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CHAPTER 3 
VALLEY CLOSURE AND UPSIDENCE 

 
3.1 INTRODUCTION 
 

Valley closure and upsidence are phenomena that occur when mining approaches and 

undermines river valleys. The most common effects of valley closure and upsidence are 

cracking and buckling of river beds and rock bars, localised loss of water flow and 

adverse effects on the local ecosystem (Figures 3.1 to 3.3). In most cases, the loss of 

water flow into voids beneath the base of the valley is caused by the cracking and 

buckling of the valley base. The magnitude of water loss is dependant on the gradient of 

the creek/river, relative water table levels and the magnitude of the water flows. Where 

losses occur it is generally temporary and this water re-joins the creek/river further 

downstream (Waddington & Kay 2001). The most common method of rehabilitation 

involves the injection of some type of grout to try and seal the mining induced rock 

fracture network and restore water flow. 

 

 
 

Fig. 3.1 – Buckling of rock bars resulting in low angle fractures 
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Fig. 3.2 – Buckling of rock bars leading to vertical cracks 

 

 
 

Fig. 3.3 – Reduction in creek water level due to mining 
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To date, the most comprehensive review on valley closure and upsidence due to mining 

was performed by Waddington Kay and Associates as part of ACARP Project            

No. C9067. These research reports culminated in a handbook for the undermining of 

cliffs, gorges and river systems (Waddington Kay & Associates, CSIRO Petroleum 

Division & University of New South Wales 2002) and contain a conceptual model for 

valley closure and upsidence, along with an empirical method to predict valley closure, 

upsidence, compressive strain and regional horizontal movement for river valleys that 

have been undermined. 

    

3.2 CURRENT MODELS 
 
3.2.1 Horizontal stress model 
 

In Waddington Kay and Associates (2002), it is summarised that during the formation 

of a river valley, the horizontal stresses in the valley sides redistribute to the valley base, 

causing an increase in horizontal compressive stress. This phenomenon is not new and 

is commonly referred to as the ‘notch effect’. As the base of the valley is a free surface, 

it is able to expand vertically. This upward movement of the valley base is generally 

termed upsidence. Upward movement also occurs in the sides of the valley and for some 

distance beyond. 

 

When a river valley is directly undermined by a longwall panel, the conceptual model 

stipulates that the longwall panel extraction causes a redistribution of horizontal 

compressive stress above and below the mined out seam. The horizontal compressive 

stress that is distributed below the longwall panel contributes to buckling and failure of 

the floor of the extraction, whilst the horizontal compressive stress distributed above the 

longwall panel adds to the already high horizontal compressive stress at the base of the 

valley. This conceptual model is illustrated in Figure 3.4. 

 

Depending on the bedding plane spacing and strength of rock in the valley base, the 

increase in horizontal compressive stress may be enough to buckle and fail the valley 

base (Figure 3.5 and Figure 3.6). Failure of the strata in the valley base continues 

downwards until equilibrium is achieved. This can occur if a stronger bed is reached or 
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the depth of failure reached provides enough vertical confinement to prevent 

compressive failure. 

 

 
 

Fig. 3.4 – Notch effect on horizontal stress field (Holla & Barclay 2000) 

 

 
 

Fig. 3.5 – Strata buckling mechanism due to in-situ horizontal stress (Waddington 

Kay & Associates 2002) 
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Fig. 3.6 – Possible failure mechanisms in the bottom of a valley (Waddington Kay 

& Associates 2002) 

 

The buckling and failure of the valley base can create voids below the base of the 

valley. This failure of the valley base allows some relaxation of the sides of the valley to 

occur, resulting in valley closure. 

 

3.2.2 Empirical predictions 
 

In Waddington Kay and Associates (2002), an empirical method to predict valley 

closure and upsidence has been developed. This method is based on upper-bound 

measured values and is anticipated to over-predict in areas of lower horizontal stress. 

The prediction method for valley closure and upsidence is based on a series of graphs 

that show the interrelationships between closure/upsidence and a number of 

contributory factors. The contributing factors include: 

 

 Longitudinal distance from travelling, commencing or finishing goaf end, 

 Valley depth (incised gorges), and 

 Maximum incremental subsidence of mined longwall panel. 
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The contributing factors are plotted on graphs and serve as adjustment factors to predict 

valley closure and upsidence. 

 

The distance measurement convention used in the predictions is shown in Figure 3.7. 

 

 
 

Fig. 3.7 – Distance measurement convention for valley closure and upsidence 

predictions (Waddington Kay & Associates 2002) 

 

The transverse distances for points A, B, C and D in Figure 3.7 are -270 m, 115 m,    

460 m and 680 m respectively. Distances outside the goaf are negative. The longitudinal 

distances for points A, B, C and D are 450 m, 350 m, 160 m and -130 m respectively. 

Distances outside the goaf are also negative. 

 

The graphs used to predict valley closure are shown in Figures 3.8 to 3.11 and the 

graphs used to predict upsidence are shown in Figures 3.12 to 3.15. The base data used 

to prepare these plots are not available in the literature. It is also important to note that 
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the plots include the raw data (blue) as well as so called adjusted data that was produced 

by Waddington Kay and Associates in the formulation of their empirical models. 

 

To make a prediction of valley closure or upsidence at a point in the base of a creek or 

river valley, the following information is necessary: 

 

 Distance of the point from the advancing edge of the longwall panel, 

 Longitudinal distance from the nearest end of the longwall panel, 

 Valley depth, 

 Maximum incremental subsidence of the longwall panel that is being mined, and 

 Longwall panel and pillar widths. 

 

The initial prediction of valley closure is made using Figure 3.8. The value of valley 

closure is then adjusted by multiplying it by the adjustment factors obtained in Figures 

3.9 to 3.11. The procedure followed for predicting upsidence is the same as predicting 

valley closure. 
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Fig. 3.8 – Valley closure versus transverse distance from the advancing goaf edge 

(Waddington Kay & Associates 2002) 
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Fig. 3.9 – Valley closure adjustment factor versus longitudinal distance 

(Waddington Kay & Associates 2002) 
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Fig. 3.10 – Valley closure adjustment factor versus valley depth (Waddington Kay 

& Associates 2002) 
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Fig. 3.11 – Valley closure adjustment factor versus maximum incremental 

subsidence (Waddington Kay & Associates 2002) 
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Fig. 3.12 – Upsidence versus transverse distance from the advancing goaf edge 

(Waddington Kay & Associates 2002) 
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Fig. 3.13 – Upsidence adjustment factor versus longitudinal distance (Waddington 

Kay & Associates 2002) 
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Fig. 3.14 – Upsidence adjustment factor versus valley depth (Waddington Kay & 

Associates 2002) 
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Fig. 3.15 – Upsidence adjustment factor versus maximum incremental subsidence 

(Waddington Kay & Associates 2002) 
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3.2.3 Limitations 
 

For a river valley that is directly undermined by a longwall panel, the horizontal stress 

model is valid. By virtue of geometry, it would be expected that horizontal stresses are 

predominately compressive in the base of a valley that is located in the sagging portion 

of the subsidence profile. Results from the empirical study (Waddington Kay & 

Associates 2002) show that cases of valley closure and upsidence occur well outside the 

goaf edge in unmined coal and also over old longwall panels (Figure 3.8 and         

Figure 3.12). These events largely occur in the hogging portion of the subsidence 

profile, where the horizontal stresses are predominately tensile. 

 

The significance of these valley closure and upsidence events above unmined coal is 

considerable. There is an increase in the environmental footprint, which is usually 

seized upon by environmental, community and anti-mining groups. The increase in 

environmental footprint may lead to problems in defining the limit of mining influence 

using the traditional 20 mm vertical subsidence cut-off limit. This in turn potentially 

leads to policies defining mining barriers and stand-off distances, as environmental 

groups like the RIVERS SOS coalition seek the establishment of a one kilometre 

protection zone around rivers in the Southern Coalfield (Mineral Policy Institute 2005). 

Mining barriers lead to increased roadway development to access coal reserves on the 

other side of protected rivers, and these results in inefficient mine designs and most 

importantly, sterilisation of coal reserves. An example of this can be seen in          

Figure 3.16, which illustrates BHP Billiton Illawarra Coal’s original mine layout for the 

Douglas Project which undermined the Nepean River, and the amended layout which 

does not undermine the Nepean River at all (BHP Billiton 2005). 
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Plan for discussion 

 

 
 

Final layout 

 

Fig. 3.16 – Original and amended plan for mining near the Nepean River (BHP 

Billiton 2005) 

 

The conceptual model of redistributed horizontal compressive stress in two dimensions 

cannot explain the upsidence and closure events in the hogging phase, the lack of valley 

closure and upsidence over currently mined longwall panels, or explain why valley 

closure occurs if there is no valley base failure. It is simply not sufficient to assume that 
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all valley closure and upsidence events occur because of horizontal compressive stress. 

It is also not sufficient to assume that valley closure and valley base failure are related. 

 

3.2.4 Recent developments 
 

A review was published on the Southern Coalfield Enquiry (SCI) in July 2008 (NSW 

Department of Planning 2008). This independent enquiry was established because of 

concerns held by the NSW Government over both past and potential future impacts of 

mine subsidence on significant natural features in the Southern Coalfield. These 

concerns first surfaced in the community in 1994 when the bed of the Cataract River 

suffered cracking and other subsidence impacts. 

 

The enquiry conducted a state of the art review of subsidence impacts of significant 

natural features and recognised the fact that valley closure and upsidence in the far-field 

are difficult to predict, and the mechanisms are not fully understood. 

 

A review of the mechanisms behind valley closure and upsidence referenced the 

horizontal compressive stress model of Waddington Kay and Associates (2002) as the 

most likely mechanism if the valley is located above the mining area. It was recognised 

that valley closure and upsidence in the far field was not fully understood. The 

following possible mechanisms were listed but not expanded upon: 

 

 Simple elastic horizontal deformation of the strata within the exponential ‘tail’ 

of the subsidence profile that applies in conventional circumstances, 

 Influence of valleys and other topographical features which remove constraints 

to lateral movement and permit the overburden to move en masse towards the 

goaf area, possibly sliding on underlying weak strata layers, 

 Unclamping of near-surface horizontal shear planes, 

 Influence of unusual geological strata which exhibit elasto-plastic or time 

dependant deformation, 

 Stress relaxation towards mining excavations, 

 Horizontal movements aligned with the principal in-situ compressive stress 

direction, 

 Valley notch stress concentrations, 
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 Movements along regional joint sets and faults, and 

 Unclamping of regional geological plates. 

 

It was concluded that the coal mining industry should escalate research into the 

prediction of non-conventional subsidence effects in the Southern Coalfield and their 

impacts and consequences for significant natural features, particularly in respect of 

valley closure, upsidence and other topographical features. 

Shortly after the conclusion of the enquiry, The Metropolitan Coal Project Review 

Report was published (NSW Planning Assessment Commission 2009). This report 

contained the proposal known as the Metropolitan Coal Project, which related to the 

future life of mine planning for Metropolitan Colliery. It is the first mining proposal in 

the Southern Coalfield since the SCI was published in 2008. 

 

A review of subsidence and far-field events like valley closure and upsidence was 

conducted but mostly drew from the SCI. This illustrates that progress on identifying 

and verifying a mechanism that explains valley closure and upsidence events over 

unmined coal is not progressing swiftly.   

   

3.3 ALTERNATIVE MODEL 
 

Due to the inability of the horizontal compressive stress model to explain upsidence and 

valley closure over unmined coal and old longwall panels, the new conceptual model 

involves investigating whether block movements in the sagging phase contributes to 

upsidence and valley closure in the hogging phase. 

 

The basic concept of this model is illustrated in Figure 3.17. 
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Fig. 3.17 – New conceptual model for upsidence and valley closure in the hogging 

phase 

 

This conceptual model proposes that if a translation plane is present at the base of the 

valley, the closure observed above unmined coal is a result of rock blocks being pushed 

into the void provided by the valley, due to the horizontal shortening of the ground 

surface directly above the mined longwall panel. Upsidence is not expected to occur due 

to the translation plane dissipating any built up horizontal stress generated by the 

movement of the blocks. 

 

If the translation plane is not present at the base of the valley, but located beneath the 

base of the valley, it is proposed that upsidence will be the dominant feature present 

above unmined coal. Rock blocks will still have horizontal stresses exerted on them by 

the horizontal shortening of the ground surface, forcing them in an outward direction, 

but as no translation plane exists to dissipate the horizontal stress, there will be a 

concentration in horizontal compressive stress at the base of the valley causing 

upsidence, and possibly valley base failure. It is anticipated that valley closure above 

unmined coal is a function of translation plane location, curvature of the ground surface 

and valley depth. Likewise, upsidence above unmined coal is thought to be a function of 

translation plane location and curvature of the ground surface. 

 

Valley closure in hogging mode –  
a number of cases reported 

Tensile conditions theoretically anticipated 
Block movements, i.e. blocks pushed uphill? 
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The assumption that a translation plane exists below the ground surface is based on 

what is reported in the literature. In Holla and Barclay (2000), it is reported that surface 

wrinkles at Tahmoor Colliery were a result of a plane of weakness below the ground 

surface. It was also reported that a nearby borewell was damaged by horizontal shearing 

of the borehole wall.  

 

A similar occurrence was also reported in Mills and Huuskes (2004) where monitoring 

instruments in a valley base at Metropolitan Colliery were replaced due to horizontal 

shearing. In a previous report by Mills (2002) it was noted that there was a loss of 

drilling water recirculation and low RQD observed in the core at around 6 m below the 

base of the valley in the same area.  

 

In Holla and Armstrong (1986), it was reported that a borehole at West Cliff Colliery 

became impassable to a logging probe at 80 m below the ground surface.  

 

This proposed model is compatible with the data in the empirical method described 

earlier in this chapter as it will provide an explanation for valley closure and upsidence 

over unmined coal and old longwall panels and take into account the presence of a 

translation plane below and at the base of a valley. 

 

3.3.1 Kinematics of a particle moving along a known path 
 
The kinematics of a particle moving along a known path is described in this section and 

is reproduced from Hibbeler (1997). The main principle can be readily adapted to 

blocks moving along a known path, i.e. the subsidence profile. 

 

Planar motion 

 

Consider the particle P shown in Figure 3.18, which is moving in a plane along a fixed 

curve, such that at a given instant it is located at position s, measured from point O. 

Consider a coordinate system that has its origin at a fixed point on the curve, and at the 

instant considered this origin happens to coincide with the location of the particle. The t 

axis is tangent to the curve at P and is positive in the direction of increasing s. This 

positive direction is designated with the unit vector ut. A unique choice for the normal 
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axis can be made by considering the fact that geometrically the curve is constructed 

from a series of differential arc segments ds.  

 

 
 

Fig. 3.18 – Position (Hibbeler 1997) 

 

As shown in Figure 3.19, each segment ds is formed from the arc of an associated circle 

having a radius of curvature ρ and centre of curvature O’. The normal axis n which will 

be chosen is perpendicular to the t axis and is directed from P toward the centre of 

curvature O’, Figure 3.18. This positive direction, which is always on the concave side 

of the curvature, will be designated by the unit vector un. The plane which contains the n 

and t axes is referred to as the osculating plane, and in this case it is fixed in the plane of 

motion. 

 

 
 

Fig. 3.19 – Radius of curvature (Hibbeler 1997) 
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Velocity 

 

Since the particle is moving, s is a function of time. The particle’s velocity v has a 

direction that is always tangent to the path, Figure 3.20, and a magnitude that is 

determined by taking the time derivative of the path function s = s(t), i.e. v = ds/dt 

(Equation 3.1 and Equation 3.2).  

 

Hence, 

 

tuv υ=      [3.1] 

 

Where, 

 
•

= sυ       [3.2] 

 

 
 

Fig. 3.20 – Velocity (Hibbeler 1997) 

 

Acceleration  

 

The acceleration of the particle is the time rate of change of the velocity (Equation 3.3), 

 

tt uuva
•••

+== υυ     [3.3] 
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In order to compute the time derivative tu
•

, note that as the particle moves along the arc 

ds in time dt, ut preserves its magnitude of unity; however, it changes its direction, so 

that it becomes '
tu  , Figure 3.21.  

 

 
 

Fig. 3.21 – Time derivative (Hibbeler 1997) 

 

As shown in Figure 3.22, we require ttt duuu +=' . Here dut stretches between the 

arrowheads of ut and '
tu , which lie on an infinitesimal arc of radius 1=tu . Hence dut has 

a magnitude of ( ) θddut 1= , and its direction is defined by un.  

 

 
 

Fig. 3.22 – Time derivative components (Hibbeler 1997) 
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Consequently, nt uddu θ= , and therefore the time derivative becomes nt uu
••

= θ . Since 

θρdds = , then ρθ
••

= s , and consequently (Equation 3.4), 

 

nnnt uusuu
ρ
υ

ρ
θ ===

•
••

   [3.4] 

 

Substituting into Equation 3.3, a can be written as the sum of its two components 

(Equations 3.5 to 3.7), 

 

nntt uauaa +=     [3.5] 

 

Where, 

 
•

= υta  or 
ds
dat

υυ=     [3.6] 

 

and, 

 

ρ
υ 2

=na      [3.7] 

 

These two mutually perpendicular components are shown in Figure 3.23, in which case 

the magnitude of acceleration (Equation 3.8) is the positive value of: 

 

22
nt aaa +=      [3.8] 
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Fig. 3.23 – Acceleration (Hibbeler 1997) 

 

3.3.2 Adaptation to blocks moving along a known path 
 

It can be seen from Equations 3.1 to 3.8 that the kinematics of a particle moving along a 

known path is highly dependant on the shape of the path and the radius of curvature that 

is produced from the change of shape in the path. In a mining situation, the shape of the 

path becomes the subsidence profile. The tilt or radius of curvature can be derived from 

the subsidence profile as discussed in Chapter 2. 

 

When blocks that represent river valleys are placed on the subsidence profile        

(Figure 3.24), the blocks will rotate against each other (Figure 3.25) resulting in blocks 

being pushed into the free face provided by the valley. Holla and Barclay (2000) report 

that monitoring of horizontal movement of the valley sides in an un-named creek was 

almost constant, indicating a rigid-body-type movement. This observed behaviour 

supports the notion of en masse block movements.  
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Fig. 3.24 – Magnified block displacements on curved slope (after Nemcik 2003) 

 

 
 

Fig. 3.25 – Area of contact between rotating blocks (Nemcik 2003) 
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The actual kinematics of rock blocks sliding along a translation plane to produce valley 

closure needs to be further investigated. It can be readily deduced that the movement of 

each individual block is a function of the radius of curvature or tilt of the subsidence 

profile, and the height of each individual block. 

 

From simple trigonometry (Figure 3.26), in a circle of radius r, the length of the arc s 

opposite the angle θ at the centre is defined by Equation 3.9. 

 

θrs =       [3.9] 

 

Where θ is in radians. 

 

 
 

Fig. 3.26 – Length of an arc 
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Adapting the above theory to block rotations and simplifying to enable simple 

trigonometric analysis (Figure 3.27): 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.27 – Exaggerated view of valley tilt and resulting closure 

 

Where, 

  

R1 = Depth of valley (m) 

φ1 = Tilt of block adjacent to valley (radians) 

C1 = Closure from one side of valley (m) 

 

To determine the tilt experienced by one half of a valley, consider Figure 3.28. 

 

 

 

 

 

 

 

 

 

 

Fig. 3.28 – Components of valley tilt 
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Where, 

 

y1 = Subsidence at corner of block (m) 

y11 = Subsidence at corner of block (m) 

x1 = Distance between block corners (m) 

 

Using simple trigonometry, the angle of tilt can be calculated from Equation 3.10 and 

Equation 3.11, and the resulting closure can be calculated from Equation 3.12. 

 

1

111
1tan

x
yy −

=φ     [3.10] 

 

1

1

111
1 tan −⋅⎟⎟

⎠
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yyφ     [3.11] 

 

⎥
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⎡
⋅⎟⎟
⎠

⎞
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⎝

⎛ −
= −1

1

111
11 tan

x
yyRC    [3.12] 

 

If the expression for φ1 in Equation 3.11 is substituted into Equation 3.12, it can be seen 

that the final expression for closure takes on the form of Equation 3.9. 

 

Equation 3.12 could possibly be used to calculate the inward closure of the valley wall 

that is furthest from the longwall panel, as the proposed block movement mechanism 

postulates that the side of the valley closest to the longwall panel is pushed away from 

the longwall panel and into the free face provided by the valley, hence adding 

displacements along the translation plane as an extra consideration. An exception would 

be when the valley is located directly above the longwall panel, and then Equation 3.12 

could be used to calculate the inward displacement of both walls, and hence total valley 

closure. 
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3.4 REQUIRED WORK PROGRAM 
 

As the alternative block movement model does not need to consider out-of-plane 

stresses, it is amenable to two-dimensional numerical modelling. Therefore, it is 

proposed to investigate the alternative block movement theory by numerical modelling. 

In order for this to occur, the viability and credibility of the models created by the 

chosen numerical code needs to be established.  

 

The numerical modelling will take place in two stages. The first stage will involve the 

creation of single longwall panel subsidence models that can be verified with the DPI 

Southern Coalfield empirical method and analytical methods. 

 

The second stage will involve the creation of simplified subsidence models that 

incorporate river valleys and translation planes at different depths. These models will be 

based on the single longwall panel subsidence models for consistency. 

 

An emphasis will be placed on the models being transparent for credibility purposes. All 

the material properties, assumptions and processes used in the creation of the models 

will be fully traceable so that the results from the models will be beyond reproach. 

 

3.5 SUMMARY 
 

The widely accepted conceptual model was reviewed and it was quickly identified that 

this model cannot explain upsidence and valley closure over unmined coal, a 

phenomenon that is evident in the field data gathered by Waddington Kay and 

Associates (2002). A review of recent developments revealed that no substantial 

progress has been made in identifying the mechanism behind valley closure and 

upsidence above unmined coal. The proposed alternative explanation of block 

movements was introduced and is the subject of further investigation using numerical 

modelling in the following chapters. 

 


