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Appendix B Eneabba East Operations Legal Compliance Register – specific to rehabilitation and closure 
Reference Factor Obligation Applicable Area Status 

State Agreement Act Clauses 

Mineral Sands (Eneabba) Agreement Act 1975 (as amended 8 Dec 2008) 

5 Environment On or before the 30th of September 1975 (or thereafter within such extended time as the Minister 
may allow as hereinafter provided) the company shall submit to the Minister to the fullest extent 
reasonably practicable its detailed proposals (which proposals shall include plans where practicable 
and specifications where reasonably required by the Minister) for measures to be taken in respect of 
the approved project for the protection and management of the environment including rehabilitation 
and/or restoration of the mined areas, the prevention of the discharge of tailings, slimes, pollutants or 
overburden into the surrounding country, water courses, lakes or underground water supplies and the 
prevention of soil erosion. 

M267SA Compliant - 
Ongoing 

6B(2) Environment If the Company desires to commence mining heavy minerals on the green areas on plan B or any 
part thereof it shall give notice of such desire to the Minister and shall within 2 months of the date of 
such notice (or thereafter within such extended time as the Minister may allow as hereinafter 
provided) and subject to the provisions of this Agreement submit to the Minister its detailed proposals 
with respect thereto which shall include the matters mentioned in paragraphs (a), (b) and (i) of 
subclause (3) (but with the proviso that rehabilitation and/or restoration of the mined areas within the 
areas shaded green shall be consistent with agricultural land use and that rehabilitation and/or 
restoration of the mined areas within the areas hatched green shall be for such purposes or uses as 
the State may require) and such of the other matters mentioned in subclause (3) as the Company 
may desire or the Minister may require. 

M267SA Compliant - 
Ongoing 

6B(3) Environment The matters referred to in subclause (2) are — 

(a) the mining, and concentrating of ore and the separation of heavy mineral concentrates into 
heavy minerals; 

(b) roads; 

(c) facilities for the export of heavy minerals and heavy mineral products through the port; 

(d) water supplies for the mining concentrating and separating of ore; 

(e) housing, provision of utilities and services and associated facilities in the town; 

(f) power supply; 

(g) any other works, services or facilities desired by the Company; 

(h) any leases, licences or other tenures of land required from the State; and 

(i) measures to be taken for the protection and management of the environment including 
rehabilitation and/or restoration of the mined areas, the prevention of the discharge of tailings, 
slimes, pollutants or overburden into the surrounding country, water courses, lakes or underground 
water supplies, the prevention of soil erosion and, to the extent that the Company is responsible for 
implementing the matters referred to in paragraphs (a) to (h) of this subclause, consideration of the 
environmental effects relating thereto. 

M267SA Compliant - 
Ongoing 



 

 

Reference Factor Obligation Applicable Area Status 

7 Environment 
–Proposals 

Subject to Clause 7A, if the Company at any time during the continuance of this Agreement desires to 
significantly modify expand or otherwise vary its activities beyond those specified in the approved 
project, any approved proposals or desires to mine minerals granted by the Mining Lease which are 
not the subject of any approved proposals it shall give notice of such desire to the Minister and within 
two months thereafter shall submit to the Minister detailed proposals in respect of all matters covered 
by such notice and such other matters as the Minister may require. 

“ The provisions of subclauses (4), (5) and (6) of Clause 6B and the provisions of Clause 6C shall 
mutatis mutandis apply to detailed proposals submitted pursuant to this Clause”. 

M267SA Compliant - 
Ongoing 

7A(1) Environment 
–Proposals 

During the continuance of this Agreement and while the Company is still mining ore from the Mining 
Lease the Company may, subject to the EP Act and the other provisions of this Agreement, submit to 
the Minister its fully detailed proposals (including, in connection with any proposed new works or 
modifications to existing works, plans where practicable and specifications where reasonably required 
by the Minister and any other details normally required by a local government in whose area any such 
new or modified works are to be situated) with respect to the separation into heavy minerals at the 
Narngulu mineral processing facilities of heavy mineral concentrates produced from the Jacinth- 
Ambrosia Project, and subject to subclause (5) from other Non-Mining Lease ore, and if the Company 
so wishes the production at the Narngulu mineral processing facilities of heavy mineral products from 
such heavy minerals, and the transport and shipment of such heavy minerals and heavy mineral 
products produced which proposals shall include the location, area, lay-out, design, quantities, 
materials and time programme for the commencement and completion of construction or the provision 
(as the case may be) of each of the following matters: 

(a) the unloading and storage at the port of heavy mineral concentrates to be used in such operations; 

(b) the transport by road of such heavy mineral concentrates from the port to the Narngulu mineral 
processing facilities; 

(c) the modification or expansion of the Narngulu mineral processing facilities including, without 
limitation, by the construction of new works as part of those facilities; 

(d) the separation of such heavy minerals concentrates into heavy minerals; 

(e) the production (if the Company so wishes) of any heavy mineral products from such heavy 
minerals including, without limitation, synthetic rutile from ilmenite; 

(f) water supplies; 

(g) gas and electricity supplies; 

(h) the transport by road of such heavy minerals and heavy mineral products from the Narngulu 
mineral processing facilities to the port for export; (i) storage and ship loading facilities at the port for 
such export; 

(j) the storage upon the Mining Lease during the continuance of this Agreement of monazite and any 
other heavy minerals separated from the heavy mineral concentrates; 

(k) disposal of waste rock and tailings; 

(l) any other works, services or facilities desired by the Company in connection with the proposed 
operations; 

(m) subject to subclause (5)(c), any leases, licences or other tenure of land required from the State; 

M267SA Compliant - 
Ongoing 



 

 

Reference Factor Obligation Applicable Area Status 

  and 

(n) measures to be taken for the protection and management of the environment including 
rehabilitation and/or restoration of storage areas upon the Mining Lease. 

  

8(1) Environment 
–Proposals 

The Company shall, in respect of the matters referred to in Clause 5 which are the subject of 
approved proposals under this Agreement, carry out a continuous programme of investigation and 
research including monitoring and the study of sample areas to ascertain the effectiveness of the 
measures it is taking pursuant to its approved proposals for the protection and management of the 
environment. 

M267SA Compliant - 
Ongoing 

8(2) Environment 
–Proposals 

The Company shall during the currency of this Agreement submit to the Minister not later than 31st 
December 1989 and the 31st December in each third year thereafter, a detailed report on the result of 
such investigations and research and the implementation by the Company of approved proposals 
relating to the protection and management of the environment during the three year period ending 
31st October immediately preceding the due date for the detailed report together with a mining plan 
setting forth the proposed mining operations of the Company during the three year period 
commencing 1st November immediately preceding such due date and the programme proposed to be 
undertaken by the Company during that period in regard to investigation and research under 
subclause (1) of this Clause and the implementation by the Company of approved proposals relating 
to the protection and management of the environment. 

M267SA Compliant - 
Ongoing 

 Environment 
–Proposals 

The Minister may within 2 months of receipt of a detailed report pursuant to subclause (2) of this 
Clause notify the Company that he — 

(a) approves the report and programme; or 

(b) requires amendment of the programme for the ensuing 3 years; or 

(c) requires additional detailed proposals to be submitted for the protection and management of the 
environment. 

M267SA Compliant - 
Ongoing 

8(4) Environment 
–Proposals 

The Company shall within 2 months of receipt of a notice pursuant to paragraph (b) of subclause (3) 
of this Clause submit to the Minister an amended programme as required. The Minister shall afford 
the Company full opportunity to consult with him on his requirements during the preparation of any 
amended programme. 

M267SA Compliant - 
Ongoing 

8(5) Environment 
–Proposals 

The Minister may within 1 month of receipt of an amended report or programme pursuant to 
subclause (4) of this Clause notify the Company that he requires additional detailed proposals to be 
submitted for the protection and management of the environment. 

M267SA Compliant - 
Ongoing 

8(6) Environment 
–Proposals 

The Company shall within 2 months of receipt of a notice pursuant to subclause (3)(c) or subclause 
(5) of this Clause submit to the Minister additional detailed proposals as required and the provisions of 
Clause 6C shall mutatis mutandis apply to those proposals. 

M267SA Compliant - 
Ongoing 

8(7) Environment 
–Proposals 

In addition to the reports provided for in subclause (2) the Company shall when required by the 
Minister from time to time, but not more frequently than once in every 12 months, submit to the 
Minister interim reports in a form and to a level of detail determined by the Minister of its 
investigations and research carried out pursuant to subclause (1) and its implementation of approved 

M267SA Compliant - 
Ongoing 



 

 

Reference Factor Obligation Applicable Area Status 

  proposals relating to the environment. ”.   

39A Agreement 
expiry 

Subject to the provisions of Clauses 32 and 33, this Agreement shall expire on the earlier of: 

(a) the date occurring 5 years (or with the Minister’s approval such longer time not exceeding 7 years) 
after the Company ceases to mine ore from the Mining Lease; and 

(b) the expiration or sooner determination of the Mining Lease.” 

M267SA Compliant - 
Ongoing 

Mining Act 1978 Tenement Conditions 

Tenement M70/821 

Cond.2 
(Ver.1) 

Landform All surface holes drilled for the purpose of exploration are to be capped, filled or otherwise made safe 
after completion. 

M70/821 Compliant 

Cond.3 
(Ver.2) 

Landform All costeans and other disturbances to the surface of the land made as a result of exploration, 
including drill pads, grid lines and access tracks, being backfilled and rehabilitated to the satisfaction 
of the Environmental Officer, Department of Industry and Resources (DoIR). Backfilling and 
rehabilitation being required no later than 6 months after excavation unless otherwise approved in 
writing by the Environmental Officer, DoIR. 

M70/821 Compliant 

Cond.4 
(Ver.1) 

Waste 
Management 

All waste materials, rubbish, plastic sample bags, abandoned equipment and temporary buildings 
being removed from the mining tenement prior to or at the termination of exploration programme. 

M70/821 Compliant 

Cond.4 
(Ver.2) 

Compliance Unless the written approval of the Environmental Officer, DoIR is first obtained, the use of scrapers, 
graders, bulldozers, backhoes or other mechanised equipment for surface clearing or the excavation 
of costeans is prohibited. Following approval, all topsoil being removed ahead of mining operations 
and separately stockpiled for replacement after backfilling and/or completion of operations. 

M70/821 Compliant 

Cond 11 
(Ver.1) 

Rehabilitation All topsoil being removed ahead of all mining operations from sites such as pit areas, waste disposal 
areas, ore stockpile areas, pipeline, haul roads and new access roads and being stockpiled for later 
respreading or immediately respread as rehabilitation progresses. 

M70/821 Compliant 

Cond.12 
(Ver.1) 

Rehabilitation At the completion of operations, all buildings and structures being removed from site or demolished 
and buried to the satisfaction of the Director, Environment Division, DMP. 

M70/821 Compliant 

Cond.13 
(Ver.1) 

Waste 
Management 

All rubbish and scrap is to be progressively disposed of in a suitable manner M70/821 Compliant 

Cond.15 
(Ver.2) 

Reporting The Lessee submitting to the Executive Director, Environment Division, DMP, a brief annual report 
outlining the project operations, minesite environmental management and rehabilitation work 
undertaken in the previous 12 months and the proposed operations, environmental management 
plans and rehabilitation programmes for the next 12 months. This report to be submitted each year in: 
March 

M70/821 Compliant 

Mineral Sands (Eneabba) State Agreement Act Tenement Conditions  

Tenement M267SA  



 

 

Reference Factor Obligation Applicable Area Status 

Cond.3 
(Ver.1) 

Landform All costeans and other disturbances to the surface of the land made as a result of exploration, 
including drill pads, grid lines and access tracks, being backfilled and rehabilitated in accordance with 
the rehabilitation conditions under the Mineral Sands (Eneabba) Agreement Act 1975. 

M267SA Compliant 

Cond.4 
(Ver.2) 

Compliance Mining being conducted in accordance with proposals submitted under Clauses 6A, 6B and 7 and 8 
and approved under Clause 6C of the Mineral Sands (Eneabba) Agreement Act. 

M267SA Completed 

Cond.24 
(Ver.1) 

Rehabilitation  The lessee at his expense rehabilitating all areas affected by mining or operations associated with 
mining conducted during the term of the lease Rehabilitation being to the satisfaction of the State 
Mining Engineer in agreement with the Regional Manager. CALM and in accordance with CALM 
Policy Statement 10 (Rehabilitation of Disturbed Lands). 

M267SA Compliant 

Cond.25 
(Ver.1) 

Rehabilitation The lessee designating to the Regional Manager CALM, a responsible officer to direct and control the 
rehabilitation program. 

M267SA Compliant 

Cond.28 
(Ver.1) 

Compliance Exploration programs involving disturbances which are not included in productive mining approvals 
are subject to the approval of the State Mining Engineer in agreement with the Regional Manager, 
CALM and in the case of environmental disturbance the approval of the NPNCA is also required. The 
State Mining Engineer, the Executive Director of CALM or the Chairman NPNCA may refer any 
program to the Environmental Protection Authority, if required. 

M267SA Compliant 

Cond.34 
(Ver.1) 

Compliance Prior to any environmental disturbance, (as defined by the State Mining Engineer in agreement with 
the Executive Director, Department of Conservation and Land Management (CALM), the National 
Parks and Nature Conservation Authority (NPNCA) and the Environmental Protection Authority), the 
lessee preparing a detailed program for each phase of proposed exploration for approval of the State 
Mining Engineer in agreement with the Regional/ District Manager, CALM and the NPNCA. This 
process may result in additional conditions being imposed including lodgement of an Unconditional 
Performance Bond if required. This program to describe the environmental impacts and programs for 
their management and is to include the following: 

- maps and/or aerial photographs showing the proposed locations of all above ground activities and 
disturbances; 

- the purpose, specifications and extent of each activity and disturbance; 

- descriptions of all vegetation types (in general terms), land forms, and unusual features likely to be 
disturbed by such proposed disturbances. The Regional/ District Manager, CALM, specifying the level 
of vegetation description; 

- details on proposals that may disturb sensitive terrestrial habitats including all declared rare flora 
and fauna if applicable; 

- techniques, prescriptions, and timetable for rehabilitation of all proposed disturbances; 

- undertaking for corrective measures for failed rehabilitation; 

- details of water requirements from within the reserve; 

- details of refuse disposal; 

- proposals for instruction and supervision of personnel and contractors in respect to environmental 
conditions. 

M267SA Compliant 



 

 

Reference Factor Obligation Applicable Area Status 

Cond.36 
(Ver.1) 

Reporting At agreed intervals, not greater than 12 monthly, the lessee reporting to the State Mining Engineer 
and the Regional/ District Manager, CALM, on the progress of the operation and the rehabilitation 
program. 

M267SA Compliant 

Cond.37 
(Ver.1) 

Compliance Prior to the cessation of the exploration/ prospecting activity in the reserve, the lessee notifying the 
Regional Environmental Officer, Department of Industry and Resources and the Regional/ District 
Manager, CALM, and arranging an inspection as required. 

M267SA Compliant 

Cond.38 
(Ver.1) 

Compliance The lessee making provision to prevent spillage of fuel and discharge of pollutants generally and for 
all exploration sites being kept free from any rubbish and being left in a clean and tidy state. 

M267SA Compliant 

Proposal Commitments (submitted for mining and rehabilitation activities under the State Agreement Act  

Approved Project for the Mining and Concentration of Mineral Sands at Eneabba and for the Establishment of Separation Facilities at Meru 1975 (Allied 
Eneabba) 

 

n/a 
Section 4 (d) 

Rehabilitation  The use of such equipment enables all vegetation and topsoil to be efficiently removed from the 
mining area before mining commences to be re-used in accordance with the Environmental Review 
currently being undertaken and proposals submitted under Clause 5 of the Agreement. This method 
also provides an efficient and flexible mining of normally uneconomic low grade areas with areas of 
high grade ore, provide an overall economic and viable operation. 

Allied Eneabba 
Mineral Claims 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a 
Section 4e (v) 

Rehabilitation Restoration and rehabilitation of the affected area will be conducted in accordance with the 
requirement of the Environmental Review and approved environmental proposals submitted under 
Clause 5 of the Agreement 

Allied Eneabba 
Mineral Claims 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria). The 
EEO Closure 
Plan details 
Iluka’s approach 
for current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

Environmental Management Programme 1976 (Allied Eneabba)  

Section 3.1.2 Fauna Fauna are utilising water holes in the area as a source of drinking water; consideration will be given to 
retaining suitable water holes in the area following completion of mining. 

Allied Eneabba 
Mineral Claims 

MC7062H, 
7063H, 7131H 
and 7065H 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria). 
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   (Reserve 31030) 
and MC 7064 
(UCL). 

 

Section 3.1.3 
c 

Rehabilitation  The results of these experiments (detailed within report), which are by no means comprehensive 
will be carefully monitored and compared in each instance with each other, with the type and 
density of flora in existence before mining and with the results of the proposed succession study. 

Allied Eneabba 
Mineral Claims 

MC7062H, 
7063H, 7131H 
and 7065H 
(Reserve 31030) 
and MC 7064 
(UCL). 

Complete and 
superseded by 
EEO Closure 
Plan (Section 
10.1 Native 
vegetation 
rehabilitation 
monitoring 
program). The 
results of 
experiments 
undertaken over 
the last 40 years 
at Eneabba, 
have been 
incorporated 
into the current 
best practice for 
native 
vegetation 
rehabilitation. 

Section 3.1.3 
c 

Rehabilitation  Species within the experimental plots will be identified and counted, initially on a quarterly basis, 
and later on six monthly basis by the Company's consultants, and the results subjected to 
statistical analysis. 

Allied Eneabba 
Mineral Claims 

MC7062H, 
7063H, 7131H 
and 7065H 
(Reserve 31030) 
and MC 7064 
(UCL). 

Complete and 
Superseded by 
current 
rehabilitation 
monitoring 
program (refer 
to EEO Closure 
Plan – Section 
10.1 Native 
vegetation 
rehabilitation 
monitoring 
program). 

Section 3.1.7 Tailings All tails and slimes will be returned to the mined out areas where, following consolidation will 
be topsoiled and revegetated. 

Allied Eneabba 
Mineral Claims 

MC7062H, 
7063H, 7131H 
and 7065H 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
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   (Reserve 31030) 
and MC 7064 
(UCL). 

status of the 
operation. 

Section 3.1.7 Tailings The initial tails/ slimes disposal dams have been constructed in accordance with accepted civil 
engineering standards plus a 100% safety factor. 
These dams are located on a sloping hillside and will be contoured on completion to blend in with the 
surrounding topography. 

Allied Eneabba 
Mineral Claims 

MC7062H, 
7063H, 7131H 
and 7065H 
(Reserve 31030) 
and MC 7064 
(UCL). 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Appendix IV 
(flora) 1c 

Rehabilitation The company will, to the fullest extent reasonably practical, progressively rehabilitate the area 
disturbed by the mining operation, and use practical and effective methods of revegetation to achieve 
a flora system that will comply with the reasonable requirements of the West Australian Wildlife 
Authority, and in particular will undertake a full detailed biological survey of the areas to be mined 
within flora and fauna reserve, are currently undertaking a succession study of the Eneabba area, and 
will undertake field trials and experiments to test significance or otherwise of the several variables 
which may affect the rehabilitation of flora after mining. 

Allied Eneabba 
Mineral Claims 

MC7062H, 
7063H, 7131H 
and 7065H 
(Reserve 31030) 
and MC 7064 
(UCL). 

Superseded by 
Eneabba 
Closure Plan 
(Section 9.6 
Research, 
Investigations 
and Trials). The 
EEO Closure 
Plan details 
Iluka’s approach 
for current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

Appendix IV 
(rehabilitation) 
5a 

Mining The area currently being mined will be filled with tailings as soon as all economic ore has been mined 
from the pits, and protective dams have been constructed. 

Allied Eneabba 
Mineral Claims 

MC7062H, 
7063H, 7131H 
and 7065H 
(Reserve 31030) 
and MC 7064 
(UCL). 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Appendix IV 
(rehabilitation) 
5b 

Rehabilitation Topsoiling of the mined and filled areas will be undertaken as soon as practicable after the ground 
becomes suitable for earthmoving equipment operation. 

Allied Eneabba 
Mineral Claims 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
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    status of the 
operation. 

Appendix IV 
(rehabilitation) 
5c 

Rehabilitation Topsoil will be spread to a depth of approximately 150 mm and wherever possible will be spread 
immediately after stripping so as to achieve minimum topsoil stockpile time. 

MC7062H, 
7063H, 7131H 
and 7065H 
(Reserve 31030) 
and MC 7064 
(UCL). 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Appendix IV 
(rehabilitation) 
5d 

Rehabilitation The topsoil will initially be stabilised by a combination of topsoil mixed with mulched vegetation, and 
mulched vegetation spread on top of "clean" topsoil, until such time as the experimental plot gives 
sufficient meaningful results to indicate the optimum method to be used. 

Allied Eneabba 
Mineral Claims 

Superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
.Mulch is no 
longer available. 
Stabilisation is 
achieved via 
application of 
dilute bitumen 
emulsion. 

Appendix IV 
(rehabilitation) 
5g 

Rehabilitation The rehabilitated mining area will be monitored in the same pattern as that established for the 
experimental plots. 

MC7062H, 
7063H, 7131H 
and 7065H 
(Reserve 31030) 
and MC 7064 
(UCL). 

Complete and 
Superseded by 
current 
rehabilitation 
monitoring 
program (refer 
to EEO Closure 
Plan – Section 
10.1 Native 
vegetation 
rehabilitation 
monitoring 
program). See 
Appendix C 

Appendix IV 
(rehabilitation) 
5h 

Rehabilitation The results of the experimental plots will be incorporated into the rehabilitation of the mining area as 
soon as significant data and results are available, such data being reassessed just prior to topsoiling 
activity. 

Allied Eneabba 
Mineral Claims 

Complete. 

Current 
research, 
investigation 
and trials are 
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    detailed within 
the EEO 
Closure Plan 
Section 9.6. 

Western Titanium Proposal for a Mineral Sands Mining and Treatment Project at Eneabba, Western Australia. Part 1 Technical Aspects 1975  

n/a Rehabilitation Mining should be conducted in a relatively compact and orderly manner, with as little disturbance of 
the surrounding areas as possible; tails and slimes being returned to the pit as early as possible. 
Topsoil must be replaced on filled areas and early revegetation re-established. 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Environmental Impact Review Submission Addendum to a report titled “Proposal for a Mineral Sands Mining and Treatment Project at Eneabba, WA, 
Section 6, Environmental Protection and Rehabilitation, including Environmental Management Proposals”. 1976 

 

n/a Revegetation The major part of the area to be mined is vacant Crown Land, but as a section of the lease 
encroaches upon the Flora and Fauna Reserve No. 31030, (it is estimated that this section will be 
mined in about 15 years’ time) instead of returning the land initially mined, to pasture; the company 
has elected to use this stage of rehabilitation to investigate the optimum method of reestablishment of 
native flora. 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Rehabilitation Precautionary measures should be taken for the protection and management of the environment 
including the rehabilitation of mined areas. This means that in general, all procedures on the site 
should be geared to a policy of minimum disturbance and that repair of disturbed areas should be 
undertaken as soon as is feasible 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Mining Initially, (during about the first 6 months, until the pit is established) primary tailing dams will be in 
operation. These will, when no longer needed, be returned to a compatible land form and stabilised as 
an initial step in rehabilitation. Their vegetation is not likely to mimic that surrounding them, but rather 
that of adjacent wetlands; so that rehabilitation experimentation for these areas should be based upon 
wetland biology. 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Mining It is envisaged that mining operations during the first fifteen years will be conducted on Vacant Crown 
Land; revegetation experiments during this time will be aimed at elucidating the most effective 
methods of establishing re-growth of the native vegetation, so that standards can be set for 
rehabilitation on the Flora and Fauna Reserve by the time the mining operation encroaches upon it. 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Complete – no 
longer 
applicable to 
current 
rehabilitation 
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    status of the 
operation. 

n/a Landform Prompt stabilisation of any disturbed area is a prime objective; in order to avoid such problems as 
may arise from erosion and the resulting dust and/or sand blasting. In particular, efforts shall be made 
not to allow large areas to remain denuded and/or unstabilised, as these problems would compound 
and the re-establishment of vegetation cover becomes more difficult 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. 

Stabilisation is 
achieved via 
application of 
dilute bitumen 
emulsion. 

n/a Post mining 
land use 

An assessment of land use options should be undertaken and the appropriate land use for the area 
being mined determined at the beginning of each stage of mining 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Post mining 
land use 

The determined land use for the initial areas to be mined is 'natural bush' i.e. the aim is to rehabilitate 
the area to a form and vegetation cover as similar as possible to that existing on the site before 
mining operations commenced 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Superseded by 
EEO Closure 
Plan (Section 5 
Post Mining 
Land Use and 
Section 6 
Completion 
criteria). The 
post mining land 
use aims to 
restore native 
vegetation for 
the purpose of 
flora and fauna 
conservation. 

n/a Rehabilitation The design of a rolling rehabilitation programme which should be coordinated with the proposed 
extractive and conversion programme, to achieve revegetation of the mined areas, with indigenous 
species in the shortest possible time. 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
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    operation) 

n/a Landform Final shaping of the refilled area which is to be stabilised, to the predetermined landform design Allied Tails and 
IPL Central 
(R31030, UCL) 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria 
landforms and 
soils) 

n/a Landform Scrub rolling (if necessary) followed by 'baby giant' ploughing of the area to be mined during the 
following year. 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Complete and 

superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 

n/a Rehabilitation Scraping off of the upper 6-9" of 'top soil' incorporating the chopped scrub, as well as most of the 
humus (plant food) naturally available to these plants (which are adapted to living in low nutrient 
soils), and also root propagules 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Rehabilitation Spreading of this topsoil 6-9" deep over the refilled area to be stabilised (where possible topsoil 
should be stripped from one area and immediately overlaid on the newly constituted area - and when 
possible this should be done just prior to the autumn rains. Stockpiling of topsoil when necessary 
should be for as short a period of time, as is practicable in order that the contained seed does not 
'compost' in the stored pile). The incorporation of the scrub material also acts as a soil stabiliser and 
helps to prevent wind erosion due to the uneven surface it creates 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Landform Subsequent to this initial mining period tailings and slimes will be progressively returned to fill the 
pit… Once stability is achieved sufficient for the operation of machinery on the surface; the rolling 
rehabilitation programme outlined in 4.53 to 4.55.2 will be instigated 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Monitoring Instigation of a monitoring programme to assess the results of the various experimental procedures Allied Tails and 
IPL Central 
(R31030, UCL) 

Complete and 
Superseded by 
current 
rehabilitation 
monitoring 
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    program (refer 
to EEO Closure 
Plan – Section 
10.1 Native 
vegetation 
rehabilitation 
monitoring 
program). 

n/a Dust Proposed dust control measures…. To stabilise any disturbed area as soon as it is no longer being 
used. 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. Stabilisation is 
achieved 
through the 
application of 
dilute bitumen 
emulsion. 

n/a Revegetation Rehabilitation standards: the standards set by the Wildlife Authority for Rehabilitation on Flora and 
Fauna Reserves is: "… An acceptable standard would be achieved at that time when it could be 
demonstrated that the plant associations present in the rehabilitated areas are those which in nature 
would normally lead through several stages to a climax incorporating maximum plant diversity" 
(Pertinent to the area being considered). As Western Titanium is outside the reserve during the first 
15 years, the company intends to use this time in experimental procedures aimed at ascertaining the 
best possible methods of setting the succession of revegetation in motion in such a way that it will 
move towards reconstituting the most diverse community of plants possible under the newly mined 
conditions. Monitoring of the experimental procedures over the next fifteen years will help to set a 
realistic goal for standards of rehabilitation of the area to be mined on the reserve. 

Allied Tails and 
IPL Central 
(R31030, UCL) 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria). 

The EEO 
Closure Plan 
details Iluka’s 
approach for 
current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

Proposal for a Mineral Sands Mining and Treatment Project at Eneabba. Prepared by Western Titanium. Part 1 Rehabilitation Proposals 1976  

n/a Revegetation Every effort will be made to return the mined areas to their natural flora. Western Titanium 
Mineral Claims 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria). The 
EEO Closure 
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    Plan details 
Iluka’s approach 
for current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

n/a Impact 
assessment 

Carry out a biological survey of the areas involved Western Titanium 
Mineral Claims 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Impact 
assessment 

Carry out a review of the likely effect of mining on the area Western Titanium 
Mineral Claims 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Rehabilitation Establish rehabilitation procedures in conjunction with the proposed mining programme Western Titanium 
Mineral Claims 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Rehabilitation 
standards 

Establish rehabilitation standards and a monitoring programme. Western Titanium 
Mineral Claims 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria and 
Section 10 
Closure 
monitoring and 
maintenance). 

n/a Research 
and trials 

Establish trial rehabilitation plots as soon as possible, based on the recommendations from the 
biological survey and the evaluation of the rehabilitation programme. 

Western Titanium 
Mineral Claims 

Superseded by 
EEO Closure 
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    Plan 
(Section 9.6 
Research, 
investigations 
and trials). 

n/a Post mining 
land use 

An assessment of land use options will be undertaken and the appropriate land use for the areas 
being mined determined at the beginning of each stage of mining. The determined land use for the 
initial areas is 'natural bush' with the aim to rehab the area to a form and vegetation cover similar as 
possible to that existing. 

Western Titanium 
Mineral Claims 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria and 

Section 9 
Closure 
implementation) 
. 

n/a Rehabilitation The design of a rolling rehab programme to rehab in the shortest time possible. 

Topsoil removal (scraping the upper 6 to 9 inches), topsoil spreading over stabilised areas. 
Stockpiling of topsoil shall be for the short period of time and only stockpiled when necessary (direct 
return). 

Western Titanium 
Mineral Claims 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

AMC Review of Mining and Rehabilitation Management Programmes - Additional Detailed Proposals 1981  

n/a Landform After the slimes and tailings have dried sufficiently to support equipment, each area will be contoured 
to merge in with the surrounding ground levels. A period of nine to twelve months has been allowed 
for slimes and tailings to dry, however the time required is dependent on seasonal conditions, 
Wherever possible, variations in topography will be retained and in some cases it may be possible to 
develop microhabitats to suit an heterogeneous vegetation 

Unallocated 
Crown Land 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Rehabilitation Immediately prior to the mining of each block, the full depth of topsoil will be removed, together with 
the subtending vegetation, and placed in suitably located stockpiles for storage 

Unallocated 
Crown Land 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a Rehabilitation The area stripped of topsoil ahead of mining will be kept to minimum commensurate with operational 
logistics in order to control unnecessary sand drift. On the completion of contouring on the mined-out 
areas, the stored topsoil will be replaced to a depth consistent with the quantity available 

Unallocated 
Crown Land 

Completed – no 
longer 
applicable to 
current 
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    rehabilitation 
status of the 
operation. 

n/a Research 
and trials 

It is proposed to sow a cover crop in order to assist primary stabilisation of the surface and to provide 
some wind protection to the establishing native seedlings. A range of cover crops have been 
considered, including cereal rye, oats, sorghum and lupins ..... it has been decided to use oats. An 
early maturing variety with good straw strength will be selected to provide standing stubble, and it will 
be sown at a low seeding rate (e.g. 20-25kg/ha) in order to minimise competition for the natives. 
Although clean seed will be insisted upon, the crop will be monitored for exotic weeds and a suitable 
weed control programme implemented if necessary. The crop will be sown with a commercial fertiliser 
mix ..... it is proposed that a suitable rate may be about 6-8kg P/ha. After the cover crop has been 
sown it is proposed to stabilise the soil surface to assist the establishment of vegetation. Trial areas 
will be monitored for stability and native species regeneration. The company propose to erect artificial 
fences using Nylex Trial Sand Dune Fencing Mesh. These fences will be 1.5m high and will be 
constructed on the perimeter of the rehabilitation and at intervals across it. They will be removed 
when the vegetation is sufficiently established. 

Unallocated 
Crown Land 

Superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. 

The EEO 
Closure Plan 
details Iluka’s 
approach for 
current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

n/a Revegetation Special emphasis will be placed on the selection of suitable native species to provide secondary 
stabilisation and to act as primary colonisers. As the cover crop will only be effective for the first few 
months, there is a need to select some relatively fast growing, yet short-lived native species to 
continue the stabilisation process and to provide some shelter from wind damage to the slower 
growing species. Certain species have been suggested to the company already by members of the 
Committee, e.g. Tersonia brevipes, Podotheca gnaphalioides, Casuarina humilis and Petrophile 
drummondii, and every effort will be made to collect their seed for sowing with the cover crop 

Unallocated 
Crown Land 

Superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation 
outlines the 
current 
revegetation 
practices). 

The EEO 
Closure plan 
details Iluka’s 
approach for 
current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

n/a Revegetation In addition it is company policy to collect the seed of a range of the secondary and tertiary species for 
direct seeding into the rehabilitation areas. Special attention will be given to the important members of 

Unallocated 
Crown Land 

Superseded by 
EEO Closure 
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  the vegetation assemblage which do not appear to be establishing readily from the topsoil or mulch, 
and to the species of special conservation interest 

 Plan 
(Section 9.6 
Research, 
Investigations 
and trials). 

The EEO 
Closure plan 
details Iluka’s 
approach for 
current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

n/a Rehabilitatio 
n 

Areas disturbed by activities ancillary to the main mining process also need to be rehabilitated. These 
include vehicle access tracks, gravel borrow pits, and the construction camp site. It is proposed that 
they be rehabilitated along similar lines to the backfilled areas, depending on their degree of 
disturbance, starting in 1981 

Unallocated 
Crown Land 

Superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. 

n/a Revegetation The rehabilitation programme will be geared towards carrying out the establishment work during the 
autumn months each year. Hence, the disposal of slimes and tailings will be arranged so as to utilise 
the hot dry summer months to dry out the areas to be treated 

Unallocated 
Crown Land 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

AMC – Additional Information Requested by the Minister – February 1986  

Section I Rehabilitation Associated Minerals Consolidated hereby makes the commitment to produce a whole of life Mine 
Plan for the total Eneabba ore body which will be submitted to the Minister through the Department of 
Resources and Development no later than June 1987. 

IPL Central, 
Reserve 31030 & 
Unallocated 
Crown Land 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Additional Proposals for Mining at Eneabba Jan 1986  

Section 2.2 Rehabilitation Upon commencement of mining and subsequently, topsoil will be removed immediately ahead of the 
mine face for use in AMCs current rehabilitation programme in accordance with approved proposals. 

IPL Central, 
Reserve 31030 

Completed – no 
longer 
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   and Unallocated 
Crown Land 

applicable to 
current 
rehabilitation 
status of the 
operation. 

Section 2.2 Rehabilitation As tailings disposal is completed on the various areas, rehabilitation will be carried out progressively 
in accordance with AELs approved proposals. 

IPL Central, 
Reserve 31030 
and Unallocated 
Crown Land 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Additional Proposals for Mining at Eneabba, Prepared by Allied Eneabba Jan 1986  

Section 2.2 Rehabilitation As tailings disposal is completed on the various areas, rehabilitation will be carried out progressively 
in accordance with AELs approved proposals. 

Allied Eneabba 
Mineral Claims 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Section 2.2 Rehabilitatio n We will evaluate what steps need to be taken to stabilise those pits required for later mining in such a 
way as to prevent sand drift onto adjacent areas. 

Allied Eneabba 
Mineral Claims 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Notice of Intent - Proposal to change Mining methods at Eneabba South Operation from Dry Mining to Dredging 1987AMC  

n/a Section 
2.3 
page 5 

Rehabilitation 
Standards 

"… On behalf of the Minister, the Committee has negotiated rehabilitation completion criteria and 
standards with the Company. These now form part of the approved proposals and set out the 
Government's requirements for satisfactory rehabilitation of the mine site." 

IPL Central - 
R31030, R27886 
and Unallocated 
Crown Land 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria). 

n/a Section 
2.3 page 6 

Revegetation "The long term rehabilitation objective is to re-establish a range of plant associations on rehabilitated 
areas which, in time, would develop through several stages to functioning ecosystems incorporating a 
high level of plant diversity commensurate with the vegetation type being re-established. To this end, 
the Company administers a multi-disciplinary research programme involving a number of research 
institutions. Particular attention is paid to the propagation of poorly known and rare species. The 
Company has also developed a computerised monitoring programme to record the development of 
the rehabilitated vegetation." 

IPL Central - 
R31030, R27886 
and Unallocated 
Crown Land 

Superseded by 
EEO Closure 
Plan (Section 6 
Completion 
criteria and 
Section 9 
Closure 
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    implementation) 
. 

The EEO 
Closure plan 
details Iluka’s 
approach for 
current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

Rehabilitation Proposal – Jennings Mining Area Eneabba August 1990 AMC  

Rehabilitation Section 3.1 
North Pit 

Rehabilitation of the North Pit will involve additional sowing of pasture species and installation of 
contour drains to control water flow. Pasture species will be sown on the same wall and the tailings to 
improve cover and stabilisation. Native Acacia species will be included in the seed mix to break up 
wind patterns. 
The North Pit floor will not be contoured by several contour drains necessary to prevent flow out of the 
pit. During the following season, the break in the wall will be contoured to allow it to be sown. 

Depot Hill Complete 

Rehabilitation Section 3.2 
East Pit 

This pit will be rehabilitated by hand sowing native species including Acacia and Eucalyptus onto the 
wall to provide visual cover and stabilisation. 
All water flow will be directed away from the pit to prevent erosion gullies from forming. 

Depot Hill Complete 

Rehabilitation Section 3.3 
Slimes Dams 

The sand tailings will be spread over the slimes starting from the north east corner and working as far 
across the tailings as is possible. 
Pasture species and couch grass already established will be spread with the tailings. Additional 
sowing of pasture species and fertilising will take place once contouring is complete. 

Depot Hill Complete 

Rehabilitation Section 3.4 
Gravel 
Hardstand 

Rehabilitation will include pushing in of the excavated holes and contour ripping to collect water 
flowing into the hardstand area. Native species of Acacia and small Eucalypts will be sown into the rip 
lines. Sandy areas bordering the gravel will have new contour drains installed whilst several of the 
existing contour drains will need to be removed to reduce the flow of water into the slimes dams. Sub 
clover and Serradella will be sown to stabilise these bordering areas along with Acacia species to 
break up wind patterns. 

Depot Hill Complete and 
superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. 

Rehabilitation Section 3.5 
Western Pit 

Earthworks are required to fill existing erosion gullies and re-establish contours of the dam walls. The 
breached wall on the western side requires the tailings and sand drift to be levelled. 
Following completion of levelling, the wall of the pit will be ripped and have contour banks installed to 
control water flow into and out of the pit. The area can then be sown with pasture species and 
Acacias. 

Depot Hill Complete and 
superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 



 

 

Reference Factor Obligation Applicable Area Status 

    . 

Rehabilitation Section 3.6 
North East 
Pit 

This small area is best re-established to native species. A small amount of tidy up contouring is 
required, followed by shallow ripping to provide a seed bed. Native species of Acacia and Eucalyptus 
will be direct seeded along with fertilizer and a light cover crop to stabilise the mined area. 

Jennings and 
Depot Hill 

Complete and 
superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. 

Rehabilitation Section 3.7 
The Slot. 

It is not proposed to undertake major earthworks to fill or re-contour tailings and pit walls. The fence 
surrounding the pit is sufficient to control access for stock and unauthorised persons and will be 
maintained in good condition. 

Jennings Complete and 
superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. 

Rehabilitation Section 3.8 
Tailings 
Dams 

Extensive contouring of the tailings dams is required to blend the tailings into a mound which can be 
rehabilitated. Most of the dams are covered in part by the sand tailings which can be spread to cover 
slimes. In places, breaking of the wall will enable slimes to spread and dry and then be contoured. 
Topsoil will be returned from the few remaining stockpiles and the area will be sown with pasture 
species. 

Jennings and 
Depot Hill 

Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Rehabilitation Section 3.9 It is proposed to increase the stabilisation of pastures and native bush affected by the mining 
operations. All areas on the hill will be heavily sown with mixed pasture species and fertiliser. Where 
slimes spills have occurred on farmland, the area will be shallow ripped and re-sown. Slimes spills in 
native vegetation where accessible will be ripped, mulched and re-sown with native species. 

Jennings and 
Depot Hill 

Complete 

Farm land 
rehabilitation 

Section 4 AMC proposes to work closely with the land owner to manage the hill area and improve management 
of non-mining areas which may affect the success of the rehabilitation programme. AMC will 
endeavour to enter into agreement with the land owner to lease the rehabilitated areas and fence 
them to control stock grazing. 

Jennings and 
Depot Hill 

Complete 

Proposal to Mine Jennings Area 1992 RGC  

n/a 
(summary) 

Agricultural 
Rehabilitation 

RGCMS will continuously rehabilitate the agricultural land that is to be mined to an environmentally 
stable condition. The proportion of land currently supporting native vegetation will remain the same 
unless prior permission from the Commissioner of Soil Conservation is obtained. 

Jennings Superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. 

n/a 
Introduction 

Planning RGCMS propose to provide further detailed mine planning using the existing mechanism detailed in 
Section 8 of the Agreement which states inter alia: 

Jennings Completed – no 
longer 
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  "The company shall during the currency of this Agreement, submit to the Minister not later than 31 
December 1989 and 31 December in each third year thereafter, a detailed report... with a mine plan 
setting forth the proposed mining operations of the company during the three year period." 

Clause 8 requires that the plan be approved by the Minister. 

 applicable to 
current 
rehabilitation 
status of the 
operation. 

Section C 
Protection of 
the 
Environment 

Agricultural 
Rehabilitation 

The area will be returned to agricultural land. The rehabilitation processes will include: 
-stockpiling of topsoil prior to mining 
-mixing of slimes and sand prior to tailing into the mine pit 
- tailing into the mine pit to a topographical level which conforms with the surrounding landscape. 
Care will be maintained to ensure drainage patterns are reinstated. 
-spreading of stockpiled topsoil 
-sowing and fertilising to develop appropriate pasture 
- fencing to protect the young rehabilitation from inappropriate grazing pressure. 

Jennings Superseded by 
EEO Closure 
Plan (Section 9 
Closure 
implementation) 
. 

Proposal to Recommence Mining the South Area to Mine in the Green Hatched Areas and to re-mine rehabilitated areas RGC 1998  

n/a 
(Rehabilitation 
Methods) 

Rehabilitation Best practice rehabilitation techniques will be employed to protect the values of the Reserves. 
Consistent with current practice, VCL areas disturbed adjacent to the reserves will be rehabilitated to 
native vegetation so that they are compatible with the Reserves. 

South Mine Superseded by 
EEO Closure 
Plan 
(Section 9.5 
Native 
revegetation 
and Section 9.6 
Research, 
investigations 
and trials). 

The EEO 
Closure plan 
details Iluka’s 
approach for 
current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

n/a 
(Rehabilitation 
Methods) 

Rehabilitation RGCMS are committed to a substantial research and development programme which will ensure that 
the Company applies 'best practice' rehabilitation at all times. The research programme is detailed in 
the Interim and Triennial Reports. Successful rehabilitation results are also demonstrated in these 
reports. 

South Mine Superseded by 
EEO Closure 
Plan 
(Section 9.6 
Research, 
investigations 
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    and trials). 

The EEO 
Closure plan 
details Iluka’s 
approach for 
current best- 
practice native 
vegetation 
rehabilitation, a 
culmination of 
over 40 years of 
research. 

n/a 
(Rehabilitation 
Methods) 

Rehabilitation With mining proposed in previously rehabilitated areas, efforts are being focussed to identify 
opportunities to improve past rehabilitation of substandard quality. 

South Mine Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

n/a 
(Rehabilitation 
Methods) 

Rehabilitation Topsoil management is critical for successful rehabilitation of land to native vegetation. Topsoil 
stripping and storage techniques are currently being reviewed to ensure best practice techniques are 
employed. 

South Mine Completed – no 
longer 
applicable to 
current 
rehabilitation 
status of the 
operation. 

Dry Minerals Processing Plant Remediation Project Mine Tenement M70/821 Mining Proposal June 2009 (Iluka Resources)  

Table 8 
Environmental 
Impacts and 
Management 
Commitments 

Dust Dust suppression through water trucks, and sowing cereal crops as outlined in the Dust Management 
Plan. 

IPL Central Complete 

Land 
clearing 

No new clearing will be undertaken IPL Central Complete 

Flora and 
Vegetation 

No new native vegetation areas will be cleared IPL Central Complete 

Rehabilitation No topsoil will be cleared IPL Central Complete 

Environmental Protection Act Part V  

DWER Licence L5646/1994/10 
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1.2.4 Solid waste 
disposal 

The Licensee shall only dispose waste on the Premises if: 
(a) it is of a type listed in Table 1.2.3; 
(b) the quantity is below any quantity limit listed in Table 1.2.3; and 
(c) it meets any specification listed in Table 1.2.3. 

EEO Compliant 

1.2.5 Solid waste 
disposal 

The Licensee shall ensure that wastes disposed on the Premises are only subjected to the 
process(es) set out in Table 1.2.4 and in accordance with any process limits described in that Table. 

EEO Compliant 

DWER Licence L5646/1994/10 – Dust Management Plan 

Rehabilitation 4.1 Minimise open areas exposed to wind erosion as much as practical by completing an annual 
assessment of areas suitable for stabilisation, and carrying out stabilisation works. 

EEO Compliant – 
ongoing 

Rehabilitation 6.1 Conduct topsoil stripping only during suitable wind and weather conditions, so as to minimise the 
generation dust. Topsoil stripping will be conducted in areas proposed for mining no more than two 
months before mining commences, wherever practical. 

EEO Compliant – 
ongoing 

Rehabilitation 6.2 After re-establishment of the soil profile (post mining), vegetative cover will be established within 8 
months, as part of the progressive rehabilitation program. 

EEO Compliant – 
ongoing 

Environmental Protection Act 1986 Part IV Approvals  

Ministerial Statement 005 Proposal to change Mining methods of Eneabba South from Dry Mining to Dredging  

3 Rehabilitation Tailings will be rehabilitated and revegetated. Eneabba South - 
UCL and R31030 

Superseded by 
EEO Closure 
Plan 
(Section 9.7 
Environmental 
management 
during 
rehabilitation). 

Phytophthora Dieback Management Plan 

1 Rehabilitation Consideration of Phytophthora Dieback issues in mine rehabilitation planning and ensuring that 
management controls are adhered to during mining/rehabilitation operations and road transport 
activities 

Eneabba 
Operations – 
West Mine and 
South Mine 

Compliant 

4 Rehabilitation Any material imported into the Eneabba Rehabilitation Nursery precinct must be assessed as 
Phytophthora-free. The Nursery shall be a recognised quarantine area with hygiene accreditation 
from the Nursery and Garden Industry (WA) and incorporate appropriate footbaths and material 
movement control measures to prevent the importation of infested materials 

Eneabba 
Operations – 
West Mine and 
South Mine 

Compliant 

6 Rehabilitatio n Consideration of Phytophthora Dieback issues in rehabilitation planning and ensuring that 
management controls are adhered to during rehabilitation operations. 

Eneabba 
Operations – 
West Mine and 

Compliant 
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   South Mine  

7.3 Rehabilitation Access to completed rehabilitated areas must be approved by the Midwest Rehabilitation Manager or 
Earthmoving Superintendent 

Eneabba 
Operations – 
West Mine and 
South Mine 

Compliant 

10.3 Soils Phytophthora infested topsoils are to be managed so that they are identified isolated and returned to 
Dieback infested wherever possible. Alternatively they should only be disposed in an area of equal or 
greater risk of being infested with Phytophthora Dieback 

Eneabba 
Operations – 
West Mine and 
South Mine 

Compliant 

11.1 Surface 
water 

In operational areas, surface drainage channels will be controlled to prevent the spread of 
Phytophthora Dieback from infested to non-infested sites 

Eneabba 
Operations – 
West Mine and 
South Mine 

Compliant 

11.2 Topography Topography shall be considered when rehabilitating Phytophthora Dieback areas. Should the site 
enhance the spread of Phytophthora, then appropriate control strategies must be considered to 
contain the spread of the disease 

Eneabba 
Operations – 
West Mine and 
South Mine 

Compliant 

13 Rehabilitation The nursery is to be quarantined and irrigation water, potting mixes and vegetative materials are to be 
tested for Phytophthora species. An appropriate sampling regime will be implemented and reported 
annually 

Eneabba 
Operations – 
West Mine and 
South Mine 

Compliant 

14.2 Rehabilitation Provide advice and support to rehabilitation operations to ensure implementation of appropriate 
phytophthora Dieback management strategies 

Eneabba 
Operations – 
West Mine and 
South Mine 

Compliant 

Environmental Protection Act Part V Section 51E  

Yellow Dam Clearing Permit Purpose Permit 6467/2  

8 Revegetation Retain and spread vegetative material and topsoil 
(a) Within 24 months of undertaking clearing authorised under this Permit, the Permit Holder shall 
revegetate and rehabilitate the cleared area by: 
(i) ripping the ground on the contour to remove soil compaction; 
(ii) deliberately laying vegetative material and topsoil that have comparable vegetation types, 
comparable soil types and comparable soil disease status to pre-clearing vegetation types within the 
Permit area; 
(iii) deliberately planting and direct seeding native vegetation that will result in a similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area; 
and 
(iv) ensuring only local provenance seeds and propagating material are used to revegetate and 
rehabilitate the area. 

Yellow Dam Compliant – 
ongoing 



 

 

Reference Factor Obligation Applicable Area Status 

  (b) Within 24 months of undertaking revegetation and rehabilitation in accordance with Condition 8(a) 
of this Permit, the Permit Holder must: 
(i) engage an environmental specialist to determine the species composition, structure and density of 
the area revegetated and rehabilitated; and 
(ii) where, in the opinion of an environmental specialist, the composition, structure and density 
determined under Condition 8(b)(i) of this Permit will not result in a similar species composition, 
structure and density to that of pre-clearing vegetation types in that area, revegetate the area by 
deliberately planting and/or direct seeding native vegetation that will result in similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area 
and enduring only local provenance seeds and propagating material are used. 
(c) Where additional planting or direct seeding of native vegetation is undertaken in accordance with 
Condition 8(b)(ii) of this Permit, the Permit Holder shall repeat Condition 8(b)(i) and 8(b)(ii) within 24 
months of undertaking the additional planting or direct seeding of native vegetation. 
(d) Where a determination by an environmental specialist that the composition, structure and density 
within the areas revegetated and rehabilitated will result in a similar species composition, structure 
and density to that of pre-clearing vegetation types in that area, as determined in Condition 8(b)(i) and 
8(b)(ii) of this Permit, that determination shall be submitted for the CEO's consideration. If the CEO 
does not agree with the determination made under Condition 8(b)(ii), the CEO may require the Permit 
Holder to undertake additional planting and direct seeding in accordance with the requirements under 
Condition 8(b)(ii). 

  

Twin Hills Clearing Permit Purpose Permit 5445/2  

8 Revegetation Retain vegetative material and topsoil, revegetation and rehabilitation 
The Permit Holder shall: 
(a) Retain the vegetative material and topsoil removed by clearing authorised under this Permit for 
use in revegetation and rehabilitation of the area cross-hatched in red on attached Plan 5445/2. 
(b) Within 6 months of undertaking clearing authorised under this Permit, revegetate and rehabilitate 
the area cross-hatched red on attached Plan 5445/2 by: 
(i) ripping the ground on the contour to remove soil compaction; 
(ii) laying the vegetative material and topsoil retained under Condition 8(a); 
(iii) ensuring only local provenance seeds and propagating material are used to revegetate and 
rehabilitate the area. 
(c) Within 2 years of undertaking revegetation and rehabilitation in accordance with Condition 8(b) of 
this Permit, the Permit Holder must: 
(i) determine the species composition, structure and density of the area revegetated and rehabilitated; 
and 
(ii) where, in the opinion of an environmental specialist, the composition, structure and density 
determined under Condition 8(c)(i) of this Permit will not result in a similar species composition, 
structure and density to that of pre-clearing vegetation types in that area, revegetate the area by 
deliberately planting and/or direct seeding native vegetation that will result in similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area 
and enduring only local provenance seeds and propagating material are used. 
(d) Where additional planting or direct seeding of native vegetation is undertaken in accordance with 
Condition 8(c)(ii) of this Permit, the Permit Holder shall repeat Condition 8(c)(i) and 8(c)(ii) within 24 

Twin Hills Not applicable 



 

 

Reference Factor Obligation Applicable Area Status 

  months of undertaking the additional planting or direct seeding of native vegetation. 
(e) Where a determination by an environmental specialist that the composition, structure and density 
within the areas revegetated and rehabilitated will result in a similar species composition, structure 
and density to that of pre-clearing vegetation types in that area, as determined in Condition 8(c)(i) and 
8(c)(ii) of this Permit, that determination shall be submitted for the CEO’s consideration. If the CEO 
does not agree with the determination made under Condition 8(c)(ii), the CEO may require the Permit 
Holder to undertake additional planting and direct seeding in accordance with the requirements under 
Condition 8 (c)(ii). 

  

Adamsons West Clearing Permit Purpose Permit 2680/3 

8 Revegetation Retain vegetative material and topsoil, revegetation and rehabilitation 

(a) Within 24 months of undertaking clearing authorised under this Permit, the Permit Holder shall 
revegetate and rehabilitate the cleared area by: 

(i) ripping the ground on the contour to remove soil compaction; 

(ii) deliberately laying vegetative material and topsoil that have comparable vegetation types, 
comparable soil types and comparable soil disease status to pre-clearing vegetation types within the 
Permit area; 

(iii) deliberately planting and direct seeding native vegetation that will result in a similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area; 
and 

(iv) ensuring only local provenance seeds and propagating material are used to revegetate and 
rehabilitate the area. 

(b) Within 24 months of undertaking revegetation and rehabilitation in accordance with Condition 8(a) 
of this Permit, the Permit Holder must: 

(i) engage an environmental specialist to determine the species composition, structure and density of 
the area revegetated and rehabilitated; and 

(ii) where, in the opinion of an environmental specialist, the composition, structure and density 
determined under Condition 8(b)(i) of this Permit will not result in a similar species composition, 
structure and density to that of pre-clearing vegetation types in that area, revegetate the area by 
deliberately planting and/or direct seeding native vegetation that will result in similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area 
and enduring only local provenance seeds and propagating material are used. 

(c) Where additional planting or direct seeding of native vegetation is undertaken in accordance with 
Condition 8(b)(ii) of this Permit, the Permit Holder shall repeat Condition 8(b)(i) and 8(b)(ii) within 24 
months of undertaking the additional planting or direct seeding of native vegetation. 

(d) Where a determination by an environmental specialist that the composition, structure and density 
within the areas revegetated and rehabilitated will result in a similar species composition, structure 
and density to that of pre-clearing vegetation types in that area, as determined in Condition 8(b)(i) and 
8(b)(ii) of this Permit, that determination shall be submitted for the CEO's consideration. If the CEO 
does not agree with the determination made under Condition 8(b)(ii), the CEO may require the Permit 
Holder to undertake additional planting and direct seeding in accordance with the requirements under 

Adamsons West Compliant - 
ongoing 



 

 

Reference Factor Obligation Applicable Area Status 

  Condition 8(b)(ii).   

Brandy Flats and Depot Hill Clearing Permit Purpose Permit 2362/3 

7 Rehabilitation Retain and spread vegetative material and topsoil 

(a) Within 24 months of undertaking clearing authorised under this Permit, the Permit Holder shall 
revegetate and rehabilitate the cleared area by: 

(i) ripping the ground on the contour to remove soil compaction; 

(ii) deliberately laying vegetative material and topsoil that have comparable vegetation types, 
comparable soil types and comparable soil disease status to pre-clearing vegetation types within the 
Permit area; 

(iii) deliberately planting and direct seeding native vegetation that will result in a similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area; 
and 

(iv) ensuring only local provenance seeds and propagating material are used to revegetate and 
rehabilitate the area. 

(b) Within 24 months of undertaking revegetation and rehabilitation in accordance with Condition 7(a) 
of this Permit, the Permit Holder must: 

(i) engage an environmental specialist to determine the species composition, structure and density of 
the area revegetated and rehabilitated; and 

(ii) where, in the opinion of an environmental specialist, the composition, structure and density 
determined under Condition 7(b)(i) of this Permit will not result in a similar species composition, 
structure and density to that of pre-clearing vegetation types in that area, revegetate the area by 
deliberately planting and/or direct seeding native vegetation that will result in similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area 
and enduring only local provenance seeds and propagating material are used. 

(c) Where additional planting or direct seeding of native vegetation is undertaken in accordance with 
Condition 8(b)(ii) of this Permit, the Permit Holder shall repeat Condition 7(b)(i) and 7(b)(ii) within 24 
months of undertaking the additional planting or direct seeding of native vegetation. 

(d) Where a determination by an environmental specialist that the composition, structure and density 
within the areas revegetated and rehabilitated will result in a similar species composition, structure 
and density to that of pre-clearing vegetation types in that area, as determined in Condition 7(b)(i) and 
7(b)(ii) of this Permit, that determination shall be submitted for the CEO's consideration. If the CEO 
does not agree with the determination made under Condition 7(b)(ii), the CEO may require the Permit 
Holder to undertake additional planting and direct seeding in accordance with the requirements under 
Condition 7(b)(ii). 

Brandy Flats 
Depot Hill 

Compliant - 
ongoing 

South Tails Rehabilitation Purpose Permit 6915/2 

9 Rehabilitation Retain and spread vegetative material and topsoil 

(a) Within 24 months of undertaking clearing authorised under this Permit, the Permit Holder shall 
revegetate and rehabilitate the cleared area by: 

South Tails 2016 
Rehabilitation 
Area 

Compliant - 
ongoing 
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  (i) ripping the ground on the contour to remove soil compaction; 

(ii) deliberately laying vegetative material and topsoil that have comparable vegetation types, 
comparable soil types and comparable soil disease status to pre-clearing vegetation types within the 
Permit area; 

(iii) deliberately planting and direct seeding native vegetation that will result in a similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area; 
and 

(iv) ensuring only local provenance seeds and propagating material are used to revegetate and 
rehabilitate the area. 

(b) Within 24 months of undertaking revegetation and rehabilitation in accordance with Condition 9(a) 
of this Permit, the Permit Holder must: 

(i) engage an environmental specialist to determine the species composition, structure and density of 
the area revegetated and rehabilitated; and 

(ii) where, in the opinion of an environmental specialist, the composition, structure and density 
determined under Condition 9(b)(i) of this Permit will not result in a similar species composition, 
structure and density to that of pre-clearing vegetation types in that area, revegetate the area by 
deliberately planting and/or direct seeding native vegetation that will result in similar species 
composition, structure and density of native vegetation to pre-clearing vegetation types in that area 
and enduring only local provenance seeds and propagating material are used. 

(c) Where additional planting or direct seeding of native vegetation is undertaken in accordance with 
Condition 9(b)(ii) of this Permit, the Permit Holder shall repeat Condition 9(b)(i) and 9(b)(ii) within 24 
months of undertaking the additional planting or direct seeding of native vegetation. 

(d) Where a determination by an, environmental specialist that the composition, structure and density 
within the areas revegetated and rehabilitated will result in a similar species composition, structure 
and density to that of pre-clearing vegetation types in that area, as determined in Condition 9(b)(i) and 
9(b)(ii) of this Permit, that determination shall be submitted for the CEO's consideration. If the CEO 
does not agree with the determination made under Condition 9(b)(ii), the CEO may require the Permit 
Holder to undertake additional planting and direct seeding in accordance with the requirements under 
Condition 9(b)(ii). 

  

IPL Central Rehabilitation Purpose Permit 7457/1 

9 Rehabilitation  Retain and spread vegetative material and topsoil 

a) Within 24 months of undertaking clearing authorised under this Permit, the Permit Holder 
shall revegetate and rehabilitate the cleared area by: 

i) ripping the ground on the contour to remove soil compaction; 

ii) deliberately laying vegetative material and topsoil that have comparable vegetation 
types, comparable soil types and comparable plant disease status to pre-clearing 
vegetation types within the Permit area; 

iii) deliberately planting and direct seeding native vegetation that will result in a similar 
species composition, structure and density of native vegetation to pre-clearing 

IPL Central 
Clearing Permit 
Area 

Not yet 
commenced 
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  vegetation types in that area; and 

iv) ensuring only local provenance seeds and propagating material are used to revegetate 
and rehabilitate the area. 

b) Within 24 months of undertaking revegetation and rehabilitation in accordance with Condition 
9(a) of this Permit, the Permit Holder must: 

i) engage and environmental specialist to determine the spcies composition, structure and 
density of the area revegetated and rehabilitated; and 

ii) where, in the opinion of an environmental specialist, the composition, strucutre and 
density determined under Condition 9(b)(i) of this Permit will not result in a similar 
species composition, structure and density to that of pre-clearing vegetation types in 
that area, revegetate the area by deliberately planting and/ or direct seeding native 
vegetation that will result in similar species composition, structure and density of native 
vegetation to pre-clearing vegetation types in that area and enduring only local 
provenance seeds and propatating material are used. 

c) Where additional planting or direct sseeding of native vegetation is undertaken in 
accordance with Condition 9(b)(ii) of this Permit, the Permit Holder shall repeat Condition 
9(b)(i) and 9(b)(ii) within 24 months of undertaking the additional planting or direct seeding of 
native vegetation. 

d) Where a determination by an environmental specialist that the composition, structure and 
density within the areas revegetated and rehabilitated will result in a similar species 
composition, strucuture and density to that of pre-clearing vegetation types in that area, as 
determined in Condition 9(b)(i) and 9(b)(ii) of this Permit, that determination shall be 
submitted for the CEO’s consideration. If the CEO does not agree with the determination 
made under Condition 9(b)(ii), the CEO may require the Permit Holder to undertake 
additional planting and direct seeding in accordance with the requirements under Condition 
9(b)(ii). 

  

10(b) Record 
Keeping 

The Permit Holder must maintain the following records for activities done pursuant to this Permit: 

In relation to the revegetation and rehabilitation of areas pursuant to Condition 9 of this Permit: 

i) the location of any areas revegetated and rehabilitated, recorded using a Global 
Positioning System (GPS) unit set to Geocentric Datum Australia 1994 (GDA94), 
expressing the geographical coordinates in Eastings and Northings or decimal degrees; 

ii) a description of the revegetation and rehabilitation activities undertaken; and 

iii) the size of the area revegetated and rehabilitated (in hectares). 

IPL Central 
Clearing Permit 
Area 

Not yet 
Commenced 

Exploration Clearing Purpose Permit CPS 389/2 

11 Rehabilitation Retain vegetative material and topsoil, revegetation and rehabilitation 

The Permit Holder shall: 

a) retain the vegetative material and topsoil removed by clearing authorised under this Permit 
and stockpile the vegetative material and topsoil. 

b) within six months following clearing authorised under this permit, revegetate and rehabilitate 

Exploration areas Compliant - 
ongoing 
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  the areas that are no longer required for the purpose for which they were cleared under this 
Permit by: 

i) re-shaping the surface of the land so that it is consistent with the surrounding 5 metres 
of uncleared land; 

ii) laying the vegetative material and topsoil retained under condition 11(a) on the cleared 
area; and 

iii) ripping the ground on the contour to remove soil compaction. 

c) within 4 years of undertaking revegetation and rehabilitation in accordance with 11(b) of this 
Permit: 

i) engage and environmental specialist to determine the species composition, structure 
and density of the area revegetated and rehabilitated; and 

ii) where, in the opinion of an environmental specialist, the composition, structure and 
density determined under condition 11c) i) of this Permit will not result in a similar 
species composition, structure and density to that of pre-clearing vegetation types in 
that area, revegetate the area by deliberately planting and/ or direct seeding native 
vegetation that will result in a similar species composition, structure and density of 
native vegetation to pre-clearing types in that area and ensuring only local provenance 
seeds and propagating material area used. 

  

12(b) Record 
keeping 

The Permit Holder must maintain the following records for activities done pursuant to this Permit: 

In relation to the revegetation and rehabilitation of areas pursuant to Condition 9 of this Permit: 

i) the location of any areas revegetated and rehabilitated, recorded using a Global 
Positioning System (GPS) unit set to Geocentric Datum Australia 1994 (GDA94), 
expressing the geographical coordinates in Eastings and Northings or decimal degrees; 

ii) a description of the revegetation and rehabilitation activities undertaken; and 

iii) the size of the area revegetated and rehabilitated (in hectares). 

Exploration areas Compliant 

Wildlife Conservation Act 1950 

Permit to Take Declared Rare Flora (15/98) 

8.11 Rehabilitation  The Licensee shall implement a topsoil management program in the DRF area affected by the mining 
operation, to maximise the regeneration of the DRF and other associated species, and will submit 
regular reports on species regeneration when requested by the Executive Director, Department of 
Conservation and Land Management. 

South Mine Complete 

Radiation Safety Act 

Eneabba Radiation Licence RS553-76-2019 Certificate of Registration of Premises, in which radioactive substances are to be used, stored or manufactured. 

3 Radiation The registrant is directed to ensure that - 

3.1 a Radiation Management Plan and a Radioactive Waste Management Plan are developed and 
implemented in accordance with sections 2.7 and 2.8 of the Code of Practice and sections 3.8 and 
3.9 of the Safety Guide, and are reviewed at two yearly intervals, or as the mining or processing 

EEO Compliant - 
Ongoing 
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  activities change; and 

3.2 the transport of radioactive substances complies with the Radiation Safety (Transport of 
Radioactive Substances) Regulations 2002. 
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1 Introduction 

The Eneabba East Mine is comprised of two main operational areas, the North Mine and the 
South Mine (Figure 1).  This document focuses exclusively on the South Mine as the proposed 
ERER Project is located in this portion of the East Mine.  South Mine is divided into a number of 
Project areas (geographical regions). 

 
 

1.1 Eneabba South Mine 

The Eneabba South Mine is comprised of the following closure Project Areas (Figure 8): 

• EN12 IPL Central; 

• EN01 Admin/ Workshop; 

• EN10 South/ Allied Tails; 

• EN03 Monazite Pit; 

• EN02 South Secondary Concentrator; and 

• EN14 Railway. 

The proposed ERER Project straddles three of these areas namely EN01, EN10 and EN03. 

1.2.1 EN01 Administration/ Workshop 

The administration and workshop is located east of the 04 Mags on mining tenement M70/821 
and underlying vacant crown land (Figure 10). The administration complex is accessed by a 4 
km access road from Brand Highway (approximately 6 km south of Eneabba township). The 
infrastructure located on mining tenement M70/821 was constructed prior to the grant of the 
lease. A special lease was granted in 1981 specifically for the purpose of operations associated 
with the overall mining operation carried out under the State Agreement (Iluka 2009a). 

The administrative complex is comprised of the following facilities: 

• nursery complex; 

• rehabilitation machinery shed; 

• mine administration offices; 

• stores and laydown yards; 

• light vehicle workshop; 

• emergency response training yard (retrofitted for seed processing); 



 

• car parks and roads; 

• dieback washdown hygiene bay; and 

• rail corridor. 

1.2.2 EN10 South/ Allied Tails 

The South/ Allied Tails Project Area (EN10) incorporates the eastern half of the Eneabba East 
South Mine, located southeast from the administration complex to the southern tip of the railway 
(south of the South Secondary Concentrator) underlying vacant crown land (northern half of the 
EN10 Project Area) and the South Eneabba Nature Reserve (southern half of the EN10 Project 
Area) (Figure 11). Western Titanium commenced mining in 1979 within South Tails on vacant 
crown land and Allied Eneabba commenced mining in 1976 in South Tails within the South 
Eneabba Nature Reserve (SENR 31030). 

Dry mining of South Tails was undertaken between 1979 and continued in the 1980s. South Tails 
was mined by dredging and utilising auxiliary mining methods in 1988 up until 1991, when South 
Tails operations temporarily ceased. Dry mining recommenced in 1998 and continued up until 
2009 when operations ceased. During this time Iluka re-mined remnant ore within previously 
mined and unmined areas which were undertaken as an extension of the existing operation at the 
time in 2007. 

Iluka re-mined remnant ore at Allied Tails and mineralised tailings between January 2008 and April 
2009. The re-mining of Allied Tails resulted in clearing of 442 ha of previously rehabilitated areas. 

Primary rehabilitation earthworks were undertaken over 2010 and 2011 South Tails Rehabilitation 
Areas (native revegetation). 

The South/ Allied Tails closure Project Area (EN10) is comprised of the following key features: 

• Yellow Dam; 

• Eastern Tails Facility; 

• Western Tails Facility; 

• MU5 ROM and Void; 

• North Gas Pit; 

• South Gas Pit; 

• Open pits/ voids; 

• rehabilitated mine voids and in-pit tailings and slimes disposal dams; 

• Dave’s Dam; 

• Dam 120A; 

• South Secondary Mids Dam; and 

• South Secondary Mids Stockpile. 

Yellow Dam 

Yellow Dam is an open pit located within the northwest portion of the South Tails Project Area. 
Yellow Dam is located directly east of the administration building on VCL (southern portion) and 
on privately Iluka owned land (Lot 10240, northern portion) (see Figure 11). Yellow Dam contains 
radioactive traces of material within and surrounding it, the source of which originated from two 
different tails streams from the historical dry concentrator (04) (Iluka 2015b). The course zircon 
tails is from the zircon wet circuit at 04, while the ilmenite and rutile are hydrosizer overflow from 
04 primary feed. The ilmenite contains thorium and zircon contains both uranium and thorium. 
Monazite is also present, but in lower concentrations (Iluka 2015b). Radiation remediation work 
was undertaken during 2015 at Yellow Dam to remove concentrations of windblown mineral on 
the outskirts of the Yellow Dam Pit. 

  



 

 

West and East Tailings Facilities 

The West and East Tailings facilities are located within South Tails Project Area on VCL (also 
referred to at the Central Wetlands) (see Figure 11). The West Facility was mostly recently 
utilised, with tailings deposited from the Twin Hills mining during 2012. The west and east tailings 
facilities cover approximately 168 ha (Iluka 2015c). 

It is proposed to undertake primary earthworks and reshape the western facility to form part of a 
low lying wetland environment, while the eastern facility will be utilised as clean fill for Yellow 
Dam and the mine pit at MU5. 

Mining Unit 5 Run-Of-Mine and Void 

Located within South Tails on VCL, lies abandoned mining infrastructure including Mining Unit 5, 
stockpiled material and a mined open void (Iluka 2015c) (see Figure 11). The void will be utilised 
to dispose of oversize material from roads, and stockpiled material on the ROM. The final void 
will be re-shaped and battered down. 

North Gas Pit 

The North Gas Pit is located on the western border of the South Tails Project Area on VCL.   The 
pit was named in relation to the mains gas line that runs through the middle of the ore body that 
was mined (The North and South Gas Pit) (see Figure 11). The North Gas Pit is one of the largest 
and is located within a sand dune that has been partially mined. The dune slopes down from the 
east to the west and from the south to the north. The sides of the put will be battered down to 1 
in 10 (Iluka 2015c). The source of fill material to achieve the final landform will be derived from 
the South Gas Pit and surrounding haul roads (Iluka 2015c). 

South Gas Pit 

The South Gas Pit is located south of the North Gas Pit (intersected by the gas line) and was 
utilised for tailings deposition following mining (see Figure 11). The South Gas Pit is 
predominantly full of tailings (filled from the southern end). The eastern wall will be shaped to the 
west and utilised as a source of capping material (Iluka 2015c). 

Rehabilitated Mine Areas 

There are a number of areas within the Allied/ South Tails Project Area that have been 
progressively rehabilitated throughout operations since the early 1980s and include rehabilitated 
voids, in-pit tailings and slimes disposal dams that have been successfully revegetated. 

  
The most recent areas of rehab include: 

• Pit 120ASA; 

• Dave’s Dam; 

• Dam 120A; 

• South Secondary Mids Stockpile; and 

• Mids Dam. 

Pit 120ASA 

Pit 120ASA is located north of the monazite pit and is an approved designated inert waste 
disposal location by the Department of Environmental Regulation (DER) for disposal of 
contaminated equipment from Eneabba and Narngulu that does not meet the requirements for 
off-site disposal. Surface radiation contamination on plant and equipment must be less than 0.4 
Bq/cm2 averaged over 300 cm2 before release from site is authorised. Records are kept of the 
amount of material that is disposed of in this pit each year. 

Dave’s Dam 

Dave’s Dam is an old water storage facility that has been partially backfilled 
  



 

 

Dam 120A 

Dam 120A is located south of the monazite pit, and is the old nursery dam. 

South Secondary Mids Stockpile 

The South Secondary Mids Stockpile is located at the southern tip of South Tails, covering an 
area of approximately 16 ha (Iluka 2015c) (Figure 12). The South Secondary MIDS Stockpile is 
comprised of stacked tailings sand (high in zircon) generated during the life of the mining and 
processing operation. During early mineral sands mining, zircon was considered a waste product, 
but later became a key mineral for export, which led to the re-mining and processing of the South 
Secondary MIDS to recover zircon in 2009 and 2010 (Iluka 2009a). 

The South Secondary MIDS Stockpile contains elevated radiation levels and is prone to wind 
erosion, which has resulted in the windblown spread of the dry loose material into the surrounding 
native vegetation (Iluka 2015c). 

During 2014, the stockpile was stabilised with the application of ‘gluon’ to prevent further 
migration of windblown material from the stockpile. The properties of the stockpile are sub-optimal 
for plant growth, so it is proposed to place within the Monazite Pit. The remaining stockpile/ 
footprint will be capped with at least two metres of clean fill to support vegetation (Iluka 2015c). 

Mids Dam 

The Mids Dam is located to the east of the South Secondary Mids Stockpile on the opposite side 
of the railway line within the SENR, covering approximately 25 ha. The dam was utilised up until 
2013, at the cessation of mining and processing. The Mids dam contains tailings materials 
processed from the South Secondary Processing Plant (Iluka 2015c). Prior to 1997, the dam also 
received neutralised effluent water from the Zircon Upgrade Plant (ZUP). Following the 
neutralisation circuit upgrade in 1977, neutralised effluent waste from the ZUP was re-directed to 
the 250 Dam (Golders 2000). The material is above background radiation levels and will require 
a cap of at least two metres to facilitate plant growth. 

1.2.3 EN03 Monazite Pit 

The Monazite Pit Project Area (EN03) is located is the northeast portion of South Tails 
(approximately 2 km southeast of the plant ) on vacant crown land (VCL) (Figure 13). The 
Monazite pit is a large open pit approximately 300 m x 150 m and up to 15 m deep covering 13 
ha that is utilised for the temporary storage of processing by-products from Eneabba and 
Narngulu (predominantly monazite). The Monazite Pit has been utilised for this purpose since 
1994 following the decommissioning of the Monazite Plant due to market conditions. 
Approximately 35,000 tonnes per annum of monazite concentrate from was transported from 
Narngulu to Eneabba for storage within the monazite pit between 1994 and 2001. In addition, a 
further 12,000 tonnes per annum of monazite generated at Eneabba were stored within the pit. 
Following placement of monazite in the pit, a thin layer of soil is applied to prevent fugitive dust. 

The distance between the base of the monazite pit and the water table is 22 m. Monazite 
concentrate has predominantly been disposed of at the northern end of the pit to the north of the 
access road. 

The elevated radiation level of the monazite and other by-products in the pit governs the 
requirement to cap the waste materials with at least five metres of non-radioactive material. 

The long term storage of monazite tailings is subject to conditions detailed by the Radiological 
Council (Radiological Council 2009). The current arrangements for handling of this material 
provide for safe storage while maintaining accessibility for future commercial use in the event 
there are changes to market conditions. Potential markets for monazite are being explored and 
processing options investigated (Iluka 2016a). If processing monazite is not economically viable 
or regulatory approval to process and transport the monazite is not gained, the material will remain 
in- situ where it will be capped and monitored. Specific approval will be south for these options as 
required (Iluka 2016a). The Monazite Pit has been reported to the Department of Environment 
and Regulation under the Contaminated Sites Act. 

  



 

 

1.2.4 Eneabba Site Roads 

There is an extensive network of access roads and haul roads throughout the Eneabba East Mine. 
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Disclaimer 

This ERER Solids Waste Disposal Pond Design (Report) has been prepared for Iluka Resources by Amec Foster 
Wheeler Australia Pty Ltd (trading as Wood), based on assumptions as identified throughout the text and rely 
upon information and data supplied by others. 
 
The Report is to be read in the context of the methodology, procedures and techniques used, Wood’s 
assumptions, and the circumstances and constraints under which the Report was written. The Report is to be 
read as a whole, and sections or parts thereof should therefore not be read or relied upon out of context. 
 
Wood has, in preparing the Report, followed methodology and procedures, and exercised due care consistent 
with the intended level of accuracy, using its professional judgment and reasonable care. All estimates and 
other values are only valid as at the date of the Report and will vary thereafter. 
 
Parts of the Report have been prepared or arranged by Iluka Resources or third-party contributors, as detailed 
in the document. While the contents of those parts have been generally reviewed by Wood for inclusion into 
the Report, they have not been fully audited or sought to be verified by Wood. Wood is not in a position to, 
and does not, verify the correctness, accuracy or completeness of, or adopt as its own, the information and 
data supplied by others and disclaims all liability, damages or loss with respect to such information and data. 
 
In respect of all parts of the Report, whether or not prepared by Wood no express or implied representation 
or warranty is made by Wood or by any person acting for and/or on behalf of Wood to any third-party that 
the contents of the Report are verified, accurate, suitably qualified, reasonable or free from errors, omissions 
or other defects of any kind or nature. Third parties who rely upon the Report do so at their own risk and Wood 
disclaims all liability, damages or loss with respect to such reliance. 
 
Wood disclaims any liability, damage and loss to Iluka Resources and to third-parties in respect of the 
publication, reference, quoting or distribution of the Report or any of its contents to and reliance thereon by 
any third party. 
 
This disclaimer must accompany every copy of this Report, which is an integral document and must be read in 
its entirety. 
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1 Introduction 
Iluka Resources (ILUKA) have requested that Wood PLC prepare a scope of work of ERER Solid Waste Pond 
design.  
 
The purpose of this design is to produce a tailings design solution for the Yellow Dam North pit (hereafter the 
TSF) to enable DFS costing and documentation in support of the regulatory submissions. 
 
1.1 Site Description 
The TSF is located approximately 6.5 km South of Eneabba town, Western Australia (Eneabba town is 
approximately 280 km North of Perth). The location is shown in Figure 1.1. 
 
There is a fall from the east, north-east to the west, south-west around the TSF site of 0.6%, and 2% 300 m east 
of the site.  
To the north and east of the TSF site is native, largely undisturbed bushland, to the west is the old process 
plant area. To the south is Yellow Dam South, which has been backfilled, but not yet rehabilitated. 
 

Figure 1.1 : Eneabba Mine General Layout 

 
 
1.2 Purpose of Work 
Iluka is currently preparing a Section 38 Referral to the Environmental Protection Authority (EPA) for this project 
and requires this design report to inform that proposal submission. As part of the expansion project, Iluka is 
planning to enlarge and utilise Yellow Dam North as an in-pit tailings deposition storage facility. The design 
focuses on optimising the available land space for tailings storage.  
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2 In-Pit Tailings Storage Facility Design  
2.1 Design Scope 
2.1.1 Design Aspects 
The following aspects are addressed in this design: 
 Securely design an environmental containment facility 
 Efficiently use the available storage area within the available boundary fence line 
 Determine cut and fill earthwork quantities 
 Design the tailings storage capacity within the constraints of the site to obtain as much life as can 

reasonably be expected 
 Tailings storage capacity is determined based on assumed tailings properties from known similar 

operations 
 Describe the tailings deposition strategy 
 Define the tailings water management 
 Describe the proposed surface water diversion plan 
 Layout the alignment of access roads and ramp(s) 
 Provide conceptual closure criteria. 
 
2.1.2 Design Criteria and Basis 
Wood and Iluka holds regular meetings during the course of the design phase. Design assumptions 
summarised in Table 2.1 were selected based on engineering calculations, regulatory requirements, 
engineering judgement and experience and the provisional consequence category assessments in with 
ANCOLD tailings storage guidelines. 
 

Table 2.1 : In-Pit Tailings Storage Facility Design Basis 
Design Standards  ANCOLD Guidelines (Reference 1) 

 DMIRS Design Guidelines (References 2 and 3) 
 DMIRS Closure Guidelines (Reference 4) 

Construction  In pit excavation 
 Partial fill volume for side slope 
 Underdrainage required 

Pit Slope  1V: 3H 
Throughput  
Throughput (95% efficiency) 

 24 t/hr 
 200 000 t/year 

Production Days/Year  95 % availability, or 8 325 hours per year 
Tailings Physical Characteristics (Assumed)  Slurry solids concentration: 24% solids (by mass) 

 Slurry settled density (for this study) = 0.99 t/m3 
 Slurry nominal beach slope 1V in 200H  
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Table 2.1 : In-Pit Tailings Storage Facility Design Basis 
General  Multiple spigots, peripheral discharge  

 Temporary construction access ramp (earthworks and liner 
installation)  

 Skid mounted pumps on construction access ramp to floating inlet  
 Pit area to be fenced in with warning signage  
 Safety ropes for getting out in the event of a fall  
 Hold-all facility, a spillway not required during operational life 

Freeboard  Minimum freeboard to lowest point on the pit crest, greater of:  
 0.5 m from maximum tailings level or  
 0.5 m from critical pond for the greater of average annual rainfall 

plus, 1 in 100-year wet annual recurrence interval or a PMP storm 
event assuming no pond 

Site preparation    Open pit excavation to design shell profile  
 Cut to fill to prepare batters to 1V in 3H  
 Cut to fill to prepare the basin for an average north to south fall of 

0.5%  
 Compaction to 95% SMDD at basin floor 
 Safety berms all around the pit - 1 m high  
 Diversion drainage around the pit  
 Access tracks between fencing, drainage, safety windrows and liner 

anchor trenches 
Liner and under-drainage   Double HDPE liner system required  

 Layer works to protect the HDPE liner necessary  
 Leakage detection system required 

Closure  Conceptual design based on post tailings consolidation conditions 
 Water shedding landform 

 
Referring to Figure 2.1, the existing pit dimensions (yellow area below) are approximately: 
 400 m x 150 m in plan view 
 Average depth of 13 m 
 Average side slopes of 1H: 1.5V.  
 
The proposed TSF dimensions (white area below) are approximately: 
 550 m x 300 m in plan view 
 Average depth of 20 m 
 Average side slopes of 3H: V1.  
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Figure 2.1 : Existing Pit and Proposed TSF Footprint 

 
 
2.1.3 Battery Limits  
The battery limits are from end of the tailings delivery infrastructure to the supernatant decant pontoon but 
including the liner(s) and their leakage controls. The following engineering design service aspects are excluded 
in Wood’s scope of work: 
 Mechanical (barges, valves, pumps, and pipes) 
 Electrical and controls 
 Groundwater studies 
 Tailings chemical and physical characterisation testing 
 Geochemistry (tailings and in-situ soils). 
Iluka will engage with other specialists to deal with these engineering aspects. 
 
2.2 Tailings Properties  
A similar material is believed to be found at Iluka’s North Capel and Narngulu sites. Testing on samples is 
scheduled for Q3 2021/2. Physical properties from Iluka's Narngulu NUA facilities have therefore been adopted 
as the base case for this design.  
 
On the basis of the adopted comparable properties, the tailings is to be pumped as a slurry to the TSF at a 
solids concentration of 24%, measured by weight. The slurry will be deposited into the TSF by multiple spigots 
and will consolidate to an initial dry density of 0.99 t/m3, based on the Narngulu and North Capel experience.  
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Tailings has been assumed to contain elevated NORM concentrations and therefore a synthetic liner included 
in the design (refer to Section 2.7.2 of this report). 
 
2.3 Site Constraints 
The available space for the TSF works is indicated as a boundary line in Figure 2.2, which is the tailings site 
disturbance area. 
 

Figure 2.2 : Pit Boundary and Offsets 

 
 
The offset will start from the edge of the pit and extend to the boundary line. The Eastern side of the pit is 
largely undisturbed bushland area, and the Southern side of the pit has an existing pit. As a result, the edge of 
these two locations act has the boundary line, and any areas beyond these two locations are considered no-
go areas.  
 
A minimum of 7 m offset from these locations are necessary to account for the HDPE liner anchor trench, safety 
berm and diversion drainage. The northern and western sides of the pit edges extend to the latest boundary 
line with an offset of 12 m to account for the access road in addition to the anchor trench and safety berm. 
The plan view (7 m offset indicated in green; 12 m offset indicated in blue), and cross sections of the offsets 
are shown in Figure 2.3 and Figure 2.4. 
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Figure 2.3 : Offset at 12 m 

 
 

Figure 2.4 : Offset at 7 m 

 
 
2.4 Modelling and Results  
Iluka has provided Wood with the most recent (5 July 2021) survey of the Eneabba site. Wood utilises MUK3D 
Formation to model the proposed pit TSF. No engineering of pit slopes or beach profiles calculations have 
been allowed for this capacity assessment. 
 
Modelling showed that the current existing pit has a storage capacity of approximately 0.4 Mm3 with a storage 
life of 2 years (Figure 2.5). This storage volume is based on an estimated average tailings beach profile of 0.5% 
from north to south. A flat beach (profile 0%) would produce a storage capacity and life of 0.3 Mm3 and 
1.5 years respectively (Figure 2.6).  
 



 

Eneabba Rare Earth Refinery Engineering and Cost Study Develop Phase 
ERER Solids Waste Disposal Pond Design 

 
 

608020-4290-DW00-RPT-0001 YELLOW DAM NORTH DESIGN REPORT_0 

September 2021 Page 13 

 
 

 
 

Figure 2.5 : Current Pit Storage – 0.5% Tailings Beach 

 
 

Figure 2.6 : Current Pit Storage – Flat Tailings Beach 

 
 

The proposed TSF expands its footprint to optimise the capacity within the groundwater and environmental 
constraints. 
 
The design is limited to a depth of 20 m deep excavation from the highest elevation (approximate RL 89.5 m 
AHD) with a fall of approximately 0.5% from north to south for leakage detection. This depth is based on 2 m 
above the upper-bound (end of operation ground water level) regional ground water levels, as determined in 
the 2021 Jacobs report, entitled “Groundwater, Geochemical and Human Health and Environment Risk 
Assessment” (Reference 5). 
 
The modelling considered two cases: an average tailings beach profile from all around the perimeter of the pit 
(ring dyke deposition) 0.5%; and flat (0%) tailings beach. The tailings storage capacity with the 0.5% beach is 
approximately 1.22 Mm3, with a storage life of 6 years (Figure 2.6); whereas the storage capacity with no 
beaching angle (flat) is approximately 1.0 Mm3, with a storage life of mine of approximately 5 years (Figure 
2.7). 
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Figure 2.7 : Proposed Pit – 0.5% Tailings Beach 

 
 

Figure 2.8 : Proposed Pit – Flat Tailings Beach 

 

The summary for both scenarios (Current and Proposed) are shown in Table 2.2. 
 

Table 2.2 : Volume Storage Summary of Current and Proposed Pit 
Scenario 1: Current Pit Condition 

Case 1 – 0.5% Beach Slope Case 2 – Flat Beach 
Storage Capacity (Mm3) 0.42 Storage Capacity (Mm3) 0.29 
Highest Tailings RL (m) 107.842 Tailings RL (m) 101.2 
LOM (yrs) 2.1 LOM (yrs) 1.5 

Scenario 2: New Pit Condition 
Case 1 – 0.5% Beach Slope Case 1 – 0.5% Beach Slope 

Storage Capacity (Mm3) 1.22 Storage Capacity (Mm3) 1.1 
Highest Tailings RL (m) 105.9 Tailings RL (m) 103.8 
LOM (Yrs) 6.2 LOM (yrs) 5.8 

 
2.5 Pit Construction 
2.5.1 Access Ramp 
As the TSF pit is to be excavated, a construction ramp is to be excavated and maintained on the lower, southern 
side of the pit.  This ramp will be 8 m wide and have a maximum grade of 1V:10H for laden trucks to remove 
material and compaction and liner installation vehicles to access the pit. 
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The ramp will be constructed down the 1V:3H the pit batter. The ramp is to remain a permanent feature for 
decant access and as a result will need to be lined prior to commissioning. 
 
The construction of the ramp prior to lining must include: 
 Scarify the ramp 
 Place and compact low permeability material (silty clay) 
 Install the HDPE liner 
 Place subgrade materials (clayey fine gravel) and erosion protection (laterite). 
 
Plan view and cross section of the access ramp are shown in Figure 2.9 and Figure 2.10. 
 

Figure 2.9 : Plan View of the Access Ramp 
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Figure 2.10 : Cross Section of Access Ramp 

 
 
2.5.2 Cut and Fill 
The pit is to be enlarged by excavating areas as indicated in the isopach map TSF in Figure 2.11 which illustrates 
both cut and fill areas. Some areas require fill to achieve the desired side batter angles.  
 

Figure 2.11 : Map of Cut and Fill 
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Table 2.3 is the TSF preparation earthworks cut and fill volumes summary. 
 

Table 2.3 : Cut and Fill Volumes Summary 
Cut Volumes (m3) 1 000 000 
Fill Volumes (m3) 25 000 

 
From the model, it is demonstrated that a significant number of earthworks are required to utilise the space 
available to get as much tailings storage out of the pit as can reasonably be expected.  
 
The side slopes (batters) of the pit will be shaped and constructed with a slope of 1V:3H. In fill areas, placement 
to the design layout will need to be constructed in engineered and compacted layers from the pit floor 
upwards. It is essential that this be carried out correctly to specification to prevent slope stability issues. No 
excavation is allowed beyond the 7 m offset due to the boundary restriction. Fill can be obtained from the 
excavated pit materials (cut to fill); however, these materials are subjected to soil laboratory testing to confirm 
their suitability. 
 
The lowest elevations are along the southern and southwestern sections of the pit. A small embankment is to 
be constructed in these areas to increase the storage capacity. The embankment crest will be 2 m wide, 
sufficient width for HDPE anchorage and placing tailings distribution pipeline. The downstream side will start 
at the edge of the pit; whereas the upstream side will be graded down to the basin of the pit, both sides of the 
slope will be battered at 1V:3H. The plan view and the typical cross section of the embankment fill is shown in 
Figure 2.12 and Figure 2.13. 
 

Figure 2.12 : Embankment Fill at Southern and Southwestern Corner 
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Figure 2.13 : Typical Cross Section of the Embankment Fill 

 
 
2.5.3 Material Movements 
It is anticipated that three types of materials will be excavated out from the pit: 
 Materials suitable for engineered construction, capping or closing earthworks 
 Spoil material 
 Potential ore materials. 
 
The engineered materials could be stockpiled at various locations across the site such as close to areas 
requiring capping and closing in the future.  
 
Spoil material will need to be stockpiled or stored at an appropriate designated spoil dump location.  
 
Ore should be placed at the site’s ore storage area, in preparation for processing. 
 
2.5.4 Liner Preparation Work 
The site is smoothed and graded by lightly ripping or scarifying and rolling to smoothen and graded it for the 
drainage direction.  
 
The steepest batters must be 1V to 3H to allow for installation and a prevention of tension damage to the liner. 
 
2.5.5 QA and QC 
Quality control (QC) of earthworks construction and HDPE liner installation is a requirement prior to the 
construction certification.  The QC and construction certification is to be done by a third party civil geotechnical 
consultant and laboratory.  The use of earthworks contractors with experience in dam construction will be 
required. 
 
2.6 Deposition Strategy 
The tailings delivery line transports tailings, at approximately 24% solids, from the process plant to a valve 
station located at the highest elevation (the northern corner) of the TSF. The delivery pipeline is recommended 
to be contained within a bunded corridor.  
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The deposition strategy is by ring-dyke tailings discharge, meaning the tailings slurry will be discharged all-
around the perimeter of the pit by multiple spigots. The tailings spigots are recommended to be equally spaced 
out, notionally 50 m apart.  
 
The spigot offtakes will be attached with a delivery hose (lay-flat) and be placed inside spigot droppers; which 
will be laid from the crest to the bottom of the basin, from where initial discharge will take place. A spigot 
clamp should also be used to control the influxes of the tailings slurry deposition. Deposition from too high up 
the slope could damage the liner, and it is recommended that deposition be maintained 1 to 2 m above the 
tailings surface. 
 
Based on experience Wood assumes the tailings beach could form uniformly across the storage area with a 
beach profile of approximately 1V: 200H. It is recommended to regularly monitor the tailings beach and change 
up the discharge spigots as necessary. 
 
The aim of the sequence and duration of deposition at spigots is to control the location of the pond and to 
keep the tailings surface moist to prevent dust forming. 
 
The model shows the southern side of the pit it is expected to have low spots, being at a lower starter elevation.  
 
This area will therefore dictate the freeboard limits and decant location. 
 
2.7 Water Management 
2.7.1 Surface Water 
It is understood that Iluka will engage a hydrologist to conduct a site wide hydrology study. One of the 
outcomes of the study will determine the sizes of the diversion drain and bund at the perimeter of Yellow Dam 
North Pit. The study will be conducted in due course.  
 
Conceptual diversion drains, and bunds are included in this design. The diversion drain shall be 1 m wide and 
at least 300 mm deep; the diversion bund shall be 2 m and at least 500 mm tall. Figure 2.3 (Western and 
Northern) and Figure 2.4 (Eastern and Southern) show the diversion drains and bunds which run at the pit’s 
perimeter. The local site stormwater drainage will be updated based on site-wide drainage assessment 
outcomes. 
 
2.7.2 Tailings Water 
2.7.2.1 Liner  

An important part of the lining remaining functional is the layer work and proper quality-controlled installation.  
Figure 2.14 shows the proposed layer work for effective protection from machinery and ground water seepage. 
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Figure 2.14 : Proposed Layer Work and HDPE Details – Typical Section 

 
 
A description of the layer works depicted above follows: 
 A. Clay (Low Permeability) Foundation 
 B. Synthetic Liner System (including HDPE) 
 C. Tailings Deposit. 
 
Clay Foundation 

After the basin area and pit slope batters are cleared and smoothly rolled, the exposed surface shall be 
prepared with a clay foundation layer (A). This layer is used as a HDPE liner foundation and provides puncture 
resistance, and a low-permeability barrier should the liner system rupture or leak.  
 
Synthetic Liner System 

The Liner system is broken down into the following layers: 
 HDPE 1.5 mm (Primary layer) – (B1) 
 Geofabric (Primary layer, BIDIM A24 or similar) – (B2) 
 Geonet separation layer (leakage collection) – (B3) 
 Geofabric (Secondary layer) – (B2) 
 HDPE 1.5 mm (Secondary layer) – (B1). 
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Figure 2.15 : Synthetic Liner System Layering 

 
 
The double HDPE liners (B1) are recommended due to the presence of elevated NORM in the tailings, and to 
prevent groundwater contamination. 
 
Leakage Collection System 

A leakage collection will be installed (notionally) at the southwestern corner, at the basin of the pit. The leakage 
collection will be used to detect and collect and detect any leakage or rupture within the liner(s). Collection 
sump will be located at the base of the pit, directly next to the downstream toe. The sump will be filled with 
clean sand, wrapped in geofabric. A HDPE riser pipe will be installed in the collection sump, laid against the pit 
slope, and extended to the edge of the pit. The plan view and the cross section of the leakage collection are 
shown in  Figure 2.16 and Figure 2.17. 
 

Figure 2.16 : Leakage Collection System Plan View 
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Figure 2.17 : Leakage Collection System Cross Section and Synthetic Liner System 

 
 
Wood also recommends installing groundwater monitoring boreholes at the perimeter of Yellow Dam North. 
If permissible, these boreholes should be installed outside the boundary line, approximately 20 m from the pit 
edges. The boreholes can be 30 m deep from ground surface and be monitored using water level monitoring 
equipment.  
 
It is also recommended to install a groundwater monitoring bores on the up and downstream sides of the TSF 
to detect potential water leakage and water quality. 
 
2.7.2.2 Decant 

A ramp shall be constructed at the southern end of the pit for access to the decant pond. A skid-mounted 
decant pump is recommended for dewatering. The pump will have a floating intake pipe on the southern side 
of the TSF. The supernatant pond must be maintained in this area, by deposition control explained in the 
Operating section of this report (Section 3).  Figure 2.18 shows the decant pond location at final stage. 
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Figure 2.18 : Pond Water at Final Stage 

 
 
2.8 Materials Specifications Summary 
Materials required for the construction of this TSF are for the lining system, access road and ramp system as 
well as for the batter fill areas. These are summarised in Table 2.4.  
 



 

Eneabba Rare Earth Refinery Engineering and Cost Study Develop Phase 
ERER Solids Waste Disposal Pond Design 

 
 

608020-4290-DW00-RPT-0001 YELLOW DAM NORTH DESIGN REPORT_0 

September 2021 Page 24 

 
 

 
 

Table 2.4 : Material Specifications 

Material Descriptions 

Grading Envelope Maximum 
Size Liquid Limit Plasticity 

Index Permeability  

Sieve Size 
(mm) % Passing (mm) (%) (%) (m/sec) Emerson 

Class 
Compaction or 

Placement Specification 

Material A – Clay 
foundation 

Low permeability 
material 

19 
9.5 
2.36 
1.18 
0.075 

100 
70-100 
40-100 
30-90 
20-50 

20 <60 and plot 
above A Line 

≥12 and plot 
above A Line ≤1 x 10-8 Non-

dispersive 
95% of SMDD  

OMC -2%<MC<OMC +3% 

Material B1 – HDPE 
Liner  

Synthetic 
impermeable 
material (1.5 mm 
thickness) 

- - - - - ≤1 x 10-14 - 

Upper layer – Place on 
geofabric (upper layer) 

 
Lower layer - Place on 150 

mm foundation of 
compacted low 

permeability material) 
Material B2 – 
Geotextile 

Bidim U24 (or 
equivalent) 

- - - - - ≤1x10-4 - - 

Geonet B3 – 
Separation Layer 

TN 220 mm (or 
equivalent) 

- - - - - ≤2.0 x10-3 - - 

Material C – Filter 
Sand 

Drainage 
Medium – 
Transition or filter 
sandy material 

19 
4.75 
2.36 
1.18 
0.425 
0.075 

100 
30-100 
15-100 
0-60 
0-35 
0-15 

- - - ≤1 x 10-5 Non-
dispersive 

Uniform Density free from 
cavities 
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Table 2.4 : Material Specifications 

Material Descriptions 

Grading Envelope Maximum 
Size Liquid Limit Plasticity 

Index Permeability  

Sieve Size 
(mm) % Passing (mm) (%) (%) (m/sec) Emerson 

Class 
Compaction or 

Placement Specification 

Material D1 – Base 
Course Clayey Gravel 

19 
9.5 
4.75 
2.36 
1.18 
0.425 
0.075 

50-100 
36-81 
25-66 
18-53 
13-43 
8-32 
3-19 

- - - ≤1 x 10-6 Non-
dispersive 

Traffic Compacted 95% of 
SMDD  
OMC -2%<MC<OMC +3% 

Material D2 - 
Wearing Course 

Lateritic clayey 
gravel - - - - - - Non-

dispersive 
98% of SMDD  
OMC -2%<MC<OMC +3% 

Material F - General 
Fill 

General and 
Structural Fill 0.075 >20 50 

<80% and 
plot above A 
Line 

>10% and 
<60% and 
plot above 
A Line 

≤1 x 10-7 Class 3 
(as min) 

Traffic Compacted 95% of 
SMDD  
OMC -2%<MC<OMC +3% 
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2.9 Estimated Quantities 
The following table provides an estimate of the earthworks and material quantities, based on this design and 
its assumptions and qualifications. 
 

Table 2.5 : Material Quantities 
Material A (m3) – Clay base (300 mm) 45 000 
Material B1 (m2) – HDPE liner 1.5 mm * 300 000 
Material B2 (m2) – Geotextile * 300 000 
Material B3 (m2) – Geotextile separation layer 150 000 
Material C (m3) – Sand filter (150 mm) 200 
Material D1 (m3) – Base course (150 mm, ramp and road) 200 
Material D2 (m3) – Gravel wearing course (150 mm, ramp and road) 200 
Material F (m3) – General fill (ramp embankment)  9 500 
Tailings Distribution Pipeline (m) 1 700 

* Doubled 
 
3 Operating  
3.1 Deposition 
Tailings deposition will be by a ring dyke configuration, i.e., tailings spigots be installed at an equal spacing, 
50 m apart around the perimeter of the TSF. The spigots can be opened on concurrently, or the operator can 
control the tailings distribution’s valves to rotate the tailings discharge. 
 
3.2 Dust 
The operator should always strive to maintain that the tailings beach surface be wet and free from dusting, 
especially during windy conditions. If a spot is found to be drying up, the operator should deposit the tailings 
slurry at that location as quickly as possible.  
 
Dust prevention in the form of sprinklers using recycled tailings decant or process water, will be used during 
operation. The strongest prevailing winds are easterly and a sprinkler system on that side of the deposition will 
be designed and installed. The balance of the perimeter of the tailings storage must also have access to water, 
should it be required. 
 
3.3 Beaching 
This approach is also adopted to maintain a flat beach slope (notionally 0.5%), and to maintain the decant 
pond at the southern side of the pit. The intent is to maximise the storage volume capacity, and accessibility 
(ramp at the pit’s Southern end Figure 2.9), to draw out the decant water. The operator should visually inspect 
the tailings deposition so that these targets are met during operation.  
 
The location of the decant pond is usually the quickest indicator on the performance of tailings deposition. If 
visual inspection is not possible, a drone survey will be the next best option to monitor. 
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3.4 Freeboard 
Towards the end of the TSF life (reaching capacity), the tailings beach profile, the allowable freeboard, and the 
location of the stormwater pond becomes important. The decant pond shall also be maintained to ensure 
accessibility so that water can be decanted as soon as the allowable freeboard has reached. 
 
3.5 Closure Target 
The beach profile shall maintain a very flat surface, not only for the storage capacity purpose, but also for 
capping and closing purposes. The beach profile will have direct impacts on the construction at closure phase, 
i.e., uneven beach surface will produce uneven consolidation rate across the entire surface area; difficulty in 
sourcing materials (quantifying) for capping and closing; and the final throughput tonnages may not be met 
from all the forecasting predictions.  
 
3.6 Leakage and Monitoring 
Currently, this design allows for one leakage collection sump to be installed in the TSF (Section 2.7.2.1). A water 
monitoring sensor can be lowered into the HDPE riser pipe to the bottom of the collection sump to determine 
if there is any leakage water. The operator should take regular readings throughout the operational life and 
beyond.  
 
Groundwater Monitoring BHs surrounding the TSF area are planned for water level and quality monitoring.  
 
3.7 Access 
The perimeter of the newly excavated Yellow North Pit will need to have fence in place to prevent unauthorised 
personnel or stray animals from falling into the pit accidentally. Operator (or the management) should make 
Yellow Pit North a restricted site with minimal trafficking. The fence will be placed at the outermost of the 
boundary line, shown in Figure 2.3 and Figure 2.4. The specifications of the fence will be specified by others. 
 
The access track should be at least 5 m wide to provide light vehicle access to the ring dyke, spigots and valves. 
There will be areas on the eastern side where only one-way traffic will be possible due to space limitations, 
therefore, a turning area must be provided at the northern most point of the TSF site, as shown in Figure 3.1.  
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Figure 3.1 : Turnaround Point Location 

 
 

 
4 Conceptual Closure 
4.1 Introduction 
The focus of this section of the report is to propose a tailings closure design solution for the in-pit TSF described 
in this report.  
 
4.2 Available Information 
Iluka made the following site information available to Wood for review and assessment for the development 
of a closure concept: 
 Jacobs Group (Australia) (2021). (Reference 5) 
 Iluka (2006) Engineering Technical Standard. ETS-121. Site Conditions. Document Number 

CDOC/OPN/648. Dated 11 January 2006 
 ANSTO Minerals (2020). Particle Size Distribution Test. 2 pages. 16 June 2020 
 Various drawings provided in DXF – Yellow pit dam and boundary, Eneabba Contours Yellow Dam Area 

MGA 
 Various email conversations providing details from Iluka and Wood Perth. 
 
The available site information and testing for closure design is limited. A conceptual closure solution is 
presented within this report based only on the data available (listed above). Further work including 
characterisation, testing and analysis of the tailings and cover materials is recommended in Section 4.7. 
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4.3 Site Setting 
The site is located 6 km to the south of the town of Eneabba, which is located 270 km to the North of Perth, 
Western Australia. The site is situated at approximately 100 m elevation above sea level. The topography in the 
area generally slopes at a gentle from east to west towards the coast. 
 
Temperatures may be expected to be mild in winter but often relatively high during the hot, dry summer 
months. Climate data provided by Iluka is summarised in Table 4.1. Detailed climate observations are provided 
in the report by Jacobs, entitled “Eneabba Project Phase 2 - Groundwater, Geochemical and Human Health and 
Environment Risk Assessment”, dated the 4 June 2021 (reference 5). 
 

Table 4.1 : Climate Data for Iluka 
Yearly Temperatures Range  
Average maximum temperature 27.4 oC 
Average minimum temperature 13.6 oC 
Highest maximum temperature 48.7 oC 
Lowest minimum temperature 0.5 oC 
Yearly Relative Humidity Ranges   
Mean relative humidity: at 0900h Annual 58% 
Mean relative humidity: at 1500h Annual 41% 
Yearly Rainfall Data   
Mean annual rainfall 511.8 mm 
Mean monthly rainfall Maximum 119.0 mm (July) 

Minimum 0 mm (Dec) 
Mean rain DAYS per year 62 
1:100-year event 180 mm 
Yearly Wind Ranges  
Mean 9 am wind speed (km/h) - Lowest 8 km/h 
Mean 9 am wind speed (km/h) - Highest 19 km/h 
Mean 3 pm wind speed (km/h) - Lowest 12 km/h 
Mean 3 pm wind speed (km/h) - Highest 19 km/h 

 
The primary geological units in the area are the Quaternary Superficial formations and the underlying 
Yarragadee Formation (Jacobs, 2021). The Jurassic Yarragadee Formation is fluvial poorly sorted sedimentary 
formation composed of sandstone, siltstone and shale (finer near the base of the formation) which is weekly 
cemented. It is a major regional aquifer. The water table at the yellow pit site is known to range between 22 m 
to 28 m below surface and, in general, the superficial formation is unsaturated. Groundwater flow direction 
follows the topography and is from east to west. 
 
Dobrowolski (2019) describes “the native vegetation in the area is known as kwongan, a low, sclerophyllous 
scrub occurring on nutrient-poor sandy soils in Western Australia, known for its exceptionally high species 
richness and an absence of dominant species (Tsakalos et al. 2018).” 
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4.4 Eneabba Operations 
Iluka’s existing Eneabba operation is a surface mining operation which involves the extraction, processing and 
sale of mineral separation by-products stored in the mine void at Eneabba (Iluka website). The by-product is 
extracted from the mine void and processed into mineral sands concentrate (MSC) containing 21.5% monazite, 
23% zircon and 32% ilmenite (Iluka website). 
 
The existing Yellow Dam North pit depth is 13 to 16 m Below Ground Level (BGL) and the proposed (in-pit) TSF 
is likely to extend to 20 m bgl. Existing pit slopes are 1V:1.5H.  
 
Existing pit slopes are 1V:1.5H. For the new ETF, slopes will be designed to be 1V:3H to support liner placement. 
 
Site specific tailings parameters and test results are not currently available and are to be confirmed. Tailings 
are typically deposited at a % solid (by weight) of 24%. Typical settled densities of mineral sand tailings are 
spilt in two, as these types of tailings are often disposed of separately (Sand tailings and fine tailings): typical 
values are fines is 1.2 t/m3, and the sand fraction 1.4 t/m3.  
 
Consolidation parameters are unknown, at present, and the anticipated rate and amount of consolidation is 
highly variable. For the purposes of generating this closure concept option, an assumption has been made that 
the tailings will consolidate 10% of deposited thickness. This is a key assumption for the conceptual closure 
option that needs to be refined prior to the advancing to a closure design. 
 
4.5 Closure Design Considerations  
The Western Australia Statutory Guidelines for Mine Closure Plans0F

1 states that the mine closure plan must 
include a stated post mining land use. The selected closure land use will be natural diverse native vegetation – 
Kwongan ecosystem.  There is an existing Eneabba East Closure Plan that covers the TSF location, however a 
new specific Closure Plan is currently being developed, focusing on the refinery and TSFs. 
 
4.5.1 Closure Design Goals and Objectives 
Design goals for the TSF are to create a self-sustaining ecosystem which aligns with the site wide closure plan 
and to create a safe, stable and non-polluting landform which minimises erosion and supports vegetation 
growth for agriculture. Design objectives are summarised below. 
 
A primary design objective for the TSF is to minimise surface water infiltration into the TSF to reduce any 
movement of water through tailings and ultimately limiting pressure on the containment system. The TSF pit 
design includes a double synthetic liner and clay lining system which includes a leakage collection system.  
 
The topography of the facility and the cover design will be designed to shed water and minimise infiltration. 
Surface water diversion is required around the TSF to minimise surface water run-on to the facility. The site 
wide surface water study includes diversion around the TSF. 
 
Management of the presence of NORM in the tailings is a closure design objective. The presence of the NORM 
means that a capping thickness of at least 4.1 m is required which needs to be maintained and safeguarded 
from potential of exposure from the effects of future erosion and burrowing fauna. A base of the growth 

 
1 Technical Guidance - A framework for developing mine-site completion criteria in Western Australia (2019). The Western Australian Biodiversity Science 
Institute, Perth, Western Australia 
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medium is to be constructed to provide additional fauna  and flora protection. An intrusion prevention layer to 
prevent human, fauna, and flora intrusion into th e tailings, could consist of materials such as: 

�x Rubble 

�x Large rocks 

�x Bitumen 

�x Cement or concrete 

�x Warning marked or  

�x Other equivalent. 
 
Gas venting from beneath the geomembrane should also be provided if radon gas is expected. 
 
The climate at Eneabba (Table 4.1) and the sandy nature of the landform subgrade and cover soils combine to 
necessitate control of erosion (wind and water) as a critical objective in the closure options analysis. A 
geomorphic approach to design which uses shallow slope angles and shorter lengths is required in design to 
mitigate this impact. Short-term erosion control measures (crusting, microtopography, selection of fast-
growing vegetation and the use of additives to encourag e vegetation growth) until vegetation establishes may 
be important. Physically or chemically stabilizing areas of the cover most susceptible to erosion may also be 
appropriate.  
 
Iluka has indicated that some vegetation and growth medium will be required as part of the closure design 
however trees will not be included in the cover planting to minimise the risk of liner puncture or capping layer 
distortion. Natural diversions vegetation establishment is identified as a closure design consideration in 
keeping with establishing a slightly domed (water shedding) Kwongan ecosystem. 
 
4.5.2 Identification of Closure Risks 

The mine closure plan includes a closure risk assessment. Key closure risks which Wood has identified from the 
information provided for the TSF and the closure cover are as follows: 

�x Erosion (water and wind) 

�x The presence of NORMs and other leachates in the tailings 

�x The potential for water seepage and leachate away from the TSF and impact to surrounding environment 

�x Maintenance of the integrity of the cap and containment system 

�x Future consolidation of the tailings and resultant settlement (principally differential settlement). 
 
A detailed closure design risk assessment to identify closure risks and their potential environmental impacts 
post-mining and must propose wo rkable management mechanisms. 
 

4.6 Conceptual Closure Concept 

The tailings are to be deposited in-pit for the TSF resulting in a final flat tailings surface. Wood Perth provided 
an assumption that tailings would be filled to within 1 m of the top of containment and that 10% consolidation 
of the initial tailings thickness could be assumed. As part of this assessment, it is assumed that the tailings will 
have sufficient shear strength at closure to support the closure cover and cap. Wood understands that testing 
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The proposed solution will have the capping layers described below (from top to bottom and in Figure 4.2): 
 Growth medium or topsoil 3 m (minimum) 
 Secondary fill material (subsoil layer) 0.6 m (minimum) 
 Geotextile (nonwoven polyester)  
 Drainage and intrusion prevention layer (gravel or fragmented rock) 0.5 m (minimum) 
 Geotextile (nonwoven polyester) 
 Geomembrane – 40 to 60 mm Linear Low-Density Polyethylene (LLDPE) 
 Multi linear drainage geo-composite layer designed to provide horizontal gas collection (if required) 
 Additional fill material to create the final landform shape above the tailings. The thickness of this layer 

will vary. 
 

Figure 4.2 : TSF Closure Capping Concept 

 
 
Design thickness of the individual layers will be determined through stability and hydraulic modelling in future 
design phases once the available borrow source material and its properties has been established. 
 
Physical and biological damage to the cover due to anthropogenic activities, such as burrowing animals will be 
deterred by selecting, coarse textured material to be used as a growth medium or included in the secondary 
fill to deter anthropogenic damage and deep burrows. 
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The drainage layer promotes horizontal drainage in the cover and is designed to shed infiltrated water from 
the landform. The drainage material should be selected to maximise hydraulic conductivity while also avoiding 
placement of material which is so coarse and angular that it could possibly damage the geomembrane liner. 
In the solution proposed above, it is assumed that adequate lateral drainage capacity is available to limit 
prolong periods of ponding above the geomembrane, and that adequate protector and bedding layers are 
included to protect the geomembrane.  
 
The performance life of the geomembrane layer, that considers physical, chemical and biological processes, 
will be included in further stages of design. This will assess if the geomembrane continues to serve as an 
effective hydraulic barrier, past the manufacturer proposed durability period, and will also provide a conceptual 
model of performance long term which can inform on long term proactive planning and monitoring (100 to 
1000 years) to address issues with the performance and durability of the geomembrane. The design life will be 
significant due to the radionuclides within the waste, and will be given to thicker geomembranes and clay or 
GCL layers.  
 
Differential settlement of the tailings is an identified closure design risk. This risk, and its impact on the closure 
cover system, could be minimised by scheduling construction of the closure cover, and in particular the 
geomembrane, when 90% of predicted consolidation is complete. The timelines for tailings consolidation can 
be modelled following the characterisation of the tailings. 
 
5 References 
1. Australian National Committee on Large Dams (ANCOLD) "Guidelines on Tailings Dams -Planning, Design, 

Construction, Operation and Closure" (ANCOLD-2019. 
2. Department of Mines, Industry Regulation and Safety (2013) “Code of Practice Tailings Storage Facilities”. 
3. Department of Mines, Industry Regulation and Safety (2015) “Guide to the preparation of a design report 

for tailings storage facilities (TSFs)” dated August 2015. 
4. Department of Mines, Industry Regulation and Safety (2015) “Guide to Departmental requirements for the 

management and closure of tailings storage facilities (TSFs)” dated August 2015. 
5. Jacobs (2021) “Eneabba Project Phase 2 - Groundwater, Geochemical and Human Health and Environment 

Risk Assessment” Reference number IA254300-3 | 2, dated 4 June 2021. 
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1 Introduction 

1.1 Summary 

During 2016, a review of the annual botanical monitoring program for native vegetation rehabilitation 
at Iluka’s Eneabba Operation was undertaken to ascertain the program’s suitability. The review 
examined the current prescription for botanical monitoring and the frequency of monitoring. At the 
conclusion of the review, improvements were identified to optimise the efficiency of the program, 
without reducing the value of information obtained. 

The key findings of the review are that Iluka will: 

• continue to monitor transects as the unit of botanical monitoring using current monitoring 
practises, which includes species ID, count, and aerial cover estimation, to maintain 
continuity with, and comparability to, historical data; and 

 

• revise the schedule of botanical monitoring in rehabilitation blocks to years 2, 4, 7 and 10 
(currently years 1, 2, 4, 7, 10, 15, 20) by undertaking the following: 

 
o Cease the scheduled monitoring of rehabilitation blocks after year-10 as rehabilitation 

blocks reach density, cover and diversity values at 10 years which do not alter 
substantially after this time. 

 
o All year-1 assessments to be undertaken by site personnel using simple “variable 

length transects” to replace year-1 botanical monitoring to inform the decision to 
ameliorate rehabilitation blocks (e.g. in-fill planting or re-seeding) in a timely manner 
to bring any sub-standard areas up to an acceptable standard. 

 

These key findings are detailed further in this report. 
 

1.2 Current monitoring program 

The annual botanical monitoring of native vegetation on mine rehabilitation at Eneabba is a 
regulatory requirement reported in the Annual Environmental Report (AER) and is currently 
undertaken by Mattiske Consulting. 

 

The Botanical monitoring program’s primary purpose is to demonstrate that Iluka’s native 
revegetation meets the required standard, set in consultation with regulators, to allow mine closure 
sign-off and relinquishment. 

 
Botanical monitoring is an assessment of the vegetation composition in a traditional botanical plot- 
based manner. The current practice is prescribed as follows: 

 

• In the first year of rehabilitation (in the spring of the same year that autumn seeding and 
planting of natives occurs), permanent transects are established. Transects are 40 m long 
with pegs every four metres, with a total of 20 (one by one metre) permanent quadrats 
arranged in pairs along it in a specified pattern. Prior to 1999, non-permanent quadrats were 
monitored along transects so changes through time could not be accurately followed. 

• Transects are established at a density of approximately one transect per five hectares in 
each rehabilitation block. 

• All transects are monitored in September/October of year-1 in all rehabilitation blocks 
established within that year. A subset of the permanent transects are then monitored in year 
2, 4, 7, 10, 15 and 20. 
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• A selection of permanent transects established in analogue vegetation undisturbed by mining 
or other impacts are also monitored each year. These are located in various vegetation types 
to encompass the Eneabba kwongan range of species aimed at being re- established. 

• Within each quadrat the following parameters are measured: 

− species present (including overhang); 

− foliage cover for each species (including overhang); and 

− number of individuals rooted in the quadrat for each species recorded. 

These primary botanical monitoring data are maintained in a database that is updated yearly to 
incorporate taxonomic changes. Utilising this data, aggregate measures are calculated for species 
richness, density, and cover for each rehabilitation block and for undisturbed analogue vegetation 
sites to report against (draft) completion criteria. The database represents 16 continuous years of 
botanical monitoring covering nearly 40 years of mining rehabilitation representing the longest and 
most comprehensive ecological database of kwongan vegetation. 

 

1.3 Purpose of Botanical Monitoring 

The botanical monitoring program currently has three purposes: 
 

1) To demonstrate native revegetation will reach the targets set by completion criteria. 
2) Act as a feedback for operations to improve practice and ameliorate shortcomings in 

rehabilitation. 
3) Is a resource for research given the absence of knowledge about the ecology and 

recovery of kwongan revegetation post-mining. 
 

The first purpose is met through the report written annually and included within the AER. 
 

The second purpose is to use as feedback for operations. The database, if suitably interrogated, can 
provide information to assist operations now that seeding data is comprehensively recorded. Such 
information is useful in the year following revegetation of a rehabilitation block, however, is often not 
available in sufficient time to guide in-fill or re-seeding needs (as detailed in Section 2.2.2). 

 

The third purpose, its use for research, has been a focus in the last three years since the 
commencement of the Iluka Chair and PhD students’ projects at the University of Western Australia 
(UWA). Additional monitoring, above that required for regulatory requirements, has filled gaps in the 
temporal sequence of monitoring of rehabilitation blocks of particular age for research purposes, 
indicating this particular knowledge gap has been filled. 

 

Considering that the current program does not provide timely feedback in year-1 and that research 
is undertaken via UWA projects, the botanical monitoring program’s future purpose will primarily be 
to meet regulatory requirements, i.e. demonstrating that rehabilitation blocks meet native vegetation 
completion criteria and meet the objective that the established ecosystem is self- sustaining, 
functional and provides for the purpose of conservation of flora and fauna. 
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2 Review of the current botanical monitoring program 

To meet regulatory requirements efficiently and effectively requires examining the methodology and 
the frequency of monitoring of the current botanical monitoring program. 

 

2.1 Methodology of Monitoring 

Iluka has collected 16 years of rehabilitation monitoring data in a careful, consistent and rigorous 
manner. This data provides a wealth of scientific information regarding the performance of native 
revegetation over almost 40 years of Eneabba mine rehabilitation. 

All conclusions regarding the initial and long-term development of rehabilitation, and its resilience 
to disturbance by fire and mulching, have been based on this methodology. This work will be critical 
to benchmark future native revegetation. 

Iluka will continue to monitor transects as the unit of botanical monitoring using current monitoring 
practises, which includes species ID, count, and aerial cover estimation, to maintain continuity with, 
and comparability to, historical data. 

 

2.2 Frequency of Monitoring Program 

2.2.1 Current frequency of monitoring program 

The frequency of monitoring was originally established to both demonstrate and investigate the 
trends in vegetation performance over time before it was known how native revegetation behaved at 
Eneabba. After 16 years of monitoring the almost 40 years of native revegetation at Eneabba, some 
consistent trends are now self-evident. 

 

Plant density (of both annual and perennial species) reaches a plateau early during rehabilitation, 
with initial increase in annual species in the first five years after establishment and then settling to 
a level that is, on average, below that of the analogue vegetation (Figure 1 and Figure 2). If only 
perennial species are considered (to remove yearly variation of annual species depending on the 
climate), this plateau in plant density can be effectively predicted in the first year, given some attrition 
of the seedlings over summer (Figure 3 and Figure 4). The only significant variation from this plateau 
in plant density arises after fire, when plant densities increase dramatically and predictably, as can 
be seen in Figure 1 to Figure 4. 

 
Plant cover (of both annual and perennial species) reaches a plateau by year-10 monitoring that is 
on average below that of the analogue vegetation (Figure 5 and Figure 6). This pattern remains 
unchanged if only perennial species are considered (Figure 7 and Figure 8). Again, the only 
significant variation from this plateau in plant cover arises after fire, when plant cover decreases 
dramatically (predictably) then recovers, as can be seen in Figure 5 to Figure 8. 

 
Species per transect (i.e. diversity) appears more dependent on the year the rehabilitation block was 
established. However, on average, diversity does continue to increase very gradually over time 
(Figure 9 and Figure 10). A similar pattern is seen when only perennial species are considered 
(Figure 11 and Figure 12). After fire diversity increases in transects, even when considering only 
perennial species as can be seen in Figure 9 to Figure 12. 

 

Given these trends, monitoring undisturbed rehabilitation blocks after 10 years does not capture any 
major dynamics of the vegetation apart from very gradual increase in species diversity. The plant 
density is estimated after the first few years and final plant cover is estimated at 10 years. Diversity 
changes only gradually after initial establishment and would be best assessed prior to sign-off. 
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Other dynamics in the vegetation, such as its resilience to fire, are best assessed through specific 
monitoring studies, such as the recent fire study for which four years of data have been collected. 
This monitoring of specific rehabilitation blocks after disturbance is of equal or greater value than the 
regular scheduled monitoring of rehabilitation blocks. 

 

The schedule of monitoring also includes monitoring in spring of the year that the rehabilitation block 
was revegetated (seeded), known as year-1. At this stage of development, not all seeds have 
germinated—many germinate in the following year—and species are rarely identified beyond genus 
level or higher. Such data is not useful for reporting and not an industry standard. 
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Figure 1: Plant density in each botanical monitoring transect with age of the rehabilitation block (all 
years) compared to the analogue transects (all years monitored) 



Site: Eneabba East Operations 

Document type: Mining History 

Appendix C of TRIM ref: 1975392 

Issue Date: August 2017 

Revision: 0 

6 

 

 

 

 

 
 

Figure 2: Plant density in each botanical monitoring transect with age of the rehabilitation block, 
grouped by the year the rehabilitation block was established 

 

NB: One line represents repeated measurements from a single transect. 
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Figure 3: Plant density of perennial species only in each botanical monitoring transect with age of 
the rehabilitation block (all years) compared to the analogue transects (all years monitored) 
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Figure 4: Plant density of perennial species only in each botanical monitoring transect with age of 
the rehabilitation block, grouped by the year the rehabilitation block was established 

 

NB: One line represents repeated measurements from a single transect. 
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Figure 5: Plant cover in each botanical monitoring transect with age of the rehabilitation block (all 
years) compared to the analogue transects (all years monitored) 
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Figure 6: Plant cover in each botanical monitoring transect with age of the rehabilitation block, 
grouped by the year the rehabilitation block was established 

 

NB: One line represents repeated measurements from a single transect. 
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Figure 7: Plant cover of perennial species only in each botanical monitoring transect with age of the 
rehabilitation block (all years) compared to the analogue transects (all years monitored) 
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Figure 8: Plant cover of perennial species only in each botanical monitoring transect with age of the 
rehabilitation block, grouped by the year the rehabilitation block was established 

 

NB: One line represents repeated measurements from a single transect. 



Site: Eneabba East Operations 

Document type: Mining History 

Appendix C of TRIM ref: 1975392 

Issue Date: August 2017 

Revision: 0 

13 

 

 

 

 

 
 

Figure 9: Species per transect (diversity) with age of the rehabilitation block (all years) compared to 
the analogue transects (all years monitored) 
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Figure 10: Species per transect (diversity) with age of the rehabilitation block, grouped by the year 
the rehabilitation block was established 

 

NB: One line represents repeated measurements from a single transect. 
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Figure 11: Perennial species per transect (diversity) with age of the rehabilitation block (all years) 
compared to the analogue transects (all years monitored) 
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Figure 12: Perennial species per transect (diversity) with age of the rehabilitation block, grouped by 
the year the rehabilitation block was established 

 

NB: One line represents repeated measurements from a single transect. 
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2.2.2 Revised frequency of monitoring program 

The current schedule of monitoring specifies that rehabilitation blocks are monitored in spring of the 
same year they were established, namely, year-1, and subsequently in years 2, 4, 7, 10, 15 and 20. 
Given the observations noted in Section 2.2.1, reducing the frequency of monitoring (as outlined 
below) does not reduce the value of information collected: 

 

1) Cease the scheduled monitoring of rehabilitation blocks after year-10: 
 

Rehabilitation blocks reach density, cover and diversity values at 10 years, and do not alter 
substantially after this time. Continued monitoring after 10 years is no longer helpful in 
identifying the consistent pattern observed during the past 16 years of monitoring at 
Eneabba. The exceptions to this are in the case where disturbance (such as wildfire) affects 
the rehabilitation, or to confirm rehabilitation performance before sign-off. Therefore, it will not 
be included within the annual botanical monitoring program. 

 

2) All year-1 assessments to be undertaken by site personnel: 
 

Botanical monitoring of a rehabilitation block in year-1 is not informative of what species are 
being established, as the species present are invariably too small for accurate identification. 
Site personnel (ideally the seed collection team) should assess rehabilitation performance in 
at year-1 using simple “variable length transects”, estimating seedling density and species 
family/genus ID. This year-1 assessment (along with field observations) would provide 
immediate feedback to inform remedial operations of rehabilitation blocks (e.g. in-fill planting 
or re-seeding) to bring sub-standard areas up to an acceptable standard. This task is a 
rehabilitation management action and not a reportable monitoring assessment; therefore, it 
will not be included within the annual botanical monitoring program. 
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Aspect Objective CGR # Risk Event Causes LH Cons Inherent Risk Controls (as per MCP) LH Cons Residual Risk

Landforms and 

Soil

1. Surface stability of 

landforms will be 

adequate to retain the 

integrity of landforms.

5009 Landforms prone to 

erosion

Poor landform design;

Design does not incorporate surface 

water management;

Planned design not implemented;

Lack of suitable materials; 

Insufficient competent cover materials 

available for rehabilitation;

Incorrect placement of materials; 

Inadequate restoration of a drainage 

feature (backfilling too high through a 

drainage feature); 

Lack of cover vegetation; and

Extreme weather conditions.

4 2 Moderate 

Backfill schedule incorporates detailed drainage 

design integrated with catchment; 

Implement improvements to drainage design based on 

learning's from prior years; 

Rework affected areas to improve drainage;

Material characterisation of rehabilitation materials;

Stabilise/reinforce drainage zones/high risk areas;

Final landform design and backfill strategy; 

Ripping and imprinting techniques in native vegetation 

areas;

Installation of contour/ grade banks;

Design landforms in consideration of drainage and 

catchment management; and

Utilise Landform Evolution Modelling and Siberia 

modelling in landform design. 

2 2 Moderate

Landforms and 

Soil

1. Surface stability of 

landforms will be 

adequate to retain the 

integrity of landforms.

1659 Earthworks volumes 

are greater or less 

than planned.

Survey or cut/fill error or inherent 

uncertainty in survey; and

Late change to scope of work. 4 3 Moderate

Regular survey and update of backfill schedule and 

design (re-optimise landform design); and

Regular survey of stockpiles. 2 3 Moderate

Landforms and 

Soil

1. Surface stability of 

landforms will be 

adequate to retain the 

integrity of landforms.

1663 Subsoil replacement 

changes subsurface 

flow of water 

Subsoil compacted

3 2 Moderate

Implement backfill schedule;

Replace soils with poor qualities at appropriate 

depths;

Soil studies to ascertain characteristics;

Hydrological assessments; and

Routine groundwater monitoring undertaken

1 2 Low

Landforms and 

Soil

1. Surface stability of 

landforms will be 

adequate to retain the 

integrity of landforms.

1660 Insufficient quantity 

or quality of soil 

(topsoil, subsoil, 

overburden, tailings) 

available to support 

sustainable plant 

growth 

Insufficient soil stripped; 

Incorrect RVT soil type stockpiled; 

Soil contaminated with other soils / 

hydrocarbons / chemicals / high radiation 

minerals;

Soil is affected by dieback;

Soil loss due to wind or water erosion 

during handling and storage; and

Soil degradation due to prolonged 

storage or excessively large stockpiles.

3 3 Moderate

Implement backfill schedule;

Soil studies to determine plant/water requirements;

Reconsider species selections where soil quality 

constraints exist; 

Soil profile sampling on historic rehab to confirm 

characteristics;

Continually revise species selection on the basis of 

material properties, profile in the landscape and in 

consideration of previous performance;

Characterisation of topsoil (IPL Central and 

Adamsons);

Ground truth survey topsoil stockpile volumes at least 

1 year prior to earthworks; and

Develop strategy to limit weed/ seed load in stockpiles.

2 3 Moderate 

Landforms and 

Soil

1. Surface stability of 

landforms will be 

adequate to retain the 

integrity of landforms.

1677 Reconstructed soil 

profile inhibits 

revegetation 

Topsoil compacted and not ripped;

Incorrect cover depth returned; 

Topsoil is buried by other soils; and

No revegetation activities after topsoil 

replacement resulting in erosion or 

excessive weed colonisation. 

3 3 Moderate

Adhere to procedures for backfilling pits; 

Appropriate classification and management of 

problematic materials; and

bitumen emulsion stabilisation of topsoil. 2 3 Moderate 

Landforms and 

Soil

1. Surface stability of 

landforms will be 

adequate to retain the 

integrity of landforms.

1678 Timing of 

rehabilitation 

earthworks 

compromises 

rehabilitation 

success 

Pressure to achieve closed areas affects 

rehabilitation standard.

3 3 Moderate

Better long term planning in line with corporate plan;

5 year planning instead of 1 year plan;

Liaison with corporate regarding timing risks; defer 

rehab works if there are adverse conditions;

Implement backfill schedule and design;

Implement earthworks in accordance with schedule; 

and

Continue to liaise with corporate over 5 year plan 

including risks. 

1 3 Low



 

 

 
 



 

 

 
 



 

 

 
 

Native 

Ecosystem

6. Native vegetation is 

self-sustaining, 

functional and 

provides for the 

purpose of 

conservation of flora 

and fauna.

1670 Lack of propagule 

material (quantity, 

quality and/or 

diversity) negatively 

affects revegetation 

diversity and/or 

cover/abundance 

Insufficient quantity available to collect 

due to poor season or fire;

Not collected at correct time/poor training 

of collectors;

Not fecund;

Poor storage conditions of seed, 

Seed stored for too long,

External nurseries fail to deliver 

seedling/cuttings to order; 

Licence restrictions on seed collection;

Inability to harvest mulch; and

Lack of knowledge of recalcitrant species 

(biology of different species of plants); 

Nursery infrastructure failure. 

3 2 Moderate

Monitoring and research program (ongoing);

Develop contract for external seedling orders;

Developing DTV (Direct Transfer Vegetation) method; 

Eneabba Research and Development program;

Division of root material to obtain multiple

Tissue Culture trails ongoing;

Seed germination, seed size and coating trials; 

Seed treatment; and

Reverse Osmosis Plant Maintenance.

2 2 Low

Native 

Ecosystem

6. Native vegetation is 

self-sustaining, 

functional and 

provides for the 

purpose of 

conservation of flora 

and fauna.

1674 Damage to 

surrounding 

vegetation required 

to implement 

landform design 

Remediation of spillages requires 

vegetation clearing;

Native colonisation of soil windrows (near 

disturbance boundaries) that require cut 

to landform design; and 

Re-shaping of final landforms requires 

access to remnant vegetation/ 

rehabilitation areas. 

3 2 Moderate

Clearing Permit and Ground Disturbance Permit 

controls; and

Impact Assessment- native vegetation (botanical 

surveys to identify and minimise impact to significant 

flora). 

Well established rehabilitation protocols in place 

based on twenty years site experience. 

2 2 Low

Native 

Ecosystem

6. Native vegetation is 

self-sustaining, 

functional and 

provides for the 

purpose of 

conservation of flora 

and fauna.

1676 Weed infestation in 

native revegetation

Poor vehicle hygiene;

Poor machinery hygiene when handling 

topsoil or mulch;

Excessive period for stockpiling;

Unsuitable cover used on stockpiles; and

Weeds introduced via purchased 

seedlings; Revegetation delay after 

topsoil return. 

4 2 Moderate 

Q/A for seedling and seed purchases;

Weed management (hand pulling and spraying, 

hoeing) of species that may be problematic;

Monitoring for weeds included in rehabilitation 

monitoring.
3 2 Moderate

Native 

Ecosystem

6. Native vegetation is 

self-sustaining, 

functional and 

provides for the 

purpose of 

conservation of flora 

and fauna.

1680 Poor sampling and 

analysis of native 

vegetation 

rehabilitation 

monitoring data 

Unavailability of suitably qualified and 

experienced consultants; and

Inadequate consultant procurement 

process. 

3 2 Moderate 

Consultant management and monitoring procedures;

Annual Environmental Report and MSARCC meetings;

Consider delaying monitoring if no suitable 

consultants are available;  

Experienced consultant (undertaken the work over 

several years); and

Internal analysis of rehabilitation data.

2 2 Low

Native 

Ecosystem

6. Native vegetation is 

self-sustaining, 

functional and 

provides for the 

purpose of 

conservation of flora 

and fauna.

1708 Contaminated soil 

(e.g. salt, 

hydrocarbons), 

causes pollution 

and/or compromises 

revegetation 

success

Salt water leakage from reverse osmosis 

plant; 

Hydrocarbon spillage in workshop areas. 

4 3 Moderate

Post-mining surveys of contractor areas; 

Discharge to turkeys nest;

Remediate hydrocarbon contamination using existing 

practices; 

Contamination investigations in accordance with the 

CS Act, if necessary;

Contaminated soil treated in landfarm; and

Spill kits.

2 2 Low



 

 

 
 



 

 

 
 



 

 

 
 

Contaminated 

Sites

11. Contamination 

that poses 

unacceptable risks of 

harm to human 

health, the 

environment or any 

environmental value is 

subject to remediation 

(as defined in section 

3 Contaminated Sites 

Act 2003) to mitigate 

those risks. 

5011 Contaminated soil or 

water 

(hydrocarbons, salt 

or radiation).

Inadequate remediation;

Windblown NORM; and

Hydrocarbon spills. 

4 3 Moderate

Undertake health and environmental risk assessments;

Remediate to a level where there is no risk to human 

health or the environment; and

Remediate in accordance with the CS Act and in 

accordance with the DWER endorsed Remediation 

Action Plan.

3 3 Moderate



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Appendix F - Summary of Threatened and Priority 
Flora Within Rehabilitation Area 



 

 

APPENDIX E: Summary of Threatened and Priority Flora within Rehabilitation Areas and Key Assumptions in Data Analysis 

Significant populations highlighted (i.e. significant populations are those which a greater than 10% in rehabilitation areas) 
Species Conservation 

Status 

Records 

within Iluka 

Rehab 

Recorded 

within 

SENR 

Rehab 

Total Records 

known 

Records 

within 

Records within Percent Percent  

within (Iluka 

Tronox DB) 

TPFL (live 

total) 

WA Herbarium 

(approx only) No 

pop count in DB 

within rehab* within SENR* Comments 

Leucopogon obtectus 

Alive (all records) 

T 1(72) 0(9) 54(473) 447 16 1.85 0 Updated to exclude dead or absent records from 2017 health 

census for the purposes of indicating species present in 

rehabilitation. 

Grevillea amplexans subsp. 

adpressa 

P1 38 38 40 0 0 95 95  

Verticordia argentea P2 1721 1502 4231 1011 1200 40 35.5  

Banksia cypholoba P3 1 1 4681 0 6 0.02 0.02  

Eremaea acutifolia P3 43 42 43 0 0 100 97.6  

Grevillea biformis subsp. 

Cymbiformis 

P3 10 5 262 168 293 3.8 1.9 Includes records from WA Herbarium occurring outside Iluka's 

leases. 

Grevillea uniformis P3 281 151 369 0 17 76 41  

Haemodorum loratum P3 1 0 1267 2 16 0.08 0  

Hemiandra sp. Eneabba (H. 

Demarz 3687) 

P3 7 4 3602 0 45 0.2 0.12  

Hypocalymma gardneri P3 19 17 779 10 510 2.43 2.18  

Mesomelaena stygia subsp. 

deflexa 

P3 524 459 21949 0 1200 2.4 2.1  

Verticordia amphigia P3 65 64 67 1 3 97 95.5  

Verticordia fragrans P3 187 75 714 300 150 26 10.5  

Banksia scabrella P4 2 2 717 0 4 0.27 0.27  

Calytrix chrysantha P4 57 8 57286 1000 1000 0.09 0.013  

Calytrix eneabbensis P4 2 1 748 1600 1600 0.26 0.13  

Conostephium magnum P4 1 1 2945 0 9 0.03 0.03  

Eucalyptus macrocarpa subsp. 

elachantha 

P4 718 460 2440 53 31 29.5 18.85  

Grevillea rudis P4 951 918 10918 0 300 8.7 8.4  

Schoenus griffinianus P4 21 21 3391 1 300 0.62 0.62  

Verticordia aurea P4 23333 20217 40949 6 80 57 49.4  

 
Key assumptions/ considerations in analysis of data 

* Total known records includes records from the Iluka/ Tronox database only due to the duplication within the DBCA TPFL and WA Herbarium databases - many of the populations recorded were on Iluka's tenements. 

 
 

 
Impact assessment based on the Iluka/ Tronox Database as the most comprehensive and reliable database of records (due to regular maintenance and recent surveys) 

The database is maintained, to exlude records following any clearing etc. 

 
The WA Herbarium Records consist of population records, with only some population estimates provided in the database. 

In the absence of a population estimate, a record was counted as a single individual. 

 
Iluka/ Tronox Database - version dated October 2019 

WA herbarium data TPFL Data sourced from databases obtained August 2019 
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This paper contains a discussion of the values of the native vegetation rehabilitation for the purpose 
of conservation of flora and fauna and the considerations and methodology used to define 
appropriate completion criteria for native vegetation. 

 

Values of native vegetation rehabilitation 

Since the commencement of operations in the region in 1976, a significant amount of research has 
been undertaken in establishing kwongan native vegetation. This research has overcome many 
rehabilitation constraints experienced at the Eneabba Operations (as described in detail in Section 
8.3.1 of the MCP). The rehabilitation methodology and approach has been continually refined over 
nearly 40 years. A summary of the research completed is presented in Section 7.2.1 of the MCP of 
this Plan. Iluka continues to be committed to improve the outcome of native vegetation rehabilitation 
through research. The research, investigations and trials currently proposed and ongoing is presented 
in Section 9.6 of the MCP. 

The native vegetation rehabilitation that has been completed to date has significant value which is 
compatible with the closure objective. Native vegetation is self-sustaining, functional and provides 
for the purpose of conservation of flora and fauna2 through: 

• maintaining populations of priority flora; and 

• providing habitat for threatened fauna. 

These environmental values within the native vegetation rehabilitation are compatible with and 
sustain the values of the adjacent undisturbed land. Furthermore, it is anticipated that upon 
completion, the management of the native vegetation rehabilitation would not require any 
extraordinary input of resources to maintain these values. 

The environmental values within Iluka’s native vegetation rehabilitation were assessed considering 
the following: 

• Conservation and Land Management Act 1984 (CALM Act); 

• Australian Guidelines for establishing the National Reserve System (Commonwealth of 
Australia 1999); 

• Position Statement No. 3 Mining in Lands Vested in the Conservation and Parks 
Commission of Western Australia (Conservation and Parks Commission of Western 
Australia 2015); and 

 
 
 
 

 
2 Consistent with the standard DMIRS requirement that rehabilitation supports self-sustaining, functional 
ecosystems (DMIRS 2017) and is consistent with the purpose of lands managed by the DBCA (for conservation 
of flora and fauna). 
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• Parks and Wildlife Service (DBCA) Corporate Policy Statement No. 36 Conservation 
Reserve System, Policy Implementation Strategy 7.9 (DBCA 2017). 

 

Threatened and priority flora 
The native vegetation rehabilitation is currently recorded to contain one live specimen of a 
Threatened (formerly Declared Rare Flora) flora species under the WC Act and the EPBC Act: 

• Leucopogon obtectus. 

Following the approval of a clearing permit to complete rehabilitation earthworks along roadsides 
and the edges of disturbed areas and a permit to take dead/ absent plants of the previously recorded 
Leucopogon obtectus, Iluka undertook a complete health census of the Eneabba population to verify 
existing locations. The census involved re-visiting all previous records within the Iluka-Tronox 
database. The results of this census were reported to Parks and Wildlife Service (DBCA) in October 
2017. Table 1 below outlines the results of this survey. As outlined in the Hidden Beard Heath 
Recovery Plan (DEC 2010), Leucopogon obtectus is a disturbance opportunist that naturally 
senesces within approximately 20 years. Given many of the population records (both on and off-site) 
within the Iluka-Tronox database are over twenty years old, it is considered the recorded decline of 
the population is related to the species longevity combined with a lack of recruitment. 

Table 1       Results of Leucopogon obtectus health census, August 2017 
 

 Total (in Iluka/ Tronox 
database) 

On-site (Iluka tenements) Off-site 

Records 473 92 381 

Absent 412 81 331 

Dead 7 7 0 

Alive (new records) 54 (52) 3 (1) 51 (51) 

 

A total of 20 priority flora species occur within the native vegetation rehabilitation, with 19 of these 
species occurring within the SENR. Table 2 summarises the total number of Threatened and priority 
flora locations (conservation status current at November 2019) and the total known percentage 
occurring within total native vegetation rehabilitation areas, as well as within native vegetation 
rehabilitation within the SENR. The native vegetation rehabilitation provides significant habitat and 
supports populations of a number of priority species. A population has been regarded as significant 
if more than 10% of the known population occurs within rehabilitation. Eight of the 20 priority flora 
species are significant within Iluka’s rehabilitation, and seven of these eight species are also 
significant within the SENR rehabilitation. Species with significant populations within rehabilitation 
are in bold within Table 2. 



 

 

Table 2     Significant flora within Iluka rehabilitation and within SENR rehabilitation 
 

Species Conservation 
Status 

Records 
within Iluka 
rehabilitation 

Records 
within SENR 
rehabilitation 

Total 
records 
known* 

% population 
within Iluka 
rehabilitation 

% population 
within SENR 
rehabilitation 

Leucopogon obtectus 

Alive (all records) 
T 1 (72) 0 (9) 54 (473) 1.8 (15) 0 

Grevillea amplexans 

subsp. adpressa 
P1 38 38 40 95 95 

Verticordia argentea P2 1721 1502 4231 40 35 

Banksia cypholoba P3 1 1 4681 0.02 0.02 

Eremaea acutifolia P3 43 42 43 100 98 

Grevillea biformis 

subsp. cymbiformis 
P3 10 5 262 3.8 1.9 

Grevillea uniformis P3 281 151 369 76 41 

Haemodorum loratum P3 1 0 1267 0.08 0 

Hemiandra sp. Eneabba 

(H. Demarz 3687) 
P3 7 4 3602 0.2 0.12 

Hypocalymma gardneri P3 19 17 779 2.4 2.18 

Mesomelaena stygia 

subsp. deflexa 
P3 524 459 21949 2.4 2.1 

Verticordia amphigia P3 65 64 671 97 95.5 

Verticordia fragrans P3 187 75 714 26 10.5 

Banksia scabrella P4 2 2 717 0.27 0.27 

Calytrix chrysantha P4 57 8 57286 0.09 0.01 

Calytrix eneabbensis P4 2 1 748 0.26 0.13 

Conostephium magnum P4 1 1 2945 0.03 0.03 

Eucalyptus 

macrocarpa subsp. 

elachantha 

 
P4 

 
718 

 
460 

 
2440 

 
29.5 

 
18.85 

Grevillea rudis P4 951 918 10918 8.7 8.4 

Schoenus griffinianus P4 21 21 3391 0.6 0.6 

Verticordia aurea P4 23333 20217 40949 57 49 

*Total records known derived largely from the Iluka/Tronox Threatened and Priority species database. The database is regularly maintained 
and provides the most comprehensive and complete list of total records for each of these species. Herbarium records were also considered 
and added to the records (if they occurred outside the mining lease – to prevent duplicate records). The WA Herbarium Records often did not 

incorporate total population within the record. In the absence of a population estimate, a record was considered as a single population. The 
complete summary of threatened and priority flora statistics and the assumptions in undertaking this analysis is provided in Appendix E . 

Although some of the total records are a consequence of the extent of survey, the SENR rehabilitation 

provides important populations for Grevillea amplexans subsp. adpressa (95% within SENR 
rehabilitation), Eremaea acutifolia (98% within SENR rehabilitation), and Verticordia amphigia (90% 
within SENR rehabilitation). 

The presence of threatened and priority flora within the SENR rehabilitation is consistent with the Parks 
and Wildlife Service (DBCA) Corporate Policy Statement No. 36 Terrestrial Conservation Reserve 
System, to ‘protect the greatest diversity of species, threatened and priority species and communities, 
and key ecological processes …’ (DBCA 2017). 

Figure 1 and Figure 2 displays the distribution of threatened and priority flora records within the native 
vegetation rehabilitation. 

Native vegetation rehabilitation provides important habitat for fauna. Rehabilitation is potentially 
suitable for significant species including: 

• Carnaby’s Black Cockatoo (Calyptorhynchus latirostris) – Endangered, Schedule 1; 

• Western Ground Parrot (Pezoporus flaviventris) - Critically Endangered, Schedule 1; 

• Shield-backed Trapdoor Spider (Idiosoma nigrum) – Vulnerable, Schedule 1; 

• Rufous fieldwren (Calamanthus campestris montanellus) – Priority 4; 

• Carpet python (Morelia spilota) – Schedule 4; and 

• various Migratory species. 

The EPBC Act listed species (Endangered) Carnaby’s Black Cockatoo (Calyptorhynchus latirostris) is 
present in the area and has been observed using the native vegetation rehabilitation areas. Figure 3 
shows the locations of where Carnaby’s Black Cockatoo have been observed at Eneabba, incorporating 
rehabilitation areas. Carnaby’s Black Cockatoo have also been observed around the administration 



 

 

building. Records are captured and reported by site personnel. 

This species favours proteaceous scrubs and heaths and adjacent woodlands and forests. They have 
been observed feeding on a range of foods including seeding Banksia, Dryandra, Corymbia, 
Eucalyptus, Hakea, Grevillea, Lambertia, Melaleuca, Pinus, Callitris, Jacaranda, Helianthus, 
Macadamia, Prunus, Liquidambar, Mesomelaena, Citrullus and Erodium (Johnstone and Kirkby 2009). 
The native vegetation rehabilitation at Eneabba contains a number of these proteaceous species. 

Typically Carnaby’s Black Cockatoos would migrate towards the coast (west) in January–February after 
breeding and then south to the Swan Coastal Plain, returning to their breeding sites between July and 
August. An exception to this migration is a large flock of approximately 300 individuals, which reside in 
Eneabba throughout the entire autumn-winter period. The flock roost within the Eneabba townsite in tall 
river gums, and leave the roost each day to forage in patches of native vegetation, including parts of 
the EEO (remnant vegetation and rehabilitation areas). The food resources nearby enable them to 
remain in the Eneabba region, including the important foraging habitat provided in Iluka’s native 
vegetation rehabilitation (Johnstone and Kirkby 2009). 

Johnstone and Kirkby (2009) habitat assessment identified important foraging sites as mainly occurring 
within rehabilitated native vegetation areas. A further assessment in 2013 identified important roosting 
sites at the Eneabba townsite and at the Iluka Administration buildings in exotic River Gums (Johnstone 
and Kirkby 2013). 

The native vegetation rehabilitation provides habitat for significant fauna species, which is consistent with 
Parks and Wildlife Service (DBCA) Corporate Policy Statement No. 36 Conservation Reserve System 
to provide ‘habitat and ecological conditions for priority and threatened species’ (DBCA 2017). 
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1.1.1 Revegetation resilience to wildfire 

Fire has long been acknowledged as an important factor influencing the floristic composition and 
vegetation structure of native ecosystems. Successful rehabilitation of kwongan vegetation should 
respond to fire in a manner similar to native vegetation (i.e. should be resilient to fire). 

In 2011 a wildfire in the SENR affected Iluka rehabilitation of various ages and adjacent undisturbed 
vegetation, both of which contained monitoring transects. These transects were used to track the 
impact and recovery of the vegetation following wildfire. The subsequent fire recovery study in 2012 
found a greater incidence of regeneration by seed from resprouter species in rehabilitated areas 
compared to native vegetation, suggesting a need to protect rehabilitated areas from wildfire until 
resprouter species are able to set seed to provide a back-up regeneration mechanism (Mattiske 
2013). 

One threatened flora species, Grevillea althoferorum subsp. althoferorum (T), pursuant to Schedule 
1 of the WC Act and as listed by the Parks and Wildlife Service (DBCA), was recorded within the fire 
recovery study (Mattiske 2013). This is the only record of this species within the EEO, with the 
nearest population 4.5 km south-southwest from the record within the rehabilitation. 

Plant density and species richness increased in both the first and second years post-fire. Annuals 
contributed notably to two-year post-fire mean density for 1978, 1981 and 2002 rehabilitation, and 
with the exception of 2003 rehabilitation, there appears to be a correlation between increasing age 
of rehabilitation and increasing mean density post-fire (Mattiske 2014). 

Monitoring of these areas four years after fire is providing further evidence of the resilience and 
sustainability of rehabilitation. The effect of wildfire on native species richness and plant density 
within transects is dramatic. On average the species richness per rehabilitation transect increased 
by 80% (25 species) compared to a 23% increase (14 species) in the analogue transects after wildfire 
(Figure 4). Plant density increased by a greater margin; on average a four-fold increase in the median 
density in rehabilitation transects compared to almost doubling of the median density in analogue 
transects after wildfire (Figure 5). Recruitment and regeneration of the rehabilitation vegetation 
following wildfire is increasingly diverse and of equivalent density to the analogue vegetation. Further 
to this, considering perennial species alone, the species richness increased by 106% (27 species) 
and median plant density increased nearly six-fold. 

Monitoring of these areas seven years after fire has been undertaken (in September 2019) and will 
be reported as results become available. 
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Figure 4 Native plant species richness of individual transects over time (single lines) affected by 
the 2011 wildfire (indicated by colour change), grouped by rehabilitation decades and 
undisturbed analogues (the four plots) 
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Figure 5 Median native plant density from individual transects over time (single lines) affected by 
the 2011 wildfire (indicated by colour change), grouped by rehabilitation decades and 
undisturbed analogues (the four plots) 
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Derivation of completion criteria 

Completion criteria have been derived to demonstrate closure objectives have been met, with 
consideration to risks (Section 8 and Table 3). As indicated within the DMIRS and EPA (2015) 
guidelines, completion criteria should be specific, measurable, appropriate, realistic and timely 
(SMART principles) (ANZMEC/MCA 2000). 

Derivation of native vegetation completion criteria 

Previously developed native vegetation completion criteria are considered inconsistent with SMART 
principles. 

Draft criteria developed in the 1980s required six species per square metre and plant cover excluding 
Acacia blakelyi of 32%. The criteria were neither appropriate nor realistic because: 

• undisturbed native vegetation at Eneabba did not meet these criteria, with only 92% of 
analogue sites meeting the criteria for diversity and 57% meeting the criteria for cover; and 

• only 3% of rehabilitation blocks achieved the diversity criterion and 7% of blocks achieved 
the cover criterion. 

Similarly, draft criteria developed in the 2000s set at 70% of the median of analogue sites monitored in 
the same year were neither appropriate nor realistic because: 

• in analogue sites monitored between 1999–2014, the criteria were met by 81% of sites for 
density, 88% for cover, 90% for species richness, and only 68% of sites met all three criteria 
simultaneously; and 

• in rehabilitation blocks monitored between 1999–2014, criteria were met by 31% of blocks 
for density, 35% for cover, 65% for species richness, and only 4% of blocks met all three 
criteria simultaneously. 

The derivation of native vegetation completion criteria proposed in this plan have taken empirical 
data into account, ensuring the targets developed are both appropriate and realistic for the desired 
closure objective. 

Apart from an examination of the empirical data of plant density, cover and species richness metrics, 
an appreciation of the ability to propagate the native species will assist in understanding the 
impracticality in restoring a full suite of species present in undisturbed Eneabba vegetation. For 
example, of the 201 species present on lateritic soils along the Gingin scarp located east of Eneabba 
(i.e. Floristic Community Type 2c, 2d, 2e, 6a, and 6b; Woodman 2011), seed can be collected from 
only 63% species (126) and 47% (95) reliably germinate given favourable conditions. The remaining 
species (75) from which seed cannot be collected are represented by plant families such as: 

• Anarthriaceae (2/2 species of this family); 

• Asparagaceae (5/8); 

• Cyperaceae (12/12); 

• Dilleniaceae (4/4); 

• Ericaceae (5/8); 

• Fabaceae (8/22); 

• Goodeniaceae (5/6); 

• Restionaceae (6/6); and 

• Stylidiaceae (2/3). 

Of these remaining species, 34 are geospores (i.e. seed is dropped from the plant and stored in the soil) 
and cannot be collected. These species potentially could establish from fresh topsoil; however,seed is 
likely to be absent in topsoil stripped from rehabilitated areas when re-mined. Five species (2%) can be 
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propagated clonally i.e. cuttings, division and tissue culture. The remaining 36 species (18%) have no 
established propagation method. The recalcitrance of a large portion of the species, particularly sedges 
and rushes (Meney et al. 1990), to re-establishment is typical not only of mining rehabilitation but in 
restoration practice more widely. The biological limitations of propagating these species are reflected in 
historical rehabilitation performance, even when the best quality resources of fresh topsoil and native 
mulch are available for rehabilitation. Furthermore, these quality resources, which are no longer 
available for current rehabilitation, provided 98% of the germinable seed in historical restoration sites at 
Eneabba (Bellairs and Bell 1993). 

Monitoring of the rehabilitation and analogue vegetation has been undertaken using transects, 40 m 
long with twenty 1-m2 quadrats placed along them in a specific pattern. Although these transects are 
the unit of measurement (the statistical sampling unit), previous draft completion criteria have used 
the ‘rehabilitation block’ as the unit of comparing rehabilitation vegetation to analogue vegetation, by 
aggregating monitoring data from the transects within a block to give a ‘rehabilitation block’ value. It 
was assumed that rehabilitation blocks were uniform, given the same management practices were 
used in the year they were established and under the same seasonal conditions. Hence, transects 
within a block were expected to be uniform in their re-vegetation performance. This assumption is 
invalid as monitoring data from transects within a rehabilitation block vary substantially in 
performance. Measures of diversity such as species richness are also spatially dependent, therefore 
valid comparisons between analogue and rehabilitation vegetation should be made at the same 
scale. Therefore, transects rather than rehabilitation blocks will be the unit of measurement within 
rehabilitated vegetation, given both analogue vegetation and rehabilitation vegetation are monitored 
using the same transect methodology. 

Variability between transects is also a feature of analogue vegetation. Native plant density (Figure 
6), cover (Figure 7) and species richness (Figure 8) varies dramatically between analogue transects. 
Draft criteria developed in the 2000s used targets calculated from analogue site monitoring data of the 
same year (OES 2009). These targets were highly dependent on which analogue sites were 
monitored rather than, as originally intended, to account for any variability in climate. For this reason, 
and given 16 years of monitoring data (analogue) available to ascertain climate variability on 
vegetation parameters, absolute vegetation parameter targets will be used for completion criteria 
(e.g. X species per square metre) rather than relative targets (e.g. X% of the value of analogue 
vegetation monitored in the same year). 

Variability in the metrics of plant density, cover and species richness is best illustrated, described 
and understood by examining their distributions. These distributions can be seen in Figure 9, Figure 
10 and Figure 11, where all monitoring data from 1999–2016 is graphed as histograms, facetted by 
age class or analogue vegetation (1–4 years old rehabilitation, 5–9 years old rehabilitation, etc., and 
analogue), and includes mulched, not mulched and burnt transect data. This variability is explained in 
part by small contributions from many factors related to historical management practices and 
environmental conditions (weather and soil conditions); however, a large component of the variability 
is not explained in an extensive multivariate analysis of this data set (F. Riviera, publication in review). 

Time related trends in these same data are shown in Figure 12, Figure 13, and Figure 14, where 
the metrics for all monitoring years of all transects are plotted against the time since establishment 
of each rehabilitation area (block). The broad trends evident over the nearly 40 years of rehabilitation 
age (from monitoring data spanning 16 years) are as follows: 

• Plant density (natives) in rehabilitation increases in initial years from establishment before 
decreasing and stabilising after 10 years, as well as increasing dramatically after wildfire; 

• Plant cover (natives) in rehabilitation reaches a plateau by 10 years from establishment; and 

• Species richness (natives) increases gradually with age of the rehabilitation vegetation. 
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Figure 6 Native plant density in analogue transects over time (burnt and unburnt) 
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Figure 7 Native plant cover in analogue transects over time (burnt and unburnt) 
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Figure 8 Species richness of analogue transects over time (burnt and unburnt) 
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Figure 9 Distributions of the median native plant density in transects, facetted by age of 
rehabilitation or analogue vegetation 

 

 

Figure 10 Distributions of the median native plant cover in transects, facetted by age of 
rehabilitation or analogue vegetation 
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Figure 11 Distributions of the species richness in transects, facetted by age of rehabilitation or 
analogue vegetation 
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Figure 12 Density of native plants in botanical monitoring transects plotted against age of the 
rehabilitation, compared with analogue transects (all years monitored) 
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Figure 13 Cover of native plants in botanical monitoring transects plotted against age of the 
rehabilitation, compared with analogue transects (all years monitored) 
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Figure 14 Species per transect (species richness) plotted against age of the rehabilitation, 
compared with analogue transects (all years monitored) 
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These data demonstrate the trajectory that rehabilitation vegetation will take at Eneabba given 
sufficient time and influence of wildfire (when it occurs). The distribution of both native plant cover 
and species richness of rehabilitation vegetation falls within the range of the distribution observed in 
analogue vegetation given the observed trajectory. Native plant cover provides a useful proxy 
measure of ecological function and species richness provides a useful proxy measure of 
conservation value, and therefore, these metrics remain as completion criteria for rehabilitation 
vegetation at Eneabba. Specifically, the distribution of these metrics will form the basis for setting 
completion criteria. 

Plant density is a less ecologically meaningful metric for the following reasons. The density of the 
many varied forms of plant species such as trees, large shrubs, annuals or clonal rhizomatous 
species is not ecologically equivalent; the arithmetic sum of these densities to give a total plant 
density is a meaningless statistic and not a proxy measure of ecological function or conservation 
value. Plant density has use for managing vegetation establishment in rehabilitation areas to 
determine if sufficient propagules have established but only if some form of species identity is also 
recorded. Beyond this, plant density has limited use in measuring rehabilitation success. Plant 
density provides limited information beyond early management of propagule success because plant 
cover and species richness already provide the useful proxy measures of ecological function and 
conservation value. 

For these reasons, the metric of plant density is not included within completion criteria for 
rehabilitation vegetation at Eneabba. A more useful alternative to a plant density metric would be to 
demonstrate good vegetation coverage of the rehabilitation area by setting a limit of bare quadrats 
found in monitoring. This was a criterion used from the 1980s and is a simple indicator of vegetation 
spatial coverage. 

Methodology 

Native vegetation completion criteria metrics have been developed for native plant cover (CC6.1, 
Table 3), species richness (CC6.2, Table 3) and % bare quadrats (CC6.3, Table 3). 

To develop completion criteria based on the observed distributions of native plant cover and species 
richness of the historical rehabilitation monitoring data sets, robust statistical measures of location 
and spread have been used, namely, the median and the median absolute deviation (MAD), 
respectively. Both the median and the MAD are statistically robust measures, unlike mean or 
standard deviation, and are resilient to outliers (Wilcox 2012). 

Using a distribution as a completion criteria target is appropriate because as long as the central 
tendency (e.g. median of the distribution) is acceptable, with many factors affecting performance of 
a system, one will always observe values on the extremes (high and low) as is evident in the 
undisturbed analogue sites. Low and high performing outliers are a feature of natural systems and 
cannot be eliminated. To eliminate low values would require shifting the entire distribution (i.e. the 
median of the distribution) to the right, or so tightly controlling all factors affecting vegetation 
performance (impossible in the natural world) that the spread of the distribution was reduced. 

Median and MAD are based on the 10-year post-establishment distributions of cover and species 
richness achieved in historical rehabilitation monitoring. This is an appropriate time scale because: 

• cover stabilises after 10 years; and 

• botanical monitoring will continue up to 10 years post-establishment (except if required 
after wildfire). 

The transect is both the method of sampling the rehabilitation (and analogue) area and is the unit of 
measurement for native vegetation completion criteria. Assessment of the native plant cover and 
native species richness completion criteria are based on distributions of the metrics from all transects 
of the EEO at their 10 year monitoring, a site-wide assessment rather than a transect-by-transect 
assessment. This approach recognises the variability that occurs between transects in both 
rehabilitation and analogue vegetation, and among transects within the same ‘rehabilitation block’ 
(‘rehabilitation blocks’ represent a discrete area of native vegetation rehabilitated within a particular 
year). 
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Table 3 Completion criteria for the Eneabba East Operations 
 

Aspect Closure objective Risk Post Mining Land use Completion criteria 

Landform and soils 1. Surface stability of landforms will be 
adequate to retain the integrity of 
landforms. 

Landforms prone to erosion Agricultural CC1.1: 95% of the rehabilitated agricultural 
land will exhibit slopes with a grade less than 
12% 

Native vegetation CC1.2: 98% of the rehabilitated native 
vegetation land will exhibit slopes with a 
grade less than 12%. 

2. The rehabilitated land surface is 
visually integrated with the local 
topography. 

Landform does not visually 
integrate with surrounding 
landscape. 

Agricultural or Native 
Vegetation 

CC2.1: Land surface complies with the 
agreed final landform design. 

Surface water 
flow patterns 

3.Surface water flows are integrated 
with the surrounding landscape and 
water quality is consistent with the 
regional drainage function. 

Landform surface creates 
ongoing surface erosion/drainage 
issues. 

Agricultural or Native 
Vegetation 

CC3.1: Recreated surface drainage features 
are designed to minimise the risk of 
environmental harm and erosion, and provide 
long term stability. 

Decline in wetland vegetation 
health 

Native Vegetation 

Groundwater 4. Groundwater levels have stabilised 
and do not compromise the post mining 
groundwater use. 

Post mining groundwater levels 
are not consistent with 
surrounding regional levels. 

Agricultural or Native 
Vegetation 

CC4.1: Post mining groundwater levels have 
stabilised and are not impacting other 
beneficial users or sensitive environmental 
receptors. 

5. Groundwater quality complies with 
targets and trends defined in the DWER 
endorsed Remediation Action Plan. 

Post mining groundwater quality 
not returning to agreed 
remediation levels. 

Agricultural or Native 
Vegetation 

CC5.1: Concentrations of groundwater 
contaminants are below target remediation 
levels agreed by the DWER under the 
Contaminated Sites Act 2003. 

Native vegetation 6. Native vegetation is self- 
sustaining, functional and provides for 
the purpose of conservation of flora 
and fauna. 

Native vegetation rehabilitation 
does not meet the required 
standard for the intended land 
use. 

Native Vegetation CC6.1: Cover of native plant species will be 
distributed with a median of 20% and a MAD 
of 17%. 

CC6.2: Species richness of native plants will 
be distributed with a median of 25 species 
and a MAD of 12 species. 

CC6.3: Bare quadrats will not exceed 10%. 



 

 

 

Aspect Closure objective Risk Post Mining Land use Completion criteria 

 7. Avoid the spread of dieback and 
provide effective dieback 
management for rehabilitation areas. 

Dieback spread into revegetation 
areas 

Native Vegetation CC7.1: Established control measures are in 
place to minimise the non-autonomous 
spread of dieback. 

Agricultural 
productivity 

8. Agricultural productivity typical of 
the local region is restored and can 
be maintained through accepted 
agricultural practices. 

Degradation/weed infestation of 
agricultural rehabilitation. 

Agricultural CC8.1: Land rehabilitated to an agricultural 
land use will have comparable land capability 
to local agricultural areas and is considered 
sustainable under typical management 
practices for the region. 

Pasture productivity is not 
comparable to regional 
production levels. 

Agricultural 

Public safety and 
health 

9. The site does not pose an 
unacceptable health and safety risk 
to the public, native fauna and 
domestic livestock. 

Deterioration of fences and other 
farm infrastructure over time. 

Agricultural CC9.1: All hazardous structures removed 
from the area or remaining structures made 
safe. 

Infrastructure remains after 
closure (without approval) 
creating health, safety and/or 
environmental liability. 

Agricultural or Native 
Vegetation 

CC9.2: All redundant plant, equipment and 
mine related infrastructure has been removed 
from site, or agreements are in place for any 
infrastructure remaining. 

Radiation 10. Radiation exposure at the 
rehabilitated site for a member of the 
public complies with legislative 
requirements. 

Radiation levels at surface 
exceed approved remediation 
levels. 

Agricultural or Native 
Vegetation 

CC10.1: Radiation exposure managed in 
accordance with the current approved site 
Radiation Management Plan and 
Contaminated Sites Act 2003. 

Failure to adequately address 
disposal of contaminated scrap 
steel following demolition 
activities. 

Failure to contain NORM on site 
resulting in spread to native 
vegetation. 

Native Vegetation 

Inadequate capping of the EMP 
to reduce radiation exposure to 
acceptable levels. 

EMP 

Contaminated Sites 11. Contamination that poses 
unacceptable risks of harm to human 
health, the environment or any 
environmental value is subject to 
remediation (as defined in section 3 
Contaminated Sites Act 2003) to 
mitigate those risks. 

Contaminated soil or water 
(hydrocarbons, salt or radiation). 

Agricultural or Native 
Vegetation 

CC11.1: Contaminated sites are managed in 
accordance with the Contaminated Sites Act 
2003, Contaminated Sites Regulations 2006 
and the DWER Contaminated Sites 
Guidelines. 



 

 

 

Cover 

The completion criterion for cover (CC6.1, Table 3) is: 

• Cover of native plant species will be distributed with a median of 20% and a MAD of 
17%. 

This completion criterion meets SMART principles. It is specific and measurable because it 
refers to the total projected cover of native plants measured in transects within the 
rehabilitation vegetation by a consistent and appropriate monitoring program. It is 
appropriate because this level of cover falls within the range found in analogue vegetation 
and it can both carry and is resilient to wildfire. It is realistic because this level of cover is 
demonstrably achievable and sustainable in rehabilitation vegetation under 16 years of 
continuous and consistent monitoring of over 40 years of rehabilitation ages. Finally, it is 
timely because it can be reached within 10 years from establishment. 

Species richness 

The completion criterion for species richness (CC6.2, Table 3) is: 

• Species richness of native plants will be distributed with a median of 25 species 
MAD of 12 species. 

This completion criterion meets the SMART requirement. It is specific and measureable 

because it refers to the species richness of native plants measured in transects within the 
rehabilitation vegetation by a consistent and appropriate monitoring program. It is 
appropriate because rehabilitation vegetation that attains this species richness gradually 
increases in species richness over 40 years and when affected by wildfire, increases in 
species richness on average by 25 species. This demonstrated trajectory and resilience in 
the rehabilitation vegetation puts the species richness of rehabilitation vegetation within the 
range observed in undisturbed (analogue) kwongan vegetation. The criterion is realistic 
because it can be achieved given the biological resource constraints found in the EEO 
(lack of fresh topsoil and native mulch) and the biological propagation constraints found in 
Eneabba kwongan vegetation generally (recalcitrant species). It is timely because it can 
be achieved within 10 years from establishment as well as being demonstrable over the 
long term. 

Bare quadrats 

The completion criterion for bare quadrats (CC6.3, Table 3) is: 

• Bare quadrats will not exceed 10%. 

This completion criterion meets the SMART requirement. It is specific and measureable 
because it refers to number of bare quadrats measured in transects within the rehabilitation 
vegetation by a consistent and appropriate monitoring program. It is appropriate because 
it assesses the spatial coverage aspect of rehabilitation vegetation more directly than plant 
density and bare quadrats at this level of occurrence do not impact on the demonstrated 
sustainability or resilience of rehabilitation vegetation. It is both realistic and timely because 
it has been consistently achieved over the 40 years of native vegetation rehabilitation 
measured during 16 years of continuous and consistent monitoring. The bare quadrat 
completion criterion is assessed on a transect basis, not a site-wide basis like the cover 
and species richness criteria. 

 




