
REPORT: SUBSIDENCE PREDICTIONS AND IMPACT ASSESSMENTS 

 
 
© MSEC APRIL 2016  |  REPORT NUMBER: MSEC833  |  REVISION A 

Austar Coal Mine: 

Longwalls B1 to B3 
Subsidence Predictions and Impact Assessments for the Natural and Built Features 
in Support of the Extraction Plan for Longwalls B1 to B3 at the Austar Coal Mine 

 



 

SUBSIDENCE PREDICTIONS AND IMPACT ASSESSMENTS FOR AUSTAR LONGWALLS B1 TO B3 

© MSEC APRIL 2016  |  REPORT NUMBER MSEC833  |  REVISION A 

PAGE i 

DOCUMENT REGISTER 

Revision Description Author Checker Date 

01 Draft Issue JB - 21st Apr 16 

A Final Issue JB PD 26th Apr 16 

     

     

     

     

     

 

Report produced to:- Support the Extraction Plan for submission to the Department of Planning and 
Environment. 

 

 

Associated reports:-  MSEC275 (Revision C) – The Prediction of Subsidence Parameters and the 
Assessment of Mine Subsidence Impacts on Natural Features and Surface 
Infrastructure Resulting from the Extraction of Proposed Austar Longwalls A3 to 
A5 in Support of a SMP Application (February 2007). 

 MSEC417 (Revision C) – The Prediction of Subsidence Parameters and the 
Assessment of Mine Subsidence Impacts on Natural Features and Surface 
Infrastructure Resulting from the Extraction of the Proposed Longwall A5A in 
Stage 2 at the Austar Coal Mine (July 2010). 

 MSEC309 (Revision D) – The Prediction of Subsidence Parameters and the 
Assessment of Mine Subsidence Impacts on Natural Features and Surface 
Infrastructure Resulting from the Extraction of Proposed Austar Longwalls A6 to 
A17 in Support of a Part 3A Application (September 2008). 

 MSEC484 (Revision A) – Stage 3 – Longwalls A7 to A19 – Subsidence 
Predictions and Impact Assessments for Natural Features and Surface 
Infrastructure in Support of a Modification to the Development Consent 
(May 2011). 

 MSEC769 (Revision A) – Subsidence Predictions and Impact Assessments for 
the Natural and Built Features in Support of the Environmental Assessment for a 
Section 75W Modification Application for the Inclusion of the Proposed Longwalls 
B1 to B3 at the Austar Coal Mine (October 2015). 

 

 

 

Background reports available at www.minesubsidence.com:- 

    Introduction to Longwall Mining and Subsidence (Revision A) 

    General Discussion of Mine Subsidence Ground Movements (Revision A) 

    Mine Subsidence Damage to Building Structures (Revision A) 

 

 



 

SUBSIDENCE PREDICTIONS AND IMPACT ASSESSMENTS FOR AUSTAR LONGWALLS B1 TO B3 

© MSEC APRIL 2016  |  REPORT NUMBER MSEC833  |  REVISION A 

PAGE ii 

EXECUTIVE SUMMARY 

Austar Coal Mine Pty Limited (Austar) has completed the extraction of Longwalls A1 and A2 in Stage 1, 
Longwalls A3 to A5A in Stage 2 and Longwalls A7 and A8 in Stage 3 of the Austar Coal Mine (the Mine) 
using longwall top coal caving mining techniques.  Austar has approval to extract the future Longwalls A9 to 
A19 in Stage 3 at the Mine. 

Austar sought approval for the extraction of three additional longwalls in the Bellbird South mining area, 
referred to as Longwalls B1 to B3.  These longwalls are located to the south of the previously extracted 
longwalls in Stage 2 at the Mine and to the east of the existing Longwalls 1 to 9A at the Ellalong Colliery.  
Mine Subsidence Engineering Consultants prepared Report No. MSEC769 (Rev. A) which supported the 
Modification Application to the Development Consent DA29/95 for Longwalls B1 to B3.  The Department of 
Planning and Environment granted Austar approval for the extraction of Longwalls B1 to B3 on the 
29th January 2016. 

Austar is now preparing an Extraction Plan for Longwalls B1 to B3.  The commencing (i.e. south-western) 
ends and the finishing (i.e. north-eastern) ends of Longwalls B2 and B3 have been shortened from those 
adopted in the Modification Application and Report No. MSEC769. 

The maximum predicted subsidence parameters for Longwalls B1 to B3 do not change from those 
presented in Report No. MSEC769 and in the Modification Application.  The locations of the maximum 
longitudinal tilts and curvatures change due to the shortened longwalls; however, the magnitudes of these 
movements are less than the maxima that are orientated transverse to the longwalls. 

The predicted subsidence parameters for the natural and built features are the same or slightly less than 
those presented in Report No. MSEC769 and in the Modification Application.  In some cases, the predicted 
tilts and curvatures slightly increase, where the features are located near the shortened commencing and 
finishing ends; however, these are less than the maxima elsewhere in the Study Area.  The overall levels of 
the predicted movements and the extents of these movements reduce due to the shortened longwalls. 

The assessed levels of potential impact for the natural and built features are the same or slightly less than 
those assessed in Report No. MSEC769 and in the Modification Application. The recommended 
management strategies for these features do not change due to the shortened longwalls. 
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1.0  INTRODUCTION 

1.1. Background 

Austar Coal Mine Pty Limited (Austar) has completed the extraction of Longwalls A1 and A2 in Stage 1, 
Longwalls A3 to A5A in Stage 2 and Longwalls A7 and A8 in Stage 3 of the Austar Coal Mine (the Mine) 
using longwall top coal caving mining techniques.  Austar has approval to extract the future Longwalls A9 to 
A19 in Stage 3 at the Mine. 

Austar sought approval for the extraction of three additional longwalls in the Bellbird South mining area, 
referred to as Longwalls B1 to B3 (LWB1 to LWB3).  These longwalls are located to the south of the 
previously extracted longwalls in Stage 2 at the Mine and to the east of the existing Longwalls 1 to 9A at the 
Ellalong Colliery.  Mine Subsidence Engineering Consultants (MSEC) prepared Report No. MSEC769 
(Rev. A) which supported the Modification Application to the Development Consent DA29/95 for 
Longwalls B1 to B3. 

The Department of Planning and Environment (DP&E) granted Austar approval for the extraction of 
Longwalls B1 to B3 on the 29th January 2016.  The layout of the longwalls adopted in the Modification 
Application and Report No. MSEC769 is referred to as the Previous Layout in this report. 

Austar is now preparing an Extraction Plan for Longwalls B1 to B3.  The commencing (i.e. south-western) 
ends and the finishing (i.e. north-eastern) ends of Longwalls B2 and B3 have been shortened from those 
based on the Previous Layout due to further information obtained on the nature and location of the 
geological structures.  The layout based on the shortened longwalls adopted in the Extraction Plan are 
referred to as the Extraction Plan Layout. 

The comparison of Longwalls B1 to B3 based on the Previous Layout and the Extraction Plan Layout is 
provided in Fig. 1.1.  The commencing ends have been shortened by 350 metres for Longwall B2 and 
180 metres for Longwall B3.  The finishing ends have been shortened by 179 metres for Longwall B2 and 
165 metres for Longwall B3. 

 

Fig. 1.1 Comparison between the Previous Layout and the Extraction Plan Layout 

Condition 2A in Schedule 2 of the project approval (DA29/95) states that “With the approval of the 
Secretary, longwall panels may be shortened or narrowed, providing that the proposed variations do not 
result in increased subsidence impacts or environmental consequences”. 
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MSEC has been commissioned by Austar to:- 

 provide subsidence predictions for Longwalls B1 to B3 based on the Extraction Plan Layout; 

 compare the maximum predicted subsidence parameters based on the Previous Layout and 
Extraction Plan Layout; 

 provide subsidence predictions for each of these natural and built features based on the Extraction 
Plan Layout; 

 review and, where required, update the impact assessments for the surface features based on the 
Extraction Plan Layout; and 

 provide recommendations for any preventive measures and monitoring. 

This report has been prepared to support the Extraction Plan for Longwalls B1 to B3 which will be submitted 
to the DP&E.  In some cases, this report will refer to other sources of information on specific natural 
features and items of surface infrastructure, and these reports should be read in conjunction with this report. 

Chapter 1 of this report provides a general introduction to the study, which also includes a description of the 
mining geometry and geological details of the area. 

Chapter 2 defines the Study Area and provides a summary of the natural and built features within this area. 

Chapter 3 provides an overview of longwall mining, mine subsidence parameters and the methods that 
have been used to predict the mine subsidence for the longwalls. 

Chapter 4 provides the maximum predicted subsidence parameters resulting from the extraction of 
Longwall B1 to B3 based on the Extraction Plan Layout.  The predicted parameters have been compared 
with those provided based on the Previous Layout. 

Chapters 5 and 6 provide the predictions and impact assessments for each of the natural and built features 
based on the Extraction Plan Layout.  The predictions for each of the features have been compared with 
those based on the Previous Layout and, in the cases where they have increased, the impact assessments 
and recommendations have been reviewed. 

1.2. Mining Geometry 

The layout of Longwalls B1 to B3 in the Greta Seam is shown in Drawings Nos. MSEC833-01 and 
MSEC833-02.  The longwalls will be extracted in order of Longwalls B2, B3 and then B1.  A summary of the 
dimensions of the longwalls based on the Extraction Plan Layout is provided in Table 1.1.   

Table 1.1 Geometry of Longwalls B1 to B3 

Longwall 
Overall Void Length 

Including Installation 
Heading (m) 

Overall Void Width 
Including First Workings 

(m) 

Overall Tailgate Chain 
Pillar Width (m) 

LWB2 1,141 237 - 

LWB3 1,137 237 60 

LWB1 1,882 237 60 

The commencing (i.e. south-western) ends and the finishing (i.e. north-eastern) ends of Longwalls B2 and 
B3 have been shortened from those based on the Previous Layout.  The overall lengths have been 
shortened by 529 metres for Longwall B2 and 345 metres for Longwall B3. 

The widths of the longwall extraction faces (i.e. excluding the first workings) are 226 metres providing 
overall void widths (i.e. including the first workings) of 237 metres.  The solid chain pillar widths for 
Longwalls B3 and B1 are 60 metres.  The longwall widths and chain pillar widths based on the Extraction 
Plan Layout are the same as those based on the Previous Layout. 

1.3. Surface and Seam Details 

The surface level contours are shown in Drawing No. MSEC833-03. 

There are two small ridgelines which partially cross above the western and eastern extents of the mining 
area, having high points of approximately 157 metres above Australian Height Datum (mAHD) and 
140 mAHD, respectively, directly above the longwalls.  A drainage line is formed between the ridgelines, 
having a low point of approximately 125 mAHD above the longwalls.  The drainage line flows in a northerly 
direction to where it drains into Quorrobolong Creek at a distance of approximately 1 kilometre from the 
longwalls. 
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The seam floor contours, seam thickness contours and depth of cover contours for the Greta Seam are 
shown in Drawings Nos. MSEC833-04, MSEC833-05 and MSEC833-06, respectively. 

The depth of cover to the Greta Seam directly above the longwalls varies between a minimum of 
480 metres above the maingate of Longwall B3 and a maximum of 555 metres above the north-eastern 
corner of Longwall B1.  The seam floor within the proposed mining area dips from the north-west to the 
south-east, having an average gradient of around 6 %, or 1 in 17. 

The thickness of the Greta Seam within the mining area varies between 3.3 metres and 4.6 metres.  It is 
proposed that a constant thickness of 3.4 metres will be extracted using conventional longwall mining 
techniques. 

The surface and seam levels are illustrated along Cross-section 1 in Fig. 1.2, which has been taken 
transverse to the longwalls near their mid-lengths (looking north-east).  The location of this cross-section is 
shown in Drawing No. MSEC833-03 to MSEC833-06. 

 

Fig. 1.2 Surface and Seam Levels along Cross-section 1 

 

1.4. Geological Details 

The Austar Coal Mine lies in the Newcastle Coalfield, within the Northern Sydney Basin.  A typical 
stratigraphic section of the Newcastle Coalfield (after Ives et al, 1999, Moelle and Dean-Jones, 1995, Lohe 
and Dean-Jones, 1995, Sloan and Allman, 1995) is shown in Table 1.2.  The strata shown in this table were 
laid down between the Early Permian and the Middle Triassic Periods. 

Longwalls B1 to B3 will be extracted within the Greta Seam, which is located within the Kitchener Formation 
of the Greta Coal Measures.  The overlying strata comprise the Paxton Formation, which consists of 
interbedded sandstone and siltstone layers up to 20 metres thick.  The uppermost layer in the Greta Coal 
Measures is the Pelton Seam, which is less than 0.5 metres thick.  The underlying strata comprise the Kurri 
Kurri Conglomerate and the Neath Sandstone.  Strong and thick strata consisting of conglomerate and 
sandstone are typically observed within these formations. 

The main sequence overlying the Greta Coal Measures is the Branxton Formation, which is part of the 
Maitland Group sediments from the mid Permian period.  The Maitland Group comprises, in order of 
deposition, the Branxton Formation, Muree Sandstone and Mulbring Siltstone.  The Branxton Formation 
immediately overlies the Greta Coal Measures and is made up of a substantial thickness of sedimentary 
rocks.  The lithology of the Branxton Formation generally consists of the coarser sandstone and 
conglomerate rocks at the base of the formation, grading to finer deposits of silty sandstone and siltstone at 
the top of the formation.  The upper part of the formation contains a unit known as Fenestella Shale that 
contains numerous fossils of marine invertebrate fauna. 

The Newcastle region is characterised by a complex geological setting, with a great variety of rock types 
occurring over short lateral and vertical distances (Moelle and Dean-Jones, 1995).  Folds, normal faults and 
dykes dominate the region and generally trend north-west to north-north-west (Lohe and Dean-Jones, 
1995). 

 



 

SUBSIDENCE PREDICTIONS AND IMPACT ASSESSMENTS FOR AUSTAR LONGWALLS B1 TO B3 

© MSEC APRIL 2016  |  REPORT NUMBER MSEC833  |  REVISION A 

PAGE 4 

Table 1.2 Stratigraphy of the Newcastle Coalfield 
(after Ives et al, 1999, Moelle & Dean-Jones, 1995, Lohe & Dean-Jones, 1995, Sloan & Allan, 1995) 

Stratigraphy 
Lithology 

Group Formation Coal Seams 

Narrabeen 
Group 

Clifton  Sandstone, siltstone, mudstone, claystone 

Newcastle 
Coal 

Measures 

Moon 
Island 
Beach 

Vales Point 
Wallarah 

Great Northern 

Sandstone, shale, conglomerate, claystone, 
coal 

Awaba Tuff 
Tuff, tuffaceous sandstone, tuffaceous 

siltstone, claystone, chert 

Boolaroo 

Fassifern 
Upper Pilot 
Lower Pilot 
Hartley Hill 

Conglomerate, sandstone, shale, claystone, 
coal 

Warners Bay Tuff 
Tuff, tuffaceous sandstone, tuffaceous 

siltstone, claystone, chert 

Adamstown 

Australasian 
Montrose 
Wave Hill 

Fern Valley 
Victoria Tunnel 

Conglomerate, sandstone, shale, claystone, 
coal 

Nobbys Tuff 
Tuff, tuffaceous sandstone, tuffaceous 

siltstone, claystone chert 

Lambton 

Nobbys 
Dudley 
Yard 

Borehole 

Sandstone, shale, minor conglomerate, 
claystone, coal 

Waratah Sandstone Sandstone 

Tomago Coal 
Measures 

Dempsey  

Shale, siltstone, fine sandstone, coal, and 
minor tuffaceous claystone 

Four Mile 
Creek 

 

Wallis Creek  

Maitland 
Group 

Mulbring Siltstone Siltstone 

Muree Sandstone Sandstone 

Branxton  Sandstone, and siltstone 

Greta Coal 
Measures 

Paxton Pelton 

Sandstone, conglomerate, and coal Kitchener Greta 

Kurri Kurri Homeville 

Neath Sandstone Sandstone 

Dalwood 
Group 

Farley  
Shale, siltstone, lithic sandstone, 

conglomerate, minor marl and coal, and 
interbedded basalts, volcanic breccia, and 

tuffs 

Rutherford  

Allandale  

Lochinvar  

Seaham Formation 

The surface lithology within the Study Area is shown in Fig. 1.3, which shows the longwalls overlaid on 
Geological Series Sheet Quorrobolong 9132-2-S, which is published by Department of Mineral Resources 
(DMR, 1988), now known as the Department of Industry – Division of Resources and Energy.  It can be 
seen from this figure, that the surface lithology within the Study Area comprises predominately of areas 
derived from the Branxton Formation (Pmbf) and Quaternary alluvium (Qa). 
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Fig. 1.3 Surface Lithology within the Study Area 
Geological Series Sheet Quorrobolong 9132-2-S (DMR, 1988) 

The major geological zones identified at seam level are shown in Drawings Nos. MSEC833-04 and 
MSEC833-05.  The Swamp Fault Zone has been identified near the finishing (i.e. north-eastern) ends of the 
longwalls.  The Barraba Fault Zone has also been identified adjacent to the commencing (i.e. south-
western) ends of the longwalls.  The longwall commencing and finishing ends have been shortened, from 
those based on the Previous Layout, due to the nature and location of these fault zones. 
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2.0  IDENTIFICATION OF SURFACE FEATURES 

2.1. Definition of the Study Area 

The Study Area is defined as the surface area that is likely to be affected by the mining of Longwalls B1 to 
B3 in the Greta Seam at Austar Coal Mine.  The extent of the Study Area has been calculated by combining 
the areas bounded by the following limits:- 

 The 26.5 degree angle of draw line from the extents of Longwalls B1 to B3 based on the Extraction 
Plan Layout; and 

 The predicted limit of vertical subsidence, taken as the 20 mm subsidence contour resulting from 
the extraction of Longwalls B1 to B3, based on the Extraction Plan Layout. 

The depth of cover contours are shown in Drawing No. MSEC833-06.  The depth of cover varies between 
480 metres and 555 metres directly above the longwalls.  The 26.5 degree angle of draw line, therefore, has 
been determined by drawing a line that is a horizontal distance varying between 240 metres and 278 metres 
around the limits of the extraction areas. 

The predicted limit of vertical subsidence, taken as the predicted total 20 mm subsidence contour, has been 
determined using the Incremental Profile Method, which is described in further detail in Sections 3.5 and 
3.6.  The angle of draw to the predicted total 20 mm subsidence contour has been calibrated to 30 degrees 
adjacent to the maingates and tailgates of the longwalls, in order to match those observed over the 
previously extracted longwalls at the Mine. 

The predicted total 20 mm subsidence contour, therefore, is generally located outside the 26.5 degree angle 
of draw line adjacent to the longitudinal edges of the longwalls, and is generally located inside the 
26.5 degree angle of draw line adjacent to the commencing and finishing ends of the longwalls.  A line has 
therefore been drawn defining the Study Area, based upon the 26.5 degree angle of draw line and the 
predicted total 20 mm subsidence contour, whichever is furthest from the longwalls, and is shown in 
Drawings Nos. MSEC833-01 and MSEC833-02. 

There are areas that lie outside the Study Area that are expected to experience either far-field movements, 
or valley related upsidence and closure movements.  The surface features which are sensitive to such 
movements have been identified in this report and have been included in the assessments provided in this 
report. 

2.2. Natural Features and Items of Surface Infrastructure within the Study Area 

The major natural features and items of surface infrastructure within the Study Area can be seen in the 
1:25,000 Topographic Map of the area, published by the Central Mapping Authority (CMA), numbered 
QUORROBOLONG 9132-2-S.  The longwalls and the Study Area have been overlaid on an extract of this 
CMA Map and are shown in Fig. 2.1. 
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Fig. 2.1 Longwalls B1 to B3 and the Study Area Overlaid on 
CMA Map No. Quorrobolong 9132-2-S 

A summary of the natural and built features within the Study Area is provided in Table 2.1.  The locations of 
these features are shown in Drawings Nos. MSEC833-07 to MSEC833-09.  The descriptions of these 
features are provided in Chapters 5 and 6, as indicated by the Section number in Table 2.1. 
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Table 2.1 Natural and Built Features

Item 

Within 

Study 

Area 

Section 

Number 

Reference 

NATURAL FEATURES   

Catchment Areas or Declared Special 

Areas 
  

Rivers or Creeks  5.2 

Aquifers or Known Groundwater 

Resources 
 5.3 

Springs   

Sea or Lake   

Shorelines   

Natural Dams   

Cliffs or Pagodas   

Steep Slopes  5.4 

Escarpments   

Land Prone to Flooding or Inundation  5.5 

Swamps, Wetlands or Water Related 

Ecosystems 
 5.6 

Threatened or Protected Species   5.7 

National Parks    

State Forests    

State Conservation Areas   

Natural Vegetation  5.7 

Areas of Significant Geological Interest   

Any Other Natural Features 

Considered Significant 
  

   

PUBLIC UTILITIES   

Railways   

Roads (All Types)  6.1 

Bridges  6.2 

Tunnels   

Culverts  0 

Water, Gas or Sewerage Infrastructure   

Liquid Fuel Pipelines   

Electricity Transmission Lines or 

Associated Plants 
 6.4 

Telecommunication Lines or 

Associated Plants 
 6.5 

Water Tanks, Water or Sewage 

Treatment Works 
  

Dams, Reservoirs or Associated Works   

Air Strips   

Any Other Public Utilities   

   

PUBLIC AMENITIES   

Hospitals   

Places of Worship   

Schools   

Shopping Centres   

Community Centres   

Office Buildings   

Swimming Pools   

Bowling Greens   

Ovals or Cricket Grounds   

Race Courses   

Golf Courses   

Tennis Courts   

Any Other Public Amenities   

Item 

Within 

Study 

Area 

Section 

Number 

Reference 

FARM LAND AND FACILITIES   

Agricultural Utilisation or Agricultural 

Suitability of Farm Land 
 6.6 

Farm Buildings or Sheds  6.7 

Tanks  6.7 

Gas or Fuel Storages  6.8 

Poultry Sheds   

Glass Houses    

Hydroponic Systems   

Irrigation Systems   

Fences  6.9 

Farm Dams  6.10 

Wells or Bores  6.11 

Any Other Farm Features   

   

INDUSTRIAL, COMMERCIAL AND 

BUSINESS ESTABLISHMENTS 
  

Factories   

Workshops   

Business or Commercial 

Establishments or Improvements 
  

Gas or Fuel Storages or Associated 

Plants 
  

Waste Storages or Associated Plants   

Buildings, Equipment or Operations 

that are Sensitive to Surface 

Movements 

  

Surface Mining (Open Cut) Voids or 

Rehabilitated Areas 
  

Mine Infrastructure Including Tailings 

Dams or Emplacement Areas 
  

Any Other Industrial, Commercial or 

Business Features 
  

   

AREAS OF ARCHAEOLOGICAL OR 

HERITAGE SIGNIFICANCE 
 6.12 

   

ITEMS OF ARCHITECTURAL 

SIGNIFICANCE 
  

   

PERMANENT SURVEY CONTROL 

MARKS 
 6.13 

   

RESIDENTIAL ESTABLISHMENTS   

Houses  0 

Flats or Units   

Caravan Parks   

Retirement or Aged Care Villages   

Associated Structures such as 

Workshops, Garages, On-Site Waste 

Water Systems, Water or Gas Tanks, 

Swimming Pools or Tennis Courts 

 
6.15 and 

6.16 

Any Other Residential Features   

   

ANY OTHER ITEM OF SIGNIFICANCE   

ANY KNOWN FUTURE 

DEVELOPMENTS 
  
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3.0  OVERVIEW OF MINE SUBSIDENCE AND THE METHOD USED TO PREDICT THE MINE SUBSIDENCE 

PARAMETERS FOR THE LONGWALLS 

3.1. Introduction 

This chapter provides an overview of the mine subsidence parameters and the methods that have been 
used to predict the mine subsidence movements resulting from the extraction of the longwalls.  Further 
details on methods of mine subsidence prediction are provided in the background reports entitled 
Introduction to Longwall Mining and Subsidence and General Discussion on Mine Subsidence Ground 
Movements which can be obtained from www.minesubsidence.com. 

3.2. Overview of Conventional Subsidence Parameters 

The normal ground movements resulting from the extraction of pillars or longwalls are referred to as 
conventional or systematic subsidence movements.  These movements are described by the following 
parameters:- 

 Subsidence usually refers to vertical displacement of a point, but subsidence of the ground 
actually includes both vertical and horizontal displacements.  These horizontal displacements in 
some cases, where the subsidence is small beyond the longwall goaf edges, can be greater than 
the vertical subsidence.  Subsidence is usually expressed in units of millimetres (mm). 

 Tilt is the change in the slope of the ground as a result of differential subsidence, and is calculated 
as the change in subsidence between two points divided by the distance between those points.  Tilt 
is, therefore, the first derivative of the subsidence profile.  Tilt is usually expressed in units of 
millimetres per metre (mm/m).  A tilt of 1 mm/m is equivalent to a change in grade of 0.1 %, or 1 
in 1,000. 

 Curvature is the second derivative of subsidence, or the rate of change of tilt, and is calculated as 
the change in tilt between two adjacent sections of the tilt profile divided by the average length of 
those sections.  Curvature is usually expressed as the inverse of the Radius of Curvature with the 
units of 1/kilometres (km-1), but the values of curvature can be inverted, if required, to obtain the 
radius of curvature, which is usually expressed in kilometres (km). 

 Strain is the relative differential horizontal movements of the ground.  Normal strain is calculated 
as the change in horizontal distance between two points on the ground, divided by the original 
horizontal distance between them.  Strain is typically expressed in units of millimetres per metre 
(mm/m).  Tensile Strains occur where the distance between two points increases and 
Compressive Strains occur when the distance between two points decreases.  So that ground 
strains can be compared between different locations, they are typically measured over bay lengths 
that are equal to the depth of cover between the surface and seam divided by 20. 

Whilst mining induced normal strains are measured along monitoring lines, ground shearing can 
also occur both vertically and horizontally across the directions of monitoring lines.  Most of the 
published mine subsidence literature discusses the differential ground movements that are 
measured along subsidence monitoring lines, however, differential ground movements can also be 
measured across monitoring lines using 3D survey monitoring techniques.   

 Horizontal shear deformation across monitoring lines can be described by various parameters 
including horizontal tilt, horizontal curvature, mid-ordinate deviation, angular distortion and shear 
index.  It is not possible, however, to determine the horizontal shear strain across a monitoring line 
using traditional 2D or 3D monitoring techniques. 

High deformations along monitoring lines (i.e. normal strains) are generally measured where high 
deformations have been measured across the monitoring line (i.e. shear deformations).  
Conversely, high deformations across monitoring lines are also generally measured where high 
normal strains have been measured along the monitoring line. 

The incremental subsidence, tilts, curvatures and strains are the additional parameters which result from 
the extraction of each longwall.  The cumulative subsidence, tilts, curvatures and strains are the 
accumulated parameters which result from the extraction of a series of longwalls.  The total subsidence, 
tilts, curvatures and strains are the final parameters at the completion of a series of longwalls.  The 
travelling tilts, curvatures and strains are the transient movements as the longwall extraction face mines 
directly beneath a given point. 
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3.3. Far-field Movements 

The measured horizontal movements at survey marks which are located beyond the longwall goaf edges 
and over solid unmined coal areas are often much greater than the observed vertical movements at those 
marks.  These movements are often referred to as far-field movements. 

Far-field horizontal movements tend to be bodily movements towards the extracted goaf area and are 
accompanied by very low levels of strain.  These movements generally do not result in impacts on natural 
features or built environments, except where they are experienced by large structures which are very 
sensitive to differential horizontal movements. 

In some cases, higher levels of far-field horizontal movements have been observed where steep slopes or 
surface incisions exist nearby, as these features influence both the magnitude and the direction of ground 
movement patterns.  Similarly, increased horizontal movements are often observed around sudden changes 
in geology or where blocks of coal are left between longwalls or near other previously extracted series of 
longwalls.  In these cases, the levels of observed subsidence can be slightly higher than normally predicted, 
but these increased movements are generally accompanied by very low levels of tilt, curvature and strain. 

Far-field horizontal movements and the method used to predict such movements are described further in 
Section 4.6. 

3.4. Overview of Non-Conventional Subsidence Movements 

Conventional subsidence profiles are typically smooth in shape and can be explained by the expected 
caving mechanisms associated with overlying strata spanning the extracted void.  Normal conventional 
subsidence movements due to longwall extraction are easy to identify where longwalls are regular in shape, 
the extracted coal seams are relatively uniform in thickness, the geological conditions are consistent and 
surface topography is relatively flat.   

As a general rule, the smoothness of the profile is governed by the depth of cover and lithology of the 
overburden, particularly the near surface strata layers.  Where the depth of cover is greater than 
400 metres, such as is the case within the Study Area, the observed subsidence profiles along monitoring 
survey lines are generally smooth.  Where the depth of cover is less than 100 metres, the observed 
subsidence profiles along monitoring lines are generally irregular.  Very irregular subsidence movements 
are observed with much higher tilts and strains at very shallow depths of cover where the collapsed zone 
above the extracted longwalls extends up to or near to the surface.   

Irregular subsidence movements are occasionally observed at the deeper depths of cover along an 
otherwise smooth subsidence profile.  The cause of these irregular subsidence movements can be 
associated with:- 

 issues related to the timing and the method of the installation of monitoring lines,  

 sudden or abrupt changes in geological conditions,  

 steep topography, and 

 valley related mechanisms. 

Non-conventional movements due to geological conditions and valley related movements are discussed in 
the following sections. 

3.4.1. Non-conventional Subsidence Movements due to Changes in Geological Conditions 

It is believed that most non-conventional ground movements are a result of the reaction of near surface 
strata to increased horizontal compressive stresses due to mining operations.  Some of the geological 
conditions that are believed to influence these irregular subsidence movements are the blocky nature of 
near surface sedimentary strata layers and the possible presence of unknown faults, dykes or other 
geological structures, cross bedded strata, thin and brittle near surface strata layers and pre-existing natural 
joints.  The presence of these geological features near the surface can result in a bump in an otherwise 
smooth subsidence profile and these bumps are usually accompanied by locally increased tilts, curvatures 
and strains. 

Even though it may be possible to attribute a reason behind most observed non-conventional ground 
movements, there remain some observed irregular ground movements that still cannot be explained with 
the available geological information.  The term “anomaly” is therefore reserved for those non-conventional 
ground movement cases that were not expected to occur and cannot be explained by any of the above 
possible causes. 
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It is not possible to predict the locations and magnitudes of non-conventional anomalous movements.  In 
some cases, approximate predictions for the non-conventional ground movements can be made where the 
underlying geological or topographic conditions are known in advance.  It is expected that these methods 
will improve as further knowledge is gained through ongoing research and investigation. 

In this report, non-conventional ground movements are being included statistically in the predictions and 
impact assessments, by basing these on the frequency of past occurrence of both the conventional and 
non-conventional ground movements and impacts.  The analysis of strains provided in Section 4.4 includes 
those resulting from both conventional and non-conventional anomalous movements.  The impact 
assessments for the natural features and items of surface infrastructure, which are provided in Chapters 5 
through to 9, include historical impacts resulting from previous longwall mining which have occurred as the 
result of both conventional and non-conventional subsidence movements. 

3.4.2. Non-conventional Subsidence Movements due to Steep Topography 

Non-conventional movements can also result from downslope movements where longwalls are extracted 
beneath steep slopes.  In these cases, elevated tensile strains develop near the tops of the steep slopes 
and elevated compressive strains develop near the bases of the steep slopes.  The potential impacts 
resulting from down slope movements include the development of tension cracks at the tops of the steep 
slopes and compression ridges at the bottoms of the steep slopes. 

Further discussions on the potential for down slope movements for the steep slopes within the Study Area 
are provided in Section 5.3. 

3.4.3. Valley Related Movements 

The watercourses within the Study Area may also be subjected to valley related movements, which are 
commonly observed along river and creek alignments in the Southern Coalfield, but less commonly 
observed in the Newcastle Coalfield.  The reason why valley related movements are less commonly 
observed in the Newcastle Coalfield could be that the conventional subsidence movements are typically 
much larger than those observed in the Southern Coalfield and tend to mask any smaller valley related 
movements which may occur. 

Valley bulging movements are a natural phenomenon, resulting from the formation and ongoing 
development of the valley, as illustrated in Fig. 3.1.  The potential for these natural movements are 
influenced by the geomorphology of the valley. 

Bulging of valley
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Fig. 3.1 Valley Formation in Flat-Lying Sedimentary Rocks 
(after Patton and Hendren 1972) 

Valley related movements can be caused by or accelerated by mine subsidence as the result of a number of 
factors, including the redistribution of horizontal in-situ stresses and down slope movements.  Valley related 
movements are normally described by the following parameters:- 

 Upsidence is the reduced subsidence, or the relative uplift within a valley which results from the 
dilation or buckling of near surface strata at or near the base of the valley.  The magnitude of 
upsidence, which is typically expressed in the units of millimetres (mm), is the difference between 
the observed subsidence profile within the valley and the conventional subsidence profile which 
would have otherwise been expected in flat terrain. 
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 Closure is the reduction in the horizontal distance between the valley sides.  The magnitude of 
closure, which is typically expressed in the units of millimetres (mm), is the greatest reduction in 
distance between any two points on the opposing valley sides. 

 Compressive Strains occur within the bases of valleys as a result of valley closure and upsidence 
movements.  Tensile Strains also occur in the sides and near the tops of the valleys as a result of 
valley closure movements.  The magnitudes of these strains, which are typically expressed in the 
units of millimetres per metre (mm/m), are calculated as the changes in horizontal distance over a 
standard bay length, divided by the original bay length.  

The predicted valley related movements resulting from the extraction of the longwalls were made using the 
empirical method outlined in ACARP Research Project No. C9067 (Waddington and Kay, 2002).  Further 
details can be obtained from the background report entitled General Discussion on Mine Subsidence 
Ground Movements which can be obtained at www.minesubsidence.com.  There are other methods 
available to predict valley related movements, however, the ACARP method was adopted for this project as 
it is the most thoroughly used and tested method 

3.5. The Incremental Profile Method 

The Incremental Profile Method (IPM) was initially developed by Waddington Kay and Associates, now 
known as MSEC, as part of a study, in 1994 to assess the impacts of subsidence on particular surface 
infrastructure over a proposed series of longwall panels at Appin Colliery.  The method evolved following 
detailed analyses of subsidence monitoring data from the Southern Coalfield, which was then extended to 
include detailed subsidence monitoring data from the Newcastle, Hunter and Western Coalfields. 

The review of the detailed ground monitoring data from the NSW Coalfields showed that whilst the final 
subsidence profiles measured over a series of longwalls were irregular, the observed incremental 
subsidence profiles due to the extraction of individual longwalls were consistent in both magnitude and 
shape and varied according to local geology, depth of cover, panel width, seam thickness, the extent of 
adjacent previous mining, the pillar width and stability of the chain pillar and a time-related subsidence 
component. 

MSEC developed a series of subsidence prediction curves for the Newcastle and Hunter Coalfields, in 1996 
to 1998, after receiving extensive subsidence monitoring data from Centennial Coal for the Cooranbong Life 
Extension Project (Waddington and Kay, 1998).  The subsidence monitoring data from many collieries in the 
Newcastle and Hunter Coalfields were reviewed and, it was found, that the incremental subsidence profiles 
resulting from the extraction of individual longwalls were consistent in shape and magnitude where the 
mining geometries and overburden geologies were similar. 

Since this time, extensive monitoring data has been gathered from the Southern, Newcastle, Hunter and 
Western Coalfields of New South Wales and from the Bowen Basin in Queensland, including: Angus Place, 
Appin, Awaba, Baal Bone, Bellambi, Beltana, Blakefield South, Bulga, Bulli, Burwood, Carborough Downs, 
Chain Valley, Clarence, Coalcliff, Cook, Cooranbong, Cordeaux, Corrimal, Cumnock, Dartbrook, Delta, 
Dendrobium, Donaldson, Eastern Main, Ellalong, Elouera, Fernbrook, Glennies Creek, Grasstree, Gretley, 
Invincible, John Darling, Kemira, Kestrel, Lambton, Liddell, Mandalong, Metropolitan, Moranbah North, Mt. 
Kembla, Munmorah, Nardell, Newpac, Newstan, Newvale, Newvale 2, NRE Wongawilli, Oaky Creek, 
Ravensworth, South Bulga, South Bulli, Springvale, Stockton Borehole, Teralba, Tahmoor, Tower, Wambo, 
Wallarah, Western Main, Ulan, United, West Cliff, West Wallsend, and Wyee. 

Based on the extensive empirical data, MSEC has developed standard subsidence prediction curves for the 
Southern, Newcastle, Hunter and Western Coalfields.  The prediction curves can then be further refined, for 
the local geology and local conditions, based on the available monitoring data from the area.  Discussions 
on the calibration and review of the Incremental Profile Method at the Mine are provided in Section 3.6. 

The prediction of subsidence is a three stage process where, first, the magnitude of each increment is 
calculated, then, the shape of each incremental profile is determined and, finally, the total subsidence profile 
is derived by adding the incremental profiles from each longwall in the series.  In this way, subsidence 
predictions can be made anywhere above or outside the extracted longwalls, based on the local surface and 
seam information. 

For longwalls in the Newcastle and Hunter Coalfields, the maximum predicted incremental subsidence is 
initially determined, using the IPM subsidence prediction curves for a single isolated panel, based on the 
longwall void width (W) and the depth of cover (H).  The incremental subsidence is then increased, using 
the IPM subsidence prediction curves for multiple panels, based on the longwall series, panel width-to-depth 
ratio (W/H) and pillar width-to-depth ratio (Wpi/H).  In this way, the influence of the panel width (W), depth of 
cover (H), as well as panel width-to-depth ratio (W/H) and pillar width-to-depth ratio (Wpi/H) are each taken 
into account. 
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The shapes of the incremental subsidence profiles are then determined using the large empirical database 
of observed incremental subsidence profiles from the Newcastle and Hunter Coalfields.  The profile shapes 
are derived from the normalised subsidence profiles for monitoring lines where the mining geometry and 
overburden geology are similar to that for the longwalls.  The profile shapes can be further refined, based on 
local monitoring data, which is discussed further in Section 3.6. 

Finally, the total subsidence profiles resulting from the series of longwalls are derived by adding the 
predicted incremental profiles from each of the longwalls.  Comparisons of the predicted total subsidence 
profiles, obtained using the Incremental Profile Method, with observed profiles indicates that the method 
provides reasonable, if not, slightly conservative predictions where the mining geometry and overburden 
geology are within the range of the empirical database.  The method can also be further tailored to local 
conditions where observed monitoring data is available close to the mining area. 

3.6. Calibration and Review of the Incremental Profile Method at Austar Coal Mine 

The Incremental Profile Method was originally calibrated for the local conditions at the Mine during the 
preparation of the Subsidence Management Plan Application for Longwalls A3 to A5 in Stage 2, which was 
discussed in Section 3.4.1 of Report No. MSEC275. 

The calibration was based on the available ground monitoring data at that time, which included: eight 
monitoring lines above Longwalls SL1 to SL4 and Longwalls 1 to 13A at Ellalong Colliery; and three 
monitoring lines above Longwalls A1 and A2 in Stage 1 of the Mine. 

Initially, the magnitudes and shapes of the observed incremental subsidence profiles along each monitoring 
line were compared with the back-predicted subsidence profiles obtained using the standard Incremental 
Profile Method, which is based on the typical Newcastle Coalfield subsidence profiles.  The standard 
Incremental Profile Method was not modified for the presence of any thick massive strata units, which can 
reduce the sag subsidence directly above the extracted longwalls. 

It was found that the values of maximum observed incremental subsidence for the previously extracted 
longwalls along each of the monitoring lines were less than the values of maximum back-predicted 
incremental subsidence obtained using the standard Incremental Profile Method.  It was also found that the 
observed incremental subsidence profiles along the monitoring lines were slightly wider, and that the points 
of maximum observed subsidence were located closer to the longwall tailgates, than for the back-predicted 
incremental subsidence profiles obtained using the standard Incremental Profile Method. 

The reason that the observed subsidence profiles were wider or beamier than the predicted profiles and that 
the maximum observed subsidence was less than the maximum predicted subsidence was the result of the 
geology of the overburden.  The massive sandstones in the overlying Branxton Formation were capable of 
spanning the extracted voids with minimal sag subsidence and, hence, the observed subsidence profiles 
and the magnitudes of the observed subsidence were governed, to a large extent, by pillar compression. 

The shapes of the back-predicted incremental subsidence profiles along each monitoring line were adjusted 
to more closely match those observed.  No adjustments were made to the magnitudes of the maximum 
back-predicted incremental subsidence for each longwall.  The angle of draw to the predicted total 20 mm 
subsidence contour, obtained using the Incremental Profile Method, was also calibrated to 30 degrees 
adjacent to the longitudinal edges of the longwalls, to match those observed over the previously extracted 
longwalls at the colliery. 

Subsequent to the calibration undertaken as part of Report No. MSEC275, Austar has extracted 
Longwalls A3 to A5A in Stage 2 and Longwalls A7 and A8 in Stage 3 at the Mine.  The mine subsidence 
movements were monitored along four monitoring lines in above Longwalls A3 to A5A and four monitoring 
lines above Longwalls A7 and A8.  The comparisons between the observed and predicted movements were 
provided in the End of Panel subsidence review reports for each of these longwalls. 

The comparisons between the observed and predicted subsidence, tilt and strain have been provided for: 
Line 1B above Longwalls A1 and A2 in Fig. 3.2; Line A3X above Longwalls A3 to A5A in Fig. 3.3; and 
Line XL3 above Longwalls A7 and A8 in Fig. 3.4. 

 



 

SUBSIDENCE PREDICTIONS AND IMPACT ASSESSMENTS FOR AUSTAR LONGWALLS B1 TO B3 

© MSEC APRIL 2016  |  REPORT NUMBER MSEC833  |  REVISION A 

PAGE 14 

 

Fig. 3.2 Observed and Predicted Profiles of Subsidence, Tilt and Strain along Line 1B 
above Longwalls A1 and A2 in Stage 1 
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Fig. 3.3 Observed and Predicted Profiles of Subsidence, Tilt and Strain along Line A3X 
above Longwalls A3 and A5A in Stage 2 
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Fig. 3.4 Observed and Predicted Profiles of Subsidence, Tilt and Strain along Line XL3 
above Longwalls A7 and A8 in Stage 3 

It can be seen from Fig. 3.2 to Fig. 3.4, that the maximum observed subsidence were less than the maxima 
predicted using the calibrated Incremental Profile Method, representing 75 % for Line 1B, 83 % for Line A3X 
and 66 % for Line XL3.  It is not unexpected that the Incremental Profile Method has provided conservative 
predictions of vertical subsidence, as no subsidence reduction factor has been applied due to the presence 
of the massive Branxton Formation within the overburden. 

The observed vertical subsidence slightly exceeds the predicted subsidence outside the extents of the 
extracted longwalls adjacent to the tailgate of Longwall A1 (see Fig. 3.2) and adjacent to the maingate of 
Longwall A8 (see Fig. 3.4).  This low level vertical subsidence, however, is not associated with any 
significant observed tilts, curvatures or strains and impacts are not anticipated at this distance from the 
extracted longwalls. 
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The shapes of the observed subsidence profiles reasonably match the predicted profiles.  The maximum 
observed tilts are generally less than the maxima predicted.  The exception to this is the maximum observed 
tilt of 7.6 mm/m adjacent to the tailgate of Longwall A3 which is greater than the maxima predicted of 
5.1 mm/m (see Fig. 3.3).  It was considered that the higher observed tilt was associated with the reduced 
subsidence above solid coal which may have been the result of stronger strata cantilevering and reducing 
the subsidence over the tailgate of Longwall A3.  Localised and elevated tilts were also observed in some 
locations, which exceeded the predictions, however, it is likely that many of these have occurred as the 
result of disturbed survey marks, as they occurred outside of the extents of the longwalls. 

The observed strains were typically less than those expected based on conventional ground movements, 
which are 1 mm/m tensile and 2 mm/m compressive.  A localised tensile strain of 3.1 mm/m occurred along 
Line 1B (see Fig. 3.2) which is considered to have been influenced by top of hill effects.  Localised tensile 
strains between 1 mm/m and 2 mm/m also occurred along Line A3X (see Fig. 3.3) which are likely the result 
of disturbed survey marks. 

It is considered that the calibrated Incremental Profile Method has provided reasonable, if not, conservative 
predictions for the monitoring lines above the longwalls extracted in Stages 1 to 3 at the Mine.  It has not 
been considered necessary to undertake any further refinement of the subsidence prediction model based 
on the available results.  It is expected that the calibrated Incremental Profile Method would provide 
reasonable, if not, slightly conservative predictions for the Longwalls B1 to B3. 
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4.0  MAXIMUM PREDICTED SUBSIDENCE PARAMETERS FOR THE LONGWALLS 

4.1. Introduction 

The following sections provide the maximum predicted conventional subsidence parameters resulting from 
the extraction of Longwalls B1 to B3 based on the Extraction Plan Layout.  The predicted subsidence 
parameters and the impact assessments for the natural and built features are provided in Chapters 5 and 6. 

The predicted subsidence, tilt and curvature have been obtained using the Incremental Profile Method, 
which has been calibrated and reviewed based on the local mining conditions, as described in Sections 3.5 
and 3.6.  The predicted strains have been determined by analysing the strains measured at the Mine.  

The maximum predicted subsidence parameters and the predicted subsidence contours provided in this 
report describe and show the conventional movements and do not include the valley related upsidence and 
closure movements, nor the effects of faults and other geological structures.  Such effects have been 
addressed separately in the impact assessments for each feature provided in Chapters 5 and 6. 

4.2. Maximum Predicted Conventional Subsidence, Tilt and Curvature 

A summary of the maximum predicted values of incremental conventional subsidence, tilt and curvature, 
due to the extraction of each of the longwalls, based on the Extraction Plan Layout, is provided in Table 4.1.  
It is proposed that the longwalls would be extracted in order of Longwalls B2, B3 and then B1. 

Table 4.1 Maximum Predicted Incremental Conventional Subsidence, Tilt and Curvature 
due to the Extraction of Each of the Longwalls 

Longwall 

Maximum 
Predicted 

Incremental 
Conventional 

Subsidence (mm) 

Maximum 
Predicted 

Incremental 
Conventional 
Tilt (mm/m) 

Maximum Predicted 
Incremental 

Conventional 
Hogging Curvature 

(km-1) 

Maximum Predicted 
Incremental 

Conventional 
Sagging Curvature

(km-1) 

LWB2 250 1.0 0.01 0.02 

LWB3 525 2.5 0.02 0.05 

LWB1 500 2.5 0.03 0.05 

The predicted total conventional subsidence contours, after the completion of each of the Longwalls B2, B3 
and B1, are shown in Drawings Nos. MSEC833-10 to MSEC833-12.  The predicted total subsidence 
contours including the adjacent existing and approved longwalls at Ellalong and Austar Mines are shown in 
Drawing No. MSEC833-13.  A summary of the maximum predicted values of total conventional subsidence, 
tilt and curvature within the Study Area is provided in Table 4.2. 

Table 4.2 Maximum Predicted Total Conventional Subsidence, Tilt and Curvature 
after the Extraction of Each of the Longwalls 

Longwalls 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 
Conventional 
Tilt (mm/m) 

Maximum Predicted 
Total Conventional 
Hogging Curvature 

(km-1) 

Maximum Predicted 
Total Conventional 
Sagging Curvature

(km-1) 

LWB2 250 1.0 0.01 0.02 

LWB3 725 3.0 0.02 0.05 

LWB1 925 3.5 0.03 0.05 

The maximum predicted total subsidence resulting from the extraction of the longwalls is 925 mm, which 
represents 27 % of the proposed extraction height of 3.4 metres.  The maximum predicted subsidence 
occurs directly above Longwall B2. 

The maximum predicted total conventional tilt is 3.5 mm/m (i.e. 0.35 %), which represents a change in 
grade of 1 in 285.  The maximum predicted total conventional curvatures are 0.03 km-1 hogging and 
0.05 km-1 sagging, which represent minimum radii of curvatures of 33 kilometres and 20 kilometres, 
respectively. 
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The predicted conventional subsidence parameters vary across the Study Area as the result of, amongst 
other factors, variations in the depths of cover, seam thickness and overburden geology.  To illustrate this 
variation, the predicted profiles of conventional subsidence, tilt and curvature have been determined along 
Prediction Line 1, the location of which is shown in Drawings Nos. MSEC833-10 to MSEC833-13. 

The predicted profiles of conventional subsidence, tilt and curvature along Prediction Line 1, resulting from 
the extraction of Longwalls B1 to B3, are shown in Fig. C.01, in Appendix C.  The predicted profiles are the 
same based on both the Previous Layout and the Extraction Plan Layout. 

4.3. Comparisons of the Maximum Predicted Subsidence Parameters 

The comparison of the maximum predicted subsidence parameters for Longwalls B1 to B3, based on the 
Previous Layout and the Extraction Plan Layout, is provided in Table 4.3.   

Table 4.3 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters 
based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

925 3.5 0.03 0.05 

Extraction Plan Layout  
(Report No. MSEC833) 

925 3.5 0.03 0.05 

The maximum predicted subsidence parameters, based on the Extraction Plan Layout, are the same as 
those predicted based on the Previous Layout.  The extent of the predicted subsidence is less due to the 
shortened commencing and finishing ends of the longwalls. 

The locations of the maximum longitudinal tilts and curvatures change as a result of the shortened 
commencing and finishing ends of the longwalls.  The magnitudes of these longitudinal parameters do not 
change and are less than the maxima that are orientated transverse to the longwalls. 

The predicted subsidence parameters for the natural and built features, based on the Modified Layout, are 
generally similar to less than those predicted based on the Previous Layout.  In some cases, the predicted 
subsidence parameters can increase, where the features are located near to the shortened commencing 
and finishing ends.  The predicted subsidence parameters and the impact assessments for the natural and 
built features, based on the Modified Layout, are discussed in Chapters 4 and 5.  

4.4. Predicted Strains 

The prediction of strain is more difficult than the predictions of subsidence, tilt and curvature.  The reason 
for this is that strain is affected by many factors, including ground curvature and horizontal movement, as 
well as local variations in the near surface geology, the locations of pre-existing natural joints at bedrock 
and the depth of bedrock.  Survey tolerance can also represent a substantial portion of the measured strain, 
in cases where the strains are of a low order of magnitude.  The profiles of observed strain, therefore, can 
be irregular even when the profiles of observed subsidence, tilt and curvature are relatively smooth. 

In previous MSEC subsidence reports, predictions of conventional strain were provided based on the best 
estimate of the average relationship between curvature and strain.  Similar relationships have been 
proposed by other authors.  The reliability of the strain predictions was highlighted in these reports, where it 
was stated that measured strains can vary considerably from the predicted conventional values. 

Adopting a linear relationship between curvature and strain provides a reasonable estimate for the 
conventional tensile and compressive strains.  The locations that are predicted to experience hogging or 
convex curvature are expected to be net tensile strain zones and locations that are predicted to experience 
sagging or concave curvature are expected to be net compressive strain zones. 

In the Newcastle Coalfield a factor of 10 is generally used to predict the conventional strains from 
curvatures.  It has been found, however, that a factor of 15 provides a better prediction of the conventional 
strains at Austar Coal Mine based on reviews of the available ground monitoring data.  The maximum 
predicted conventional strains for Longwalls B1 to B3, adopting a factor of 15, are 0.5 mm/m tensile and 
1 mm/m compressive. 
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At a point, however, there can be considerable variation from the linear relationship, resulting from non-
conventional movements or from the normal scatters which are observed in strain profiles.  When 
expressed as a percentage, observed strains can be many times greater than the predicted conventional 
strain for low magnitudes of curvature.  In this report, therefore, we have provided a statistical approach to 
account for the variability, instead of just providing a single predicted conventional strain. 

The range of potential strains for the longwalls has been determined using monitoring data from the 
previously extracted longwalls at the Mine.  Longwalls A1 and A2 in Stage 1, Longwalls A3 to A5A in 
Stage 2 and Longwalls A7 and A8 in Stage 3 were extracted using LTCC mining techniques.  A summary of 
the overall void widths, depths of cover, width-to-depth ratios and seam thicknesses for these previously 
extracted longwalls is provided in Table 4.4. 

Table 4.4 Mine Geometry for Previously Extracted Longwalls at the Austar Coal Mine 

Stage Longwall Void Width (m) 
Depth of Cover 

(m) 
Width-to-depth 

Ratio 
Seam 

Thickness (m) 

Stage 1 
LWA1 157 395 ~ 470 0.33 ~ 0.40 6.4 ~ 6.9 

LWA2 227 385 ~ 450 0.50 ~ 0.59 6.5 ~ 6.9 

Stage 2 

LWA3 227 485 ~ 535 0.42 ~ 0.47 5.0 ~ 6.8 

LWA4 237 500 ~ 535 0.44 ~ 0.47 5.0 ~ 6.6 

LWA5 237 510 ~ 535 0.44 ~ 0.46 5.3 ~ 6.5 

LWA5A 237 530 ~ 555 0.43 ~ 0.45 5.5 ~ 6.0 

Stage 3 
LWA7 237 455 ~ 520 0.46 ~ 0.52 6.0 ~ 6.5 

LWA8 237 490 ~ 555 0.43 ~ 0.48 6.0 ~ 6.5 

The width-to-depth ratios for the previously extracted longwalls at the Mine typically vary between 0.4 and 
0.5, with the ratios varying between 0.33 and 0.59 for the longwalls in Stage 1.  The width-to-depth ratios for 
Longwalls B1 to B3 vary between 0.4 and 0.5 and, therefore, are within the range of those for the previously 
extracted longwalls. 

The thickness of the Greta Seam within the extents of the previously extracted longwalls varied between 
5.0 metres and 6.9 metres, which were extracted using LTCC techniques.  The LTCC mining cuts the 
bottom 3 metres of coal and recovers approximately 85% of the top coal.  The seam thickness within the 
extents of the Longwalls B1 to B3 varies between 3.3 metres and 4.6 metres, with a constant thickness of 
3.4 metres proposed to be extracted using conventional longwall mining techniques. 

The range of strains measured during the extraction of the previous longwalls in Stages 1 to 3 at the Mine 
should provide a good, if not, conservative indication of the range of potential strains for Longwalls B1 to B3.  
The mine subsidence movements were measured along 11 monitoring lines during the extraction of the 
previous longwalls at the Mine, which were: Line 1A, Line 1B and Line 2 in Stage 1; Line A3, Line A3X, 
Line A4 and Line A5A in Stage 2; and Line XL3, Line A7, Line A8 and Quorrobolong Road in Stage 3. 

In order to improve the strain analysis, the monitoring lines above the previously extracted Longwalls SL1 to 
SL4 and Longwalls 1 to 13A at the adjacent Ellalong Colliery were also included.  These longwalls were 
extracted using conventional longwall mining techniques, where the width-to-depth ratios typically varied 
between 0.4 and 0.5 and the seam thickness typically varied between 3.0 metres and 3.5 metres, which are 
similar to the ranges for Longwalls B1 to B3. 

The data used in the analysis of observed strains included those resulting from both conventional and non-
conventional anomalous movements, but did not include those resulting from valley related movements, 
which are addressed separately in this report.  The strains resulting from damaged or disturbed survey 
marks have also been excluded. 

4.4.1. Analysis of Strains Measured in Survey Bays 

For features that are in discrete locations, such as building structures, farm dams and archaeological sites, 
it is appropriate to assess the frequency of the observed maximum strains for individual survey bays. 

The monitoring lines have been analysed to extract the maximum tensile and compressive strains that have 
been measured at any time during mining, for survey bays that were located directly above the goaf or the 
chain pillars that are located between the extracted longwalls.  A number of probability distribution functions 
were fitted to the empirical data and, it was found, that a Generalised Pareto Distribution (GPD) provided 
good fits to the raw strain data. 
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The histogram of the maximum observed tensile and compressive strains measured in survey bays located 
above goaf is provided in Fig. 4.1.  The probability distribution functions, based on the fitted GPDs, have 
also been shown in this figure. 

 

Fig. 4.1 Distributions of the Measured Maximum Tensile and Compressive Strains during the 
Extraction of Previous Longwalls for Survey Bays Located Above Goaf 

Confidence levels have been determined from the empirical strain data using the fitted GPDs.  In the cases 
where survey bays were measured multiple times during the longwall extraction, the maximum tensile strain 
and the maximum compressive strain were used in the analysis (i.e. single tensile strain and single 
compressive strain measurement per survey bay).  A summary of the predicted strains directly above 
Longwalls B1 to B3 (i.e. above goaf) is provided in Table 4.5. 

Table 4.5 Predicted Strains Directly Above Longwalls B1 to B3 (i.e. Above Goaf) 

Location Confidence Level 
Predicted Tensile 

Strain (mm/m) 
Predicted Compressive 

Strain (mm/m) 

Above Goaf 
95 % 0.9 1.2 

99 % 1.7 2.3 

The survey database has also been analysed to extract the maximum tensile and compressive strains that 
have been measured at any time during mining, for survey bays that were located directly above solid coal 
and within 250 metres of the nearest longwall goaf edge.  Solid coal is defined as the surface area above 
where the coal that has not been extracted by longwalls. 

The histogram of the maximum observed tensile and compressive strains measured in survey bays above 
solid coal is provided in Fig. 4.2.  The probability distribution functions, based on the fitted GPDs, have also 
been shown in this figure. 
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Fig. 4.2 Distributions of the Measured Maximum Tensile and Compressive Strains during the 
Extraction of Previous Longwalls for Survey Bays Located Above Solid Coal 

Confidence levels have been determined from the empirical strain data using the fitted GPDs.  In the cases 
where survey bays were measured multiple times during the longwall extraction, the maximum tensile strain 
and the maximum compressive strain were used in the analysis (i.e. single tensile strain and single 
compressive strain measurement per survey bay).  A summary of the predicted strains outside but within 
250 metres of Longwalls B1 to B3 (i.e. above solid coal) is provided in Table 4.6. 

Table 4.6 Predicted Strains outside Longwalls B1 to B3 (i.e. Above Solid Coal) 

Location Confidence Level 
Predicted Tensile 

Strain (mm/m) 
Predicted Compressive 

Strain (mm/m) 

Above Solid Coal 
95 % 0.8 0.7 

99 % 1.4 1.3 

4.4.2. Analysis of Strains Measured Along Whole Monitoring Lines 

For linear features such as roads, cables and pipelines, it is more appropriate to assess the frequency of 
observed maximum strains along whole monitoring lines, rather than for individual survey bays.  That is, an 
analysis of the maximum strains anywhere along the monitoring lines, regardless of where the strain 
actually occurs. 

The histogram of maximum observed tensile and compressive strains measured anywhere along the 
monitoring lines is provided in Fig. 4.3. 
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Fig. 4.3 Distributions of Measured Maximum Tensile and Compressive Strains along the 
Monitoring Lines during the Extraction of Previous Longwalls 

It can be seen from Fig. 4.3, that 16 of the 18 monitoring lines (i.e. 89 % of the total) have recorded 
maximum total tensile strains of 2 mm/m or less.  It can also be seen, that 15 of the 18 monitoring lines 
(i.e. 83 % of the total) also have recorded maximum compressive strains of 2 mm/m or less.  The maximum 
observed strains along the monitoring lines, excluding the survey bays which appear to have been 
disturbed, were 3.1 mm/m tensile and 4.1 mm/m compressive. 

4.5. Predicted Conventional Horizontal Movements 

The predicted conventional horizontal movements above Longwalls B1 to B3 are calculated by applying a 
factor to the predicted conventional tilt values.  In the Newcastle Coalfield a factor of 10 is generally 
adopted, being the same factor as that used to determine the conventional strains from curvatures, and this 
has been found to give a reasonable correlation with measured data. 

The comparisons between observed and back-predicted strains along the monitoring lines above the 
previously extracted longwalls at the Mine, as described in Sections 3.5 and 3.6, indicates that a factor of 15 
provides a better correlation for the prediction of conventional horizontal movements at Austar Coal Mine.  
This factor will in fact vary and will be higher at low tilt values and lower at high tilt values.  The application 
of this factor will therefore lead to over-prediction of horizontal movements where the tilts are high and 
under-prediction of the movements where the tilts are low. 

The maximum predicted conventional tilt within the Study Area, at any time during or after the extraction of 
Longwalls B1 to B3, is 3.5 mm/m, which occurs adjacent to the maingate of Longwall B3.  This area will 
experience the greatest predicted conventional horizontal movement towards the centre of the overall goaf 
area resulting from the extraction of the longwalls.  The maximum predicted conventional horizontal 
movement is, therefore, approximately 50 mm, i.e. 3.5 mm/m multiplied by a factor of 15. 

Conventional horizontal movements do not directly impact on natural and built features, rather impacts 
occur as the result of differential horizontal movements.  Strain is the rate of change of horizontal 
movement.  The impacts of strain on the natural and built features are addressed in the impact 
assessments provided in Chapters 5 and 6. 

4.6. Predicted Far-field Horizontal Movements 

In addition to the vertical subsidence movements that have been predicted above and adjacent to 
Longwalls B1 to B3, it is also likely that far-field horizontal movements will be experienced during the 
extraction of these longwalls.   
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An empirical database of observed incremental far-field horizontal movements has been compiled using 
monitoring data from the NSW Coalfields, but predominately from the Southern Coalfield.  The far-field 
horizontal movements resulting from longwall mining were generally observed to be orientated towards the 
extracted longwall.  At very low levels of far-field horizontal movements, however, there was a high scatter 
in the orientation of the observed movements. 

The observed incremental far-field horizontal movements, resulting from the extraction of a single longwall, 
are provided in Fig. 4.4.  The confidence levels, based on fitted Generalised Pareto Distributions (GPDs), 
have also been shown in this figure to illustrate the spread of the data. 

 

Fig. 4.4 Observed Incremental Far-Field Horizontal Movements 

As successive longwalls within a series of longwalls are mined, the magnitudes of the incremental far-field 
horizontal movements decrease.  This is possibly due to the fact that once the in situ stresses within the 
strata have been redistributed around the collapsed zones above the first few extracted longwalls, the 
potential for further movement is reduced.  The total far-field horizontal movement is not, therefore, the sum 
of the incremental far-field horizontal movements for the individual longwalls. 

The predicted far-field horizontal movements resulting from the extraction of Longwalls B1 to B3 are very 
small and could only be detected by ground surveys.  Such movements tend to be bodily movements 
towards the extracted goaf area, and are accompanied by very low levels of strain, which are generally less 
than the order of survey tolerance (i.e. less than 0.3 mm/m). 

The potential impacts of far-field horizontal movements on the natural and built features within the vicinity of 
the longwalls are not expected to be significant.  It is not considered necessary, therefore, that monitoring 
be established to measure the far-field horizontal movements resulting from these longwalls. 

4.7. General Discussion on Mining Induced Ground Deformations 

Longwall mining can result in surface cracking, heaving, buckling, humping and stepping at the surface.  
The extent and severity of these mining induced ground deformations are dependent on a number of 
factors, including the mine geometry, depth of cover, overburden geology, locations of natural jointing in the 
bedrock and the presence of near surface geological structures.  

Faults and joints in bedrock develop during the formation of the strata and from subsequent distressing 
associated with movement of the strata.  Longwall mining can result in additional fracturing in the bedrock, 
which tends to occur in the tensile zones, but fractures can also occur due to buckling of the surface beds in 
the compressive zones.  The incidence of visible cracking at the surface is dependent on the pre-existing 
jointing patterns in the bedrock as well as the thickness and inherent plasticity of the soils that overlie the 
bedrock.  
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Surface cracking in soils as the result of conventional subsidence movements is not commonly observed 
where the depths of cover are greater than 400 metres, such as is the case at Austar Coal Mine, and any 
cracking that has been observed has generally been isolated and of a minor nature. 

Cracking is found more often in the bases of stream valleys due to the compressive strains associated with 
upsidence and closure movements.  The likelihood and extent of cracking along the creeks within the Study 
Area are discussed in Section 5.2.  Cracking can also occur at the tops of steep slopes as the result of 
downslope movements, which is discussed in Section 5.4. 

Surface cracks are more readily observed in built infrastructure such as road pavements.  In the majority of 
these cases no visible ground deformations can be seen in the natural ground adjacent to the cracks in the 
road pavements.  In rare instances more noticeable ground deformations, such as humping or stepping of 
the ground can be observed at thrust faults. 

There has been no significant or visible surface cracking above the previously extracted Longwalls A3 to A8 
at the Mine.  The surface cracking, if any, resulting from the extraction of Longwalls B1 to B3 is expected to 
be of a minor nature, which can be easily remedied by infilling with soil or other suitable materials, or by 
locally regrading and recompacting the surface. 

Examples of surface tensile cracking and compression buckling from elsewhere in the NSW Coalfields are 
provided in the photographs in Fig. 4.5 and Fig. 4.6, respectively.  These ground deformations were 
observed in the Southern Coalfield, where the depths of cover were similar to those within the Study Area. 

 

Fig. 4.5 Example of Surface Tensile Cracking in the Natural Ground Surface 
(Observed in the Southern Coalfield at a Similar Depth of Cover as the Study Area) 
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Fig. 4.6 Example of Surface Compression Buckling Observed in Road Pavement 
(Observed in the Southern Coalfield at a Similar Depth of Cover as the Study Area) 

Localised ground buckling and shearing can occur wherever faults, dykes and abrupt changes in geology 
occur near the ground surface.  The identified geological structures within the Study Area are discussed in 
Section 1.4. 

4.8. Estimated Height of the Fractured Zone 

The extraction of longwalls results in deformation throughout the overburden strata.  The terminology used 
by different authors to describe the strata deformation zones above extracted longwalls varies considerably 
and caution should be taken when comparing the recommendations from differing authors.  Forster (1995) 
noted that most studies have recognised four separate zones, as shown in Fig. 4.7, with some variations in 
the definitions of each zone. 

 

Fig. 4.7 Zones in the Overburden according to Forster (1995) 

Peng and Chiang (1984) recognised only three zones as reproduced in Fig. 4.8.  
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Fig. 4.8 Zones in the Overburden According to Peng and Chiang (1984) 

McNally et al (1996) also recognised three zones, which they referred to as the caved zone, the fractured 
zone and the elastic zone.  Kratzsch (1983) identified four zones, but he named them the immediate roof, 
the main roof, the intermediate zone and the surface zone.   

For the purpose of these discussions, the following zones, as described by Singh and Kendorski (1981) and 
proposed by Forster (1995), as shown in Fig. 4.7, have been adopted:- 

 Caved or Collapsed Zone comprises loose blocks of rock detached from the roof and occupying the 
cavity formed by mining.  This zone can contain large voids.  It should be noted, that some authors 
note primary and secondary caving zones. 

 Disturbed or Fractured Zone comprises in situ material lying immediately above the caved zone 
which have sagged downwards and consequently suffered significant bending, fracturing, joint 
opening and bed separation.  It should be noted, that some authors include the secondary caving 
zone in this zone. 

 Constrained or Aquiclude Zone comprises confined rock strata above the disturbed zone which 
have sagged slightly but, because they are constrained, have absorbed most of the strain energy 
without suffering significant fracturing or alteration to the original physical properties.  Some bed 
separation or slippage can be present as well as some discontinuous vertical cracks, usually on the 
underside of thick strong beds, but not of a degree or nature which would result in connective 
cracking or significant increases in vertical permeability.  Some increases in horizontal permeability 
can be found.  Weak or soft beds in this zone may suffer plastic deformation.   

 Surface Zone comprises unconfined strata at the ground surface in which mining induced tensile 
and compressive strains may result in the formation of surface cracking or ground heaving. 

Just as the terminology differs between authors, the means of determining the extents of each of these 
zones also varies.  Some of the difficulties in establishing the heights of the various zones of disturbance 
above extracted longwalls stem from the imprecise definitions of the fractured and constrained zones, the 
differing zone names, and the use of different testing methods and differing interpretations of monitoring 
data, such as extensometer readings.   

Some authors interpret the collapsed and fractured zones to be the zone from which groundwater or water 
in boreholes would flow freely into the mine and, hence, look for the existence of aquiclude or aquitard 
layers above this height to confirm whether surface water would or would not be lost into the mine.   

The heights of the collapsed and fractured zones above extracted longwalls are affected by a number of 
factors, which include the:- 

 widths of extraction; 

 heights of extraction; 

 depths of cover; 

 types of previous workings, if any, above the current extractions; 

 interburden thicknesses to previous workings; 

 presence of pre-existing natural joints within each strata layer; 

 thickness, geology, geomechanical properties and permeability of each strata layer; 

 angle of break of each strata layer; 

 spanning capacity of each strata layer, particularly those layers immediately above the collapsed 
and fractured zones; 

 bulking ratios of each strata layer within the collapsed zone; and the 

 presence of aquiclude or aquitard zones. 
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Some authors have suggested simple equations to estimate the heights of the collapsed and fractured 
zones based solely on the extracted seam height, others have suggested equations based solely on the 
widths of extraction, whilst others have suggested equations based on the width-to-depth ratios of the 
extractions.  As this is a complex issue comprising the above factors, MSEC understand that no simple 
geometrical equation can properly estimate the heights of the collapsed and fractured zones and a more 
thorough analysis is required, which should include other properties, such as geology and permeability, of 
the overburden strata. 

At the Austar Coal Mine, the massive sandstones in the Branxton Formation are capable of spanning the 
extracted voids with minimal sag subsidence, with the observed subsidence governed, to a large extent, by 
pillar compression.  The combination of low width-to-depth ratios of the extracted longwalls and the 
properties of the overburden at the Mine limit the heights of vertical fracturing above the seam. 

Two extensometers were installed above Longwalls A1 and A2 in Stage 1 at the Mine.  The measured 
heights of vertical fracturing above the seam in these locations were: 86 metres for Extensometer AQD1074 
after Longwall A1; and 150 metres for Extensometer AQD1085 after Longwall A2. 

The height of the discontinuous fracturing (i.e. the Discontinuous Fracture Zone, or Zone B) can extend 1 to 
1.5 times the longwall void width above the extracted seam.  The overall void widths of the longwalls are 
236 metres and, therefore, the height of the discontinuous fracturing could extend 235 metres to 355 metres 
above the seam. 

The depth of cover above Longwalls B1 to B3 varies between 480 metres and 555 metres.  It is expected, 
therefore, that a constrained zone would develop in the upper section of the overburden, due to the high 
depths of cover, where vertical fracturing is generally discontinuous and unlikely, therefore, to result in 
significantly increased vertical hydraulic conductivity. 

Further discussions on the effects of mining on the overburden and groundwater are provided by the 
specialist groundwater consultant in the report by Dundon Consulting (2015).  Further details on sub-surface 
strata movements are provided in the background report entitled General Discussion on Mine Subsidence 
Ground Movements which can be obtained at www.minesubsidence.com. 
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5.0  DESCRIPTIONS, PREDICTIONS AND IMPACT ASSESSMENTS FOR THE NATURAL FEATURES 

The following sections provide the descriptions, predictions and impact assessments for the natural features 
within the Study Area, as identified in Chapter 2.  The impact assessments are based on the predicted 
movements due to the extraction of Longwalls B1 to B3, as well as the predicted movements due to the 
previously extracted longwalls at Ellalong Colliery and Austar Coal Mine (i.e. cumulative movements due to 
the existing and proposed longwalls). 

All significant natural features located outside the Study Area, which may be subjected to valley related or 
far-field horizontal movements due to Longwalls B1 to B3 and may be sensitive to these movements, have 
also been included as part of these assessments. 

5.1. Natural Features 

As listed in Table 2.1, the following natural features were not identified within the Study Area nor in the 
immediate surrounds:- 

 drinking water catchment areas or declared special areas; 

 known springs or groundwater seeps; 

 seas or lakes; 

 shorelines; 

 natural dams; 

 cliffs or pagodas; 

 escarpments; 

 lands declared as critical habitat under the Threatened Species Conservation Act 1995; 

 National Parks or State Forests; 

 State Recreation Areas or State Conservation Areas; 

 areas of significant geological interest; and  

 other significant natural features. 

The following sections provide the descriptions, predictions and impact assessments for the natural features 
which have been identified within or in the vicinity of the Study Area. 

5.2. Watercourses 

The locations of the watercourses within the Study Area are shown in Drawing No. MSEC833-07.  The 
descriptions, predictions and impact assessments for these watercourses are provided in the following 
sections. 

5.2.1. Descriptions of the Watercourses 

Quorrobolong Creek is located outside and adjacent to the finishing (i.e. north-eastern) end of Longwall B1.  
The centreline of the creek channel is located at a minimum distance of 65 metres from the longwalls.  The 
total length of creek within the Study Area is around 0.7 kilometres.  Quorrobolong Creek is ephemeral and 
has a shallow incision into the natural surface soils, with an average natural gradient less than 1 mm/m 
within the Study Area. 

The creek generally flows in a northerly direction, to where it joins Cony Creek approximately 1 kilometre 
from the longwalls, and then generally continues in a westerly direction to where it drains into Ellalong 
Lagoon, which is located more than 5 kilometres from the Study Area.  Quorrobolong Creek has been 
previously directly mined beneath by Longwalls SL1 and 1 to 5 at Ellalong Colliery and by Longwalls A3 to 
A5A at the Austar Coal Mine, with a total length of approximately 4 kilometres located directly above these 
previously extracted longwalls. 

Photograph of Quorrobolong Creek taken from Sandy Creek Road are provided in Fig. 5.1. 
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Fig. 5.1 Quorrobolong Creek Looking North (Left) and South (Right) from Sandy Creek Road 

There are also ephemeral drainage lines located on and between the two small ridgelines located within the 
Study Area, which are also shown in Drawing No. MSEC833-07.  The drainage lines within the Study Area 
flow into Quorrobolong Creek to the north of the longwalls. 

5.2.2. Predictions for the Watercourses 

A summary of the maximum predicted values of total subsidence, tilt and curvature for Quorrobolong Creek, 
based on the Extraction Plan Layout, is provided in Table 5.1.  The predictions are the maxima within the 
Study Area, i.e. do not include the sections of creek located above the previously extracted longwalls at 
Ellalong Colliery and Austar Coal Mine, but include the predicted movements resulting from these previous 
longwalls. 

Table 5.1 Maximum Predicted Total Subsidence, Tilt and Curvature for Quorrobolong Creek 

Location Longwall 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature (km-1) 

Quorrobolong 
Creek 

After LWB2 < 20 < 0.5 < 0.01 < 0.01 

After LWB3 < 20 < 0.5 < 0.01 < 0.01 

After LWB1 20 < 0.5 < 0.01 < 0.01 

The predicted profiles of conventional subsidence, tilt and curvature along the alignment of the Unnamed 
Drainage Line 1 are shown in Fig. C.02, in Appendix C.  The location of this drainage line is shown in 
Drawing No. MSEC833-07.  The cumulative profiles due to the extraction of each longwall, based on the 
Extraction Plan Layout, are shown as the blue lines.  The final profiles based on the Previous Layout are 
shown as the red lines for comparison. 

A summary of the maximum predicted values of total subsidence, tilt and curvature for the Unnamed 
Drainage Line 1, based on the Extraction Plan Layout, is provided in, is provided in Table 5.2. 

Table 5.2 Maximum Predicted Total Subsidence, Tilt and Curvature for Unnamed Drainage Line 1 

Location Longwall 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature (km-1) 

Unnamed 
Drainage Line 1 

After LWB2 250 1.0 0.01 0.02 

After LWB3 650 2.0 0.02 0.05 

After LWB1 925 2.5 0.02 0.05 

The tilts provided in the above table are the maxima predicted along the alignment of the drainage line after 
the completion of each of the longwalls.  The curvatures are the maxima predicted in any direction at any 
time during or after the extraction of each of the longwalls. 
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The drainage line is a linear feature and, therefore, the most relevant distributions of strain are the 
maximum strains measured along whole monitoring lines.  The analysis of strain along whole monitoring 
lines during the extraction of the previous longwalls at the Mine is discussed in Section 4.4.2. 

Non-conventional movements can also occur and have occurred in the NSW Coalfields as a result of, 
among other things, anomalous movements.  The analysis of strains provided in Chapter 4 includes those 
resulting from both conventional and non-conventional anomalous movements. 

The remaining drainage lines are located across the Study Area and, therefore, could experience the full 
range of predicted subsidence movements.  A summary of the maximum predicted conventional subsidence 
parameters within the Study Area is provided in Chapter 4. 

Quorrobolong Creek and the drainage lines located within the Study Area have shallow incisions into the 
natural surface soils.  It is unlikely, therefore, that these watercourses would experience any significant 
valley related movements resulting from the extraction of the longwalls. 

5.2.3. Comparisons for the Maximum Predicted Subsidence Parameters for the Watercourses 

The comparisons of the maximum predicted subsidence parameters for the watercourses, based on the 
Previous Layout and the Extraction Plan Layout, are provided in Table 5.3 for Quorrobolong Creek and in 
Table 5.4 for the Unnamed Drainage Line.   

Table 5.3 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
Quorrobolong Creek based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

25 < 0.5 < 0.01 < 0.01 

Extraction Plan Layout  
(Report No. MSEC833) 

20 < 0.5 < 0.01 < 0.01 

Table 5.4 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
the Unnamed Drainage Line based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

925 2.5 0.02 0.05 

Extraction Plan Layout  
(Report No. MSEC833) 

925 2.5 0.02 0.05 

The maximum predicted subsidence parameters for Quorrobolong Creek and the Unnamed Drainage Line, 
based on the Extraction Play Layout, are the same or slightly less than those predicted based on the 
Previous Layout.  Similarly, the maximum predicted subsidence parameters for the ephemeral drainage 
lines located directly above the longwalls, based on the Extraction Plan Layout, are the same or slightly less 
than those predicted based on the Previous Layout. 

5.2.4. Impact Assessments for Quorrobolong Creek 

The assessed levels of potential impact for Quorrobolong Creek, based on the Extraction Plan Layout, are 
the same or slightly less than those assessed based on the Previous Layout. The recommended 
management strategies for the creek are the same as those previously provided in Report No. MSEC769 
and in the Modification Application. 
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5.2.5. Impact Assessments for the Drainage Lines 

The maximum predicted subsidence parameters for the ephemeral drainage lines, based on the Extraction 
Plan Layout, are the same or slightly less than those predicted based on the Previous Layout.  The 
predicted tilts and curvatures are slightly greater in some locations and slightly less in other locations; 
however, the overall levels of the predicted movements reduce.  The extents of the predicted subsidence 
also reduce due to the shortened longwalls. 

The predicted tilt along the Unnamed Drainage Line above the commencing end of Longwall B2, based on 
the Extraction Plan Layout, is slightly greater than that based on the Previous Layout; however, this tilt is 
less than the maxima that occurs above Longwall B3.  The natural surface levels and grades and the 
predicted post mining surface levels and grades along this drainage line, based on the Extraction Plan 
Layout, are illustrated in Fig. 5.2. 

 

Fig. 5.2 Natural and Predicted Post-Mining Levels and Grades along Unnamed Drainage Line 1 

Unnamed Drainage Line 1 has a natural grade of approximately 5 mm/m (i.e. 0.5 %, or 1 in 200) directly 
above the longwalls.  It can be seen from Fig. 5.2, that the there are no predicted reversals in stream grade 
based on the Extraction Plan Layout.  The post mining grade above the chain pillar between Longwalls B2 
and B3 is small and it is possible that minor and localised increased ponding could develop in this location; 
however, this was also the case based on the Previous Layout. 

The maximum predicted curvatures for the Unnamed Drainage Line, based on the Extraction Plan Layout, 
are the same as the maxima based on the Previous Layout.  The locations of the curvatures above the 
commencing end of Longwall B2 move downstream due to the shortened longwall; however, the potential 
for impacts for this drainage line do not change. 

It is concluded, therefore, that the assessed levels of potential impact for the ephemeral drainage lines, 
based on the Extraction Plan Layout, are the same or slightly less than those assessed based on the 
Previous Layout. The recommended management strategies for these drainage lines are the same as those 
previously provided in Report No. MSEC769 and in the Modification Application. 

5.3. Aquifers and Known Groundwater Resources 

The groundwater resources within the Study Area occur in the shallow alluvial aquifers associated with 
Quorrobolong Creek and within the deeper Newcastle Coal Measures.  Further descriptions of the aquifers 
within the Study Area are provided in the report by Dundon Consulting (2015). 

5.4. Steep Slopes 

The locations of the steep slopes within the Study Area are shown in Drawing No. MSEC833-07.  The 
descriptions, predictions and impact assessments for the steep slopes are provided in the following 
sections. 

The definition of a steep slope provided in the NSW Department of Planning and Environment Standard and 
Model Conditions for Underground Mining (DP&E, 2012) is: “An area of land having a gradient between 1 in 
3 (33% or 18.3º) and 2 in 1 (200% or 63.4º)”.  The locations of any steep slopes were identified from the 
1 metre surface level contours which were generated from the Light Detection and Ranging (LiDAR) survey 
of the area. 
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There were no broad areas comprising steep slopes identified within the Study Area, that is, the natural 
grades are typically less than 1 in 3.  The surface grades are locally greater than 1 in 3, in some isolated 
locations, such as along the banks of the ephemeral drainage lines.   

The maximum predicted subsidence parameters for the localised steep slopes, based on the Extraction 
Plan Layout, are the same or slightly less than those predicted based on the Previous Layout.  The 
predicted tilts and curvatures are slightly greater in some locations and slightly less in other locations; 
however, the overall levels of the predicted movements reduce.  The extents of the predicted subsidence 
also reduce due to the shortened longwalls. 

It is concluded, therefore, that the assessed levels of potential impact for the steep slopes, based on the 
Extraction Plan Layout, are the same or slightly less than those assessed based on the Previous Layout. 
The recommended management strategies for the steep slopes are the same as those previously provided 
in Report No. MSEC769 and in the Modification Application. 

5.5. Land Prone to Flooding and Inundation 

The natural gradients along the alignments of Quorrobolong Creek and the associated drainage lines are 
relatively flat and could be prone to flooding and inundation.  A detailed flood study of the area has been 
undertaken and is described in the report by Umwelt (2015b). 

5.6. Swamps, Wetlands and Water Related Ecosystems 

A soak has also been identified within the Study Area which is shown in Drawing No. MSEC833-07.  The 
soak is located 100 metres east of the maingate of Longwall B1, at its closest point to the longwalls.  A 
summary of the maximum predicted values of total subsidence, tilt and curvature for the soak, based on the 
Extraction Plan Layout, is provided in, is provided in Table 5.5. 

Table 5.5 Maximum Predicted Total Subsidence, Tilt and Curvature for the Soak 

Location Longwall 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature (km-1) 

Soak 

After LWB2 < 20 < 0.5 < 0.01 < 0.01 

After LWB3 < 20 < 0.5 < 0.01 < 0.01 

After LWB1 50 0.5 < 0.01 < 0.01 

The maximum predicted hogging and sagging curvatures for the soak are less than 0.01 km-1, which 
represents a minimum radius of curvature greater than 100 kilometres.  It is expected that the strains would 
be less than 0.5 mm/m at the distance of the soak from the longwalls 

The comparisons of the maximum predicted subsidence parameters for the soak, based on the Previous 
Layout and the Extraction Plan Layout, are provided in Table 5.6.   

Table 5.6 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
the Soak based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

60 0.5 < 0.01 < 0.01 

Extraction Plan Layout  
(Report No. MSEC833) 

50 0.5 < 0.01 < 0.01 

The maximum predicted subsidence parameters for the soak, based on the Extraction Plan Layout, are the 
same or slightly less than those predicted based on the Previous Layout.  It is concluded, therefore, that the 
assessed levels of potential impact for the soak, based on the Extraction Plan Layout, are similar to or 
slightly less than those assessed based on the Previous Layout. The recommended management strategies 
for the soak are the same as those previously provided in Report No. MSEC769 and in the Modification 
Application. 
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5.7. Natural Vegetation 

The land within the Study Area has generally been cleared for agricultural and light residential uses.  There 
are pockets of native vegetation, however, primarily along the alignments of Quorrobolong Creek and the 
associated drainage lines.  Longwalls B1 to B3 and the Study Area have been overlaid on an orthophoto of 
the area, in Fig. 5.3, which shows the areas with natural vegetation. 

 

Fig. 5.3 Aerial Photograph Showing Longwalls B1 to B3 

The maximum predicted subsidence parameters within the Study Area, based on the Extraction Plan 
Layout, are the same as those predicted based on the Previous Layout.  The predicted tilts and curvatures 
are slightly greater in some locations and slightly less in other locations; however, the overall levels of the 
predicted movements reduce.  The extents of the predicted subsidence also reduce due to the shortened 
longwalls. 

It is concluded, therefore, that the assessed levels of potential impact for the natural vegetation, based on 
the Extraction Plan Layout, are the same or slightly less than those assessed based on the Previous 
Layout. The recommended management strategies for the natural vegetation are the same as those 
previously provided in Report No. MSEC769 and in the Modification Application. 
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6.0  DESCRIPTIONS, PREDICTIONS AND IMPACT ASSESSMENTS FOR THE BUILT FEATURES 

The following sections provide the descriptions, predictions and impact assessments for the built features 
which have been identified within or in the vicinity of the Study Area, as identified in Chapter 2.  The impact 
assessments are based on the predicted movements due to the extraction of Longwalls B1 to B3, as well as 
the predicted movements due to the previously extracted longwalls at Ellalong Colliery and Austar Coal 
Mine (i.e. cumulative movements due to the existing and proposed longwalls). 

6.1. Public Roads 

The locations of public roads within the Study Area are shown in Drawing No. MSEC833-08.  The 
descriptions, predictions and impact assessments for the roads within the Study Area are provided in the 
following sections.   

6.1.1. Descriptions of the Roads 

Sandy Creek Road crosses directly above the north-eastern ends of Longwalls B1 to B3.  The total length of 
this road located directly above these longwalls is around 0.9 kilometres.  Sandy Creek Road has also been 
previously directly mined beneath by Longwalls 1 to 9 at Ellalong Colliery, to the west of the Study Area, 
with a total length of approximately 2 kilometres located directly above these previously extracted longwalls. 

Sandy Creek Road provides access between the township of Ellalong, which is located to the west of the 
Study Area, and Freemans Drive and Lake Road, which are located east of the Study Area.  The section of 
road within the Study Area has a single carriageway with a bitumen seal and grass verges (i.e. no kerb and 
guttering, however, there are concrete v-channels adjacent to the road on the hill to the west of Barraba 
Lane). 

A bridge is located where Sandy Creek Road crosses Quorrobolong Creek, which is discussed in 
Section 6.2.  Concrete drainage culverts are also located where the road crosses the drainage lines, which 
are discussed in Section 6.3. 

Barraba Lane crosses directly above the north-eastern end of Longwall B1.  This unsealed road provides 
access to the private properties which are located to the south of Sandy Creek Road. 

Photographs of Sandy Creek Road (left side) and Barraba Lane (right side) are provided in Fig. 6.1. 

 

Fig. 6.1 Sandy Creek Road (left side) and Barraba Lane (right side) 

The roads are owned and maintained by the Cessnock City Council. 

6.1.2. Predictions for the Roads 

The predicted profiles of conventional subsidence, tilt and curvature along the alignments of Sandy Creek 
Road and Barraba Lane are shown in Figs. C.03 and C.04, respectively, in Appendix C.  A summary of the 
maximum predicted values of total subsidence, tilt and curvature for these roads, based on the Extraction 
Plan Layout, is provided in, is provided in Table 6.1. 
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Table 6.1 Maximum Predicted Total Subsidence, Tilt and Curvature for the Public Roads 

Location Longwall 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature (km-1) 

Sandy Creek 
Road 

After LWB2 60 < 0.5 0.01 0.01 

After LWB3 475 2.0 0.02 0.04 

After LWB1 650 2.0 0.02 0.04 

Barraba Lane 

After LWB2 40 < 0.5 < 0.01 < 0.01 

After LWB3 50 < 0.5 < 0.01 < 0.01 

After LWB1 275 1.0 0.02 0.01 

The tilts provided in the above table are the maxima predicted along the alignments of the roads after the 
completion of each of the longwalls.  The curvatures are the maxima predicted in any direction at any time 
during or after the extraction of each of the longwalls. 

The roads are linear features and, therefore, the most relevant distributions of strain are the maximum 
strains measured along whole monitoring lines.  The analysis of strain along whole monitoring lines during 
the extraction of the previous longwalls at the Mine is discussed in Section 4.4.2. 

Non-conventional movements can also occur and have occurred in the NSW Coalfields as a result of, 
among other things, anomalous movements.  The analysis of strains provided in Chapter 4 includes those 
resulting from both conventional and non-conventional anomalous movements. 

6.1.3. Comparisons for the Maximum Predicted Subsidence Parameters for the Roads 

The comparisons of the maximum predicted subsidence parameters for the public roads, based on the 
Previous Layout and the Extraction Plan Layout, are provided in Table 6.2 for Sandy Creek Road and 
Table 6.3 for Barraba Lane. 

Table 6.2 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
Sandy Creek Road based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

850 2.5 0.02 0.05 

Extraction Plan Layout  
(Report No. MSEC833) 

650 2.0 0.02 0.04 

Table 6.3 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
Barraba Lane based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

275 1.0 0.02 0.01 

Extraction Plan Layout  
(Report No. MSEC833) 

275 1.0 0.02 0.01 

The maximum predicted subsidence parameters for Sandy Creek Road and Barraba Lane, based on the 
Extraction Play Layout, are the same or less than those predicted based on the Previous Layout.  The 
extents of subsidence along these roads do not change significantly. 
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6.1.4. Impact Assessments for the Roads 

The assessed levels of potential impact for the public roads, based on the Extraction Plan Layout, are the 
same or slightly less than those assessed based on the Previous Layout. The recommended management 
strategies for the roads are the same as those previously provided in Report No. MSEC769 and in the 
Modification Application. 

6.2. Road Bridges 

The Quorrobolong Creek Forbes Bridge (Ref. SCR-B1) is located within the Study Area where Sandy Creek 
Road crosses Quorrobolong Creek, which is shown in Drawing No. MSEC833-08.  The bridge is located 
100 metres east of the finishing (i.e. north-eastern) end of Longwall B1, at its closest point to the longwalls. 

The bridge comprises a concrete deck supported on three concrete box culverts and concrete wingwalls.  
The 3 metre wide box culverts are spaced evenly along the 15 metre deck span, with one adjacent to each 
of the wingwalls and one at mid-span.  A photograph of the bridge is provided in Fig. 6.2.  The bridge is 
owned and maintained by the Cessnock City Council. 

 

Fig. 6.2 Bridge SCR-B1 along Sandy Creek Road 

Bridge SCR-B1 is predicted to experience around 20 mm vertical subsidence due to the extraction of 
Longwalls B1 to B3.  The predicted subsidence parameters for the bridge do not change due to the 
shortened longwalls.  

It is concluded, therefore, that the assessed levels of potential impact for Bridge SCR-B1, based on the 
Extraction Plan Layout, are the same as those assessed based on the Previous Layout. The recommended 
management strategies for the bridge are the same as those previously provided in Report No. MSEC769 
and in the Modification Application. 

6.3. Road Drainage Culverts 

The locations of the road drainage culverts within the Study Area are shown in Drawing No. MSEC833-08.  
The descriptions, predictions and impact assessments for the culverts within the Study Area are provided in 
the following sections.   

6.3.1. Descriptions of the Road Drainage Culverts 

There are two concrete box culverts (Refs. SCR-C1 and SCR-C2) within the Study Area, where Sandy 
Creek Road crosses two drainage lines, which are located directly above Longwall B3.  Photographs of 
these box culverts are provided in Fig. 6.3. 
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Fig. 6.3 Box Culverts SCR-C1 (Left) and SCR-C2 (Right) 

Dual 300 mm diameter circular concrete culverts (Ref. BL-C1) are located on Barraba Lane, near the 
intersection with Sandy Creek Road, which are directly above Longwall B1.  There are also other drainage 
culverts along Sandy Creek Road and Barraba Lane which are located inside the Study Area but outside 
the extents of the longwalls. 

6.3.2. Predictions for the Road Drainage Culverts 

A summary of the maximum predicted values of total subsidence, tilt and curvature for the box culverts 
SCR-C1 and SCR-C2, after the completion of each of the longwalls, is provided in, is provided in Table 6.4. 

Table 6.4 Maximum Predicted Total Subsidence, Tilt and Curvature for the Box Culverts 

Location Longwall 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature (km-1) 

SCR-C1 

After LWB2 50 0.5 < 0.01 < 0.01 

After LWB3 425 2.0 0.01 0.01 

After LWB1 550 2.5 0.01 0.01 

SCR-C2 

After LWB2 40 0.5 < 0.01 < 0.01 

After LWB3 375 2.0 0.01 0.01 

After LWB1 475 2.5 0.01 0.01 

The tilts and curvatures are the maxima predicted in any direction at any time during or after the extraction 
of each of the longwalls. 

The maximum predicted subsidence parameters for the dual circular culverts BL-C1 are: 150 mm vertical 
subsidence, 2.0 mm/m tilt, 0.02 km-1 hogging curvature and less than 0.01 km-1 sagging curvature.  The 
other culverts located outside the extents of the longwalls could also experience vertical subsidence up to 
around 100 mm. 

The culverts are point features and, therefore, the most relevant distributions of strain are the maximum 
strains measured in individual survey bays.  The analysis of strain measured in individual survey bays 
during the extraction of the previous longwalls at the Mine is discussed in Section 4.4.1. 

Non-conventional movements can also occur and have occurred in the NSW Coalfields as a result of, 
among other things, anomalous movements.  The analysis of strains provided in Chapter 4 includes those 
resulting from both conventional and non-conventional anomalous movements. 

6.3.3. Comparisons for the Maximum Predicted Subsidence Parameters for the Culverts 

The comparisons of the maximum predicted subsidence parameters for the box culverts, based on the 
Previous Layout and the Extraction Plan Layout, are provided in Table 6.5 for SCR-C1 and Table 6.6 for 
SCR-C2. 
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Table 6.5 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
Drainage Culvert SCR-C1 based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

600 2.5 0.01 0.01 

Extraction Plan Layout  
(Report No. MSEC833) 

550 2.5 0.01 0.01 

Table 6.6 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
Drainage Culvert SCR-C2 based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

500 2.5 0.01 0.01 

Extraction Plan Layout  
(Report No. MSEC833) 

475 2.5 0.01 0.01 

The maximum predicted subsidence parameters for box culverts, based on the Extraction Play Layout, are 
the same or less than those predicted based on the Previous Layout.  Similarly, the maximum predicted 
subsidence parameters for the other culverts within the Study Area remain the same or slightly reduce. 

6.3.4. Impact Assessments for the Road Drainage Culverts 

The assessed levels of potential impact for the drainage culverts, based on the Extraction Plan Layout, are 
the same or slightly less than those assessed based on the Previous Layout. The recommended 
management strategies for the culverts are the same as those previously provided in Report No. MSEC769 
and in the Modification Application. 

6.4. Electrical Infrastructure 

The locations of the electrical infrastructure within the Study Area are shown in Drawing No. MSEC833-08.  
The descriptions, predictions and impact assessments for the electrical infrastructure are provided in the 
following sections. 

6.4.1. Descriptions of the Electrical Infrastructure 

The electrical services comprise above ground 11 kV powerlines supported by timber poles.  There are also 
low voltage powerlines which supply power to the rural properties within the Study Area.  Photographs of the 
11 kV powerlines within the Study Area are provided in Fig. 6.4. 
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Fig. 6.4 11 kV Powerlines adjacent to Sandy Creek Road (Left) and Barraba Lane (Right) 

The powerlines are owned and maintained by Ausgrid. 

6.4.2. Predictions for the Electrical Infrastructure 

The powerlines will not be directly affected by the ground strains, as the cables are supported by poles 
above ground level.  The cables may, however, be affected by changes in the bay lengths, i.e. the distances 
between the poles at the levels of the cables, resulting from differential subsidence, horizontal movements, 
and tilt at the pole locations.  The stabilities of the poles may also be affected by conventional tilts, and by 
changes in the catenary profiles of the cables. 

The predicted profiles of conventional subsidence, tilt along and tilt across the alignments of the 11 kV 
Powerline Branch 1 (adjacent to Sandy Creek Road) and 11 kV Powerline Branch 2 (Adjacent to Barraba 
Lane) are shown in Figs. C.05 and C.06, respectively, in Appendix C. 

A summary of the maximum predicted values of total subsidence and tilt for these powerlines, based on the 
Extraction Plan Layout, is provided in, is provided in Table 6.7.  The values provided in this table are the 
maxima anywhere along the powerlines, i.e. not just at the pole locations. 

Table 6.7 Maximum Predicted Total Subsidence and Tilt for the Powerlines 

Location Longwall 
Maximum Predicted 

Total Subsidence 
(mm) 

Maximum Predicted 
Total Tilt Along the 
Alignment (mm/m) 

Maximum Predicted 
Total Tilt Across 

the Alignment 
(mm/m) 

11 kV Powerline 
Branch 1 

After LWB2 90 < 0.5 1.0 

After LWB3 525 2.5 1.5 

After LWB1 725 2.5 2.5 

11 kV Powerline 
Branch 2 

After LWB2 20 < 0.5 < 0.5 

After LWB3 20 < 0.5 < 0.5 

After LWB1 250 1.0 2.0 

The maximum predicted tilt in any direction at the powerpole locations is 3.0 mm/m (i.e. 0.3 %, or 1 in 335).  
The maximum predicted horizontal movement at the tops of the powerpoles, based on a pole height of 
15 metres, is 90 mm. 

6.4.3. Comparisons for the Maximum Predicted Subsidence Parameters for the Powerlines 

The comparisons of the maximum predicted subsidence parameters for the powerlines, based on the 
Previous Layout and the Extraction Plan Layout, are provided in Table 6.8 for Branch 1 and Table 6.9 for 
Branch 2. 
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Table 6.8 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
the 11 kV Powerline Branch 1 based on the Previous Layout and Extraction Plan Layout 

Layout 
Maximum Predicted Total 
Conventional Subsidence 

(mm) 

Maximum Predicted Total 
Tilt Along the Alignment 

(mm/m) 

Maximum Predicted Total 
Tilt Across the Alignment 

(mm/m) 

Previous Layout  
(Report No. MSEC769) 

875 2.5 1.5 

Extraction Plan Layout  
(Report No. MSEC833) 

725 2.5 2.5 

Table 6.9 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
the 11 kV Powerline Branch 1 based on the Previous Layout and Extraction Plan Layout 

Layout 
Maximum Predicted Total 
Conventional Subsidence 

(mm) 

Maximum Predicted Total 
Tilt Along the Alignment 

(mm/m) 

Maximum Predicted Total 
Tilt Across the Alignment 

(mm/m) 

Previous Layout  
(Report No. MSEC769) 

275 1.0 2.0 

Extraction Plan Layout  
(Report No. MSEC833) 

250 1.0 2.0 

The predicted tilt across the alignment of the 11 kV powerline Branch 1, based on the Extraction Plan 
Layout, of 2.5 mm/m is greater than that based on the Previous Layout of 1.5 mm/m.  Otherwise, the 
maximum predicted subsidence parameters for the 11 kV powerlines, based on the Extraction Play Layout, 
are the same or less than those predicted based on the Previous Layout. 

6.4.4. Impact Assessments for the Electrical Infrastructure 

Whilst the maximum predicted tilt across the alignment of the 11 kV powerline Branch 1, based on the 
Extraction Plan Layout, is slightly greater than that based on the Previous Layout, its magnitude is the same 
as the maxima along its alignment.  The overall levels of predicted movement for the powerlines therefore 
are the same or slightly reduce. 

It is concluded, therefore, that the assessed levels of potential impact for the 11 kV powerlines, based on 
the Extraction Plan Layout, are the same or slightly less than those assessed based on the Previous 
Layout. The recommended management strategies for the powerlines are the same as those previously 
provided in Report No. MSEC769 and in the Modification Application. 

6.5. Telecommunications Infrastructure 

The locations of the telecommunications infrastructure within the Study Area are shown in Drawing No. 
MSEC833-08.  The descriptions, predictions and impact assessments for the telecommunications 
infrastructure are provided in the following sections. 

6.5.1. Description of the Telecommunications Infrastructure 

The telecommunication infrastructure within the Study Area are owned by Telstra and comprise direct 
buried copper cables with some aerial connections to the houses.  The cables generally follow the 
alignments and Sandy Creek Road and Barraba Lane and service the rural properties within the Study 
Area.  The total length of copper telecommunications cables located directly above the longwalls is 
approximately 2 kilometres.  There were no optical fibre cables identified within the Study Area. 

6.5.2. Predictions for the Telecommunications Infrastructure 

The copper telecommunications cables within the Study Area generally follow the alignments of the public 
roads.  The predicted profiles of subsidence, tilt and curvature for these copper cables, therefore, are similar 
to those predicted along Sandy Creek Road and Barraba Lane which are shown in Figs. C.03 and C.04, 
respectively, in Appendix C. 

A summary of the maximum predicted values of total subsidence, tilt and curvature for the copper 
telecommunications cable, after the completion of each of the longwalls, is provided in, is provided in 
Table 6.10. 
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Table 6.10 Maximum Predicted Total Subsidence, Tilt and Curvature for the 
Copper Telecommunications Cables 

Location Longwall 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature 

(km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature 

(km-1) 

Copper 
Telecommunications 

Cables 

After LWB2 60 < 0.5 0.01 0.01 

After LWB3 475 2.0 0.02 0.04 

After LWB1 650 2.0 0.02 0.04 

The tilts provided in the above table are the maxima predicted along the alignments of the cables after the 
completion of each of the longwalls.  The curvatures are the maxima predicted in any direction at any time 
during or after the extraction of each of the longwalls. 

The cables are linear features and, therefore, the most relevant distributions of strain are the maximum 
strains measured along whole monitoring lines.  The analysis of strain along whole monitoring lines during 
the extraction of the previous longwalls at the Mine is discussed in Section 4.4.2. 

Non-conventional movements can also occur and have occurred in the NSW Coalfields as a result of, 
among other things, anomalous movements.  The analysis of strains provided in Chapter 4 includes those 
resulting from both conventional and non-conventional anomalous movements. 

6.5.3. Comparisons for the Maximum Predicted Subsidence Parameters for the 
Telecommunications Infrastructure 

The comparison of the maximum predicted subsidence parameters for the copper telecommunications 
cables, based on the Previous Layout and the Extraction Plan Layout, is provided Table 6.11. 

Table 6.11 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
the Copper Telecommunications Cables based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

850 2.5 0.02 0.05 

Extraction Plan Layout  
(Report No. MSEC833) 

650 2.0 0.02 0.04 

The maximum predicted subsidence parameters for copper telecommunications cables, based on the 
Extraction Play Layout, are the same or less than those predicted based on the Previous Layout.  The 
extents of subsidence along these cables do not change significantly. 

6.5.4. Impact Assessments for the Telecommunications Infrastructure 

The assessed levels of potential impact for the copper telecommunications cables, based on the Extraction 
Plan Layout, are the same or slightly less than those assessed based on the Previous Layout. The 
recommended management strategies for the cables are the same as those previously provided in Report 
No. MSEC769 and in the Modification Application. 

6.6. Agricultural Utilisation 

The land within the Study Area has predominately been cleared for agricultural and light residential use.  
The descriptions, predictions and impact assessments for the built features on these rural properties are 
provided in the following sections. 
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The potential for impacts on the land use result from the: surface cracking; changes in surface water; and 
changes in ground water.  It is unlikely that significant surface cracking would occur as a result of the 
longwalls, as none has been observed at Austar Coal Mine to date.  Also, as described in Section 5.2, the 
watercourses within the Study Area are ephemeral and it is unlikely that the mining induced tilts would have 
a significant impact on the surface water flows.  Further discussions on the potential impacts on the surface 
water drainage are provided by Umwelt (2015b). 

6.7. Rural Structures 

6.7.1. Descriptions of the Rural Structures 

The rural structures (Structure Type R) are shown in Drawing No. MSEC833-09.  The locations, sizes and 
details of the rural structures were determined from the aerial photograph of the area and from kerb side 
inspections.  The rural structures within the Study Area are generally of lightweight construction and include 
farm sheds, garages, tanks and other non-residential structures. 

There are 49 rural structures that have been identified within the Study Area, of which: eight are located 
directly above the chain pillar between Longwalls B1 and B2 (Refs. B03r07 to B03r14 on Property B03); and 
two are located directly above Longwall B3 (Refs. A02d and A02f on Property A02).  There were 54 rural 
structures located within the Study Area based on the Previous Layout, with the five additional structures 
located to the north and to the east of the longwalls. 

6.7.2. Predictions for the Rural Structures 

Predictions of conventional subsidence, tilt and curvature have been made at the centroid and at the 
vertices of each rural building structure, as well as at eight equally spaced points placed radially around the 
centroid and vertices at a distance of 20 metres.  In the case of a rectangular shaped structure, predictions 
have been made at a minimum of 45 points within and around the structure. 

The predicted total conventional subsidence, tilts and curvatures for the rural structures within the Study 
Area, based on the Extraction Plan Layout, are provided in Table D.01, in Appendix D.  A summary of the 
maximum predicted subsidence parameters for the rural structures on each of the properties within the 
Study Area is provided in Table 6.12.  The values include the predicted movements resulting from the 
previous extraction of the adjacent longwalls at Ellalong Colliery and Austar Coal Mine (i.e. cumulative 
movements). 

Table 6.12 Maximum Predicted Total Subsidence, Tilt and Curvature for the Rural Structures 

Property 
Number of 

Rural 
Structures 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature 

(km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature 

(km-1) 

A01 2 90 0.5 < 0.01 < 0.01 

A02 7 80 1.0 < 0.01 < 0.01 

A06 3 50 < 0.5 < 0.01 < 0.01 

B03 14 825 2.0 0.01 0.04 

B04 4 70 < 0.5 < 0.01 < 0.01 

B09 3 100 0.5 < 0.01 < 0.01 

B10 4 50 < 0.5 < 0.01 < 0.01 

B11 3 30 < 0.5 < 0.01 < 0.01 

B12 5 70 < 0.5 < 0.01 < 0.01 

B13 2 30 < 0.5 < 0.01 < 0.01 

C01 2 < 20 < 0.5 < 0.01 < 0.01 

The tilts provided in the above table are the maxima predicted in any directions at the completion of the 
longwalls.  The curvatures are the maxima predicted in any direction at any time during or after the 
extraction of each of the longwalls. 

The rural structures are at discrete locations and, therefore, the most relevant distributions of strain are the 
maximum strains measured in individual survey bays.  The analysis of strain in survey bays during the 
extraction of the previous longwalls at the Mine is discussed in Section 4.4.1. 
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Non-conventional movements can also occur and have occurred in the NSW Coalfields as a result of, 
among other things, anomalous movements.  The analysis of strains provided in Chapter 4 includes those 
resulting from both conventional and non-conventional anomalous movements. 

6.7.3. Comparisons for the Maximum Predicted Subsidence Parameters for the Rural Structures 

The comparison of the maximum predicted subsidence parameters for the rural structures, based on the 
Previous Layout and the Extraction Plan Layout, is provided Table 6.13. 

Table 6.13 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
the Rural Structures based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

850 2.0 0.02 0.04 

Extraction Plan Layout  
(Report No. MSEC833) 

825 2.0 0.01 0.04 

The maximum predicted subsidence parameters for rural structures, based on the Extraction Play Layout, 
are the same or less than those predicted based on the Previous Layout. 

The predicted subsidence parameters for the rural structures on Property A02 reduce, as these were 
located above Longwall B3 based on the Previous Layout, and are now located above or outside the 
shortened finishing end of this longwall.  Similarly, the predicted subsidence parameters for the rural 
structures on Properties A01 and A06 reduce, due to the increased distances from the shortened finishing 
ends of Longwalls B2 and B3. 

There are no rural structures where the predicted subsidence parameter increase due to the shortened 
longwalls.  This is because there are no structures located above the longwalls and adjacent to the 
shortened commencing end finishing ends, where the greatest longitudinal tilts and curvatures develop. 

6.7.4. Impact Assessments for the Rural Structures 

The assessed levels of potential impact for the rural structures, based on the Extraction Plan Layout, are the 
same or slightly less than those assessed based on the Previous Layout. The recommended management 
strategies for the rural structures are the same as those previously provided in Report No. MSEC769 and in 
the Modification Application. 

6.8. Gas and Fuel Storages 

There are domestic gas and fuel storages on the rural properties within the Study Area and, therefore, could 
experience the full range of predicted subsidence movements.  A summary of the maximum predicted 
conventional subsidence movements within the Study Area is provided in Chapter 4. 

The assessed levels of potential impact for the gas and fuel storages, based on the Extraction Plan Layout, 
are the same or slightly less than those assessed based on the Previous Layout. The recommended 
management strategies for the gas and fuel storages are the same as those previously provided in Report 
No. MSEC769 and in the Modification Application. 

6.9. Farm Fences 

There are a number of fences within the Study Area which are constructed in a variety of ways, generally 
using either timber or metal materials.  The assessed levels of potential impact for the fences, based on the 
Extraction Plan Layout, are the same or slightly less than those assessed based on the Previous Layout. 
The recommended management strategies for the fences are the same as those previously provided in 
Report No. MSEC769 and in the Modification Application. 
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6.10. Farm Dams 

6.10.1. Descriptions of the Farm Dams 

The farm dams (Structure Type D) are shown in Drawing No. MSEC833-09.  The locations and sizes of the 
dams were determined from the aerial photograph of the area.  There are 24 farm dams which have been 
identified within the Study Area, of which, only seven are located directly above the longwalls.  There were 
27 farm dams located within the Study Area based on the Previous Layout, with the three additional dams 
located to the north and to the east of the longwalls. 

The farm dams are typically of earthen construction and have been established by localised cut and fill 
operations along the natural drainage lines.  The heights of the dam walls are typically less than 5 metres.  
The farm dams within the Study Area have surface areas ranging between 30 m2 and 2,970 m2 and 
maximum plan dimensions ranging between 8 metres and 190 metres.  

6.10.2. Predictions for the Farm Dams 

The predicted total conventional subsidence, tilts and curvatures for the farm dams within the Study Area, 
based on the Extraction Plan Layout, are provided in Table D.02, in Appendix D.  A summary of the 
maximum predicted subsidence parameters for the farm dams on each of the properties within the Study 
Area is provided in Table 6.14.  The values include the predicted movements resulting from the previous 
extraction of the adjacent longwalls at Ellalong Colliery and Austar Coal Mine (i.e. cumulative movements). 

Table 6.14 Maximum Predicted Total Subsidence, Tilt and Curvature for the Farm Dams 

Property 
Number of 
Farm Dams 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature 

(km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature 

(km-1) 

A01 3 200 2.0 0.03 < 0.01 

A06 4 125 1.0 0.01 < 0.01 

B01 3 800 3.0 0.02 0.04 

B02 2 650 3.0 0.01 0.02 

B03 5 600 3.0 0.02 0.02 

B04 2 175 < 0.5 < 0.01 < 0.01 

B07 1 30 < 0.5 < 0.01 < 0.01 

B08 1 100 1.0 < 0.01 < 0.01 

B09 1 60 < 0.5 < 0.01 < 0.01 

B12 1 50 < 0.5 < 0.01 < 0.01 

C01 1 80 0.5 < 0.01 < 0.01 

The tilts provided in the above table are the maxima predicted in any directions at the completion of the 
longwalls.  The curvatures are the maxima predicted in any direction at any time during or after the 
extraction of each of the longwalls. 

The farm dams are at discrete locations and, therefore, the most relevant distributions of strain are the 
maximum strains measured in individual survey bays.  The analysis of strain in survey bays during the 
extraction of the previous longwalls at the Mine is discussed in Section 4.4.1. 

Non-conventional movements can also occur and have occurred in the NSW Coalfields as a result of, 
among other things, anomalous movements.  The analysis of strains provided in Chapter 4 includes those 
resulting from both conventional and non-conventional anomalous movements. 

6.10.3. Comparisons for the Maximum Predicted Subsidence Parameters for the Farm Dams 

The comparison of the maximum predicted subsidence parameters for the farm dams, based on the 
Previous Layout and the Extraction Plan Layout, is provided Table 6.15. 
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Table 6.15 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
the Farm Dams based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

825 3.5 0.03 0.04 

Extraction Plan Layout  
(Report No. MSEC833) 

800 3.0 0.03 0.04 

The maximum predicted subsidence parameters for farm dams, based on the Extraction Play Layout, are 
the same or less than those predicted based on the Previous Layout. 

The predicted subsidence parameters for the farm dams on Property A06 reduce, as these were located 
above Longwalls B2 and B3 based on the Previous Layout, and are now located outside the shortened 
finishing end of these longwalls. 

The predicted tilt at Dam B03d04, based on the Extraction Plan Layout, of 2.5 mm/m is greater than that 
based on the Previous Layout of 0.5 mm/m.  The predicted tilts increases due to its closer proximity to the 
shortened commencing end of Longwall B3.  In any case, the predicted tilt at this dam is less than the 
predicted maxima for the dams within the Study Area of 3.5 mm/m based on the Previous Layout and 
3.0 mm/m based on the Extraction Plan Layout. 

The predicted subsidence parameters for the remaining farm dams, based on the Extraction Plan Layout, 
are similar to or less than those predicted based on the Previous Layout. 

6.10.4. Impact Assessments for the Farm Dams 

Whilst the predicted tilt at Dam B03d04, based on the Extraction Plan Layout, is slightly greater than that 
based on the Previous Layout, its magnitude is less than the maxima predicted for the farm dams within the 
Study Area.  The overall levels of predicted movement for the farm dams therefore are the same or slightly 
reduce. 

It is concluded, therefore, that the assessed levels of potential impact for the farm dams, based on the 
Extraction Plan Layout, are the same or slightly less than those assessed based on the Previous Layout. 
The recommended management strategies for the dams are the same as those previously provided in 
Report No. MSEC769 and in the Modification Application. 

6.11. Groundwater Bores 

The locations of the groundwater bores in the vicinity of Longwalls B1 to B3 are shown in Drawing No. 
MSEC833-09.  The locations and details of the registered groundwater bores were obtained from the 
Natural Resource Atlas website (NRAtlas, 2015). 

There were three bores (Refs. GW080973, GW080974 and GW054676) identified within the Study Area 
which are located to the north of Longwall B3.  The authorised purposes for bores GW080973 and 
GW080974 are for monitoring and for bore GW054676 is for stock. 

The distances of these groundwater bores from Longwall B3 increase due to the shortened finishing end.  
The predicted ground movements at these bores, based on the Extraction Plan Layout, therefore are less 
than those predicted based on the Previous Layout. 

It is concluded, therefore, that the assessed levels of potential impact for the groundwater bores, based on 
the Extraction Plan Layout, are slightly less than those assessed based on the Previous Layout. The 
recommended management strategies for the bores are the same as those previously provided in Report 
No. MSEC769 and in the Modification Application. 

6.12. Archaeological Sites 

There was one archaeological site identified within the Study Area, which comprises an artefact scatter 
consisting of two small stone artefacts (Ref. ACM35).  The site is located directly above Longwall B2 as 
shown in Drawing No. MSEC833-09. 
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The predicted subsidence parameters for the archaeological site, based on the Extraction Plan Layout, are 
the same as those predicted based on the Previous Layout.  The predictions do not change due to the 
distance of the site from the commencing end finishing ends of the longwalls. 

It is concluded, therefore, that the assessed level of potential impact for the archaeological site, based on 
the Extraction Plan Layout, is the same that based on the Previous Layout.  The recommended 
management strategies for the site are the same as those previously provided in Report No. MSEC769 and 
in the Modification Application. 

6.13. Survey Control Marks 

The locations of the survey control marks in the vicinity of the longwalls are shown in Drawing No. 
MSEC833-09.  The locations and details of the state survey control marks were obtained from the Land and 
Property Management Authority using the Six Viewer (2015). 

There are two state survey control marks within the Study Area that are located above the finishing ends of 
Longwalls B1 and B2.  There are other survey control marks located in the vicinity of the Study Area that 
could also be affected by far-field horizontal movements, up to 3 kilometres outside the extents of the 
longwalls.  The predicted subsidence parameters for the survey control marks, based on the Extraction Plan 
Layout, are similar to or less than those predicted based on the Previous Layout. 

It is concluded, therefore, that the assessed level of potential impact for the state survey control marks, 
based on the Extraction Plan Layout, are the same those assessed based on the Previous Layout.  The 
recommended management strategies for the survey control marks are the same as those previously 
provided in Report No. MSEC769 and in the Modification Application. 

6.14. Houses 

6.14.1. Descriptions of the Houses 

There are nine houses (Structure Type H) which have been identified within the Study Area, which are 
shown in Drawing No. MSEC833-09 and details provided in Table D.03, in Appendix D.  The locations and 
sizes of the houses were determined from the aerial photograph of the area.  The types of construction of 
the houses were determined, where possible, from kerb side inspections. 

House Ref. A02c is located above the shortened finishing end of Longwall B3.  The remaining houses are 
located outside the extents of the longwalls, at distances between 100 metres and 300 metres.  There were 
also nine houses located within the Study Area based on the Previous Layout. 

6.14.2. Predictions for the Houses 

Predictions of conventional subsidence, tilt and curvature have been made at the centroid and at the 
vertices of each house, as well as at eight equally spaced points placed radially around the centroid and 
vertices at a distance of 20 metres.  In the case of a rectangular shaped structure, predictions have been 
made at a minimum of 45 points within and around the structure. 

The predicted total conventional subsidence, tilts and curvatures for the houses within the Study Area, 
based on the Extraction Plan Layout, are provided in Table D.03, in Appendix D.  A summary of the 
maximum predicted subsidence parameters for the houses is provided in Table 6.16.  The values include 
the predicted movements resulting from the previous extraction of the adjacent longwalls at Ellalong Colliery 
and Austar Coal Mine (i.e. cumulative movements). 

Table 6.16 Maximum Predicted Total Subsidence, Tilt and Curvature for the Houses 

Location Longwall 

Maximum 
Predicted Total 

Subsidence 
(mm) 

Maximum 
Predicted Total 

Tilt (mm/m) 

Maximum 
Predicted Total 

Hogging 
Curvature 

(km-1) 

Maximum 
Predicted Total 

Sagging 
Curvature 

(km-1) 

Houses 
(9 total) 

After LWB2 50 < 0.5 < 0.01 < 0.01 

After LWB3 60 0.5 < 0.01 < 0.01 

After LWB1 100 1.0 < 0.01 < 0.01 
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The houses are at discrete locations and, therefore, the most relevant distributions of strain are the 
maximum strains measured in individual survey bays.  The analysis of strain in survey bays during the 
extraction of the previous longwalls at the Mine is discussed in Section 4.4.1.  The houses are all located 
outside the extents of the longwalls (i.e. above solid coal) and, hence, the relevant distribution of strain is 
shown in Fig. 4.2. 

Non-conventional movements can also occur and have occurred in the NSW Coalfields as a result of, 
among other things, anomalous movements.  The analysis of strains provided in Chapter 4 includes those 
resulting from both conventional and non-conventional anomalous movements. 

6.14.3. Comparisons for the Maximum Predicted Subsidence Parameters for the Houses 

The comparison of the maximum predicted subsidence parameters for the houses, based on the Previous 
Layout and the Extraction Plan Layout, is provided Table 6.17. 

Table 6.17 Comparison of the Maximum Predicted Total Conventional Subsidence Parameters for 
the Houses based on the Previous Layout and Extraction Plan Layout 

Layout 

Maximum 
Predicted Total 
Conventional 

Subsidence (mm) 

Maximum 
Predicted Total 

Conventional Tilt 
(mm/m) 

Maximum 
Predicted Total 
Conventional 

Hogging 
Curvature (km-1) 

Maximum 
Predicted Total 
Conventional 

Sagging Curvature 
(km-1) 

Previous Layout  
(Report No. MSEC769) 

175 1.5 0.01 < 0.01 

Extraction Plan Layout  
(Report No. MSEC833) 

100 1.0 < 0.01 < 0.01 

The maximum predicted subsidence parameters for houses, based on the Extraction Play Layout, are the 
same or less than those predicted based on the Previous Layout.  The predicted subsidence parameters for 
the individual houses are the same or less due to the shortened longwalls. 

6.14.4. Impact Assessments for the Houses 

The assessed levels of potential impact for the houses, based on the Extraction Plan Layout, are the same 
or slightly less than those assessed based on the Previous Layout. The recommended management 
strategies for the houses are the same as those previously provided in Report No. MSEC769 and in the 
Modification Application. 

6.15. Swimming Pools 

There is one privately owned swimming pool (Structure Ref. B12r05) that has been identified within the 
Study Area, which is located 200 metres east of Longwall B1, i.e. outside the extents of the longwalls.  The 
location of this pool is shown in Drawing No. MSEC833-09. 

The maximum predicted subsidence parameters for the pool, based on the Extraction Play Layout, are the 
same as those predicted based on the Previous Layout.  It is concluded, therefore, that the assessed level 
of potential impact for the pool, based on the Extraction Plan Layout, is the same as that assessed based 
on the Previous Layout. The recommended management strategies for the pool are the same as those 
previously provided in Report No. MSEC769 and in the Modification Application. 

6.16. On-Site Waste Water Systems 

The residences on the private properties within the Study Area have on-site waste water systems.  The 
systems are located near the houses and, therefore, are expected to experience similar mine subsidence 
movements as the houses which are provided in Table D.03, in Appendix D.  The predicted subsidence 
parameters for the houses and hence the on-site waste water systems, based on the Extraction Play 
Layout, are the same or less than those predicted based on the Previous Layout. 

It is concluded, therefore, that the assessed levels of potential impact for the on-site waste water systems, 
based on the Extraction Plan Layout, are the same or slightly less than those assessed based on the 
Previous Layout.  The recommended management strategies for the on-site waste water systems are the 
same as those previously provided in Report No. MSEC769 and in the Modification Application. 
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Glossary of Terms and Definitions 
Some of the more common mining terms used in the report are defined below:- 

Angle of draw The angle of inclination from the vertical of the line connecting the goaf edge 
of the workings and the limit of subsidence (which is usually taken as 20 mm 
of subsidence). 

Chain pillar A block of coal left unmined between the longwall extraction panels. 

Cover depth (H) The depth from the surface to the top of the seam.  Cover depth is normally 
provided as an average over the area of the panel. 

Closure The reduction in the horizontal distance between the valley sides.  The 
magnitude of closure, which is typically expressed in the units of millimetres 
(mm), is the greatest reduction in distance between any two points on the 
opposing valley sides.  It should be noted that the observed closure 
movement across a valley is the total movement resulting from various 
mechanisms, including conventional mining induced movements, valley 
closure movements, far-field effects, downhill movements and other possible 
strata mechanisms. 

Critical area The area of extraction at which the maximum possible subsidence of one 
point on the surface occurs. 

Curvature The change in tilt between two adjacent sections of the tilt profile divided by 
the average horizontal length of those sections, i.e. curvature is the second 
derivative of subsidence.  Curvature is usually expressed as the inverse of 
the Radius of Curvature with the units of 1/kilometres (km-1), but the value 
of curvature can be inverted, if required, to obtain the radius of curvature, 
which is usually expressed in kilometres (km).  Curvature can be either 
hogging (i.e. convex) or sagging (i.e. concave). 

Extracted seam The thickness of coal that is extracted.  The extracted seam thickness is 
thickness normally given as an average over the area of the panel. 

Effective extracted The extracted seam thickness modified to account for the percentage of coal 
seam thickness (T) left as pillars within the panel. 

Face length The width of the coalface measured across the longwall panel. 

Far-field movements The measured horizontal movements at pegs that are located beyond the 
longwall panel edges and over solid unmined coal areas.  Far-field horizontal 
movements tend to be bodily movements towards the extracted goaf area 
and are accompanied by very low levels of strain.   

Goaf The void created by the extraction of the coal into which the immediate roof 
layers collapse. 

Goaf end factor A factor applied to reduce the predicted incremental subsidence at points 
lying close to the commencing or finishing ribs of a panel. 

Horizontal displacement The horizontal movement of a point on the surface of the ground as it settles 
above an extracted panel. 

Inflection point The point on the subsidence profile where the profile changes from a convex 
curvature to a concave curvature.  At this point the strain changes sign and 
subsidence is approximately one half of S max. 

Incremental subsidence The difference between the subsidence at a point before and after a panel is 
mined.  It is therefore the additional subsidence at a point resulting from the 
excavation of a panel. 

Panel The plan area of coal extraction. 

Panel length (L) The longitudinal distance along a panel measured in the direction of (mining 
from the commencing rib to the finishing rib. 

Panel width (Wv) The transverse distance across a panel, usually equal to the face length plus 
the widths of the roadways on each side. 

Panel centre line An imaginary line drawn down the middle of the panel. 

Pillar A block of coal left unmined. 

Pillar width (Wpi) The shortest dimension of a pillar measured from the vertical edges of the 
coal pillar, i.e. from rib to rib. 
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Shear deformations The horizontal displacements that are measured across monitoring lines and 
these can be described by various parameters including; horizontal tilt, 
horizontal curvature, mid-ordinate deviation, angular distortion and shear 
index. 

Strain The change in the horizontal distance between two points divided by the 
original horizontal distance between the points, i.e. strain is the relative 
differential displacement of the ground along or across a subsidence 
monitoring line.  Strain is dimensionless and can be expressed as a decimal, 
a percentage or in parts per notation. 

 Tensile Strains are measured where the distance between two points or 
survey pegs increases and Compressive Strains where the distance 
between two points decreases.  Whilst mining induced strains are measured 
along monitoring lines, ground shearing can occur both vertically, and 
horizontally across the directions of the monitoring lines. 

Sub-critical area An area of panel smaller than the critical area. 

Subsidence The vertical movement of a point on the surface of the ground as it settles 
above an extracted panel, but, ‘subsidence of the ground’ in some references 
can include both a vertical and horizontal movement component.  The vertical 
component of subsidence is measured by determining the change in surface 
level of a peg that is fixed in the ground before mining commenced and this 
vertical subsidence is usually expressed in units of millimetres (mm).  
Sometimes the horizontal component of a peg’s movement is not measured, 
but in these cases, the horizontal distances between a particular peg and the 
adjacent pegs are measured. 

Super-critical area An area of panel greater than the critical area. 

Tilt The change in the slope of the ground as a result of differential subsidence, 
and is calculated as the change in subsidence between two points divided by 
the horizontal distance between those points.  Tilt is, therefore, the first 
derivative of the subsidence profile.  Tilt is usually expressed in units of 
millimetres per metre (mm/m).  A tilt of 1 mm/m is equivalent to a change in 
grade of 0.1 %, or 1 in 1000. 

Uplift An increase in the level of a point relative to its original position. 

Upsidence Upsidence results from the dilation or buckling of near surface strata at or 
near the base of the valley.  The magnitude of upsidence, which is typically 
expressed in the units of millimetres (mm), is the difference between the 
observed subsidence profile within the valley and the conventional 
subsidence profile which would have otherwise been expected in flat terrain. 
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Predicted Profiles of Conventional Subsidence, Tilt and Curvature along
Prediction Line 1 Resulting from the Extraction of Longwalls B1 to B3
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Predicted Profiles of Conventional Subsidence, Tilt and Curvature along the
Unnamed Drainage Line 1 Resulting from the Extraction of Longwalls B1 to B3
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Predicted Profiles of Conventional Subsidence, Tilt and Curvature along
Sandy Creek Road Resulting from the Extraction of Longwalls B1 to B3
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Predicted Profiles of Conventional Subsidence, Tilt and Curvature along
Barraba Lane Resulting from the Extraction of Longwalls B1 to B3
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Predicted Profiles of Conventional Subsidence, Tilt Along and Tilt Across the Alignment
of the 11 kV Powerline Branch 1 Resulting from the Extraction of Longwalls B1 to B3
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Predicted Profiles of Conventional Subsidence, Tilt Along and Tilt Across the Alignment
of the 11 kV Powerline Branch 2 Resulting from the Extraction of Longwalls B1 to B3

LWB1

-800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300

Distance from the Maingate of LWB1 (m)

1

0

-1

-2

-3

T
ilt

 A
cr

os
s 

A
lig

nm
en

t (
m

m
/m

)

-2

-1

0

1

2

T
ilt

 A
lo

ng
 A

lig
nm

en
t (

m
m

/m
)

1000

800

600

400

200

0

S
ub

si
de

nc
e 

(m
m

)

Predicted profiles based on
the Extraction Plan Layout

Predicted final profiles based
on the Previous Layout

LWB1
400

500

600

700

800

D
ep

th
 o

f C
ov

er
 (

m
)

40

60

80

100

120

140

160

180

200

S
ur

fa
ce

 L
ev

el
 (

m
 A

H
D

)

Study Area

FU-54217 FU-24216 FU-24214
FU-24203 FU-24202 FU-24201 FU-23155

 

+ve = Tilt towards the north

-ve = Tilt towards the south

-ve = Tilt towards the west

+ve = Tilt towards the east

Sandy
Creek
Road



 

SUBSIDENCE PREDICTIONS AND IMPACT ASSESSMENTS FOR AUSTAR LONGWALLS B1 TO B3 

© MSEC APRIL 2016  |  REPORT NUMBER MSEC833  |  REVISION A 

PAGE 55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX D.   TABLES 



Ta
bl
e 
D
.0
1 
‐ M

ax
im

um
 P
re
di
ct
ed

 S
ub

si
de

nc
e 
Pa

ra
m
et
er
s 
fo
r t
he

 R
ur
al
 S
tr
uc
tu
re
s 
w
ith

in
 th

e 
St
ud

y 
Ar
ea

St
ru
ct
ur
e 

Re
fe
re
nc
e

Ty
pe

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B2

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B3

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B1

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l T
ilt
 

af
te
r L
on

gw
al
l B
2 

(m
m
/m

)

Pr
ed

ic
te
d 
To

ta
l T
ilt
 

af
te
r L
on

gw
al
l B
3 

(m
m
/m

)

Pr
ed

ic
te
d 
To

ta
l T
ilt
 

af
te
r L
on

gw
al
l B
1 

(m
m
/m

)

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
2 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 
Cu

rv
at
ur
e 

af
te
r  L
on

gw
al
l B
3 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
1 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
2 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
3 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
1 

(1
/k
m
)

A0
1j

Sh
ed

< 
20

40
90

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
1k

Ta
nk

< 
20

40
90

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

<  
0.
01

A0
2d

Sh
ed

< 
20

50
70

< 
0.
5

0.
5

1
< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
2e

Sh
ed

< 
20

40
50

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
2f

Sh
ed

< 
20

50
80

< 
0.
5

0.
5

1
< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
2g

Sh
ed

< 
20

20
30

< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
2h

Ta
nk

< 
20

30
50

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
2i

Ta
nk

< 
20

30
50

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
2j

Ta
nk

< 
20

40
50

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
6b

Sh
ed

30
40

50
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
6c

Sh
ed

30
40

50
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

A0
6d

Sh
ed

30
40

50
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
3r
01

Sh
ed

< 
20

< 
20

90
< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
3r
02

Sh
ed

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
3r
03

Ta
nk

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
3r
04

Sh
ed

< 
20

< 
20

12
5

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
3r
05

Sh
ed

< 
20

< 
20

12
5

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
3r
06

Sh
ed

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
3r
07

Sh
ed

15
0

22
5

72
5

0.
5

1.
5

2
< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

0.
02

B0
3r
08

Sh
ed

20
0

30
0

80
0

0.
5

2
2

< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

0.
04

B0
3r
09

Sh
ed

20
0

35
0

82
5

0.
5

2
2

< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

0.
04

B0
3r
10

Ta
nk

17
5

27
5

80
0

0.
5

1.
5

2
< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

0.
04

B0
3r
11

Ta
nk

17
5

25
0

75
0

0.
5

1.
5

2
< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

0.
02

B0
3r
12

Ta
nk

17
5

27
5

77
5

0.
5

1.
5

2
< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

0.
04

B0
3r
13

Sh
ed

20
0

30
0

80
0

0.
5

2
2

< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

0.
04

B0
3r
14

Sh
ed

80
90

50
0

0.
5

1
2

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

0.
01

B0
4r
03

Sh
ed

< 
20

< 
20

50
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
4r
04

Sh
ed

< 
20

< 
20

70
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
4r
05

Sh
ed

< 
20

< 
20

70
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
4r
06

Ta
nk

< 
20

< 
20

70
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
9r
01

Sh
ed

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
9r
02

Ta
nk

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B0
9r
03

Ta
nk

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
0r
01

Sh
ed

< 
20

< 
20

50
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
0r
02

Ta
nk

< 
20

< 
20

40
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
0r
03

Ta
nk

< 
20

< 
20

40
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
0r
04

Ta
nk

< 
20

< 
20

50
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
1r
01

Sh
ed

< 
20

< 
20

30
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
1r
02

Ta
nk

< 
20

< 
20

30
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
1r
03

Ta
nk

< 
20

< 
20

30
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
2r
01

Sh
ed

< 
20

< 
20

70
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
2r
02

Ta
nk

< 
20

< 
20

70
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
2r
03

Ta
nk

< 
20

< 
20

70
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
2r
04

Sh
ed

< 
20

< 
20

60
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
2r
05

Po
ol

< 
20

< 
20

60
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
3r
01

Sh
ed

< 
20

< 
20

30
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

B1
3r
03

Sh
ed

< 
20

< 
20

20
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

C0
1r
01

Sh
ed

< 
20

< 
20

< 
20

< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

C0
1r
02

Ta
nk

< 
20

< 
20

< 
20

< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

M
ax
im

um
20

0
35

0
82

5
0.
5

2.
0

2.
0

< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

0.
04

Re
po

rt
 N
o.
 M

SE
C8

33
Au

st
ar
 C
oa
l M

in
e

Ex
tr
ac
tio

n 
Pl
an

 fo
r L
on

gw
al
ls 
B1

 to
 B
3

Pa
ge
 1
 o
f 1

26
/0
4/
20

16



Ta
bl
e 
D
.0
2 
‐ M

ax
im

um
 P
re
di
ct
ed

 S
ub

si
de

nc
e 
Pa

ra
m
et
er
s 
fo
r t
he

 F
ar
m
 D
am

s 
w
ith

in
 th

e 
St
ud

y 
Ar
ea

Re
fe
re
nc
e

M
ax
im

um
 

Pl
an
ar
 

Di
m
en

sio
n 
(m

)

Su
rf
ac
e 
Ar
ea
 

(m
2 )

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B2

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B3

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B1

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l T
ilt
 

af
te
r L
on

gw
al
l B
2 

(m
m
/m

)

Pr
ed

ic
te
d 
To

ta
l T
ilt
 

af
te
r L
on

gw
al
l B
3 

(m
m
/m

)

Pr
ed

ic
te
d 
To

ta
l T
ilt
 

af
te
r L
on

gw
al
l B
1 

(m
m
/m

)

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
2 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
3 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
1 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
2 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
3 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B
1 

(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Ch
an
ge
 in

 

Fr
ee
bo

ar
d 
(m

m
)

A0
1d

05
16

4
91

25
20

0
20

0
20

0
2

2
2

0.
03

0.
03

0.
03

< 
0.
01

< 
0.
01

< 
0.
01

10
0

A0
1d

06
71

14
67

< 
20

40
17

5
< 
0.
5

< 
0.
5

2
< 
0.
01

< 
0.
01

0.
02

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

A0
1d

07
23

40
6

50
60

70
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

A0
6d

01
81

29
68

20
40

60
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

A0
6d

02
28

48
0

50
60

70
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

A0
6d

03
60

96
8

< 
20

80
12

5
< 
0.
5

0.
5

1
< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

A0
6d

04
9

52
40

40
40

< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B0
1d

01
40

95
6

17
5

30
0

80
0

0.
5

2
2

< 
0.
01

0.
01

0.
01

< 
0.
01

< 
0.
01

0.
04

50
B0

1d
02

47
87

9
50

37
5

42
5

< 
0.
5

2.
5

3
< 
0.
01

0.
02

0.
02

< 
0.
01

< 
0.
01

< 
0.
01

10
0

B0
1d

03
35

10
44

< 
20

40
50

< 
0.
5

< 
0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B0
2d

01
63

17
14

10
0

12
5

55
0

0.
5

1
2.
5

< 
0.
01

< 
0.
01

0.
01

< 
0.
01

< 
0.
01

< 
0.
01

10
0

B0
2d

02
34

71
8

12
5

47
5

65
0

0.
5

3
3

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

0.
02

0.
02

10
0

B0
3d

01
19

3
14

49
70

80
45

0
< 
0.
5

0.
5

2.
5

< 
0.
01

< 
0.
01

0.
02

< 
0.
01

< 
0.
01

0.
01

25
0

B0
3d

02
25

44
2

30
30

17
5

< 
0.
5

< 
0.
5

1.
5

< 
0.
01

< 
0.
01

0.
02

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B0
3d

03
82

80
6

60
70

40
0

< 
0.
5

0.
5

2.
5

< 
0.
01

< 
0.
01

0.
02

< 
0.
01

< 
0.
01

< 
0.
01

10
0

B0
3d

04
41

95
5

40
80

12
5

< 
0.
5

0.
5

1
< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B0
3d

05
8

29
15

0
40

0
60

0
1

2.
5

3
< 
0.
01

0.
01

0.
02

< 
0.
01

0.
01

0.
02

< 
50

B0
4d

01
29

60
3

< 
20

< 
20

30
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B0
4d

02
31

41
7

< 
20

< 
20

17
5

< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B0
7d

01
24

17
8

20
20

30
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B0
8d

01
26

39
2

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

1
< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B0
9d

01
15

13
6

< 
20

< 
20

60
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

B1
2d

01
25

39
1

< 
20

< 
20

50
< 
0.
5

< 
0.
5

< 
0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

C0
1d

01
63

16
95

< 
20

60
80

< 
0.
5

0.
5

0.
5

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
50

M
ax
im

um
20

0
47

5
80

0
2.
0

3.
0

3.
0

0.
03

0.
03

0.
03

< 
0.
01

0.
02

0.
04

25
0

Re
po

rt
 N
o.
 M

SE
C8

33
Au

st
ar
 C
oa
l M

in
e

Ex
tr
ac
tio

n 
Pl
an

 fo
r L
on

gw
al
ls 
B1

 to
 B
3

Pa
ge
 1
 o
f 1

26
/0
4/
20

16



Ta
bl
e 
D
.0
3 
‐ M

ax
im

um
 P
re
di
ct
ed

 S
ub

si
de

nc
e 
Pa

ra
m
et
er
s 
fo
r t
he

 H
ou

se
s w

ith
in
 th

e 
St
ud

y 
Ar
ea

St
ru
ct
ur
e 

Re
fe
re
nc
e

M
ax
im

um
 

Pl
an
ar
 

Di
m
en

sio
n 
(m

)

N
um

be
r o

f 
St
or
ey
s

W
al
l 

Co
ns
tr
uc
tio

n
Fo
ot
in
g 

Co
ns
tr
uc
tio

n
Ro

of
 

Co
ns
tr
uc
tio

n

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B2

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B3

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l 

Su
bs
id
en

ce
 a
ft
er
 

LW
B1

 (m
m
)

Pr
ed

ic
te
d 
To

ta
l 

Ti
lt 
af
te
r L
on

gw
al
l 

B2
 (m

m
/m

)

Pr
ed

ic
te
d 
To

ta
l 

Ti
lt 
af
te
r L
on

gw
al
l 

B3
 (m

m
/m

)

Pr
ed

ic
te
d 
To

ta
l 

Ti
lt 
af
te
r L
on

gw
al
l 

B1
 (m

m
/m

)

A0
2c

13
Si
ng
le

Ti
m
be

r F
ra
m
e

Pi
er
s

M
et
al

< 
20

50
70

<  
0.
5

0.
5

1
A0

6a
16

Si
ng
le

Ti
m
be

r F
ra
m
e

Sl
ab

 o
n 
G
ro
un

d
M
et
al

50
60

60
< 
0.
5

< 
0.
5

< 
0.
5

B0
3h

01
13

Si
ng
le

Ti
m
be

r F
ra
m
e

Pi
er
s

M
et
al

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

0.
5

B0
4h

01
21

Si
ng
le

Br
ic
k

Sl
ab

 o
n 
G
ro
un

d
Ti
le
s

< 
20

< 
20

< 
20

< 
0.
5

< 
0.
5

< 
0.
5

B0
4h

03
16

Si
ng
le

Br
ic
k

Sl
ab

 o
n 
G
ro
un

d
M
et
al

< 
20

< 
20

70
< 
0.
5

< 
0.
5

< 
0.
5

B0
9h

01
28

Si
ng
le

Br
ic
k

Sl
ab

 o
n 
G
ro
un

d
M
et
al

< 
20

< 
20

10
0

< 
0.
5

< 
0.
5

0.
5

B1
0h

01
29

Si
ng
le

Br
ic
k

Sl
ab

 o
n 
G
ro
un

d
M
et
al

< 
20

< 
20

40
< 
0.
5

< 
0.
5

< 
0.
5

B1
1h

01
20

Si
ng
le

Br
ic
k

Sl
ab

 o
n 
G
ro
un

d
Ti
le
s

< 
20

< 
20

30
< 
0.
5

< 
0.
5

< 
0.
5

B1
2h

01
20

Do
ub

le
Br
ic
k

Sl
ab

 o
n 
G
ro
un

d
Ti
le
s

< 
20

< 
20

70
< 
0.
5

< 
0.
5

< 
0.
5

M
ax
im

um
50

60
10

0
< 
0.
5

0.
5

1.
0

Re
po

rt
 N
o.
 M

SE
C8

33
Au

st
ar
 C
oa
l M

in
e

Ex
tr
ac
tio

n 
Pl
an

 fo
r L
on

gw
al
ls 
B1

 to
 B
3

Pa
ge
 1
 o
f 2

26
/0
4/
20

16



Ta
bl
e 
D
.0
3 
‐ M

ax
im

um
 P
re
di
ct
ed

 S
ub

si
de

nc
e 
Pa

ra
m
et
er
s 
fo
r t
he

 H
ou

se
s 
w
ith

in
 th

e 
St
ud

y 
Ar
ea

St
ru
ct
ur
e 

Re
fe
re
nc
e

A0
2c

A0
6a

B0
3h

01
B0

4h
01

B0
4h

03
B0

9h
01

B1
0h

01
B1

1h
01

B1
2h

01

M
ax
im

um

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 

Cu
rv
at
ur
e 
af
te
r 

Lo
ng
w
al
l B

2 
(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 

Cu
rv
at
ur
e 
af
te
r 

Lo
ng
w
al
l B

3 
(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Ho
gg
in
g 

Cu
rv
at
ur
e 
af
te
r 

Lo
ng
w
al
l B

1 
(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B

2 
(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B

3 
(1
/k
m
)

Pr
ed

ic
te
d 
To

ta
l 

Sa
gg
in
g 
Cu

rv
at
ur
e 

af
te
r L
on

gw
al
l B

1 
(1
/k
m
)

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

< 
0.
01

Re
po

rt
 N
o.
 M

SE
C8

33
Au

st
ar
 C
oa
l M

in
e

Ex
tr
ac
tio

n 
Pl
an

 fo
r L
on

gw
al
ls 
B1

 to
 B
3

Pa
ge
 2
 o
f 2

26
/0
4/
20
16



 

SUBSIDENCE PREDICTIONS AND IMPACT ASSESSMENTS FOR AUSTAR LONGWALLS B1 TO B3 

© MSEC APRIL 2016  |  REPORT NUMBER MSEC833  |  REVISION A 

PAGE 56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX E.   DRAWINGS 




























	MSEC833_ALL DRAWINGS_FINAL_RevA_160426.pdf
	MSEC833-01 Overall Layout & Monitoring Plan (A)
	MSEC833-02 Layout B1 to B3 Plan (A)
	MSEC833-03 Surface Level Contours Plan (A)
	MSEC833-04 Seam Floor Contours Plan (A)
	MSEC833-05 Seam Thickness Contours Plan (A)
	MSEC833-06 Depth of Cover Plan (A)
	MSEC833-07 Natural Features Plan (A)
	MSEC833-08 Surface Infrastructure Plan (A)
	MSEC833-09 Built Features Plan (A)
	MSEC833-10 Predicted Subs after B2 Plan (A)
	MSEC833-11 Predicted Subs after B2&B3 Plan (A)
	MSEC833-12 Predicted Subs after B1toB3 Plan (A)
	MSEC833-13 Predicted Total Subs Plan (A)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


