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Thesis Abstract  
Soil erosion from post mining landscapes subjected to significant 

rainstorm events is believed to have adverse effects on the surrounding 

environment, as well as the mining processes. The research project 

reported in this thesis was encouraged by the fact that, to the best of the 

author’s knowledge, there is a lack of catchment/landscape scale 

erosion/deposition model, to deal with the special conditions of post-

mining rehabilitation sites.   

 Previous research has produced the hillslope erosion model 

MINErosion 3.01 which was useful to determine the parameters (slope 

gradient, length and vegetation cover) required to design a postmining 

landscape that meets the criteria of acceptable erosion rates (<40 t/ha/y). 

However, MINErosion 3.01 was not suitable to determine the erosion rates 

from whole catchments or whole of mine landscapes and a model is 

needed to provide the environmental officers with a tool to allow them to 

manage the whole of mine landscape, specifically in relation to offsite and 

onsite discharges of water and sediment. MINErosion 3.01 was found to 

be a suitable for upscaling to produce a new user-friendly catchment scale 

model named MINErosion 4. As an initial stage, MINErosion 3.01 was 

revised to fix some of its errors and add some new features and a new 

version MINErosion 3.1 was developed and validated against plot data 

from a previous project (Postmining Landscape Parameters for Erosion 

and Water Quality Control, 1992-1998). The agreement between 

predicted (Y1) and measured (X1) annual average soil loss is good with a 

regression equation of Y1 = 0.8 X1 + 0.005 and an R2 = 0.70; while 

predicted (Y2) and measured (X2) rainstorm erosion events have a 

regression of Y2 = 0.867 X2 with an R2 of 0.68.    

As the new model should be a spatial distribution model, the 

variability of media properties of Central Queensland coal mines need to 

be determined. Ninety three soil and spoil samples were collected from six 

selected coalmines. They were analyzed and represented in both 

MINErosion 4 model database and as a standalone database file for 

Central Queensland coalmines media properties. These properties were 
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used to derive the rill and interrill erodibilities of soil and spoil. These 

values are generally in agreement with the values in the embedded 

MINErosion 3.1 database as determined by Sheridan (2001). This work 

shows large variability in soil and spoil erodibilities which should result in 

large variability in erosion rates across a minesite. A knowledge of the 

hotspots in advance will assist the mine to manage and allocate suitable 

resources across the postmining landscape. 

The fundamental theory, and framework of the new MINErosion 4.1 

model is as follows. The model integrates the hillslope scale model of 

MINErosion 3.1 with the ESRI ArcGIS® 9 which was employed to generate 

the required hydrological parameters for each raster from the Digital 

Elevation Model (DEM) of the minesite. MINErosion 3.1 was then applied 

to each raster and a depositional sub-routine was added and used to 

determine whether sediment will be deposited (if sediment load>transport 

capacity) or transported to the next raster (if sediment load < transport 

capacity). In this way, the model can represent the erosion/deposition 

pattern for the whole catchment for a single event erosion as well as the 

annual erosion rate. The results are represented as a set of raster layers 

and printed maps. The model was validated against 10 years of measured 

data from Curragh mine site’s rehabilitation project. The validation results 

are excellent and the agreement between predicted (Y) and measured (X) 

soil losses are good with regression equations of Y = 0.919 X (R2 = 0.81) 

for individual rainstorms, and Y= 1.473 X (R2 = 0.726) for average annual 

soil loss. The latter shows an overestimation of 47 % and is probably 

associated with an underestimation of the annual transport capacity by 

the Van Rompaey et al., (2005) equation. 

MINErosion 4.1 is user-friendly and requires only few laboratory 

measured input parameters. To the authors knowledge this is probably 

the first time that a catchment/landscape scale erosion is successfully 

predicted from laboratory based input parameters. Prediction is likely to 

be most reliable when erodibilities are measured using a flume-rainfall 

simulation as described by Sheridan (2001). However, when such 

measurements are not available, they can also be estimated from several 
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soil physical and chemical parameters which are commonly available from 

routine soil analysis. 

MINErosion 4.1 is a versatile model and can be applied to landscapes 

with multiple catchments. The scale of landscape and the resolution of the 

model prediction is limited by the computing power available. The more 

rasters is involved, the longer it takes for the computation to be 

completed. It is also limited by the detail of spatial landscape information 

available to the operator. The more information available, the greater the 

spatial variation that can be represented in the output. Examples of some 

application to Curragh mine is presented in the thesis. 

Finally, it is suggested that with some future minor modifications, the 

model could be applicable for agriculture catchments. Another potential 

future development is to add other suitable sub- routines towards 

developing this model as a general landscape evolution model.  
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MINErosion 4: A user-friendly 
catchment/landscape erosion prediction 

model for post mining sites in Central 
Queensland 

 

Chapter 1. Introduction 

Soil erosion and water quality degradation is considered as one of the 

most important threats for land management and environment in 

Australia and around the world.  Erosion is not only a threat for the 

agricultural environments, but also threatens many other environmental 

and economic sectors such as open-cut coalmine sites. This problem is 

considered as the most critical environmental issues facing the coal 

mining industry.  For instance, erosion from severe rainstorms can result 

in large amounts of sediment discharge onto the mine operational areas 

and stops the mining operation, which may cost millions of dollars for 

every day of work suspended (Macdonald-Smith, 2008).  The ability to 

predict the risk of such events could result in more secure practices at the 

mine sites (So et al., 1998). On the other hand, the impact of erosion 

from the mining and post-mining landscape on the receiving environments 

could be very significant and far-reaching. For most sites, it is largely 

unknown how much water and sediments are discharged during large 

storm events, where most of the sediment loads come from, and how 

often these events actually occur.   

The legislation in Queensland (Environmental protection act 1994) 

put the responsibility on the mining companies to rehabilitate the post 

mining areas to an environmentally acceptable level. From the 

Departments of Natural Resources, Mines and Water website, the 

environmental prerequisites prior to the issue of mining permits in 

Queensland are: 

 An Environmental Management Overview Strategy (EMOS) is 

required for all mines. 
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 Rehabilitation security deposits to be lodged with the government. 

These have increased from $5 million in 1991 to $370 million in 

1998. 

During the mining operations, environmental compliance assessment 

program audits are to be conducted. These have increased from seven in 

1994-95 to more than 120 in 1997-98. 

It is of vital importance for operators, regulators, and the community 

to understand not only the probability of events that can result in 

discharges into streams outside the catchment areas, but also the amount 

of water and sediment being discharged and the significance of these 

events influencing the surrounding environment. 

Most of the erosion models in use around the world were developed 

for agricultural soils and they are not suitable for use with post mining 

landscape, which are significantly different from agricultural 

environments. Agricultural land are generally on low slopes (< 15 % for 

pastures and <8% for cropping), and the topsoil is frequently cultivated 

and remains unconsolidated. On the other hand, post mining landscapes 

are often steep, they may or may not be covered with topsoil and are left 

undisturbed for long periods and consolidates with time. Overburden 

material are often rocky, saline and sodic and very dispersive. MINErosion 

3.01 is probably the only erosion model which is specifically designed to 

deal with soil erosion under these specific mining conditions. It was 

designed and used for determining appropriate slope gradient and length 

parameters for designing post-mining landscapes that will result in 

acceptable erosion rates; however, MINErosion 3.01 is limited to simple 

hillslopes only. There is a need to provide environmental officers with a 

catchment scale erosion/deposition model that suits the conditions and 

characteristic of post mining sites and that can be used to examine the 

potential erosion rates under various conditions and to identify the erosion 

hotspots and manage them accordingly.  
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Therefore, the overall objectives of this research project were:  

• To revise and enhance the existing hillslope model MINErosion 3.01 

and to further validate the model for single event rainstorms.   

• To develop a user-friendly catchment scale erosion/deposition 

model, MINErosion 4 by upscaling the hillslope erosion model, 

MINErosion 3.01.   

• To extend the available database of soil and spoil properties for 

some coal mines area in Central Queensland so that the effect of 

spatial variation of the soil properties can be incorporated into 

MINErosion 4. 

 This thesis consists of five chapters; chapter 2 gives an overview of 

erosion literature that reflects the understanding of the whole issues 

and justifies the thesis objectives. Additional detailed and specific 

literature reviews may appear in some other chapters where 

appropriate. Materials and methodologies will be described as part of 

the following chapters.  Chapter 3 explains the issues of enhancing and 

rebuilding of the hillslope erosion model, MINErosion 3; as well as 

further validation of the model. Chapter 4 discusses the soil/spoil 

analysis, the results and how this was used to calculate the soil/spoil 

erodibilities and discuss the effect of spatial variation on erosion 

prediction. Chapter 5 discusses the theory, concepts, technology and 

methods that have been used to build a user-friendly catchment scale 

erosion model, MINErosion 4. It also shows the model validation and 

the capabilities of the computer application. It finally gives a case 

study for Curragh mine using the available data from chapter 4. A 

general summary, final conclusions and recommendations have been 

reported in chapter 6; followed lastly by a list of References.    
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Chapter 2. Literature review 

2.1 Soil erosion processes, forms, and factors affecting 
them:  

Soil erosion by water may be defined as the mechanical process, 

which wears away soil particles from one point to another. This movement 

of soil particles is initiated by receiving the kinetic energy of falling 

raindrop and runoff water on the soil surface.  Soil erosion as a natural 

process (geological erosion) occurs regularly in our environments and the 

rate of soil loss, in that case, is acceptable because it is part of the natural 

land forming process. However, the rates of soil erosion may increase as a 

result of human activities such as deforestation, overgrazing and mining 

activities; this type of erosion is named "accelerated erosion". In this 

thesis, we will use the word 'erosion' as abbreviation to 'accelerated 

erosion'.    

Morgan (2005) affirmed that most soil scientists agree that the rate 

of natural soil formation  is very slow (0.01 to 7.7 mm/yr with an average 

of 0.1 mm/yr).  For that, the soil loss rate is acceptable when its value is 

equal or less than the soil loss tolerance, which is defined as "the 

maximum permissible rate of erosion at which soil fertility can be 

maintained over 20 to 25 years". This value varies depending on some 

environmental factors. A mean annual soil loss of 12 ton/ha/yr is 

commonly accepted for most cultivated soils; however, there are 

scientists who prefer to use a higher value for soil loss tolerance such as 

15-20 ton/ha/yr. The Queensland Department of Minerals and Energy 

target erosion rate for rehabilitated spoil of 12 to 40 ton/ha/yr (Welsh et 

al., 1994) 

Generally, soil loss by erosion is expressed in units of mass per unit 

area, such as t/ha or kg/m2, and may be for a single storm event, an 

average value for a number of years, or for any other specified period. 

Soil loss expression is often used when talking about on-site effects of 

erosion such as loss of crop productivity; while, sediment yield as a term 

is used when talking about off-site effects of erosion such as saltation in 
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ditches, streams, and reservoirs. Sediment yield is defined as the quantity 

of sediment which departs a specified area of land in a given time period. 

It may be expressed in units of total mass (kg), mass per unit width of the 

borderline (kg/m), or mass per unit area (kg/m2). Practically, the 

sediment yield is calculated as the difference between the net soil loss and 

the net deposition. Whereas, in most cases, not all soil lost from a field 

becomes sediment yield because some of the soil particles are deposited 

on the field before leaving it (Nearing et al., 1994).  

2.2 Soil erosion processes and mechanics: 

Soil erosion processes can be divided in three main stages or sub-

processes consisting of the detachment, sediment transport, and 

deposition. Those stages are well described by various scientists (Bradford 

and Huang, 1996, Merritt et al., 2003, Morgan, 2005) 

2.2.1 Soil detachment: 

The detachment of individual soil particles from the soil mass, as the 

first stage in erosion process, occurs when the energy of raindrop or water 

run-off is greater than the cohesive forces binding the soil particles 

together. The major force initiating soil detachment results from the 

impact of falling raindrops; however, the importance of overland flow as 

an erosive agent and agitator force for the detachment has been 

acknowledged (Merritt et al., 2003, Torri, 1996). Kothyari and Jain    

(1997) stated that detachment over interrill areas is considered to be by 

the impact of raindrops because flow depths are shallow, while runoff is 

considered to be the dominant factor in rill detachment. Lal and Elliot 

(1994) claimed that the major factor initiating soil detachment is the 

kinetic energy of rainfall.  

Yariv (1976) gave a model based on three stages to clarify the 

mechanisms for the detachment of soil particles by raindrops. In the first 

stage as rain begins to fall and the soil is still dry, detachment of particles 

results from the collision and smashing of elastic bodies. However, if the 

nature of the soil particles allows them to absorb water molecules then 

the mechanical force of the raindrops, which is acting to detach the 
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particle, will effectively decrease. In addition, a collision may lead to a 

breakdown of soil aggregates into smaller units and that will absorb part 

of the raindrop kinetic energy; it will lead to a decrease in the 

effectiveness of raindrops to detach soil particles in this stage.  

In the second stage, as rain continues, the soil will be fluidized 

(mixture of soil and water); the effect of raindrops cause splashing of 

drops from the wetted soil. The size of the splashed drop depends on the 

kinetic energy of the impacting raindrop. Large particles can be detached 

only with large drops of water. For that, it is predictable that the 

possibility of detachment will decrease with increasing particle size. It 

could be noted that the maximum raindrop splashing occurs during this 

stage. 

In the third stage, the fluidized soil will be covered by overland flow 

and some drops from the fluidized soil may fall to pieces in the overland 

water layer. In the real world, there is no clear distinction between the 

three stages. That means the hydrological system could consist of the 

three stages at the same time. The role of each stage depends on the 

duration and intensity of the rain and the infiltrability of the soil. 

As a result of that explanation given by Yariv (1976), it is clear that 

the particle size distribution (soil texture) and soil structure have a great 

effect on the soil detachability. He mentioned for that not all particle sizes 

are equally vulnerable to detachment. Gravels and very coarse sand 

always have a high resistance to detachment due to their physical mass; 

also, small-size particles such as clay minerals have a high detachability 

resistance due to their high hydration energy. Meanwhile, only coarse and 

medium size particles are detached quite readily under raindrop impact.  

The structure of soil and soil aggregates may affect the detachment 

process by absorbing part of the raindrop kinetic energy. Therefore, 

because there are many differences between agricultural soils and post 

mining overburden piles in their texture and structure, they will reveal 

differences in their detachability.  
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   Morgan (2005) stated the detachment rate (Dr) on bare soil can be 

expressed by the equations: 

ca
r sID α      Equation  2-1 

dhcb
r esKED −α     Equation  2-2 

Where  

 

 

 

 

 

2.2.2 Sediment transport: 

It could be noted that, the soil particles may be shifted by raindrops 

splash or moved with the runoff water; however, the effect of raindrop 

splash on sediment transportation is less than the impact of water runoff, 

with only a small net downslope movement due to the slope effect. Young 

and Wiersan (1973) reported that the sediments transport by airsplash 

(raindrop splash erosion) contributed 17% of the total sediment transport 

from interrill areas; whilst, rain flow runoff contributed  83% of sediment 

transportation.  Therefore, the water flow runoff has the main role in the 

process of sediment transport. 

Runoff generation is the initial stage for the water driven processes of 

interrill and rill erosion, is mostly controlled by the local interaction of the 

rainfall event properties (duration and intensity), ground cover 

(vegetation), land use, and soil characteristics. Depending on the 

interaction between soil infiltration and rainfall rate, the generation of 

water flow runoff could be divided into two main mechanisms or types: 

infiltration excess overland flow, which is also known as Hortonian flow 

(named after Robert E. Horton), and saturation overland flow.  The first 

type, Infiltration excess overland or Hortonian flow, occurs when the 

rainfall rate exceeds the infiltration rate of the soil and that commonly 

I= rainfall intensity (mmh-1) 

s= the slope expressed in mm-1 or a sine of the slope angle 

KE = the kinetic energy of the rain (J m-2)  

h = the depth of surface water (m) 

a, b, c, and d = are convenient values change to reflect the 
variation in soil texture. 
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happened in arid and semi-arid regions where the soil infiltration capacity 

is reduced due to soil surface sealing and rainstorms have poor regularity 

and normally high intensities. It is also common in bare soils and rarely 

generated on vegetated surfaces in humid regions. While, the second 

type of water flow runoff,  saturation overland flow, takes place when the 

soil is saturated and rain continues to fall, the rainfall will immediately 

produce surface runoff named as saturation overland flow; it may also 

happened when the top soil is filled with water from a subsoil restriction, 

such as a shallow bedrock  (Smith and Goodrich, 2005).  

Sheridan (2001) stated that the unvegetated (bare) slopes of 

Central Queensland coal mines fit into Infiltration access runoff water 

flow generation pattern.  It is important to mention that, at the 

catchment scale erosion models, by identifying the dominant runoff 

generation mechanism across the landscape, we can, somewhat, 

recognize the relative contributions of different landscape elements (grid 

cell) to the whole catchment runoff and know the runoff originate spots 

approximately. For instance, if the Infiltration access runoff flow is 

assumed to be the dominant mechanism in water flow generation, then 

we can expect that the areas with lowest infiltration rates are the main 

providers of catchment runoff; where the slope in this case is of less 

importance for the generation of runoff (but still important for the routing 

of runoff). On the other hand, where the saturation excess overland flow 

is assumed to be the dominant runoff process, soil depth and slopes are  

the controlling factors on those locations where most catchment runoff is 

fashioned (Seibrt and McGlynn, 2005). 

After the generation of runoff, the runoff flow goes in one of two kind 

of water flow: overland (interrill) flow or stream (rill) flow. There are 

several differences between stream (rill) flow and overland (interrill) flow 

reported by Hessel and Jetten (2007): 

• Overland flow is much shallower. Shallow flow reveals 

undulation, so that flow conditions are changing continuously. 
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• Overland flow is much more affected by surface roughness and 

raindrop impact. 

• Slopes are usually much steeper in the case of overland flow 

than in the case of stream flow. 

• Overland flow is often laminar, while stream flow is usually 

turbulent. 

• Saltation and even suspension might be limited in overland 

flow because of the small flow depth, so that bed load 

transport is likely to be the dominant mode of transport. 

Dunne et al. (1991) reported that the overland flows on natural 

landscape do not move far before congregating into concentrated flow 

channels or rills. Overland surface flows, prior to some sort of 

channelization, infrequently go beyond 100m in length, except in 

extraordinary cases of low-sloped tilled catchments (Smith and Goodrich, 

2005). 

2.2.3 Sediment deposition: 

Sediment deposition occurs when sufficient energy is no longer 

available to transport the particles, which should happen when the value 

of transport capacity becomes lower than the sediment load. The erosion 

models are looking to the deposition issue depending on two point of view 

demonstrated by Yu (2003). He stated that there are two modeling 

framework approach developed to express and assess soil erosion and 

sediment deposition in the last decades. The first framework is based on 

the concept of transport capacity; deposition occurs only when the 

sediment concentration in runoff exceeds the transport capacity of the 

flow. The concept of transport capacity thus could be considered as the 

heart of erosion/deposition models; it has a crucial role in the 

pronouncement whether or not the sediment deposition is taking place.  

WEPP as one of the better-known erosion model adopt this approach with 

several other models such as ANSWERS, LISEM and EUROSEM.   
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The second approach is based on the idea of simultaneous erosion and 

deposition. Net erosion or deposition is considered as a result of the 

dynamic interactions among all processes involved. The simultaneous 

erosion and deposition approach forms the foundation for GUEST and the 

recent studies of multi-size sediment deposition. Each of WEPP and GUEST 

and the way of handling the deposition component will be discussed later 

on.  

Sediment deposition rate as a numerical value may be defined as the 

mass per unit area of soil returning to the soil surface.  Morgan (2005) 

stated that deposition rate was considered to depend on the settling 

velocity of sediment particles. Whereas, soil particles is normally carried 

forward by the water until the flow velocity drops below the settling 

velocity of the particle, which can be calculated from Stokes' law:  
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 Where: t (s) is the time for a particle to fall h (cm) once terminal 

velocity is reached. ρs (kg/m3) is the particle density, ρf (kg/m3) is the 

density of the suspending medium. ή (poise) is the viscosity of the 

suspending medium; g (cm/s2) is the acceleration due to gravity, and d 

(cm) is the equivalent sphere particle diameter. 

Carroll (2005) noted that sediments could be classified depending on 

the distribution of settling velocities (vi m s-1) where the subscript i refers 

to a sediment with a particular settling velocity class. The rate of 

deposition (di) can be calculated for the specific concentration of sediment 

in this settling velocity class  ci (kg m-3) by the following equation: 

di  = vi ci (kg m-2 s-1)     Equation  2-4  

The distribution of vi for a particular sediment is called the settling 

velocity characteristic, and the 'depositability' (φ) is obtained by the 

summation Σ vi / l, where l is the arbitrary number of equal mass class 

sizes into which the distribution is divided (l = 50 is typical). 
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Desmet and Govers (1995) stated that overland flow erosion is 

normally transport limited; the maximum limit of the flow is usually 

known as sediment transport capacity. In its simplest form, sediment 

transport flux by over land flow could be expressed by the equation:  

Qs= k Lm Sn       Equation  2-5 

Where Qs is the sediment transport flux (kg/ (m. unit time)), L is the 

slope length (m) and S = the slope gradient (m/m), k, m and n are 

constants usually taken from the work by Zingg (1940) and Musgrave 

(1947).   

For three-dimensional landscape models, the slope length is to be 

substituted by the contributing area per unit of contour length. The 

equation then becomes:  

Qs = k. Sm As
n      Equation  2-6  

where As is the contributing area per unit of contour length (m2/m), 

and k, m, n are constants. 

The sediment deposition rate is also influenced by the behavior of the 

surface water flow within which particles are settling. Turbulence within 

shallow interrill flows (due to raindrop impacts) has been distinguished to 

be the primary determinant of transport capacity within these flows. The 

low velocities associated with interrill flow rarely provide sufficient force to 

transport sediment in the absence of raindrop induced turbulence 

(Sheridan, 2001). 

Sediment transport capacity, as one of the main concept in any 

catchment scale erosion’s model, will be discussed in detail later on in 

chapter 5.  

2.3 Forms of soil erosion by water:  

Soil erosion by water may take many types or forms, which are 

splash erosion, interrill erosion (sheet erosion), rill erosion, gully erosion, 

and stream bank erosion. Interrill and rill erosion are two basic forms of 
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soil erosion on catchments (Liu et al., 2006). On a hillslope, interrill 

erosion is begun first under the impact of overland flow; then with 

increasing flow, rill erosion starts to occur.  

Bradford and Huang (1996) noted that when detachment results 

mainly from the impact of raindrop, particle transportation is primarily due 

to overland flow (Infiltration access runoff flow) and the slope length and 

steepness are not enough to generate a detachment force by flow runoff, 

then Interrill erosion will be the dominant form of erosion.  On the other 

hand, on very steep and long slopes the flow concentrates and soil 

detachment by flow occurs, rills are initiated and take a place as a 

dominant form of erosion with a rate depending on flow shear stress and 

soil resistance against flow shear; however, interrill erosion can occur for 

short distances (centimeters). Both rill and interrill erosion together are 

normally monitored to coexist on steep slopes (Liu et al., 2006) and both 

of them are often categorized as ‘overland flow’ erosion (Merritt et al., 

2003).  

 

2.3.1 Interrill erosion:  

Lal and Elliot (1994) confirmed that  Interrill erosion is composed of 

two major processes, sediment detachment by raindrop impact and 

sediment transport by thin overland flow. Guy et al., (1987) stated that 

85% of sediment delivered from interrill areas could be related to the 

enrichment of transport capacity by raindrop impact, while 15% of it is 

only attributed to undisturbed runoff. 

Interrill erosion is mainly affected by rainfall intensity, slope, runoff 

rate, flow depth, and soil type, along with their interactions (Zhang et al., 

1998). In the past, slope length and gradient has been considered not to 

have any effect on interrill erodibility. However, because changes in both 

of these factors influence the capacity of rain-impacted flow to transport 

detached soil material, variations in slope length and gradient may 

produce variations in interrill erodibility. As a consequence of this, the 
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form of the relationship between the interrill erosion rate and slope 

gradient may vary between soils and with slope length (Fox and Bryan, 

1999, Kinnell, 1993a, Sheridan et al., 2003). 

Many equations have been derived to compute the interrill erosion 

rate. Meyer (1981), Meyrr (1981), Using rainfall simulator data,  inferred 

that the effects of rainfall intensity on interrill sediment delivery for a 

specified slope steepness could be expressed by 

Di = Ki I2       Equation  2-7 

where Di is the interrill sediment delivery per unit area per unit time; 

Ki is a interrill erodibility parameter; and I is the rainfall intensity.  

  Watson and Laflen (1986) and Elliot et al. (1989) added the effect 

of slope factor and express the interrill erosion rate using the following 

equation: 

Di = Ki I2 Sf      Equation  2-8 

where Di = interrill erosion rate (mass of soil eroded per unit area per 

unit time); Ki = interrill erodibility, (kg.s/m4), I = rainfall intensity (depth 

per unit time); Sf= slope factor (dimensionless).  

It is obvious that the interrill erosion rate in the previous equations 

(Equation 2-7 and 2-8) compute interrill erosion using a model which 

relates it directly with rainfall intensity (I) squared. However, Kinnell 

(1993a) reported that the sediment discharge from an interrill area can 

vary directly with (I) rather than (I2) when factors such as flow discharge 

are also considered. He argued that the success of the use of (I2) in 

modeling interrill erosion relies on (I) being a surrogate for the runoff rate 

(Q). Therefore, a general expression of interrill erosion was formulated as: 

Di = Ki  f1(I)  f2(Q) f3 (S)    Equation  2-9 

where Di is interrill soil loss rate; Ki is the interrill erodibility term; 

f1(I)  , a function of the rainfall intensity, f2(Q), a function of the runoff 

rate, and f3(S), a function of the slope steepness; this general formula has 



 14 

been widely adopted by many researchers (Flanagan and Nearing, 1995b, 

Kinnell, 1993a, Zhang et al., 1998). Some modified versions have been 

published based on this general expression; for example, Zhang et al., 

(1998) produce the following equation which fit their experimental data to 

calculate the interrill soil loss: 

𝐃𝐢 =  𝐊𝐢𝐈 𝐪𝐜 𝐒𝟐 𝟑�       Equation  2-10 

where  q is the unit discharge, and c is a regression coefficient (equal 

0.5 for simplicity and generality . 

Following Kemper et al., (1985a), Sheridan et al. (2000a) and So et 

al. (2003a) also implement a new version of this general formula to 

calculate the interrill erosion rate at post mining site. They calculate the 

interrill erosion rate as: 

Ei = Ki * I * Q * Sf * Cf      Equation  2-11 

Where Ei is the interrill erosion rate (kg/m2.s); Ki is the interrill 

erodibility (kg.s/m4); I is the rainfall intensity (m/s); Q is the steady state 

runoff rate (m/s), Sf and Cf are non-dimensional slope and cover 

adjustment factors respectively. Because Interrill erodibility has been 

found to be dependent on infiltration and runoff  (Kinnell, 1993b, Nearing 

et al., 1994), then the steady state runoff rate (Q) ,in this equation, is 

calculated as the difference between the steady state rainfall rate (I) and 

the steady state infiltration rate. This equation will be discussed in detail 

in the next chapter.  

Finally, Sheridan et al. (2000a) and So et al. (2003a) stated that the 

effect of soil properties on the interrill erosion rate could be easily 

observed by comparing the interrill soil loss rate between soil and 

overburden spoils at post mining rehabilitated sites. Sheridan et al. 

(2000a) in their study on coal mine rehabilitation found that the average 

rates of interrill erosion in soils is generally greater than  in overburdens, 

because most overburden spoils either contained rock, or tended to seal 

strongly. They also found that both soils and spoils with 20-30% silt and 

high sodicity tended to form strong raindrop impact crusts. The formation 
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of crusts and seals often increase soil loss due to the increasing runoff 

flow while interrill erosion will be limited by the transport capacity of 

shallow overland flow. However, the crust formation and increased water 

depth over the soil or spoil surface may protect the soil by decreasing the 

rainfall detachment forces and that may result in reduced net sediment 

yield. 

2.3.2 Rill erosion:  

Rill erosion is the process of detachment and transport of soil 

particles by concentrated flow along specific lanes, which made an easily 

identifiable channel. These rills are generally defined as temporary flow 

channels which can be wiped out by tillage (Merritt et al., 2003).  

The rill erosion rate is usually determined using one of two 

approaches; the first approach depends on critical-shear stress. The 

second approach is calculating the rill erosion rate as a power function of 

flow discharge and the tangent of the rill slope. 

The critical-shear based approach to estimate the erosion rate has 

been adopted by WEPP model and many other models (Flanagan and 

Nearing, 1995a, Lal and Elliot, 1994, Naik et al., 2009b). The equation to 

calculate the rill erosion depending on the critical share could be 

formulated as: 

Dc=Kr (τ-τc)      Equation  2-12 

where Dc = rill detachment capacity for clean water, kg/m2•s; Kr = 

rill erodibility due to shear (s/m); τc = critical shear below which no 

erosion occurs, in Pa; τ = hydraulic shear of flowing water, in Pa 

Where shear stress is described mathematically as: 

τ= γ R s      Equation  2-13 

Where:   γ = density of water (N/m3). 

s = the tangent of the slope angle. 
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R = hydraulic radius (R = Rx / Wp) 

Rx = the cross sectional area of flow (m2), 

Wp = wetted perimeter (m) 

The second approach assumes that the rill erosion rate could be 

presented as power function of flow discharge and the tangent of the rill 

slope. The equation is formulated as: 

Er = Kr2*Qr
a*S3

1.5a       Equation  2-14 

 Where Er  is the rill erosion rate (g/s.rill), Kr2 and (a) are empirically 

determined non-linear regression coefficients representing soil properties, 

calculated from the measured erosion rates at a range of flow rates (Gilley 

et al., 1992, Kemper et al., 1985b). 

Rill erosion have a very important role as a transporting agent for the 

removal of sediment downslope from rill and interrill sources; however, if 

the shear stress in the rill is high enough the rill flow may also detach 

significant amounts of soil (Nearing et al., 1994).  The shear stress (ι) is 

usually used by many authors to model rill erosion which is considered as 

a function of shear stress (Sheridan, 2001).  

  In general, the process of erosion in rill flow is similar to the process 

of sediment transport in open channel flow. Therefore, the hydraulic 

characteristics and parameters of water flow in open channels have been 

used to model rill erosion.   

The rate of sediment delivery from rills results from the net balance 

between the forces of detachment and entrainment and those forces 

resisting detachment and entrainment.  

In conclusion, when a significant rainstorm happens, both rill and 

interrill erosion are usually observed to coexist on steep slopes. Sheridan 

(2001) noted that the main erosion forms at the hillslope scale for freshly 

rehabilitated mine-sites were likely to be rill and interrill erosion. Soil 

erosion model, in general, should contain interrill and rill erosion routines; 

http://en.wikipedia.org/wiki/Wetted_perimeter�


 17 

due to their different flow and erosion characteristics, both are usually 

examined independently.  

2.4 Factors affecting soil erosion by water: 

Soil erosion rate is affected by a combination of many factors. The 

dominant factors controlling the severity of soil erosion are soil properties 

(erodibility), rainfall (erosivity), topography (slope and catchment shape), 

vegetative cover, and the management practices. It has long been 

recognized that the spatial variation in soil properties may produce 

variations in soil loss rate. Under the post-mining sites conditions, 

Sheridan (2001) found that rill and interrill erodibilities can be related to 

media properties.    

2.4.1 Soil erodibility:  

Hudson (1995) defined soil erodibility as the vulnerability or 

susceptibility to erosion; that is the reciprocal of its resistance to erosion. 

It is noticeable that different soils suffer from erosion at different rates 

even when the other factors that affect erosion remain constant. Soil 

erodibility as a property expressed as a numerical values (K) named soil 

erodibility factor or coefficient. A soil with a high erodibility factor will 

suffer more erosion than a soil with low erodibility if both are affected by 

the same storm.  Goldman et al. (1986) asserted that the erodibility factor 

may be affected by many soil parameters such as infiltration rate, 

permeability, total water capacity, soil organic matter, soil texture, and 

structure. However, they gave more weight to soil texture than other 

factors. 

Goldman et al. (1986) and Sheridan et al. (2000b) stated that the 

numerical values of soil erodibility will depend on the equation which have 

been used. For instance, the erodibility factor as a parameter in USLE is a 

lumped parameter representing the rate of soil loss per rainfall erosion 

index unit as measured on a "unit" plot where the unit plot is 72.6 ft (22.1 

m) long, has a 9% slope, and is continuously in a clean-tilled fallow 

condition with tillage performed up and down the slope. The erodibility 

values in this case reflect the effect of the processes of interrill and rill 
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erosion, deposition, and infiltration all together. The modified USLE 

however have a separate term for runoff; while the Water Erosion 

Prediction Project (WEPP) contains separate erodibility values for rill and 

interrill processes under steady-state conditions of rainfall and runoff. 

Sheridan et al. (2000b) argued that soil erodibility is the most 

difficult factor to calculate compared to all other factors affecting soil 

erosion. It is generally estimated from soil loss data measured at field 

rainfall simulation or long-term field plots and normally cost a lot of 

money, efforts, and time. To make the estimation of soil erodibility 

coefficient easier, many researchers have estimated erodibility factor 

(coefficient) for both rill and interrill erosion by using laboratory scale 

rainfall simulators instead of field plots and field rainfall simulators. For 

instance, Evans et al. (1994) conducted  research to examine the use of 

laboratory rainfall simulator data for the derivation of the CREAMS model 

interrill erodibility parameters. The data were validated and the 

researchers found that the laboratory rainfall simulator produces erosion 

data that can be used to derive realistic erodibility parameters for interrill 

erosion. Also, Sheridan et al. (2000a) used a laboratory tilting flume and 

rainfall simulator to estimate rill and interrill erodibility coefficients for 

soils and overburdens from Queensland open-cut coal mines. 

On the other hand, many efforts and research tried to calculate soil 

erodibility factor by using mathematical and regression equations that 

linked some soil properties, especially physical soil properties, and the soil 

erodibility factors. The pioneering work in that trend are conducted by 

Bennett (1926), Middleton (1930) cited in Bryan et al. (1989). Later on, 

there were many experiments to find the best linking indices and 

equations between soil erodibility and some soil properties such as soil 

texture (Barnett and Roger, 1966) and water-stable aggregates and 

dispersion (Bryan, 1968, Dangler et al., 1987, Elwell, 1986). Several 

indices and predictive equations for erodibility factor based upon soil and 

site properties have been developed due to this trend of research. 

As an example for these research, Elwell (1986) argued that the most 

helpful single parameter is the mean weight diameter of water-stable 
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aggregates, he suggested that the proportion of water-stable aggregates 

of diameter more than 2 mm is an acceptable choice and much easier to 

measure than the mean diameter. While, Dangler et al. (1987) examined 

34 soil parameters and 133 K factor values in a trial to obtain reliable 

erodibility predictions for tropical soils of both residual and volcanic ash 

origin. They found that the estimation of erodibility was not significantly 

affected by using some soil parameters that were simply measured inside 

the laboratory instead of the ordinary methods of measuring it in the field. 

They also suggested that the two most important factors are the 

percentage of unstable aggregates and suspension percentage.   

Wischmeier et al. (1971) presented a widely used nomograph for 

estimating the K factor for USLE.  This nomograph is designed to estimate 

the soil erodibility factor by using five parameters: the values of silt 

percentage, fine sand percentage, organic matter percentage, soil 

structure code, and soil permeability.  

More recent research to estimate the soil erodibility values from 

laboratory measurements for soil properties were conducted in the last 

fifteen years by Merzouk & Black (1991), Loch & Rosewell (1992), Evans 

et al. (1994), Loch et al. (1998) and Sheridan et al. (2000b). 

Loch and Rosewell (1992) presented a method for deriving K factors 

for the USLE a range of Australian soils using laboratory measurements of 

aggregate breakdown under rain. They also examined Rosewell (1990a) 

method which is more empirical, but simpler, method based on end-over-

end shaking of samples without any chemical dispersant added to the 

solution to inspect its validity under Queensland soils condition. They 

introduced what they call “corrected value of erodibility” and then 

compare their results against both of the original nomograph of 

Wischmeier’s and field measured erodibility values. They concluded that 

their own methods gave more reliable prediction of field-measured K 

factors than the original Wischmeier nomograph. The preference of which 

of this method to use might be controlled mainly by the resources 

available to make the required measurements, and the proposed use of 

the laboratory data.  
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Sheridan et al. (2000b) developed predictive equations for rill and 

interrill erodibility for both soil and  overburden by using stepwise multiple 

regression procedures. They intended to be able to accomplish a 

coefficient of determination r≥0.6, using three or less soil properties to 

predict erodibility coefficients; the following equations have been obtained 

for the prediction of interrill and rill erodibility values: 

For soils: 

Interrill erodibility (10–6 × Ki) = 3.72 – 0.8891 * OC (r2 = 0.59) Equation  2-15 

Rill erodibility (Kr3) = 63.96 + 0.00008797*(%0.02–1 mm)3–3.20*pH–
30.47*BD 

(r2 = 0.71) Equation  2-16 

    

For overburdens: 

Interrill erodibility (10 –6 × Ki) = –2.8307 + 0.11089*clay + 4.13*D20   (r2 = 0.82 )     Equation  2-17 

Rill erodibility (Kr3) = 25.02 – 30.55*D20 – 0.18*ESP + 4.80*EC   (r2 = 0.61) Equation  2-18 

Where; OC is organic carbon content as a percentage; (%0.02–1 

mm) is percentage by weight in this particle size class; clay is percentage 

by weight <2 µm; BD is bulk density (g/cm3); ESP is exchangeable 

sodium percentage; EC is electrical conductivity (dЅ/m); and D20 is 

content of dispersed silt and clay (as a fraction). Rainfall Simulator (RFS) 

experiments were used to derive the erodibility parameters. 

Based upon Sheridan (2001); Sheridan et al. (2000a) and Sheridan 

(2000b)b, So et al. (2003a) developed MINErosion 3.01 as a soil erosion 

model for hillslope scale which has the ability to calculate soil/spoil 

erodibility factors for rill and interrill erosion depending on some physical 

and chemical properties from routine laboratory analyses.  MINErosion 3 

model will be discuss further in a later chapter. 

2.4.2 Rainfall erosivity: 

Lal and Elliot (1994) defined the erosivity as the ability of erosion 

agents to produce soil detachment and transport. The erosivity of rainfall 

is related to direct raindrop impact and partly to the runoff, that rainfall 



 21 

generates. They noted that, the rainfall erosivity is attributed to the rate 

and raindrop size distribution, both of which affect the energy load of a 

rainstorm; as kinetic energy or momentum. It could be parameterized 

easily in terms of rainfall rate or total amount. 

Wischmeier (1959) discovered that the impact of the storm-to-storm 

variation in soil loss is well correlated to the resultant of the total rainfall 

energy and the maximum 30-minute intensity of a storm. He concluded 

that this allows us to separate soil influences of storm from other factors. 

Rainfall erosivity (R) is defined as the mean annual sum of individual 

storm erosion index values, EI30, where E is the total storm kinetic energy 

and I30 is the maximum 30 minutes rainfall intensity, EI30 values are 

usually computed practically from breakpoint rainfall information derived 

from continuous recording rain gage charts.  

The total storm kinetic energy can be measured directly with 

pressure transducers or acoustic devices. Alternatively, it can be 

computed by measuring drop size distribution of rains and assuming 

terminal velocity corresponding to a given drop size.  However, several 

empirical relations have been developed relating kinetic energy to rainfall 

intensity or rainfall amount. According to Kinnell (2003), the USLE\RUSLE 

equations that derive the average erosivity index are:  

Y

R
R

n

e
e∑

== 1       Equation  2-19 

where the product of total rainfall kinetic energy observed during an 

event (E) and the maximum 30-min intensity (I30) gives Re; Y is the 

number of years and n is the number of valid events in Y years.  

Re= EI30      Equation  2-20  

E is expressed in metric-ton meter per hectare per centimeter of rain, 

and I is rainfall intensity in centimeter per hour (for intensities <7.6 

cm/hr). E could be computed using the following equation 
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𝑬 =  ∑ 𝒆𝒌∆ 𝑽𝒌𝒎
𝒌=𝟏       Equation  2-21 

Where: e = unit energy (energy per unit of rainfall),  ∆ Vk = rainfall 

amount for kth period, k = an index for periods during a rain storm where 

intensity can be considered to be constant, and m = number of periods. 

Unit energy is calculated using the following equation: 

E = 0.29[1-0.72exp(-0.082i)]      Equation  2-22 

Where: unit energy e has units of MJ/(ha.mm) and I = rainfall 

intensity (mm/hr). The valid events means the whole rainfall storm events 

after excluding storms with intensities less than 12.7 mm because this 

amount was assumed the average rain captured by infiltration and surface 

storage before runoff is set in motion; but that might need to be revised 

under the different physiographic areas, soil type, soil disturbance, and 

seasonal values of K factors. 

Direct computation of erosivity through these equations needs a large 

amount of data such as data about raindrops size distribution, drop 

velocity, and rainfall amount which are not easy to measure or a 

continuous rainfall intensity data for at least 20 years which also is not 

available in all situations (Lu et al., 2003, Yu et al., 1997). Therefore, 

there is an intention to use more easily measured parameters for 

estimating the erosivity values. For instance, Yu and Rosewell  (1996a) 

developed a model to predict the daily rainfall erosivity from daily rainfall 

amount. The daily erosivity model could be used for estimating the 

seasonal distribution of rainfall erosivity or for simulating changes to 

rainfall erosivity as part of climate change impacts assessment.  Lu et al. 

(2003)  have used this rainfall erosivity model to determine monthly EI30 

for the Australian continent by using daily rainfall amounts. 

2.4.3 Terrain: 

Terrain or landscape topography generally plays a primary role that 

determines the amount of erosion rate and distinguishes the water flow 

direction; it directly changed the amount and the nature of sediment 
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transport/deposition pattern. As a basic concept, the amount of soil loss 

by water erosion is increased with slope steepness (S) and slope length 

(L) due to the greater accumulation of surface flow runoff and the 

increasing velocity of water flow. Fox and Bryan (2005) reported that 

there is a linear or less than linear relationship between interrill erosion 

rate and slope gradient. For a constant runoff rate, soil loss increased 

approximately with the square root of slope gradient. The main effect of 

slope gradient on interrill erosion appears to be exerted through its impact 

on runoff velocity; among hydraulic parameters, soil loss was best 

correlated with flow velocity. 

The basic relationship between erosion and slope can be expressed 

by the equation (Morgan, 2005): 

E ∝ tan m  θ Ln       Equation  2-23 

where E is soil loss per unit area, θ is the slope angle and L is slope 

length, m and n are the exponents for slope length.  

Yitayew et al. (1999) computed slope steepness and length factors 

(LS) by using GIS application capabilities. They used four different 

methods to do that where the first two approaches used vector data input 

whilst the third and fourth used raster data input. The first method to 

calculate LS factor was derived using a photogrammetric corrected 

orthophoto with 0.305 m elevation contour intervals. The catchments 

under investigation should divide to suitable unit areas. Each area has to 

digitize using GIS software and the lengths and slopes determined and 

record. Slope steepness and length values then used as an input to the 

RUSLE software LS routine to calculate catchment’s LS factors. 

The second algorithm used a USGS topographic 7.5-min quadrangle 

map with 7.6-m elevation contour intervals to derive the LS factor. The 

scale of input data is greater than the first algorithm. 

The third method derived from a DEM with a resolution of 15 × 15 m. 

Methods used in calculating lengths and slopes using the DEM, were 

adapted from Blaszczynski (1992).  
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The fourth method utilized a DEM algorithm adapted from Moore and 

Wilson (1992) to generate an ‘erosion index’ which considered to be 

almost equal to the LS factor in RUSLE. Using the same 15 m × 15 m 

DEM. This method introduce an idea of extending the LS factor to three-

dimensional form, to include topographic effects is important in erosion 

estimation when using DEMs. The erosion index is given by:  

𝑻𝒄 = ( 𝑨𝒔
𝟐𝟐.𝟏𝟑

)𝒎( 𝐬𝐢𝐧 𝜽
𝟎.𝟎𝟖𝟗𝟔

)𝒏    Equation  2-24 

where Tc is a sediment transport index substituted directly in RUSLE 

in place of the LS factor. (As) is the contributing upland sloping area 

(specific area) including the area for which erosion was calculated; θ is the 

slope angle in degrees; m is 0.6 and n is 1.3. 

They noted that, to decide the appropriate algorithm among those 

available, the users have to take in mind the characteristics of the 

particular catchment.  

2.4.4 Vegetation cover and conservation practices: 

The vegetation cover upon the soil surface acts as a protective layer 

and always has a vital role in reducing soil erosion by: 

• reducing the raindrop impact on soil surface,  

• declining the velocity surface runoff,  

• Improving soil structure and the stability of soil aggregates; 

that raises the soil infiltration rate significantly and directly 

leads to reduce the water flow runoff rate.  

Although several researches have been conducted to measure the 

erosion rate under different plant covers in comparison with that from 

bare soil surface, there is little agreement on the nature of the 

relationship between soil loss and changes in the extent of cover (Morgan, 

2005). Elwell (1981) thought that there is an exponential decrease in soil 

loss with the increasing of interception percentage of rainfall energy 
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regarding to the vegetation cover. The relationship can be described by 

the equation: 

𝐸𝑟𝑟𝑎𝑡𝑖𝑜 =  𝑒−𝑗.𝐶𝑃  

where 𝐸𝑟𝑟𝑎𝑡𝑖𝑜 is the ratio between the soil loss with the plant cover 

and that from bare ground, CP is the percentage cover and j an empirical 

statistical value varies in from 0.025 to 0.06, with 0.035 taken as a 

simplification.  

A relationship between cover and soil loss ratio (ratio of soil loss from 

a soil with cover to soil loss from an equivalent bare soil slope) was 

developed for the Universal Soil Loss Equation (Wischmeier and Smith, 

1978). This relationship and its computation method have been used in 

soil loss prediction for a wide range of soils. However, some research have 

been prove that the USLE cover/soil loss relationship may underestimate 

reductions in erosion associated with vegetative cover, particularly in the 

range 0–30% (Freebairn et al., 1989, Rosewell, 1990b).  

The USLE factor C (cover and management factor) measures the 

combined effect of all the interrelated cover and management variables; 

therefore it includes the effect of consolidation from repeated drying by 

the roots, the presence of roots and the effect of above ground vegetation 

cover. This approach makes good sense when applied to annual cropping 

situations where the soil is annually disturbed. However, in rehabilitation 

of post mining landscapes, the soils remained undisturbed for many years 

while the above ground cover may change with seasons and external 

factors such as bushfires. 

Therefore, in the MINErosion 3.01 model, the effect of consolidation 

on the soil is expressed separately from the above ground vegetation 

cover, such that the effect of vegetation loss from grass fires or other 

causes can be simulated. The effect of consolidation (from repeated 

wetting and drying by roots and the presence of roots) are included in the 

soil erodibility parameter for the particular condition, and the crop factor C 
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in this model is limited to the effect of above ground cover only (So and 

Yatapanage, 2004).  

The effectiveness of the vegetation cover on reducing the soil erosion 

generally vary depending on the density and types of the vegetation cover 

(dominant plant species), climate and season, soil type, as well as the 

type of vegetative residue like roots, stems, or leaves. Elwell & Stocking 

(1976)  stated that for adequate protection against soil erosion at least 70 

per cent of the ground surface must be covered. However, Loch (2000) 

found that, under post mining rehabilitation conditions in Central 

Queensland, a level of 50% grass cover could be set as a goal for stable 

rehabilitation (at least wherever stoloniferous grasses are the dominant 

type of the vegetation). Carroll (2005) accomplished an extensive study 

on the temporal changes in runoff and erosion in post mining 

rehabilitation sites in Central Queensland. he examined the effect of 

different types of vegetation cover (Trees and pastures) on different 

slopes at three coal mine rehabilitation sites, he found that the sediment 

loss from all soil and spoil material was large (>70 ton/ha) when there 

was low surface cover. When pasture colonized the experimental plots, 

runoff and erosion rates declined to negligible levels (0.5 ton/ha), even on 

steeper slopes. Where pasture did not establish, due to surface crusting, 

rates remained very large (>200 ton/ha) throughout the study. He 

concluded that Successful establishment of vegetative cover is the key to 

reducing runoff and erosion.  

2.5 Soil erosion modeling: 

2.5.1 Models to predict soil erosion: 

Considerable progress has been made over the past 50 years in 

understanding erosion and sediment transport. This understanding has led 

to the development of many erosion models. As a definition of erosion 

model, Nearing (1998) affirmed “the soil erosion model is a tool for 

recognizing sources of soil erosional variances as a function of measurable 

quantities of the system interest”. These models try to simulate the 

erosion processes and predict the amount of soil losses and sediment yield 
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in the landscape over a wide range of spatial and time scales. Some 

models are also considered about non-point pollution and erosion off-site 

impacts.  

Nearing et al. (1994) gave three reasons for modeling erosion. These   

are: (1) erosion models are powerful predictive tools to evaluate soil loss 

for conservation and project planning; (2) physically-based mathematical 

models are able to predict where and when the major erosion events is 

likely to occur, thus helping the conservation planner’s endeavors to 

reduce erosion. (3) Finally, models could be used as tools to understand 

the mechanisms of erosion processes and their interactions, thus helping 

scientists in setting   future research priorities. In general, De Roo (1996) 

stated that soil erosion models can be used for farm planning, site-specific 

assessments, project evaluation and planning, policy decision or as a 

research tools to study processes and the behavior of hydrologic and 

erosion system.   

Soil erosion models differ in terms of the target scale, processes 

considered, complexity, and the data required for model calibration and 

model use.  Model outputs should not be given without an evaluation of 

the potential errors because vital decisions may be taken depending on 

model simulations and results (Vigiak et al., 2006). The decision maker 

and managers must have a wide overview about the potential errors and 

model result uncertainties to be aware about the boundaries of risk. 

Most reviews categorized soil erosion models in three main 

groups or categories. Merritt et al. (2003) claimed that 'soil erosion 

models fall into three main categories, depending on the physical 

processes simulated by the model, the model algorithms describing these 

processes and the data dependence of the model: Empirical or 

statistical/metric; Conceptual (transitional); and Physically based models. 

However, Morgan (2005) prefer to divide the erosion models into just two 

types: empirical and physical process-based model.  

Both Merritt (2003) and Morgan (2005) stated that the dissimilarity 

between model categorizes is not sharp enough. Therefore, it could be, to 
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some extent, a controversial issue to decide in which category a model 

such as WEPP fall. Moreover, Morgan (2005) added that, in reality, 

“physically based models are still relying on empirical equations to 

describe erosion processes; therefore, they should strictly be termed as 

process-based models”. 

  Therefore, we may consider models like WEPP to be a transitional 

model while other reviews consider the same model as a physical process-

based model. 

2.5.1.1 Empirical models:  

Empirical soil erosion models are developed by analyzing a large set 

of data usually collected from field and/or laboratory experiments to find 

out the relevant parameters that have an effect on the erosion processes; 

statistical relationships between the inputs and the outputs are then 

developed. The empirical solution may be a simple approximate 

relationship or a complex multiple regression equation. 

Hudson (1995) noted that because empirical models are formed 

based on observation and experimental results acquired under certain 

conditions, so logically the model can be predictable to work correctly 

under the same conditions. However, it is not essential for the model to 

work correctly under different conditions and that may lead to misleading 

results if the user tries forcing the model to work without any 

modification.  As an example, many attempts had been done to use the 

Universal Soil Loss Equation (USLE) in Europe as a technique for 

predicting erosion rates and evaluating different soil conservation 

practices but these attempts and research showed that  there are some 

differences in the input values for rainfall (Richter, 1983) and for soil 

erodibility  (Schwertmann, 1986).    

Hudson (1995)  suggested that each country or region should design 

and built its own prediction models to go with its own conditions and to 

have the correct database. He mentioned for some examples for models, 

which built to match and work under specific conditions such as the Soil 
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Loss Estimator Model for Southern Africa (SLEMSA), designed in 

Zimbabwe by Elwell (1978), and the European Soil Erosion Model (Morgan 

et al., 1998). Hudson (1995) concluded, "No model can ever be truly 

universal even process-based models need site- specific correction 

parameters". Selected examples for empirical models will be given in the 

followed paragraphs. 

• The Universal Soil Loss Equation and its derivatives: 

The Universal Soil Loss Equation (USLE) is the most widely used   

empirical soil erosion model. The model was developed by (Wischmeier 

and Smith, 1978) based on collected data from more than 10,000 plot-

years at 47-research stations all through the United States. The model 

was designed to estimate long-term water erosion from interrill and rill 

areas. The USLE has been revised and became recognized as the Revised 

USLE (RUSLE) (Renard et al., 1997). This revised version extended the 

database, specifically the LS factor; where the S factor in RUSLE was 

obtained from more widespread data analysis than the slope relationship 

in the USLE. While  data from five locations were used to derive the USLE 

S factor; the RUSLE developers used data from more than 15 locations to 

derive the S factor formula in their model. Moreover, the erosivity 

calculation and equation were further developed too. Whereas in the 

original USLE just a two years climatic data from a very few weather 

station in Western USA were used to build up the erosivity equation; we 

found that the erosivity values in RUSLE were derived from an analysis 

from over 1000 weather stations.   

Wischmeier and Smith (1978) asserted that the purpose of the USLE   

is to compute long-term average annual soil losses from sheet and rill 

erosion in agricultural environments under specified conditions of field 

area, cropping, and management systems. However, Morgan et al. (1998) 

mentioned that the USLE is not able to predict deposition or the pathways 

taken by eroded material. 
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The USLE equation takes into account slope length (L factor), 

steepness (S factor), climate (R factor), soils (K factor), cropping (C 

factor) and management (P factor).  The classical form of the equation is:   

 A= R K (LS) C P      Equation  2-25 

where 

A: soil loss due to surface erosion (t/ha/yr) 
R: rainfall erosivity factor (N/h) 
K: soil erodibility factor [(t/ha)/(N/h)] 
LS: topographic factor  
C: crop management factor 
P: erosion control practice factor 

It is developed under conditions referred to as the unit plot   (bare 

fallow plot of 22.1 m on 9% slope, cultivated up and down the slope, 

representing the worst case for cultivated land), hence by definition, 

L=S=C=P=1.0; therefore, the equation for unit plot is  

A = R K        Equation  2-26 

The erodibility factor in the USLE was strongly affected by soil 

texture, with soils containing <70% (silt + very fine sand), the equation 

for USLE nomograph in SI units is: 

K = 2.77 M1.14 (10 -7)(12-OM) + (10-3)(SS-2) + 3.29(10-3)(PP-3)      Equation   2-27 

where 

M  = (% silt + very fine sand) (100 - % clay) 
OM= organic matter (%), calculated as %organic carbon x 1.72,  
SS = soil/spoil structure code, 
PP = Profile Permeability code, 

The standard equations to determine slope gradient (S) factor for  a 

uniform slope in RUSLE are: 

S = 10.8 Sin θ + 0.03 s < 9% Equation  2-28 

S = 16.8 Sin θ + 0.50 s ≥ 9% Equation  2-29 

where S is the slope gradient in percent and θ is the slope angle. 

The slope length (L) factor is evaluated by the equation: 
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L = (Xh / 22.13)m           Equation  2-30  

where Xh is the horizontal slope length in meters and m is a variable 

slope length exponent, m is related to the ratio (ε) of rill to interrill 

erosion.  

It is obvious that the hillslope or the field unit cannot be considered 

as totally homogeneous or uniform; consequently, Foster and Wischmeier 

(1974) suggested that the slope should be subdivided into a number of 

segments, which assumed a similarity in slope gradient and soil 

properties. They developed the flowing equation to calculate the slope 

length factor for such a number of slope segment.  

 𝑳𝒋 =  
𝝀𝒋
𝒎+𝟏− 𝝀𝒋−𝟏

𝒎+𝟏

� 𝝀𝒋−𝝀𝒋−𝟏�.(𝟐𝟐.𝟏𝟑)𝒎
                             Equation  2-31  

 where  λj (m) = slope length of segment j 

   λj-1 (m) = slope length of segment j-1 

   m= slope length exponent 

Desmet and Govers (1996) presented an algorithm which extends 

the Foster and Wichmeier (1974) approach for calculating the LS-factor to 

two-dimensional terrain using the concept of the unit contributing area. 

Their algorithm aimed to increase the applicability of USLE by 

incorporating it with GIS-environment and allowing calculation of LS 

values on a land unit basis. 

The USLE/RUSLE models have received a lot of attention by 

researchers and there are many attempts to develop the USLE and 

integrate it with GIS raster models. For example, Wijesekera and 

Samarakoon (2001) reported that the combination of USLE and a raster 

GIS application with using cell gradient and aspect for slope length factor 

have a very satisfactory outputs (calibrated and validated ) and  thus 

indicating the potential of GIS-USLE model for planning purposes. 

However, both USLE and RUSLE is concerned with erosion only along the 

flow line without any concern about the effect of flow 
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convergence/divergence and both the standard and modified equations 

can be properly applied only to predict the net erosion; depositional areas 

should be eliminated from the study area. Consequently, direct application 

of USLE to complex terrain within GIS is rather limited (Mitasova et al., 

1996). 

Finally, we should mention that due to many reasons especially 

widespread use and simplicity, there are many erosion models developed 

based on the Universal Soil Loss Equation (USLE) such as AGNPS (Young 

et al., 1989), ANSWERS (Beasley et al., 1980). However, most of these 

models tried to move in a middle area between the fully empirical models 

and process-based models; those models in this middle area categorized 

as transitional or conceptual models.  

2.5.1.2 Transitional models:  

Carroll (2005) stated that transitional models set in motion to 

express the erosion processes, but still depend on some of the USLE 

factors to assist application in the field. Models in this group are best 

regarded as hybrid models, such as the Modified USLE of Onstad and 

Foster (1975) and Williams (1975), and AGNPS model (Young et al., 

1989). It could be reported that transitional models are located 

somewhere between physically-based models and empirical models. The 

focus of the conceptual models has been to predict sediment yields, 

primarily using the concept of the unit hydrograph (Nearing et al., 1994). 

Vigiak et al. (2006) argue that transitional models have many 

advantages compared to empirical and physical-based models. 

Transitional (or semi-empirical) models present the benefit of combining 

the physical interpretability of model results with a simple structure, which 

gives them the opportunity to avoid the problems of over-

parameterization and complexity.  With a limited number of parameters 

and processes, transitional models can keep going even in "data poor 

environments". In addition, it is easier to assess the model result 

uncertainties in transitional models than other types of models. For all of 
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that, transitional models may be suitable to represent the distribution of 

erosion within a catchment. 

• ANSWERS  (Areal Nonpoint Source Watershed Environment Response Simulation): 

ANSWERS is a well documented and widely used event-based 

prediction model developed by Beasley et al. (1980). It is almost a 

process-based distributed model that can be used to predict the spatial 

variation in soil erosion across a catchment. However, the model is not 

entirely physically-based since the erosion sub-model is semi-empirical as 

it uses components of the USLE. The model can be used to predict soil 

loss from an area of plot size to a small catchment. For the catchment 

process and prediction, the catchment area is divided in to a regular grid 

where each grid cell can be allocated a given value for a catchment 

attribute. The model consists of two components, i.e., hydrologic and 

erosion. The hydrologic components simulate the processes of 

interception, infiltration, surface runoff and, to some extent, inter flow and 

base flow (Moehansyah et al., 2004). The erosion component of the 

ANSWERS model consists of a modification of the USLE model. Two soil 

detachment processes are modeled: rainfall detachment and overland flow 

detachment. Channel erosion is assumed negligible and only deposition is 

allowed in channel flow. 

• AGNPS 

AGNPS (AGricultural Non-Point Source) model is one of the well 

known transitional models. It is an event-based distributed parameter 

non-point source pollution model developed by the US Department of 

Agriculture, Agricultural Research Service (USDA-ARS) (Young et al., 

1989); to acquire a realistic estimation of soil erosion rates, sediment 

yield, and nutrient transport in small agricultural catchments. It is also 

used to compare the influences of different land management strategies 

on surface water quality. The model uses the RUSLE model to estimate 

soil erosion and sediment yield. While the prediction of chemical transport 

uses relationships and procedures developed for the CREAMS model (Tim 

and Jolly, 1994). 
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The AGNPS model works on an identical grid cell basis that splits the 

catchment into hydrologically homogeneous areas. For each grid cell, 

basic relationships are developed between the dependent hydrologic 

processes (e.g., soil detachment and deposition and chemical transport) 

and landscape characteristics. The requirements in terms of parameters 

for AGNPS model is high, the model needs twenty-one different 

parameters for each grid cell such as land slope, land slope shape factor, 

field slope length, channel slope, channel side slope,  soil texture, 

fertilization level, fertilization availability factor, point source indicator, 

gully source level, COD factor, impoundment factor, and channel indicator. 

The results of the model include total runoff volume, peak runoff rate, soil 

erosion, sediment yield for different particle classes. A comprehensive 

description of the AGNPS model can be found in Young et al. (1989). 

• WEPP   (Water Erosion Prediction Project model) 

Most reviews that discussed the soil erosion models classifies WEPP 

as a process-based model; however, in my opinion the model still relies 

on some empirical or statistical driven parameters such as the transport 

coefficient, which is used to calculate the transport capacity. The transport 

coefficient values ranged between 77-110, that is depending on soil and 

sediment properties (Flanagan and Nearing, 1995a), it is an entirely 

statistical driven parameter and therefore the transport capacity is 

similarly a statistically driven parameter. Therefore, the model is a 

transitional model rather than a purely physical process-based model.  

The WEPP model was developed in the United States by the USDA 

(Flanagan and Nearing, 1995b) to substitute the USLE family models. The 

developers hoped that the model will be increasing the capabilities for 

erosion prediction in a variety of landscapes (multi-scales) and conditions. 

The WEPP model has been developed at two levels of applications: 

hillslope application and watershed application. The Hillslope profile 

applications compute interrill and rill erosion and deposition along selected 

landscape profiles, whereas the watershed applications also estimate 

channel erosion and deposition, and deposition in impoundments. The 

model procedures do not consider typical gully erosion. In addition, model 



 35 

application is limited to areas where the Infiltration access runoff overland 

flow is dominant.  

The erosion component of WEPP is based on a steady-state continuity 

equation of the form: 

            fi DD
dx
cqd

+=
)(

     Equation  2-32  

  

Where c and q are sediment concentration (kg m-3) and unit 

discharge (m2 s-1), respectively, Di the interrill erosion rate, and Df rill 

erosion rate. The term steady state means these variables are assumed 

not to fluctuate in time within each runoff event, but can vary in the 

downslope direction (x) only. 

 Net erosion in rills is modeled in WEPP by  

 𝐷𝑓 =  𝐾𝑟 �𝜏𝑓 −  𝜏𝑐� 〈1 −  𝐺
𝑇𝑐
〉     Equation  2-33 

where Kr is a rill erodibility parameter (m-1s), τf and τc are flow shear 

stress and critical shear stress (Pa), respectively, Tc is sediment transport 

capacity (kg m-1 s-1) and G is the sediment load (kg m-1 s-1). Equation [2] 

applies only when G ≤ Tc.  

 

When net deposition occurs, that is, G > Tc; the Df term is given by:  

𝐷𝑓 =  𝛽𝑉𝑓
𝑞

(𝑇𝑐 − 𝐺)      Equation  2-34 

where β is a raindrop induced turbulence coefficient, Vf is the 

effective fall velocity of the sediment (m s-1) calculated from an effective 

particle diameter and specific gravity (Foster et al., 1995), and q is unit 

discharge, that is, flow rate per unit flow width (m-2 s-1).  

To calculate the sediment transport capacity, as well as sediment 

load, WEPP depend on a unit rill width basis. The transport capacity as a 
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function of flow shear stress is calculated using a simplified transport 

equation of the form 

 𝑇𝑐 = 𝑘𝑡𝜏𝑓
3
2�       Equation  2-35 

where 𝜏𝑓 is hydraulic shear acting on the soil (Pa), and kt is a transport 

coefficient (m0.5 .s 2.kg−0.5 ). Transport capacity at the end of the slope is 

computed using a modification of the Yalin (1963) equation. 

In addition to the erosion components, WEPP also contains a climate 

component, which uses a stochastic generator to provide daily weather 

information, a hydrology component that is based on a modified Green-

Ampt infiltration equation and solutions of the kinematic wave equations, 

a daily water balance component, a plant growth, and residue 

decomposition component, and an irrigation component.   

Practically, the WEPP computer model needs four input data files: 

climate, soil, slope, and management files. Climate input files include daily 

maximum and minimum temperatures, solar radiation and rainfall 

(amount and distribution parameters). Soil input files take account of  soil 

parameters such as soil albedo, initial soil water content, soil textures, 

percent rocks, porosity, bulk density, infiltration and soil cation exchange 

capacity (CEC). The WEPP model is very sensitive to the input value for 

the soil erodibility parameters; the user must input a value for the 

baseline interrill erodibility, which represents the erodibility of a freshly 

tilled soil.  There are a set of equations available to estimate soil 

parameters (erodibility) using soil texture, cation exchange capacity 

(CEC), and organic matter content in the WEPP user guide (Flanagan and 

Nearing, 1995a). However, Yu et al. (2000) found that this set of 

equations for parameter estimation is insufficient for a sandy soil at 

Goomboorian in subtropical Queensland. 

The slope file includes the land physical features such as slope 

length, slope steepness, and aspect. The management file gives plant and 

management information for different land uses (crop, range, or forest). 
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For each land use, information about particular management practices are 

required (Flanagan and Nearing, 1995b).  

In conclusion, WEPP model computes spatial and temporal 

distributions of soil loss and deposition, and gives estimates of when and 

where in a watershed or on a hillslope that erosion will happen so that 

conservation plan and strategies can be developed to effectively control 

soil loss and sediment yield. WEPP is, currently the most supported 

erosion model in the USA. Many efforts have been given to develop the 

governor equations, embedded database, validate the model, and to 

integrate it with GIS and other modern techniques. However, the main 

problem with it is over parameterization and the huge amount of data 

required, which is generally unavailable especially outside the United 

States; Yu et al.  (2000) affirmed that to run the WEPP model you need 

“in addition to daily input of climate variables, there are 31 parameters for 

each crop, 12 for each tillage operation, i.e. soil disturbance, 10 for each 

soil. In addition, there are 22 entries to specify the initial conditions. 

Program WEPP has 220 individual subroutines; probably there is no one 

single person in the world who knows everything about WEPP, let alone 

about the parameter values under all circumstances”. 

2.5.1.3 Physical processes based models: 

Morgan (2005) stated that the physical process-based models are 

getting more popular in the last few decades due to the necessity for 

models which have the ability to deal with the important concern about 

the off-site consequences of erosion and recognition of non-point source 

pollution.  From this point of view, empirical models suffer from the 

limitations to deal with these issues because they cannot be universally 

applied and most of them do not have the ability to simulate the 

movement of water and sediment over the land; also they cannot be used 

on scales ranging from individual fields to small catchments. On the other 

hand, the physical process-based models have the ability to predict the 

spatial distribution of runoff and sediment over the land surface during 

individual storms in addition to total runoff and soil loss. For that, he 

suggested that a more physically based approach to modeling is required. 
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However, many researchers mentioned that the nature of physical based 

model and the complexity might restrict the popularity of these models 

especially between the environmental managers and those people who are 

working in the field and pay more attention to practical solutions.   

Generally, physically-based models are looking to represent the 

mechanisms which control the erosion processes (Nearing et al., 1994). 

The researchers can use the physically based erosion models to facilitate 

& identify the priorities and importance of erosion processes and their 

impacts; consequently, research and improvement of erosion prediction 

and control technology should pay more attention to those processes than 

others should. Examples for physically-based models are GUEST (Griffith 

University Erosion System Template) and Erosion 2D/3D (German model) 

• GUEST  (Griffith University Erosion System Template) 

GUEST is a steady-state, process-based model for plot scale 

developed by the Griffith University staff in Queensland to interpret 

temporal variations in sediment concentration from bare soil in single 

erosion events (Misra and Rose, 1996). The model framework is based on 

simultaneous erosion and deposition. Net erosion or deposition is 

considered as a result of the dynamic interactions among all processes 

involved (Yu, 2003). 

The governing equation for sediment movement developed for GUEST 

can be written:  
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  Equation  2-36  

where D is water depth (m), q is unit discharge, i.e. flow rate per unit 

flow width (m2 s-1). ci is the sediment concentration for particle size class i 

(kg m-3). ei and eri are rates of rainfall detachment and re-detachment (kg 

m-2 s-1), ri and rr; are rates of flow entrainment and re-entrainment       

(kg m-2 s-1), and d; is the rate of deposition (kg m-2 s-1). The model 

governing equation and its component is presented in details by Misra and 

Rose (1996) and Yu (2003).  



 39 

The main model equation (equation  2-36) is derived from a mass 

balance for individual particle size classes. Separating the sediments into 

different classes according to their particle size is essential because the 

associated settling velocity, which determined the rate of deposition, is 

closely connected to particle size. In the GUEST model, deposition is 

clearly represented as a continuous process. The rate of deposition of a 

particular size class i is taken to depend on the settling velocity 

characteristic of that size class as well as the sediment concentration 

(Carroll, 2005). The GUEST model computes the sediment concentration 

at the transport limit. If event-based average sediment concentration is 

measured then an erodibility parameter can be determined.  

GUEST is always considered as a complex process-based model and 

has a large data requirement. The model needs detailed information 

regarding the regularity and geometry of rills that led to the necessity of 

detailed survey of the plot site prior to modeling. Likewise, runoff 

measurements in particular are often unavailable (Merritt et al., 2003). 

Ordinary users and environmental managers may find it too difficult to run 

the model. 

Merritt et al. (2003) listed the minimum data required for soil 

erodibility calculations and soil loss predictions in GUEST as the following: 

 Hydrological: runoff rate or rainfall rate in addition to runoff 

amount or peak rainfall rate in addition to runoff amount; 

 Soil loss: mean sediment concentration for each runoff amount; 

 Plot characteristics: length, width and slope, and 

 Characteristics of the soil layer from which erosion is likely to 

occur either wet density or percent of sand grains of primary 

particles, and either soil particle/water-stable aggregate size 

distribution obtained from wet sieving or settling velocity 

distribution. 
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• Erosion 2D/3D model: 

EROSION 2D/3D is a single storm event process-based model that 

calculates rainfall induced soil erosion and deposition on hillslopes (2D), 

and small watersheds (3D). The model was developed with the intention 

to create user friendly tool for erosion prediction in soil and water 

conservation planning and assessment with a relatively limited number of 

input parameter (Schmidt et al., 1999). The required data inputs to run 

the model include: meteorological inputs include Event oriented data in 

best resolution (rainfall duration and intensity); land use inputs include 

Digital Elevation Model (DEM) in best resolution for field and soil in the 

similar scale, surface roughness, soil cover; soil input parameters include 

roughness (Manning), erosion resistivity, canopy cover, texture, bulk 

density, initial moisture content, and organic matter contents. 

The theoretical concept underlying EROSION 2D/3D covers the 

following erosional processes: generation of runoff; detachment of 

particles by raindrop impact and runoff; transport of detached particles by 

runoff; routing of runoff and sediment through the catchment; and 

sediment deposition. 

EROSION 2D/3D is mainly based on physical principles. Erosion is 

limited either by the amount of sediment that can be detached from the 

soil surface or by the transport capacity of the flow. For detachment, the 

erosive impact of overland flow and falling droplets must exceed the shear 

strength of the soil. In order to transport detached particles the vertical 

flow component within the flow must counteract the settling of the 

particles for deposition. 

The assumption that the erosive force of overland flow and raindrops 

is proportional to the momentum fluxes applied by the flow and the falling 

raindrops respectively is the basic idea behind the model. The erosional 

resistance of the soil (erodibility) is expressed as a critical momentum 

flux. Green and Ampt (1911) modified infiltration equation has been used 

to calculate rainfall excess which is used in EROSION 2D/3D to execute 

the runoff subroutine.  Because the Green and Ampt method is inadequate 
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in simulating macropore flow and the effects of surface crusting, the 

infiltration model has been enhanced by a simple empirical correction 

procedure taking into account all of tillage practices, soil texture and time 

after tillage. The first accomplishment of the model concept was a PC-

version of ‘EROSION 2D’ which computes erosion and deposition for a 1 m 

wide slope profile. After intensive validation and numerous practical tests 

an improved watershed version EROSION 3D was developed by Werner 

1995, as cited in (Schmidt et al., 1999).  The 3D version runs on the basis 

of a raster grid cells. The grid size is undefined, but must be consistent 

within the matrix. The water flow direction and sediment routing from 

upland sources towards the catchment outlet are figured out using a 

modified D8 routing algorithm. The temporal resolution of the model 

depends on the rainfall data available and can range from 1 to 15 min, 

which means more than 5X105 grid elements can be processed depending 

on the available computer facilities. EROSION 3D can be linked to various 

geographical information systems such as ESRI ArcInfo, IDRISI or GRASS. 

2.6 Modeling Erosion from post mining landscapes in 
Central Queensland. 

One serious erosion problem in Australia is erosion that happened on 

the post open-cut coal mining sites due to the nature of the coal mining 

processes and the post-mining landscape resulting from that mining 

system. It is obvious that there are major differences between the surface 

media properties and characteristics, topography, and management 

practices on mine sites and those found in agricultural environment.  

While most soil erosion models have been designed for agricultural 

environments, it is not clear if these models would work adequately under 

post-mining conditions. Some researchers tried to investigate this such as 

Rubio-Montoya and Brown (1984) who found that the USLE considerably 

over-predicted observed erosion rates from strip-mined areas in the USA.; 

Wu et al. (1996) reported that the ANSWERS model achieved 

approximately the same accuracy on overburdens as it did on agricultural 

lands. 
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Evans (2000) in his study about the methods for assessing mine site 

rehabilitation design for erosion impact stated that the selection of erosion 

model for the rehabilitated sites should be restricted by a combination of 

factors such as possible environmental impact, cost of data collection for 

model parameter value derivation, process regime, and rehabilitation 

standards. 

In 2003, approximately 80% of coal production in Queensland is 

mined by open-cut methods (Mutton, 2003), the area disturbed by open-

cut coal mining in Queensland exceeds 50 000 ha. Most of these open-cut 

mines are operated using draglines technique; hence, the landscapes in 

those post-mining sites are generally composed of a sequence of long 

parallel overburden spoil piles (Figure  2-1). The height of these piles may 

exceed 60-70 meter above the original landscapes and the slope angles 

are around 75% or 37º. These spoils are generally highly saline and 

dispersive and hence highly erosive (Carroll et al., 2004). In Central 

Queensland, where most of these mines are located, annual rainfall may 

range from 200 mm to 1400 mm/year, with a long-term median of 604 

mm. Through this amount of water and under the conditions of 

overburden characteristics such as low infiltration rate and very steep 

slopes, the erosion risk is normally very high. The erosion may readily 

reach rates of 100-500 t ha-1 annually (Porta et al., 1989) on banks of 

unconsolidated mine spoil. The environmental challenge in this case is to 

get and adopt suitable rehabilitation plan and strategies that increase 

infiltration, minimize runoff and erosion, and maximize vegetative growth. 
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Figure  2-1: Typical spoil piles from open cut coalmines. 

The first step during mine-site rehabilitation is to recommend a 

suitable slope, which can support a stable ecosystem, resist the geo-

technical failure and surface erosion processes by rainfall and runoff that 

does not exceed an accepted limit. The environmental managers of these 

sites should find some scientific help to redesign the post-mining 

landform.   The decision of what constitute a suitable landform needs to 

consider the cost of reshaping the landscape, because every one-degree 

decrease in slope becomes more costly the lower the slope is. A balance 

between environmental requirements and cost should be taken into 

consideration. Therefore, if soil erosion from design landforms can be 

predicted prior to construction, cost effective landform design can be 

achieved. 

Sheridan (2001) noted that most of the current practices on these 

sites tended to change the slope of these piles from around 75% to 15% 

and the slope length to be around 50- 200 meter; these values for slope 

and slope length has been determined from experience under agricultural 

land practices. He mentioned that information about the extent of success 
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in protecting these areas and to provide a stable landscape is also still not 

enough.  

Carroll et al. (2004) pointed out that the information about erosion 

rate from open-cut coalmine rehabilitation in Australia is very scarce, 

especially under natural rainfall. 

  

2.6.1 Previous project and data collection and an overview of 
MINErosion 2 & 3 models: 

The main features and characteristics of the Central Queensland mine 

sites media (overburden spoils) have been reviewed by So et al. (1998), 

Sheridan (2001) and Carroll (2005).  They concluded that mine-site media 

can be generally classified as soils (often a mixture of A and B horizon 

soil) or overburdens, the crushed and pulverized rock overlaying the coal 

seam. Infiltration rates into freshly reshaped overburdens, is often low 

due to the lack of organic matter to provide aggregate stability, the 

absence of biologically derived macro-porosity, and the presence of high 

concentrations of sodium within the freshly exposed clayey tertiary 

sediments (ESP > 20% are common). High sodicity encourages the 

formation of surface sealing under rainfall that can lead to large decreases 

in infiltration rates and, as a result, a large increase in runoff flow will 

occur.  

The Australian coals mining companies takes the subject of 

environmental rehabilitation for their post mining sites seriously and were 

interested in technology that can accurately predict potential erosion rates 

from post mining landscapes. Therefore, ACARP (the Australian Coal 

Association Research Project) funded a multi-institutional project named 

“Post-mining Landscape Parameters for Erosion and Water Quality 

Control” (PLPEWC) from 1992 to 1998, which conducted experiments 

ranging from lab simulation to field plots and catchments (Figure  2-2). 



 45 

The experimental approaches adopted were designed to measure the 

basic erosion parameters at the different scales. A large amount of data 

has been collected on 34 spoil and soil materials, as well as 9 years of 

field plot and field catchment data (So et al., 1998). Some of the relevant 

project outcomes were:  

1.  A model (MINErosion 2) that can be used to estimate the 

potential hillslope erosion from unvegetated and unconsolidated 

soil/spoil of any combination of slope length and gradient, based 

on laboratory derived parameters, 

2. A database for the soil/spoil’s characteristics in Central 

Queensland coal mining sites that can be used to derive the 

soil/spoil erodibilities (Sheridan et al., 2000a; Sheridan et al., 

2000b) 

2.6.1.1 The model history: 

MINErosion 2 is a user friendly computerized model that can predict 

hillslope run-off and soil loss from laboratory derived parameters, for any 

combination of slope length and gradient, and subjected to a 100 mm/hr 

rainstorm. The model has been developed as a complementary part for 

the PLPEWC (Post-mining Landscape Parameters for Erosion and Water 

Quality Control) project. MINErosion 2 allows us to simulate 

sediment delivery from unvegetated and unconsolidated soil/spoil 

on erosion plots of any size (slope length) and slope gradient 

without having to set up field erosion plots. 

Figure  2-2: Range of experimental approaches adopted to determine soil/spoil 
erodibility in previous ACARP project. 
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 The first version of the model was just a Microsoft Excel spreadsheet 

macro, followed by MINErosion 2.2 which has been written using Microsoft 

Visual Basic 5. A database of erodibility parameters for 15 open-cut 

coalmine sites with 34 different soil and overburden types has been 

embedded in the application. However, if the soil or spoil is not in the 

database, an option is provided where the erodibility values can be 

estimated for rill and interrill erosion separately using eight easily 

measured parameters; those are percentage of organic matter, pH, bulk 

density, percentage of 0.02-1 mm fraction, percentage of clay, dispersion 

ratio of clay and silt (% D20), Exchangeable Sodium Percent (ESP), and 

Electrical Conductivity (EC).   

MINErosion 2 requires few parameters as inputs to give the main 

output. These parameters are: rainfall intensity (mm/hr), rainfall duration 

(min), rill & interrill erodibility (from database or calculated from inserted 

media properties), steady-state infiltration rate (mm/hr). The main 

outputs of the model are rill, interrill and total sediment delivery from any 

combination of slope length and gradient on bare unvegetated and 

unconsolidated material. The output values of the individual contributions 

of rill and interrill processes to the total erosion rate could be used to find 

out which erosive process is dominant, and therefore provides a guide to 

the selection of the most suitable management practices for erosion 

control on these materials.  

Two years after delivery of MINErosion 2 to the mining companies 

and ACARP, a brief survey indicated limited adoption and use of the 

model, largely because the model is not sufficiently user friendly and not 

adequately developed for field application. ACARP provided additional 

funding for further development into a user friendly package, the 

MINErosion 3.01 (So et al., 2003a) 

 MINErosion 3.01 is a user-friendly model that can be used to predict 

average annual soil loss and single event soil loss from steep hillslopes 

under a specific vegetation cover with long-term consolidation effect, 

which has been presented in a model for the first time. It was intended to 

help environmental managers to build stable slopes and estimate what 
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may happen after several years of rehabilitation. The structure of 

MINErosion 3.01 is shown in Figure  2-3  below. 

The model, in this version, integrates MINErosion 2 with potential 

peak runoff rate and total run-off generated with the rational method and 

linked them with the Universal Soil Loss Equation (USLE) and the modified 

version (MUSLE). This development allowed the results from MINErosion 2 

to be used to predict potential erosion from individual storms and mean 

annual soil loss using the MUSLE and RUSLE respectively, which are the 

models used by the Environmental Protection Agency (EPA) (So et al., 

2003b) 

 

Figure  2-3: The structure of MINErosion 3.01 

 

2.6.1.2 The model theory and equations: 

Sheridan et all (2000) proposed MINErosion 2 as primarily modeling 

the erosion process as a time-invariant steady-state process on a uniform, 

unconsolidated, bare slope of low surface roughness. Only rill and inter-rill 
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processes are considered while the effects of tunneling and gullying are 

not included.  Rills are assumed to flow perpendicular to the contour with   

at a density of 1 rill/m based on analysis of rill density data by Gilley et 

al.(1990), while inter-rill processes feeds perpendicularly into the rills. 

The separation of rill and interrill erosion overcomes the problem of 

scaling from small to large plots. As interrill feeds into the rills, they are 

insensitive to slope length. However, as slope length increases, rill erosion 

increases significantly. Therefore, the contribution of rill and interrill 

sediment to total soil loss varies with slope length. 

The stream power required to detach sediment is assumed to be 

greater than the stream power required to transport that sediment 

because the simple linear slope shapes being modeled, rill sediment loads 

are assumed to always be detachment limited (less than transport 

capacity) and no sediment transport routines were used for the model.  

The relevant equations are presented below. 

The steady-state runoff rate Q (m/s) may be calculated as the 

difference between the steady-state rainfall rate,  (m/s) and the steady-

state infiltration rate, Ir (m/s): 

  𝑸 = 𝑰 − 𝑰𝒓      (Equation  2-37)  

where the steady-state infiltration rate is estimated from laboratory 

rainfall simulation data.  The steady-state continuity equation (Foster et 

al. 1977) may be used to describe sediment movement down a slope 

profile: 

𝜕𝐸𝑡
𝜕𝐿

= 𝐸𝑟𝑡 + 𝐸𝑖     (Equation  2-38) 

     

Where Et (kg/m.s) is the sediment load, L (m) is the distance 

downslope, Ert (kg.m-2.s-1) is the rill erosion rate and, Ei (kg.m-2.s-1) is the 

interrill erosion rate.  Sediment load is therefore given by: 

 

𝐸𝑡 = ∫ (𝐿2
𝐿1 𝐸𝑟𝑡 + 𝐸𝑖)𝑑𝐿 + 𝐸𝑡𝐿1   (Equation  2-39) 
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where EtL1 is the sediment load at L =1. The rill erosion rate (Ert) per 

plot may be computed from the erosion rate per rill multiplied by the 

number of rills and divided by the plot area. 

The sediment delivery rate per rill, Er , (g/s) is calculated as a power 

function of flow rate per rill, qr (L/min), and rill slope S3 (fraction); 

Er= Kr2 *qr 
a * S3

1.5a   (Equation  2-40) 

Where Kr2 and (a) are empirically determined non-linear regression 

coefficients representing soil properties, calculated from the measured 

erosion rates at a range of flow rates.  

While, the interrill erosion rate (Ei) may be calculated from: 

𝑬𝒊 =  𝑲𝒊 ∗ 𝑰 ∗ 𝑸 ∗ 𝑺𝒇 ∗ 𝑪𝒇  (Equation  2-41) 

Where Ki (kg.s/m4) is an interrill erodibility coefficient related to soil 

properties, and Sf and Cf are non-dimensional slope and cover adjustment 

factors respectively; the slope adjustment factor is expressed using the 

following fitted equation (eq. 2-41) or where data is not available using 

the slope equation from WEPP (eq. 2-42) as an estimate; 

 

 𝑺𝒇 = 𝒄𝟏 +  ( 𝒄𝟐
𝟏+𝒆𝒙𝒑�−𝑺𝟐−𝒄𝟑𝒄𝟒

�
)    (Equation  2-42) 

 𝑺𝒇 = 𝟏.𝟎𝟓 − 𝟎.𝟖𝟓 𝒆𝒙𝒑(−𝟒𝐬𝐢𝐧(𝜽))        (Equation  2-43) 

        

Where c1,c2,c3 and c4 are empirically derived coefficients fitted to 

the laboratory data from the 5, 10, 15, 20 & 30% slope experiments.  

The cover factor (Cf) is calculated using the following equation:  

𝑪𝒇 =  𝒆−𝟐.𝟓𝒄    (Equation  2-44) 

where c is assigned a value equal to the rock content (fraction by 

volume > 2mm of the media). 
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The output from MINErosion 2 are the individual components of rill 

and inter-rill erosion rates and the total erosion rate  per m plot width as a 

function of slope length and gradient. Effectively one can use 

MINErosion 2 to simulate erosion from plots of bare 

unconsolidated soil/spoil subjected to selected rainstorms with 

any combination of slope length and gradient. 

MINErosion 3 was designed to go beyond that and use the results of 

MINErosion 2 to calculate the total erosion rate (by summing the 

individual components of rill and inter-rill erosion rates) from standard 

erosion plots of 22.1 m and to compute the MUSLE erodibility value so 

that it can be used as input into the RUSLE and MUSLE models 

The model estimating the value of K-MUSLE (MUSLE erodibility) using 

the following equation is that proposed by Onstad and Foster (1975):  

 

 𝐴 = �0.5 𝐸𝐼30 +  0.349 𝑄 𝑞𝑝0.333� 𝐾 𝐿𝑆 𝐶 𝑃  (Equation  2-45) 

Where:  

A is the total erosion rate estimated by the summation of rill and 

interrill erosion rate resulted from MINErosion 2; Q and qp are the total 

runoff (mm) and the peak runoff (mm/hr) respectively. The Run-off 

generation module estimated Q and  qp using the rational method (1908) 

and when applied to erosion plots, the expressions for Q and  qp  are: 

Q = (I – Ir ) * D              (Equation  2-46) 

 𝑞𝑝 = (I – Ir )                 (Equation  2-47) 

Where I is the rainfall intensity (mm/hr), Ir is the infiltration rate 

(mm/hr) under the steady state situation and D (hrs) is the rainfall event 

duration. 

• EI30  is the erosivity factor calculated by the following equation  

EI30 = [[11.9+8.7*(LOG (I)]*D*I] * I/100              (Equation  2-48)
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Where I is intensity and D is the event duration in hours. 

• LS is slope length and gradient factor calculated  using the RUSLE 

sub-program; C and P are crop factor and soil protection factor 

respectively and both assumed to be =1. 

 The K-MUSLE values calculated by the MINErosion 3 model have 

been validated against measured K-MUSLE from 12-meter long field plots 

under rainfall simulator (So et all, 2004) (Figure  2-4). The results show 

that the relationship between the measured K-MUSLE (Y) and the 

calculated K-MUSLE by MINErosion 3 (X) is Y = 111.94 X2 - 0.317 X (r2= 

0.895). Most data points fits the 1:1 line well except for one point at  high 

values of K-MUSLE, which appears to be due to increasing  rill formation 

with the longer field plots. However, more data is needed to confirm the 

quadratic relationship rather than a linear one.     

 
Figure  2-4: Validation of K-MUSLE prediction using MINErosion3. 

The calculated K-MUSLE was then used to predict potential erosion 

from any rainstorm on any plot with known slope gradient and slope 

length. The default storm intensity is assumed to be 100 mm/hr similar to 

that used in the rainfall simulator, while the storm duration is dependent 

on the statistical probabilities for six Average Recurrence Interval (ARI) 

(1, 2, 5, 10, 20 and 50 years) for 100 mm/hr storm; the model read and 
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retrieves this data from the embedded IFD data system (Canterford et al., 

1987).  The model then use these six reading of storm event duration in 

combination the K-MUSLE, total runoff, peak runoff rate and the 

infiltration rate of the selected location to calculate the soil loss rate 

(ton/ha) for the storm events. That will allow mines to estimate the risk of 

damage from such storms. The use of calculated K-MUSLE was also 

successfully used to predict the mean annual soil loss using the RUSLE. 

For both single storm event and the annual soil loss, the models 

default calculation is for unconsolidated bare soil/spoil. Experimentally 

derived vegetation and consolidation factors were used in MINErosion 3.x 

to predict soil loss under vegetation (Stoloniferous or Tussocky grass)   

Figure  2-5 and Figure  2-6 present the relationships between long-term 

consolidation and vegetation respectively on the relative soil loss rate. It 

should be noted that these relationships was derived experimentally by 

(So et al., 2003a). 

 

 
Figure  2-5: Effect of long-term consolidation on decreasing of soil loss. 

 
 

http://www.bom.gov.au/hydro/has/cdirswebx/index.shtml�
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Figure  2-6: Effect of vegetation type and effect on decreasing of soil loss. 

 

2.6.2  Validation of the model: 

MINErosion V3 model predictions have been validated against field 

observations. The model was used to predict annual soil loss from 

rainstorm events of approximately 100 mm/hr, on 130 m long 20° slopes 

and 70 m long 37° slopes at Kidston Gold Mine in Northern Queensland 

and from the 3-year averages from Curragh erosion plots. The results 

were compared by the observed results from the same location and the 

agreement between the predicted and observed values were very good 

(Figure  2-7) (So and Yatapanage, 2004). No validation was conducted for 

erosion from single storm events. 
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Figure  2-7: The validation of MINErosion 3 for annual soil loss. 

 

2.7 The criteria for selecting the appropriate model:  

 Merritt et al. (2003) argued that the quality of model predictions 

depends on the data that are used to feed the model; the user should 

choose the model that fits the data he has. In addition, sensible data 

collection is required in order to get the maximum benefit from the model 

and the best performance. He recommends that, the effort to improve 

data quality and monitoring must move parallel with the attempts to 

improve erosion and sediment transport models. 

To choose the appropriate model, Hudson (1995) suggested that it 

could be better to divide the soil erosion model in two main divisions 

depending on the exact objective and purpose of model. Those two 

divisions are models for prediction and models to assist with explanation.  

If the purpose is to predict the amounts of erosion under different 

management practices then empirical models such as the USLE or RUSLE 

are proficient and effectual. Meanwhile, if the purpose is to understand the 

processes of erosion it is appropriate to use physically based models. He 
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emphasized that "the two objectives should not he cross-threaded onto 

the wrong type of model, i.e. the USLE should not be seen as a vehicle for 

research studies on the mechanics of erosion. Neither should sophisticated 

simulation models be used as the basis for evaluating conservation 

practices which are better designed on the basis of experience, and 

evaluated by direct testing in the field". 

Lane (1985) recognize four areas of erosion studies where empirical 

models can’t served. These areas are: (1) adsorbed chemical transport 

connected with sediment of various sizes and characteristics, (2) complex 

slope shapes where erosion and net deposition occur non-uniformly, (3) 

simulations of erosion in individual storms rather than soil loss annual 

averages, and (4) arid and semi-arid rangeland areas. In such cases, the 

replacement of empirical models by models that described the physical 

processes maybe needed. 

In general, selecting an appropriate model structure always depends 

on three main issues: Simplicity and parameterization, temporal 

resolution, and spatial representation issues. 

2.7.1 Simplicity and parameterization 

Andersson (1992) in his research paper titled as "Improvement of 

runoff models: what way to go?" mentioned that "sometimes model fit 

deteriorated as a result of increased model complexity". He suggested 

that we have to pay more attention to the problems that are linked to 

spatial resolution of driving variables and the spatial distribution of 

physiographic parameters rather than just increasing the complexity of 

some model sub-routines. 

Perrin et al. (2001) stated that over-parameterization could make 

trouble for models and restrain them from reaching the optimum 

performance level and efficiency. They claim that models with huge 

number of parameter may have a better fit during the calibration period 

but they do not behave in the same manner in the verification phase. 
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Because of that, the simpler models, in their opinions, are more powerful 

and more stable. 

Beck (1987) also talked about the drawbacks of over-

parameterization. In his opinion, complex models (physics-based and 

complex conceptual models) suffer from the crisis of 'error accumulation' 

due to their large input-parameter requirements. Logically, the more 

complex models with better process descriptions, the better output 

predictions we should have; however, these complex models also require 

more input data and there is often an unknown amount of uncertainty and 

errors associated with each input parameter. These accumulated errors 

will spread through the model calculations and eventually depreciate the 

quality of the results and give a misleading model outputs. Uhlenbrook 

(2002) also mentioned that increasing model complexity is directly leading 

to enlarge the uncertainty of the input data, model structure uncertainty 

and uncertainty of the model parameters too.  

In the same direction, Jetten et al. (2003) stated that the 

performance and  quality of physically based erosion models, specially the 

most complicated models, is not necessarily better than the simple 

regression-based model; the variability and hence the uncertainty 

associated with input parameter values, is the most important reason for 

that in their opinion. They made a comparison between the results of 

many erosion modeling studies and they concluded that the additional 

errors resulting from inserting additional parameters often exceeds the 

potential enhancement in erosion prediction due to a better process 

description. 

Toy et al. (2002) stated that, the rushing for more complex models, 

as a new phenomena, is a result of the massive power of the modern 

personal computers; which spectacularly encourage the expansion of the 

equations that can be solved in erosion models. However, those complex 

models usually have a need for an extensive and occasionally difficult-to-

obtain data. The usefulness of the output from these complex models 

does not constantly balanced with the increasing economical costs and 

personal endeavors of using the model. 
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2.7.2 Temporal resolution:  

The meaning of temporal resolution is referring to the time frame 

over which the model runs. Normally, soil erosion models tend to take one 

of two opposing viewpoints or direction when dealing with temporal 

issues. Related to those viewpoints, the erosion models could be classified 

depending on temporal issue to the event-based (Single event) models 

and the continuous time step. Single event models handle a single 

rainstorm event and run over a short period that covers the rainfall 

duration and time for runoff to drain (Pullar and Springer, 2000). The 

event based models often take care of small plots or grid cells in a 

catchment (Merritt et al., 2003). The examples for this type of models are 

MUSLE (Williams, 1975), WEPP (Flanagan and Nearing, 1995b) and 

MINErosion 2 (Sheridan, 2001).  The second type is the continuous time 

step (Non-event based) models, which calculate soil erosion for longer 

periods like a year or over the period of a seasonal crop rotation. The 

example for this type of models are USLE (Wischmeier, 1959) and RUSLE 

(Renard et al., 1997) and MINErosion 3 (So et al, 2003) 

Both model types are useful and give different types of information. 

However, one of the key considerations in determining a suitable model 

for users is the timing of the events or processes that the model user 

wants to predict. Users should know that continuous time step models do 

not provide accurate estimates for single storms. Likewise, single event 

models may not necessarily give accurate long-term predictions. 

2.7.3 Distributed vs. lumped models 

Morgan et al. (1998) noted that many factors affect soil erosion by 

water such as slope and land use have extensive spatial variability; 

therefore, they cannot be expressed in a single average value, even over 

areas as small as field plot. For that reason, lumped models, which treat 

an area as a single unit of uniform characteristics, are not fitting for most 

natural catchments. For that, Zhang et al. (1996) stated that spatially 

distributed models have the ability to provide more fitting, robust and 
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effective research tools for the management and prediction of soil erosion 

over catchments. 

Spatially distributed models have an enormous power. Nevertheless, 

the accuracy of spatially distributed model results is always based upon 

both vertical and horizontal resolution of the input topographic 

information. For example, the model will not be able to assess the depo-

sition that takes places on concave slope segments, regardless of the 

scientific sophistication of the model, if the resolution of the topographic 

data is not sufficient to define slope shapes such as concave segments. A 

simple model with well-chosen inputs always has a better performance 

than a highly detailed model with poor topographic and land use inputs. 

Finally, Merritt et al. (2003) reviewed that in general the main factors 

that influence the choice of a model for an application are: 

 The accuracy and validity of the model including its original 

hypothesis; 

 The objectives of the model user(s), including the ease of use of 

the model, the scales at which model outputs are required and 

their form; and 

 The components of the model, reflecting the model sophistication 

degree and  capabilities; 

 Data requirements by the model including the spatial and 

temporal variation of model inputs and outputs; 

 The required hardware 

In conclusion, the appropriate model is always an issue, which should 

be determined case by case depending on the available data that cover 

the required parameters of the model; in the same time give the users the 

results and outputs which they need. The complex models are not always 

the best and the simplicity could be one of the model advantages specially 

is the big picture models. 
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2.8 The Integration between erosion models and GIS 

Geographic Information Systems (GIS) are designed to store, 

organize, and manipulate large amounts of spatial data from a variety of 

sources such as soil type, land usage, and topography as separate geo-

registered coverages. Because the full capability of GIS to tackle a huge 

amount of spatial and attribute data, GIS are well fitted to the 

geographically complex nature of environmental models; therefore, GIS 

have been widely used for environmental planning, natural resources 

management activities and resolving land-related environment problems 

(Haddock and Jankowski, 1993). The integration between soil erosion 

models and geographical information systems (GIS) give researchers and 

scientists the opportunity to perform qualitative and quantitative analyses 

of spatially distributed erosion processes easier than ever before (Pullar 

and Springer, 2000).  

It could be noted that the earliest attempt to make an integration 

between soil erosion models and GIS was in 1980s when Arts et al. 

(1981) expressed a pilot program to generate the soil loss data for Pierce 

County, Wisconsin, USA. A constructed map for each USLE model factor 

has been produced. Then, they made a raster GIS overlay operation to 

the data set and the consequential data of the overlay process can be 

multiplied to generate a spatial representation of the model. By the 

operation of multiplying the USLE five factors for each cell, they were able 

to create another map variable for soil erosion.  

From that time on, the phenomena of integration between GIS and 

erosion models is growing rapidly. Several examples for this integration 

could be found in the last decade in the literatures: De Roo et al. (1989) 

linked between ANSWERS (areal non-point source watershed environment 

response simulation) model and GIS. Olivieri et al. (1991) developed a 

method for computerized generation of input data for the AGNPS model by 

using the ERDAS GIS software. Tim and Jolly (1994) studied the 

integration of the ARC/ INFO GIS software and the AGNPS model for 

evaluating nonpoint-source pollution in a watershed. Fernandez et al. 

(2003) presented a new method that integrates erosion models, GIS 
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techniques, and a sediment delivery concept for estimating water erosion 

and sediment delivery at the watershed scale. Many other research papers 

can be observed in the same direction of GIS-erosion model integration 

such as Desmet and Govers (1995), Coroza et al. (1997), Lenzi and Di 

Luzio (1997), Molnar and Julien (1998), De Roo (1998), Yitayew et al., 

(1999), Schumann et al.,(2000), He (2003), Lufafa et al., (2003), Jain et 

al.,  (2004), Fu et al., (2006), Miller et al., (2007), Baigorria and Romero 

(2007), and Naik et al., (2009a). 

Toy et al. (2002) stated that spatially distributed models are ideally 

structured for geographical information systems. Because the significant 

benefits of this new approach, the association between GIS and erosion 

models, many efforts have been attempted to get over the problem of 

data deficiency that resulted from the need for a large number of input 

values and data associated with the nature of spatially distributed models. 

Many of these data are becoming progressively more available in 

computerized databases and GIS file format from some government 

agencies and involved organizations such as the USDA, NRCS soil-survey, 

and USGS (United State Geological Survey). Some models are designed to 

be able to read directly from these databases and others have the ability 

to import the data to their own file format that will save time and effort in 

acquiring and entering data. The best example for this new generation of 

erosion models is The Geo-WEPP (Renschler, 2003) which can use 

different data sources in a standard format either imported from other GIS 

application or from GPS system, and also through accessing readily 

available U.S. national data sets that are free of charge (Figure  2-8).  
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Figure  2-8 : Screen shot of the wizard to import USGS Digital Elevation Models 1:24,000 scale by Geo-
WEPP 

To support GIS-erosion model integration, many GIS companies and 

institutions started to design some applications and extensions for GIS 

software packages to support the researchers and the decision makers for 

dealing with problem of soil erosion assessment and modeling. As an 

example, SEAGIS (soil erosion assessment using GIS) is an extension for 

ArcView®; developed by (Danish Hydraulic Institute (DHI) Water and 

Environment, 1999). The endeavor of this extension is to compute soil 

erosion rate spatially according to the Universal Soil Loss Equation (USLE, 

or to some extent the equations from the revised USLE, RUSLE), SLEMSA 

(Elwell, 1978) or a method described by Morgan, Morgan & Finney (MMF).  

Josefine (2003) used SEAGIS to make a comparison between   the results 

of  three soil erosion models (USLE-RUSLE, SLEMSA and MMF), which are 

integrated in the GIS application. She found that the outcome of erosion 

modeling is very reliant on the choice of method to estimate the input 

parameters; the three models also have a different sensitivity for each 

parameter.  

2.8.1 The level of integration between GIS and environmental 
models: 

Tim and Jolly (1994 ) has given a good overview of the relations 

between GIS and environmental models. In their opinion, there are three 

levels of integration between models and GIS. The first level is ad hoc 

integration, where the GIS data structure and environmental model are 

developed independently; the data is extracted from GIS, the model run 

separately, and the output analyzed at the user's discretion. The second 
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level is partial integration between GIS and model. In this case, GIS 

provides the data for the model and then accepts the modeling results for 

dealing out and presentation. The last level of integration, the third one, is 

a complete integration, where the GIS software is used to build and 

develop the model. There is one user interface to deal with it. In this type 

of model, the data stored in the GIS database is prearranged to work with 

the model and vice versa (Figure  2-9). 

 

Figure  2-9 : Levels of integration if GIS and simulation models [redrawn after Tim et al. (1994)]. 

In conclusion, by using GIS techniques, many useful outputs and 

results for soil erosion models can readily be deduced and calculated 

automatically. 

In this thesis, we intended to make integration (partial integration) 

between MINErosion 4 model and suitable GIS (Geographic Information 

System) package, aiming to change the model type from a lumped model 

and bring him to the new era of spatially distributed models. The target 

integration between the model and GIS application help it to get the 

benefits from using DEM (Digital Elevation Model) and to automate many 

essential processes like auto calculation of the slope gradient and length, 

tracking the water flow direction; also, the model will be able to express 

the results in professional output maps. For example, an erosion risk map 
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for each part of the mining site, to decide which sites requires more 

attention than others, should be an outcome from the model.  The model 

adopted the method of regular grid of equal-sized raster cells.  

2.8.2 Using Digital Elevation Model in erosion models: 

A digital elevation model (DEM) is the data that is usually used to 

symbolize the form and shape of the earth’s surface in a geographic 

information system (GIS); it could be defined as “a numerical 

representation of terrain elevation”. A number of similar terms maybe 

used alternatively to express elevation models, some of them may be 

used synonymously. One of these terms is the Digital Terrain Model 

(DTM), which is occasionally used interchangeably with DEM; regardless of 

it is usually limited to models representing landscapes. DTM has the ability 

to hold supplementary surface information, such as the position of local 

peaks and breaks in slope. 

DEM generally presents the data in raster format where each raster 

cell stores coordinates and corresponding elevation value. DEM is widely 

applicable in geographic information science, as they can be used to 

model many imperative processes that may be reliant on surface shape. 

Applications such as hydrological modeling, water flow direction, slope 

stability analysis, three-dimensional visualization and extra are good 

examples for that (Wood, 2008).  

The common sources of elevation data used to build DEMs include 

topographic contours map (Xie et al., 2003) , photogrammetrically derived 

heights, GPS measured elevation, and direct remotely sensed elevation 

values. However, any measurements of surface elevation could be used to 

generate DEMs as long as there is an adequately large number of readings 

and they are continuously geo-referenced.  

Once created or obtained, DEMs can be processed in various ways to 

estimate and visualize useful spatial properties. Surface properties such as 

gradient, aspect, and curvature can be estimated and then used in further 

analysis. It is always used to calculate slope length factor, flow direction 
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and discharge (De Roo, 1998). Moore and Wilson (1992) proposed a 

method of LS extraction from a DEM using overland flow theory. By using 

the 10-m DEM, the rill and gully structure of the watershed can be 

delineated (Aksoy and Kavvas, 2005).  

2.8.2.1 DEM and water flow routing: 

Most erosion and evolution models for catchment scale have to deal 

with DEM because it is the immediate and easiest way to get the 

information and required data about the terrain at this scale. The main 

assumption of erosion and evolution models at catchment scale is that 

erosion or sediment transport is a function of the discharge or drainage 

area routed through each pixel. For that, these models require a flow-

routing algorithm in order to quantify erosion and sediment transport. 

Voget et al. (2003) stated that DEM presents the most widespread 

method for extracting imperative topographic information and even allows 

the routing of flow runoff across the landscape.  

Several algorithms have been carried out to extract the flow direction 

and drainage networks from the raster DEM (Vogt et al., 2003, Pelletier, 

2008). In general, a unique ideal flow routing method is not possible until 

now because different components move through the landscape in 

different ways. Water, for instance, moves through to some extent 

differently than the suspended sediments. On the other hand, flow routing 

models should essentially help to simplify models of transport while the 

complete image of the real cases is so complicated, a kind of compromise 

should take place between realism,  computational speed, and ease of use 

(Pelletier, 2008). Modelers can then decide which algorithm is suitable for 

their study case (Pelletier, 2008). 
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One of the most widely used algorithm to route the flow is the D8 

method (O'Callaghan and Mark, 1984), which is used to determine the 

overland flow direction of each cell of the raster DEM. The D8 method 

compares the elevation of each DEM cell with the elevations of its eight 

neighboring cells (i.e. those within one row and one column). A flow 

direction is then allocated to point toward the adjacent cell to which the 

steepest down-slope path exists. Ambiguities that occur when the 

steepest down-slope path occurs at more than one adjacent cell can be 

resolved by a variety of secondary decision rules. Martz and Garbrecht 

(1999) reported that the main limitation of the D8 method is its 

incapability to work directly with the closed depressions and flat areas that 

occur in many raster DEMs; these depressions or flat areas always make it 

difficult to define of drainage paths and flow direction. However, several 

approaches to triumph over this problem have been developed and most 

of these have sought to modify the DEM to meet the requirements of the 

D8 method. 

Many other methods and algorithms to get the flow direction and the 

computational sequencing for flow routing by using DEM are reviewed by 

O'Callaghan & Mark (1984), Morris & Heerdegen (1988), Garbrecht & 

Martz (1997), Tarboton (1997), Liu et al. (2003), Kenny & Matthews  

(2005) and Pellertier (Pelletier, 2008). 
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Chapter 3. MINErosion 3 

This chapter introduces the issues of enhancing and rebuilding of 

hillslope erosion model, MINErosion 3; shows the validation and its results 

for the model and discuss that before moving to upscale it. 

3.1 Revision of MINErosion 3.01 model 

The intention to produce a practical solution which may help in post 

mining sites rehabilitation including assessment of the erosion risk and the 

amount of sediment discharge on catchment scale, led us to find that 

MINErosion 3.01 (So et al., 2003a) would be the best choice as a base of 

our catchment scale net erosion assessment model.   

As a preliminary step before the upscaling mission, a better 

understanding, revision of MINErosion 3.01 and further validation, have to 

accomplished first.  The theory and the processing steps of the model 

(MINErosion V2 and V3.x)  is summarized   by the model flowchart (Figure 

 3-1).While working with MINErosion 3.01, some bugs and errors were 

discovered in model application, which had to be fixed  before moving 

forward to validate and upscale the model. These errors were: 

• Calculation of rill and interrill erosion in the main application 

window for some mine sites did not work, e.g. for Norwich park 

overburdens. 

• Calculation of interrill erosion did not take the cover factor into 

account while the cover factor values are already included inside 

the available built-in database. 

• For the single event module, the computation of rainfall duration 

derived from the Australian IFD data (Canterford et al., 1987) for 

the specific ARIs (Average Recurrence Interval) in 18 sites (out of 

56 sites) were erroneous, which lead to a series of errors in 

calculating EI30, peak runoff and finally the soil erosion rate for 

those sites. 
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Figure  3-1: the flowchart of MINErosion 2 and 3.x model   
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• In the single events calculation, selecting a blank value in the 

“location” drop down list causes an error message “Unhandled 

exception has occurred in your application. If you click continue, 

the application will ignore this error and attempt to continue. If 

you click “Quit”, the application will close immediately (crash 

down). 

• The model lacks the option of allowing users to insert their own 

specific values for EI30, infiltration and measured KMUSLE values. 

•  Improved figures and graphs are needed ,  

• The application lacks the ability to print the results in a format 

suitable for reports; they can only be seen on screen. 

• MINErosion 3.01 was written using Microsoft Visual Basic 5, it is 

not possible to run it under the new .NET environment and the 

new operating systems.  

Therefore, the model was revised, the errors listed above corrected, 

and some modifications and enhancements were made. The new version 

was written using Visual Basic.Net 2008 and can run under the latest 

operating system from Microsoft.  

The new version MINErosion 3.1 included the following 

enhancements:  

• An option to insert specific values for infiltration, K-MUSLE and EI30 by 

the user was added in parallel with the ability to read them directly 

from database and Australian IFD. This new feature was necessary to 

improve flexibility for validating  the model against experimental data   

• Enhance and improve the program interface and charts.  

• Add the ability to print out a report including soil loss values and 

graphs. 

A copy of MINErosion 3.01 and MINErosion 3.1 are available on the 

Compact Disc in the back cover of this thesis. 
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3.2 Validation of model against field plot data for single 
storm events: 

 As MINErosion 3.01 was validated only for mean annual soil loss due 

to limited data available at the time, it is important to further validate the 

model for both single storm events and mean annual soil loss before it can 

be upscaled to a catchment model. Consequently, MINErosion 3.1 was 

validated with data collected during the conduct of ACARP project 1629 

and 4011 (Project: Post mining Landscape parameters for erosion and 

water quality control). MINErosion 3.01 was validated for the annual soil 

loss prediction against field observations at Kidston Gold Mine in Northern 

Queensland and some early results from the ACARP projects referred to 

above (see Figure  2-7).  

The validation of the MINErosion 3.1 was done against measured 

data collected from experimental fields plots located on the Curragh mine 

site, near Emerald - Queensland. These field plots were all the same in 

size and shape; they were 20 meters down the slope and 5 meters across 

the slope. The slope varied between 10, 20 and 30% with different 

percentage of vegetation cover and time of consolidation (Figure  3-2) 

(Carroll, 2005).   

 

Figure  3-2: The experimental plots at Curragh mine site (After Carroll, 
2005). 

MINErosion 3.1 was designed to predict the worst-case scenarios; the 

model parameters were derived from laboratory rainfall simulation using 

small tilting flumes (3m x 0.8m) under rainfall simulations of 100 mm/hr. 
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Previous studies on the model confirmed that it can work correctly to 

predict the rate of soil loss under the rainfall storm events with intensity 

ranging between 60-100 mm/hr. Due to the extended drought condition in 

Central Queensland, only eight major single storm events were considered 

suitable for validation and met the required criteria (intensity between 60-

100 mm/hr); these storm should have only one main peak because storm 

with multiple peaks may result in erroneous validation results. The rainfall 

data collected by the data logger on the Curragh mine plots area which is 

used in this validation include the total amount of rainfall, starting time 

and date, ending time, the total energy and EI30 values. In MINErosion 

3.1, a storm event is assumed to have a constant intensity of 100 mm/hr. 

For this validation, each recorded single peak storm is replaced with an 

equivalent 100 mm/hr storm with a duration that will result in the same 

EI30 as the observed storm event. 

The combination of 8 storms and various treatments, thirteen erosion 

events from plots covered with soil (Table  3–1) and twenty-five events 

from plots covered by spoil (Table  3–2) have been used. The model was 

run for each plot and then the predicted values were plotted against the 

real measured values. A simple regression analysis was used to obtain the 

regression relationship and its R2 values as an indicator for the quality of 

prediction process.   

The comparison between measured and predicted values for soil plots 

(Figure  3-3) shows that the linear equation is the best-fitted relation with 

R2=0.7126, Nash and Suttcliffe coefficient of efficiency (1970) was also 

calculated and it is equal to 0.87. While the same comparison for spoil 

plots (Figure  3-4) shows that R2 was equal to 0.6742 with coefficient of 

efficiency equal 0.61. Considering the simplicity of the model and the few 

parameters required to drive the model, the prediction accuracy is 

satisfactory.           

The effect of vegetation cover on the quality of the model prediction 

was investigated separately. The model predicted the sediment loss form 

bare plots [(Figure  3-5), R2= 0.801] better than the soil covered by 

vegetation [Figure  3-6, R2 = 0.6177]. By separating the plots covered by 
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vegetation from plots covered by pastures and plots covered by trees, we 

found that the model predicted the soil loss rate for plots covered by 

pastures (grasses) better than the plots covered by trees (R2 equal 0.7599 

and 0.5758 respectively for pasture and trees). This is probably because 

the cover factor in the MINErosion model is derived empirically using data 

related to two types of grasses (Stoloniferous grass and Tussocky grass) 

and may not represent the effect of tree cover accurately. Similarly, the 

prediction of soil loss from the spoil plots covered by pasture and trees 

have been examined separately and we also found that the model predict 

the soil loss rate for pasture covered plots (liner equation, y=1.1094x, R2 

= 0.8134) much better than the spoil plots covered by trees (liner 

equation, y=1.138x, R2 = 0.4626). 

 

Table  3–1: The selected storm events for soil’s covered plots to validate MINErosion 
3.1. 

  

Storm 
event 
date 

Date of 
ending 

Start Finish 

Slope %
 

Channel N
o. 

Treatm
ent 

EI30  
Veg. 

% 

M
easured 

erosion 

Predicted erosion 
for Bare 

Predicted erosion 
(Veg. &

 
Consolidate) 

8-Jan-96 10-Jan-96 20:04:00 6:16:00 10 1 SoTr 69.8  55.73  6.65  58.07 4.646 

8-Jan-96 9-Jan-96 5:05:00 12:48:00 20 0 SoPa 69.8  44.53  10.77  105.73 8.881 

8-Jan-96 9-Jan-96 5:05:00 12:48:00 20 1 SoTr 69.8  36.80  24.40  105.73 10.15 

8-Jan-96 9-Jan-96 5:05:00 12:48:00 20 2 SoBa 69.8  M 26.28  105.73 42.29 

8-Jan-96 10-Jan-96 6:23:00 2:32:00 30 0 SoPa 69.8 47.73  24.13  179.17 15.05 

8-Jan-96 10-Jan-96 6:23:00 2:32:00 30 1 SoTr 69.8  36.53  25.49  179.17 17.20 

12-Dec-96 12-Dec-96 6:37:00 12:00:00 20 2 SoBa 29.8  6.20  27.80  91.163 36.46 

12-Dec-96 12-Dec-96 6:50:00 11:45:36 30 1 SoTr 29.8  65.30  14.10  156.77 12.54 

29-Dec-98 30-Dec-98 18:30:00 6:46:00 10 1 SoTr 334.7  100 0.10  222.96 9.364 

29-Dec-98 30-Dec-98 18:20:00 3:28:00 20 2 SoBa 334.7  0.00  73.90  294.85 61.92 

29-Dec-98 30-Dec-98 18:42:00 9:46:00 30 0 SoPa 334.7  100  M  311.62 13.09 

29-Dec-98 30-Dec-98 18:42:00 9:46:00 30 1 SoTr 334.7  99.0  M  311.62 13.09 

10-Jun-99 10-Jun-99 0:08:00 14:44:00 20 2 SoBa 40.0  0.00  25.10  90.83 17.26 

Treatments: 

SoBa: Bare plots covered with soil. 
SoTr:  Plots covered with soil and with trees as a vegetation cover. 
SoPa: Plots covered with soil and with trees as a vegetation cover. 

Treatments: 

SoBa: Bare plots covered with soil. 
SoTr:  Plots covered with soil and with trees as a vegetation cover. 
SoPa: Plots covered with soil and with pastures as a vegetation cover. 
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Table  3–2: The selected storm events for spoil’s covered plots to validate 
MINErosion 3.1. 

Storm 
event 
date 

Date of 
ending 

Starting 
time 

Finishing 
time 

Slope %
 

Channel N
o. 

Treatm
ent 

EI30  
Veg. 

% 
M

easured erosion 

Predicted erosion 
for Bare 

Predicted erosion 
(V

eg. &
 

Consolidation) 

8-Jan-96 9-Jan-96 5:05:00 12:48:00 20 3 SpBa 69.8  M 80.44  177.5 71.008 

8-Jan-96 9-Jan-96 5:05:00 12:48:00 20 4 SpTr 69.8  3.73  45.97  177.5 71.008 

8-Jan-96 9-Jan-96 5:05:00 12:48:00 20 5 SpPa 69.8  0.27  50.7  177.5 71.008 

8-Jan-96 10-Jan-96 6:23:00 2:32:00 30 2 SpTr 69.8  10.4  60.42  325.4 52.063 

30-Apr-96 1-May-96 4:46:00 11:00:00 20 3 SpBa 10.3  7.80  16.7  90.72 36.289 

30-Apr-96 1-May-96 4:46:00 11:00:00 20 4 SpTr 10.3  7.60  14.8  90.72 36.289 

30-Apr-96 1-May-96 4:46:00 11:00:00 20 5 SpPa 10.3  7.50  15.7  90.72 36.289 

8-Oct-96 8-Oct-96 15:54:00 20:48:00 10 2 SpTr 6.3  13.4  9.60  26.48 4.174 

8-Oct-96 8-Oct-96 15:54:00 20:48:00 10 3 SpPa 6.3  45.1  2.20  26.48 2.191 

8-Oct-96 9-Oct-96 15:16:00 0:58:00 20 3 SpBa 6.3 0.20  10.3  73.27 29.309 

8-Oct-96 9-Oct-96 15:16:00 0:58:00 20 4 SpTr 6.3  4.40  24.0  73.27 29.309 

8-Oct-96 9-Oct-96 15:16:00 0:58:00 20 5 SpPa 6.3  0.90  18.70  73.27 29.309 

12-Dec-96 12-Dec-96 6:48:00 12:15:00 10 2 SpTr 29.8  5.50  14.8  38.23 15.291 

12-Dec-96 12-Dec-96 6:48:00 12:15:00 10 3 SpPa 29.8  30.3  8.20  38.23 3.670 

12-Dec-96 12-Dec-96 6:37:00 12:00:00 20 3 SpBa 29.8 0.00  28.3  91.16 36.671 

12-Dec-96 12-Dec-96 6:37:00 12:00:00 20 4 SpTr 29.8  4.10  23.7  91.16 36.671 

12-Dec-96 12-Dec-96 6:37:00 12:00:00 20 5 SpPa 29.8  0.30  27.1  91.16 36.671 

22-Mar-97 24-Mar-97 18:37:00 9:45:00 20 3 SpBa --* 0.00  57.1  71.81 18.671 

22-Mar 97 24-Mar-97 19:19:00 10:24:00 30 2 SpTr -- * 1.00  48.8  145.7 37.894 

22-Mar-97 24-Mar-97 19:19:00 10:24:00 30 3 SpPa --*  1.00  52.2  145.8 37.894 

29-Dec-98 30-Dec-98 18:30:00 6:46:00 10 2 SpTr 334.7 5.00  26.0  190.7 40.042 

29-Dec-98 30-Dec-98 18:30:00 6:46:00 10 3 SpPa 334.7 30.0  8.30  190.7 9.610 

29-Dec-98 30-Dec-98 18:20:00 3:28:00 20 3 SpBa 334.7 0.00  56.7  238.7 50.119 

10-Jun-99 10-Jun-99 1:05:00 7:41:00 10 2 SpTr 40.00  5.00  10.3  47.99 9.119 

10-Jun-99 10-Jun-99 1:05:00 7:41:00 10 3 SpPa 40.00  20.0  3.5  47.99 3.647 

--* No data. 

Treatments: 

SpBa: Bare plots covered with spoil. 
SpTr:  Plots covered with spoil and with trees as a vegetation cover. 
SpPa: Plots covered with spoil and with pastures as a vegetation cover. 
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Figure  3-3: the comparison between measured and predicted sediment loss 
values for soil plots. 

 

 
  

Figure  3-4: the comparison between measured and predicted sediment loss 
values from spoil plots. 
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Figure  3-5: the comparison between measured and predicted sediment loss 

values from bare soil and spoil plots. 
 

 

Figure  3-6: the comparison between measured and predicted sediment loss 
values from soil and spoil plots covered with trees and pasture. 
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Figure  3-7: the comparison between measured and predicted sediment loss 
values from pasture covered soil and spoil plots. 

 

Figure  3-8: the comparison between measured and predicted sediment loss 
values from trees covered soil and spoil plots. 
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Chapter 4. : Variability of media properties of 
some Central Queensland coal 

mines. 

This chapter reports on extending the MINErosion 3 soil and spoil 

properties database, which was based on one composite sample per 

minesite. In this chapter, samples were collected across six Central 

Queensland coalmine sites and analysed for relevant physical and 

chemical properties. The new data will be used to derive a measure of 

variability in soil properties across each minesite and used in the 

application of the catchment scale erosion/deposition model (MINErosion 

4) across part or the whole of minesite.  

4.1 Introduction and overview: 

Bonell (1998) stated that one of the major limitation in the ability to 

understand and address the issues of scale, spatial variability and spatial 

aggregation of hydrologic responses is the lack of spatially distributed 

datasets with which to test existing hillslope and watershed models  

Carroll et al. (2004) confirmed that most erosion research in Australia 

has been carried out on agricultural soils and on lower slope gradients. 

There is little information in Australia on erosion rates from open-cut 

coalmine rehabilitated landscapes. A suitable erosion prediction model will 

help the decision makers and environmental officers in developing 

appropriate rehabilitation plans. A major problem with any prediction 

model is the availability of the required dataset. In developing MINErosion 

3.01, as a model to predict the erosion rate at post mining sites, a 

database was developed that contain information about soil and spoil 

properties for 15 mine sites in Central Queensland collected over 6 years 

of work (Sheridan et al., 2000a). However, this database represented 

each mine with only one composite soil and one composite spoil 

(overburden) sample and lacks information on the spatial distribution of 

soil properties across these minesites; therefore, the possibility of media  

properties spatial variation inside the mine site was not represented. A 
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clear example of the necessity for spatially distribute samples across the 

mine site will be presentenced in this chapter (German Creek mine as an 

example). One aim of this thesis is to extend the MINErosion 3 model 

database by adding information on the spatial variation of media 

properties. To achieve this, we requested the 15 coalmines to assist in 

collecting a set of soil and spoil samples (between 6-12 soil/spoil samples 

each) which are distributed across the mine site to reflect the observed 

variation in media properties. 6 minesites responded to this request. The 

result of this work will be used in our mission to upscale MINErosion 

model from a lumped hillslope scale model to a distributed catchment 

scale model; and will be used as an embedded database with the model.  

 Sheridan et al., (2000a) studied a total of 34 soil and spoil samples 

from 15 open-cut coal mines in central Queensland. He stated that both 

soils and spoil material in most of the minesites are relatively low in silt 

(all media <30% silt).  He also found that soils from Blackwater and 

nearby Curragh mines were noticeably different from all of the other soils 

tested in his study. These soils have the highest clay content (average 

57% clay) and the highest CEC's of all the soils. He observed that these 

soils were strongly aggregated and swelled upon wetting.  

Carroll et al., (2003 ) investigate the long-term impact of open-cut 

coalmine rehabilitation on erosion and water quality under natural rainfall 

conditions. They explored the differences of soil and spoil properties 

between the experimental plot areas and rehabilitated catchment areas at 

Curragh mine. They reported that, the value of Exchangeable Sodium 

Percentage (ESP) for catchment spoil is low in comparison to the field 

plots (30% ESP). 

Carroll (2005) also examine the chemical and physical properties of 

the soil and spoil material   in the erosion plots experiment under different 

condition of vegetation and topographic factor at three coalmine sites 

(Curragh, Goonyella, and Oaky creek) in Central Queensland. He noted 

that the spoil material had higher pH, EC and ESP than the soil material.  
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The previous three studies will be used as a guide and reference 

through this study. 

4.2 Material and Methods: 

  93 samples (46 soil samples and 47 spoil samples) were collected 

from six coalmines in central Queensland (Figure  4-1, locations marked 

with red patches) with the assistance of the environmental officers. They 

were requested to collect samples that represent the range of material 

found in each mine site. The physical and chemical properties of the soils 

and overburdens were determined from sub-samples of the <2 mm 

fractions. Hand held probes were used to determine the pH and EC of a 

1:5 soil/water extract. The particle size distribution of each medium was 

determined by the sedimentation and pipette technique described by Day 

(1965). The soil moisture characteristic curves of the soils and 

overburdens were determined using a pressure membrane apparatus on 

pressure 0.1 bar for field capacity and 15 bar for wilting point. Soil 

dispersion was measured using a modified end-over-end shaking 

technique (Cook et al., 1992); 50 g soil was immersed in 1 L double-

deionized water at 20° C within a Perspex sedimentation cylinder (70 mm 

internal diameter, total volume 1.425 L) with an air-gap of 105 mm. 

shaking was conducted at 20 rpm for 30 min. Following shaking, the 

suspensions were allowed to settle for 8 h at 20° C, after which a pipette 

sample of approximately 27 cm3 was taken at 10 cm depth to determine 

the dispersed clay content (<2 µm). The suspension was then gently 

hand-mixed and left for 5 min, after which another pipette sample was 

taken to determine the dispersed silt and clay content (<20 µm). The 

pipette samples were oven-dried at 105° C and the amount of dispersed 

material was determined by weighing. The dispersion was expressed as a 

proportion of the total weight of the soil sample, with D2 and D20 being 

the respective percentages of clay and silt+clay particles dispersed as a 

proportion of the total soil (So et al., 1997). Organic carbon (OC) content 

was determined using the Heanes (1984) wet oxidation technique. CEC, 

exchangeable cations and ESP are determined by a single extraction using 

unbuffered (AgTU) + as documented by Raymond & Higgenson (1992).  
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Two soil and two spoil samples inherited from the previous work of 

Sheridan et al. (2000a) and Sheridan (2001) were used (Curragh and 

German Creek samples), analyzed and presented in this work as reference 

samples. The results of all soil analyses of those reference samples are 

almost the same as the results published by (Sheridan, 2001).  

4.2.1 Study area: 

Bowen Basin is the most important Permian coal basin in Queensland. 

Approximately 70%, of the State's coal reserves are located there. The 

basin came into view of a large, triangular-shaped area, 600km long and 

up to 250km wide, extends over approximately 60,000 Km2 of Central 

QLD (Figure  4-1). It contains 34 operational coalmines extracting over 

100 million tons annually, which represents some 83% of the State of 

Queensland’s coal production (Darnbrough, 2009). 

Six coalmines were selected to represent the Bowen basin area; 

those mines are Curragh, Crinum Gregory, Goonyella Riverside, Blair 

Athol, German Creek, Hail Creek mines. In this chapter, the results and its 

discussion will be presented in detail for Curragh coalmine; while the 

results of the other mines will appear in appendix (A) to avoid repetition; 

only figures, some major points, and comparisons will be shown here. 

However, all the results for all examined coalmines will be used to 

calculate the spatially distributed erodibility values and will be embedded 

in the MINErosion 4 database.  
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Figure  4-1: Bowen basin area (Shaded with blue color) and the main coal mines in 
Central QLD (Queensland government website).  
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4.3 Curragh mine: 

Curragh mine is located 14 km north of Blackwater, 200 km west of 

Rockhampton. Conventional multiple-pass open-cut mining is employed 

using four large draglines for overburden, and a small diesel electric 

dragline (15 m3) assists the other draglines and is also used for spoil pile 

rehabilitation. 

To cover the spatial variability along the mine site, nine sample 

locations were selected across the vertical axis of the mine site (Figure 

 4-2). From each location two composite samples were collected, one soil 

sample from the surface layer followed by a spoil sample from the layer 

below it (Table  4–1).    

Table  4–1: The depth and location of the soil/spoil samples at Curragh mine. 

ID 
No. 

 
S
am

p
le 

T
yp

e 

Depth (mm) Location 

Comments 
Soil Spoil Easting Northing 

1 soil 0-300   148.854283 -23.5233469   

2 spoil   500-700 148.854283 -23.5233469   

3 soil 0-300   148.860050 -23.5141853   

4 spoil   500-700 148.860050 -23.5141853   

5 soil 0-200   148.869229 -23.5082513   

6 spoil   300-500 148.869229 -23.5082513 
very rocky area hard to get any 
depth in hole 

7 soil 0-300   148.858001 -23.4980017   

8 spoil   500-700 148.858001 -23.4980017   

9 soil 0-300   148.851780 -23.4774159   

10 spoil   400-600 148.851780 -23.4774159   

11 soil 0-200   148.848120 -23.4682942 shallow topsoil layer 

12 spoil   300-500 148.848120 -23.4682942   

13 soil 0-150   148.845516 -23.4605505 thin topsoil layer, 150 mm 
maximum 

14 spoil   300-600 148.845516 -23.4605505   

15 soil     148.849258 -23.4495080 virtually no topsoil in area  

16 spoil     148.849258 -23.4495080   

17 soil 0-150   148.873131 -23.4503971 very thin and patchy topsoil layer  

18 spoil   300-600 148.873131 -23.4503971   

 

The results of Curragh soil and spoil samples analysis, in addition to 

two reference samples and the original data from Sheridan, are listed in 

Table  4–2 
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Figure  4-2 : The location map of soil and spoil samples at Curragh mine. 
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Figure  4-3: The distribution of soil texture for 18 soil and spoil sample at Curragh coal mine (USDA 
Texture Triangle) 

The textures of the soil and spoil samples are plotted on a texture 

triangle (Figure  4-3). It is clear that, most of the soil and spoil samples 

have high clay content (average %clay = 52.4 and 45.14 for soil and 

spoil respectively) with relatively low silt content (18% as an average, 

standard deviation 3.7). That is  in agreement with Sheridan’s (2001) 

results; It may be useful to mention that Sheridan (2001) suggested 

that texture plays a dominant role in determining many of the other 

properties of a soil or spoil overburden. He found high correlations 

between texture, especially clay content, and other media properties 

including the plastic limit, liquid limit, specific surface area, and water 

contents at field capacity and wilting point.  

The electrical conductivity (EC) values ranged widely from 0.104 to 

1.426 dS/m (average 0.31 dS/m, Standard Dev. 0.42) for soil samples; 
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and from 0.236 to 1.411 dS/m (average 0.83, Standard Dev. 0.40) for the 

overburden spoil samples. Because most of the soil and spoil samples 

texture classes are clayey to clay loamy soils, so it  could classified as low 

salinity for all soil samples (except sample No., 15 which should classified 

as highly saline) and high salinity for most of the spoil samples. However, 

Carroll et al. (2003 ) working on Curragh rehabilitated catchment area, 

found that plant growth on the spoil material has kept soluble salts below 

the rooting depths of these plants and that reduces the amount of salt 

that is available for transport.  

The average pH of both soil and spoil are > 8.0 indicating high 

sodicity; its value ranged from 7 to 8.75 (average 8.03 with Standard 

Dev. 0.55) for soil and ranged from 7.35 to 9.41 (average 8.29 with 

Standard Dev. 0.80); the spoil on average being more alkaline than the 

soil, 3 out of 8 spoil samples have pH values exceeding over nine. That 

could affect the capability of plant roots establishment and decrease the 

available nutrients for the vegetation cover.  

The organic Carbon content (O.C%) ranged from 0.91 to 3.1% 

(average 1.62% + Standard Dev. 0.7) for the soil samples, and 0.76 to 

3.29 (average 1.5% + Standard Dev. 0.74) for the spoil samples. Some 

spoil samples with a high percentage of Organic Carbon may have   

residual coal material (coal powder) which react in the same way as   

organic matter with the oxidant reagent. The range of organic Carbon 

percentage for both soil and spoil material is within the same range as  

soil organic Carbon content measured by Sheridan (2001). The 

measurement of organic Carbon of spoil overburdens were not carried out   

by Sheridan (2001) as he suggested that these media have been sourced 

from depths of up to 100 m and were therefore assumed to have zero or 

negligible organic Carbon content. That may be true for fresh overburden 

spoil, which Sheridan was dealing with; however, after more than 10 

years of rehabilitation, the organic Carbon content in spoil samples should 

be measured which Carroll did. 
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Cation Exchange Capacity (C.E.C) and exchangeable Cations were 

determined for soil and spoil samples and the Exchangeable Sodium 

Percentage (ESP) were derived as the percentage of exchangeable sodium 

divided by Cation Exchange Capacity. Most of the soil and spoil samples at 

Curragh have high level of C.E.C (range from 25 to 48.9 cmolc/kg), 

associated with the high content of clay particles; hence there is a positive 

correlation between the Clay% and C.E.C value with an R2 equal 0.8699. 

The ratio between exchangeable Calcium and Magnesium (Ca:Mg) on 

average was equal to 2:1 for soil samples and almost 1:2 for spoil 

samples; this ratio may indicate soil structural problems and it may play a 

significant role in determining soil infiltration rate, soil aggregation , and 

soil erodibilities. Dontsova and Darrell Norton (2001) in their studies about 

the effect of Ca:Mg ratio on clay flocculation and aggregate stability of 

soils during rainfall and the effect of that on the erosion rate for several 

soils. They found that Ca++ ions were more effective than Mg++ in 

aggregating soil clays and that led to direct increasing in infiltration rate; 

and decreasing the soil loss rate significantly. From the results of this 

study, the average concentration of exchangeable Ca++ were 20.93 and 

13.25 cmolc/kg for soil and spoil samples respectively. While, the 

exchangeable Mg++ measured values were 11.26 and 15.73 for soil and 

spoil respectively. The higher Ca:Mg ratio for soil samples than spoil 

samples could point to that soil samples should expected to have higher 

infiltration and lower erosion rate.  

Exchangeable Sodium Percentage (ESP) for soil samples is low and 

ranged from 2.19 to 6.33% (average equal 3.97% and Standard Dev. 

1.51). While the spoil have a higher ESP, ranging between 3.79 to 12.01 

(average 6.89% and Standard Dev. 3.01). Some of the overburden spoil 

samples are affected by excessive sodium. The values of ESP in this 

analysis are much lower than Sheridan’s (2001) results (ESP = 6.5 and 

26.1 for Curragh soil and spoil respectively); however, Carroll et al., 

(2003 ) found that ESP for Curragh catchment area’s soil and spoil 

samples are low in comparison to the field plots ESP values. It ranged 

between 0.6 to 1.6 for soil samples and 2,5 to 5% for spoil samples; they 

classified the spoil material depending on the value of ESP as non-sodic 
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material. The lower ESP on the catchments area has reduced the threat of 

surface crusting, and improved vegetative cover growth compared with 

that found in the field plots. They also found that the ESP was decreasing 

considerably with time (between years 1993 to 2003)  

The results of clay dispersion ratio (D20%) and dispersed clay content 

(DC2 %) as well as the Silt + Clay dispersion ratio (D20%), and  dispersed 

silt + clay content (DC20 %) values as indicators for the stability of soil 

aggregates confirm that the soil samples have more stable aggregation 

than the spoil samples have. That is consistent with results from 

exchangeable Ca:Mg ratio and ESP values for both soil and spoil samples. 
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Table  4–2: Physical and chemical properties of 18 soil and spoil samples from Curragh coalmine, Central Queensland. 

Media 
type  Sa

m
pl

e 
N

o.
 

pH EC 
(dS/m) O.C% C.E.C 

(cmolc/kg) 

Exchangeable Cations 
ESP 
(%) Ca:Mg GWC1.5 

B (Mpa) 
GWC0.01 

B (Mpa) 
D2 
(%) 

D20 
(%) 

DC2 
(%) 

DC20 
(%) 

Clay 
% Silt % Sand 

% Ca++ Mg++ K+ Na+ 

Soil 1 7.91 0.154 1.43 38.41 25.78 9.79 2.19 1.25 3.21 2.63 0.17 0.33 7.70 31.44 4.62 14.76 55.61 18.42 25.97 

Spoil 2 9.09 0.427 1.64 33.08 14.35 16.12 3.01 1.79 5.08 1.42 0.25 0.37 35.43 76.42 20.28 43.45 52.06 21.81 26.13 

Soil 3 8.75 0.208 2.22 34.63 18.40 12.99 2.27 1.69 4.77 1.36 0.17 0.35 20.09 73.55 11.81 30.86 58.39 13.61 28.00 

Spoil 4 7.35 1.053 1.67 37.69 17.63 16.84 2.00 1.82 4.75 1.86 0.23 0.38 23.46 84.67 13.48 37.46 58.52 14.64 26.84 

Soil 5 7.00 0.315 1.96 26.85 13.20 9.68 2.26 1.70 6.33 2.10 0.10 0.25 6.15 37.24 3.60 18.62 41.58 18.74 39.68 

Spoil 6 7.75 0.789 1.41 24.67 10.58 11.19 1.87 1.74 6.85 2.61 0.08 0.19 1.43 58.39 0.65 19.49 29.73 10.29 59.98 

Soil 7 8.47 0.137 3.10 37.50 23.00 12.38 1.75 0.98 2.57 2.23 0.18 0.35 13.93 47.54 8.38 22.65 58.22 21.96 19.81 

Spoil 8 7.87 0.835 0.97 48.73 28.23 17.86 1.37 1.87 3.79 1.05 0.26 0.49 23.60 80.77 14.48 35.33 65.86 16.25 17.89 

Soil 9 8.03 0.104 1.25 38.01 23.37 11.12 3.03 1.19 3.07 1.80 0.17 0.37 15.43 65.93 7.33 21.23 56.00 21.54 22.46 

Spoil 10 9.17 0.415 0.76 31.42 11.41 15.27 3.70 1.75 5.44 0.89 0.20 0.34 34.33 76.84 14.15 33.01 47.60 22.49 29.92 

Soil 11 7.74 0.212 0.91 38.34 24.84 9.52 2.52 1.46 3.80 1.05 0.17 0.34 19.88 79.27 6.73 19.58 55.99 15.73 28.28 

Spoil 12 7.46 1.014 3.29 30.36 4.82 17.46 4.44 3.65 12.0 0.95 0.24 0.36 41.56 80.92 17.59 36.50 40.30 17.05 42.65 

Soil 13 8.26 0.161 1.14 36.52 23.11 10.34 2.36 1.31 3.54 1.58 0.21 0.33 13.81 50.92 8.93 24.23 54.57 21.36 24.07 

Spoil 14 7.77 1.411 1.01 32.81 12.64 13.41 3.76 3.61 10.8 0.75 0.20 0.31 26.17 79.64 11.86 33.34 40.45 19.56 39.98 

Soil 15 7.52 1.426 0.99 28.91 12.99 12.42 2.35 1.86 6.27 0.28 0.13 0.26 9.23 35.26 6.03 19.21 32.46 20.54 47.00 

Spoil 16 8.72 1.252 1.34 29.01 8.34 15.60 3.09 2.68 9.03 0.94 0.19 0.33 33.47 75.93 20.01 36.40 36.44 19.16 44.40 

Soil 17 8.55 0.110 1.60 39.01 23.71 13.15 1.98 0.87 2.19 0.53 0.29 0.35 13.87 34.13 8.49 15.12 58.83 15.73 25.44 

Spoil 18 9.41 0.236 1.41 33.20 11.25 17.85 2.67 1.42 4.28 0.63 0.21 0.32 28.31 82.42 13.95 32.84 35.29 25.14 39.58 

Soil* Ref. 7.58 0.739 1.75 58.52 XX XX XX XX 6.7 xx 0.18 0.37 18.65 52.4 9.5 37.8 55.85 17.13 27.02 

Spoil** Ref. 8.89 0.69 1.55 26.9 XX XX XX XX 26.1 XX 0.12 0.29 51.2 66.7 14 34.7 22.56 25.24 52.2 

Soil* and Spoil** : Reference samples, inherited  from (Sheridan, 2001) work. The original samples indexes are 8 &7 (page 181). 
GWC (gravimetric water content) at given pressure. 
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Figure  4-4 shows the plot of soil and spoil samples from the six 

coalmines on the texture triangle. It is obvious that the soil and spoil 

samples from Curragh, Crinum Gregory and the soil samples from Hail 

creek mines should be classified as a clayey soils. While the texture 

classes of other samples from Goonyella, Blair Athol, German Creek and 

Hail creek spoils ranged from clay loam to sandy clay; that is in 

agreement with Sheridan (2001) and Carroll et al., (2003 ) results. 

Figure  4-5 shows the average pH and EC (dS/m) values across the 

examined mines. We can recognize that the salinity and pH values on 

average are always higher for the overburden spoil samples than the soil 

samples. There is a wide range between the spoil and soil salinity in most 

sites especially in German creek mine. The overburden spoil pH values at 

Hail creek mine are exceeding nine on average. We can also observe that 

even with pH average of 6.59 for German creek spoil, there are pH values 

equal 4.23 and 5.78 for Pit D and Bundoara spoil sample respectively. 

That may happen due to the presence of Pyrite (FeS2) in these samples 

and reflect the wide spatial variation in media properties even inside a 

mine site.    

Figure  4-6 shows the variation of organic Carbon content (O.C%) 

through the examined coalmines. In general, the O.C% is higher in soil 

sample than the regular spoil sample. Some spoil sample gave very high 

reading of O.C% because it contain high amount of coal residue particles 

and coal powder.  

Figure  4-7 and Figure  4-8 depicts the values of C.E.C and ESP 

respectively. We can observe that the ESP values for some overburden 

spoil samples reveal the existence of sodic problem in many coalmine 

sites. 
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Blair Athol Crinum Gregory 

Figure  4-4: The texture classes of soil and spoil samples at the six examined mines. 
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Figure  4-5: The average measured EC and pH values for the six examined coalmines.  
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Figure  4-6: The distribution of O.C% for the soil and spoil samples across the examined coalmines. 
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Figure  4-7: The distribution of C.E.C values for the soil and spoil samples across the examined coalmines. 
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Figure  4-8 : The distribution of ESP values for the soil and spoil samples across the examined coalmines. 
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Figure  4-9: The distribution of wilting points and field capacity values for the soil and spoil samples across the 
examined coalmines. 
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4.4 The impact of spatial variation on the soil/spoil 
erodibility: 

Sheridan et al., (2000a) and Sheridan (2001) developed predictive 

equations for post mining sites rill and interrill erodibility using 3 or less 

soil properties which can easily be measured in the laboratory and are 

generally available from routine soil analysis (Equation  2-15 to Equation 

 2-18). These predictive equations may produce erroneous results when 

the input soil/spoil parameter values used are outside the range of values 

used for the development of those equations.   

  MINErosion 3 model adopted these set of equations to estimate the 

rill and interrill erodibility for post mining sites. MINErosion 4 will also 

adopt and use them whenever the field-measured erodibilities are not 

available.  

In this chapter, most1 of the required input parameters have been 

measured to represent the spatial variation of the media properties and its 

impact on the erodibility coefficient across the sites. Table  4–3 and Table 

 4–4 show the calculation of rill and interrill erodibilities for the different 

sampling sites across the six selected coalmines. A comparison between 

this MINErosion 3 database values for rill and interrill erodibility and the 

predictive spatial distribution values using the data from this thesis is also 

given in this table. 

 These erodibility data will be used to expand the original MINErosion 

database and it will be embedded in MINErosion 4 to allow representation 

of spatial variability of erodibilities. 

 

 

 

 
All parameters were measured except bulk density, which will be inherited from previous studies. 



 

 96 

Table  4–3: The estimated erodibility values for 46 soil samples locations in 
Central Queensland. 

Mine name 
Location Soil 

Longitude Latitude O.C % (%0.02-
1mm) pH B.D Ki Kr 

Curragh 1 148.85428 -23.52335 1.43 25.97 7.91 1.00 2452107.8 9.72 
Curragh 2 148.86005 -23.51419 2.22 28.00 8.75 1.00 1744064.2 7.42 
Curragh 3 148.86923 -23.50825 1.96 39.68 7.00 1.00 1973131.9 16.59 
Curragh 4 148.85800 -23.49800 3.10 19.81 8.47 1.00 965034.7 7.07 
Curragh 5 148.85178 -23.47742 1.25 22.46 8.03 1.00 2609923.1 8.79 
Curragh 6 148.84812 -23.46829 0.91 28.28 7.74 1.00 2913853.0 10.71 
Curragh 7 148.84552 -23.46055 1.14 24.07 8.26 1.00 2702745.1 8.29 
Curragh 8 148.84926 -23.44951 0.99 47.00 7.52 1.00 2836092.3 18.56 
Curragh 9 148.87313 -23.45040 1.60 25.44 8.55 1.00 2297866.8 7.58 

Curragh mine (Soil samples) 
Average 2277202.1 10.5 
Standard Dev. 626395.4 4.19 

CV (Coefficient of Variability) 27.51% 39.9% 
Curragh (plots area) original database value (Sheridan, 2001) 6012859.0 11.94 
C. Gregory 1 148.33321 -23.19297 0.59 30.90 8.31 1.20 3197582.6 3.40 
C. Gregory 2 148.35488 -23.19593 0.49 9.47 8.04 1.20 3284518.8 1.74 
C. Gregory 3 148.35499 -23.19596 0.24 11.99 7.85 1.20 3503344.1 2.43 
C. Gregory 4 148.35372 -23.19786 0.58 9.92 8.29 1.20 3207718.4 0.95 
C. Gregory 5 148.35759 -23.19543 0.67 11.98 7.61 1.20 3124391.9 3.20 
C. Gregory 6 148.35235 -23.16128 0.96 20.23 7.70 1.20 2870785.0 3.48 

Crinum Gregory mine (Soil samples) 
Average 3198056.8 2.5 
Standard Dev. 206544.4 1.02 

CV (Coefficient of Variability) 6.46% 40.8% 
Crinum Gregory original database value (Sheridan, 2001) 3969008.0 12.72 
Goonyella 1 147.94840 -21.77340 0.88 42.61 6.66 1.22 2936720.7 12.28 
Goonyella 2 147.97970 -21.82150 0.64 63.28 6.88 1.22 3151918.4 27.06 
Goonyella 3 147.98820 -21.80060 0.79 70.08 6.09 1.22 3021434.1 37.58 
Goonyella 4 147.98070 -21.84370 1.09 65.80 8.00 1.22 2754846.4 26.25 
Goonyella 5 148.00680 -21.78640 0.58 70.00 7.11 1.22 3203966.4 34.21 
Goonyella 6 147.98720 -21.74550 0.70 42.01 7.71 1.22 3097061.0 8.63 
Goonyella 7 147.99810 -21.70250 2.58 38.38 7.29 1.22 1425410.7 8.43 
Goonyella 8 147.94820 -21.71110 1.92 50.57 6.96 1.22 2011434.3 15.89 
Goonyella 9 147.96620 -21.68500 0.56 49.33 8.39 1.22 3220050.2 10.50 

Goonyella riverside mine (Soil samples) 
Average 2758093.6 20.1 
Standard Dev. 624200.8 11.34 

CV (Coefficient of Variability) 22.63% 56.4% 
Goonyella original database value (Sheridan, 2001) 2573589.0 7.24 
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Cont. Table  4–3: The estimated erodibility values for 46 soil samples 
locations in Central Queensland. 

Mine name 
Location Soil 

Longitude Latitude O.C % (%0.02-
1mm) pH B.D Ki Kr 

German Creek 1 148.74365 -23.04298 0.78 50.41 7.32 1.59 3029862.8 3.35 
German Creek 2 148.72605 -23.01945 0.15 73.64 6.39 1.59 3583647.6 30.20 
German Creek 3 148.63696 -22.94570 1.16 48.83 6.78 1.59 2687185.9 4.06 
German Creek 4 148.70114 -22.99705 0.03 76.06 6.07 1.59 3694703.3 34.80 
German Creek 5 148.56258 -22.90796 0.52 54.03 7.14 1.59 3258610.4 6.54 
German Creek 6 148.56641 -22.94428 0.78 63.63 7.23 1.59 3028964.8 15.04 
German Creek 7 148.54377 -22.97244 0.54 76.77 5.75 1.59 3239174.7 36.92 
German Creek 8 148.53497 -22.99891 0.60 74.28 5.39 1.59 3190132.0 34.32 

German Creek mine (Soil samples) 
Average 3214035.2 20.7 
Standard Dev. 319952.3 14.87 

CV (Coefficient of Variability) 9.95% 71.8% 
German Creek original database value (Sheridan, 2001) 4039506 8.12 
Hail Creek 1 148.39911 -21.52200 1.40 26.56 7.09 1.20 2477269.4 6.36 
Hail Creek 2 148.40110 -21.52986 0.67 39.79 7.74 1.20 3123165.0 8.17 
Hail Creek 3 148.39267 -21.49752 1.27 41.77 7.34 1.20 2590309.5 10.32 
Hail Creek 4 148.39565 -21.50307 1.06 43.66 7.39 1.20 2780488.0 11.07 
Hail Creek 5 148.39826 -21.52352 1.33 52.19 6.83 1.20 2539470.8 18.05 
Hail Creek 6 148.38113 -21.47938 0.72 43.05 6.45 1.20 3078905.6 13.77 
Hail Creek 7 148.38905 -21.49260 0.99 39.91 6.51 1.20 2835505.5 12.16 
Hail Creek 8 148.35215 -21.47771 1.99 28.02 7.39 1.20 1949215.1 5.68 

Hail Creek mine (Soil samples) 
Average 2671791.1 10.7 
Standard Dev. 376487.7 4.076 

CV (Coefficient of Variability) 14.09% 38.1% 
Hail Creek original database value N/A N/A 
Blair Athol 1 147.52998 -22.70644 2.48 39.75 7.68 1.00 1514676.4 14.44 
Blair Athol 2 147.54587 -22.67805 1.19 24.86 8.12 1.00 2664709.4 8.86 
Blair Athol 3 147.53354 -22.68820 1.44 69.48 6.52 1.36 2443768.1 31.16 
Blair Athol 4 147.55107 -22.69204 0.76 28.47 7.78 1.00 3047040.2 10.62 
Blair Athol 5 147.53899 -22.70000 0.95 43.87 7.29 1.00 2875532.8 17.59 
Blair Athol 6 147.54762 -22.71487 0.99 40.31 7.18 1.00 2840395.6 16.28 

Blair Athol mine (Soil samples) 
Average 2564353.7 16.5 
Standard Dev. 553615.8 7.917 

CV (Coefficient of Variability) 21.59% 48.0% 
Blair Athol original database value (Sheridan, 2001) 2314952.0 6.89 
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Table  4–4: The estimated erodibility values for 47 spoil samples locations 
in Central Queensland. 

Mine name 
Location Soil 

Longitude Latitude Clay% D20 ESP EC Ki Kr 
Curragh 1 148.85428 -23.52335 52.06 76.42 3.21 0.15 6098166.2 1.84 
Curragh 2 148.86005 -23.51419 58.52 77.67 4.77 0.21 6866294.4 1.43 
Curragh 3 148.86923 -23.50825 29.73 58.39 6.33 0.32 2877650.2 7.56 
Curragh 4 148.85800 -23.49800 65.86 80.77 2.57 0.14 7808174.0 0.54 
Curragh 5 148.85178 -23.47742 47.60 76.84 3.07 0.10 5620762.4 1.49 
Curragh 6 148.84812 -23.46829 40.30 80.92 3.80 0.21 4980262.1 0.63 
Curragh 7 148.84552 -23.46055 40.45 79.64 3.54 0.16 4944255.4 0.83 
Curragh 8 148.84926 -23.44951 36.44 75.93 6.27 1.43 4346212.6 7.54 
Curragh 9 148.87313 -23.45040 35.29 77.42 2.19 0.11 4279803.2 1.50 

Curragh mine (Spoil samples) 
Average 5299742.3 2.7 
Standard Dev. 1454522 2.77 

CV (Coefficient of Variability) 27.45% 102.6 
Curragh (plots area) original database value (Sheridan, 2001) 2133601.0 4.43 
C. Gregory 1 148.33321 -23.19297 42.76 53.40 3.97 0.24 4116423.9 9.15 
C. Gregory 2 148.35488 -23.19593 41.54 57.75 4.15 0.16 4160382.4 7.38 
C. Gregory 3 148.35499 -23.19596 66.35 77.14 6.70 1.25 7712713.4 6.25 
C. Gregory 4 148.35372 -23.19786 63.81 73.20 7.01 2.48 7268502.1 13.30 
C. Gregory 5 148.35759 -23.19543 28.28 78.52 6.64 0.85 3548819.8 3.92 
C. Gregory 6 148.35235 -23.16128 38.21 10.02 9.06 2.94 1820260.2 34.42 

Crinum Gregory mine (Spoil samples) 
Average 3411471.6 12.4 
Standard Dev. 1096759.4 11.24 

CV (Coefficient of Variability) 32.15% 90.7% 
Crinum Gregory original database value (Sheridan, 2001) 1629811.0 8.06 
Goonyella 1 147.94840 -21.77340 43.26 30.71 9.11 0.27 3234620.9 15.29 
Goonyella 2 147.97970 -21.82150 39.24 40.89 10.1 0.28 3209849.5 12.05 
Goonyella 3 147.98820 -21.80060 40.58 24.11 5.54 0.46 2664600.2 18.88 
Goonyella 4 147.98070 -21.84370 51.62 48.86 14.6 4.09 4911673.8 27.09 
Goonyella 5 148.00680 -21.78640 37.50 16.17 9.90 0.32 1995953.1 19.82 
Goonyella 6 147.98720 -21.74550 64.19 37.29 10.7 6.59 5827762.5 43.34 
Goonyella 7 147.99810 -21.70250 32.38 7.86 4.28 2.50 1084519.2 33.85 
Goonyella 8 147.94820 -21.71110 49.36 50.64 5.92 0.29 4733917.1 9.90 
Goonyella 9 147.96620 -21.68500 44.04 30.35 9.65 0.69 3306448.1 17.34 
Goonyella 10 147.96940 -21.75490 40.85 32.24 10.4 1.52 3030292.2 20.58 

Goonyella riverside mine (Spoil samples) 
Average 3399963.7 21.8 
Standard Dev. 1415826.3 10.27 

CV (Coefficient of Variability) 41.64% 47.1% 
Goonyella original database value (Sheridan, 2001) 3048501.0 5.00 
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Cont. Table  4–4: The estimated erodibility values for 47 spoil samples 
locations in Central Queensland. 

Mine name 
Location Soil 

Longitude Latitude O.C % (%0.02-
1mm) pH B.D Ki Kr 

German Creek 1 148.74365 -23.04298 30.15 75.37 19.8 0.88 3624939.3 2.65 
German Creek 2 148.72605 -23.01945 35.60 80.36 10.4 1.19 4435996.2 4.29 
German Creek 3 148.63696 -22.94570 42.98 89.39 13.4 3.46 5626839.3 11.91 
German Creek 4 148.70114 -22.99705 16.19 64.77 15.3 2.47 1639347.6 14.34 
German Creek 5 148.56258 -22.90796 31.64 18.14 4.07 6.61 1427049.3 50.47 
German Creek 6 148.56641 -22.94428 26.17 83.96 7.30 1.90 3538995.4 7.16 
German Creek 7 148.54377 -22.97244 19.91 91.50 6.53 2.05 3156297.5 5.71 
German Creek 8 148.53497 -22.99891 28.42 81.18 13.0 3.68 3673074.4 15.54 

German Creek mine (Spoil samples) 
Average 3390317.4 8.8 
Standard Dev. 1374651.2 5.11 

CV (Coefficient of Variability) 40.55% 58.1% 
German Creek original database value (Sheridan, 2001) 870685.00 5.82 

         Hail Creek 1 148.39911 -21.52200 35.17 78.63 5.45 0.41 4316811.8 1.97 
Hail Creek 2 148.40110 -21.52986 39.80 81.91 3.81 0.24 4965974.0 0.46 
Hail Creek 3 148.39267 -21.49752 12.21 77.14 5.47 0.10 1709391.6 0.96 
Hail Creek 4 148.39565 -21.50307 18.83 77.36 7.37 0.78 2451819.6 3.79 
Hail Creek 5 148.39826 -21.52352 32.05 77.28 6.53 0.59 3915415.7 3.04 
Hail Creek 6 148.38113 -21.47938 22.08 79.50 4.75 0.28 2900641.3 1.21 
Hail Creek 7 148.38905 -21.49260 30.71 83.41 4.80 0.62 4020038.3 1.66 
Hail Creek 8 148.35215 -21.47771 34.28 78.98 4.87 0.18 4232853.8 0.86 

Hail Creek mine (Spoil samples) 
Average 3564118.2 1.7 
Standard Dev. 1097246.4 1.151 

CV (Coefficient of Variability) 30.79% 67.7% 
Hail Creek original database value N/A N/A 
Blair Athol 1 147.5260 -22.7022 23.38 74.04 7.96 0.99 2819368.0 5.70 
Blair Athol 2 147.5443 -22.6795 19.60 83.30 4.80 1.37 2783353.0 5.30 
Blair Athol 3 147.5435 -22.6877 20.67 52.89 7.87 2.58 1645707.5 19.81 
Blair Athol 4 147.5510 -22.6901 13.55 77.15 8.75 0.87 1858376.2 4.04 
Blair Athol 5 147.5450 -22.6946 25.83 73.26 6.56 3.35 3058932.1 17.52 
Blair Athol 6 147.5542 -22.7097 18.04 90.71 8.95 1.44 2916664.6 2.63 

Blair Athol mine (Spoil samples) 
Average 2513733.6 9.2 
Standard Dev. 601442.33 7.47 

CV (Coefficient of Variability) 23.93% 81.2% 
Blair Athol original database value (Sheridan, 2001) 1377148.00 8.68 

 

In General, for soil samples, the coefficient of variability for interrill 

erodibility (6.4 to 27.5 %) is smaller compared with those for the rill 

erodibility (38.1 to 71.8 %). As the coefficient of variability expresses the 

range as + 1 x Sd., the real variability is likely to be + 1.96 x Sd (for a 

probability of 95%). The rill erodibility estimation for soil samples may not 

be accurate because the measured bulk density values (Sheridan, 2001) 
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for the six coalmines (1.36 g/cm3, 1.56, 1.58, 1.36 and 1.59 for Curragh, 

C. Gregory, Goonyella, Blair Athol and German creek respectively) were 

out of the predictive equations range (0.9-1.3 g/cm3). The estimation of 

soil rill erodibility using these bulk density values gave negative values; a 

trial to deduct a constant value and to use the maximum acceptable bulk 

density value give estimated rill erodibility values double than the 

recorded one. It seems that the equation range for bulk density is a bit 

narrow and the equation approach from this point of view need to be 

revised. It is also important to mention that these bulk density values 

were measured using mixed and repacked samples (not insitu soil/spoil 

bulk density). 

For the spoil samples, the coefficient of variability for interrill 

erodibility ranged between 23.9 to 41.64 % and their values for the rill 

erodibility ranged between 47.1 to 102 %. There are very significant 

variations in erodibility values (up to +100 %). This will have very 

significant effects on erosion hotspots which may require lower slope 

design. 

Some (clay %) and (D20) values which were needed to calculate rill 

erodibilities were out of the equation range specially for Goonyella and 

Crinum Gregory (the measured %clay values are almost above the range 

of the equation = 32%) and these extrapolation may introduce some 

errors.  
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Chapter 5. MINErosion 4 

The overall aim of this chapter is to represent the theory, structure, 

the model application and validation of the catchment scale 

erosion/deposition model for post mining sites, which is titled as 

MINErosion 4.1.  

5.1 An Overview 

One of the most critical environmental land management problems 

that face the coal mining industry in Australia is water runoff and soil 

erosion. The runoff and erosion problem under mining conditions may 

have an enormous impact locally on the mine site (onsite effects) as well 

as its possible impact on surrounding receiving environments (off site 

effects). The local (onsite) impacts of water runoff and erosion may occur 

because the water flow direction could drive a large amount of water and 

sediment load inter the mining operational areas, especially after a big 

rainstorms, which may result in a suspension of work, which can be costly 

to the company. In January 2008, more than 20 coalmines in the Bowen 

Basin were impacted and mining operations were severely disrupted due 

to heavy rain and flooding in central Queensland; the operations in some 

of these mines were suspended over a number of weeks and months. 

Ensham mine also lost one drag-line machine costing about AU$100 

million which had been inundated by water and sediments, requiring a 

total refitting (Macdonald-Smith, 2008, Australian Mining, 2008).   

For most sites, it is largely unknown how much water and sediments 

are discharged during large storm events, where most of the sediment 

loads come from, and how often these events actually occur.   

On the other hand, the impact of water runoff and erosion from the 

mining and post-mining landscape on the surrounding receiving 

environments (off-site effects) could be very significant and far-reaching.  

Recent events in the Fitzroy Basin have obviously confirmed that coal-

mining activity could produce a series of unpleasant environmental 

impacts, mainly to water quality of channels, streams and rivers into 

which mine discharge water is released. During 2008, contaminated water 
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discharged from a flooded coalmine near Emerald caused increasing levels 

of salinity, heavy metals and other toxic contaminants in the Fitzroy River, 

which adversely impacted water used for human consumption purposes 

and environmental flows. Moreover, the increase in soil erosion and 

sediment yield transportation from Bowen Basin’s catchments, due to over 

grazing or mining activities, into the water bodies (streams and rivers) 

and then to the coastal marine system can have a large negative effect on 

coral reef ecosystem (Bartley et al., 2007). Reducing water runoff and 

sediment load into the coral reefs areas is   crucial if we are to increase 

the chance of keeping the coral reefs alive and be able to stand against 

the dangerous combination of direct anthropogenic impacts and the 

climatic stresses from unusually warm ocean temperatures (Wolanski et 

al., 2005). 

   Mining companies are legally responsible to rehabilitate their post 

mining sites and to return the land to conditions capable of supporting 

former land use, equivalent uses, or other environmentally acceptable 

position; and to reduce the sediment discharge from the post mining 

landscape to reasonable level (< 40 ton/ha/yr) (Welsh et al., 1994). 

It is important for operators (mining companies), regulators, and   

the community to understand not only the probability of events that can 

result in discharges into streams outside the catchment areas, but also 

the amount of water and sediment being discharged and the significance 

of these events influencing the surrounding environment. In the absence 

of long term monitoring information and difficultly of running a large 

number of on-sites experiments and measurements spread over a vast 

land area, a suitable erosion/deposition model may provide answers to the 

previous questions. Most of the available erosion/deposition models in use 

around the world were developed for agricultural soils (low slopes, 

cropped and cultivated annually or regularly) and they are not suitable for 

use with post mining landscapes (steep, often rocky, dispersive and highly 

saline, generally left to consolidate after establishment of vegetative 

cover). Many attempts have been made to examine the appropriateness 

of some well-known erosion model to predict the erosion rate and 

sediment delivery under post mining sites conditions (more details in 
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section 2.5). MINErosion 3.01 is probably the first erosion model which is 

specifically designed to deal with soil erosion under Queensland open cut 

mining conditions. However, MINErosion 3.x is limited to steep simple 

hillslopes only.  

5.2 The model theory: 

The main objective of this thesis is to develop a user-friendly 

catchment scale erosion/deposition model for post mining sites. This 

model should be able to accurately predict, estimate and manage the 

impact of   discharges from storm events on the receiving environment. 

The model should be able to identify the high-risk areas (hot spots) which 

contribute most in terms of export of sediment to the receiving 

environments. The model should be sufficiently reliable for use in the 

improvement of post-mining landscape design that minimizes these 

discharges. The model also should be able to assess the effects of 

management options before these options are tried out in the real 

landscape. This increases understanding of the real world without causing 

irreversible damage to the landscape. 

As the previous MINErosion 3.01 model has been successfully used 

for the same purposes at the simple hillslope scale, there is a need to 

further develop the model by upscaling   from the simple hillslope scale, to 

the catchment scale level. In chapter 3, the hillslope model was re-

programmed in the latest Visual Basic v8, additional options added and 

validated   as a preliminary step before moving to the upscaling stage.    

 MINErosion4 has been designed to operate on a raster grid cell-

based concept. It links MINErosion 3.1 with ESRI ArcGIS® which was used 

to divide the catchment/landscape into a series of raster grid cells and to 

calculate the catchment hydrological parameters. Each grid cell is then 

tagged with the values of slope, water flow directions, flow accumulation, 

soil characteristics as well as vegetation cover. MINErosion 3.1 procedures 

are then applied to each grid cell to calculate the amount of soil erosion; 

however, as MINErosion 3.1 is applicable to simple hillslopes, it predicts 

the net erosion from that hillslope. As slopes may change through the grid 

cells, a deposition routine is required to determine whether sediment is to 



 

 104 

be deposited in the investigated grid cell or simply routed and moved to 

the next grid cell. In the model, sediment transportation by overland flow 

takes place when the sediment load is getting less than the sediment 

transport capacity and deposition occurs when sediment load is getting 

greater than the transport capacity. Beasley et al. (1980) transport 

equation for laminar and turbulent flow conditions is used to calculate the 

transport capacity in overland and channel processes. The carried 

sediment by the flow is then routed in the direction of the catchment 

outlet. Surface runoff and sediment flow routed through each cell using 

the single-flow-direction D8 method (O'Callaghan and Mark, 1984) after 

filling the internal depressions using ArcGIS spatial analyst® routines.  

5.3 Model structure, requirements and parameters: 

The model structure has been depicted in the following model flow 

chart (Figure  5-1) where MINErosion 2.2 and MINErosion 3.1 are 

delineated and incorporated into MINErosion 4.1. It consist of four major 

parts: Terrain analysis and catchment hydrological parameters, Rainfall 

erosivity and storm data, Soil erodibilities and properties, Environmental 

factors (Vegetation and Consolidation effects) which are processed in 

parallel to generate the model parameters and intermediate steps to 

generate at the end  the model results. The model results are represented 

in a set of maps and raster data set including the erosion/deposition 

pattern, event sediment yield, and annual sediment yield.    

5.3.1 Terrain analysis and catchment hydrological parameters: 

MINErosion 4.1 as a catchment scale erosion/deposition model has to 

deal with the catchment hydrological parameters. The computation of 

catchment hydrological parameters including the slopes percentage, flow 

accumulation, and water flow directions are easily automated by using 

special techniques and programs; the most widely used program to do 

that is ArcGIS spatial analyst, which is selected for this model as most of 

minesites are already using ArcGIS. There are other programs that can be 

used such as TOPAZ (Garbrecht and Matz,1999) and PCRaster  (PCRaster, 

2009). Most of these techniques and programs rely on using DEM as an 

initial input format (Vrieling, 2006). It is usually now considered as the 
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immediate and easiest way to efficiently extract the information and 

required hydrological parameters on catchment scale models such as 

GeoWEPP (Renschler, 2003) and Erosion 3D (Schmidt et al., 1999). 

MINErosion 4 utilized ESRI ArcGIS spatial analyst® to automate the 

extraction of the required catchment terrain parameters from raster DEM 

as an embedded subroutine. In general, the accuracy and the resolution of 

DEM data can have a significant effect on the validity of model results 

(Hessell, 2005). The model program, therefore, needs to be provided with 

an appropriate resolution DEM as an input (10X10 m DEM resolution 

recommended), three different formats of DEM (ASCII files, USGS dem file 

and AutoCAD dxf files) are supported in this version. Standard functions 

and techniques were used, including DEM preparation process and filling 

to get a raster layer without depressions. 
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Figure  5-1: MINErosion 4 model flow chart. 
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The required hydrological parameters for MINErosion 4 model are:  

1. Slope (percentage and degrees): the maximum change in elevation 

over the distance between the cell and its eight neighbors expressed in 

both percentage and degrees; the slope is directly calculated from 

DEM. 

2. Water flow routing or the flow direction: flow direction is normally 

determined from depression less DEMs. The flow routing process can 

be simulated by tracking the rainfall excess from cell to cell to the 

catchment outlet (Olivera and Maidment, 1996). In practice, ArcGIS 

spatial analyst function tries to find the direction of steepest descent 

from each cell (Figure  5-2); this is calculated as maximum drop = 

change in z-value / distance. The distance is determined between cell 

centers. Therefore, if the cell size is one, the distance between two 

orthogonal cells is one and the distance between two diagonal cells is 

1.414. If the maximum descent to several cells is the same, the 

neighborhood is enlarged until the steepest descent is found. When a 

direction of steepest descent is found, the output cell is coded with the 

value representing that direction; these values range from 1 to 128. 

For example, if the direction of steepest drop was to the left of the 

current processing cell, its flow direction would be coded as 16. The 

coding values for each direction from the center are shown in Figure 

 5-2. 

 

Figure  5-2: A simple example for flow direction (D8 method) and its coding. 
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To achieve an accurate representation of flow direction across a 

surface, a depression-less raster must be used (ESRI, 2009).  

3. Flow accumulation: is defined as the number of cells contributing to 

flow into a given cell. It is usually used to create the stream network 

by applying a threshold value to select cells with high accumulated flow 

(Tarboton et al., 1991). The flow accumulation is always driven from 

the flow direction raster layer and not directly from the DEM. 

The author deployed ESRI ArcGIS v9.3 ModelBuilder to create a 

geoprocessing model (Figure  5-3) which could be used by the model 

application (software) to call ArcGIS spatial analyst® and automate the 

processes of using the DEM (the input file) all the way to get the required 

hydrological parameters. The geoprocessing model then generate a set of 

ASCII files consisting of slope percentage (slope.txt), flow accumulation 

(flowAcc.txt), flow length (flowLength.txt), and water flow direction 

(flowDir.txt). The model then used these files in the calculations. It should 

be noted here that, the model user can use any other GIS package to 

generate a set of the required ASCII files in the case of unavailability of 

ESRI ArcGIS.  

 

Figure  5-3: The Geo-Processing model of MINErosion 4 catchment 
parameterization sub-routine. 
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Some contributor mining companies provided us with their sites DEM 

and maps (Curragh and Blair Athol) to work with while we develop the 

model; Curragh mine DEM will be used to run the model and present the 

results as a case study. 

5.3.2 Rainfall erosivity and rainfall storm data: 

Rainfall erosivity factor is always one of the crucial parts in any 

erosion model.   MINErosion V3.1  relied  on The Australian Intensity - 

Frequency - Duration (IFD) Rainfall database (Canterford et al., 1987) to 

build its ARI (Average Recurrence Interval) database file; the model read 

the recorded Rainfall duration which correspond with 100 mm/hr rainfall 

intensity for the selected ARI (e.g. 1 in 5 years). Then by using the 

extracted rainfall duration (minute) and the value of 100 mm/hr for 

intensity, the model calculate the EI30 for the selected ARI. However, 

MINErosion 4.1,   need more detailed and relevant data; therefore, as part 

of the ACARP Project C16025, a new regional set of parameters for the 

climatic model was developed, which  calculate the rainfall erosivity using 

the daily rainfall amount has been developed. A stand-alone climatic 

database for rainfall erosivity and its spatial and temporal variation was 

created for the entire Bowen basin area by Yu (2009). 

Since continuous pluviograph data are widely available in Central 

Queensland; there is a need to estimate rainfall erosivity for all the mine 

sites in Central Queensland from daily rainfall amounts.  Continuous and 

complete data sets for up to nine commonly used daily weather variables 

are available through Data Drill at 0.05 degree grid scale covering the 

entire Australian continent (Silo, 2002).  Similarly, for six of these nine 

variables, historical daily data have been ‘patched up’ (known as PPD - 

Patched Point Dataset) for more than 4000 individual locations (Jeffrey et 

al., 2001).  These complete climate data sets have been used for a 

pasture simulation model for the Aussie GRASS project (Carter et al., 

2000).  More recently, daily rainfall data at the grid scale have been used 

to construct detailed isoerodent (rainfall erosivity) maps on a monthly 

basis for sheet and rill erosion prediction for Australia as part of National 

Land and Water Resources Audit (NLWRA) (Lu et al., 2003, Lu and Yu, 
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2002). Unfortunately, the Pluviograph data used for National Land and 

Water Resources Audit were sourced mostly from NSW, SA, and the 

tropics (Yu, 1998).  Data for only two sites in central Queensland were 

used.  Therefore, a new regional relationship for Central Queensland has 

been developed specifically to improve the quality of the estimated rainfall 

erosivity values from daily rainfall totals, and to generate climate data set 

for erosion prediction anywhere in the Bowen Basin (bounded by 146º – 

152º E, and 20º – 27º S). To build the new climatology model, the rainfall 

intensity data held in Bureau of Meteorology (BOM) archives were 

inventoried to find sites with sufficient 6-min intensity data to calibrate 

the daily rainfall erosivity and peak intensity models.  From prior studies 

(Yu, 1998, Yu and Rosewell, 1996a, Yu and Rosewell, 1996b), five years 

of data would be adequate for calibration purposes. Seventy-five sites 

were located in the study area with their record length ranging from 5.3 to 

67.4 years.  All of the available rainfall intensity data at 6-min intervals 

for the 75 sites were acquired from BOM for this study.  Raw data were 

provided in what is known as the standard AWS format supported by 

BOM.  

In general, the climatic model structure for rainfall erosivity 

estimation follows that of Yu and Rosewell (Yu and Rosewell, 1996a, Yu 

and Rosewell, 1996b).  Briefly, the model to estimate the sum of EI30 

values for the month j, E�j, using daily rainfall amounts can be written in 

the form (Yu and Rosewell, 1996a): 

[ ] 0
1

when)2cos(1ˆ RRRjfE d

N

d
dj >−+= ∑

=

βωπηα   Equation  5-1 

where Rd is the daily rainfall amount, R0 is the threshold rainfall 

amount to generate runoff, and N is the number of days with rainfall 

amount in excess of R0 in the month, and α, β, η, and ω are model 

parameters.  The sinusoidal function with a fundamental frequency f = 

1/12 is used to describe the seasonal variation of the coefficient. The first 

part of the equation is a sinusoidal function with a wavelength of twelve 
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months (f = 1/12).  It is used to describe the seasonal variation of rainfall 

erosivity for a given amount of daily rainfall.  

This model parameters α, β, η, ω, and Ro could be described as:  

parameter ω is set at π/6, implying that for a given amount of daily rainfall 

the corresponding rainfall intensity is the highest in January, when the 

temperature is the highest for most part of the continent. Ro, the 

threshold rainfall amount, has been applied with two different values of 

rainfall threshold (12.7 mm and 0 mm) for the 75 sites in this study. For 

the USLE, Wischmeier and Smith (Wischmeier and Smith, 1978) 

suggested to use 12.7 mm as the threshold rainfall R0. Later on, RUSLE 

manual recommended that all storms should be included in R-factor 

calculations (Renard et al., 1991).  Yu (1999) found that the discrepancy in 

the calculated R-factor due to different rainfall thresholds increases as 

mean annual rainfall decreases because the relative contribution of small 

storm events to the R-factor increases. For this study, R0 = 0 was used for 

all sites.  

For parametersα, β, and η, the regional relationships were previously 

derived using 79 stations located in NSW, SA, and the tropics ( Ro = 0.0 

mm), the following sets of equations are derived (Lu and Yu, 2002, Yu, 

1998): 

∝ = 𝟎.𝟑𝟔𝟗[𝟏+ 𝟎.𝟎𝟗𝟖𝐞𝐱𝐩�𝟑.𝟐𝟔 𝐑𝐬
𝐑𝐀
�]    Equation  5-2   

β = 1.49       Equation  5-3  

η = 0.29       Equation  5-4  

where RA is the mean annual rainfall and Rs is the mean summer rainfall 

(November to April; Bureau of Meteorology 1989). Summer and annual 

average rainfall were determined using 57 years (1950-2006) of daily 

data from Silo database. The average rainfalls for the grid cell in which the 

pluviograph site is located were used to estimate parameter values.  The 

values ofα, β, and η for the seventy-five selected sites and the value of 

coefficient of efficiency, Ec (Nash and Sutcliffe, 1970) which prove the 

model performance were shown Table  5–1. There is strong log-linear 

relationship between the calibrated exponent, β and coefficient, α: 
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96.0,62.133.2log 2 =−= rβα        Equation  5-5 

This relationship is quite similar to that recommended for Australia 

(Yu, 1998) (Figure  5-4).  The average value of the exponent β is 1.53, and 

the average value of the parameter η is 0.35. These fixed parameter 

values are recommended for use for the greater Fitzroy region.  

  

 

Figure  5-4 : The relationship between the exponent, β, and coefficient, α, 
for the Fitzroy region in comparison to that developed for 
Australia (Yu, 1998) 
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Table  5–1: Estimated parameter values for the 75 sites in Central QLD. 

Site Location name α β η Ef † 
33012 Collaroy Station 3.232 1.06 0.135 0.88 
33013 Collinsville Post Office 2.555 1.24 0.04 0.79 
33021 Eton Police Station 0.787 1.559 0.001 0.84 
33061 Proserpine Post Office 0.565 1.591 0.056 0.91 
33067 Sarina Post Office 1.701 1.371 0.107 0.87 
33068 Mirani Mary Street 1.735 1.359 0.149 0.91 
33087 Bamganal Blue Mountain 0.264 1.696 0.314 0.90 
33090 Millaroo Dpi 1.857 1.365 0.001 0.80 
33099 Teemburra Creek Pluvio 0.285 1.665 0.39 0.88 
33119 MackayM.O 0.785 1.535 0.151 0.89 
33145 Range Hotel 1.123 1.251 0.877 0.73 
33146 Homevale Station 1.589 1.312 0.000 0.71 
33152 Mirani 0.376 1.684 0.058 0.9 
33169 Turrawulla Station 0.683 1.556 0.619 0.73 
33172 Crediton 0.31 1.661 0.001 0.87 
33242 Waratah 0.868 1.493 0.001 0.89 
33247 Proserpine Airport 2.156 1.286 0.001 0.88 
33256 Langham 1.006 1.461 0.033 0.90 
33257 Bowen Airport 0.74 1.564 0.106 0.94 
34002 Charters Towers Post Office 0.54 1.638 0.312 0.83 
34026 Clive 1.158 1.415 0.001 0.4 
34030 Isaac 0.55 1.70 0.001 0.67 
34036 Oakmeadows 0.244 1.806 0.400 0.71 
34038 Moranbah Water Treatment Plant 2.803 1.153 0.456 0.69 
34084 Charters Towers Airport 2.433 1.27 0.001 0.76 
34099 MtFlora 0.25 1.829 0.484 0.75 
34100 Iffley 0.189 1.921 0.209 0.89 
35000 Alpha Post Office 0.317 1.764 0.317 0.72 
35010 Blair Athol 0.56 1.577 0.318 0.76 
35025 Dingo Post Office 1.536 1.357 0.193 0.66 
35029 Giligulgul 0.398 1.675 0.663 0.83 
35059 Rolleston Meteor St 0.063 2.16 0.581 0.79 
35065 Springsure Dame St 1.481 1.389 0.257 0.71 
35069 Tambo Post Office 0.508 1.591 0.571 0.75 
35070 Taroom Post Office 0.141 2.014 0.075 0.81 
35090 Rewan Station 1.955 1.221 0.214 0.67 
35098 Emerald Dpi Town Site 0.453 1.695 0.219 0.78 
35104 Kilmacolm 1.92 1.344 0.001 0.75 
35147 Emerald Dpi Field Station 1.101 1.408 0.549 0.77 
35149 Brigalow Research Stn 2.411 1.155 0.562 0.64 
35159 Medway Station 0.689 1.519 0.096 0.7 
35264 Emerald Airport 1.555 1.354 0.553 0.82 
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Cont. Table  5–1: Estimated parameter values for the 75 sites in Central 
QLD. 

Site Location name  α β η Ef † 
35267 Coovin 0.133 1.995 0.597 0.85 
36047 Twin Hills Post Office 1.946 1.238 0.429 0.81 
39006 Biloela Dpi 1.456 1.334 0.266 0.63 
39034 Delubra 0.216 1.814 0.321 0.77 
39061 Manners ley 1.105 1.42 0.386 0.9 
39069 Walterhall 1.599 1.339 0.367 0.79 
39070 Mt Perry The Pines 2.064 1.178 0.643 0.67 
39083 Rockhampton Aero 1.552 1.303 0.122 0.73 
39089 Thangool Airport 0.497 1.692 0.08 0.60 
39090 Theodore Dpi 1.557 1.329 0.247 0.67 
39104 Monto Township 0.757 1.488 0.441 0.67 
39122 Heron Island Res Stn 0.331 1.816 0.159 0.85 
39123 Gladstone Radar 0.305 1.763 0.001 0.91 
39140 Builyan Forestry 1.82 1.253 0.439 0.85 
39171 Narayen Res Stn 0.363 1.709 0.699 0.82 
39297 Builvan Gum Street 2.16 1.274 0.351 0.64 
39314 Town Of 1770 1.36 1.393 0.26 0.84 
39330 Monto Airport 1.961 1.179 1.089 0.55 
39334 Hazeldean 3.423 1.115 0.542 0.89 
40112 Kingaroy Prince Street 0.199 1.886 0.631 0.76 
40152 Murgon Post Office 0.362 1.737 0.524 0.69 
40428 Brian Pastures 0.863 1.524 0.472 0.74 
42054 CadargaDpi 0.79 1.49 0.575 0.72 
42059 Auburn 0.598 1.59 0.726 0.78 
42112 Miles Constance Street 0.58 1.61 0.506 0.81 
43015 Injune Post Office 0.057 2.202 0.637 0.76 
43020 Mitchell Post Office 0.047 2.145 0.841 0.78 
43044 Amoolee Forest R 238 1.271 1.352 0.503 0.74 
43091 Roma Airport 0.03 2.235 1.265 0.82 
44021 Charleville Aero 1.09 1.307 0.478 0.72 
44079 Albury 0.323 1.70 0.425 0.78 
44115 Chesterton 1.062 1.385 0.561 0.73 
44140 Arcoona 1.669 1.157 0.68 0.74 

† Model efficiency for rainfall erosivity 
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The data analysis shows that the combination of latitude and 

elevation gives   the best correlation result for the model parameter α/α0 

(Table  5–2). 

Table  5–2: Correlation coefficient between α/αo and selected independents 
variables.  

 

A simple multi-linear regression analysis led to: 

22.0,475.00218.064.1 2 =−+= rEL
oα
α

     Equation  5-6 

where α0 is a reference α value (Yu, 1998), L is latitude in degrees, 

and E elevation is km. The accuracy in estimated coefficient, α, has 

improved when compared to estimated values using published 

methodology recommended for general use in Australia (α0).  The Nash-

Sutcliffe model efficiency has increased from 0.83 to 0.88, and the 

average relative error in the estimated α value has decreased from 18% 

to 15% for the 75 sites. 

By knowing, calibrating and validating all the regional model 

parameters (α, β, η, ω, and Ro), It is readily possible to use Equation (5-1) 

along with regional relationships for model parameters provides a set of 

systematic methodology to estimate rainfall erosivity at a range of 

temporal scales.  At the daily scale, EI30 value is given by: 

𝑬𝑰𝟑𝟎 =  𝜶 [𝟏 + 𝜼 𝐜𝐨𝐬�𝟐𝝅∫ 𝒋 − 𝝎�]𝑹𝒅
𝜷

   When Rd>R0  Equation  5-7 

where all the variables were described in the data and methodology 

section above.  Daily EI30 values can be aggregated to estimate monthly 

values (Equation 5-1) and the original R-factor for the USLE/RUSLE.  
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As the latitude (deg) and elevation (km) of the site is correlated 

with α, the locations of required mine sites have been used to compute 

value of α using equation 5-6 (α0  = 0.725) and use it with the other 

parameters to estimate the daily rainfall erosivity in MJ.mm/(ha.hr); 

storm energy in MJ/ha. Then, the ratio of rainfall erosivity (EI30) over 

storm energy was taken to estimate peak 30-min rainfall intensity in 

mm/hr. 

GIS layers for the R-factor and 1 in 2, 5, 10, 20, and 50-year 

rainfall erosivity have been generated for the whole Bowen basin area at 

0.05 degree resolution (Figures 5-5 to 5-10); a copy of these data is 

included on the attached DVD at the back cover of this thesis). In 

addition, EI30 values for one in 2, 5, 10, 20, and 50 years ARI for the 15 

contributing coalmines are presented in Table  5–3      

As the EI30 calculation in MINErosion 3.1 model is based on a 

database file of durations and intensities of 1 in 2, 5, 10, 20, and 50 years 

ARI, extracted from the Australian IFD, Emerald was selected to make a 

comparison between the EI30 calculation used in MINErosion 3.1 and the 

new climatic model, which has been modified for MINErosion 4. The new 

method calculate daily EI30 using real data for Bowen Basin area and does 

not integrate it with any specific rain intensity, while, MINErosion 3 does. 

Table  5–4 and Figures 5-11 show the result of the comparison, and 

it is clear  that the new method,  give slightly lower values for EI30 than 

the values calculated by the old method (between 10-20% less). 

Furthermore, the two parameters are linearly correlated with an R2 = 0.95      

the new EI30 adopted for MINErosion 4 should provide more accurate data 

for each coalmine. It is completely compatible with the requirements of 

GIS package; gave the value of EI30 and R factor exactly for the mine site 

and not for the nearest city or town;    
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Figure  5-5 : Spatial distribution of the R-factor in Central Queensland (highlighted area is the 

Bowen Basin). 
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Figure  5-6 : Spatial distribution of the 1 in 2-year rainfall erosivity in Central Queensland 

(highlighted area is the Bowen Basin). 
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Figure  5-7 : Spatial distribution of the 1 in 5-year rainfall erosivity in Central Queensland 

(highlighted area is the Bowen Basin). 
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Figure  5-8 : Spatial distribution of the 1 in 10-year rainfall erosivity in Central Queensland 

(highlighted area is the Bowen Basin). 
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Figure  5-9: Spatial distribution of the 1 in 20-year rainfall erosivity in Central Queensland 

(highlighted area is the Bowen Basin). 
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Figure  5-10 : Spatial distribution of the 1 in 50-year rainfall erosivity in Central Queensland 

(highlighted area is the Bowen Basin). 



 

 123 

Table  5–3 : The R factor and erosivity values for the contributing coalmines in Central Queensland. 

Mine name 
EI30 

R annual 
Mean Annual 

Rainfall 1 in 2 yrs 1 in 5 yrs 1 in 10 yrs 1 in 20 yrs 1 in 50 yrs 

Blackwater 382.00 667.50 795.50 1385.80 2214.80 2377.69 589.90 

Blair Athol 561.00 966.50 1316.80 2105.70 4445.50 3145.50 637.00 

Callide 414.70 639.30 882.70 1393.90 2642.89 2676.30 652.70 

Curragh 397.89 702.20 931.00 1373.40 1815.40 2425.10 564.60 

German Creek east 445.10 902.40 1376.30 1604.60 2193.50 2967.10 635.10 

Goonyella 421.40 692.00 895.50 1566.30 1750.19 2361.20 551.60 

Crinum Gregory 491.80 977.40 1167.20 1718.20 2058.60 2692.39 582.70 

Kidston 435.00 719.20 1073.90 1428.20 1861.70 2581.60 632.09 

Moura 414.70 639.30 882.70 1393.90 2642.90 2676.30 652.70 

Newlands 374.70 680.60 1190.90 1643.40 2314.30 2394.50 538.70 

Norwich 514.80 934.40 1218.90 1577.00 2478.89 2953.80 607.40 

Oaky Creek 514.80 957.50 1309.80 1435.50 1553.90 2844.89 599.30 

Peakdown 326.90 705.60 927.10 1122.30 1378.60 2392.00 584.00 

Saraji 348.40 700.30 933.20 1086.50 1364.80 2460.19 585.90 

Tarong 475.20 925.80 1239.50 1520.69 1948.30 2913.30 654.70 

Hail Creek 445.89 1255.90 1474.80 1865.40 2178.00 3381.10 683.40 
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Figure  5-11: The relation between EI30 values calculated by MINErosion 3 method (the old method) and the values calculated by MINErosion 4 method. 
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Table  5–4: A comparison between the EI30 values calculated by MINErosion 3 
method (old method) and MINErosion 4 method (New method) for 
Emerald, Central Queensland.  

MINErosion 4 
method 

EI 30 

1 in 2 Yrs 1 in 5 Yrs 1 in 10 Yrs 1 in 20 Yrs 1 in 50 Yrs 

522 1078 1602 1881 2401 

      

M
IN

Er
os

io
n 

3 
m

et
ho

d 
of

 c
al

cu
la

tio
n 

100 mm/hr rainfall intensity 

1 in 2 Yrs 1 in 5 Yrs 1 in 10 Yrs 1 in 20 Yrs 1 in 50 Yrs 

11 minute 19 minute 24.5 minute  32 minute 41.5 minute 

EI 30 

537 927 1196 1562 2026 

     90 mm/hr rainfall intensity 

1 in 2 Yrs 1 in 5 Yrs 1 in 10 Yrs 1 in 20 Yrs 1 in 50 Yrs 

14.2 minute 24 minute 30 minute  39.5 minute 52 minute 

EI 30 

565 936 1170 1541 2028 

     80 mm/hr rainfall intensity 

1 in 2 Yrs 1 in 5 Yrs 1 in 10 Yrs 1 in 20 Yrs 1 in 50 Yrs 

18.5 minute 30 minute 38 minute  49.5 minute 63 minute 

EI 30 

561 910 1153 1502 1912 

     70 mm/hr rainfall intensity 

1 in 2 Yrs 1 in 5 Yrs 1 in 10 Yrs 1 in 20 Yrs 1 in 50 Yrs 

25 minute 39 minute 49.5 minute  62 minute 74.5 minute 

EI 30 

570 890 1129 1415 1700 

     60 mm/hr rainfall intensity 

1 in 2 Yrs 1 in 5 Yrs 1 in 10 Yrs 1 in 20 Yrs 1 in 50 Yrs 

34 minute 54 minute 64 minute  75 minute 100 minute 

EI 30 

558 836 1050 1231 1642 
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5.3.3 Soil properties and erodibilities: 

The main idea of the MINErosion model series is to keep the model simple, 

easy to use and avoid over parameterization as much as possible. The model 

needs three main soil’s related parameters to run: Soil infiltration rate (mm/hr), 

interrill erodibility (kg.s/m4), and rill erodibility (g.min1.6/L1.6.s). 

The measurement of the erodibility coefficients is usually known as the 

most difficult parameter to measure compared to all other factors affecting soil 

erosion.  MINErosion 4, similar to MINErosion 3, has an embedded database 

containing the soil/spoil rill and interrill erodibility values for more than fifteen 

central Queensland coalmines. In addition, the model is capable of calculating 

the values of erodibilities for each grid cell using MINErosion 3.1 predictive 

equations for rill and interrill erodibility for both soil and spoil (Sheridan, 2001, 

Sheridan et al., 2000b, So et al., 2003a); the prediction equations are: 

For soils: 

Interrill erodibility (10–6 × Ki) = 3.72 – 0.8891 * OC (r2 = 0.59) Equation  5-8 

Rill erodibility (Kr3) = 63.96 + 0.00008797*(%0.02–1 mm)3–3.20*pH–
30.47*BD 

(r2 = 0.71) Equation  5-9 

For overburdens: 

Interrill erodibility (10 –6 × Ki) = –2.8307 + 0.11089*clay + 4.13*D20   (r2 = 0.82 )     Equation  5-10 

Rill erodibility (Kr3) = 25.02 – 30.55*D20 – 0.18*ESP + 4.80*EC   (r2 = 0.61) Equation  5-11 

Where; OC is organic carbon content as a percentage; (%0.02–1 mm) is % 

by weight in this particle size class; clay is % by weight <2 µm; BD is bulk 

density (g/cm3); ESP is exchangeable sodium percentage; EC is electrical 

conductivity (dЅ/m); and D20 is content of dispersed silt and clay (as a fraction).  

The model gives the user the flexibility to choose between using these 

equations to calculate rill and interrill erodibility values using a single value for 

each soil/spoil property over the whole catchments area or give different values 

for each property depending on their spatial variation across the catchment. A 

third option gives the user the ability to insert his own measured erodibility 

values for the catchment.  
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The steady state soil/spoil infiltration rate is also a parameter that affects 

the model outcome. The model used it, with rainfall intensity, in its runoff 

generation routine (modified version of the rational method). It would be 

desirable to use measured infiltration rates for each part of the catchment; 

however, the model can accept one measured infiltration rate value for the 

whole catchment. It is also possible to pick up a value for infiltration rate from 

the embedded database (Central Queensland coalmines). 

5.3.4 Environmental factors: 

MINErosion 4 is currently capable of dealing with two main environmental 

factors, and additional ones can be added at a later date.  These factors are the 

vegetation cover and the time of consolidation. In the original USLE, the crop 

(vegetation) factor was expressed as the overall impact of the existence of the 

crop or vegetation cover; it includes the effect of consolidation from repeated 

wetting and drying, the presence of roots, and the effect of above ground 

vegetation cover. In contrast, MINErosion expresses the effect of consolidation 

on the soil separately from the above ground vegetation cover. The vegetation 

cover impact for MINErosion model is limited to the effect of above ground cover 

only.  

The model assumes that the effectiveness of the vegetation cover on 

reducing soil erosion depends on the density and types of the vegetation cover. 

An experimentally derived vegetation cover coefficient, from flume studies under 

rainfall simulation, has been elicited to express the effect of percentage of 

vegetation coupled with the vegetation cover type (Stoloniferous or Tussocky 

grass). Another coefficient has been derived from field measurements under 

rainfall simulations, to estimate the effect of the consolidation period (time). 

Table  5–5 shows the values of the vegetation type, percentage and time of 

consolidation used by the MINErosion 3 and MINErosion 4 models. 
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Table  5–5: The vegetation cover and consolidation time factors used in 
MINErosion (So et al., 2003a) 

% Vegetation 
cover 

Stoloniferous 
grass [ex. Rhodes 

grass (Chloris gayana)] 

Tussocky grass                 
[ex. Sabi grass 

(Urochloa 
mosambicensis)] 

Time of 
consolidation 

(Years) 
Coefficient factor 

Coefficient factor 
10 1.00 1.00 1 0.79 
20 0.40 0.60 2 0.60 
30 0.24 0.50 3 0.40 
40 0.21 0.42 4 0.26 

50 % and more 0.20 0.40 5 0.21 
   6 0.19 
   7 0.17 
   8 0.14 
   9 0.12 
   10 0.10 

For both single storm event soil loss rate and the annual soil loss, the initial 

model calculation is always done for unconsolidated bare soil/spoil by default. 

The erosion rate of the unconsolidated bare soil is then multiplied by the 

experimentally driven vegetation and consolidation coefficient factors to get the 

erosion rate under the case study condition. For example, if the bare soil’s 

erosion rate is 10 ton/ha and the vegetation cover dominant grass is Rhodes 

grass which cover approximately 20% of the soil surface, while the time of 

consolidation is two years; then the erosion rate under these condition should 

equal to 10 X 0.4 X 0.6 = 2.4 ton/ha.   

In summary, the model parameters used in MINErosion 4 are hydrological 

parameters (including slope, flow direction, flow accumulation); erosivity factor 

(rainfall intensity, duration, EI30); soil parameters (infiltration, interrill, and rill 

erodibility); and environmental parameters (the period of consolidation (years) - 

vegetation cover type and percentage).   

5.4 Model   procedures:  

Soil erosion models at the catchment scale are usually dealing with a 

number of erosional and depositional processes. MINErosion 4 is largely dealing 

with rainfall-runoff component, transport capacity, erosion and deposition. This 

section will discuss and present the main components, equations and the 

practical steps of MINErosion4 modeling procedures.  
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5.4.1 Hydrological component: 

As we explained before, the model is designed to extract the required 

hydrological parameters using DEM and ArcGIS spatial Analyst®, the catchment 

main hydrological parameters are slope, flow accumulation and the flow 

direction.  

The model use the extracted value of slope for each grid cell in the 

calculation of sediment transport capacity, slope factor (required to estimate the 

interrill erosion rate), rill erosion rate, topographic factor for MUSLE (LS). This 

will be explained in the equations in next few pages. While the flow accumulation 

in the models that is based upon the raster grid cell dataset effectively play the 

role of the slope length value in the simple hillslope models.  

MINErosion 4 model calculates the topographic factor (LS) using the 

equation of Moore and Burch (1986) which is commonly used to compute the  LS 

factor in many of erosion models that are based on the USLE and the raster grid 

cells dataset. The equation is: 

LS = (Flow accumulation * Cell Size/22.13)0.4 * (sin slope/0.0896)1.3         Eq.  5-12 

Finally, the model facilitates the flow direction parameter’s data for routing 

the water flow and the sediment load through the catchment from the upstream 

grid cell to the next grid cell downstream and all the way out to the catchment 

outlet. The model assumes that the generated runoff water at each cell flows out 

in one direction along the steepest slope (D8 method). To explain how the 

MINErosion’s flow routing routine is working, we have to imagine that each grid 

cell in the catchment have to check itself in relation to the surrender cells (eight 

neighbor cells) to see which cell it may give the sediment to. The model 

programmatically does that using the flow direction data and a set of Microsoft 

Excel© OFFSET function equations written using VBA macro language as listed 

below, 

IF(FlowDir!RC[-1]=1,OFFSET(SedMove!RC,0,-1,1,1),0) 
IF(FlowDir!R[-1]C[-1]=2,OFFSET(SedMove!RC,-1,-1,1,1),0) 
IF(flowDir!R[-1]C=4,OFFSET(SedMove!RC,-1,0,1,1),0) 
IF(flowDir!R[-1]C[1]=8,OFFSET(SedMove!RC,-1,1,1,1),0) 
IF(flowDir!RC[1]=16,OFFSET(SedMove!RC,0,1,1,1),0) 
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IF(flowDir!R[1]C[1]=32,OFFSET(SedMove!RC,1,1,1,1),0) 
IF(flowDir!R[1]C=64,OFFSET(SedMove!RC,1,0,1,1),0) 
IF(flowDir!R[1]C[-1]=128,OFFSET(SedMove!RC,1,-1,1,1),0 
 

5.4.2 The runoff generation subroutine: 

MINErosion4 calculates the steady-state runoff rate Q (m/s) as the 

difference between the steady-state rainfall rate, I (m/s) and the steady-state 

infiltration rate, Ir (m/s):  

Q = I - Ir      Equation  5-13 

The model then converts the units to mm.hr-1 and using the following 

equation to calculate the flow rate (m2.min-1): 

 𝐐𝐫 =  𝐐 (𝐦𝐦.𝐡𝐫−𝟏)
𝟔𝟎𝟎𝟎𝟎

𝐗 𝐂𝐞𝐥𝐥 𝐒𝐢𝐳𝐞 (𝐦𝟐)
𝐅𝐥𝐨𝐰 𝐀𝐜𝐜𝐮𝐦𝐮𝐥𝐚𝐭𝐢𝐨𝐧 (𝐦)

    Equation  5-14 

The value of flow rate (m2.min-1) will be used in the next step to calculate 

the transport capacity using the method of Beasley et al., (1980) 

5.4.3 Sediment Transport Capacity   

The mission of upscaling MINErosion model from hillslope and plot scale to 

catchment scale level require that the governing equations of the MINErosion 3.1 

model to be further developed; MINErosion 3.1 has no deposition component at 

all as it assume that the transport capacity is always larger than the soil 

detachment and that needs to be changed. The sediment deposition rate must 

be able to represent the sediment yield and net erosion rather than the total 

erosion rate. The selection of the appropriate deposition subroutine and its 

calculation have to be done in respect of two criteria: (1) the most suitable one 

for the post mining site conditions and media properties; (2) the simplicity of the 

calculation and number of the parameters required as we wanted to keep the 

model as simple as possible.  

Most of the new sophisticated erosion models relies upon the concept of 

transport capacity, which may be defined as the maximum amount of sediment 

that the water flow can transmit without net deposition occurring (Nearing et al., 

1994). It can also be defined as “the maximum mass of soil that can exit a grid 
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cell per unit length of the downslope face of the square” (Van Rompaey et al., 

2001). Several transport capacity equations have been originally developed for 

sediment transportation in large channels before modifying and adapting them 

to soil erosion models. 

The majority of these equations determine the transport capacity depending 

on a combination of flow discharge, flow velocity, stream power, flow depth, 

slope steepness, and particle characteristics. However, there is no doubt that 

slope steepness and flow discharge are the central controlling factors; while, 

other parameters such as shear stress or stream power are  frequently derived 

from these two basic parameters. Therefore, expressing all equations in terms of 

flow discharge (q) and slope steepness (S) will make the comparison possible. 

A detailed review of the sediment transport capacity equations used by 

erosion/deposition models was conducted; and some of the most popularly cited 

and applicable equations are shown in Table  5–6 

Table  5–6: A list of some widely used sediment transport capacity equations. 

Transport capacity equation Flow type Notes 

Yalin (1963) Rill & Interrill 
Originally designed for the 
channel transport capacity, but 
adopted widely. 

Bagnold (1966) Rill flow 
Linked between sediment transport 
capacity and the stream power 

Beasley et al., (1980) Rill & Interrill  Modifying Yalin (1963) equation 

Finkner et al., (1989) Interrill flow 
A simplified equation for modeling 
sediment transport capacity 

Everaert (1991) Interrill flow 
An empirical relations for the 
sediment transport capacity of 
interrill flow 

Nearing et al., (1997) Rill flow 
An empirical equation to relate 
sediment transport capacity for rills 
with stream power 

Abrahams et al. (2001) Interrill flow 
A sediment transport capacity 
equation for interrill overland flow 
on rough surfaces 

Lei et al., (2001) Rill & Interrill  
A liner relation between transport 
capacity to the slope and the flow 
rate 

Van Rompaey et al., 
(2001) 

Rill & Interrill 
An equation to estimate  the annual 
transport capacity which can be 
used with RUSLE 

Guy et al., (2009) Interrill flow 
an empirical model for calculating 
sediment-transport capacity in 
shallow overland flows 
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The Yalin equation (1963) is considered as the most widely used formula 

to calculate the sediment transport capacity, especially when the aim is 

modeling the particle size distribution of the eroded materials. It has been 

functionally used to calculate the transport capacity in numerous soil erosion 

models such as WEPP and CREAMS. The Yalin (1963) formula is written as: 

 

TF = Ps Sg ρw D V*g   Equation  5-15 

In which  

Ps = 0.635 x δ x �𝟏 − 𝐥𝐧(𝟏+𝝈)
𝝈

�  Equation  5-16 

 𝝈 = 𝟐.𝟒𝟓 𝒙 𝒔𝒈−𝟎.𝟒𝒙 𝝉𝝈𝟎.𝟓𝒙 𝜹   Equation  5-17 

 𝜹 =  𝝉
𝝉𝒄𝒓
− 𝟏     Equation  5-18 

 Where: TF is the sediment transport capacity in kg; Ps is the number of 

particles in transport; ρw is density of water in kg m-3; V*is the shear velocity in 

m s-1; Sg is the particle specific gravity in gml-1; g is the gravity acceleration (m 

s-2). τ and τcr are the existing and critical shear stress, respectively in Pa. (D) is 

the mean diameter of particle in m, generally as D50, where D50 represent the 

particle diameter such that 50% of material by dry weight is of a smaller 

diameter. It can be concluded that the major parameter required to calculate the 

sediment transport capacity using the Yalin (1963) equation are the particle 

specific gravity (g.ml-1), the mean diameter of particles (m), the shear velocity 

(m.s-1), the existing shear stress (Pa) and, the critical shear stress (Pa). 

Finkner et al., (1989) found that the Yalin (1963) equation provide a 

reliable estimate of transport capacity for shallow overland and channel flow; on 

the other hand, Govers (1993) confirmed that the Yalin equation doesn’t 

simulate fine particle erosion well. He stated that the Yalin equation consistently 

underestimates the concentration of fine particles while overestimating coarse 

sizes concentration. The possible reason for that is that the original shield 

diagram which was used by Yalin was not originally designed for the sediment 

particles of low specific gravity and small sizes.  
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It was concluded not to adopt the Yalin (1963) transport capacity equation 

for MINErosion 4 because the required parameters are not readily available. 

Also, because many soil and spoil samples from coalmine sites in central 

Queensland tends to have a reasonably high amount of fine fractions (clay size 

particles) and at this stage, MINErosion 4 is not concerned with the particle size 

distribution of the eroded materials. 

The author find that the Beasley et al., (1980) transport capacity 

equation may offer the best and simplest approach to calculate the transport 

capacity for the single event rain storm. It is originally modified after Yalin’s 

equation using a large amount of data and analyses; and it does not consider 

the particle size distribution of the eroded sediment. Beasley et al., (1980) 

equation has been adopted by the ANSWERS model as well as many other 

erosion/deposition models (Jain and Singh, 2005, Kothyari and Jain, 1997, 

Lifenga, 2008, Naik et al., 2009a). The formula of the equation written as: 

Tc = 146 (SQr
0.5)  if Q = 0.046 m2min-1  Equation  5-19 

Tc = 14600 (SQr
2)  if Q > 0.046 m2min-1 Equation  5-20 

Where  

 Tc: sediment transport capacity (kg m-1 min-1) 
 Qr: flow rate per unit width (m2 min-1); calculated using Equation 5-14 
 S: Slope percentage 

The model estimate the sediment transport capacity for each grid cell inside 

the catchment; unit conversion method is then applied to convert the unit value 

from Kg.m-1min-1 to ton/ha per storm event to make it comparable with the 

estimated erosion rate.   

Although the Beasley et al., (1980) equation has been adopted by 

MINErosion4 to estimate the transport capacity for single events rain storm; 

another approach for calculating the transport capacity for the annual sediment 

yield was selected and followed.  

Van Rompaey et al, (2001) presented an equation to calculate the mean 

annual transport capacity (ton/ha/year) for RUSLE using a raster grid cell 
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system approach. The annual transport capacity should be computed using the 

following equation: 

Tc = KTC R K (LiS - 5.3 Sg
0.8)    Equation  5-21 

 where R is RUSLE rainfall erosivity (MJ mm ha-1 h-1year-1); K is RUSLE soil 

erodibility (t h MJ-1 mm-1); S is RUSLE slope factor; Lis unit specific contributing 

area; Sg is slope gradient (m m-1); KTC: transport capacity coefficient (m). KTC is 

the transport capacity coefficient and its values are land use specific which can 

be evaluated by means of calibration (equal 12 as an average for non 

mountainous catchments covered by pastures and forests) (Van Rompaey et al., 

2005).   

5.4.4 Soil erosion and the catchment sediment yield: 

The prediction of soil erosion rate at the catchment scale is always a 

complicated process. Because of the wide variability and uncertainty of erosion 

data and parameters collected under catchment conditions, an error in sediment 

yield prediction up to ± 50% of the measured values has been observed by 

some researchers. Therefore, few erosion models have been acceptable to 

predict the catchment sediment yield (Ahmadi et al., 2006, Kothyari et al., 1994, 

Moehansyah et al., 2004).  

MINErosion 4 calculates erosion rate by calculating rill and interrill erosion 

rate, and then combining them together to calculate the MUSLE erodibility 

coefficient. The model then use it to calculate the amount of soil loss from single 

event rainstorm using the MUSLE equation (Onstad and Foster, 1975) and the 

annual soil loss rate using the RUSLE equation.  

The calculation of the rill erosion rate (per rill) (g/s) is executed as a power 

function of flow rate per rill, qr (L/min), and rill slope S3 (fraction); (Gilley et al., 

1992, Kemper et al., 1985b) 

Er= Kr2 *qr 
a * S3

1.5a   (Equation  5-22) 
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Where Kr2 and (a) are empirically determined non-linear regression 

coefficients representing soil properties, calculated from the measured erosion 

rates at a range of flow rates.  

While, the interrill erosion rate (Ei) is calculated using the following formula 

(Kinnell, 1993a): 

𝑬𝒊 =  𝑲𝒊 ∗ 𝑰 ∗ 𝑸 ∗ 𝑺𝒇 ∗ 𝑪𝒇  (Equation  5-23) 

Where Ki (kg.s/m4) is an interrill erodibility coefficient, and Sf and Cf are 

non-dimensional slope and cover adjustment factors respectively; the slope 

adjustment factor is expressed using the WEPP slope factor equation:  

 

𝑺𝒇 = 𝟏.𝟎𝟓 − 𝟎.𝟖𝟓 𝒆𝒙𝒑(−𝟒𝐬𝐢𝐧(𝜽))             (Equation  5-24) 

While the cover factor (Cf) is calculated using the following equation:  

𝑪𝒇 =  𝒆−𝟐.𝟓𝒄    (Equation  5-25) 

where c is assigned a value equal to the rock content (fraction by volume > 

2mm of the media). Because the required rock content is not always available, 

the model gives the user three options: inserting the rock content value (the 

model then use the equation to calculate); picking up the pre-measured Cf value 

from the embedded database (if the user location is listed); assuming it equal 

one.  

The slope adjustment factor in MINErosion 2.2 was measured for each 

individual soil in the database that gives better estimation of erosion compared 

to the WEPP slope adjustment factor. They were expressed by four coefficients 

listed in the database. However, the use of an additional four parameters will 

significantly increase the calculations required in MINErosion 4.1 and we used 

the simpler WEPP equation. 

The model program calculates both of rill and interrill erosion rate for each 

grid cell and the initial outputs were expressed as Kg/gridCell and then the units 

converted to ton/ha to be comparable and more sensible. 
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The next step is to combined rill and interrill together to get the total 

erosion rate for each grid cell. The value of total erosion rate then used to 

compute the MUSLE erodibility coefficient using the following equation: 

  𝑲𝑴𝑼𝑺𝑳𝑬 =  𝑬𝒕
𝑹.𝑳𝑺.𝑪.𝑷

     Equation  5-26 

Where Et = Er+Ei ,total erosion (ton/ha); R = rainfall erosivity, calculated 

using the method explained in section 5.3.2; LS is the topographic factor 

calculated using equation 5-12; C and P are crop factor and soil protection factor 

respectively and both assumed to be =1.  

The calculated KMUSLE then used with the EI30 for the selected ARI (Average 

Interval Recurrences) to calculate the soil erosion rate for the single event; and 

with annual erosivity value to calculate the mean annual soil erosion rate 

(ton/ha).   

5.4.5 Sediment routing and the sediment yield: 

Once the erosion rate of the selected event and the sediment transport 

capacity are known, as well as the mean annual soil erosion rate and the mean 

annual transport capacity, a routing algorithm is used to transfer the eroded 

sediment from the source grid cell to the next grid cell all the way until it reach 

the catchment outlet. For each grid cell, the amount of sediment input is added 

to the amount of soil erosion in that cell. If the sum of the sediment input and 

the in-situ sediment production is lower than the transport capacity then all the 

sediment is routed further down slope. If this total amount exceeds the transport 

capacity then the sediment output from the grid cell is restricted to the value of 

transport capacity and sediment deposition will occur in that cell.  

5.5 The results and outputs of the model 

The results of the model will be a set of ASCII files containing the 

catchment sediment yield for the examined single event (eventSedYield.txt), the 

catchment annual sediment yield (AnnSedYield.txt), the event based net 

erosion/deposition pattern for the studied catchment (deposition.txt) as well as 

some of the middle steps results such as the rill and interrill erosion rates. These 
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ASCII files could be used in any GIS package to produce results maps. At this 

stage, because we integrate the model with only ESRI ArcGIS 9.x, the model 

runs ESRI ArcMap© to produce a set of raster layers using the results ASCII files 

(stored in model working directory\GIS). That should give the user the 

opportunity to explore the results in detail (erosion, deposition and sediment 

yield) as well as producing printed maps for the required layers. 

 

5.6 Model validation: 

Model validation is a crucial part at the end of any model development 

process. It is also the only approach to provide evidence about the quality and 

suitability of the model. OXFORD English Dictionary cited in Yu et al. (2000) 

define the process of model validation as. “The action which is taken to confirm 

that the model is sound and defensible for the conditions under which it will be 

used”. The validation process should partly guarantee that the model meets its 

anticipated requirements in terms of the methods in use and the results 

obtained; it should answer the question "Does the model correctly represent and 

predict the behavior of the real world system?”. However, there is no 

environmental model which will ever be fully verified, promising 100% error-free 

realization, and an acceptable high degree of statistical certainty for the model 

prediction compared to the real world measurements. Sometimes, a compromise 

between the model statistical certainty and the model simplicity may be made in 

cases where decision makers find that they can accept a lower level of the 

models’ accuracy because they can apply the model using restricted data 

available.     

MINErosion 4 model was validated against the measured soil erosion data 

collected by Carroll (2004) and Pink (2009) from three Curragh rehabilitated 

catchments (ACARP projects 1629 and 4011) where more than fifteen years 

(1993-2009) of raw data for sediment loss and runoff measurements have been 

recorded using concrete trapezoidal flumes (45 degrees). These flumes have a 

30cm throat allocated at the exit of each catchment (Figure  5-12). The location 

of the catchments outlets are 23° 27.907’ S, 148° 51.179’ E for catchment A, 23° 
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27.859’ S, 148° 51.283’ E for catchment B and 23° 27.789’ S, 148° 51.262’ E for 

catchment C (Figure  5-13).  The collected raw data have been sorted, all the 

available valid events have been selected and used to validate both the annual 

soil loss and single event based soil loss modules. The following parameters 

have been identified and processed: 

• Catchments topographical parameters: the topographical parameters 

such as elevations, slope%, flow length, flow direction, flow 

accumulation, and slope length (LS) factor have been derived from 

DEMs using the MINErosion toolbox (a Geo-Referencing model within 

MINErosion 4) running inside ESRI ArcGIS 9.3. The DEM files have 

been generated   using a continuous GPS readings (a reading every 

3.6 meter supplied by Mr. Les Pink – personal citation). Three 

different DEM resolutions (3.6, 10 and 100 m) have been generated 

and were used to find the optimum scale for the model. The 

resolution of 10X10 m DEM was found to be the best one because 

100m DEM resolution was too coarse and lacks precision; while the 

3.6 resolution on the other hand was too fine and the raster layers 

generated by the model includes more than 70,000 grid cell which 

makes it hard to identify exactly which grid cell should represents 

the outlets flumes.       

• Soil/Spoil properties and erodibilities: The three rehabilitated 

catchments had alternate strips, approximately 10 meters apart, of 

soil and spoil material, that has been taken into account when we 

run the model by allocating the appropriate erodibility values for 

each strip. The measured values of interrill and rill erodibilities of 

Curragh mine which are embedded in the original MINErosion 3.x 

have been used in one calculation (Ki = 6012859 and Kr = 11.94 for 

soil and Ki = 2133601 and Kr = 4.43 for spoil). The infiltration rate 

was set as 22.6 mm/hr following  (Sheridan et al., 2000b). It is 

worth mentioning that, the effect of soil and spoil stripping pattern 

could simply observed on the results of the net erosion and sediment 

erosion/deposition pattern (Figure  5-14). That is because the 

measured values of rill and interrill erodibility coefficient for 



 

139 

 

Curragh’s soil are almost 3 times higher than the spoil rill and 

interrill erodibility coefficient values (Sheridan, 2001); that’s directly 

led to give higher amount sediment loss from soil than spoil. 

• The rainfall storm properties and erosivity: The rainfall duration and 

intensity were retrieved from the catchments weather data stored in 

Microsoft Excel® file created by Chris Carroll’s team (Carroll et al., 

2009). The model computed and retrieved the rainfall erosivity using 

the method explained in section 5.3.  

 

Figure  5-12: Curragh catchment flume and sampling equipment. 

• Vegetation effect: At the beginning of the rehabilitation process in 

1993, pasture species were sown in the soil on the upper part of the 

slope and tree species in the spoil on the lower part of the slope; the 

trees only established in the contour bank channels. Most of the 

catchment area ended up with buffel dominated vegetation. The 

vegetation cover distribution and percentage have been monitored 

and recorded throughout the three catchments; the model used 

these data to calculate the soil loss under the vegetation effect. No 

distinction was made between grasses and trees or shrubs for these 
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calculations. The vegetation effect function is taken from MINErosion 

3. 

• Consolidation effect: As the rehabilitation process was initiated in 

1993, we counted the number of years of consolidation starting from 

this year. The consolidation effect function is taken from MINErosion 

3 

• Examples of the outputs from MINErosion applied to the three 

catchments are shown in Figure  5-14 (erosion-deposition), Figure 

 5-15 (annual erosion rates) and Figure  5-16 (single event erosion 

rates) 
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Figure  5-13: Elevation map of Curragh rehabilitated catchments with the 
allocation points of catchments outlets. The flume for catchment 
C was located downstreams from the actual catchment for 
practical considerations. 
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Figure  5-14: Erosion/Deposition pattern map for Curragh rehabilitated 
catchments (ARI 1 in 5 years, 80 mm/hr rainfall intensity). (Observe 
the effect of soil and spoil stripping on the catchments). 
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Figure  5-15: Annual erosion rate’s map for Curragh rehabilitated catchments 
(ARI 1 in 5 years).  
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Figure  5-16: Event based erosion rate’s map for Curragh rehabilitated 
catchments (ARI 1 in 5 years, 80 mm/hr rainfall intensity).  
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5.6.1 The validation results: 

To validate the model, the predicted erosion rate values were plotted 

against the measured values, a regression analysis used to get the relationships 

and its R2 values (coefficient of determination) as an indicator for the quality of 

prediction process. An alternative method to validate the model is the coefficient 

of efficiency method (Nash and Sutcliffe, 1970) was also used; the coefficient of 

efficiency is extensively used to signify the model performance in soil sciences 

(Yu et al., 2000). The method is dependent on the calculation of the E value 

(efficiency index). The generic formula for E is:  

  𝐸 = 1 −  ∑(𝑀−𝑂)2

∑(𝑂−O�)2
 

where O and M represent the measured and predicted values, respectively. 

O� is the mean of the measured values. The range for E is from –∞  to 1. A 

negative E indicates that the model performance is worse than that obtained by 

using the mean of the observations as a predictor, whereas a value of 1 is a 

perfect prediction.  

The selected data to validate the annual soil loss module of the model 

includes six years of annual soil loss measurements (Table  5–7), while, twenty 

single events was found suitable to validate the single event module (Table  5–

8). It should be noted that every single event that meets the required model 

criteria (Single peak rainfall events with rainfall intensity not less than 60 

mm/hr) was taken and used in the model validation.  

The validation results shows that for the annual soil loss prediction, the 

linear equation (y =1.4727 X) is the best fitted relation with R2 = 0.7263; and 

the efficiency index (E) is equal to 0.471. While, for the single events prediction 

the best equation was also the linear one (y = 0.919 X; R2= 0.8122) and the 

efficiency index (E) is equal to 0.826. It is clear that the model works better for 

single event prediction (underestimate by 8 %) than the annual prediction where 

the model overestimates measured annual soil loss by 47 % and the efficiency 

index is less than half of the efficiency index for the single event prediction. This 
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may due to the use of the particular annual transport capacity equation, which 

may not fit the post mining sites conditions accurately.  

The high values of the coefficient of determination R2 for both regression 

equations, indicate that the predictions of the single event and mean annual soil 

are reliable. Hence it is reasonable to extend MINErosion 4 to larger areas such 

as the whole rehabilitation area at Curragh which will be discussed in the next 

section. 

Table  5–7: The selected data for validation of MINErosion 4 model prediction for 
annual soil loss. 

Year 
Total 
No. of 
events 

Total 
time of 
events 
(min) 

Catchm
ent 

ID
 

Total 
Rain 
(mm) 

Total 
Event 
Rain 
(mm) 

Topsoil 
Veg. 

Cover 
% 

Spoil 
Veg. 

Cover 
% 

Average 
Veg. 

Cover % 

M
easured 

Sed. Loss 
(ton/ha) 

Predicted 
Sed. Loss 
(ton/ha) 

1994 3 434 A 186.56 83.1 56.8 32.0 44.4 2.226 4.408 
1994 3 434 B 186.56 68.44 53.4 28.3 40.9 1.493 3.499 
1994 3 434 C 186.56 83.1 66.8 37.4 52.1 3.765 4.522 
1996 9 1226 A 573.42 298.13 89.5 61.6 75.6 1.385 1.580 
1996 9 1226 B 573.42 244.57 96.4 73.6 85.0 0.444 1.238 
1996 9 1226 C 573.42 244.57 95.6 69.2 82.4 0.619 1.637 
1997 8 770 A 569.05 221.14 99.5 34.3 66.9 0.947 0.915 
1997 8 770 B 569.05 154.87 100.0 44.1 72.1 0.334 0.644 
1997 8 770 C 569.05 173.29 99.5 40.2 69.9 0.558 1.751 
1998 15 3084 A 885.31 554.25 100.0 44.1 72.1 0.839 0.581 
1998 15 3084 B 885.31 524.73 100.0 70.6 85.3 0.207 0.307 
1998 15 3084 C 885.31 539.65 100.0 75.5 87.8 0.306 0.395 
2008 3 659 A 658.99 203.85 94.6 46.3 70.4 0.521 0.773 
2008 3 659 B 658.99 203.85 88.7 51.7 70.2 0.123 1.346 
2008 3 659 C 658.99 203.85 78.9 58.2 68.6 0.852 1.194 

2009 5 391.7 A 391.73 249.76 95.7 48.2 72.0 0.294 0.197 
2009 5 391.7 C 391.73 236.98 83.4 60.8 72.1 0.456 0.128 

Measured average = 0.904       (O-M)2 = 14.460    (O-Ô)= 27.325    E=0.826  
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Table  5–8:  The selected data for validation of MINErosion 4 model prediction of rainfall event soil loss. 

Event 
date 

Catchm
ent 

ID
 

Runoff 
(mm) 

Peak 
Runoff 

(mm/hr) 

Duration 
(min) 

I I 30 EI30 Veg. % 

M
easured 

erosion 
(ton/ha) 

Predicted 
erosion 
(ton/ha) 

O-M (O-M) 2 

M
easured-

A
verage 

(M
-

A
verage) 2 

08/03/94 A 41.80 62.80 39.94 84.80 78.40 149.20 44.37 2.226 2.1452 -0.081 0.007 1.833 3.359 
08/03/94 B 24.20 50.70 28.64 72.70 59.80 97.00 40.86 1.493 1.2492 -0.243 0.059 1.099 1.208 
08/03/94 C 73.10 141.00 31.11 163.00   52.07 3.765 3.5778 -0.187 0.035 3.372 11.368 
26/01/95 A 9.04 7.48 72.56 29.48 11.30 7.70  0.239 0.1265 -0.112 0.013 -0.154 0.024 
26/01/95 B 3.48 3.21 65.02 25.21 13.70 10.20  0.159 0.0928 -0.067 0.004 -0.234 0.055 
26/01/95 C 3.10 3.04 61.14 25.04    0.123 0.0864 -0.037 0.001 -0.270 0.073 
13/02/95 A 49.28 44.20 66.90 66.20 47.10 77.20  1.507 1.8889 0.382 0.146 1.113 1.239 
13/02/95 B 21.21 33.95 37.48 55.95 51.20 85.80  1.062 1.4500 0.388 0.150 0.669 0.447 
13/02/95 C 51.86 95.01 32.75 117.01    2.554 1.2980 -1.256 1.578 2.161 4.669 
01/03/95 A 15.55 16.46 56.68 38.46 44.20 33.10  0.987 0.3501 -0.637 0.405 0.593 0.352 
01/03/95 B 8.88 14.11 37.76 36.11 42.40 31.00  0.507 1.0371 0.530 0.281 0.114 0.013 
01/03/95 C 1.38 1.17 70.98 23.17    0.127 0.2402 0.114 0.013 -0.267 0.071 
30/10/95 A 4.31 2.58 100.11 24.58 10.50 6.20  0.091 0.0867 -0.004 0.000 -0.303 0.092 
30/10/95 B 1.47 0.46 192.84 22.46 10.50 6.20  0.120 0.2328 0.113 0.013 -0.273 0.075 
30/10/95 C 1.04 0.49 126.41 22.49    0.084 0.0578 -0.027 0.001 -0.309 0.095 
24/11/95 A 4.24 5.67 44.86 27.67 44.10 29.20  0.300 0.6569 0.357 0.128 -0.094 0.009 
24/11/95 B 3.92 5.95 39.50 27.95 48.60 36.00  0.276 0.1596 -0.116 0.014 -0.117 0.014 
24/11/95 C 1.34 1.17 68.92 23.17    0.117 0.1666 0.049 0.002 -0.276 0.076 

Measured average = 0.904  (O-M)2 = 14.460 (O-Ô)= 27.325,                  E = 0.471 



 

148 

 

Cont. Table  5–8: The selected data to validation MINErosion 4 model prediction of the annual soil loss. 

Measured average = 0.904  (O-M)2 = 14.460 (O-Ô)= 27.325,                  E = 0.471 

Event 
date 

Catchm
ent 

ID 

Runoff 
(mm) 

Peak 
Runoff 

(mm/hr) 

Duration 
(min) 

I I 30 EI30 Veg. % 

M
easured 

erosion 
(ton/ha) 

Predicted 
erosion 
(ton/ha) 

O-M (O-M) 2 
M

easured
-A

verage 

(M
-

A
verage) 2 

07/12/95 A 3.80 2.29 99.49 24.29 34.80 17.80  0.198 0.4491 0.251 0.063 -0.195 0.038 
07/12/95 B 1.93 1.44 80.57 23.44 30.60 13.60  0.106 0.1259 0.020 0.000 -0.288 0.083 
07/12/95 C 0.79 0.52 91.37 22.52    0.058 0.3033 0.245 0.060 -0.335 0.112 
12/01/96 A 38.38 23.12 99.60 45.12 25.20 45.60  0.667 0.4182 -0.249 0.062 0.274 0.075 
12/01/96 B 10.90 M   27.50 52.10  0.135 0.3228 0.188 0.035 -0.259 0.067 
12/01/96 C 23.22 M      0.471 0.2875 -0.183 0.034 0.077 0.006 
22/11/96 A 12.79 11.27 68.10 33.27 56.60 104.10 75.01 0.495 0.6051 0.110 0.012 0.101 0.010 
22/11/96 B 1.97 5.41 21.84 27.41 72.30 190.30 85.00 0.137 0.1590 0.022 0.000 -0.256 0.066 
22/11/96 C 1.43 3.77 22.73 25.77   82.41 0.060 0.0568 -0.003 0.000 -0.334 0.111 
10/12/96 A 6.10 5.79 63.21 27.79 11.20 7.40 75.01 0.097 0.1524 0.055 0.003 -0.296 0.088 
10/12/96 B 1.90 1.44 79.31 23.44 66.50 66.50 85.00 0.108 0.1047 -0.003 0.000 -0.286 0.082 
10/12/96 C 1.56 1.75 53.60 23.75   82.41 0.064 0.1032 0.040 0.002 -0.330 0.109 
25/03/97 A 10.03 9.10 66.12 31.10 65.20 100.00 66.90 0.139 0.1488 0.010 0.000 -0.254 0.065 
25/03/97 B 2.48 3.11 47.79 25.11 72.70 116.00 72.07 0.146 0.1510 0.005 0.000 -0.247 0.061 
25/03/97 C 4.40 4.01 65.86 26.01   69.89 0.091 0.0929 0.002 0.000 -0.302 0.091 
08/01/98 A 53.01 35.56 89.44 57.56 108.10 350.90 66.90 0.783 1.0167 0.234 0.055 0.390 0.152 
08/01/98 B 1.80 3.62 29.79 25.62 103.70 364.70 74.61 0.164 0.1466 -0.018 0.000 -0.229 0.052 
08/01/98 C 13.78 6.64 124.51 28.64   69.89 0.454 0.6843 0.230 0.053 0.061 0.004 
18/02/98 A 6.60 5.79 68.36 27.79 46.60 70.60 66.90 0.100 0.0839 -0.016 0.000 -0.293 0.086 
18/02/98 B 0.30 1.31 13.90 23.31 38.70 64.20 74.61 0.056 0.0415 -0.015 0.000 -0.337 0.114 
18/02/98 C 0.88 1.13 47.04 23.13   69.89 0.037 0.0429 0.006 0.000 -0.356 0.127 
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Cont. Table  5–8: The selected data to validation MINErosion 4 model prediction of the annual soil loss. 

Event 
date 

Catchm
ent 

ID  

Runoff 
(mm) 

Peak 
Runoff 

(mm/hr) 

Duration 
(min) 

I I 30 EI30 Veg. % 

M
easured 

erosion 
(ton/ha) 

Predicted 
erosion 
(ton/ha) 

O-M (O-M) 2 
M

easured
-A

verage 

(M
-

A
verage) 2 

08/05/98 A 6.65 6.28 63.48 28.28 46.30 96.40 72.07 0.108 0.0437 -0.064 0.004 -0.285 0.081 
08/05/98 B 0.27 1.14 14.47 23.14 41.20 76.10 85.29 0.040 0.0284 -0.012 0.000 -0.353 0.125 
08/05/98 C 2.17 2.78 46.83 24.78   87.76 0.068 0.0294 -0.038 0.001 -0.325 0.106 
14/10/98 A 8.51 4.25 120.19 26.25 65.00 89.30 70.29 0.046 0.0539 0.008 0.000 -0.347 0.121 
14/10/98 B 0.12 0.65 11.31 22.65   85.29 0.015 0.0132 -0.002 0.000 -0.379 0.143 
14/10/98 C 3.69 2.40 92.22 24.40   93.88 0.018 0.0364 0.018 0.000 -0.375 0.141 
16/11/98 A 22.20 5.44 245.06 27.44 19.90 72.70 70.29 0.086 0.0808 -0.005 0.000 -0.308 0.095 
16/11/98 B 0.98 1.03 57.05 23.03 20.20 10.00 85.29 0.007 0.0199 0.013 0.000 -0.386 0.149 
16/11/98 C 9.20 2.59 213.60 24.59   93.88 0.059 0.0546 -0.005 0.000 -0.334 0.112 
27/11/98 A 6.04 2.22 163.13 24.22 25.70 46.50 70.29 0.026 0.0220 -0.004 0.000 -0.367 0.135 
27/11/98 B 0.69 0.15 282.39 22.15   85.29 0.011 0.0129 0.002 0.000 -0.383 0.146 
27/11/98 C 5.25 2.01 157.14 24.01   93.88 0.039 0.0349 -0.004 0.000 -0.355 0.126 
06/01/99 A 61.44 25.65 143.74 47.65 92.40 326.80 70.29 0.442 0.4232 -0.018 0.000 0.048 0.002 
06/01/99 B 3.19 4.06 47.13 26.06   85.29 0.044 0.1168 0.072 0.005 -0.349 0.122 
06/01/99 C 9.17 2.17 253.52 24.17   93.88 0.068 0.3306 0.263 0.069 -0.326 0.106 
08/12/08 A 84.06 34.17 147.59 56.17 113.3 498.3 72 0.508 1.2784 0.770 0.593 0.115 0.013 
08/12/08 B 64.69 33.17 117.02 55.17 40.6 192.5 79 0.092 0.2872 0.195 0.038 -0.301 0.091 
08/12/08 C 73.25 36.49 120.44 58.49  80.2 66 0.852 0.8258 -0.026 0.001 0.459 0.211 
26/02/09 A 172.11 43.01 240.12 65.01 79.2 308.8 72 0.300 0.9564 0.657 0.431 -0.094 0.009 
26/02/09 B 11.69 8.98 78.09 30.98 87.0 420.8 79 0.004 0.5573 0.553 0.306 -0.389 0.151 

26/02/09 C 134.54 22.69 355.72 44.69 84.1 341.1 72 0.465 0.5675 0.103 0.011 0.071 0.005 
 Measured average = 0.904   (O-M)2 = 14.460 (O-Ô)= 27.325,                  E = 0.471 
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Figure  5-17: The validation of annual soil loss module of MINErosion 4. 

 

Figure  5-18: The validation of event based soil loss module of MINErosion 4
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5.7 Whole of mine application (example with Curragh 
mine using existing data) 

The validation process of MINErosion 4 has been done using the 

comparison between the model predicted values against the observed 

(measured) values collected from three catchments at Curragh mine’s 

rehabilitated area. The selection of these three small catchments to 

validate the model was done because we have several years of erosion 

observations and data collection for these catchments as a part of 

previous ACARP projects. The result shows that the model predicts erosion 

with reasonable accuracy. 

The experimental catchment area, which was used in the previous 

section to validate the model, is located in the southern part of the 

rehabilitation area (shown by the red arrow in Figure  5-19). It’s only 

covered around 22% of the whole mine rehabilitation area at Curragh 

coalmine. In this section, the model will be applied to the whole 

rehabilitation area, including the experimental catchments area and using 

the soil and spoil analyses’ results from chapter 4 to calculate rill and 

interrill erodibilities for the different parts of the case study area.  

The Digital Elevation Model (DEM) for the case study has been 

provided from Curragh mine’s environmental officers as DXF AutoCAD file. 

MINErosion 4 Geo processing model has been applied to obtain a 10X10 m 

resolution DEM and to derive the area’s elevation (Figure  5-20), slope, 

flow direction (Figure  5-21), flow length and flow accumulation from it.      

There are three soil/spoil sampling locations, which have been 

analysed in chapter 4 that can be used to represent the spatial variation 

of chemical and physical properties across the case study area. These 

sample locations are sample No. 6 (south section), 7 (middle section), and 

8 (North section of the case study area). Depending on their chemical and 

physical properties, the calculated soil interrill erodibility values are 

2913853, 2702745, and 2836092 for south, middle and north section 

respectively.  While the rill erodibility values are 8.58, 6.15, and 16.43 for 
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Figure  5-19 : An Arial photo for the case study area at Curragh coalmine 

(the area surrounded by red line is represent the experimental 
catchments area).  

 

Experimental area The outlet, observe the 
slope the cliff wall 
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Figure  5-20: Elevation and contour map for the case study area. 
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Figure  5-21: Water flow direction map of the case study area (Observe 
that the flow direction in both side of the cliff may cause offsite discharge 
of the sediment and water). See also the Arial photo Figure  5-19.  
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south, middle and north section respectively. These values were used in 

the model calculations for the case study area.  

A rainfall storm 80 mm/hr intensity was used in this simulation, with 

the corresponding rainfall duration (minutes) for a 1 in 5 years ARI 

(Average Recurrence Interval) equal to 23.1 minutes. MINErosion 4 

calculated EI30 for the selected (ARI) as equal to 702.2 with an Annual R 

factor equal to 2425.1. Twenty-three mm/hr soil infiltration rate value was 

used for the whole area as the only available measured value (Sheridan, 

2001). Greater than 50% vegetation cover (Stoloniferous grass) and a 10-

year consolidation effect were applied in the model calculations for this 

sample case study. 

The resultant maps of soil erosion/deposition pattern, soil annual net 

erosion rate (ton/ha), and event based net erosion rate are shown in 

Figure  5-22, Figure  5-23, and Figure  5-24 respectively. The maximum 

annual erosion (sediment yield) is equal to 150.63 ton/ha, while the 

maximum event based erosion rate, is equal to 43.62 ton/ha for the 

conditions simulated (ARI 1 in 5 years, 80 mm/hr rainfall intensity).    

From elevation and slope map, we could clearly see that there are two 

main plateaus (North part and south part); each bounded by a cliff  with a 

road (slap) between them which slopes down to the foothill and forms a 

channel for sediment and water. The erosion rate on both sides of the 

road is very high due to the extremely steep slope (15-38.7%); it may 

show very high rates of erosion exceeding a thousand ton/ha in the model 

calculation. However, a narrow stony levy bank has been built to prevent 

such amount of sediment and erosion rate from being dumped the road; 

and because of its size being smaller than the raster size used (10 m), 

this levy bank does not appear in the DEM. Therefore, the model gives 

erroneous prediction for erosion rate in this part of the landscape and 

should be ignored. This problem can be overcome by using smaller rasters 

(1m x1m) will show this levy banks, but it will greatly increase the total 

number of rasters representing the minesite which can be resource 

demanding\ and difficult to interpret. 
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Figure  5-22: Erosion/Deposition pattern map for the case study area (ARI 
1 in 5 years, 80 mm/hr rainfall intensity).  
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Figure  5-23: Annual erosion rate’s map for the case study area (ARI 1 in 5 
years).  
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Figure  5-24: Event Based erosion rate’s map for the case study area (ARI 
1 in 5 years, 80 mm/hr rainfall intensity). 
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Since the steep cliff areas were assigned the same properties as the 

section nearby, the model calculates very high erosion rates which would 

be an artifact. In reality, the cliff walls have been consolidated and rock 

armoured with time, which most probably decrease the rate of erosion 

from this surface dramatically. Therefore the model has been enforced to 

give a value -9999 (No data) for some grid cell in this section of the case 

study area to avoid unrealistically high values of erosion losses from this 

area. This allows more details to be shown on the result maps (Annual net 

erosion and Event based erosion maps only). 

Four main depositional locations were observed; two in the northern 

plateau and two in the southern plateau (dark blue color in Figure 5-22). 

Each of them forms a pond and is an internal depression that contains 

much of the soil/spoil lost from the ridges and should decrease the 

amount of offsite discharge. However, the runoff flow direction resulted in 

routing a significant amount of sediment and water outside the catchment 

area (offsite discharge). There are three main outlets which may give 

offsite sediment discharge; depicted in Figure  5-25. Firstly, the total 

discharge from the simulated rainstorm on both side of the cliff area to 

the center road is approximately 40-45 tons or an average of 0.9 tons/ha 

when averaged over the contributing area. There is another major outlet 

on the southern boundary of the case study area (marked with No., 2 in 

Figure  5-25 and clearly seen in the aerial photo Figure  5-19). However, 

the current simulation resulted in an unknown amount of offsite sediment 

discharge due to the erroneous prediction of erosion rate explained in the 

previous paragraph (not less than 16-24 ton/ha). In addition, the result 

maps points up three to four extra small outlets (marked with No., 3 in 

Figure  5-25 ) which approximately give 24 ton/ha offsite sediment 

discharge (mainly from the middle one) on the eastern boundary of the 

case study area.  

After 10 years of rehabilitation with a 50 % vegetation cover, the 

areas showing the highest rates of soil loss on the steep sides of the 

plateau and particularly the cliff wall on either side of the road which 
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equal to 150 ton/ha annually and 42 ton/ha for the simulated event. 

These cover a small total area and most are within the 40 t/ha limit of 

acceptable erosion rates. Some more simulation sessions have been run 

to observe the situation of the same area at the beginning of the 

rehabilitation process; with vegetation cover less than 10%, consolidation 

time = zero and for the same simulated event as above, we found that 

the net erosion rate is equal to 2076.95 ton/ha. While, the annual soil loss 

for some grid cells on the hotspot areas may reach 7172.89 ton/ha; which 

means it is almost 50 times more net erosion rate than the current 

situation. After five years of consolidation and 40% vegetation cover, the 

maximum net erosion rate from simulated event decreased from 2076.95 

ton/ha to 92.93 ton/ha while maximum annual soil loss slumped from   

7172.89 ton/ha to 319.09 ton/ha.  In general, the simulation session 

using MINErosion 4 for Curragh rehabilitated catchments (after 15 years 

of rehabilitation process) reveals that the net soil loss for most of the 

catchments grid cells are acceptable and below the 40 ton/ha/yr limit.  

The model can be used in such exploration studies (for example, the 

effect of using different slope and landscape design, vegetation cover, and 

different media types) and could be useful for the environmental 

managers to design, observe and assess the succession of rehabilitation 

plans. For Example, the model may used and run with different imaginary 

DEMs (different slopes and man-made landscape shapes) to rapidly find 

which landscape can give an acceptable erosion/deposition pattern and 

determined the numbers of risky years at the beginning of rehabilitation 

process (the target is to reduce this period) before reaching the stable 

rehabilitated situation.  Many of these modeling experimental trials were 

run using imaginary data to check the stability and versatility of the 

model.  

The resultant maps and data in ESRI ArcGIS files format for the case 

study area simulated event, as well as the experimental catchment 

results, are included in the Compact Disc in the back cover of this thesis. 
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Figure  5-25: the case study area outlets to the surrounding environment. 
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Chapter 6. Summary, General Discussion and 
Conclusion   

The main objective was to develop a user-friendly erosion/deposition 

catchment scale model to predict/estimate potential erosion from field 

catchments using laboratory based parameters and measurements. 

MINErosion 4.1 was successfully developed based on the MINErosion 2 

and 3 models, and integrated with ArcGIS to deal with the complexities of 

natural catchments and landscapes.  

Summary 

A brief summary of previous work and the current work in this thesis 

is as follows: 

•  The unique features of open cut post mining presents a challenging 

situation for rehabilitation of such landscapes where the first 

requirement is to reshape and lower the slopes to allow the 

development of sustainable ecosystems. Some of the outcomes from 

ACARP projects 1629 and 4011 relevant to this thesis are the 

development of MINErosion 2 model and a large database of laboratory 

and field derived soil and erosion parameters. The MINErosion 2 model 

allows the prediction of potential erosion losses from any combination 

of slope gradient and slope length based on laboratory measured 

parameters. It essentially allows the simulations of field erosion plots 

of any dimensions to be conducted on a computer. This was potentially 

a useful situation as it will reduce the cost of erosion research 

providing it can be developed further into a field relevant predictive 

model. 

• MINErosion 3.01, a steady state hillslope erosion model, was 

developed from MINErosion 2 to predict potential erosion from simple 

hillslopes on post mining sites and gave reliable results for both annual 

average and event based erosion rates. It combines MINErosion 2 with 

a runoff generator based on the early Rational Method, and also 
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included functions to deal with vegetation cover and soil consolidation 

within the context of rehabilitated minesites. This model was useful to 

set the criteria for minesites to design suitable landscapes, based on 

slope gradient, slope length and vegetation cover, that can limit 

erosion rates to acceptable levels, however it cannot be used to predict 

erosion from catchments or whole of minesites, which is seen as 

necessary to develop suitable planning for rehabilitation of a minesite. 

A decision to upscale MINErosion 3 model from a lumped hillslope scale 

model to catchment scale distributed model was found to be the best 

choice for producing a catchment scale model. 

•  For this thesis, as a preliminary step for upscaling the model, a 

revision of the MINErosion 3.01 model was conducted. Some errors 

and bugs have been discovered and corrected (e.g. some erroneous 

calculation of rainfall erosivity using the Australian IFD) and additional 

features deemed useful was included. The model which was written in 

Visual Basic 5 was re-written using the current Visual Basic 2008 and a 

new version of the hillslope scale model was developed (MINErosion 

3.1) and validated against field measured data from Curragh 

experimental plots initiated during the ACARP 1629/4011 projects. The 

agreement between predicted (Y1) and measured (X1) annual average 

soil loss is good with a regression equation of Y1 = 0.8 X1 + 0.005 and 

an R2 = 0.70; while the predicted (Y2) and measured (X2) individual 

rainstorm erosion events have a regression of Y2 = 0.867 X2 with an 

R2 of 0.68. These results were considered as adequate for a predictive 

model. 

• The MINErosion 3 embedded soil and spoil properties database that 

was based on one composite sample per mine site, was extended on 

six minesites to provide a measure of the spatial variability in soil/spoil 

erodibility across a minesite. The soil and spoil properties for the 

selected mine sites were shown in chapter 4 and Appendix (A). The 

new spatial distributed soil and spoil properties were used to calculate 

the interrill and rill erodibility for each site. The results were used in 

the model development process and embedded in the model database. 
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It is also intended to be released as a standalone database for Central 

Queensland mine sites media properties.  A considerable variation in 

media properties was found inside a mine site as well as between 

different mine sites and this will affect the rate of soil loss across a 

minesite.  

• The new steady state catchment scale model MINErosion 4 

theory, framework and validation were presented in chapter 5.  It is 

designed to operate on a raster cell-based concept and is integrated 

with ArcGIS 9. The model determines soil loss and deposition based on 

the balance between sediment load and transport capacity. MINErosion 

2 and 3 procedures were used to calculate the average erosion rate 

(annual and event based) for each catchment grid cell with 

modifications to deal with the different concept of topographic (LS) 

factor between the simple hillslopes and catchment grid cells. The 

transport capacity calculation for individual rainstorms used the 

Beasley et al., (1980) equation and for mean annual soil loss it used 

the Van Rompaey et al., (2001) equation. These were then applied to 

each grid cell; the available sediment to move routed through the 

whole catchment using the D8 method. The model was validated 

against 9 years of catchment data collected from previous projects 

(ACARP 1629/4011) and the agreement between predicted (Y) and 

measured (X) soil losses are good with regression equations of Y = 

0.919 X (R2 = 0.81) for individual rainstorms, and Y= 1.473 X (R2 = 

0.726) for average annual soil loss. These shows that for individual 

rainstorms the predictions is quite accurate with an 8% 

underestimation, but not so accurate for mean annual soil loss with a 

systematic overestimation of approximately 47 %. With the high 

precision of the predictions (R2 of 0.726 and 0.81), it is reasonable to 

assume that this model can be applied to other areas including larger 

areas. 
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General Discussion 

At the start of this project, we were aware that there were several 

catchment scale distributed models in existence, but these were generally 

unsuitable for application to mine sites. The reasons were: (1) the existing 

models were complicated to use, (2) require a large number of input 

parameters not generally available on mine sites, (3) require expensive 

and long term field measurements, and (4) are not suitable for mine-site 

conditions as most of them were designed for agricultural conditions. The 

novelty of this model is that it is the first user friendly catchment scale 

model designed and parameterized for post mining sites. 

The good performance of the catchment/landscape based model 

MINErosion 4.1 was largely a result of the following factors: 

1. The good performance of the preceding models MINErosion 2 

and 3 which were based on the suitable identification of the 

basic processes involved in hillslope erosion and the appropriate 

representation of the processes in the laboratory (Sheridan, 

2001). The same applies to the MINErosion 3 model (So, 2002) 

2. The model is designed to deal with the worst-case scenario and 

predicts potential erosion from steep hillslopes. It may not 

predict erosion from smaller rainstorm or low slopes well. These 

require further testing and validation. 

3. The use of locally suitable parameters measured for each 

soil/spoil that was demonstrated as having large variability 

across a minesite. Similarly the rainfall erosivities used are 

derived for the specific area of interest (Yu, 2009). 

MINErosion 4 is integrated with ESRI ArcGIS 9.x so that the 

advantage of using GIS can be utilized. The model can derive the 

catchment hydrological parameters (slope, flow direction, flow length and 

flow accumulation) from DEM automatically. The model application 

software can do that through a geo-process script; there is no need for 
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GIS background knowledge to use the model and generate the required 

hydrological parameters. The model also utilised ArcGIS to represent the 

model results as a set of maps and GIS raster layers. Therefore, the 

accuracy of the prediction will also depend on the resolution of the DEM. 

The coarser the DEM resolution, the more details will be lost and more 

errors generated. It is recommended that a fine resolution DEM be used. 

However, this may increase the number of total rasters representing the 

landscape which may result in other problems such as longer running time 

for the model and difficulty with identifying the natural features in the 

terms of rasters. 

The advantage of this model is that it needs only a few input 

parameters to run compared to other catchment scale distributed models, 

most of these are easily measured and readily available as part of general 

soil characterization. Laboratory rainfall simulations are much easier and 

less expensive to conduct compared to field erosion plots. There are a lot 

of erosion models which can’t be applied due to the unavailability of the 

required input parameters. It was a major objective of this project to keep 

MINErosion 4 model as simple as possible, practical and to avoid over 

parameterization. Most of the required model parameters were measured 

for Central Queensland mine sites as part of general characterization and 

embedded in the model application.  

Currently ESRI ArcGIS® 9 must be installed on the computer to be 

able to use the model in driving catchment hydrological parameters and to 

get the final model result maps. However, the user can prepare the 

catchment hydrological parameters ASCII files using any GIS package and 

obtain the final result as a set of ASCII files which can be presented using 

any GIS package. Further development planned is to develop the model to 

work with other packages, e.g. GRASS which is an open source code GIS 

package freeware. 

A current deficiency is that the annual transport capacity equation 

adopted for the model seems to be unsuitable for post mining site 

situation and resulted in an overestimation of predicted annual erosion 
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rates. The individual rainstorm event transport capacity equation selected 

is suitable as model prediction is accurate. More work is required to 

determine a more suitable annual transport capacity. The vegetation 

cover effect coefficient used by the model was design to reflect the effect 

of two types of grasses only; it is not yet possible to check the effect of 

vegetation cover for tree cover.  This will need to be determined for future 

use. 

Conclusions: 

The primary objective of this thesis was to enable catchment and 

landscape scale erosion to be predicted or estimated from measurements 

made at the laboratory scale. It is concluded that: 

1. It is possible to predict catchment/landscape based erosion with 

reasonable accuracy using laboratory based soil/spoil parameters 

and erosion parameters measured using laboratory flume and 

rainfall simulators. 

2. A limited definition of spatial variability of soil and spoil 

characteristics have been determined on six minesites. These 

need to be expanded in the future. 

3. The modeling approaches and predictive relationships used have 

been incorporated into a (prototype) user-friendly application 

called MINErosion 4.1. With additional minor modifications, this 

model will be suitable for release. 

6.1 Future research needs: 

With the current accuracy and precision of the model, it can readily 

be  developed further into a landscape evolution model by running the 

model as a time sequence of events and the addition of a sub-routine for 

the development of gullies where appropriate. Using such a model, it is 

then possible to estimate what the likely landscape should look like in the 

future. 
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The question of application of this model for agricultural or other 

situation remains open at this stage. As a future prospect, consideration 

should be directed towards the possibility of validating this model for 

agricultural catchments or landscapes; or producing two version of the 

model, one for the post-mining rehabilitated sites and another for 

agricultural small catchment erosion prediction and control. The main 

differences between agricultural soils and mine sites overburden spoils 

needs to be taken into consideration.    
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Chapter 8. Appendix 

 

8.1 Appendix A 

Soil and Spoil samples distribution and analyses for 6 
coalmines in central Queensland. 

 

8.1.1 Goonyella Riverside mine: 

Goonyella mine is located 25 km north of Moranbah, and 150 km 

south-west of Mackay. Open-cut mining method is applied using shovel 

crusher system (2000 m3/hr), plus 5 draglines (3 x 48 m3, 2 x 36 m3), 

and two shovel/truck fleets for overburden removal. 

8.1.2 Crinum  Gregory mine: 

Crinum Gregory mine is located 62 km north-east of Emerald, 

approximately 200km west of Rockhampton. Open-cut mining method is 

applied as well as underground mining. 

8.1.3 Blair Athol: 

Blair Athol mine is located 20km north-west of Clermont, and 280 km 

south-west of Mackay. Geologically, Blair Athol coal measures of Early 

Permian age deposited in a small intracratonic basin near the western 

margin of the Bowen Basin. Open-cut mining method is applied in one 

dragline (45m3) for overburden removal. 

8.1.4 German Creek: 

German Creek mine is located 25 km south-west of Middlemount, 

and 200 km west-north-west of Rockhampton. The German Creek 

operations comprise two underground mines (Central and Southern), and 

one operating open-cut mine (German Creek East). German Creek east is 
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exactly located 13 km south-south-west of Middlemount; the mine is 

located about 5–10km east of the German Creek underground operations.  

8.1.5 Hail Creek:   

Hail Creek mine is located 35 km north-west of Nebo, and 90 km 

south-west of Mackay. Open-cut method is applied, initially using truck 

and shovel for overburden and coal removal. Dragline overburden removal 

operations are planned to commence late in 2004, following 

commissioning of a new P&H MinePro 9020 dragline. 

8.1.6 Curragh coalmine:  

Curragh mine is located 14 km north of Blackwater, 200 km west of 

Rockhampton. Conventional multiple-pass open-cut mining is employed 

using four large draglines for overburden, and a small diesel electric 

dragline (15 m3) assists the other draglines and is also used for spoil pile 

rehabilitation. 
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Figure  8-1: Soil and spoil samples distribution at Goonyella mine. 
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Figure  8-2: Soil and spoil samples distribution at Crinum Gregory mine. 
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Figure  8-3:: Soil and spoil samples distribution at Blair Athol mine. 
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Figure  8-4 : Soil and spoil samples distribution at German Creek mine. 
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Figure  8-5: Soil and spoil samples distribution at Hail Creek mine. 
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Figure  8-6: Soil and spoil samples distribution at Curragh mine. 
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Table  8–1: Goonyella River side mine soil and spoil samples chemical and physical properties. 

Media 
type  

Sample 
No. pH EC 

(dS/m) O.C% C.E.C 
(cmolc/kg) 

Exchangeable Cations ESP 
(%) 

1.5 B 

(Mpa) 
0.01 B 

(Mpa) 
D2 
(%) 

D20 
(%) 

DC2 
(%) 

DC20 
(%) 

Clay 
% 

Silt 
% 

Sand 
% Ca++ Mg++ K+ Na+ 

Soil 1 6.66 0.057 0.88 23.3 11.9 5.2 4.5 1.9 8.1 0.141 0.364 5.0 33.7 2.3 10.6 38.9 18.5 42.6 

Soil 2 6.88 0.056 0.64 20.5 9.0 5.4 4.5 2.3 11.4 0.185 0.267 9.4 61.7 2.8 16.5 17.7 19.0 63.3 

Soil 3 6.09 0.078 0.79 21.4 8.1 4.4 6.4 2.4 11.3 0.058 0.097 7.3 53.8 1.1 5.6 13.8 6.2 80.1 

Soil 4 8.00 0.069 1.09 22.9 9.6 7.3 4.8 1.1 5.0 0.097 0.180 9.8 61.8 2.7 12.9 26.0 8.2 65.8 

Soil 5 7.11 0.075 0.58 21.4 9.9 3.3 6.2 2.7 12.8 0.122 0.189 7.6 75.0 1.5 7.6 12.5 11.0 76.5 

Soil 6 7.71 0.422 0.70 24.3 9.2 10.8 2.7 2.2 9.2 0.082 0.233 10.6 60.5 5.1 20.0 39.4 18.6 42.0 

Soil 7 7.29 0.136 2.58 25.1 9.1 7.8 6.9 2.0 8.0 0.137 0.245 6.9 48.3 3.4 13.8 35.6 26.0 38.4 

Soil 8 6.96 0.045 1.92 21.8 8.5 8.2 4.0 1.9 8.5 0.093 0.250 4.8 57.0 1.9 11.6 25.7 23.7 50.6 

Soil 9 8.39 0.084 0.56 25.2 10.8 11.5 2.4 1.2 4.7 0.082 0.303 6.5 55.3 2.6 12.2 27.4 23.3 49.3 

Spoil 1 8.11 0.270 0.46 24.5 7.9 12.0 3.1 2.2 9.1 0.119 0.231 43.0 88.2 16.4 30.7 43.3 4.1 52.6 

Spoil 2 8.47 0.278 0.33 26.6 6.0 14.0 4.6 2.7 10.1 0.140 0.275 45.0 88.6 18.8 40.9 39.2 12.2 48.6 

Spoil 3 9.10 0.464 6.86 28.1 8.9 14.3 4.0 1.6 5.5 0.125 0.249 18.4 73.4 9.7 24.1 40.6 24.1 35.4 

Spoil 4 8.02 4.090 1.27 27.3 9.1 11.7 2.8 4.0 14.6 0.201 0.306 2.2 68.4 1.1 48.9 51.6 13.0 35.4 

Spoil 5 8.89 0.317 1.17 24.0 6.1 11.9 4.3 2.4 9.9 0.077 0.213 16.0 54.0 6.6 16.2 37.5 13.5 49.0 

Spoil 6 7.55 6.590 0.61 29.5 10.1 13.8 2.9 3.1 10.7 0.222 0.318 3.0 71.1 2.0 37.3 64.2 16.5 19.3 

Spoil 7 6.09 2.501 8.87 22.8 7.8 13.1 1.6 1.0 4.3 0.113 0.281 3.9 28.3 1.3 7.9 32.4 10.1 57.6 

Spoil 8 8.98 0.295 0.23 36.3 15.9 14.7 4.3 2.2 5.9 0.121 0.268 17.4 75.5 12.8 50.6 49.4 41.0 9.7 

Spoil 9 8.95 0.694 0.45 28.2 5.0 16.7 4.5 2.7 9.6 0.171 0.308 22.8 85.6 12.4 30.4 44.0 22.8 33.2 

Spoil 10 8.35 1.517 0.50 35.7 7.0 23.8 4.0 3.7 10.4 0.171 0.330 49.3 90.1 19.3 32.2 40.8 7.3 51.9 
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Table  8–2: Crinum Gregory mine soil and spoil samples chemical and physical properties. 

Media 
type  

Sam
pl

e N
o. 

pH EC 
(dS/m) O.C% C.E.C 

(cmolc/kg) 
Exchangeable Cations ESP 

(%) 
1.5 B 

(Mpa) 
0.01 B 

(Mpa) 
D2 
(%) 

D20 
(%) 

DC2 
(%) 

DC20 
(%) 

Clay 
% 

Silt 
% 

Sand 
% Ca++ Mg++ K+ Na+ 

Soil 1 8.31 0.2385 0.59 45.24 28.88 13.70 1.82 1.54 3.40 0.22 0.45 8.96 40.56 4.95 17.61 54.15 14.95 30.90 

Soil 2 8.04 0.1828 0.49 55.51 33.27 20.71 1.41 0.82 1.48 0.39 0.67 9.12 29.25 6.54 19.04 81.18 9.35 9.47 

Soil 3 7.85 0.1064 0.24 57.23 41.11 13.76 1.58 0.78 1.36 0.38 0.65 7.34 27.69 5.18 17.52 79.10 8.91 11.99 

Soil 4 8.29 0.1556 0.58 58.00 43.83 12.42 1.53 0.80 1.39 0.42 0.69 6.53 28.48 4.80 15.96 69.64 20.44 9.92 

Soil 5 7.61 0.1069 0.67 58.14 39.19 16.17 2.68 0.85 1.45 0.40 0.66 7.69 35.27 5.46 20.48 71.63 16.39 11.98 

Soil 6 7.7 0.619 0.96 48.94 33.77 12.22 1.54 1.57 3.21 0.24 0.53 5.12 39.21 3.25 16.71 52.70 27.08 20.23 

Spoil 1 8.29 0.2419 0.40 49.71 35.00 12.59 1.15 1.97 3.97 0.17 0.26 7.39 53.40 3.48 18.36 42.76 16.07 41.17 

Spoil 2 8.66 0.1561 0.17 45.25 22.25 19.98 1.15 1.88 4.15 0.24 0.50 3.96 57.75 2.37 19.44 41.54 32.09 26.37 

Spoil 3 8.18 1.251 0.21 33.38 6.33 22.92 2.69 2.24 6.70 0.18 0.31 0.48 77.14 0.36 40.99 66.35 27.11 6.53 

Spoil 4 8.14 2.481 0.28 25.23 8.68 14.15 1.23 1.77 7.01 0.18 0.28 0.94 73.20 0.64 37.33 63.81 21.12 15.07 

Spoil 5 8.54 0.851 0.17 25.25 9.04 11.81 3.43 1.68 6.64 0.09 0.25 2.62 78.52 0.86 24.33 28.28 13.45 58.27 

Spoil 6 7.91 2.936 0.28 29.85 12.97 14.09 1.00 2.70 9.06 0.21 0.26 2.27 10.02 0.93 3.14 38.21 12.49 49.30 
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Table  8–3: Blair Athol mine soil and spoil samples chemical and physical properties. 

Media 
type  

Sam
p

le 
N

o. pH EC 
(dS/m) O.C% C.E.C 

(cmolc/kg) 
Exchangeable Cations ESP 

(%) 
1.5 B 

(Mpa) 
0.01 B 

(Mpa) 
D2 
(%) 

D20 
(%) 

DC2 
(%) 

DC20 
(%) 

Clay 
% 

Silt 
% 

Sand 
% Ca++ Mg++ K+ Na+ 

Soil 1 7.68 0.183 2.48 32.27 21.69 5.92 4.42 0.94 2.93 0.18 0.35 8.00 87.98 2.32 16.10 23.13 37.12 39.75 

Soil 2 8.12 0.169 1.19 51.50 29.98 18.81 1.57 1.19 2.30 0.16 0.45 18.60 71.94 7.12 16.00 42.51 32.62 24.86 

Soil 3 6.52 0.184 1.44 19.96 7.64 7.46 2.95 1.91 9.56 0.14 0.36 6.55 30.23 3.29 12.63 12.69 17.83 69.48 

Soil 4 7.78 0.439 0.76 53.20 25.41 26.04 1.23 1.13 2.12 0.17 0.59 24.05 84.28 8.46 18.07 31.76 39.77 28.47 

Soil 5 7.29 0.119 0.95 34.42 17.27 15.42 1.47 1.00 2.90 0.15 0.28 40.04 80.44 6.43 16.39 24.26 31.87 43.87 

Soil 6 7.18 0.112 0.99 26.83 15.93 7.81 2.05 1.21 4.51 0.16 0.26 4.79 40.84 1.44 8.52 24.24 35.45 40.31 

Spoil 1 7.64 1.822 0.99 24.69 6.84 14.70 1.88 1.97 7.96 0.17 0.25 1.17 74.04 0.59 31.20 23.38 41.72 34.91 

Spoil 2 7.74 0.274 1.37 27.85 14.36 9.65 3.08 1.34 4.80 0.14 0.23 44.24 83.30 11.51 34.46 19.60 34.62 45.77 

Spoil 3 6.62 0.647 2.58 23.80 11.45 9.37 1.91 1.87 7.87 0.17 0.23 23.72 52.89 7.43 24.92 20.67 30.34 48.99 

Spoil 4 7.69 0.154 0.87 23.77 10.12 9.92 2.25 2.08 8.75 0.13 0.16 32.64 91.15 13.41 23.59 13.55 22.43 64.02 

Spoil 5 7.04 0.940 3.35 23.80 9.18 11.54 2.22 1.56 6.56 0.11 0.17 2.82 73.26 1.01 20.44 25.83 43.52 30.65 

Spoil 6 8.22 0.856 1.44 23.88 11.13 9.35 1.27 2.14 8.95 0.16 0.24 61.26 90.71 18.61 43.34 18.04 25.47 56.48 
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Table  8–4: German Creek mine soil and spoil samples chemical and physical properties. 

Media 
type  

Sample 
No. pH EC 

(dS/m) O.C% C.E.C 
(cmolc/kg) 

Exchangeable Cations ESP 
(%) 

1.5 B 

(Mpa) 
0.01 B 

(Mpa) 
D2 
(%) 

D20 
(%) 

DC2 
(%) 

DC20 
(%) 

Clay 
% 

Silt 
% 

Sand 
% Ca++ Mg++ K+ Na+ 

Soil X4 7.32 0.0507 0.78 22.29 8.75 7.32 4.29 2.09 9.36 0.097 0.245 5.17 56.81 2.08 16.02 34.79 14.81 50.41 

Soil X2 6.39 0.0157 0.15 23.50 7.34 5.10 7.02 4.75 20.19 0.018 0.142 8.88 41.28 1.91 7.34 21.80 4.56 73.64 

Soil Oak Park 6.78 0.237 1.16 27.44 9.58 13.35 2.87 2.24 8.15 0.099 0.246 9.51 69.25 3.88 18.85 34.14 17.03 48.83 

Soil Pit U GCE 6.07 0.0053 0.03 26.20 7.92 6.88 7.01 5.09 19.44 0.017 0.131 5.98 48.17 1.17 7.12 9.04 14.89 76.06 

Soil Pit Q 7.14 0.871 0.52 24.45 8.08 11.70 3.96 1.40 5.73 0.074 0.216 10.84 64.16 3.97 16.49 32.24 13.72 54.03 

Soil Pit A 7.23 1.565 0.78 24.37 5.44 14.27 3.22 2.14 8.80 0.051 0.182 10.22 54.24 3.03 13.29 30.04 6.33 63.63 

Soil Bundoara 5.75 0.1039 0.54 23.75 4.69 5.48 9.69 3.88 16.35 0.023 0.295 5.96 55.23 1.13 8.23 9.13 14.10 76.77 

Soil Pit D 5.39 0.1597 0.60 29.30 4.94 14.87 6.81 3.42 11.69 0.008 0.140 7.77 53.00 1.61 9.90 23.19 2.53 74.28 

Spoil X4 6.86 0.878 0.17 25.63 4.19 12.91 3.46 5.07 19.80 0.100 0.238 50.42 75.37 15.59 24.37 30.15 8.24 61.61 

Spoil X2 7.32 1.185 1.55 34.55 4.66 23.12 3.77 3.58 10.35 0.223 0.372 41.76 80.36 21.78 44.94 35.60 30.25 34.15 

Spoil Oak Park 8.07 3.46 0.74 25.39 5.32 14.04 3.23 3.40 13.41 0.165 0.304 2.30 89.39 1.28 48.92 42.98 27.58 29.45 

Spoil Pit U GCE 7.49 2.471 0.14 30.35 2.56 16.86 7.00 4.64 15.30 0.152 0.339 31.26 64.77 12.86 27.24 16.19 35.04 48.77 

Spoil Pit Q 5.6 6.61 0.57 29.35 6.91 20.74 1.14 1.20 4.07 0.098 0.439 9.14 18.14 3.51 4.60 31.64 16.27 52.09 

Spoil Pit A 7.41 1.896 0.53 24.85 7.80 13.15 2.79 1.81 7.30 0.082 0.230 2.30 83.96 0.66 21.77 26.17 9.65 64.18 

Spoil Bundoara 5.78 2.046 0.96 24.67 2.64 19.25 1.98 1.61 6.53 0.138 0.353 1.85 91.50 0.85 29.72 19.91 36.32 43.77 

Spoil Pit D 4.23 3.68 0.18 31.43 1.52 21.30 5.23 4.08 13.00 0.019 0.270 26.24 81.18 8.02 18.85 28.42 8.98 62.60 
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Table  8–5: Hail Creek mine soil and spoil samples chemical and physical properties. 

Media 
type  

Sam
p

le 
N

o. pH EC 
(dS/m) O.C% C.E.C 

(cmolc/kg) 
Exchangeable Cations ESP 

(%) 
1.5 B 

(Mpa) 
0.01 B 

(Mpa) 
D2 
(%) 

D20 
(%) 

DC2 
(%) 

DC20 
(%) 

Clay 
% 

Silt 
% 

Sand 
% Ca++ Mg++ K+ Na+ 

Soil 1 7.09 0.1689 1.40 33.92 23.48 8.84 1.30 1.00 2.96 0.13 0.41 12.06 72.25 7.15 30.69 52.61 20.83 26.56 

Soil 2 7.74 0.2997 0.67 26.85 13.14 11.20 1.59 1.62 6.05 0.06 0.30 31.60 87.46 15.21 37.95 48.71 11.51 39.79 

Soil 3 7.34 0.2863 1.27 27.30 17.20 6.15 2.97 0.98 3.59 0.11 0.30 6.69 42.29 3.13 18.04 53.10 5.13 41.77 

Soil 4 7.39 0.1651 1.06 28.44 17.75 7.94 2.00 1.34 4.73 0.13 0.31 9.19 52.66 4.17 17.82 42.00 14.35 43.66 

Soil 5 6.83 0.1144 1.33 25.57 16.70 5.27 3.06 1.29 5.04 0.09 0.30 10.04 62.01 3.80 19.62 39.97 7.83 52.19 

Soil 6 6.45 0.1182 0.72 23.46 11.25 7.85 3.04 1.48 6.30 0.16 0.25 10.72 65.06 4.96 28.08 53.11 3.84 43.05 

Soil 7 6.51 0.089 0.99 23.82 13.40 7.79 1.96 1.37 5.77 0.18 0.32 5.48 45.63 2.64 15.34 41.96 18.12 39.91 

Soil 8 7.39 0.1843 1.99 39.41 31.19 5.26 2.73 0.93 2.35 0.13 0.36 7.70 29.78 4.50 14.20 58.71 13.27 28.02 

Spoil 1 9.27 0.407 0.23 31.13 14.67 13.89 1.57 1.70 5.45 0.13 0.19 42.13 78.63 15.53 33.21 35.17 11.53 53.30 

Spoil 2 8.87 0.2389 0.35 27.57 11.92 12.64 2.54 1.05 3.81 0.04 0.18 22.20 81.91 10.46 28.70 39.80 18.30 41.90 

Spoil 3 9.2 0.1014 0.60 23.43 10.91 10.10 1.94 1.28 5.47 0.03 0.14 30.43 87.14 5.58 14.89 12.21 10.97 76.82 

Spoil 4 8.76 0.777 2.64 27.29 10.67 12.75 2.46 2.01 7.37 0.06 0.21 46.85 94.36 12.06 26.32 18.83 13.83 67.35 

Spoil 5 9.26 0.585 0.32 28.95 11.63 13.64 2.49 1.89 6.53 0.03 0.25 50.33 89.28 18.35 34.65 32.05 14.25 53.70 

Spoil 6 9.36 0.2765 0.42 27.02 9.38 14.29 2.06 1.28 4.75 0.11 0.20 23.87 79.50 6.32 18.90 22.08 11.48 66.44 

Spoil 7 8.23 0.622 2.61 28.14 8.59 16.78 2.05 1.35 4.80 0.12 0.26 23.68 83.41 10.08 32.74 30.71 22.55 46.74 

Spoil 8 9.1 0.1765 0.54 28.84 16.31 9.38 2.46 1.40 4.87 0.09 0.20 28.58 78.98 8.50 21.53 34.28 3.12 62.60 
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Table  8–6: Curragh mine soil and spoil samples chemical and physical properties. 

Media 
type  Sa

m
pl

e 
N

o.
 

pH EC 
(dS/m) O.C% C.E.C 

(cmolc/kg) 

Exchangeable Cations 
ESP 
(%) Ca:Mg GWC1.5 

B (Mpa) 
GWC0.01 

B (Mpa) 
D2 
(%) 

D20 
(%) 

DC2 
(%) 

DC20 
(%) 

Clay 
% Silt % Sand 

% Ca++ Mg++ K+ Na+ 

Soil 1 7.91 0.154 1.43 38.41 25.78 9.79 2.19 1.25 3.21 2.63 0.17 0.33 7.70 31.44 4.62 14.76 55.61 18.42 25.97 

Spoil 2 9.09 0.427 1.64 33.08 14.35 16.12 3.01 1.79 5.08 1.42 0.25 0.37 35.43 76.42 20.28 43.45 52.06 21.81 26.13 

Soil 3 8.75 0.208 2.22 34.63 18.40 12.99 2.27 1.69 4.77 1.36 0.17 0.35 20.09 73.55 11.81 30.86 58.39 13.61 28.00 

Spoil 4 7.35 1.053 1.67 37.69 17.63 16.84 2.00 1.82 4.75 1.86 0.23 0.38 23.46 84.67 13.48 37.46 58.52 14.64 26.84 

Soil 5 7.00 0.315 1.96 26.85 13.20 9.68 2.26 1.70 6.33 2.10 0.10 0.25 6.15 37.24 3.60 18.62 41.58 18.74 39.68 

Spoil 6 7.75 0.789 1.41 24.67 10.58 11.19 1.87 1.74 6.85 2.61 0.08 0.19 1.43 58.39 0.65 19.49 29.73 10.29 59.98 

Soil 7 8.47 0.137 3.10 37.50 23.00 12.38 1.75 0.98 2.57 2.23 0.18 0.35 13.93 47.54 8.38 22.65 58.22 21.96 19.81 

Spoil 8 7.87 0.835 0.97 48.73 28.23 17.86 1.37 1.87 3.79 1.05 0.26 0.49 23.60 80.77 14.48 35.33 65.86 16.25 17.89 

Soil 9 8.03 0.104 1.25 38.01 23.37 11.12 3.03 1.19 3.07 1.80 0.17 0.37 15.43 65.93 7.33 21.23 56.00 21.54 22.46 

Spoil 10 9.17 0.415 0.76 31.42 11.41 15.27 3.70 1.75 5.44 0.89 0.20 0.34 34.33 76.84 14.15 33.01 47.60 22.49 29.92 

Soil 11 7.74 0.212 0.91 38.34 24.84 9.52 2.52 1.46 3.80 1.05 0.17 0.34 19.88 79.27 6.73 19.58 55.99 15.73 28.28 

Spoil 12 7.46 1.014 3.29 30.36 4.82 17.46 4.44 3.65 12.0 0.95 0.24 0.36 41.56 80.92 17.59 36.50 40.30 17.05 42.65 

Soil 13 8.26 0.161 1.14 36.52 23.11 10.34 2.36 1.31 3.54 1.58 0.21 0.33 13.81 50.92 8.93 24.23 54.57 21.36 24.07 

Spoil 14 7.77 1.411 1.01 32.81 12.64 13.41 3.76 3.61 10.8 0.75 0.20 0.31 26.17 79.64 11.86 33.34 40.45 19.56 39.98 

Soil 15 7.52 1.426 0.99 28.91 12.99 12.42 2.35 1.86 6.27 0.28 0.13 0.26 9.23 35.26 6.03 19.21 32.46 20.54 47.00 

Spoil 16 8.72 1.252 1.34 29.01 8.34 15.60 3.09 2.68 9.03 0.94 0.19 0.33 33.47 75.93 20.01 36.40 36.44 19.16 44.40 

Soil 17 8.55 0.110 1.60 39.01 23.71 13.15 1.98 0.87 2.19 0.53 0.29 0.35 13.87 34.13 8.49 15.12 58.83 15.73 25.44 

Spoil 18 9.41 0.236 1.41 33.20 11.25 17.85 2.67 1.42 4.28 0.63 0.21 0.32 28.31 82.42 13.95 32.84 35.29 25.14 39.58 

Soil* Ref. 7.58 0.739 1.75 58.52 XX XX XX XX 6.7 xx 0.18 0.37 18.65 52.4 9.5 37.8 55.85 17.13 27.02 

Spoil** Ref. 8.89 0.69 1.55 26.9 XX XX XX XX 26.1 XX 0.12 0.29 51.2 66.7 14 34.7 22.56 25.24 52.2 
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8.2 MINErosion 4 model Application: 
 

The model application has been written using Microsoft Visual Basic 2008 by 

the author of this thesis. Any problem with the application should be kindly 

reported to ashraf.khalifa@gmail.com. 

The Application required Microsoft Excel 2007 and ESRI ArcGIS 9 to be 

installed on the machine. The application setup file is available to download from 

the linkages below. 

MINErosion 4 downloads Links: 
http://rapidshare.com/files/365331176/MINErosion4.part1.rar      (size = 100 Mb) 
http://rapidshare.com/files/365475173/MINErosion4.part2.rar    (size = 100 Mb) 
http://rapidshare.com/files/365489514/MINErosion4.part3.rar     (size = 68 Mb) 
MINErosion 3.1 downloads Links: 
http://rapidshare.com/files/365691458/MINErosion31.part1.rar  (size = 100 Mb) 
http://rapidshare.com/files/365702100/MINErosion31.part2.rar  (size = 100 Mb) 
http://rapidshare.com/files/365711434/MINErosion31.part3.rar  (size = 52 Mb) 
  
The following pages content a simple user manual for the model application. 
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8.2.1 Catchment landscape file and hydrological parameters: 

 

The computation of catchment hydrological parameters including the slopes 

percentage, flow accumulation, and water flow directions are easily automated 

by using special techniques and programs; the most widely used program to do 

that is ArcGIS spatial analyst, which is selected for this model as most of 

minesites are already using ArcGIS.  

MINErosion 4 utilized ESRI ArcGIS spatial analyst® to automate the 

extraction of the required catchment terrain parameters from raster DEM as an 

embedded subroutine. In general, the accuracy and the resolution of DEM data 

can have a significant effect on the validity of model results (Hessell, 2005). The 

model program, therefore, needs to be provided with an appropriate resolution 

DEM as an input (10X10 m DEM resolution recommended), three different 

formats of DEM (ASCII files, USGS dem file and AutoCAD dxf files) are supported 

in this version. Standard functions and techniques were used, including DEM 

preparation process and filling to get a raster layer without depressions. 
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There is an option to run the model even if you don’t have ESRI ArcGIS® by 

giving the user the ability to generate the required ASCII files for slope, flow 

direction, flow accumulation and flow length using any other GIS package such 

as MapInfo, TOPAZ or GRASS. After generate them; run the model first and then 

copy them to “C:\MINErosion4”. Don’t copy them before getting the “Not having 

ArcGIS 9.x users” screen (the above screenshot) as the model designed to 

delete anything inside the working directory (clean it) in the beginning of every 

new session. 

The old session data always moved to a new directory tagged with the 

catchment name, date and time of current session.  

8.2.2 Selection soil/spoil erodibility: 
The users have three main options to determine the erodibility values which will be used in the 
model calculations.  
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i. The first option is to pick up the rill and interrill erodibility values form 

the embedded database if your coalmine site is listed. You have to 

select your mine from “Mine name” combo box (list box) and decide if 

you will run the calculation for soil or spoil. You will find that the 

model shows the values of interrill (Ki) and rill (Kr) erodibility values 

in the textboxes beside.  

 

ii. The second option is to calculate the rill and interrill erodibility values 

using the predictive equations (Sheridan et al., 2000a). You have to 

select if you will calculate for soil or spoil samples. You can use a 

single value for each property over the whole catchment area and you 

will get excel template file containing a user form (figure below) to 

insert your required values. 
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However, you can also insert multi values for the catchment grid cell using the excel template 
provided by the program. 

iii. The third option is to insert your own measured rill and interrill 

erodibility values inside the excel template provided by the program. 
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8.2.3 Rainfall Erosivity: 
You have to active option in this version (some more option will be added in the next version). 
The first is to calculate for a location in Central Queensland (listed in the database); the second is 
to calculate erosivity using the rainfall duration, intensity and mean annual rainfall amount. 

For the first OPTION: 
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8.2.4 Soil infiltration and environmental parameters: 

 

 

The rainfall duration is restricted; the user can’t change it as the model already 
corresponds between the ARI in use and the selected rainfall intensity.  

EI30 =[ [11.9+8.7*(LOG(I)]*D*I] * I/100 

The EI30 which inherited from the previous form (Rainfall Erosivity) and 
calculated using the new method of MINErosion 4 model will be used with the 
rainfall intensity value to find the suitable potential duration for this ARI. 
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