods 

Commencement of 

rehabilitation works 

Flow lines are geotechnically, 

hydrologically and erosionally 

stable. 

Water erosion during 

revegetation 

Swales and valley 

slopes (steeper 

areas) 

Observation of effectiveness of 

hydromulches or soil stabilisers 

Commencement of 

rehabilitation works 

Water erosion of flow 

channels 

Flow channels Additional design by hydrology 

consultants 

On-going 

Landform design achieves 

appropriate erosion rates; and 

No exposure or erosion of 

hazardous waste materials. 

Long-term erosion 

potential of 

rehabilitated landform 

All Field rainfall simulation trials to 

enable calibration of 

erosion/landform evolution 

models 

Q1 and Q2 2020. 
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Development of landform 

evolution model 
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8 AFFECTED LANDHOLDERS 

Consultation with affected landholders has been initiated and is on-going.  Landloch 

understands that landholders will be consulted on the final landform design and 

rehabilitation zones, and on some revegetation options. Information on typical local 

land and grazing animal management will be collected and used to inform appropriate 

aspects of the rehabilitation works. Landholders will be informed of any major 

operational changes that may affect the rehabilitation schedule or outcomes. A 

Stakeholder Consultation framework will be developed which will detail consultation 

and record-keeping requirements.  

Information on performance and management requirements of rehabilitated areas will 

be provided to landholders when land is returned to their management (post closure), 

but that cannot, in any way, constrain their subsequent management of the land and 

their responsibility for future outcomes. 

9 REHABILITATION AND CLOSURE RISKS 

A risk assessment was undertaken for the project by a workshop that included Dr R. 

Loch (Landloch), S. Thomas (Kalbar), Dr V. Hugo (Kalbar), C. Cook (Kalbar), C. Balint 

(Coffey), L. Griffin (Coffey), E. Pears (Coffey), E. Good (Coffey), B. Casillas-Smith 

(EcoLogical Australia), and A. Organ (Ecology and Heritage Partners), and a 

rehabilitation risk register was developed.  This register will be reviewed as the project 

evolves.  The current version (V2) of the rehabilitation risk register is included as Table 

7. The full project work plan risk assessment that identified the risks considered in the 

risk assessment is presented and discussed in detail in the EES. The key risks identified 

are related to:  

 erosion (as discussed in Section 6.6 and in the Landloch (2020a) soils report),  

 revegetation failure (as discussed in Section 7.7), and  

 site contamination of topsoil resulting from hydrocarbon or chemical leaks and 

spills, which will be managed under hydrocarbon and spill management plans 

to be developed as part of the project’s operational Environmental 

Management System.  

The risk assessment methodology applied is outlined in Appendix 5. 
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Table 7: Fingerboards Project rehabilitation risk register (V2 – June 2019). 

Aspect Value Hazard  Mechanism Pathway Impact Phase Standard mitigation  
Likeli-
hood 

Conse-
quence 

Risk Additional mitigation Likelihood 
Conse-
quence 

Residual 
risk 

Landform
, geology 
and soils  

Fertile 
soils 

Hazardous 
materials, 
such as 
hydrocarbo
ns (diesel, 
oil, etc.) 

Loss of 
containment 
of material in 
storage/tank 

Ground 
surface 
(topsoil)  

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.  

C, O, CL 

Mitigation measures for contaminated soil: 
• Areas used for handling and/or storage of 
hazardous materials will be appropriately 
bunded and contain spill response 
equipment (RH17). 
• 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). 

Likely Minor Moderate 

• Triple interceptor traps will be used to 
prevent releases of hazardous materials 
from bunded areas (RH31).  
• If a leak or spill occurs, contaminated soil 
will be disposed of by a qualified specialist 
at a licenced facility (RH32).  

Possible Minor Low 

Landform
, geology 
and soils  

Stable 
landfor
ms 

Water 

Erosion of 
stockpiles 
and 
rehabilitated 
areas 

Surface 
water 
runoff 
and sub-
surface 
flows 

Erosion (including 
surface erosion 
and tunnel 
erosion) of soil 
stockpiles and 
rehabilitated areas 
delaying and/or 
preventing 
successful 
rehabilitation.  

C, O, CL 

Mitigation measures for erosion: 
• Construction of stockpiles will be 
designed to avoid flow pathways to 
minimise erosion (RH04). 
• The mine void will be progressively 
backfilled and rehabilitated to minimise the 
area required for topsoil and overburden 
stockpiles (RH05). 
• Seeding times and rates will consider 
site/local experience to ensure maximum 
reliability of vegetation establishment. Seed 
will be re-applied in areas where 
rehabilitation performance does not meet 
established targets at a later date when 
suitable conditions, e.g. rainfall, are 
considered likely to occur (RH13). 
• Rehabilitated areas will be irrigated where 
required to achieve satisfactory 
performance and vegetation establishment 
(RH14). 
• Rehabilitation will be designed to ensure 
plateau tops are close to level and evenly 
distribute runoff to drainage paths (swales) 
discharging off the plateau to adjoining 
major flow channels. Swales will be 
designed to be broad, U-shaped, no 
steeper than current stable drainage paths, 
consistent in shape with the most stable 
drainage paths currently present, and to 
avoid undercutting or overfalls (RH07). 
• Riparian vegetation will be established in 
rehabilitated flow channels to increase 
effective hydraulic roughness of the 
channels, thereby reducing flow velocities, 
increasing channel stability to storm flows 
and minimising erosion (RH08). 
• High rates of vegetation establishment 
will be prioritised in rehabilitated flow 
channels, in particular major flow channels  

Possible Moderate Moderate 

• 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 strategically 
used 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).  
• Hydromulches will be used where 
appropriate to prevent erosion and ensure 
more effective use of incident rainfall by 
germinating seeds (RH11). 
• Grazing will be excluded in rehabilitated 
flow channels to maintain sufficient levels 
of vegetation cover on the surface of the 
channel bed and prevent disturbance of 
soils by trampling by livestock, thereby 
increasing channel stability to storm flows 
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, be flat-topped and treated 
with 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). 
• 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). 

Possible Minor Low 
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(especially in the first three years of 
rehabilitation) to maximise surface cover 
and minimise erosion (RH09). 
• Hydroseeding will be used in 
rehabilitation areas where appropriate to 
stabilise the soil surface and minimise 
erosion (RH12). 
• Rocks will be included in rehabilitated 
channel beds to increase critical shear of 
the bed and resist initiation of scour, 
thereby increasing channel stability to 
storm flows and minimising erosion 
(RH06). 
• The timing of rehabilitation will be 
determined in consultation with landholders 
and based on analysis of long-term rainfall 
patterns to maximise the chance of 
successful vegetation establishment and 
rehabilitation performance (RH10). 

• Gypsum will be applied in sufficient 
quantity over a depth of at least 500 mm to 
reduce exchangeable sodium and 
magnesium to acceptable levels (ESP <4 
and Ca/Mg ratio >0.5) where material likely 
to disperse (such as Haunted Hills 
Formation overburden or fine tails) is 
placed as part of a constructed subsoil 
(RH28). 

Biodivers
ity 
(terrestria
l and 
aquatic) 

Terrestr
ial 
ecosyst
em 

Pest 
animals 
(rabbits 
etc. 
grazing on 
rehabilitate
d areas) 

Introduction 
and/or 
spread of 
pest animals  

Pest 
animals 
(rabbits 
etc.) 

Poor vegetation 
establishment 
and/or 
rehabilitation 
performance due 
to grazing by pest 
animals delaying 
and/or preventing 
successful 
rehabilitation.  

CL 

Mitigation measures for pest animal 
grazing: 
• Larger plants that are less susceptible to 
grazing damage will be used in 
rehabilitation areas where possible (RH15). 
• Guards will be placed on tubestock where 
required to prevent damage by rabbits and 
other pest animals (RH16). 

Possible Moderate Moderate 

• Revegetated areas will be fenced (electric 
fencing with multiple closely spaced tapes 
to prevent kangaroos) where cost-effective 
to do so to prevent damage by stock or 
kangaroos (RH29). 
• Revegetation will be conducted over as 
large an area as possible at one time to 
spread potential impacts of animal grazing 
over larger areas (RH30). 

Unlikely  Minor Low 

Landform
, geology 
and soils  

Fertile 
soils 

Overburde
n  

Excavation 
(including 
topsoil 
stripping and 
overburden 
removal) and 
stockpiling 

Ground 
surface 
(topsoil 
and 
overburd
en) 

Decreased fertility 
of topsoil from 
blending with 
overburden during 
excavation (incl. 
topsoil stripping 
and overburden 
removal) and 
stockpiling 
delaying and/or 
preventing 
successful 
rehabilitation.  

C,O,CL 

Mitigation measures for decreased fertility: 
• Soil stockpiles will be delineated and 
segregated according to physical 
composition (RH01).  
• Site inductions will include information on 
the different soil types present across the 
project area and their corresponding 
management, including in relation to 
stockpiling (RH02). 

Unlikely Minor Low 

Where possible, ameliorants such as 
organic mulches and fertilisers will be 
spread on in-situ topsoils prior to stripping 
to increase soil fertility (RH21).  

Unlikely  Minor Low 

Surface 
water 
and 
groundw
ater 

Clean 
water 

Water 
Erosion of 
rehabilitated 
areas 

Surface 
water 
runoff 

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 

CL 

See mitigation measures for erosion 
above.  

Possible Minor Low 

See additional mitigation measures for 
erosion above.  

Unlikely 
Negligibl

e 
Very low 
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Socioeco
nomic 

Crops 
and 
livestoc
k 

Weather 
and 
climate 

Extreme 
weather 
(prolonged 
dry 
conditions) 

Higher 
evaporati
on than 
rainfall 
leading 
to 
reduced 
soil 
moisture 
and 
pasture 
productivi
ty 

Poor 
establishment 
and/or 
performance of 
areas rehabilitated 
to pasture, leading 
to diminished use 
and/or value as 
grazing land.  

CL 

Mitigation measures for poor 
establishment: 
• Hydromulches will be used where 
appropriate to prevent erosion and ensure 
more effective use of incident rainfall by 
germinating seeds (RH11). 
• Seeding times and rates will consider 
site/local experience to ensure maximum 
reliability of vegetation establishment. Seed 
will be re-applied in areas where 
rehabilitation performance does not meet 
established targets at a later date when 
suitable conditions, e.g. rainfall, are more 
likely. (RH13). 
• Rehabilitated areas will be irrigated where 
required to promote satisfactory 
performance and vegetation establishment 
(RH14).  
• The timing of rehabilitation will be 
determined 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). 

Possible Minor Low 

None. 

Possible Minor Low 

Landform
, geology 
and soils  

Terrestr
ial 
ecosyst
em 

Fines 
tailings 

Physical 
barriers 
(hardsetting 
of fines 
tailings when 
dried) 

Subsurfa
ce strata 
(restrictio
n of deep 
drainage) 

Restriction of 
deep drainage 
due to hardsetting 
of backfilled fines 
tailings when 
dried affecting the 
growth of 
surrounding grass 
and trees.  

C,O,CL 

Fines tailings will be placed at depth in the 
backfilled mine void to ensure any 
restrictions to drainage are far enough 
below the soil surface such that the growth 
of vegetation is unaffected (RH03). 

Rare Minor Very Low 

None. 

Rare Minor Very Low 
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10 REHABILITATION AND CLOSURE OVERVIEW 

10.1 Rehabilitation Goals 

The primary goals for rehabilitation are to leave the site in a condition that is: 

 Safe; 

 Stable; 

 Non-polluting; and  

 Able to sustain an agreed post‐mining land use. 

Rehabilitation principles and targets have been developed to assist in achieving these 

goals. 

10.2 Rehabilitation principles 

As outlined by DEDJTR (2017), the key principles for successful rehabilitation and 

closure planning: 

 Commencing the planning process as early as possible 

 Updating the Rehabilitation and Closure Plan (RCP) progressively as site specific 

knowledge increases, with the level of detail reflecting the stage in the operation’s 

development 

 Planning is to be risk and outcomes based, founded on verifiable scientific 

information, site specific data 

 Regular consultation with stakeholders including the regulator and community 

should take place throughout the entire rehabilitation and closure process 

 

The Fingerboards project’s Rehabilitation and Closure Management Plan will be 

developed to align with these principles. The Rehabilitation and Closure Management 

Plan will be a rolling five year plan that will include detailed planning and designs for 

the upcoming year’s rehabilitation works, as well as conceptual planning and designs 

for the following four years. Annual reviews will update the annual and five-year plans 

based on operational changes and requirements, identified remedial works required, 

and advancements in site-specific and industry-wide rehabilitation knowledge. The 

Rehabilitation and Closure Management Plan will also be submitted to ERR on an 

annual basis as part of the Mining Work Plan auditing and review schedule. 

10.3 Rehabilitation targets 

Targets (completion criteria) for rehabilitation and revegetation success have been 

developed addressing (relative to analogue areas): 

 Establishment of key species; 

 Vegetation types for each rehabilitation zone; 

 Surface vegetative cover; 

 Vegetation (pasture) productivity; 

 Soil surface stability; and 

 Achievement of suitable soil property targets. 



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 94 

These targets will need to consider potential changes through time as vegetation 

establishes, achieves changes in soil properties, and may show trends in species and 

species dominance. For example, pasture productivity may well show some 

deterioration from an initial flush – a phenomenon widely recognised as pasture run-

down that will be addressed via inclusion of legumes in pasture mixes and follow-up 

fertilisation if necessary. Equally, there may be increases in soil organic carbon, and 

movements of soluble salt profiles with continued leaching. 

Rehabilitation objectives, indicators and completion criteria for each of the closure 

domains and are listed in Table 8 below. Rehabilitation indicators provide defensible 

measurements of progress towards rehabilitation objectives. Indicators can involve the 

measurement of a single or several parameters. Completion criteria are measurable 

benchmarks against which rehabilitation indicators can be compared to determine 

whether objectives are being met. 

The disturbed areas on the Project site will be deemed to be successfully rehabilitated 

when completion criteria for each rehabilitation goal have been met. Rehabilitation 

goals and techniques may evolve over the 20 years of mine life. Rehabilitation goals, 

indicators and completion criteria are outlined in Table 8. 

Completion criteria will be developed for the native grassland area as part of 

establishment methodology trials for that ecosystem.  
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Table 8: Rehabilitation objectives, indicators and completion criteria. 

Rehabilitation 

zone code 

Domain Name Final Land Use/ecosystem 

A Plateau grazing Grazing 

B Swales and plateau edges Grazing/native vegetation 

C Valley slopes Native vegetation 

D Channels Riparian areas 

E Native grass woodland Native vegetation 

F Road Verge Road verge.  Predominantly native vegetation  

   

Zone Objective Indicator Completion criteria 

General 

All  The community and future 

generations are left with no 

residual liability for site 

rehabilitation or maintenance. 

Closure and 

Relinquishment Report. 

ERR acceptance of Closure and Relinquishment Report and application for surrender 

of mining lease. 

Acceptance by landholders. 

All Full awareness in community 

regarding mine closure concept 

and timing. 

Stakeholder consultation. Stakeholder consultation records show ongoing engagement and consultation in 

closure planning process. 

All Provision of a signed statement from affected landowners in the progressive 

rehabilitation reports and Closure and Relinquishment Report, commenting on 

overall satisfaction with rehabilitation. 

All All fixed plant, buildings, and 

infrastructure decommissioned 

and removed 

Closure and 

Relinquishment Report. 

Certification in the Closure and Relinquishment Report. 
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Safe site 

All Site is safe for humans and 

animals now and in the 

foreseeable future. 

Contamination 

assessment. 

Certification in the Closure and Relinquishment Report/Progressive Rehabilitation 

Report that land listed on the Environment Management Register has been 

satisfactorily rehabilitated and does not pose an unacceptable risk to human health 

or the environment. 

Stable site 

A, B, C, E, F Landform design achieves 

appropriate erosion rates. 

Slope Angle. Slope angles do not exceed maximum stable angle for the material present. 

A, B, C, E, F Erosion rates comparable 

to reference sites. 

Erosion (sheet, rill and gully) similar to reference sites. Site is stable when comparing 

photographs from successive monitoring events. 

A, B, C, E, F Vegetation cover to minimise 

erosion. 

Ground cover density. Groundcover density achieves and maintains at least 70% surface cover. 

Litter. Litter density comparable to vegetation reference sites. 

D Flow lines are geotechnically, 

hydrologically and erosionally 

stable. 

Riparian vegetation. Landscape Function Analysis (LFA) monitoring records show that key indicators for 

riparian vegetation areas are comparable to those measured at analogue sites. 

D Stability of engineered 

flow control structures. 

Drainage structures (e.g. drop structures) designed by certified engineer and 

demonstrated to be stable: evidence in Final Rehabilitation Report/Progressive 

Rehabilitation Report that channel linings, surface armour, engineered drop 

structures, etc. are in place and functioning. 

D Minimal erosion. No active erosion (rill, gully, tunnel) observed in or adjacent to flow lines, or any 

observed points of erosion stabilising over time. 

D Livestock access. Livestock excluded from flow lines and riparian areas. 

A, B, E, F Mining cells backfilled with 

tailings are rehabilitated so 

that they are stable. 

De‐watering of mining 

cells backfilled with 

tailings. 

Geotechnical and hydrological assessment of mining cells backfilled with tailings 

demonstrates cells are sufficiently de‐watered and are geotechnically stable. 
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Non-polluting site 

A, B, C, D, E Polluted runoff does not leave site. Release and receiving 

water monitoring. 

Runoff and receiving water quality (measured at authorised release points and 

downstream monitoring points) consistent with background water quality and 

compliant with ranges/limits specified by environmental licence. 

A, B, E, F No exposure or erosion of 

hazardous waste materials. 

Integrity of capping 

layers. 

No gully incisions or other failures of capping layers exposing encapsulated 

materials. 

A, B, C, D, E, F Polluted sediment does not leave 

site. 

Release and receiving 

water monitoring 

Release and receiving water sediment concentrations (measured at authorised 

release points and downstream monitoring points) do not exceed limits specified in 

site environmental licence. 

A, B, E, F Sediment deposition Post-rehabilitation sediment movement from the site will be at rates consistent with 

stable landscape. 

All Groundwater resources not 

polluted. 

Groundwater 

monitoring 

Groundwater quality (measured at designated monitoring bores) consistent with 

background groundwater quality and compliant with ranges/limits specified by 

environmental licence. 

Site able to sustain agreed post-mining land use 

A Landscape function and vegetation, 

for areas rehabilitated to a grazing 

land use, is resilient, self‐sustaining, 

and comparable to the surrounding 

area. 

Vegetative ground cover 

percentage 

Pasture species 

Perennial plant species 

and density. 

Evidence in Closure and Relinquishment Report/Progressive Rehabilitation Report 

(obtained from rehabilitation monitoring program) that the organic ground cover 

percentage, pasture species, perennial plant species and density indicate 

development along the desired trajectory and are comparable to analogue sites. 

A Overall grazing land 

condition 

Pasture condition observed to be acceptable using data from exclosures and species 

balance observations. 

A Pasture dry matter 

production. 

Pasture biomass/dry matter productivity measured at rehabilitation monitoring sites 

equal to, or greater than that measured at reference sites. 

A Land capability. Land capability equivalent to pre-mining condition (with the exception of areas that 

are fenced to exclude stock). 
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B, E Landscape function and vegetation, 

for areas rehabilitated to a natural 

ecosystem land use, is resilient, self‐

sustaining, and comparable to 

surrounding area. 

Ground cover 

percentage. 

Groundcover density achieves and maintains at least 70% surface cover. 

B, E Perennial plant species 

and density. 

Evidence in Closure and Relinquishment Report/Progressive Rehabilitation Report 

(obtained from rehabilitation monitoring program) that key indicators for native 

vegetation and native grassland areas are comparable to those measured at 

analogue sites. 

A, B, C, E, F Soil properties support desired 

post-mining land use and self-

sustaining vegetation. 

Chemical properties of 

soil. 

Major macronutrient (N, P, K, and organic C) concentrations in root zone (0-600 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. 

A, B, C, E, F No persistent bare areas >100 m2. Confirmed by remote sensing and on-ground 

inspection. 

A, B, C, E, F Established final land use with 

comparable management 

requirements to non-mined land. 

Presence of weeds. 

Evidence of weed management being successful by weed diversity not exceeding 

110% of baseline survey results and abundance being comparable to vegetation 

reference sites. 

A 

Requirements are 

consistent with the 

proposed use of low 

intensity grazing. 

Vegetation in grazing rehabilitation zones dominated by pasture grass and legume 

species suitable for grazing. 

A Pasture biomass/productivity equal to, or greater than, that of comparable reference 

sites. 

All Evidence of vegetation recruitment (flowering, seeding). 

All Monitoring after controlled burns show bushfire resilience similar to reference sites. 

All Maintenance and monitoring should be continued until all completion criteria have 

been met. 
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10.4 Closure plan development 

This document and the data it contains and references have informed the development of the 

project’s Rehabilitation and Closure Management Plan. The following includes some text taken 

from the Leading Practice document on Mine closure (DFAT 2016c). 

Planning for mine closure will continue progressively throughout the various phases of the 

mining project’s life cycle, and integrated completely into the company’s normal business 

planning and practice. 

The level of detail and focus on particular details will vary through the cycle, depending on 

which phase the project is in.  Obviously, as the project develops, the level of information that 

is available to guide closure planning will increase, as will the level of confidence in the final 

outcomes and costs.  During the operational phase, the Closure Plan will be updated at regular 

intervals (3-5 years) to standards consistent with regulatory requirements. 

At least five years prior to closure, the Mine Closure Plan should have been developed to the 

point of being detailed, comprehensive, and sufficient to guide mine closure works. The Mine 

Closure Plan will include the following elements: 

a) operation and maintenance of: 

i) wastewater collection and reticulation systems; 

ii) wastewater treatment systems; 

iii) the groundwater monitoring network; 

iv) final cover systems of spoil dumps;  

v) vegetative cover; and 

vi) Detailed design of final landform to ensure long term stability of slopes and water 

courses and to ensure fill material quantities and topsoil quantities will meet 

the design goals. 

 

b) monitoring of: 

i) surface water quality; 

ii) groundwater quality; 

iii) seepage rates; 

iv) erosion rates; 

v) the integrity and stability all slopes, ramps and voids; and 

vi) the health and resilience of native vegetation cover. 

 

c) Decommissioning and demolition of fixed plant and infrastructure. 

 

The Mine Closure Plan will remain in effect for an agreed period following final mineral 

extraction and processing onsite. The Mine Closure Plan will provide the framework for 
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management of final decommissioning and rehabilitation works, assessment of performance 

against rehabilitation completion criteria, relinquishment of mining leases and any post-

closure monitoring or maintenance obligations. The document will also articulate the agreed 

final land use and document the necessary landholder and Regulatory Authority agreements 

for final rehabilitation sign-off. 

10.5 Decommissioning and demolition 

It is assumed that all fixed plant, buildings, and infrastructure will be completely 

decommissioned and removed prior to, or during the mine closure process. A 

decommissioning and demolition plan will be developed as part of the closure plan which will 

include: 

 a decommissioning and demolition risk assessment;  

 an itemised list of all salvageable equipment and resources, buildings, and pieces of 

fixed plant and infrastructure; and  

 detailed disposal and demolition plans and costings.  

If it is decided that any structures or equipment are to be retained for use beyond closure, a 

risk assessment will be undertaken and agreement sought by DELWP and the buyer of the 

project area. No structures or equipment will be allowed to remain beyond closure without 

being certified as safe and fit-for-purpose by a suitably-qualified civil, structural and/or 

mechanical engineer (whichever is appropriate). 

11 REHABILITATION MONITORING AND CORRECTIVE ACTIONS 

Because rehabilitation works will be done progressively, there is considerable opportunity for 

continuous improvement to be implemented.   

This will require on-going monitoring and review of all aspects of the rehabilitation process 

on at least an annual basis to identify possible changes or innovations that could improve 

outcomes and efficiency, as well as corrective actions to repair or stabilise failed or failing areas 

of rehabilitation. 

11.1 Rehabilitation monitoring 

A rehabilitation monitoring program will be implemented at the Project site to identify 

maintenance requirements during rehabilitation, to provide information for future planning 

and improvement in rehabilitation techniques, and to demonstrate compliance with the 

criteria presented in Table 8. Environmental monitoring will be undertaken by Kalbar staff with 

regular third party reviews from an external industry professional.  The collected information 

will provide a basis for decisions on any appropriate management actions required to achieve 

rehabilitation objectives for relinquishment or certification. 

Rehabilitation monitoring will aim to establish techniques for using remote sensing to assess 

biomass and vegetation cover spatial variations (e.g. bare ground index), and to identify areas 

for targeted (on ground) investigations.  

Pasture productivity measured using harvests from exclosures will be compared against 

growth on comparable undisturbed areas, preferably using remote sensing to assess 

reasonably wide areas – provided suitable techniques can be validated. A pasture productivity 
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and condition monitoring methodology based on regular sampling of exclosures will be used 

to directly monitor rehabilitation success in grazing areas and to calibrate measurements made 

using remote sensing – with imagery from a UAV being the most likely approach. 

Monitoring will be undertaken throughout mining and rehabilitation operations and will 

discontinue once the rehabilitation has been relinquished under an agreement approved by 

ERR.  

Analogue/reference sites will be established as part of the rehabilitation monitoring program 

to help form a baseline and define target values that will be used to assess the success of the 

rehabilitation effort (Tongway and Hindley 2004). Analogue sites will be established outside of 

the mining footprint area for all the vegetation associations planned to be removed and 

reinstated. 

Where a natural ecosystem final land use is to be reinstated for the Project, analogue sites 

representative of landforms and ecosystems impacted by the Project will be established with 

three analogue sites per impacted ecosystem. These sites will be used to compare the 

effectiveness of rehabilitation of mined areas with corresponding ‘natural ecosystems’.  

Where a grazing final land use is to be reinstated for the Project, pasture analogue sites will 

be established to represent the grazing land use of the Project area.  

Analogue sites will be established once rehabilitation works are commenced. 

11.2 Corrective actions 

Where monitoring identifies an area of failed rehabilitation or an issue that has the potential 

to result in rehabilitation failure, corrective or remedial works will be required. Recommended 

remedial actions (such as weed control works, supplementary seeding/planting, additional soil 

amelioration, or remedial earthworks) will be presented in the rehabilitation monitoring report 

and will be required to be considered by site staff for costing and inclusion in upcoming 

budget and work programs. 
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12 GLOSSARY OF SOIL AND REHABILITATION TERMINOLOGY 

The following glossary of terms has largely been sourced from Victorian Resources Online (VIC 

Department of Environment and Primary Resources, 2014) and Mine Rehabilitation: Leading 

Practice Sustainable Development Program for the Mining Industry (Australian Government 

2016a).  

A horizon The surface mineral horizons where some have organic matter 

accumulation. They are usually darker in colour than the lower 

horizons and may be broken down into three distinct layers: 

 A1 horizon – Top layer of mineral soil with organic matter 

content and significant biological activity. Usually darker in 

colour than horizons below.  

 A2 horizon - It is usually paler in colour from the A1 horizon. It 

can have less organic matter, sesquioxides, silicate clay: 

 A3 horizon - Transitional horizon between the A and B horizons 

but has predominantly A horizon properties. 

Acidic Soils with a pH less than 7.0 in water. Although some plants thrive 

in acid soils, others do not, and require lime to make the soil more 

alkaline. This term is also used as a Subgroup distinction for a 

number of Soil Orders in the Australian Soil Classification (Isbell, 

2002). It refers to soils with a B2 horizon that, on the whole, is 

strongly acid. 

Acid mine 
drainage 

Acidic drainage from mine wastes resulting from the oxidation of 

sulphides such as pyrite. 

Adaptive 
management 

A systematic process for continually improving management 

policies and practices by learning from the outcomes of operational 

programs. The ICMM’s Good practice guidance for mining and 

biodiversity refers to adaptive management as ‘do–monitor–

evaluate–revise’. 

Alkaline A soil property expressed by a pH that exceeds 7.0 in soil/water 

suspension. 

Alluvium Alluvium is the sediment deposited from transportation by 

channeled stream flow or over-bank stream flow. 

Ameliorant A substance used to improve the chemical or physical properties of 

a soil. For example, gypsum to improve aggregate stability and soil 

structure, lime to increase pH levels. 

Analogue Unmined feature against which a mined feature may be compared. 

B horizon Subsoil horizons consisting of one or more mineral layers differing 

to the A Horizon by: clay, iron, aluminium or organic matter 
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concentrations; structure and/or consistence; and/or colour. The B 

Horizons can have one or more of the following layers: 

 B1 Horizon - Transitional layer between the A and B horizons 

but dominated by B Horizon properties. 

 B2 Horizon - Has the dominant feature of greater clay, iron, 

aluminium, humus and/or maximum development of 

pedological organisation. May be divided into sub horizons B21, 

B22, B23 etc. 

 B3 Horizon - Transitional layer between the B and C horizons, 

dominated by B Horizon properties but integrating into the C 

material below. 

Bleached 
horizon 

Horizons that are paler than adjacent horizons. They are best 

viewed when the soil is dry. A bleach is generally associated with 

the A2 horizon although it is not restricted to this layer. It generally 

occurs on top of a much less permeable subsoil, pan or hard rock. 

A conspicuously bleached horizon is one in which 80% or more of 

the horizon is bleached. A sporadic bleach occurs irregularly 

throughout the horizon or as blotches at the interface of the A and 

B horizons. This horizon is the most leached part of a soil. Organic 

matter, clay, iron, aluminium and nutrient elements have all been 

removed, leaving an accumulation of silica giving the horizon its 

whitish colour. Field observations have established that bleached 

horizons are often saturated with water and their occurrence is 

usually an indication of periodic waterlogging. This can indicate 

sodic subsoils where there is a strong texture contrast between A 

and B horizons. 

Berm A horizontal shelf or ledge built into an embankment or sloping 

wall to break the continuity of the otherwise long slope for the 

purpose of strengthening and increasing the stability of the slope, 

to catch or arrest slope slough material, or to control the flow of 

run-off water and erosion. 

Bund An earthen retaining wall. 

Cation 
exchange 
capacity 
(CEC) 

Is the measure of the capacity of a soil to hold the major cations: 

calcium, magnesium, sodium and potassium (including hydrogen, 

aluminium and manganese in acid soils). It is a measure of the 

potential nutrient reserve in the soil and is therefore an indicator of 

inherent soil fertility. An imbalance in the ratio of cations can result 

in soil structural problems. High levels of individual cations (e.g. 

aluminium and manganese) can also be toxic to plants. 
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Calcium / 
magnesium 
ratio  

A ratio of exchangeable Calcium vs. exchangeable Magnesium in 

the soil. Soils with a low Ca:Mg ratio will in most cases indicate low 

exchangeable calcium levels (possible calcium deficiency for some 

plants) and potential soil structural stability issues due to high Mg. 

C horizon Layers below the solum (AB profile) lacking pedological 

development (see also Structure). Includes consolidated rock and 

sediments that are generally weak in strength. 

Closure The permanent and final cessation of operations and subsequent 

decommissioning/demolition of site equipment and infrastructure 

and rehabilitation of remaining disturbance. The closure of the 

operation is generally initiated when the resource is depleted or 

when the cost of production exceeds returns. 

Closure 
planning 

A life-of-mine process which ultimately can culminate in 

relinquishment of tenure. It broadly includes planning for the entire 

life of operation from pre-feasibility through to approvals, 

operations to cessation of operations, and includes 

decommissioning, rehabilitation and monitoring and maintenance 

for a defined period.  

Crop lower 
limit 

(Wilting point) The water content of the soil where the plant is no 

longer able to extract it and therefore the plant wilts. 

Dermosols Soil Order of the Australian Soil Classification (Isbell, 2002). Soils 

that have structured B2 Horizons more developed than weak 

throughout the major part of the horizon. They also lack strong 

texture contrast between the A and B horizons. 

D horizon Any soil material below the solum that is unlike the solum and C 

Horizon and is not a buried soil (McDonald et al, 1990). 

Dispersion Clay dispersion is an indicator of sodic soils as it occurs when 

excessive sodium is present. 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 and degrade soil 

structure as well as restricting root growth and water movement. 

Dispersive soils usually have a high exchangeable sodium 

percentage (ESP). 

Dispersive soils Soils that are structurally unstable and disperse in water into basic 

particles (such as sand, silt and clay). Dispersive soils tend to be 

highly erodible and present problems for successfully managing 

earthworks. 
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Drained upper 
limit  

(Field capacity) The percentage of moisture remaining in a soil 

horizon 2-3 days after being saturated (by rainfall or irrigation) and 

after free drainage has ceased. 

Duplex profile It describes a soil where there is a sharp texture contrast between 

the A and B horizons. A duplex soil is often characterised by a sandy 

or loamy surface horizon with a sharp to clear boundary to a clay 

subsoil.  

Ecosystem A system whose members benefit from each other’s participation 

via symbiotic relationships (positive sum relations). The term 

originated in biology and refers to self-sustaining systems. 

Electrical 
conductivity 
(EC) 

A measure of the conduction of electricity through water, or a soil 

water extract. The value can reflect the amount of soluble salts in a 

soil extract - therefore providing an indication of soil salinity. Soil 

texture needs to be considered in interpretation. 

Encapsulation Surrounding a hazardous or reactive waste with inert or benign 

materials in order to isolate the waste from oxygen, water and 

erosive forces and prevent further environmental impact. 

Estimated plant 
available 
water capacity 
(EPAWC) 

Largely a texture based estimate of the plant available water 

capacity of a soil, but also considers organic matter content and 

structure. Plant available water capacity and water holding capacity 

phrases are often used interchangeably. 

Exchangeable 
sodium 
percentage 
(ESP) 

Is calculated as the proportion of the cation exchange capacity 

occupied by the sodium ions and is expressed as a percentage. In 

Australia, sodic soils are categorised as soils with an ESP of 6-14% 

and strongly sodic soils have an ESP of >14%. 

Electro 
Chemical 
Stability Index 
(ESI) 

Calculated as the ratio of EC to ESP, this index considers interactions 

between soil solution concentration and exchangeable sodium.  

Increasing solution concentration reduces the potential for 

dispersion at a particular level of ESP, whereas reducing solution 

concentration increases potential for dispersion. 

Field capacity  See Drained upper limit. 

Footprint The surface area covered by the mine and its associated 

infrastructure. 

Functional 
ecosystem 

In the post-mining phase, an ecosystem that is stable (not subject 

to high rates of erosion), is effective in retaining water and nutrients 

and is self-sustaining. 
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Goal An overall outcome towards which rehabilitation and closure effort 

is directed. 

Gradational 
profile 

A soil with a gradual increase in texture (i.e. becomes more clayey) 

as the profile deepens. Boundaries are usually gradual or diffuse. 

Granular 
structure 

Rounded peds that are porous, stable and less than 12 mm in 

diameter. Granular structure usually occurs in the surface horizons. 

Gypsum A naturally occurring soft crystalline mineral which is a hydrated 

form of calcium sulfate. Gypsum contains approximately 23% 

calcium and 18% sulfur and is used to improve soil structure and 

reduce crusting in hard setting clayey soils. 

Hardsetting The condition of a soil where the surface is dry, hard and compacted 

with no apparent pedal development. These soils are not disturbed 

or indented by pressure of the forefinger. These harder setting soils 

tend to result in high runoff. 

Hydroseeding Spraying a mixture of paper or straw mulch, containing seed, 

fertiliser and a binding agent, onto a slope that is too steep or 

inaccessible for conventional seeding techniques. 

Kandosol A Soil Order of the Australian Soil Classification. These soils lack 

strong texture contrast and have massive or only weakly structured 

B horizons. The B2 horizon is well developed and has a maximum 

clay content in some part of the B2 Horizon which exceeds 15%. 

They are also not calcareous throughout. 

Local 
provenance 

For plants, those whose native area is close to where they are going 

to be planted (for example, in the same local area). 

Massive This term applies to soil horizons greater than 6 mm in thickness, 

that appear to be coherent or solid and devoid of peds. When 

displaced, the soil separates into fragments which may be crushed 

into individual particles. 

Mottling The presence of more than one soil colour in a horizon. The soil 

may differ in colour either within peds or aggregates, or between 

them. Mottling occurs as blotches or streaks of subdominant colour 

throughout the main (i.e. matrix) colour. It does not refer to stains 

or coloured deposits on ped faces. Mottling is often an indication 

of poor profile drainage but may be caused by the weathering of 

parent material. Diffusely mottled implies that neighboring colours 

are only slightly different. 

Overtopping Water or tailings slurry breaching the top of a containment 

structure. 
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Parent material The rock from which a soil profile develops. 

Particle size 
analysis 

(Particle size distribution) The measurement of the relative amounts 

of coarse sand, fine sand, silt and clay size particles in a soil sample 

(as determined in the laboratory). 

Permeability The characteristic of a soil which governs the rate at which water 

moves through it. It depends on soil texture, soil structure, the 

presence of compacted or dense soil horizons and the size and 

distribution of pores in the soil. 

pH Measure of soil acidity and alkalinity on a scale of 0 (extremely 

acidic) to 14 (extremely alkaline). A pH of 7 is neutral, and the 

optimal pH range for most plants is 6.5 to 8.  

Pioneer 
species 

The first species to colonise an area of disturbance. 

Porosity The degree of pore space in a soil i.e. the percentage of the total 

space between solid particles. 

Profile The vertical section of the soil from the soil surface down through 

the horizons including the parent material. It consists of two parts: 

the solum and the parent material. 

Propagule Any structure having the capacity to give rise to a new plant, 

whether through sexual or asexual (vegetative) reproduction. 

Includes seeds, spores and any part of the vegetative body capable 

of independent growth if detached from the parent. 

Reactive waste Waste that reacts on exposure to oxygen. 

Rehabilitation The return of disturbed land to a stable, productive and self-

sustaining condition, after taking into account beneficial uses of the 

site and surrounding land. Reinstatement of degrees of ecosystem 

structure and function where restoration is not the aspiration. 

Relinquishment Formal approval by the relevant regulating authority indicating that 

the completion criteria for the mine have been met to the 

satisfaction of the authority. 

Remnant 
vegetation 

Native vegetation remaining after widespread clearing has taken 

place. 

Restoration Re-establishment of ecosystem structure and function to an image 

of its prior near-natural state or replication to a desired reference 

ecosystem. 



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 108 

Revegetation The establishment of vegetation cover after earthworks are 

finished, consistent with the agreed post closure land use. 

Salinity A measure of the total soluble salts in a soil. A saline soil is one with 

an accumulation of free salts at the soil surface and/or within the 

profile at levels that will affect plant growth and/or land use. It is 

generally attributed to changes in land use or natural changes in 

drainage or climate, which affect the movement of water through 

the landscape. Salinity levels of soil or water can be tested using 

electrical conductivity (EC). 

Slaking The breakdown of soil aggregates when immersed in water into 

smaller sized micro-aggregates. These aggregates may 

subsequently disperse. 

Slurry A finely divided solid that has settled out from thickeners. 

Stakeholder A person, group or organisation with the potential to affect or be 

affected by the process or outcome of mine rehabilitation and 

closure. A stakeholder can also be a decision maker in the process. 

Sodicity A measure of exchangeable sodium in relation to other 

exchangeable cations. It is expressed as the exchangeable sodium 

percentage (ESP). A sodic soil contains sufficient exchangeable 

sodium to interfere with the growth of plants, including crops. A 

soil with an ESP greater than 6 is generally regarded as being sodic. 

Sodic soils Soils containing sodium as a significant proportion (commonly 

greater than 6%) of their total exchangeable cations. Sodic soils 

tend to have poor drainage due to poor soil structure. 

Sodosol A Soil Order of the Australian Soil Classification. These soils have a 

clear or abrupt textural change between the A Horizons and B 

Horizons. The top 20 cm of the B2 horizon is sodic and is not 

strongly acid.  

Soil Soil is a natural body consisting of layers (soil horizons) of mineral 

constituents of variable thicknesses, which differ from the parent 

materials in their morphological, physical, chemical, and 

mineralogical characteristics. 

Structure Describes the way the soil particles are arranged to form soil peds. 

Peds are units of soil structure that are separated from each other 

by natural planes of weakness. They differ from clods which are 

formed as a result of soil disturbance such as ploughing. 

Subsoil The subsurface soil below the topsoil. Typically B horizons and 

sometimes A2 or A3 horizons.  
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Success 
criterion 

An agreed standard or level of performance, which demonstrates 

successful closure of the site. 

Supernatant Water that bleeds off the top of deposited tailings slurry. 

Surface soil Generally refers to Topsoil – see definition below. 

Sustainable Able to meet the needs of the present without compromising the 

ability of future generations to meet their needs. 

Tailings storage 
facility 

An area used to confine tailings; its prime function is to achieve 

solids settling and improve water quality. It refers to the overall 

facility, and may include one or more tailings dams. 

Texture (field) Field texture is determined by measuring the behavior of a small 

handful of soil grains (<2 mm in size) when moistened and kneaded 

(1-2 minutes) until it does not stick to the hand. It provides an 

estimate of the relative amounts of coarse sand, fine sand, silt and 

clay size particles. Soil texture influences many soil physical 

properties such as water holding capacity and hydraulic 

conductivity. Numerous soil properties affect the determination of 

texture such as type of clay minerals, organic matter, carbonates, 

etc. Texture is determined by the behavior of the moist bolus and 

length of the ribbon when sheared between thumb and forefinger. 

Topsoil The surface layer of soil that usually has higher fertility and organic 

matter and better structure than the underlying layers. Typically it 

is the A1 horizon and contains the majority of the seed bank. 

Trajectories (of 
rehabilitation 
communities) 

Trends in the rehabilitation as it develops over time. 

Uniform profile These soil profiles have limited, if any texture change throughout 

the profile. There is generally no textural boundaries found within 

the uniform profile, except for possibly a surface crust.  

Water holding 
capacity 

The amount of soil water that can be extracted by the plant. It is 

defined as the difference in soil moisture content between the 

drained upper limit and the crop lower limit. It is expressed as 

millimetres of plant-available water within the root zone. 

Wilting point See crop lower limit.  

 

 

 



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 110 

 

  



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 111 

REFERENCES 

Australian Government, 2016a.  Mine Rehabilitation. Leading Practice Sustainable 

Development Program for the Mining Industry, September 2016. 

Australian Government, 2016b.  Preventing Acid and Metalliferous Drainage. Leading Practice 

Sustainable Development Program for the Mining Industry, September 2016. 

Australian Government, 2016c.  Mine Closure. Leading Practice Sustainable Development 

Program for the Mining Industry, September 2016. 

Coffey, 2018. Kalbar Operations Pty Limited Fingerboards Mineral Sands Project: Project 

description, Report 754-ENAUABTF11607_6_15_PDSummary_v4, prepared for Kalbar 

Operations Pty Ltd, 4 October 2018. 

Department of Economic Development, Jobs, Transport and Resources (DEDJTR), 2017. 

Rehabilitation and Closure Plan Guideline for the Mining Industry (DRAFT). Earth 

Resources Regulation Branch. V05b. January 2017. 

Department of Primary Industries, Victoria, 2010.  Tunnel erosion in East Gippsland.  

Department of Primary Industries, Bairnsdale, Victoria 3953. 

Department of Sustainability and Environment (DSE), 2006. Native Vegetation Revegetation 

Planting Standards – Guidelines for establishing native vegetation for net gain 

accounting. Victorian Government, Department of Sustainability and Environment, East 

Melbourne. 

Department of Sustainability and Environment (DSE), 2011. Victoria’s native vegetation 

management: a framework for action. Victorian Government, Australia. 

DILGPQ, 2014.  RPI Act Guideline 08/14: How to demonstrate that land in the strategic cropping 

area does not meet the criteria for strategic cropping land.  Department of Infrastructure, 

Local Government and Planning, Queensland. 

East Gippsland Catchment Management Authority, 2013. East Gippsland Regional Catchment 

Strategy 2013-2019. Victorian Government, Australia. 

EHP, 2020.  Detailed Ecological Investigations for the Proposed Fingerboards Mineral Sands 

Project, Glenaladale, Victoria. Report prepared for Kalbar Operations Pty Limited, April 

2020. 

Environmental Geochemistry International (EGI), 2020. Geochem Testing of Fingerboard Tailings 

and Overburden. Memo prepared for Kalbar Operations Pty Limited, April 2020. 

EMM, 2020a. Fingerboards Mineral Sands Project. Conceptual Surface Water Management 

Strategy and Water Balance. Report prepared for Kalbar Operations Pty Limited, April 

2020 

EMM, 2020b. Fingerboards Groundwater Modelling Report In support of the Environmental 

Effects Statement. Report prepared for Kalbar Operations Pty Limited, April 2020. 

Gibson-Roy, P., Moore, G., Delpratt, J., and Gardner, J. (2010). Expanding horizons for 

herbaceous ecosystem restoration: the Grassy Groundcover Restoration Project 

Ecological Management & Restoration 11: 176-186.   



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 112 

Hamilton, L.J, Reed, K.F.M, Leach, E.M.A., and Brockwell, J., 2015.  Boron deficiency in pasture 

based on subterranean clover (Trifolium subterraneum L.) is linked to symbiotic 

malfunction.  Crop & Pasture Science, http://dx.doi.org/10.1071/CP14300. 

Hazelton, P. and  Murphy, B., 2007.  Interpreting soil results: What do all the numbers mean? 

CSIRO Publishing. 

IECA, 2008.  Best practice erosion and sediment control for building and construction sites.  

International Erosion control Association (Australasia). 

Isbell, R., 2002. The Australian Soil Classification. Revised Edition. Melbourne: CSIRO Publishing. 

Landloch Pty Ltd, 2004.  Identification and management of dispersive mine spoils.  Final Report 

ACMER Project R54, Australian Centre for Mining Environmental Research. 

Landloch Pty Ltd, 2006.  Validation of a risk assessment model for tunnel erosion on waste 

dumps.  Final Report, ACMER Project R68, Australian Centre for Mining Environmental 

Research. 

Landloch Pty Ltd, 2020a. Landform, geology, and soil investigation. Fingerboards Mineral Sands 

Project. Report prepared for Kalbar Operations Pty Limited, April 2020. 

Landloch Pty Ltd, 2020b. Fingerboards Project – soil profile reconstruction study. 1. Productivity 

and properties of subsoils constructed of coarse and fine tailings mixtures. Report 

prepared for Kalbar Operations Pty Limited, April 2020.. 

Landloch Pty Ltd, 2020c. Fingerboards Project – soil profile reconstruction study. 2. Productivity 

and properties of subsoils constructed using Haunted Hills Formation overburden and 

coarse tailings mixtures. Report prepared for Kalbar Operations Pty Limited, April 2020. 

Matrix Planning Australia Pty Ltd. 2020. Fingerboards Mineral Sands Project. Land use and 

planning impact assessment. Report prepared for Kalbar Operations Pty Limited, April 

2020. 

Mining One Consultants. 2020. Fingerboards Mineral Sands Project Geotechnical Assessment. 

Report prepared for Kalbar Operations Pty Limited, April 2020. 

MRSDA, 1990. Authorised Version No. 112 Mineral Resources (Sustainable Development) Act 

1990. No. 92 of 1990 Authorised Version incorporating amendments as at 15 June 

2017. Victorian Government, Australia. 

NEPC, 1999.  Schedule B (1) Guideline on the Investigation Levels for Soil and 

Groundwater.  National Environment Protection (Assessment of Site Contamination) 

Measure 1999. 

Osborne, T.R. 2019. Fingerboards Project – Proposed Tailings Management Strategy. Notes on 

Post Closure Settlement. Report prepared for Kalbar Operations Pty Limited, 7 

November 2019. 

Renard, K.G., Foster, G R., Weesies, G.A., McCool, D.K., and Yoder, D.C. 1997. Predicting soil 

erosion by water: A guide to conservation planning with the Revised Universal Soil Loss 

Equation (RUSLE). US Department of Agriculture, Agriculture Handbook No. 703. 

National Technical Information Service, Springfield, Virginia. 

Rosengren, N.  2017.  Fingerboards Mineral Sands Project: Glenaladale.  Background Paper: 

Geomorphology and Geology.  Report prepared for Andrew Long and Associates. 



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 113 

Sargeant, I. and Sargeant, J. 2005. Sustainable Soil Management: A reference manual to the 

major agricultural soil of the Bairnsdale and Dargo Regions. Department of Primary 

Industries, Bairnsdale, Victoria. 

SPS, 2018.  Pasture Reference Guide.  Stephens Pasture Seeds 
https://www.ausweststephenseeds.com.au/-/media/awsps/.../sps.../sps-guide-2018.ashx 

Tongway, D. and Hindley, N., 2004. Landscape Function Analysis: Procedures for monitoring and 

assessing landscapes. CSIRO, Canberra, Australia. 

Urbis. 2020. Fingerboards Mineral Sands Project. Landscape and Visual Impact Assessment. 

Report prepared for Kalbar Operations Pty Limited, April 2020. 

VIC Department of Environment and Primary Resources, 2014. Soil Glossary. Retrieved from 

Victorian Resources Online: 

http://vro.depi.vic.gov.au/dpi/vro/vrosite.nsf/pages/gloss_ac 

Water Technology, 2020a. Fingerboards Mineral Sands Landscape Stability and Sediment 

Transport Regime Assessment. Report prepared for Kalbar Operations Pty Limited, April 

2020. 

Water Technology, 2020b. Fingerboards Mineral Sands Surface Water Assessment – Site Study. 

Report prepared for Kalbar Operations Pty Limited, April 2020. 

Water Technology, 2020c. Fingerboards Mineral Sands Surface Water Assessment – Regional 

Study. Report prepared for Kalbar Operations Pty Limited, April 2020 

Willgoose, G.R., Bras, R.L., and Rodrigues-Iturbe, I., 1989. Modelling of the erosional impacts 

of land use change: A new approach using a physically based catchment evolution 

model. [In] Hydrology and Water Resources Symposium 1989, Christchurch, NZ. 

National Conf. Publ. no 89/19, The Institution of Engineers, Australia, pp. 325-329. 

Willgoose, G.R., Bras, R.L., and Rodriguez-Iturbe, I. 1991. A physically-based channel network 

and catchment evolution model: I Theory. Water Resources Research 27: 1671-1684. 

Yee Yet, J.S., and Silburn D.M. 2003.  Deep drainage estimates under a range of land uses in the 

QMDB using water balance modelling.  Department of Natural Resources and Mines, 

Queensland, QNRM03021. 

 

 

 

 

 

 

 



 

 

Fingerboards Mineral Sands Project - Rehabilitation | 114 

 

APPENDIX 1:  INFORMATION FOR KEY LOCAL ECOSYSTEMS 
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EVC/Bioregion Benchmark for Vegetation Quality Assessment 
 

Gippsland Plain bioregion 
 

EVC 47: Valley Grassy Forest 
 

 
• Description: 

Valley Grassy Forest occurs under moderate rainfall regimes of 700-800 mm per annum on fertile well-drained colluvial or alluvial 
soils on gently undulating lower slopes and valley floors. Open forest to 20 m tall that may carry a variety of eucalypts, usually 
species which prefer more moist or more fertile conditions over a sparse shrub cover. In season, a rich array of herbs, lilies, grasses 
and sedges dominate the ground layer but at the drier end of the spectrum the ground layer may be sparse and slightly less diverse, 
but with the moisture-loving species still remaining. 
 

Large trees:  
Species 
Eucalyptus spp. 

DBH(cm) 
70 cm 

#/ha 
20 / ha 

• Tree Canopy Cover: 
%cover Character Species Common Name 
20% Eucalyptus radiata s.l. 

Eucalyptus leucoxylon 
Eucalyptus melliodora 
Eucalyptus rubida 

Narrow-leaf Peppermint 
Yellow Gum Yellow Box 
Candlebark 

 

Understorey: Life 
form 
Immature Canopy Tree 

 
#Spp 

 
%Cover 
5% 

 
LF code 
IT 

Understorey Tree or Large Shrub 2 10% T 
Medium Shrub 2 15% MS 
Prostrate Shrub 1 1% PS 
Large Herb 2 5% LH 
Medium Herb 11 25% MH 
Small or Prostrate Herb 3 5% SH 
Large Tufted Graminoid 2 5% LTG 
Large Non-tufted Graminoid 2 10% LNG 
Medium to Small Tufted Graminoid 16 40% MTG 
Medium to Tiny Non-tufted Graminoid 2 5% MNG 
Scrambler or Climber 1 1% SC 
Bryophytes/Lichens na 20% BL 

 
 
 
 
 
 
 
 
 

Ecological Vegetation Class bioregion benchmark 
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EVC 47: Valley Grassy Forest - Gippsland Plain bioregion 

 
 
 

LF Code Species typical of at least part of EVC range Common Name 
T Acacia mearnsii Black Wattle 
MS Myoporum sp. 1 Sticky Boobialla 
MS Acacia pycnantha Golden  Wattle 
MS Bursaria spinosa ssp. spinosa Sweet  Bursaria 
SS Pimelea humilis Common Rice-flower 
PS Bossiaea prostrata Creeping Bossiaea 
LH Veronica gracilis Slender Speedwell 
MH Poranthera microphylla Small Poranthera 
MH Gonocarpus tetragynus Common  Raspwort 
MH Drosera peltata ssp. auriculata Tall Sundew 
SH Solenogyne dominii Smooth Solenogyne 
SH Oxalis corniculata s.l. Yellow Wood-sorrel 
SH Oxalis exilis Shady Wood-sorrel 
SH Opercularia varia Variable  Stinkweed 
LTG Austrostipa rudis Veined Spear-grass 
LTG Austrostipa mollis Supple Spear-grass 
LNG Gahnia radula Thatch Saw-sedge 
MTG Themeda triandra Kangaroo Grass 
MTG Lomandra filiformis Wattle Mat-rush 
MTG Tricoryne elatior Yellow Rush-lily 
MTG Arthropodium strictum s.l. Chocolate  Lily 
MNG Microlaena stipoides var. stipoides Weeping  Grass 
SC Billardiera scandens Common Apple-berry 
 
Recruitment: 
Continuous 
 
Organic Litter: 
20 % cover 
 
Logs: 
20 m/0.1 ha. 
 
Weediness: 
LF Code Typical Weed Species Common Name Invasive Impact 
LH Plantago lanceolata Ribwort high low 
MH Hypochoeris radicata Cat's Ear high low 
MH Centaurium erythraea Common Centaury high low 
LTG Watsonia meriana var. bulbillifera Bulbil Watsonia high high 
LNG Holcus lanatus Yorkshire Fog high high 
MTG Briza maxima Large Quaking-grass high low 
MTG Romulea rosea Onion Grass high low 
MTG Ehrharta longiflora Annual Veldt-grass high low 
MTG Ehrharta erecta var. erecta Panic Veldt-grass high high 
MTG Anthoxanthum odoratum Sweet Vernal-grass high high 
MTG Sporobolus africanus Rat-tail Grass high high 
MTG Paspalum dilatatum Paspalum high high 
MTG Agrostis capillaris s.l. Brown-top Bent high high 
MNG Dactylis glomerata Cocksfoot high high 
SC Galium aparine Cleavers high low 
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EVC/Bioregion Benchmark for Vegetation Quality Assessment 
 

Gippsland Plain bioregion 
 

EVC 55: Plains Grassy Woodland 
 

 
• Description: 

An open, eucalypt woodland to 15 m tall occurring on a number of geologies and soil types. Occupies poorly drained, fertile soils on 
flat or gently undulating plains at low elevations. The understorey consists of a few sparse shrubs over a species-rich grassy and 
herbaceous ground layer. 
 

Large trees:  
Species 
Eucalyptus spp. 

DBH(cm) 
80 cm 

#/ha 
10 / ha 

• Tree Canopy Cover: 
%cover Character Species Common Name 
20% Eucalyptus tereticornis ssp. mediana 

Eucalyptus camaldulensis 
Gippsland Red-gum 
River Red-gum 

 

Understorey: 
Life form 
Immature Canopy Tree 

 
#Spp 

 
%Cover 
5% 

 
LF code 
IT 

Understorey Tree or Large Shrub 1 5% T 
Medium Shrub 2 10% MS 
Small Shrub 1 1% SS 
Prostrate Shrub 1 1% PS 
Large Herb 1 5% LH 
Medium Herb 10 20% MH 
Small or Prostrate Herb 3 5% SH 
Large Tufted Graminoid 2 5% LTG 
Large Non-tufted Graminoid 1 10% LNG 
Medium to Small Tufted Graminoid 9 35% MTG 
Medium to Tiny Non-tufted Graminoid 2 10% MNG 
Bryophytes/Lichens na 10% BL 

 

LF Code 
T 

Species typical of at least part of EVC range 
Allocasuarina littoralis 

Common Name 
Black Sheoak 

T Acacia mearnsii Black Wattle 
T Acacia melanoxylon Blackwood 
MS Kunzea ericoides Burgan 
SS Pimelea humilis Common Rice-flower 
PS Bossiaea prostrata Creeping Bossiaea 
MH Hypericum gramineum Small St John's Wort 
MH Oxalis perennans Grassland Wood-sorrel 
SH Dichondra repens Kidney-weed 
SH Poranthera microphylla Small Poranthera 
LTG Austrostipa rudis Veined Spear-grass 
LNG Gahnia radula Thatch Saw-sedge 
MTG Themeda triandra Kangaroo Grass 
MTG Carex breviculmis Common Grass-sedge 
MTG Lomandra filiformis Wattle Mat-rush 
MTG Schoenus apogon Common Bog-sedge 
MNG Microlaena stipoides var. stipoides Weeping Grass 

 
 
 
 

 
Ecological Vegetation Class bioregion benchmark 
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EVC 55: Plains Grassy Woodland - Gippsland Plain bioregion 

 
 
 
Recruitment: 
Continuous 
 
Organic Litter: 
10 % cover 
 
Logs: 
10 m/0.1 ha. 
 
Weediness: 
LF Code Typical Weed Species Common Name Invasive Impact 
LH Plantago lanceolata Ribwort high low 
MH Hypochoeris radicata Cat's Ear high low 
MH Centaurium erythraea Common  Centaury high low 
LNG Holcus lanatus Yorkshire Fog high high 
MTG Anthoxanthum odoratum Sweet Vernal-grass high high 
MNG Romulea rosea Onion Grass high low 
MNG Briza maxima Large Quaking-grass high low 
MNG Briza minor Lesser Quaking-grass high low 
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EVC/Bioregion Benchmark for Vegetation Quality Assessment 
 

Gippsland Plain bioregion 
 

EVC 151: Plains Grassy Forest 
 

 
• Description: 

Open forest to 20 m tall often above a heathy shrub layer and a diverse grassy, sedgy and herbaceous ground layer. Occurs on 
lowland plains and old river terraces made up of gravelly sandy clays. 
 

Large trees:  
Species 
Eucalyptus spp. 

DBH(cm) 
70 cm 

#/ha 
20 / ha 

• Tree Canopy Cover: 
%cover Character Species Common Name 
30% Eucalyptus muelleriana 

Eucalyptus bridgesiana s.l. 
Eucalyptus polyanthemos 
Eucalyptus macrorhyncha 

Yellow Stringybark 
But But Red Box 
Red Stringybark 

 

Understorey: Life 
form 

 
#Spp 

 
%Cover 

 
LF code 

Immature Canopy Tree  5% IT 
Understorey Tree or Large Shrub 3 15% T 
Medium Shrub 6 20% MS 
Small Shrub 3 5% SS 
Prostrate Shrub 2 5% PS 
Large Herb 3 5% LH 
Medium Herb 6 10% MH 
Small or Prostrate Herb 2 5% SH 
Large Tufted Graminoid 2 10% LTG 
Large Non-tufted Graminoid 1 5% LNG 
Medium to Small Tufted Graminoid 4 15% MTG 
Medium to Tiny Non-tufted Graminoid 2 1% MNG 
Ground Fern 2 10% GF 
Bryophytes/Lichens na 10% BL 
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EVC 151: Plains Grassy Forest - Gippsland Plain bioregion 

 
 
 

LF Code Species typical of at least part of EVC range Common Name 
T Allocasuarina littoralis Black Sheoak 
T Acacia mearnsii Black Wattle 
T Acacia implexa Lightwood 
T Exocarpos cupressiformis Cherry Ballart 
MS Leptospermum continentale Prickly  Tea-tree 
MS Banksia marginata Silver  Banksia 
MS Kunzea ericoides Burgan 
MS Melaleuca parvistaminea Rough-barked Honey-myrtle 
SS Pimelea humilis Common Rice-flower 
SS Hibbertia riparia Erect Guinea-flower 
SS Platylobium obtusangulum Common  Flat-pea 
SS Phyllanthus hirtellus Thyme  Spurge 
PS Acrotriche serrulata Honey-pots 
PS Bossiaea prostrata Creeping Bossiaea 
PS Astroloma humifusum Cranberry Heath 
LH Tricoryne elatior Yellow Rush-lily 
LH Wahlenbergia gracilis s.l. Sprawling  Bluebell 
MH Poranthera microphylla Small Poranthera 
MH Hypericum gramineum Small St John's Wort 
MH Hydrocotyle hirta Hairy  Pennywort 
MH Gonocarpus tetragynus Common  Raspwort 
SH Dichondra repens Kidney-weed 
SH Oxalis corniculata s.l. Yellow  Wood-sorrel 
SH Opercularia varia Variable  Stinkweed 
LTG Xanthorrhoea minor ssp. lutea Small  Grass-tree 
LTG Lomandra longifolia Spiny-headed Mat-rush 
LNG Gahnia radula Thatch Saw-sedge 
MTG Themeda triandra Kangaroo Grass 
MTG Poa australis spp. agg. Tussock  Grass 
MTG Lomandra filiformis Wattle Mat-rush 
MTG Lepidosperma laterale Variable  Sword-sedge 
MNG Microlaena stipoides var. stipoides Weeping  Grass 
MNG Entolasia marginata Bordered  Panic 
GF Pteridium esculentum Austral  Bracken 
 
Recruitment: 
Continuous 
 
Organic Litter: 
20 % cover 
 
Logs: 
20 m/0.1 ha. 
 
Weediness: 
LF Code Typical Weed Species Common Name Invasive Impact 
LH Centaurium tenuiflorum Slender  Centaury high low 
MH Hypochoeris radicata Cat's Ear high low 
MH Centaurium erythraea Common Centaury high low 
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APPENDIX 2:  LOOKUP TABLE FOR SOIL WATER STORAGE 
CAPACITY 

 

 

(from DILGP (2014), page 54.) 
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APPENDIX 3:  WATER BALANCE SIMULATIONS FOR THE 
FINGERBOARDS AREA 
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WATER BALANCE REPORT FOR EAST GIPPSLAND SITE 

We have used the Howleaky model (Rattray et al., 2004) to estimate water 
balance for a range of pasture and tree scenarios at the East Gippsland site 
for 3 soils: 

1. Sodosol with a hard-setting and impermeable B horizon 

2. Podosol with gravel below 500 mm 

3. Sandy duplex soil with stable clay B horizon 

Three scenarios were modelled for each of the three soils: 

1. High fertility pastures 

2. Low fertility pasture  

3. High fertility pasture and trees 

 

THE HOWLEAKY MODEL 

HowLeaky is a daily timestep water balance model designed to assess the 
impact of different land use and management options on water balance and 
water quality. HowLeaky was selected for modelling because this model has 
been extensively validated with hydrology data for pasture and cropping 
systems in Australia for runoff, drainage and all components of the water 
balance. In Howleaky, soil water balance is calculated on a daily basis as 
the difference between inputs (rainfall) and outputs (runoff, drainage, soil 
evaporation and transpiration) in soil layers of variable thickness and water 
holding characteristics.  Runoff is calculated using the modified USDA runoff 
model and is a function of daily rainfall, antecedent soil water content and 
distribution, cover and user specified runoff potential for bare soil and 
response to cover.   

INPUT PARAMETERS 

Deep drainage rates are related to a variety of climate, soil and land 
management, and their interaction via the soil water balance.  Key climatic 
factors are the amount and timing of rainfall and evaporation, and the 
relationship between the two.  Plant available water capacity (PAWC) and 
soil permeability are major soil factors affecting drainage.  Vegetation 
factors affecting drainage include water use, perenniality and effective 
rooting depth. The main parameters critical for modelling deep drainage are 
PAWC, soil permeability, runoff parameter (USDA Curve Number) and 
rooting depth.  

Plant Available Water Capacity 

PAWC is the amount of water stored in the soil profile that can be used by 
plants, between the upper and lower limit moisture contents over the depth 
of rooting. Soil PAWC data was estimated from the study area to a depth of 
900 mm for pastures and 2000 mm for trees. (Figures 1 to 3). 
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Figure 1 Plant Available Water Capacity for the Sodosol to a depth of 900 
mm for pastures and 2 m for native vegetation. PAWC to 900 mm was 86 
mm (loss of storage capacity due to dispersion and hardsetting not 
considered. 

 

Figure 2 Plant Available Water Capacity for the Podosol to a depth of 900 
mm for pastures and 2 m for native vegetation. PAWC to 900 mm was 40 
mm. 
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Figure 3 Plant Available Water Capacity for the Sandy Duplex soil to a depth 
of 900 mm for pastures and 2 m for native vegetation. PAWC to 900 mm 
was 99 mm. 

 

Runoff And Drainage Parameters 

Runoff (USDA Curve No parameter) and drainage (soil permeability) 
parameters were obtained from previous water balance modelling studies 
in Australia for similar soils.  

Crop And Tillage Parameters  

Pastures and trees were represented in HowLeaky using a simple cover 
model; where transpiration depends on pan evaporation, soil water 
availability and crop development (green cover, residue cover, and root 
depth). Green and total cover parameters for modelling pastures and trees 
was obtained from consultation with local agronomists. Most pastures in the 
area are active in winter and spring. The cover levels for the 3 vegetation 
scenarios are shown in Figure 4. 
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Figure 4. Green and total cover for three pasture and tree scenarios. 
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Climate Data 

Climate data were obtained from the national climate database SILO 
(Jeffrey et al. 2001).  Data required were daily rainfall, minimum and 
maximum temperatures, radiation, evaporation and vapour pressure. Daily 
climate files were obtained for the period 1890 to 2017 for the study site at 
Latitude 147.35 and Longitude -37.80. The long-term average annual 
rainfall for this site was 700mm and ranging from 350mm to 1190 mm. 
Evaporation over the summer is very high with very low soil water storage 
(Figure 6). Model simulations were run from 1957 to 2017 to capture the 
decadal climate variability. 

 

Fig 5 Long term annual average rainfall shows a high variability, ranging 
from 350mm to 1190 mm. 

 

Fig 6 Long term average monthly rainfall and pan evaporation at the site 
show very high evaporation rates over summer. 
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WATER BALANCE ESTIMATES FROM WATER BALANCE MODELLING  

Estimated drainage for the three soils show that drainage is lowest for the 
Sodosol and highest for the Podosol (Figure 7). The Sodosol has a hard 
setting surface with higher runoff and consequently lower drainage rates 
(Figure 8). The Podosol is highly permeable and has a low PAWC, resulting 
in high drainage under both pasture scenarios; with drainage reducing with 
the addition of trees. The Sandy Duplex has a high water holding capacity 
in the clay layer and lower drainage than the Podosol. The PAWC of the soil 
has a large effect on drainage as it defines the maximum potential soil water 
deficit that can store rainfall and prevent drainage.  

 

Figure 7. Average annual drainage for three soils under low and high fertility 
vegetation scenarios. 

 

Water use is higher under the high fertility pastures and highest with 
pastures and trees (Figure 9). Tree roots are able to access water to a much 
deeper depth than pastures and also use water all year round, and hence 
have the lowest rates of drainage. Studies have shown that deep-rooted 
plants generally have lower rates of drainage (Walker and Zhang 2002). 
Perennial plants generally use more water than annuals because they 
transpire over longer periods.  Trees also develop more extensive and 
deeper root systems and can explore a larger volume of soil than annual 
pastures (Walker and Zhang 2002).  The greater the amount of water used 
by vegetation, the less potential deep drainage. 
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Figure 8. Average annual runoff for three soils under low and high fertility 
vegetation scenarios. 

 

 

Figure 9. Average annual transpiration for three soils under low and high 
fertility vegetation scenarios. 
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WATER BALANCE SUMMARY 

The summary charts below show the partitioning of rainfall into the different 
water balance components (Figure 10); with higher runoff for the Sodosol 
and higher drainage for the Podosol, and how this decreases with fertility 
and adding trees into the landscape. 

 

Figure 10 Water balance summary for the nine scenarios modelled. 

 

CONCLUSION 

Deep drainage rates are highest for the Podosol because it is highly 
permeable and has a low water holding capacity. Drainage reduces for the 
scenarios with pasture and trees for all soils, including the Podosol where 
long term drainage reduces from 210 mm (low fertility pastures) to 90 mm 
(high fertility pastures and trees).  Based on the water balance modelling, 
it appears that the scenario with lowest drainage rates are scenarios with 
pastures and trees. Trees potentially reduce drainage for two reasons; they 
have deeper roots than pastures and hence create a greater soil water 
deficit; and they transpire for more days of the year compared to winter 
active pastures. 
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APPENDIX 4:  ESTIMATES OF PLANTING RATES AND DENSITIES 

Table A4-1:  Ground layer seeding rates for rehabilitation zones 

Zone 
Zone area 

(ha) 
Species composition 

Ground layer 

seeding rates 

(kg/ha) 

Plateau 

grazing 
696 

80-90% improved pasture, 10-

20% native grasses 
10 to 15 

Swales and 

plateau edges 
116 

Exotic pasture and native grass 

plus native trees and shrubs 
10 to 15 

Valley slopes 200 
Exotic pasture and native grass 

plus native trees and shrubs 
10 to 15 

Valley 

channels 
32 

Grazing exclusion, native 

riparian trees, shrubs and 

ground layer species 

10 to 15 

Grassy 

Woodland 
205 

Composite native grassy 

woodland; possibly small area 

of chain of ponds with 

associated wetland vegetation 

50 

Road verge 33 

Low growing native grasses 

and high amenity native 

wildflowers 

40 

 

 

Table A4-2:  Target planting densities for rehabilitation zones 

Zone 

Target planting densities 

Trees Shrubs 
Grass-like 

stabilizing species 

Plateau grazing 20 to 30   

Swales and plateau 

edges 
50 500 1000 

Valley slopes 100 to 300 500 to 1000 1000 

Valley channels 500 500 to 1000 1000 

Grassy Woodland 20 to 50 0 1000 

Road verge 0 0   
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APPENDIX 5:  RISK ASSESSMENT METHODOLOGY 

The principles and requirements for risk assessment adopted for Table 6 are based on 

the following standards:  

• AS/NZS 31000:2018 Risk management – principles and guidelines.  

• HB 436:2013 Risk management guidelines (companion to AS/NZS 31000:2018).  

• HB 203:2012 Managing environment-related risk.  

 

The adopted method involves the steps described below.  

Establish the context  

The existing environment is described by characterising the baseline conditions and 

defining the environmental, socioeconomic and cultural values in and around the 

project area.  

Identify potential impacts  

Project related activities are identified that could impact on environmental, 

socioeconomic and cultural values. The processes or pathway through which the 

impacts might eventuate are also described.  

An impact is defined as the change to a value (either negative or positive) that will, or 

could, occur as a result of the project. Fingerboards Mineral Sands Project DRAFT 

Environment Effects Statement  

Assess risk of environmental harm  

The risk of environmental harm is assessed using a combination of likelihood and 

consequence of environmental harm or damage to determine the probability of such 

harm to the identified values, where risk = likelihood x consequence.  

Likelihood and consequence are defined as:  

• Likelihood: The probability that an environmental, socioeconomic or cultural 

value will be impacted by a project activity (hazard) having regard to the event that 

would release/mobilise the hazard and the pathway for the value to contact or be 

exposed to the hazard.  

• Consequence: The magnitude or severity of the impact on the identified value, 

which is usually a factor of the extent and/or duration of the predicted change to the 

value.  

The general criteria for likelihood and consequence are set out in Table A5-1 and Table 

A5-2 respectively.  
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Table A5-1 Qualitative criteria for likelihood 

Descriptor  Description  

Rare  A hazard, event and pathway are 

theoretically possible on this project and 

has occurred once elsewhere, but not 

anticipated over the duration of the project 

activity, project phase or project life.  

Unlikely  A hazard, event and pathway exist and 

harm has occurred in similar environments 

and circumstances elsewhere but is unlikely 

to occur over the duration of the project 

activity, project phase or project life.  

Possible  A hazard, event and pathway exist and 

harm has occurred in similar environments 

and circumstances elsewhere and may 

occur over the duration of the project 

activity, project phase or project life.  

Likely  A hazard, event and pathway exist and 

harm has occurred in similar environments 

and circumstances elsewhere and is likely 

to occur at least once over the duration of 

the project activity, project phase or project 

life.  

Almost certain  A hazard, event and pathway exist and 

harm has occurred in similar environments 

and circumstances elsewhere and is 

expected to occur more than once over the 

duration of the project activity, project 

phase or project life.  
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Table A5-2 Qualitative criteria for consequence 

Descriptor  Description  

Negligible  A temporary or short-term (less than one 

year) and localised impact that is limited to 

the project footprint, is barely detectable, 

does not reduce the viability/capacity of 

the value, and will resolve itself without 

intervention.  

Minor  A temporary or short-term (less than five 

years) and localised impact largely within 

the project footprint.  

Moderate  A short- to medium-term (e.g., 5 to 15 

years) impact that extends beyond the area 

of disturbance to the surrounding area. The 

viability of the value will be reduced to a 

limited extent only and will recover over 

time. Specific management measures may 

be required to effectively manage the 

impact. A long-term (e.g., greater than 20 

years) and localised impact largely within 

the project footprint.  

Major  A medium- to long-term (e.g., 15 to 20 

years) impact, that is severe (e.g., viability 

of the value is reduced to some extent) 

and widespread (e.g., extends beyond the 

study area, but stays within the 

catchment). Specific management 

measures are required to effectively 

manage the impact.  

Extreme  A long-term (e.g., greater than 20 years) 

and potentially irreversible impact (e.g., 

severely affecting the viability of the value) 

that is widespread (e.g., extending well 

beyond the study area, possibly at a 

catchment-wide and/or regional scale). 

Design modification is required to 

eliminate the impact or specific 

management measures are required to 

reduce the likelihood of occurrence of the 

impact.  

Positive  An impact that enhanced the viability, 

capacity or quality of a value, over the 

short- or long-term.  
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Consistent with the requirements of AS/NZS 31000:2018 (and its companion 

documents), the technical specialists revised the criteria descriptions, where 

appropriate, to reflect the specific objectives of their study. Proposed changes were 

reviewed to ensure the revised criteria were consistent with the model criteria, i.e., the 

descriptions adequately differentiated the levels of risk. The likelihood and 

consequence criteria and risk matrices used by the technical specialists are described 

in the relevant specialist study reports appended to this EES  

The risk of harm to the identified environmental, socioeconomic and cultural values 

was determined by applying the assessed likelihood and consequence in accordance 

with the risk matrix in Table A4-3. Positive risks (benefits) are also described where 

relevant.  

Table A4-3 Risk matrix 

 

Manage impacts  

Mitigation measures (based on a hierarchy of avoid, minimise, manage, offset) are 

proposed to address the identified impacts. The aim of the measures is to protect 

identified values and meet the evaluation objectives. Measures can be implemented 

through project design, construction methods and/or operating procedures.  

Assess residual risk of environmental harm  

Risk was assessed based on the application of standard mitigation (initial risk) and 

again after application of additional mitigation (residual risk). A measure of the 

effectiveness of the additional mitigation in managing the impacts on each value is 

provided by evaluating the likelihood and consequence, and therefore the risk, 

associated with the residual impact. 
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