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1.0 INTRODUCTION

This document contains amendments to the Ensham Central Project Environmental Impact Statement 

(EIS) in response to submissions received from the public exhibition of the EIS. The submissions 

were received from State and Local Government Departments, neighbouring landowners and an 

industry body. This document also includes amendments in response to a letter from the 

Commonwealth Department of Environment and Heritage (DEH), dated 18 August 2006.  

This document accompanies the Ensham Response to EIS Submissions report. The amendments are 

presented in Table 1. The section of the EIS to be amended is listed first, followed by the proposed 

text for the EIS amendment.  The amendments are formatted with omissions shown as text 

strikethroughs and additions underlined. The proposed amendments have been made in response to 

submissions received on the EIS and the final column of the table provides a cross references to the 

relevant sections of the Ensham Response to Submissions report for each amendment.    
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Drawing 4 in EIS Appendix C
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BRIEFING NOTE IN RELATION TO SUBSIDENCE ISSUES

Introduction

Following the release of the Ensham Environmental Impact Statement (EIS) for public 
comment, the EPA and the Fitzroy Basin Food & Fibre Association (FBFF) have raised a 
number of issues relating to subsidence.  SGPL has been requested to provide a response to 
these issues. 

Three issues have been raised relating to subsidence and are summarised as follows: 
1. The long term stability of the main access roadways directly under the Nogoa River. 
2. A description of the methodology used to generate the subsidence predictions. 
3. Adequacy of the subsidence predictions. 

Roadways Under the Nogoa River

This issue relates to the construction of underground access roadways directly under the 
Nogoa River, as discussed in Sections 3.2.5 and 7.3.5 of the EIS and shown in Figures 3.10 
and 3.11.  Both the EPA and the FBFF raised this issue, with concerns over the long term 
stability of the roadways.  In particular the FBFF described the issue as: 

There is a risk of roadways causing surface subsidence: 
Subsidence may damage the clay seal in the bed and banks of the Nogoa River: 
Damage to the clay seal would cause leakage from the river into the alluvial aquifer; 
and
This may lead to significant water losses from the river system and may have negative 
effects on the aquifer. 

The driveage of underground main access roadways, commonly referred to as “Mains”, is 
standard practice at Australian longwall coal mines.  These roadways are required to be 
serviceable for the life of the mine and are designed accordingly.  Several coal mines in NSW 
have excavated Mains roadways under water bodies such as Lake Macquarie near Newcastle 
and in the Wollongong area under the water catchment dams. 

Addressing this concern requires consideration of both the stability of the workings and also 
the induced surface deformations; and stability requires both pillar and roadway stability of 
the Mains development.   
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The Ensham mine plan in Figure 1 shows the Mains pillars of coal as 30m wide (solids).  No 
length dimensions have been determined at this early stage of mine planning.  Typically 
Mains development pillars are between 50m and 100m long in the Australian coal industry. 
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7404000

7405000

7406000

Figure 1 Mine Layout with Depth of Cover Contours 

To analyse the long-term stability of the pillars of coal between the roadways the University 
of NSW pillar design methodology for rectangular pillars (Linear Strength Formula) has been 
used. Figure 1 indicates that the Mains roadways under the Nogoa are at between 120m and 
165m depth of cover.  It is intended to develop the roadways at 6m wide and 3.5m high.   The 
analysis has been carried out for both 50m and 100m long pillars.  Forming 30m x 100m wide 
Mains pillars, with 6m roadways equates to 21% extraction i.e. 79% of the coal under the 
Nogoa is left in the ground.  For 30m x 50m pillars the extraction ratio increases to 26% (74% 
left in situ). 

In pillar design the requirement for long-term stability can be addressed by specifying high 
factors of safety – in NSW the convention is for a factor of safety of 2.57, based on the above 
methodology.  The factor of safety is selected to represent a probability of failure of better 
than 1 in 1,000,000. 

30m wide 
(solid) pillars 
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The Factors of Safety for the 30m x 50m and 30m x 100m Mains pillars vary between 3.6 to 
4.9 and 3.8 to 5.2 respectively (Figure 2).  These are very high Factors of Safety.   

Factor of Safety of 30m wide (solids) Mains pillars
for 6m wide roadways and 3.5m extraction height
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Figure 2 Factors of Safety for 30m Wide (Solids) Mains Pillars 

In addition to overall pillar stability, the risk of roadway (intersection) collapse such that 
potholes develop at the surface is assessed as being negligible, as the depths are in excess of 
10 times the intersection span.   It is reported in the literature that potholes generally reach the 
surface at depths <50m1,2.  As shown in Figure 1 the Mains development is at greater depths, 
between 120m and 165m. 

It is also noted that long term flooding of the roadways when the mine closes will increase 
stability and reduce surface subsidence. 

The surface deformation above the Mains can be estimated analytically by calculating the 
amount of pillar, roof and floor compression.  This analysis has used pillar, roof and floor 
moduli values of 1500, 5250 and 3900MPa respectively.  The roof and floor values have 
been estimated from the average strengths in Figure 3, of 25-35MPa and 20-25MPa 
respectively, using a Modulus to UCS ratio of 175.  The coal modulus is typical of coal 
seams elsewhere in the Bowen Basin. 

1 Mahar, J.W. and Marino, G.G., 1982. Building response and mitigation measures for building damage in 
Illinois. Proceedings of Workshop on Surface Subsidence due to Underground Mining, Morgantown, West 
Virginia University, pp. 238-252.
2 Whittaker, B.N. and Reddish, D.J., 1989. Subsidence: Occurrence, prediction and control, Elsivier, 
Amsterdam, 528p. 
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Figure 3 Immediate Roof and Floor Strength in MPa 

Using Elastic theory to analyse the Mains pillar/roof/floor system indicates surface 
settlement would be <10mm (Figure 4).  Such low magnitudes of surface settlement would 
have negligible affect on the clay seal below the Nogoa River. 

Pillar/Roof/Floor Compression
Coal Modulus = 1.5GPa

Roof Modulus = 5.25GPa
Floor Moduls = 3.9GPa
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SDPS Methodology

The EPA has requested a description of the methodology used to generate the subsidence 
predictions.

In the EPA response, reference is made to the Subsidence Management Plans used in NSW as 
an indication of the type of information required.  To satisfy the EPA request the following 
information is provided in the NSW SMP format.  It should be highlighted that these NSW 
management plans are prepared at the mining stage not the EIS level of investigation.

1. Method(s) employed to estimate subsidence resulting from the proposed underground 
coal mining

The Surface Deformation Prediction System (SDPS) has been used to estimate the subsidence 
resulting from underground mining.  SDPS is an influence function method that assumes the 
shape of a subsided surface can be modelled with a Gaussian (bell shaped) curve that is 
“centred” on the point of inflexion of a subsidence profile.  The method can be used for 
Greenfield sites or after calibration to existing survey data and mine geometry.  SDPS has 
been used at 6 operating longwall mines in the Bowen Basin and NSW and the calibrations 
have shown that the assumption of a Gaussian curve is valid.  SGPL has also published case 
studies in the application of influence functions to visualise surface subsidence3.

2. Discussion of all factors that may affect the development of subsidence over the 
subsidence areas

The factors considered relevant at Ensham include panel layouts (pillar and panel widths), 
maximum vertical subsidence, angle of influence, depth of cover and strain coefficient.  These 
are discussed in more detail under point 3. 

3. Relevance of all input data, including results of any previous relevant subsidence 
monitoring, which has been utilised or considered to develop the predictions

It should be highlighted that no underground mining has been carried out in the Ensham lease 
area and data from nearby collieries has been relied on.  These assumptions are documented 
below, for each of the following inputs to the SDPS method.   

Extracted Thickness (T) 
An extracted thickness of 4m was used as an average for the underground longwall area.  
Increases or decreases in the extracted thickness will primarily affect the magnitude of 
subsidence, provided the longwall panel width remains unchanged.  It should be highlighted 
that the same remedial measures and mitigation as documented in the EIS would be required 
at the different extraction thicknesses. 

3 Byrnes, R (2003) Case Studies in the Application of Influence Function in Visualise Surface Subsidence.  
COAL 2003 – 4th Underground Coal Operators’ Conference. Pp. 89-100. 



           
BRIEFING NOTE IN RELATION TO SUBSIDENCE ISSUES  

Page 6 of 7 

Subsidence factor (ratio of Smax/T) 
The subsidence factor is the ratio of the maximum subsidence and extracted thickness 
(Smax/T).  Based on mining experiences at nearby collieries in the Bowen Basin, a value of 
65% was used. 

Panel Layouts (corrected by the panel adjustment factor).  SDPS considers each 
extraction panel not by the mining edge but by the projection of the points of inflexion.  For 
wide extraction panels, the position of the inflexion points is a linear proportion of the depth 
of cover.  Based on our experience with the method in both the Bowen Basin and NSW, a 
ratio of 0.20 was used.

Angle of Influence 
The angle of influence is the parameter that controls the maximum tilt that is developed at the 
point of inflexion. The nature of the influence function is such that the angle of influence is 
related to the maximum tilt, the depth of cover and the maximum subsidence: 

 Angle of influence = tan-1(max tilt* depth/maximum vertical subsidence) 

Without site-specific data a value of 75o was used based on data from elsewhere in the Bowen 
Basin.

Depth of cover 
The depth of cover data was generated from the geological database.  New geological 
borehole information will not significantly change the depth of cover contours. 

Strain Coefficient 
This value is directly related to the magnitude of the calculated strains and curvatures.  It can 
be empirically estimated by the average ratio of measured strain and curvature over a set of 
surface points.  In the absence of local Ensham data, experience from local collieries 
extracting longwalls was used to obtain a value of 0.21. 

4. Identification of all assumptions used, especially those, which may significantly affect 
the outcome of the subsidence predictions, and discussion of their relevance.

SDPS is particularly valuable in visualising the subsidence deformations.  For supercritical 
extraction i.e. the width of the panel:depth of cover is >1.2, the deviations from maximum 
predictions are negligible.  The base of the subsidence bowl may be slightly smaller or bigger. 

However, it is stressed that SDPS can only predict the overall or systematic deformations.  All 
subsidence surveys reveal small scale variations from the smooth profile predicted by this 
method – these deformations can be related to localised movements of the blocky rock, that is 
a feature of all coal mine overburdens. 

This is not likely for Ensham because of the amount of soil/alluvial cover (typically 8-20m 
thick) that blankets the rock.  These deviations can be important for surface improvements but 
not for agricultural land. 
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5. Reliability of the subsidence predictions and the level of uncertainties involved, in 
particular, any potential deviations from the predictions due to factors such as 
topographic, geological or geotechnical conditions or variations.

At the current state of knowledge it is not considered that there will be significant deviations 
from the current predictions due to topographic, geological or geotechnical variations.  As is 
good engineering practice we do recommend a review of the predictions once more 
geological/geotechnical data is available. 

Adequacy of the Subsidence Prediction

In Section 7.3.5 of the EIS, the surface subsidence predictions are described as preliminary.   
Preliminary in the sense that mine plan is preliminary.  The EPA requires more definitive 
subsidence prediction information, including more detailed discussion to support the 
predictions.  The main issue is will the new drilling information significantly change the 
predictions.

It is suggested that the response in the previous section provides more definitive information 
to allow an assessment of the subsidence predictions.  The planned longwall layout extraction 
is considered supercritical, as a result small variations in seam thickness and depth of cover 
together with the identification of faults will not significantly modify the subsidence profile.  
From our knowledge of the Rangal Coal measures, we do not expect any significant 
deviations from the geological/geotechnical model. The same remedial and mitigation 
methods will still be required as documented in the EIS.   The only material difference would 
be if the Width of panel/Depth of cover were to be significantly reduced. 

Yours truly, 

Nick Gordon 
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Our Ref: PSM687.L18 
Date:  23 October 2006 
 
 
 
Hansen Consulting 
GPO Box 3285 
BRISBANE    QLD  4001 
 
ATTENTION:  LAURA KNOWLES 
 
 
Dear Madam, 
 
RE: MINING NEAR NOGOA FLOODPLAIN ENSHAM 
 
 
This letter has been prepared at the request of Hansen Consulting to assist with the EIS 
for proposed mining beneath the Nogoa Floodplain by Ensham Resources Proprietary 
Limited (Ensham). 
 
 
1. INTRODUCTION 

It is understood that the Department of Natural Resources, Mines and Water has raised 
concerns in relation to the stability and design parameters for open cut pit excavation 
walls and associated levee banks close to the river channel. 
 
This letter presents the following: 
 

 The geological setting, geotechnical setting and mining practices proposed at 
Ensham for mining in the floodplain. 

 The recommended approach for design of the Ensham pit walls in the floodplain. 
 

 Recommendations for levee bund design. 
 

 A general discussion that attempts to place into perspective the combination of 
geological, geotechnical and mining setting which contributed to the failure at 
Curragh North; together with a comparison to Ensham. 
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2. PROPOSED FLOODPLAIN MINING AT ENSHAM 

2.1. Extent of Mining 

Figure 1 presents the proposed mining beneath the floodplain at Ensham.  The mining is 
essentially an extension of mining in B block, south of the Nogoa River, and extension of 
mining in C block, north of the Nogoa River. 
 
It is understood the limit of mining is 100m from the top of the high bank of the river, 
although the proposed distance is typically much greater. 
 
 
2.2. Mining Setting 

At Ensham, the proposed pit walls near the Nogoa river comprise predominantly 
highwalls with some end walls. 
 
In the highwall the bedding dips into the wall, providing very favourable stability 
conditions.  Whilst in the end walls the bedding is essentially flat (i.e. there is no 
component of dip into the open void), which is also favourable for stability. 
 
Figure 2 presents the above concepts schematically.  Typically the risk for large scale 
block sliding occurring on any weak layers within the sequence is very low for end wall 
and high wall situations such as at Ensham. 
 
 
2.3. Geological & Geotechnical Setting 

There are several geotechnical aspects that require consideration of pit wall designs at 
Ensham. 
 
Alluvial materials blanket the Permian sedimentary sequence and form the floodplain.  
These alluvials require a flatter design and a berm immediately below to control any 
minor sloughing of the face.  This berm is also to control minor seeps which occur at the 
base of the alluvials. 
 
A minor aquifer occurs within the alluvials.  It is understood this aquifer is saline.  
Furthermore, it is understood that a natural clay layer occurs at the base of the river and 
therefore disconnects the river from the alluvial aquifer.  This is confirmed by aquifer 
remaining saline and the fact that seepages where they occur in pit walls are saline. 

 
The Permian sediments above the coal at Ensham largely comprise sandstone and 
siltstones with no ³weak layers´ evident in any exposures observed by this firm. 
 
Faulting is present in both B and C pits at Ensham.  However, the faults are normal 
faults; that means they are sub-vertical and very widely spaced, often up to kilometres.  
There is ³drag-folding´ associated with the faults.  However, the drag folding is limited to 
the immediate vicinity of faults and to a width of only several metres.  Bedding between 
faults remains essentially planar and undisturbed with no shearing of beds.  Figure 3 
presents key aspects of this style of faulting. 
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In summary the combination of geological, geotechnical and mining settings at Ensham 
are largely very favourable and this is borne out by the mainly steep end wall and 
highwalls that have been achieved with no history to date of large scale instability. 
 
Notwithstanding the above, the designs at Ensham require the utilisation of appropriate 
design methodologies and these are discussed below. 
 
 
3. APPROPRIATE DESIGN METHODOLOG< ± ENSHAM 

3.1. Approach 

An appropriate design methodology for Ensham for mining near the river would 
comprise: 
 

 Selection of slope angles within alluvials, 
 
 Selection of slope angles for Permian rocks, 

 
 Selection of overall angles, 

 
 Consideration of groundwater and 

 
 Consideration of the possible influence of faulting on final walls. 

 
 
3.2. Alluvial Materials 

For the alluvial materials a key aspect is the strength of these materials and back-
analysis of any instability in these materials should be utilised to confirm appropriate 
strengths, i.e. accepting a Factor of Safety (FOS) of 1.0.  Based on the above strengths, 
a design within the alluvial materials utilising a FOS of 1.5 would provide an appropriate 
design. 
 
 
3.3. Permian Sediments 

An alternative approach is required for the Permian Rocks. 
 
Based on the rock mass quality an empirical method could be utilised to provide 
estimates of rock mass shear strengths.  These assessments should use a conservative 
approach and allow for large scale blasting effects.  Based on these rock mass shear 
strengths, analysis of the current slopes should be carried out to confirm the FOS 
achieved in relation to actual performance. 
 
Analysis for design of the Permian rocks should then be carried out utilising a FOS of 1.5 
for the final design. 
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3.4. Overall Slopes 

A check on the overall slope would be required to ensure an overall FOS of 1.5 for the 
combined slope of alluvial materials and Permian rocks. 
 
The design would also need to consider appropriate selection and placement of berm 
widths. 
 
 
3.5. Groundwater 

A key aspect in all of the above analyses would be the appropriate groundwater 
assumptions.  These assumptions need to take into account: 
 

 Observed groundwater levels in alluvials and Permian rocks; and 
 
 Observations of seepage from existing highwalls and end walls at Ensham. 

 
A conservative approach would be to assume connectivity between the alluvial and 
Permian rocks and with groundwater levels in accord with observed seepage horizons in 
current mining exposures. 
 
 
3.6. Faulting 

A key aspect that will need to take into account in the final designs at Ensham would be 
the occurrence of faults in the highwall and end walls. 
 
This aspect will need careful consideration of the geometry of the fault in relation to the 
final wall and any necessary requirements for localised changes in design.  Owing to 
variability in the strike of the faults, this detailed design should be addressed as the 
highwall or endwall approaches its final configuration so as to ensure an appropriate 
design for the final walls. 
 
 
4. LEVEE DESIGN 

An important aspect of mining in the floodplain is ensuring an appropriate design of the 
levee.  Key considerations comprise: 
 

 Material selection for the levee, 
 
 Material placement, 

 
 Slope angles, 

 
 Scour protection on floodplain slope and 

 
 Consideration for rapid flooding and rapid lowering of water which could affect 

levee stability. 
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5. CURRAGH NORTH 

5.1. Data Sources 

Review of the failure which occurred at Curragh North has been based on information 
provided within a Queensland Government Environmental Protection Agency (QEPA) 
Powerpoint presentation, titled ³North Curragh Mine-Levee Incident of 22nd May 2006´.  
This was supplemented by historic knowledge and experience with the conditions at 
Curragh. 
 
 
5.2. Mining Setting 

The mining setting at Curragh North played a critical role in the failure.  The failure 
occurred within the low wall, a location where bedding dips out of the slope, Figure 4. 
 
This setting is typically the highest risk scenario in open cut coal mining as there is a 
potential for sliding to occur upon any weak layers that dip into the mined out void, 
Figure 2. 
 
 
5.3. Geological & Geotechnical Aspects 

There are several geological and geotechnical aspects that indicated there was a high 
risk of low wall instability at Curragh North. 
 
In particular thrust faulting is present at Curragh North and the implications of this style of 
faulting are, Figure 3: 
 

 Thrust faulting will induce sheared ³weak layers´ within the sediments and 
provide ³ramp-shears´; and 

 
 The ³ramp-shears´ form surfaces which greatly facilitate potential for block 

sliding.  This aspect is evident at Curragh North where block movements and 
cracking were evident at numerous locations between the mining void and river. 

 
Review of the geotechnical aspects suggest the failure was as a result of a combination 
of factors and in order of their importance these are, Figure 5: 
 

 Presence of thrust faulting in the low wall and which dips out of the low wall. 
 

 Bedding which dips out of the wall.  Although bedding dips are typically 4� in the 
low wall, the bedding has been ³dragged´ and steepened by thrust faulting. 

 
 Presence of slickensided surfaces within a mudstone layer above the coal acting 

as a weak layer to allow sliding. 
 

 Presence of tuff layer below coal.  The tuff was placed during a volcanic event 
within the sedimentary deposition.  Such volcanic rocks are more prone to 
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weathering and degradation and are frequently associated with weak layers 
within sedimentary sequences. 

 
 Water pressures in low wall providing uplift and destabilising stability.   

 
The combination of all the above aspects has played a part in the failure.  Moreover, they 
provide key indicators to allow an assessment of the potential risks for alternative 
geological, geotechnical and mining settings. 
 
Of note none of the above factors are present at Ensham within the floodplain area 
planned for mining. 
 
 
For and on behalf of 
PELLS SULLIVAN MEYNINK PTY LTD 
 

 
 
A. DURAN 
 
Encl: Figure 1 ± Proposed Mining at Ensham in Floodplain 
 Figure 2 ± Typical Risks Associated with Wall in Relation to Bedding Dip 
 Figure 3 ± Impact of Faulting Styles on Disturbance with Sediments 
 Figure 4 ± Curragh North Low Wall 
 Figure 5 ± Geotechnical Factors at Curragh North Contributing to Failure 
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Existing Ensham Environmental Authority




























