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CHAPTER 2 
MINE SUBSIDENCE IN THE SOUTHERN 

COALFIELD 
 

2.1 INTRODUCTION 
 

Mine subsidence has long been considered a problem, but only since the 1950’s has 

there been a concerted effort to predict the degree of subsidence and the associated 

effects on the surface environment. 

 

The concepts and theories of mining subsidence date back to the 1850’s, with the 

earliest concepts appearing to be of Belgian and French origin. Other countries with 

significant coal industries (Germany, Poland and the United Kingdom) also contributed 

to the scientific research and findings. A comprehensive review of the development of 

subsidence theory is given by Whittaker and Reddish (1989). 

 

In terms of subsidence prediction, a major milestone was the publication of the National 

Coal Board Subsidence Engineers’ Handbook in 1966 which has since been revised 

(National Coal Board 1975). This empirical model was based on observations from 

around 200 sites in several U.K. coalfields. This method has been widely used in other 

countries but is generally limited in its application to U.K. strata.  

 

Locally, this prompted the development of similar empirical methods, most notably for 

the Southern Coalfield of New South Wales (Holla & Barclay 2000, Waddington & 

Kay 1995) and the Newcastle District of the Northern Coalfield of New South Wales 

(Kapp 1984). This involved obtaining subsidence parameter values from a series of 

charts and graphs according to specified mine layouts and surface geometries. 

 

This chapter will present a review of Southern Coalfield geology; subsidence theory 

associated with longwall mining and discusses the widely used empirical methods of 

Holla and Barclay (2000) and Waddington and Kay (1995). 
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2.2 SUBSURFACE MOVEMENT 
 

During longwall mining, a large void in the coal seam is produced and this disturbs the 

equilibrium conditions of the surrounding rock strata, which bends downward while the 

floor heaves. 

 

When the goaf reaches a sufficient size, the roof strata will fail and cave. Seedsman 

(2004) reports that caving does not necessarily occur vertically above the extracted 

longwall panel and in many cases, caving is defined by a goaf angle that is measured 

from vertical and trends inward over the goaf.  This angle is most likely a function of 

the bedding structure of the roof and the orientation of the goaf with respect to sub 

vertical jointing. In the Newcastle Coalfield, the average goaf angle is 12º with a 

standard deviation of 8º. Numerical modelling by CSIRO Exploration and Mining and 

Strata Control Technology (1999) of the caving in the Southern Coalfield appears to 

support a goaf angle value of 12º. Further numerical modelling by Gale (2005) in an 

unspecified coalfield also supports this value. Caving will cease when the goaf angle 

encounters a stratigraphic unit strong enough to bridge what is now the effective span. 

This concept is illustrated in Figure 2.1. The goaf and overburden strata will then 

compact over time and become stabilised. 

 

 
 

Fig. 2.1 – Relationship between panel width, goaf angle and effective span 
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2.2.1 Zones of movement in the overburden 
 

The caving of the roof strata as previously described gives rise to several zones within 

the overburden strata. The number of zones varies in the literature with Kratzsch (1983) 

describing six zones, Peng (1992) describing four zones, and Kapp (1984) describing 

three zones. These zones are not distinct but there is a gradual transition from one to 

another. 

 

In the Southern Coalfield, Holla and Barclay (2000) report on the monitoring of 

subsurface movements over five longwall panels at Tahmoor Colliery. The borehole in 

which the monitoring equipment was installed was located above the third longwall 

panel. It was found that most of the strata dilation and separation took place up until the 

third longwall panel was extracted, and then the subsurface movements changed to an 

en masse nature when the fourth and fifth longwall panels were extracted. It was also 

found that the overburden from the surface to a depth of 112 m suffered almost no 

dilation. This was explained as being a result of the stratigraphic nature of the 

overburden to that depth, and it could also be explained by the deflection of a massive 

spanning unit in the overburden.  

 

Various researchers have used different vertical distances to define the transition points 

from one zone to another. Overall, regardless of the number of zones, the vertical 

fracture profile gives a similar representative picture (Figure 2.2). 

 

 
 

Fig. 2.2 – Overburden movement above a longwall panel (Peng 1992) 
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2.2.2 Caving in the Southern Coalfield and its significance on subsidence  
development 

 

Seedsman (2004) reported on the existence of a massive unit in the strata of the 

Newcastle Coalfield and presented an alternative way of predicting subsidence based on 

the voussoir beam analogue. For this method to be applied, it is assumed that the 

massive unit remains elastic and all caving takes place underneath the massive unit. 

Therefore, it is implied that the developed subsidence is a function of the deflection of 

the massive unit provided the massive unit remains elastic and does not fail. 

 

Unfortunately, the amount of information on the caving characteristics in the Southern 

Coalfield is somewhat limited. Microseismic results from the CSIRO Exploration and 

Mining Division, and Strata Control Technology, in an Australian Coal Association 

Research Program (ACARP) project provided some useful information on the caving 

behaviour at Appin Colliery, which is located in the Southern Coalfield (CSIRO 

Exploration & Mining & Strata Control Technology 1999). The longwall panel that was 

monitored was 200 m wide and extracted the 2.3 m thick Bulli Seam at a depth of about 

500 m. The monitoring included the installation of 17 triaxial geophones and nine 

geophones in a borehole drilled from the surface to the Bulli Seam and two 

perpendicular surface strings of four geophones each. The period of monitoring was 

approximately four months, during which there was 700 m of face retreat. 

 

From the monitoring, it was seen that the majority of fracturing extended approximately 

50 m to 70 m above the Bulli Seam with no fracturing exceeding approximately 290 m, 

and to a depth of 80 m to 90 m into the floor. Figure 2.3 illustrates the microseismic 

events in a cross section of the monitored longwall panel. 
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Fig. 2.3 – Cross section of longwall panel with microseismic event location (CSIRO 

Exploration & Mining & Strata Control Technology 1999) 

 

An analysis of Holla and Barclay (2000) indicates that the Bulgo Sandstone is the most 

massive unit in the stratigraphy of the Southern Coalfield, with a thickness ranging from 

approximately 90 m to 200 m, and located at a distance between 90 m and 120 m above 

the Bulli Seam at Appin Colliery. It is also the strongest of the larger units. If the 

position of the Bulgo Sandstone were overlain onto Figure 2.3, it would be seen that the 

majority of the fracturing in the goaf is below the Bulgo Sandstone with some isolated 

fracturing events above this level. This would seem to suggest that the Bulgo Sandstone 

is acting as the massive spanning unit, therefore all potential subsidence development 

can be theoretically derived from a voussoir analysis of the Bulgo Sandstone. This is 

discussed in Appendix E with the voussoir theory and its potential use as a verification 

tool for the numerical model. 

  

2.3 SURFACE DEFORMATIONS 
 

The subsidence basin that is formed when an underlying area is extracted usually 

extends beyond the limits of the underground openings. The subsidence profile in 

theory is symmetrical about the longwall panel centreline with the maximum subsidence 
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(Smax) occurring at the trough centre (Holla & Barclay 2000). The components of trough 

subsidence are illustrated in Figure 2.4. 

 

The main parameters of ground movement are: 

 

 Maximum subsidence (Smax), 

 Maximum ground tilt (Gmax), 

 Maximum tensile and compressive ground strains (+Emax & -Emax), and 

 Minimum radius of ground curvature (Rmin). 

 

The value of the maximum subsidence essentially depends on the extracted seam 

thickness (T), depth of cover (H), width of the underground opening (W) and degree of 

goaf support. The tilt of the ground surface between two points is calculated by dividing 

the difference in reduced levels by the distance between the points. Tilt can also be 

calculated by taking the first derivative of the subsidence curve. Accordingly, maximum 

tilt occurs at the point of inflection on the subsidence curve, which is also the point 

where the subsidence is approximately equal to one half of Smax.  

 

Strains result from horizontal movements. Horizontal strain is defined as the change in 

length per unit of the original horizontal length of ground surface. Compressive strains 

occur over the extracted area due to the downward and inward movement of the surface, 

and tensile strains occur over goaf edges and in the area of trough margin. The point of 

inflection on the subsidence curve also represents the transition from compressive strain 

to tensile strain.  

 

Strain and tilt (Equations 2.1 to 2.3) have been found to be directly proportional to the 

maximum subsidence and inversely proportional to the cover depth (National Coal 

Board 1975): 

 

H
SKE max

max
11000 ××=+    [2.1] 

 

H
SK

E max
max

21000 ××
=−    [2.2] 
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H
SK

G max
max

31000 ××
=    [2.3] 

 

Where, 

 

K1 = Tensile strain factor (non-dimensional) 

K2 = Compressive strain factor (non-dimensional) 

K3 = Tilt factor (non-dimensional) 

 

The curvature is the rate of change of tilt (second derivative of the subsidence curve) 

and it is concave above part of the extracted area and convex in the area of trough 

margin and over goaf edges. The curvature (1/R) has been found to be directly 

proportional to the depth of mining (Equation 2.4): 

 

H
EK

R
max

min

41 ×
=     [2.4] 

 

Where, 

 

K4 = Curvature factor (non-dimensional) 
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Fig. 2.4 – Characteristics of trough subsidence (Holla 1985) 
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2.3.1 Angle of draw 
 

The angle of draw (or the limit of mining influence) is defined as the angle between the 

vertical and the line joining the extraction edge with the edge of the subsidence trough. 

In practice, the angle of draw is difficult to measure and implement because the 

subsidence profile is asymptotic to the original surface, and small errors in surveying 

measurements may result in a large range of draw angles. 

 

Holla and Barclay (2000) stated “The trough margin is regarded as the point where a 

clear subsidence of 10 or 20 mm can be found by levelling, provided there is no 

question of ground settlement through non-mining causes”. This statement seems 

practical as most structures can withstand certain amount of movements without 

damage. Even in areas not affected by mining, studies in New South Wales have shown 

that movements up to 20 mm can occur from climatic variations (Holla & Barclay 

2000). It must be noted that the origin of the 20 mm cut-off limit for subsidence appears 

to originate from Kratzsch (1983).  

 

The magnitude of the angle of draw varies widely between coalfields. In the Southern 

Coalfield of New South Wales, the draw angle varies between 2° and 56°, assuming a 

cut-off subsidence of 20 mm. The average draw angle was 29° with nearly 70 % of the 

observed values below 35° (Holla & Barclay 2000). In the Newcastle District of the 

Northern Coalfield, Kapp (1984) recorded draw angles varying from 21.3° - 44.4° 

whilst imposing a cut-off subsidence of 5 mm. 

 

Whittaker and Reddish (1989) compiled the variation in draw angles for different 

coalfields: 

 

 Yorkshire Coalfield (U.K.): 32°- 38°, 

 South Limburgh Coalfield (U.K): 35° - 40°, 

 Indian coalfields: 4° - 21°, 

 US coalfields: 12° - 34°, and 

 Czechoslovakian coalfields: 25° - 30°. 
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It must be noted about the measurement of draw angles in coalfields other than the 

Southern Coalfield of New South Wales, it is not known whether a 20 mm cut-off 

subsidence limit was imposed. 

 

As can be seen, the once common practice of applying the National Coal Board values 

for draw angles in Australia whilst performing subsidence predictions is no longer valid. 

Due to the different geological characteristics of each coalfield, it is imperative that the 

empirical methods developed for that particular coalfield are used instead.  

 

2.3.2 Extraction area 
 

There are three classifications of extraction area that influence the characteristics of the 

subsidence trough. These classifications are expressed in terms of the extraction 

width/depth of cover ratio (W/H). The three classifications are: 

 

 Sub-critical extraction, 

 Critical extraction, and 

 Super-critical extraction. 

 

Sub-critical extraction is defined as an extraction that has a W/H ratio less than 1.4. A 

sub-critical extraction is insufficient to produce maximum subsidence (Smax) at the 

longwall panel centre due to the degree of strata arching/bending across the longwall 

panel. Critical extraction is defined as an extraction that has a W/H ratio of 

approximately 1.4 – 2.0. A critical extraction is one that is just large enough to produce 

maximum subsidence at the longwall panel centre (Holla & Barclay 2000). The 

magnitude of the critical width depends on the geological characteristics of the 

overburden. Super-critical extraction is defined as an extraction that has a W/H ratio 

larger than 2.0. A super-critical extraction allows development of the full potential 

subsidence. The main difference between critical and super-critical extractions is the 

shape of the subsidence trough. In a super-critical extraction, the maximum subsidence 

will occur over a length on the surface, instead of at one point as characterised by 

critical extractions. A comparison of sub-critical, critical and super-critical trough 

shapes and strain profiles is illustrated in Figure 2.5. 
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Sub-critical extraction 

 

 
 

Critical extraction 

 

 
 

Super-critical extraction 

 

Fig. 2.5 – Sub-critical, critical and super-critical trough shapes (Whittaker & 

Reddish 1989) 
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2.3.3 Stationary and dynamic subsidence profiles 
 

When considering a longwall panel, it can be seen that a subsidence profile can be 

drawn in two directions: across the longwall panel (transverse) and along the longwall 

panel (longitudinal). The transverse profiles are called stationary profiles because they 

lie across the already mined extraction edges and associated movements are permanent. 

The longitudinal profiles are called dynamic profiles because they lie lengthways along 

the longwall panel, following the advancing longwall face. The movements associated 

with dynamic profiles are variable. Figure 2.6 and Figure 2.7 illustrate the formation of 

stationary and dynamic subsidence profiles respectively. 

 

 
 

Fig. 2.6 – Stationary subsidence profiles (Peng 1992) 

 

 
 

Fig. 2.7 – Dynamic subsidence profiles (Peng 1992) 
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2.4 SOUTHERN COALFIELD GEOLOGY  
 

The geology of the Sydney Basin has been studied extensively by numerous authors 

such as Hanlon (1953), Packham (1969), Bowman (1974), Reynolds (1977), Jones and 

Rust (1983), Ghobadi (1994), and Holla and Barclay (2000). Between these authors, a 

comprehensive description of the geology, stratigraphy, stratigraphic nomenclature, 

geological mapping and engineering properties of various stratigraphic units have been 

established. The Southern Coalfield is one of five coalfields within the Sydney Basin. A 

summary based on the above mentioned authors will be given in this chapter.  

 

2.4.1 The Sydney Basin 
 

The Sydney Basin comprises the Southern part of the much larger Sydney-Bowen 

Basin, which extends from Batemans Bay in Southern New South Wales to Collinsville 

in Queensland. The Sydney Basin contains gently folded sedimentary rocks of Permian 

(270 million years ago) and Triassic (225 million years ago) ages deposited upon an 

older basement. The Sydney Basin extends from Batemans Bay to a line between 

Muswellbrook and Rylstone. The sedimentary rocks of the Sydney Basin have been 

derived from erosion. Erosion produces fragments, in which the finer proportion may 

dissolve in water and therefore be transported in solution. Sedimentary rocks are formed 

by the deposition of these fragments, along with the precipitation of the dissolved 

material. The formation of sedimentary rocks produces a layered structure known as 

bedding or stratification. Each layer is a bed or stratum and represents the sediment 

deposited in a certain interval of time commenced and terminated by a change in the 

character of the conditions under which the sediment was being deposited or in the 

character of the material being deposited. The Sydney Basin is about 3000 m deep in its 

central area. The major rock units or groups of strata are thick towards the centre of the 

basin and thin towards the margins, and individual beds show local variations in 

thickness (Reynolds 1977). 

 

Sedimentary Rocks 

 

Sedimentary rocks can be classified according to grain size. The coarsest are the 

conglomerates comprising large and small pebbles. Then follow sandstones which may 
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be of various types; for example, quartzose sandstone, if the mineral known as quartz is 

the dominant constituent, or lithic sandstone, if the individual fragments in the 

sandstone are themselves particles of very fine-grained rock. Then follow the very fine-

grained sedimentary rocks, siltstones and claystones. When such a sedimentary rock is 

made up of silt particles or clay particles and displays lamination is it called shale. In 

relation to rocks generally, they are referred to as massive if there is no lamination, 

being uniform when viewed from any direction. As well as the main minerals forming 

sedimentary rocks, there is the matrix of the rocks, the finer sedimentary material which 

helps to bond the rock together, the most common being clay. The rock may be further 

consolidated by the introduction of chemical cement such as calcium carbonate or silica 

(Reynolds 1977). 

 

Coal 

 

Coal is always associated with other sedimentary rocks and occurs as beds called seams. 

Where strata contains coal seams the strata are traditionally known as coal measures. 

Coal may be described as a sedimentary rock derived from carbonaceous plant material. 

Initially, luxuriant growths of plants under swamp conditions are buried under 

succeeding layers of sediment and form in the first stage peat. As the deposit increases 

in age and sinks deeper, the beds are covered by greater masses of sediment. The 

pressure and temperatures involved may progressively convert the original peat into 

lignite, bituminous coal such as is found in the Sydney Basin, and ultimately anthracite 

(Reynolds 1977). 

 

Structures 

 

There are three geological structures which need to be mentioned – folds, faults and 

joints. Most folds are formed when a rock sequence is subjected to tectonic forces; the 

rocks respond to these forces by buckling. This buckling may be expressed as gentle 

flexures or as wrinkles on both large and small scales, depending upon the degree of 

deformation. Fractures may occur in association with, or in place of folding. A fracture 

along which no movement has occurred is called a joint but when the rock on one side 

of the break has moved relative to the other side, the fracture is called a fault. It is 

generally accepted that faulting in rocks occurs because of stresses which may be 
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relieved either by folding if rocks are sufficiently plastic or by faulting if the rocks are 

brittle. In the Southern Coalfield, faults are relatively common but not intensive. A joint 

is defined as a break of geological origin in the continuity of a body of rock occurring 

singly or more frequently in a set or system but not attended by observable 

displacement. Alteration, emplacement and/or decomposition products may occur along 

joint surfaces, which in some instances may bond the joint (Reynolds 1977). 

 

2.4.2 The Southern Coalfield 
 

The Southern Coalfield is one of the five major coalfields within the Sydney-Gunnedah 

Basin. The principal coal-bearing sequence in the Southern Coalfield is the Illawarra 

Coal Measures which outcrops along the Illawarra Escarpment in steep slopes below the 

base of the prominent Hawkesbury Sandstone cliffs. The Illawarra Coal Measures 

consists of four coal seams of proven or potential economic significance, namely the 

Bulli Seam, Balgownie Seam, Wongawilli Seam and Tongarra Seam in descending 

order. The Bulli Seam has been extensively mined in the northern part of the coalfield 

due to its coking properties and low ash content. The Balgownie seam is not identifiable 

everywhere and the known economic development is confined to the eastern side of the 

field north of Wollongong. The Wongawilli Seam also has coking properties and is used 

in blends with coal from the Bulli Seam. Except for localised variations, the typical 

thickness and section of the seam persist throughout the entire coalfield. Its quality, 

however, is acceptable throughout only part of the coalfield. The Tongarra Seam is of 

inferior quality over most of the coalfield (Holla & Barclay 2000). 

 

An idealised stratigraphic column is presented in Figure 2.8. 
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Fig. 2.8 – Idealised stratigraphic column of the Southern Coalfield (Holla & 

Barclay 2000) 

 

2.4.2.1 Illawarra Coal Measures 
 

The Illawarra Coal Measures form the south-eastern segment of the Sydney Basin. This 

area is bounded on the east and south by the outcrop of the coal measures which appear 

above sea level at Coal Cliff, 20 km north of Wollongong, and traverses the escarpment 

of the Illawarra Coastal Range. The coal measures are of Permian age and lie 

conformably upon the Shoalhaven Group. Triassic rocks lie conformably upon the coal 

measures. The basal formation of the Triassic System is the Coal Cliff Sandstone of the 

Narrabeen Group. 

 

The stratigraphic sequence of the Illawarra Coal Measures is shown in Table 2.1. 
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Table 2.1 – Stratigraphic units of the Illawarra Coal Measures in the Southern 

Coalfield (Packham 1969, MacGregor & Conquest 2005) 

 

Stratigraphic Unit Thickness At Mt Kembla (m) 
  

SYDNEY SUB-GROUP  
Bulli Seam 1.5 
Loddon Sandstone 9.2 
Balgownie Seam 0.9 
Lawrence Sandstone  
Cape Horn Seam  
Unnamed Member 15.2 
Hargrave Seam  
Unnamed Member  
Wongawilli Seam 9.8 
Kembla Sandstone 15.2 
American Creek Seam 2.1 
Unnamed Member 27.4 
Tongarra Seam 9.2 
Wilton Formation:  

Unnamed Member 16.9 
Woonona Seam 4.6 

CUMBERLAND SUB-GROUP  
Erins Vale Formation 29.0 
Pheasants Nest Formation:  

Cordeaux Seam 1.2 
Unnamed Member 18.3 
Unanderra Seam 4.3 
Unnamed Member 48.8 

 

Pheasants Nest Formation 

 

The Pheasants Nest Formation is the lowest formation of the coal measures and usually 

is tuffaceous sandstone resting conformably upon the underlying rocks. The 

distinguishing feature of the basal coal-measure sediments is the irregular bedding of 

light coloured tuffs and sandstones, compared with the thick, massive, greenish and 

brownish Broughton Sandstone of the Gerringong Volcanics, or farther west, the grey 

silty sandstone of the Berry Formation. The sequence of beds below the Unanderra 

Seam is irregular and it is doubtful whether individual beds occur laterally to any extent. 

The rocks are chiefly tuffaceous sandstones, shales and tuffs. A bed of conglomerate 

may also occur. Fine interbedding is common, as is also a transition from one rock type 

to another. 



Chapter 2 
Mine Subsidence In The Southern Coalfield 

 22

Thin intermittent coal seams have been observed within the sequence of the Pheasants 

Nest Formation. The Unanderra Seam is the lowest named seam in the coal measures. It 

is known in the Mt Kembla – Mt Keira area where is occurs about 45 m above the base 

of the coal measures. It consists predominately of carbonaceous shale with thin plies of 

coal. 

 

The sequence above the Unanderra Seam consists of irregularly interbedded tuffaceous 

sandstones, shales and tuffs. Individually the beds are thin and insignificant. Knowledge 

of these beds is also confined to the Mt Kembla area. A minor coal seam, up to 10 cm 

thick, occurs in this sequence. The Cordeaux Seam is a thin seam of carbonaceous and 

tuffaceous shale containing coal bands. It is only known in the Mt Kembla – Mt Nebo 

area. Its thickness is variable up to a maximum of 1.2 m. The maximum recorded 

thickness of the Pheasants Nest Formation is 120 m (Packham 1969). 

 

Erins Vale Formation 

 

This formation apparently marks the commencement of a more stable depositional 

environment. Bedding becomes more regular and the sediments are not so distinctly 

tuffaceous. Calcite, although present, does not occur so prominently as veins and 

facings as in the lower sediments. Nevertheless, individual beds are not persistent. The 

rocks in the sequence are tuffaceous sandstones, which predominate, and shales. Gritty 

and conglomeratic sandstones appear occasionally, especially in the upper part of the 

formation. The maximum recorded thickness of the formation is 120 m (Packham 

1969). 

 

Wilton Formation 

 

The Woonona Seam, the basal member of the Wilton Formation and of the Sydney Sub-

Group, is much more persistent than any of the lower seams. It outcrops above sea level 

at Thirroul in the north and extends to about Macquarie Pass in the south. It has not 

been found on the southern edge of the coalfield. The seam is up to 6 m thick and is 

subject to splitting in some areas. It consists of coal and shaly coal and usually, although 

not always, contains numerous bands of shale. The most economic development of the 

seam is in the Mt Kembla area where it is 4.6 m thick, with a workable section 2.5 m 
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thick, which contains 24 % ash, excluding shale bands. The seam, however, is not 

worked at the moment. The coal has weak coking properties. 

 

The interval between the Woonona Seam and the Tongarra Seam consists of beds of 

shales and sandstones which, although distinct in local areas, do not persist laterally. 

Generally sandstone is the subordinate rock type. The thickness of the strata varies 

between 15 m and 75 m (Packham 1969). 

 

Tongarra Seam 

 

The Tongarra Seam is subject to splitting by a bed of sandstone in some areas. Usually 

the seam consists of coal of variable quality and shale bands. It apparently occurs 

throughout most of the coalfield but less is known of its characteristics in the western 

half of the field. It is the lowest seam occurring on the southern edge of the field. 

Thickness varies from 1.2 m to 6.7 m. Its best development is in the Tongarra and 

Avondale areas where parts of the seam are of quality suitable for mining. Here the 

worked section, excluding shale bands, contains approximately 20 % ash. The coal has 

medium coking properties. 

 

The interval between the Tongarra and American Creek Seams consist essentially of 

dark grey shale containing minor beds of sandstone. A significant bed of yellowish 

white tuffaceous shale of 30 cm average thickness occurs about 4.6 m above the 

Tongarra Seam. It has not been identified over the whole field but where it can be 

recognised it serves as a valuable marker horizon. The sediments vary in thickness 

between 9 m and 30 m (Packham 1969). 

 

American Creek Seam 

 

The American Creek Seam consists chiefly of carbonaceous shale and coal. In the past, 

the seam has been worked as a source of oil shale in the Mt Kembla area. The seam 

varies in thickness and character, lateral variation in places being sudden. Although it 

occurs throughout the whole field its development is discontinuous, presumably owing 

to local washouts or areas of non-deposition. Its thickness ranges usually up to a 

maximum of 7.5 m (Packham 1969). 
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Kembla Sandstone 

 

The Kembla Sandstone is usually a massive, light-grey, medium-grained sandstone, 

occasionally coarse or with conglomeratic phases, which grades vertically upwards 

through a sandy shale to a carbonaceous shale immediately below the Wongawilli 

Seam. In places a basal shale member may also exist. The thickness of the Kembla 

Sandstone varies between 4.5 m and 15 m (Packham 1969). 

 

Wongawilli Seam 

 

The Wongawilli Seam extends over the whole coalfield. Its thickness ranges from 6 m 

in the south to 15 m in the northeast. Over most of the field, however, a range of 9 m to 

11 m is maintained. The seam consists of coal plies of varying quality, separated by 

bands or beds of shale, mostly carbonaceous or coal or tuffaceous. One bed, which is a 

hard, sandy, cream-coloured tuff, known colloquially as the Sandstone Band, 

characterises the seam. Over part of the field the lowest 1.8 m to 3.7 m of the seam 

contains coal of commercial quality. In collieries where the seam is mined, the worked 

section contains 20 % to 30 % ash. The coal plies, that is, excluding shale bands, 

contain 15 % to 25 % ash and have strong coking properties. In some localities a system 

of sills intrudes the seam over wide areas. 

 

The interval between the Wongawilli Seam and the Balgownie Seam consists of shale, 

sandstone and one or two minor coal seams. In the northern coastal area the two minor 

coal seams are known as the Cape Horn and Hargrave Seam and divide the sequence as 

shown in Table 2.2. 
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Table 2.2 – Interval between Wongawilli and Balgownie Seams (Packham 1969) 

 

Stratigraphic Unit Thickness (m) 
  

Balgownie Seam  
Lawrence Sandstone: Medium-grained 
massive sandstone overlain by shale 

11 

Cape Horn Seam 1.2 
Dark-grey shale containing sandstone beds 3.0 
Hargrave Seam 0.3 
Interbedded sandstone and shale 7.0 
Wongawilli Seam  

 

The thicknesses quoted are for the Scarborough area. The total thickness is 23 m 

compared with 27 m in the Helensburgh area to the north where the Lawrence 

Sandstone remains constant in thickness while the other sediments thicken. South and 

west of this area the coal seams become less definite although in any particular locality, 

except perhaps in the far south, some coal is always present. 

 

In the central part of the field, a thin coal seam of 30 cm average thickness is overlain 

by sandstone and underlain by shale. The seam extends over a wide area and may prove 

to be the extension of the Cape Horn Seam. The overlying sandstone, which is about 6 

m thick, may thus correspond to the Lawrence Sandstone. In the central and southern 

parts of the field the interval between the Wongawilli and Balgownie Seams is reduced 

to   15 m and less (Packham 1969). 

 

Balgownie Seam 

 

The Balgownie Seam exceeds 1.5 m in thickness in the extreme north eastern part of the 

field but shows a steady decrease in thickness to the south and west. South of 

Macquarie Pass it is less than 30 cm thick, although generally it is of good quality. It 

usually consists of un-banded clean coal and contains about 15 % ash. The coal is of 

medium coking quality. Commercially the Balgownie Seam is attractive from the aspect 

of coal quality but unattractive from the aspect of thickness. 

 

Like the Balgownie Seam, the formation between it and the Bulli Seam decreases in 

thickness from the northeast to the west and south. Its thickness averages 9 m varying 
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between 4.5 m to 15 m. The formation consists essentially of light-grey, medium-

grained massive sandstone called the Loddon Sandstone. This is invariably overlain by 

a bed of dark-grey shale, usually less than 3 m thick, which at the top becomes 

carbonaceous to form the floor of the Bulli Seam (Packham 1969). 

 

Bulli Seam 

 

The Bulli Seam is the topmost formation in the Illawarra Coal Measures. Commercially 

it is the most important of the coal seams and has been extensively mined. Thickness of 

the seam is a maximum of 4 m in the northern part of the field with a regional decrease 

to the south. In the vicinity of Mt Kembla such decrease becomes rapid and farther 

south of this point the seam is represented by about 60 cm of coal and shale. In the far 

south the seam is less than 30 cm thick and consists chiefly of carbonaceous shale. In 

the extreme southwest part of the field the seam is absent, and owing to 

contemporaneous erosion, the section overlying the Wongawilli Seam has been replaced 

by Triassic rocks. North of its rapid thickness change near Mt Kembla the seam is over 

1.5 m thick. 

 

In its areas of best development, that is, north of Mt Kembla, the Bulli Seam consists 

essentially of clean coal containing in places thin shale bands. Its ash content is 

remarkably consistent, only rising above the general range of 9 % to 12 % at the 

northern end of the field. Its coking properties vary generally from medium to strong 

but are weak in one or two localities. The Bulli Seam is overlain by the Coal Cliff 

Sandstone of the Narrabeen Group (Packham 1969). 

  

2.4.2.2 Narrabeen Group 
 

The Narrabeen Group is known to occur throughout the Sydney Basin. It extends along 

the Illawarra coastal escarpment and also outcrops to the west of the escarpment. This 

group includes the main sequence of rocks along the coastal cliffs between Stanwell 

Park and Scarborough, where it is particularly well exposed. The lowest units of the 

Narrabeen Group are Late Permian and the upper unit is Middle to Late Triassic in age. 

The thickness of the Narrabeen Group decreases to the south. 
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The Narrabeen Group includes the Coal Cliff Sandstone, Wombarra Shale, Otford 

Sandstone Member, Scarborough Sandstone, Stanwell Park Claystone, Bulgo 

Sandstone, Bald Hill Claystone, Garie Formation and the Newport Formation. The 

Hawkesbury Sandstone overlies the Narrabeen Group (Ghobadi 1994). 

 

Coal Cliff Sandstone 

 

The Coal Cliff Sandstone is the basal unit of the Narrabeen Group and overlies the 

Illawarra Coal Measures. The thickness of the unit ranges between 6 m and 20 m 

(Hanlon 1953). The Coal Cliff Sandstone is a light grey, fine to medium grained, 

quartz-lithic and lithic sandstone with a number of pebble and shale bands. It crops out 

in the coastal section near Clifton and passes below sea level north of Coalcliff. Angular 

siderite fragments up to 10 cm in size are common in the basal Coal Cliff Sandstone. 

This unit forms the roof of some colliery workings and is exposed underground for 

several kilometres to the west of the Illawarra escarpment. In some places colliery roofs 

are less stable because the fine sandstone near the base of the Coal Cliff Sandstone 

sometimes grades into shale (Ghobadi 1994). 

 

Wombarra Shale 

 

The Coal Cliff Sandstone is overlain by 6 m to 30 m of greenish-grey shale with lithic 

sandstone interbeds. It is well exposed in road cuttings and cliffs south of Coalcliff. The 

sandstone interbeds are generally quite thin, lenticular, fine-grained and carbonate-

cemented. Towards the top of the formation, a thicker sandstone unit is called the 

Otford Sandstone Member (Ghobadi 1994).  

 

Scarborough Sandstone 

 

The Scarborough Sandstone overlies the Wombarra Shale. Commonly the Scarborough 

Sandstone is conglomeratic with coloured chert clasts especially in the basal half. It 

consists of beds up to several metres in thickness which becomes finer upwards. This 

unit comprises lithic to quartz-lithic sandstone with pebbles and minor amounts of grey 

shale (Ghobadi 1994). 
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Stanwell Park Claystone 

 

This unit overlies the Scarborough Sandstone. It consists of interbedded green to 

chocolate shale and sandstone. Three claystone intervals and two sandstone beds can be 

recognized. The lower section of the unit consists of greenish-grey claystone and 

sandstone which slowly changes upward into red-brown claystone and clay. The 

sandstone beds are composed of weathered lithic fragments and are usually light 

greenish-grey in colour. The relative proportion of claystone and sandstone varies but 

overall they are sub-equal (Bowman 1974). 

 

Bulgo Sandstone 

 

The Bulgo Sandstone, which rests on the Stanwell Park Claystone, is the thickest unit of 

the Narrabeen Group on the Illawarra coast. It forms prominent outcrops in the area and 

between Coalcliff and Clifton. It consists of thickly bedded sandstone with intercalated 

siltstone and claystone beds up to 3 m thick. Conglomerate is also present, especially 

toward the base. The Bulgo Sandstone has a higher proportion of quartz than of rock 

fragments. Sandstone beds rarely exceed 4 m in thickness while the siltstone and shale 

interbeds are usually less than 1 m thick (Ghobadi 1994). 

 

Bald Hill Claystone 

 

The Bald Hill Claystone, which overlies the Bulgo Sandstone, outcrops in the hills near 

Otford and on the Mt Ousley road to the south. This formation is about 15 m thick in the 

Bald Hill area (Hanlon 1953). It consists almost entirely of claystone, but lithic 

sandstone interbeds are found towards the base of the unit. Mottled chocolate and green 

claystone zones are common (Ghobadi 1994). 

 

Garie Formation 

 

Toward the top of the Bald Hill Claystone, thin beds of light coloured claystone become 

more common. This upper zone passes into a mid-grey slightly carbonaceous massive 

claystone, which is overlain in turn, by the Newport Formation. The Garie Formation is 
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usually less than 3 m thick but it is a very good marker horizon in the southern Sydney 

Basin (Ghobadi 1994). 

 

Newport Formation 

 

The mid-grey shale and minor interbedded lithic sandstone of the Newport Formation 

overlies the Garie Formation. Mud-rocks of this formation are thinly bedded. The dark-

grey mud-rocks contain plentiful plant fossils. Claystone beds consisting of sand-sized 

flakes of kaolinite, with a large original porosity, are common in the Newport 

Formation (Bowman 1974). 

 

2.4.2.3 Hawkesbury Sandstone 
 

This unit is flat-lying Middle Triassic quartz sandstone that crops out at the top of most 

the Illawarra escarpment. It forms a resistant plateau to the west of the escarpment, 

which gently dips to the northwest. The formation has a thickness of about 180 m at 

Stanwell Park. It contains a minor amount of mudstone, interbedded with fine 

sandstone, but it consists dominantly of sandstone beds (Jones & Rust 1983) typically   

2 m to 5 m but up to 15 m in thickness. Transition into conglomerate is seen in some of 

the sandstone beds. Strong cross-bedding is common in the Hawkesbury Sandstone. The 

interbedded mudstone is very prone to weathering upon exposure and the Hawkesbury 

Sandstone is often involved in rock falls from the escarpment.   

 

2.5 CURRENT PREDICTION TECHNIQUES USED IN THE SOUTHERN 
COALFIELD 

 

Empirical a. based on observation or experiment, not on theory.  

 

Empirical prediction methods provide an instrument in which reasonably accurate 

subsidence predictions can be made, provided the user is aware of the limitations of 

such methods. Subsidence prediction in the Southern Coalfield by empirical methods is 

mainly limited to the guidelines proposed by Holla and Barclay (2000), published by 

the New South Wales Department of Primary Industries (formerly the New South 

Wales Department of Mineral Resources), and the Incremental Profile Method 
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(Waddington & Kay 1995) that was developed by Mine Subsidence Engineering 

Consultants (formerly Waddington Kay and Associates). The Incremental Profile 

Method attempts to address the shortfalls of the New South Wales Department of 

Primary Industries empirical method, mainly in the areas of multiple longwall panel 

subsidence and longwall mining effects on river valleys. This section will cover both 

empirical methods.  

  

2.5.1 New South Wales Department of Primary Industries Empirical 
Technique 

 

The method devised by the New South Wales Department of Primary Industries has 

been in existence since the mid 1980’s (Holla 1985). Since then, the method has been 

refined with the addition of subsidence data (up to June 2000), and a discussion on the 

effects of mining induced subsidence on public utilities, dwellings and water bodies. 

Whilst not accounted for in the prediction technique, there is also a discussion on the 

major factors modifying the theoretical subsidence behaviour such as faults, dykes, and 

gullies. Several case studies are also presented to illustrate these factors in action. 

 

2.5.1.1 Overview of method 
 

The subsidence data and resulting graphs in this method were obtained from collieries 

in the area between the Illawarra Escarpment and the Burragorang Valley. This data was 

collected over a period of thirty years. The majority of the mines included in the 

analyses were mining the Bulli seam except in two cases for which the workings were 

in the Wongawilli seam. The predominant method of mining was by longwall mining, 

although some pillar extraction data has been included. 

 

The basic inputs that are required for this method are: 

 

 Width of longwall panel (W), 

 Depth of cover (H), 

 Mined seam height (T), and 

 Pillar width (Pw) (multiple longwall panel layouts). 
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Once these parameters are known, it is possible to predict the following parameters for a 

given single longwall panel mining layout: 

 

 Maximum developed subsidence (Smax), 

 Maximum tensile strain (+Emax), 

 Maximum compressive strain (-Emax), 

 Maximum ground tilt (Gmax), 

 Radius of ground curvature (Rmin), 

 Location of inflection point, and 

 Goaf edge subsidence (Sgoaf). 

 

With these parameters it is possible to produce a subsidence profile as shown in     

Figure 2.9. It must be noted that only the maximum developed subsidence can be 

predicted for multiple longwall panels. 

 

 
 

Fig. 2.9 – Formation of a subsidence trough above an extraction panel (Holla & 

Barclay 2000) 
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2.5.1.2 Maximum developed subsidence for single longwall panels 
 

Maximum developed subsidence is a function of the longwall panel width to depth of 

cover ratio (W/H) and the extracted thickness (T). Generally, the larger the W/H ratio, 

the greater the subsidence. If a longwall panel is fixed at a depth of 400 m and is 200 m 

wide, it would generally produce greater subsidence than if the same longwall panel was 

150 m wide. This is mainly due to the bridging capability of the strata above the 

extracted longwall panel.  

 

Figure 2.10 is used for predicting the maximum developed subsidence over a single 

longwall panel. It can be seen in Figure 2.10 that the subsidence factor (Smax/T) 

increases substantially for W/H ratios greater than 0.5. This would suggest that 

subsidence is no longer controlled by the elastic deformation/sag of the strata and that 

the bridging capability of the strata is reached at this value. 

 

 
 

Fig. 2.10 – Relationship between W/H ratio and Smax/T for single panels (Holla & 

Barclay 2000) 

 

It can be seen from Figure 2.10 that the largest longwall W/H ratio still falls into the 

sub-critical category (W/H < 1.4). This is a result of the deep mining conditions in the 

Southern Coalfield, and although data exists for W/H ratios between 0.5 and 0.9, the 
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resulting scatter suggests that subsidence prediction would be more accurate for W/H 

ratios less than 0.5. 

 

Another point to note, and which has been addressed by Holla and Barclay (2000), is 

that Figure 2.10 suggests that the maximum developed subsidence from pillar extraction 

is greater than that for longwall extraction. One reason given argues that for longwall 

extraction, unmined coal is concentrated in chain pillars and for pillar extraction; 

unmined coal is spread out over the goaf area in the form of stooks. The reason for the 

greater developed subsidence from pillar extraction is simply that chain pillars, by their 

dimensions, are inherently stronger than smaller stooks. Another reason that is raised is 

the validity of the pillar extraction data. It is pointed out that in some cases, old 

workings next to new pillar extraction panels may have influenced the quality of the 

data set, and in many cases was difficult to identify. 

 

2.5.1.3 Maximum developed subsidence for multiple longwall panels 
 

More often than not, the need to predict the subsidence produced by one single isolated 

longwall panel in virgin coal is not that great. In practise, it is not uncommon for a 

series of ten or more longwall panels to be mined. These longwall panels are separated 

by chain pillars and it has been observed by Holla and Barclay (2000) that the 

subsidence over multiple longwall panel layouts is controlled primarily by the 

compression of pillar coal and strata located both above and below the seam. Longwall 

panels in the Southern Coalfield are generally narrow enough to allow the strata to 

bridge between the pillars, reducing the sag component of subsidence while increasing 

pillar compression. 

 

It can be seen from Figure 2.11, and noted by Holla and Barclay (2000), that the 

maximum subsidence does not develop until four to five longwall panels have been 

mined for a particular geometry. This is a result of the incremental loading of pillars as 

mining progresses, up to a point where the pillar stress reaches a maximum (in this case 

after four to five longwall panels). At this stage, the differences in the maximum 

subsidence for different layouts are due to differences in pillar loads and stresses, 

therefore implying that pillar deformation is the significant contributor to the maximum 

developed subsidence. Recently, this characteristic has been noted by Mills and 
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Huuskes (2004) at Metropolitan Colliery, where the overall magnitude of subsidence is 

controlled by the elastic compression of the chain pillars and the strata above and below 

the chain pillars. It was proposed that subsidence occurs in response to the ‘super-panel’ 

effect of multiple longwall panels, rather than in response to individual longwall panels.   

 Figure 2.11 and Figure 2.12 are used to predict the subsidence for multiple longwall 

panel layouts. 

 

 
    

Fig. 2.11 – Relationship between W/H and Smax/T for multiple panels (Holla & 

Barclay 2000) 

 

Given the important role that chain pillars play in subsidence development, a 

relationship was established between the loading on the pillar and the subsidence factor 

(Smax/T). This can be seen in Figure 2.12. 

 

The area of overburden loading a pillar in a multiple longwall panel layout is given by 

Equation 2.5: 
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Where, 

 

WL = Longwall panel width + pillar width (m) 

H = Depth of cover (m) 

Φ = Abutment angle (°) 

 

For mines operating in the Bulli Seam where H is greater than 350 m, it is 

recommended that 21˚ should be used for the abutment angle (Colwell Geotechnical 

Services 1998). 

 

However, for this value of the abutment angle the second term ((W)2 x tan(Φ/4)) is 

small compared to the first term (WLH). Therefore, pillar load can be taken as a function 

of (WLH) and the pillar stress (WLH/PW).   

  

 
 

Fig. 2.12 – Relationship between pillar stress factor (WLH/Pw) and Smax/T for 

multiple panel layouts (Holla & Barclay 2000) 
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2.5.1.4 Maximum strains 
 

Strains are caused by differential horizontal movements. Horizontal strain is generally 

not critical in the design of structure, but must be accounted for in the design of linear 

structures like pipelines. Horizontal strain is the change in length per unit of the original 

horizontal length of ground surface. Compressive strains occur above the extracted area 

and tensile strains occur over the goaf edges and trough margin. 

 

According to Holla and Barclay (2000), surface strains are directly proportional to the 

amount of subsidence developed and inversely proportional to the depth of cover, a 

relationship that is given by Equation 2.1 and Equation 2.2.  

 

Figure 2.13 and Figure 2.14 illustrate the relationship between W/H and, K1 and K2 

respectively. These graphs were derived by calculating K1 and K2 from Equation 2.1 

and Equation 2.2, respectively for all the available data. Anomalous values were defined 

as being affected by streams, gullies, gorges and hills. It can be seen that curves can be 

drawn to include most of the non-anomalous values. 

 

 
 

Fig. 2.13 – Relationship between W/H ratio and K1 (Holla & Barclay 2000) 

 

 



Chapter 2 
Mine Subsidence In The Southern Coalfield 

 37

 
 

Fig. 2.14 – Relationship between W/H ratio and K2 (Holla & Barclay 2000) 

 

2.5.1.5 Maximum tilt 
 

Tilt of the ground surface between two points is found by dividing the difference in 

subsidence at the two points by the distance between them. The maximum tilt occurs at 

the point of inflection where the subsidence is approximately one half of Smax. The 

relationship can be found in Equation 2.3.  

 

The values of K3 were calculated in the same manner as for strain. The results can be 

seen in Figure 2.15. 

 

 
 

Fig. 2.15 – Relationship between W/H ratio and K3 (Holla & Barclay 2000) 
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2.5.1.6 Radius of ground curvature 
 

The curvature is defined as the rate of change of tilt. It is concave above part of the 

extracted area and convex in the area of trough margin and over goaf edges. A 

regression analysis was performed by Holla and Barclay (2000) on the available data 

and resulted in a K4 value of 22 with a reasonably high confidence level. Based on this 

value of K4, the radius of curvature, Rmin, is shown for different mining depths in  

Figure 2.16.  

  

 
 

Fig. 2.16 – Relationship between maximum strain and minimum radius of 

curvature (Holla & Barclay 2000) 

 

2.5.1.7 Location of inflection point 
 

The inflection point is the point where tensile strains become compressive, and vice 

versa. For W/H ratios more than 0.5, the inflection point is located within the goaf. For 

smaller ratios it moves outside the goaf, and the smaller the W/H ratio, the farther out 

from the goaf edge. Figure 2.17 shows the location of inflection point from the goaf 

edge over main and tailgates for various values of W/H. 
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Fig. 2.17 – Location of inflection point (Holla & Barclay 2000) 

 

2.5.1.8 Goaf edge subsidence 
 

Goaf edge subsidence values for various W/H ratios can be seen in Figure 2.18. It is 

noted that for subcritical longwall panels, the goaf edge subsidence forms much of the 

maximum developed subsidence. 

 

 
 

Fig. 2.18 – Goaf edge subsidence (Holla & Barclay 2000) 
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2.5.2 The Incremental Profile Method 
 

The Incremental Profile Method was developed by MSEC (formerly Waddington Kay 

and Associates) in 1994 during the course of a study for BHP Collieries Division, the 

Water Board and AGL (Waddington Kay and Associates 2002). The purpose of the 

study was to develop an empirical model that could predict subsidence, tilts, curvatures, 

strains and surface effects as a result of longwall mining at Appin and Tower Collieries. 

 

2.5.2.1 Overview of method 
 

Historical subsidence data from Appin, Tower, Tahmoor, West Cliff, Cordeaux and 

South Bulli Collieries was studied and plotted in a variety of ways in order to identify a 

regular pattern of ground behaviour. The most significant patterns were found in the 

shapes of the incremental subsidence profiles measured along survey lines transversely 

across the longwall panels. 

 

The incremental subsidence profile for each longwall panel was derived by subtracting 

the initial subsidence profile measured before mining the longwall panel, from the final 

subsidence profile measured after mining the longwall panel. The incremental 

subsidence profile for a longwall panel shows the change in the subsidence profile 

caused by the mining of the longwall panel. 

 

Figure 2.19 is an illustration of typical incremental subsidence profiles. 
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Fig. 2.19 – Typical incremental subsidence profiles, NSW Southern Coalfield 

(Waddington Kay & Associates 2002) 

 

The Incremental Profile Method is based on predicting the incremental subsidence 

profile for each longwall panel in a series of longwall panels and then adding the 

respective incremental profiles to show the cumulative subsidence profile at any stage in 

the development of a series of longwall panels. Incremental tilts, curvatures and strains 

can also be predicted. Profiles in both the transverse and longitudinal directions can be 

predicted, thereby allowing predictions to be made on any point on the surface above a 

series of longwall panels. 

 

Initially designed for the Southern Coalfield, the method has been applied to the 

Newcastle Coalfield and used to predict subsidence at West Wallsend, Cooranbong, 

Wyong and South Bulga Collieries. Further research by the authors of this method has 

involved the potential application of the Incremental Profile Method in multi-seam 

situations. It was found that the multi-seam profiles are generally greater in amplitude 

than single seam profiles and differ in shape from the standard profile over single 

seams. 
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The incremental profiles have been modelled in two halves, the point of maximum 

subsidence being the point at which the two halves of the profile meet. A library of 

mathematically defined profile shapes has been established, which allows the 

incremental profiles to be modelled, depending on the width to depth ratio of the 

longwall and the position of the longwall panel in the series. The mathematical 

formulae that define the profile shape are of the form given in Equation 2.6. The library 

of profile shapes comprise the values of a to k in these formulae. 

 

5432

5432

1 jxhxfxdxbx
kxixgxexcxay

+++++
+++++=   [2.6] 

 

Different formulae apply, with unique a to k values, for first, second, third, fourth, and 

fifth or subsequent longwall panels in a series, and for different width to depth ratios, 

within the range of 0.3 to 5.0. For second, third, fourth and fifth or subsequent longwall 

panels, the left and right hand side of the profiles have different formulae. 

 

The library of profile shapes contains a to k values for 693 different half-profile shapes 

for single-seam mining operations. The library also contains 236 different half-profile 

shapes for a range of multi-seam mining situations. A selection of model incremental 

subsidence profiles for various width to depth ratios is shown in Figure 2.20. 

 

It has been acknowledged by the authors that the method has a tendency to over-predict 

the subsidence parameters as a conservative view was adopted in drafting the graph 

(Figure 2.21) that is used for predicting the maximum incremental subsidence. Figure 

2.21 shows the maximum incremental subsidence, expressed as a proportion of seam 

thickness, versus longwall panel width to depth ratio. 

 

Since Figure 2.21 is used to determine the amplitude of the incremental subsidence 

profile, any over-prediction of the maximum subsidence value also leads to over-

predictions of the tilt, curvature and strain values. Once the geometry of a longwall 

panel is known, the shapes of the two halves of the incremental subsidence profile of 

the longwall panel can be determined from the appropriate formulae to provide a 

smooth non-dimensional subsidence profile across the longwall panel. 
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Fig. 2.20 – Incremental subsidence profiles obtained using the Incremental Profile 

Method (Waddington Kay & Associates 2002) 

 

 
 

Fig. 2.21 – Prediction curves for maximum incremental subsidence (Waddington 

Kay & Associates 2002) 
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The actual incremental profile is obtained by multiplying vertical dimensions by the 

maximum incremental subsidence value and horizontal dimensions by the local depth of 

cover. Smooth tilt and curvature profiles are obtained by taking the first and second 

derivatives of the subsidence profile. 

 

The amplitude and position of the incremental profile relative to the advancing goaf 

edge of the longwall is determined by a factor known as the overlap factor, the profile 

moving further towards the previous longwall panel as the overlap factor increases. This 

factor is an empirically derived factor, which is a function of the longwall panel width, 

pillar width and the depth of cover. 

 

In order to determine strain values from the curvature graphs, it is necessary to select an 

empirical relationship that will generally provide conservative results. The NCB 

Subsidence Engineers’ Handbook (National Coal Board 1975) adopts a relationship in 

which the reciprocal radius of curvature, K, is equal to strain squared divided by 0.024. 

The authors state this relationship does not provide a good fit when predicted strains, 

derived from predicted curvatures are compared with measured values, and a better fit is 

obtained if a linear relationship of strain = 15 x curvature is chosen, which equates to 

the bending strain in a beam of 30 m depth bending about its centre line. 

 

The authors point out that the relationship of 15 times curvature is also reasonably close 

to the graph of radius of curvature versus maximum strain (Figure 2.16) for depths of 

cover between 300 m and 400 m. It has been found that a multiplying factor of 10 gives 

better results in the Newcastle Coalfield. 

 

Predicted horizontal displacements in the direction of the prediction line can be derived 

by accumulating the predicted strains multiplied by the bay lengths, after distributing 

any displacement closure errors over all bay lengths in proportion to the predicted 

strains. Alternatively, the predicted horizontal ground movement profiles can be derived 

by applying a proportionality factor to the predicted tilt profiles, which they resemble in 

both magnitude and direction. If the latter method is adopted, it is stated that it should 

be realised that the actual shapes of the horizontal displacement profile and the tilt 

profile are different and that the predicted horizontal movements at low tilt values could 

be understated. 
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The authors state that the predicted subsidence and tilt profiles obtained using the 

Incremental Profile Method usually match the observed profiles reasonably accurately, 

and it is not possible to match the predicted and observed curvature and strain profiles 

to the same standard, due to the large amount of scatter in the measured data, although 

the range of strains are adequately predicted. 

 

2.6 SUMMARY  
 

In this chapter, subsidence theory was reviewed and particular attention was paid to the 

caving characteristics of the Southern Coalfield. The caving characteristics have been 

identified as one of the distinguishing features in terms of numerical model validation. 

The empirical methods of Holla and Barclay (2000) and Waddington and Kay (2002) 

were also reviewed and the following is a summary of the advantages and disadvantages 

regarding the empirical methods. 

 

DPI Empirical Method Advantages 

 

 Easy to use, 

 Reasonably accurate for W/H < 0.5 (a variation of 10 % should be accounted 

for), 

 Predictions can be made in a relatively short time (when compared to other 

methods such as numerical modelling, influence and profile functions), and 

 A complete subsidence profile can be obtained for a single longwall panel 

extraction. 

 

DPI Empirical Method Disadvantages 

 

 Only applicable to longwall mining, 

 Large scatter in data evident in Figures 2.10, 2.13, 2.14, 2.15, 2.17 and 2.18 

(Smax/T for single longwall panels, K1, K2, K3, inflection point and goaf edge 

subsidence respectively),  

 Predicted limit of mining influence affected by the determination of the draw 

angle (large variation in observed values) and the uncertain extent of horizontal 

movement, 
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 Cannot produce a subsidence profile for multiple longwall panel layouts, 

 Cannot predict subsidence in topography that is not relatively flat, 

 Cannot predict subsidence for multiple seam mining, 

 Cannot predict location and depth of surface cracking due to the acknowledged 

difficulty in predicting surface strains, and 

 Cannot predict sub-surface deformations – must rely on assumptions. 

 

Incremental Profile Method Advantages 

 

 Multiple longwall panel application, 

 Multiple seam application, 

 Can predict transverse and longitudinal profiles anywhere above a series of 

longwall panels, 

 Can predict horizontal displacements, 

 Allows for variation in seam thickness, pillar and longwall panel widths, and 

depths of cover across a series of longwall panels, and 

 Applicable to other coalfields (e.g. Newcastle Coalfield). 

 

Incremental Profile Method Disadvantages 

 

 Only applicable to longwall mining, 

 Large data scatter problematic for localised strain predictions, and 

 Not as simple to use compared to DPI method. 

 

 


