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Important Notice
This presentation (Presentation) has been prepared by Bandanna Energy Limited (ABN 34 009 356 665) (Bandanna).

Summary information
This Presentation contains summary information about Bandanna and its activities current as at the date of this Presentation. The information in this
Presentation is of general background and does not purport to be complete. It should be read in conjunction with Bandanna’s other periodic and
continuous disclosure announcements lodged with the Australian Securities Exchange, which are available at www.asx.com.au.

Not financial product advice
This Presentation is for information purposes only and is not a prospectus under Australian Law financial product or investment advice or a
recommendation to acquire Bandanna shares and has been prepared without taking into account the objectives, financial situation or needs of
individuals. Before making an investment decision prospective investors should consider the appropriateness of the information having regard to their
own objectives, financial situation and needs and seek legal and taxation advice appropriate to their jurisdiction. Bandanna is not licensed to provide
financial product advice in respect of Bandanna shares. Cooling off rights do not apply to the acquisition of Bandanna shares.

Financial data
All dollar values are in Australian dollars (A$) unless other stated.

Future performance
This presentation may contain certain statements and projections provided by or on behalf of Bandanna with respect to anticipated future
undertakings. Forward looking words such as, “expect”, “should”, “could ”, “may”, “predict”, “plan”, “will”, “believe”, “forecast”, “estimate”, “target”
and other similar expressions are intended to identify forward looking statements within the meaning of securities laws of applicable jurisdictions.
Indications of, and guidance on, future earnings and financial position and performance are also forward looking statements. These forward looking
statements reflect various assumptions by or on behalf of Bandanna. Accordingly, these statements are subject to significant business, economic and
competitive uncertainties and contingencies associated with exploration and/or mining which may be beyond the control of Bandanna which could
cause actual results or trends to differ materially, including but not limited to price fluctuations, exploration results, ore reserve and mineral resource
estimation, environmental risks, general operating risks, commodity, legislative and regulatory changes, project delay, ability to meet additional funding
requirements, factors relating to title to properties, native title and aboriginal heritage issues, dependence on key personnel, share price volatility,
approvals and cost estimates. Consequently, there can be no assurance that such statements and projections will be realised. Neither Bandanna, or any
of its affiliates, advisers, consultants, agents or any of their respective officers or employees make any representations as to the accuracy or
completeness of any such statement of projections or that any forecasts will be achieved. Such forward looking statements only speak as to the date of
this Presentation and Bandanna assumes no obligation to update such information.
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SCL Protection Decision App.

Application
Protection Decision Application for MLA
70486
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SCL Protection Decision App.

Context

Approvals:
EIS for MLA 70486 at supplementary stage
If approved, Project proceed to preparation of environmental
authority
SCL Protection Decision required before issue of environmental
authority or resource authority

Legislation:
SCC has exemption under s. 289 of SCL Act – no need to demonstrate
exceptional circumstances for permanent impacts

s.290 sets out SCL protection conditions on SCC:
No open cut mining or storage of hazardous materials
SCC to use all reasonable endeavours to rehab. impacts on land
from mining
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SCL Protection Decision App.

Contents of Development Impact Report:

Project description and justification for layout,
including environmental management system
and coexistence definition
Agricultural context
SCL site assessment
Impact assessment
SCL restoration objectives
Conclusions of assessment
Proposed SCL protection conditions
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SCL Protection Decision App.

EMS
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SCL Protection Decision App.

Coexistence

Defined ‘coexistence’

Established ACRC in October 2012
Draft Research Plan released June 2013

Landholders, DNRM, EHP, DAFF, Ag.
NGOs

Bandanna MD and CDO sit on ACRC
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SCL Protection Decision App.

Protection during design

No open cut
Alignment of longwall panels broadly in
parallel with watercourses
Location of MIA on least efficient paddock
on Den Lo Park and reduction of loss of
any one soil type
No waste rock
Recycling of rock won during construction
Recycling of mine affected water and
water pipeline
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SCL Protection Decision App.

Protection during construction

Map each paddock and give clear field
reference
Record existing and historical cultivations
(dates of planting, harvesting, crop
variety, mix, watering rates, machinery,
etc)
Permit to Disturb SCL
Soil stripping
Translocation of topsoil for life of mine to
adjacent area
Stockpiling of subsoil
Stockpile care and maintenanceDNRM - R
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SCL Protection Decision App.

Agricultural Context:

Zero/minimum till farming
Flood irrigation (only these laser levelled and not all are laser levelled)
Dryland cropping
Crop storage mainly on farms

April / May planting winter crops w harvest Sept / Oct
Early summer crops (sorghum & corn) planted late Aug / Sept and
harvested in Jan.

Many crops are double cropped if sufficient moisture in the soil (with
some effect on yields compared to planting after fallow period) but
often forced to plant due to weather uncertainty

Grazing also occurs (but not considered in great detail)
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SCL Protection Decision App.

SCL Site Assessment
Desk top study
Field work

176 observation sites
76 detailed sites
8 SMUs identified
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SCL Protection Decision App.

SCL Evaluation
Based on SCL criteria for WCZ.
SCL must meet all 8 criteria
1. Determined exclusion areas:

Slope, rockiness and microrelief
Min. size requirements
Existing land use & disturbance

2.Assessment against remaining 4 criteria
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SCL Protection Decision App.

SCL Validation
MLA 10, 736 ha
8,368 ha (94%) passes all SCL criteria
500 ha (6%) of potential SCL fails to meet
all criteria

Limited difference between trigger map
and site survey

SCC not seeking SCL validation decision
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SCL Protection Decision App.

Impact Assessment
Applies permanent or temporary impact definitions under the Act s.14
(permanent impact = 50 yrs or more)
Relates to predevelopment condition:
a) Condition prior to development; or
b) A condition consistent with contiguous SCL for the land (sch. 2 Act)

Scope:
Physical impacts (changes to topo, landform, soils)
Chemical impacts (emissions and deposits within or on soil)
Biological impacts (weeds and pests)
Land use impacts (tenure, access, water resources, land suitability)

Construction and mining activitiesDNRM - R
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SCL Protection Decision App.
Restoration #1

Statutory process:
Review and audit of rehab work requirement of EA
Plan of Operations to set out actions to comply with EA conditions
including rehab programme
POO to be approved by EHP prior and EHP can suspend or cancel EA if
non compliance
Annual return submitted on status of rehab work
SCC will provide financial assurance as security bond in unlikely event
conditions not met
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SCL Protection Decision App.

Restoration #2
Objectives:

A landform with the same or similar land use suitability to that pre
development, unless other beneficial land uses are pre determined and
agreed with key stakeholders;
Land use that will be not require any maintenance associated with the
mine’s legacy in terms of safety, pollution and stability; and
Water coming into contact with the Project area, either at the surface or
underground, to not be degraded in terms of quality or quantity and will
be acceptable to existing users.

Set objectives for each domain of the project
Cropping land
MIA, access roads, drifts, quarry
Translocated soils
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SCC propose 20 SCL protection conditions
Relate to impact avoidance, minimisation, restoration and aftercare.
Conditions in addition to those sought for rehab under EA

Next Steps:
Follow up meeting in 2 weeks
Agency meeting to discuss conditioning

SCL Protection Decisions
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SCL Protection Decision App.

THANK YOU & ANY QUESTIONS
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trategic Cropping Land Assessment 
Springsure Creek Coal Mine Project 

Queensland 
Government 
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Aim 
Outline the assessment requirements in the SCL Act for: 
• Discerning between Permanent and Temporary impacts 
• Characterising the Pre-development condition of land 
• Ensuring restoration of SCL (in the case of temporary impacts) 

Provide an overview of the Springsure Creek SCL Protection Decision 
Application, particularly in relation to the above points. 

Provide an overview of the assessment pathways for the Springsure 
Creek SCL applications. 

C> Statt ofQuHn~l'ld. 201) 1----------------------- Department of Natural Resources and Mines -
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Mining Project Area -assessment pathways 

Based on the current application: 
• Land will not be returned to pre-development condition (particularly landform) 

and substantial areas will no longer be available for cropping due to ponding 
and the need to restructure landscape drainage patterns and install erosion 
control structures 

• Presence of activities with defined permanent impact (overburden dumps, 
hazardous mine waste). 

• No commitment to remove all mine infrastructure from SCL (dams, roads, 
buildings). 

• Impacted soils will not be returned to predevelopment condition due to mixing 
of soil horizons. potential mixing of different soil types and redistribution of 
stockpiled topsoils around the project site. 

• The absence of plans that reliably demonstrate how the soils and landscape 
will be attempted to be remediated to support ongoing cropping provides no 
certainty as to what the outcome will be in terms of achieving the SCL Act 
purposes and principles 

• The 40 year projected life of the mine and the certainty regarding the 50 year 
consideration 

C>SUttofQ...tt11SII~. l01) 1------------------------ Department of Natural Resources and Mines -
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Mining Project Area -assessment pathways 

• Considerations regarding a decided temporary vs permanent impact 

• Decided Permanent Impact- mitigation would be ::::7060ha (? 
8,868 ha of the MLA is SCL) x $4750/ha :::: $33.5mil. In addition 
to the costs of minimising the impacts to the greatest extent 
practicable- as yet unknown. 

• Decided Temporary Impact- significant additional work and 
evidence required, that Bandanna are unprepared for. Would 
significantly delay the decision timeframe- months/years with no 
guarantee of approval at the end. 

• Would expect the costs of attempting to legitimately restore 
impacts to far exceed any mitigation amount and these would 
need to be reflected in the project's FA liability paid to DNRM. 

• DNRM point of view- assessment, conditioning, FA, 
compliance/enforcement, risk 

C> S.MtoiQuHnslaJ'Id, 201} 1--------------------- Department of Natural Resources and Mines -

DNRM - R
TI D

L R
ELE

ASE

13-310 DL Documents Page 28 of 109

R



11

DNRM - R
TI D

L R
ELE

ASE

13-310 DL Documents Page 29 of 109



12

DNRM - R
TI D

L R
ELE

ASE

13-310 DL Documents Page 30 of 109



13

Subsidence along Lillyvale Road 

C>SUttofQ...tt11SII~.l01) 
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125 What is a significant community benefit 

A significant comnm nity benefit. in carrying out the 
development on the land. means that-

(a) the carrying out is an overwhelmingly significant 
Ollt>Or1unitv of benefit to the Slate; and 

(b) the benefit mllweighs the State·s irllerest in protecting 
the land as SCL. 

135 Sole criterion for deciding significant community benefit 

( I ) In deciding whether there will be a significant community 
benefit in carrying out the development on the land. the 
required decider can only consider-

(a) whether the carrying out will prov ide a public benefil. 
rmher th:111 only an individual or privme benefit : and 

(b) the benefit to the State as a whole; and 

(c) whether there would be signi ficant adverse. economic. 
environmental or social impacts if the development is 
not carried oul. 

(2) Also. a significant community benefit can not be decided 
solely on the profitability of the carrying out of the 
development or its economic benefit to the Slate. 

£mmple-

A significant community benefit can not be decided solely on the basis 
of potential royalties under a resource Act or land tax under the lLmd 
Tcu Act 2010 that the State may receive if the development is carried 
out. 

C>SUttofQ...tt11SII~. l01) 1•---------------------------------• Department of Natural Resources and Mines -
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trategic Cropping Land Act Provisions 

Queensland 
Government 
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Misconceptions about SCL sometimes 
encountered 

1. SCL framework seeks to protect the land use as opposed the land 
resource (SCL) . 

2. A permanent impact is one that results in complete alienation of the land 
from cropping 

3. If we return the land to a stable landform and it's pre-existing land use 
(as required by our EA)- it will be regarded as a temporary impact under 
the SCL Act. 

4. We can impact the land in any way as long as at the end it still meets the 
thresholds of the SCL zonal criteria for validation (e.g. 0-3% slope)- it 
will be regarded as a temporary impact under the SCL Act. 

C>SUttofQ...tt11SII~. l01) 1-------------------- Department of Natural Resources and Mines -
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125 What is a significant community benefit 

A significant comnm nity benefit. in carrying out the 
development on the land. means that-

(a) the carrying out is an overwhelmingly significant 
Ollt>Or1unitv of benefit to the Slate; and 

(b) the benefit mllweighs the State·s irllerest in protecting 
the land as SCL. 

135 Sole criterion for deciding significant community benefit 

( I ) In deciding whether there will be a significant community 
benefit in carrying out the development on the land. the 
required decider can only consider-

(a) whether the carrying out will prov ide a public benefil. 
rmher th:111 only an individual or privme benefit : and 

(b) the benefit to the State as a whole; and 

(c) whether there would be signi ficant adverse. economic. 
environmental or social impacts if the development is 
not carried oul. 

(2) Also. a significant community benefit can not be decided 
solely on the profitability of the carrying out of the 
development or its economic benefit to the Slate. 

£mmple-

A significant community benefit can not be decided solely on the basis 
of potential royalties under a resource Act or land tax under the lLmd 
Tcu Act 2010 that the State may receive if the development is carried 
out. 

C>SUttofQ...tt11SII~. l01) 1•---------------------------------• Department of Natural Resources and Mines -
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Strategic Cropping Land Act Provisions 
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DNRM interpretation & application of 
provisions in the SCL Act
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Pre-development condition

Establishing the “Condition” of the land requires consideration of:
1. Soil profile characteristics 
2. Soil properties (chemical, physical, biological)
3. Natural landform, topography and surface drainage
4. Land improvements (e.g. levelling, drainage modification, erosion 

control).
5. Productive capacity (not just yield). Productive capacity may be used 

partly as an indicator of land condition (for cropping), but it does not 
describe the inherent condition as it is input-sensitive and easily 
manipulated.
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What must be decided for each application 
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Transitional provisions

DNRM - R
TI D

L R
ELE

ASE

13-310 DL Documents Page 52 of 109

R



Misconceptions about SCL sometimes 
encountered

1. SCL framework seeks to protect the land use as opposed the land 
resource (SCL) .

2. A permanent impact is one that results in complete alienation of the land 
from cropping

3. If we return the land to a stable landform and it's pre-existing land use 
(as required by our EA) - it will be regarded as a temporary impact under 
the SCL Act.

4. We can impact the land in any way as long as at the end it still meets the 
thresholds of the SCL zonal criteria for validation (e.g. 0-3% slope) - it 
will be regarded as a temporary impact under the SCL Act.DNRM - R
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Exceptional Circumstances - overview

• Minister would be decision maker
• Criteria prescribed in SCL Act

• No alternative site
• Significant community benefit

• Public notice and submission stage
• Appeals to P&E court – applicant only
• Application Fee of $49 546
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(0 State of Queensland. 2013 

134 Sole criterion for deciding no alternative site 

( I ) In deciding whether there is no alte rnative site for the 
development to be carried out, the required decider can only 
consider whether there is an alternative site in the State-

( a) if the proposed authority is a resource authority-from 
which the resource the ubject of the authority (the 
relevant resource) can lawfully be obta ined: or 

(b) if the proposed authority is a development approval-at 
which the developme nt can lawfully be carried out. 

(2) All of the following must be disrega rded in consideri ng any 
possible alternative site-

(a) who owns the land on which the site is located; 

(b) the existence or non-existence of a resource authority or 
development approval for the site: 

(c) the profi tability of carrying out the development on the 
ite; 

(d) the classification. grade or quality of the re levant 
resource: 

Example-

If the relevant resource is coal, it does not matter whether coal 
on the possible alternative site is thermal or coking. 

(e) if the proposed authority is a resource authority- its 
proximity to existing infrastructure relevant to carrying 
out the development. 

(3) If the proposed authority is a development approval, the only 
possible alternative sites that may be considered are those 
within. o r a rea onable di tance from. the region or locality to 
which the development relates. 

Department of Natural Resources and Mines 
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125 What is a significant community benefit 

A significant community benefit , in catTymg o ut the 
developme nt on the land, mean that-

(a) the carrying o ut is an overwhelmingly ignificant 
opportuni ty of benefit to the State: and 

(b) the benefi t outweighs the State's interest in protecting 
the land as SCL. 

135 Sole criterion for deciding significant community benefit 

(0 State of Queensland. 2013 

( I) In deciding whether there will be a significant community 
benefit in carrying out the development on the land, the 
required decider can only consider-

(a) whether the carrying out will provide a public benefit. 
rather than only an individual or private benefi t; and 

(b) the benefit to the State as a whole: and 

(c) whether there would be ignificant adverse, economic, 
environmental or social impacts if the development is 
not carried o ut. 

(2) AI o, a ignificant community benefit can not be decided 
solely on the profitability of the carrying out of the 
development or its economic benefit to the State. 

Example-

A significant communjty benefit can not be decided solely on the basis 
of potential royalties under a resource Act or land tax under the Land 
Tax Act 2010 that the State may receive if the development is carried 
out. 

~~~~~~~~~~~~~~~~~~~~~~~~~~ Depart~ent of Natural Reso urces and ~ines 

DNRM - R
TI D

L R
ELE

ASE

13-310 DL Documents Page 56 of 109

R



Strategic Cropping Land Assessment 
Springsure Creek Coal Mine Project 
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Outline

Assessment of the SCL Protection Decision Application

• Role and function of the SCL Protection Decision

• Overview of the development proposed:
What we know 
What we don’t know

• Findings about impacts on SCL: 
Surface infrastructure
Longwall mining

• Challenges for constructing reasonable and appropriate conditions
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ML70486 – Springsure Creek

ML70486  covers ~10 600 ha in southern part of Central Highlands
Straddles lower reaches of Springsure Creek above junction with Comet River
Surface geology - basalt or alluvia derived predominantly from basalt
Gently undulating plains (slopes <3%)
Other than riparian areas along major watercourses, majority (>85%) of land cultivated
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Strategic Cropping Land

Area of pSCL within ML70486 of ~8 750 ha
Effectively all ML70486 is pSCL with the exception of remnant riparian vegetation along 

watercourses (i.e. 18% of land area)
About 7 500 ha of pSCL is currently being cropped (dryland & irrigated cropping)
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Longwall mining & subsidence

Parameter Symbol Value Unit
Seam & panel characteristics

Depth of cover H 250 m

Seam thickness tc 3.7 m

Panel width W 300 m

Width: cover ratio W/H 1.20

Pillar width Pw 40 m

ks 0.65

k1 0.4

k2 1

k3 3.3

Predicted results

Maximum subsidence Smax 2.4 m

Tensile strain +Emax 4 mm/m

Compressive strain Emax 10 mm/m

Tilt Gmax 3.2%

Source: 
http://www.notchcode.com

• Subsidence is reasonably predictable
• Magnitude chiefly dependent on:

• Depth of cover; and
• Coal seam thickness.

• Ballpark value 65% of seam thickness 
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Role and function of the SCL Protection Decision

• Consider the impacts* of carrying out the mining activity on SCL 

• Decide whether those impacts are temporary or permanent

• Impose conditions on the Environment Authority to ensure that 
impacts are: 

Avoided

Minimised

Restored to predevelopment condition (if Temporary)

Mitigated (if Permanent)

*Impacts on SCL are recognised as: 
any alteration to the pre-development condition of the land or
any impediment to cropping the land that did not exist pre-development. 
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Overview of the development proposed
What we know What we don’t know 

• “Conceptual” layout

• Disturbance Footprint (150ha +?)

• Earthworks plan

• Controlled drainage

• Erosion & Sediment controls

• Topsoil salvage and preservation

• Basalt quarrying (20k m3)

• Waste rock dumps (526k m3)

• Exclusion perimeter for cropping

• Pre-development benchmarks

• Post mining rehab plans

• Impact duration (< or > 50 years)
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Overview of the development proposed
What we know What we don’t know 

• Pre-development benchmarks

Soils 

Erosion rates

Crop suitability

Agricultural inputs*

Productivity* 

• Continuing land use during 
subsidence

• Subsidence remediation measures

• Transferability  across MLA

• Impact duration (< or > 50 years)
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Vertosol soils

Soils predominantly Black, Brown or Grey Vertosols – some red soils (e.g. on ‘Denlo Park’)
Non-rigid (shrink-swell), cracking clay soils, with self mulching surfaces
High plant available water capacity (generally >> SCL soil water storage threshold)
Susceptible to physical degradation and erosion
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Crinum Mine – LiDAR digital elevation model
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Crinum Mine subsidence – Lilyvale Road

Subsidence induced undulations in Lilyvale Road 
Crinum has similar depth of cover and mined seam thickness to Springsure Creek

Source:  ‘Rich Land, Wasteland’, Munro 
(2012)
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Surficial effects – Kestrel Mine
Subsidence troughs above mined 
panels

Soil tension cracking at margin of troughs
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Ponding in subsidence troughs

Crinum

Kestrel

North Goonyella

German 
Creek

DNRM - R
TI D

L R
ELE

ASE

13-310 DL Documents Page 69 of 109

R



Springsure Creek – predicted subsidence

Likely to affect ~7060 ha of pSCL
Subsidence predicted to be <2.5 

metres
Varies over the ML –

– Least in western part (e.g. 
‘Denlo Park’)  where coal seam 
deepest; and 

– Greatest in central and eastern 
parts of ML (e.g. ‘Arcturus’) 
where coal seam shallowest

Averaged over subsided pSCL, 
subsidence-related tilting increases 
slope gradients by ~1.0% and 
locally (along trough margins) by 
~3%

SCL slope threshold 3%
Some ponding likely (inevitable)
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Post-subsidence landform

Most subsidence troughs orientated NE/SW roughly parallel to the fall of the land (but still 
crossing waterways and drainage lines)

Subsidence troughs on Denlo Park run NNW/SSE and more directly up and down slope 

0 m 1000 m 2000 m 3000 m 4000 m
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Soil erosion

Factors affecting soil erosion rates:
– Slope gradient & length
– Rainfall erosivity (intensity, frequency & 

duration of storm events)
– Soil erodibility
– Crop type & management practices

Soil erosion > soil formation rates on most 
agricultural land any increase highly 
undesirable (particularly on SCL)

Erosivity of summer rainfall events in CQ is 
high

Even in low gradient terrain (0.5%) Vertosol 
soils on long slopes in CQ are very 
susceptible to erosion

Erosion can be catastrophic when control 
structures fail in major storm events
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Slope gradients & lengths

Slope gradients on pSCL are 
generally all <3% (the Western 
Cropping Zone threshold)

Mean slope gradient across 
ML70486 is 1.19%

Typical slope length (i.e. contour 
bank spacing) across pSCL on 
the ML is presently ~125 m (80 –
150 m range) 
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Subsidence-related increase in soil erosion
Vertosol soils on ML have an average K 

value of 0.026 (moderate erodibility)
Red ‘Kilmore’ soil on ‘Denlo Park’ is highly 

erodible (K vale of 0.055)

A slope increase of 1% doubles annual 
erosion rates on most of ML (e.g. a 
‘Sullivan’ soil with K = 0.023)

Halving the contour bank interval (i.e. to 60 
m) on these areas reduces soil loss to 
1.4 t/ha/yr (but 75% > current)

USLE Factor Current Subsided Re-contoured

Erosivity (R) 2544 2544 2544

Erodibility (K) 0.023 0.023 0.023

Slope length (LS) 0.21 0.42 0.35

Practice (P) 0.34 0.34 0.34

Crop (C) 0.2 0.2 0.2

Soil loss (A)  t/ha/yr 0.8 1.6 1.4
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The Kestrel (aka Gordonstone) experience
• Littleboy et al (1993) Gordonstone

modelling
• Result intensification of erosion control 

structures (i.e. contour banks)
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Soil compaction

Applying mechanical force to a moist clay soil 
mechanical dispersion of clay colloids 

(i.e. structural degradation)
Dispersion reduced soil pore space 

increased soil bulk density decreased 
rooting depth & decreased plant available 
water capacity (SWS in SCL context) 
reduced crop reliability (more crop 
failures) and lower yields

Effect greatest when soil moisture levels > 
plastic limit (a common condition)

Reason production systems in CQ moving to 
minimum or zero tillage

Mechanical force applied as result of traffic 
(e.g. earthmoving equipment) and 
compression during subsidence

Surface soil in Vertosols have some capacity to 
‘self repair’, but subsoils have limited 
capacity
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Impediment to farming operations

Economic factors; climatic limitations on timeliness of operations; and large acreages to 
be worked use of very wide (40-60 m) cultivation equipment 

Equipment not well suited for use in uneven terrain or ponded areas why extensive 
areas of gilgai disqualify land being SCL
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Mitigation by land levelling & drainage

Trough filling and drainage have been 
widely used in mid-west of US to 
rehabilitate subsided cropping land

Soils in mid-west US typically extremely 
deep & evenly textured (glacial loess)

Vertosols formed on basalts in Central 
Highlands typically 1 m deep

Soil depth < subsidence (i.e. not possible to 
return to level surface)

Even if possible to reinstall topsoil to same 
depth, soil depth << I m on pillar rows 
(SCL soil depth threshold 0.6 m)

Darmody et al (1992) found at 14 paired 
sites in Illinois over 4 years that maize 
yields 19% less where troughs had been 
filled (i.e. the cure is worse than the 
complaint) … though effect not as 
marked in soybeans

Darmody, R.G., Hetzler, R.T. & Simmons, F.W., 1992, Coal mine subsidence: Effects of mitigation on crop yields, 
International Journal of Surface Mining, Reclamation and Environment, 6:187-190.
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ACARP project C8018

Cropped subsidence area at Kestrel – Source: Rio Tinto (2006)

Landform Crinum Kestrel

Un-subsided 1.35 t/ha 2.73 t/ha

Pillar 2.06 t/ha 2.53 t/ha

Trough margin 2.26 t/ha 2.64 t/ha

Mid-trough 1.68 t/ha 2.88 t/ha

Undertaken at Kestrel & Crinum under drought conditions in 2000 & 2001
Crop failures in summer 2000 & in second year (i.e. trial over single winter crop only)
Design statistically invalid as treatments were not replicated at each site (or in time 
due to drought) no measure of ‘natural’ variability no indication whether 
difference in plot yields due solely to chance or applied treatments 
Yield differences between two sites > yield difference between treatments & relative 
yield differences inconsistent 

Wheat yields – winter 2000
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Springsure Creek MIA & CHIA development

Earthworks and excavations for drifts (2) and mine & coal handling infrastructure 
removal and stockpiling of ~413 000 m³ of soil and ~526 000 m³ rock

Smectite clays in Vertosol soil susceptible to (1) physical degradation when subject to 
mechanical force; and (2) erosion if exposed & without adequate surface cover

Physical degradation susceptibility increases when soil moisture > plastic limit
Need to (1) minimise handling & traffic movements over soil (in situ, in stockpiles or when 

being replaced during MIA rehabilitation); and (2) minimise erosive losses

Kestrel South mine portal – Source: http://www.reco.com.au/mining-and-energy/projectcase-studies/item/78-kestrel-mine-
portals.html
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Material flows – production phase
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Other potential threats to SCL

Flood events
– Increased streambank erosion in floods

Salinity 
– Seepages from water storages
– Ponding & detention in troughs increased
deep drainage

– Disposal of water & brine from water storages
– Disposal of STP effluent

Contamination
– Fuel & oil (addressed by EP Act)
– Solid waste (in part addressed by EP Act)
– Reject coal & fugitive losses adsorption of
nutrients and potential for TPH, PAH & BTEX in leachate

– Ash from any stockpile fires (spontaneous combustion)
– Eutrophication

– Disposal of STP effluent

– Productivity
– Reduced versatility in regard to crops able to be grown (e.g. problems with 

centre pivot irrigation & cotton)
– Losses due to ponding

DNRM - R
TI D

L R
ELE

ASE

13-310 DL Documents Page 82 of 109

R



Findings about impacts on SCL
Surface Infrastructure

• Site prep – topsoil stripping, cut and fill, grading

• Sediment and erosion control works - construction

• Controlled drainage - MIA and Coal Handling Area

• Building and hardstand pad construction 

• Road construction and drainage

• Dam construction

• Bulk excavations – access to mine drift and quarrying

• Waste rock and subsoil dumps

• Soil contamination

• Soil losses, compaction, contamination, structure decline – 80ha stockpiling

• Exclusion estimate of 150ha cropping on Den-Lo Park (indeterminate period)
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• Permanently altered landform over 7064ha SCL

• Max. 2.5m subsidence, 2.5% slope increase

• Disable flood irrigated cropping systems

• Cost and viability of persisting with alt. irrigation

• Water harvesting & irrigation system dysfunction

• Existing soil con structures rendered dysfunctional

• Redirection and disruption of overland flow

• Tension cracking and faulting – subsoil moisture

• Scouring in drainage lines, ponding in depressions 

• Increased soil erosion hazard on cropped slopes

• Increased requirement contour banks and soil conservation works

• Reduced efficiency for broad-width cultivation and harvesting and trafficability

• Proposed landscape remodelling to infill depressions and reduce slopes over 3%? 

• 5-10 yr cropping deferment while paddocks are subsided and contours redesigned? 

Findings about impacts on SCL
Longwall mining
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• Majority of impacts are considered to be permanent.

Permanent alteration to soils and landform are expected. 

No reliable methodology or strategy put forward for restoring land 
(surface infrastructure or subsidence affected) to its pre-development 
condition.

Alterations to soil and landform will introduce enduring complications 
and difficulties for cropping that are directly attributable to the mining 
activity.

Methodologies to address these impediments for cropping the land 
are yet to be formulated by SCC 

• Permanent impacts must be avoided and minimised to the greatest 
extent practicable and 

• Mitigated in accordance with the SCL Act requirements (~$33.8M).

Findings about impacts on SCL (Cont’d)
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• Lack of detail and certainty on what, where and how of 
mining activity and approaches to impact remediation.

• Reliance on Ag Committee work and findings to 
develop approaches to subsidence management. 

• Transferability of SCC agricultural program to ‘real 
world’ farms. Productivity  Viability.

• SCL Mitigation plus remediation costs.
• Functionality within the emerging Regional Planning 

Framework and “Co-existence” objectives in a PAA.

Challenges for constructing 
reasonable and appropriate conditions to 
avoid and minimise identified impacts on SCL
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Springsure Creek Mine

Management of impacts on Strategic Cropping Land
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ML70486 – Springsure Creek
ML70486  covers ~10 600 ha in southern part of Central Highlands
Straddles lower reaches of Springsure Creek above junction with Comet River
Surface geology - basalt or alluvia derived predominantly from basalt
Gently undulating plains (slopes <3%)
Other than riparian areas along major watercourses, majority (>85%) of land cultivated
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Strategic Cropping Land

Area of pSCL within ML70486 of ~8 750 ha
Effectively all ML70486 is pSCL with the exception of remnant riparian vegetation 
along watercourses (i.e. 18% of land area)
About 7 500 ha of pSCL is currently being cropped (dryland & irrigated cropping)
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Vertosol soils

Soils predominantly Black, Brown or Grey Vertosols – some red soils (e.g. on ‘Denlo Park’)
Non-rigid (shrink-swell), cracking clay soils, with self mulching surfaces
High plant available water capacity (generally >> SCL soil water storage threshold)
Susceptible to physical degradation and erosion
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Longwall mining & subsidence

Parameter Symbol Value Unit
Seam & panel characteristics

Depth of cover H 250 m

Seam thickness tc 3.7 m

Panel width W 300 m

Width: cover ratio W/H 1.20

Pillar width Pw 40 m

ks 0.65

k1 0.4

k2 1

k3 3.3

Predicted results

Maximum subsidence Smax 2.4 m

Tensile strain +Emax 4 mm/m

Compressive strain Emax 10 mm/m

Tilt Gmax 3.2%

Source: http://www.notchcode.com

• Subsidence is reasonably predictable
• Magnitude chiefly dependent on:

• Depth of cover; and
• Coal seam thickness.

• Ballpark value 65% of seam thickness 
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Crinum Mine – LiDAR digital elevation model
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Crinum Mine subsidence – Lilyvale Road

Subsidence induced undulations in Lilyvale Road 
Crinum has similar depth of cover and mined seam thickness to Springsure Creek

Source:  ‘Rich Land, Wasteland’, Munro (2012)
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Surficial effects – Kestrel Mine

Subsidence troughs above 
mined panels

Soil tension cracking at margin of 
troughs
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Ponding in subsidence troughs

Crinum

Kestrel

North Goonyella

German Creek
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Springsure Creek – predicted subsidence

Likely to affect ~7060 ha of pSCL
Subsidence predicted to be <2.5 
metres
Varies over the ML –

Least in western part (e.g. 
‘Denlo Park’)  where coal seam 
deepest; and 
Greatest in central and eastern 
parts of ML (e.g. ‘Arcturus’) 
where coal seam shallowest

Averaged over subsided pSCL, 
subsidence-related tilting 
increases slope gradients by 
~1.0% and locally (along trough 
margins) by ~3%
SCL slope threshold 3%
Some ponding likely (inevitable)
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Post-subsidence landform
Most subsidence troughs orientated NE/SW roughly parallel to the fall of the land (but 
still crossing waterways and drainage lines)
Subsidence troughs on Denlo Park run NNW/SSE and more directly up and down 
slope 
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Soil erosion

Factors affecting soil erosion rates:
Slope gradient & length
Rainfall erosivity (intensity, frequency & 
duration of storm events)
Soil erodibility
Crop type & management practices

Soil erosion > soil formation rates on 
most agricultural land any increase 
highly undesirable (particularly on SCL)
Erosivity of summer rainfall events in 
CQ is high
Even in low gradient terrain (0.5%) 
Vertosol soils on long slopes in CQ are 
very susceptible to erosion
Erosion can be catastrophic when 
control structures fail in major storm 
events
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Slope gradients & lengths

Slope gradients on pSCL are 
generally all <3% (the Western 
Cropping Zone threshold)
Mean slope gradient across 
ML70486 is 1.19%
Typical slope length (i.e. 
contour bank spacing) across 
pSCL on the ML is presently 
~125 m (80 – 150 m range) 
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Subsidence-related increase in soil erosion

Vertosol soils on ML have an average 
K value of 0.026 (moderate erodibility)
Red ‘Kilmore’ soil on ‘Denlo Park’ is 
highly erodible (K vale of 0.055)

A slope increase of 1% doubles 
annual erosion rates on most of ML 
(e.g. a ‘Sullivan’ soil with K = 0.023)
Halving the contour bank interval (i.e. 
to 60 m) on these areas reduces soil 
loss to 1.4 t/ha/yr (but 75% > current)

USLE Factor Current Subsided Re-contoured

Erosivity (R) 2544 2544 2544

Erodibility (K) 0.023 0.023 0.023

Slope length (LS) 0.21 0.42 0.35

Practice (P) 0.34 0.34 0.34

Crop (C) 0.2 0.2 0.2

Soil loss (A)  t/ha/yr 0.8 1.6 1.4
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The Kestrel (aka Gordonstone) experience
• Littleboy et al (1993) Gordonstone

modelling
• Result intensification of erosion 

control structures (i.e. contour banks)
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Soil compaction

Applying mechanical force to a moist clay 
soil mechanical dispersion of clay 
colloids (i.e. structural degradation)
Dispersion reduced soil pore space 
increased soil bulk density decreased 
rooting depth & decreased plant 
available water capacity (SWS in SCL 
context) reduced crop reliability (more 
crop failures) and lower yields
Effect greatest when soil moisture levels 
> plastic limit (a common condition)
Reason production systems in CQ 
moving to minimum or zero tillage
Mechanical force applied as result of 
traffic (e.g. earthmoving equipment) and 
compression during subsidence
Surface soil in Vertosols have some 
capacity to ‘self repair’, but subsoils have 
limited capacity
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Impediment to farming operations

Economic factors; climatic limitations on timeliness of operations; and large 
acreages to be worked use of very wide (40-60 m) cultivation equipment 
Equipment not well suited for use in uneven terrain or ponded areas why 
extensive areas of gilgai disqualify land being SCL
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Mitigation by land levelling & drainage
Trough filling and drainage have been 
widely used in mid-west of US to 
rehabilitate subsided cropping land
Soils in mid-west US typically 
extremely deep & evenly textured silts 
(glacial loess & tills)
Vertosols formed on basalts in Central 
Highlands typically 1 m deep
Soil depth < subsidence (i.e. not 
possible to return to level surface)
Even if possible to reinstall topsoil to 
same depth, soil depth << I m on pillar 
rows (SCL soil depth threshold 0.6 m)
Darmody et al (1992) found at 14 
paired sites in Illinois over 4 years that 
maize yields 19% less where troughs 
had been filled (i.e. the cure is worse 
than the complaint) … though effect 
not as marked in soybeans
Darmody, R.G., Hetzler, R.T. & Simmons, F.W., 1992, Coal mine subsidence: Effects of mitigation on crop yields, 
International Journal of Surface Mining, Reclamation and Environment, 6:187-190.
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ACARP project C8018

Cropped subsidence area at Kestrel – Source: Rio Tinto (2006)

Landform Crinum Kestrel

Un-subsided 1.35 t/ha 2.73 t/ha

Pillar 2.06 t/ha 2.53 t/ha

Trough margin 2.26 t/ha 2.64 t/ha

Mid-trough 1.68 t/ha 2.88 t/ha

Undertaken at Kestrel & Crinum under drought conditions in 2000 & 2001
Crop failures in summer 2000 & in second year (i.e. trial over single winter crop only)
Design statistically invalid as treatments were not replicated at each site (or replicated 
in time due to drought) no measure of ‘natural’ variability no indication whether 
difference in plot yields due solely to chance or applied treatments 
Yield differences between two sites > yield difference between treatments & relative 
yield differences inconsistent 

Wheat yields – winter 2000
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Springsure Creek MIA & CHIA development
Earthworks and excavations for drifts (2) and mine & coal handling infrastructure 
removal and stockpiling of ~413 000 m³ of soil and ~526 000 m³ rock
Smectite clays in Vertosol soil susceptible to (1) physical degradation when subject to 
mechanical force; and (2) erosion if exposed & without adequate surface cover
Physical degradation susceptibility increases when soil moisture > plastic limit
Need to (1) minimise handling & traffic movements over soil (in situ, in stockpiles or 
when being replaced during MIA rehabilitation); and (2) minimise erosive losses

Kestrel South mine portal – Source: http://www.reco.com.au/mining-and-energy/projectcase-studies/item/78-kestrel-mine-portals.html
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Material flows – production phase
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Other potential threats to SCL
Flood events

Increased streambank erosion in floods
Salinity 

Seepages from water storages
Ponding & detention in troughs increased
deep drainage
Disposal of water & brine from water storages
Disposal of STP effluent

Contamination
Fuel & oil (addressed by EP Act)
Solid waste (in part addressed by EP Act)
Reject coal & fugitive losses adsorption of
nutrients and potential for TPH, PAH & BTEX in leachate
Ash from any stockpile fires (fires due to spontaneous combustion)

Eutrophication
Disposal of STP effluent

Productivity
Reduced versatility in regard to crops able to be grown (e.g. problems with 
centre pivot irrigation & cotton)
Losses due to ponding
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Springsure Creek Mine – remaining tasks

Decide what are the permanent & temporary impacts

Draft development approval conditions to manage impacts
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