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1 INTRODUCTION AND OBJECTIVES 

This report presents the results of a two-dimensional numerical modelling assessment of the stability 

of the pit walls at Somkhele Colliery in KwaZulu-Natal. The work has been carried out at the request 

of Mr D Fenn of Applied Rock Engineering c.c., the mine’s appointed rock engineer, and examines 

the stability of a realistic generic pit and various scenarios. 

One of the major concerns is the behaviour of pit walls when, after completion of mining, the North 

Pit may be flooded to form a dam. Flooding of a worked out pit will also raise the water table, which 

in turn may also cause instability in the low wall of the adjacent operating South Pit (see Figure 1 for 

relative locations). 

A series of models have been run using FLAC-Slope, a two-dimensional finite difference continuum 

programme that can be used to determine factors of safety for a slope. The main conditions examined 

include: 

• Stability of both highwall and low wall slopes at the current deepest depth of 120m, using 

current slope architecture (representative of either North or South Pit individually). 

• Stability of both highwall and low wall slopes at the probable deepest depth of 170m, using 

current slope architecture (representative of either North or South Pit individually). 

• Stability of both highwall and low wall slopes at a worst case (deepest) depth 200m, using 

current slope architecture (representative of either North or South Pit individually). 

• In addition, various scenarios were run with differing joint inclinations and cohesion values.  

• Stability of the low wall slopes in a 200m deep pit when an adjacent pit on the low wall side 

is flooded resulting in an elevated water table (South Pit). Comments are provided for the 

long term closure and post closure flooding scenarios.  

 

 

Figure 1: Relative positions of North and South pits 

North Pit 1

5,223,000 m³

South Pit

5,660,000 m³

North Pit 2

2,256,000 m³
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2 MODEL DESCRIPTION 

2.1 FLAC-Slope modelling method 

A series of simple two dimensional models representing a section through a typical pit have been 

run using FLAC-Slope, a two-dimensional finite difference continuum programme that can be used 

to determine factors of safety for a slope, through conducting a series of runs in which user-defined 

properties are adjusted using a range of factors until the limiting equilibrium condition is found. The 

factor at this point is then the limiting Factor of safety for the slope and the model mechanistically 

identifies the most likely mode of slope failure and failure surface based on the set of properties 

provided. 

Typical simplified model geometry is shown in Figure 2. As it is known that individual benches, 

especially on the crest benches have failed in the past and whose effects are catered within the mine 

standards, it was considered unnecessary to represent the detailed bench geometry and only overall 

slope angles were modelled, along with a broad representation of the stratigraphy in the rock mass. 

 

 

Figure 2: General FLAC-Slope model geometry 

 

A number of slope angles were represented for the highwall, ranging from 50 degrees to 64 degrees 

(based on survey sections) while the low wall was modelled to dip at 25 degrees. These describe 

the most common geological and mine environment and cater for slope design for most current and 

future mining areas.  

Area 8 differs substantially from this model, but its design and slope integrity has been described 

adequately in other reports. If the design depth of 200m, or dip of coal of 25 degrees, differ 

significantly (say above 30 degrees), then these models may not be adequate for those cases. To 

date all blocks except Area 8 can be described by this report. 
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No account has been taken of any backfill material that may be tipped back into the pits. Backfill 

would add a small dead-weight confining force to the base of the slopes, supplementing the resistive 

forces and resulting in a lower probability of failure and reducing the extant and consequences of 

any failure. Fill would obviously inhibit the occurrence and consequences of rolling rocks. Thus, 

modelling with a “clean” void provides a worst case scenario. 

In reality, the placement of fill would add other risks such as sloughing of the fill, and these are 

described later in this report. 

 

2.2 Rock mass properties 

Models have been run using three material failure models: Hoek-Brown, Mohr-Coulomb (effectively 

a best-fit straight line to the curved Hoek-Brown strength envelope) and Ubiquitously Jointed (in 

which a directional weakness is included to account for the predominant set of structures that could 

induce failure of the slope).  

Both the Hoek-Brown and Mohr-Coulomb property sets assume the rock units have the same 

strength in all directions (the units are isotropic), and no account is taken of the possible effects of 

specifically oriented structures. Both represent a possible generalised rock mass failure.  

By comparison, the ubiquitously jointed material model can be used to take account of the 

predominant structure that will influence failure. When applying the ubiquitous joint properties, for the 

low wall strata the directional weakness was assumed to represent bedding in the low wall 

shale/siltstone.  

When applying the ubiquitous joint model to the highwall strata, it was used to represent the major 

joint set, which may dip out of the highwall.  

It needs to be noted that a main geological factor that has led to generally stable mine open pit voids 

is that, in the coal seam and highwall strata, extensive jointing is fairly infrequent. Only if a rarely 

occurring joint dips out of the face at an angle shallower than the slope angle, but significantly steeper 

than the friction angle, would a condition arise allowing larger scale highwall slope instability (which 

is demonstrated in the models below). A single significant case of this has been observed (in South 

Pit) in the 12 years of mining at Somkhele, though such joints have given rise to minor bench failures. 

Initially, when applied to the highwall strata, the ubiquitous joint model directional weakness was 

used to represent the major joint set which may dip out of the highwall at angles from 50 to 60 

degrees, based on mapped joints. The 50 to 60 degree joints also represent a form of worst case, 

as steeper joints would more probably fail with the blast on only a bench scale and flatter joints would 

automatically display a higher FOS on both a bench and slope scale. 

Subsequently, more scenarios were created to test the models at other joint inclinations. 

It should be noted that in all modelled cases, the 2D models implicitly assume that the applied joints 

dip exactly parallel to the slope, which provides a worst case scenario. Observations indicate that 

most joints lie sub to non-parallel to the highwall slope, and would only be unstable over limited 

extents. 

Rock mass properties were taken from a 2010 report by Keyter (RocStable, 2010) and are listed in 

Table 1. 
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Table 1: Rock mass properties used in models (after RocStable 2010) 

Properties 
 

Coal Sandstone Shale/Siltstone 

Dry Density (kg/m3) 1600 2500 2500 

 
Hoek-Brown failure rock mass properties 
 

UCS (MPa) 25-40 70 40 

Hoek-Brown m 0.882 3.288 0.617 

Hoek-Brown s 0.008 0.021 0.003 

Hoek-Brown a 0.501 0.501 0.502 

 
Mohr-Coulomb rock mass failure properties 
 

Cohesion (MPa) 0.894 1.679 0.493 

Friction Angle (degrees) 36.8 52.5 41.6 

Tensile Strength (MPa) 0.361 0.461 0.224 

 
Ubiquitous joint properties used to account for joint and bedding  with specific 
orientations 
 

Joint Cohesion (MPa) N/A 0.01 0.01 

Joint Friction Angle (degrees) N/A 32.0 27.0 

Joint tensile strength (MPa) N/A 0.001 0.001 

 

2.3 Ground water 

The effect of groundwater has been incorporated into factor of safety estimates in some of the 

models. No attempt has been made to model actual groundwater flow, and possible water table 

locations have been surmised based on experience with other pits and the likely condition at 

Somkhele. Outside the immediate mining areas the water table position is reported to vary, averaging 

around 20m below surface. 

Based on the modelled ground water table, a static water pore pressure is developed throughout the 

model derived from depth below the specified water table location. Failure is then assessed based 

on effective stresses. 

For the rock mass below the water table, wet densities are used to derive stresses, where wet 

densities are higher than the dry density as a result of the specified porosity. For this analysis the 

sandstones were assumed to have a porosity of 0.1, whereas shale porosity was taken as 0.05. 
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3 MODEL RESULTS 

3.1 Stability of 200m highwall 

3.1.1 Effect of water table 

An initial model was run with a 200m highwall inclined at an overall slope angle of 50 degrees, with 

the Hoek-Brown set of properties for the highwall strata. The model was run for a ‘dry’ condition, then 

with two possibilities for the drawn down water table. 

Comparative plots that indicate the most probable failure surface in the highwall for the set of Hoek-

Brown properties, for each of the three groundwater cases, are shown in Figure 3.  

The plots show contours of strain, which indicate the formation of localised high strain zones, 

indicative of failure. Overlain on this are velocity vectors that show what is mobile, plus the position 

of the water table. 

With this set of properties, the most likely failure would be a large rotational movement, however the 

factor of safety (FOS) against this happening with a slope angle of 50 degrees is high, ranging from 

2.71 in the ‘dry’ case, to 2.51 in the case of a ‘low’ water table, to 2.20 if the water table remains 

relatively high. 

According to the Large Open Pit Working Group, a factor of safety of 1.6 or above is considered 

adequately stable for a slope design, depending on risk appetite. 

These levels of FOS would suggest the slope, with these properties, would be stable. 

Clearly the presence and position of the water table has an effect on the factor of safety, but for this 

set of properties it creates an insufficient effect to result in a low FOS and a consequential likelihood 

of collapse. Very approximately the presence of water reduced the FOS by approximately 20% to 

25%. 

More important are the possible variations in rock mass characteristics, and importantly the effect of 

structure. These are examined in the next section. 
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Figure 3: Effect of water table on 200m highwall stability. ‘Dry’ case top, ‘low’ water table 

centre, and ‘higher’ water table below. The cases use the Hoek-Brown set of properties with 

a 50 degree highwall slope angle. Each case dropped the resisting forces and resulted in a 

lowering FOS as described in the text above. 
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3.1.2 Effect of rock mass characteristics and jointing 

A series of models were run in which the highwall overall slope angle was varied between 50 and 64 

degrees (reflecting actual current angles), and the various rock material characteristics were applied. 

In the case of the ubiquitously jointed model the dip of the directional weakness was varied between 

50, 55 and 60 degrees, resulting in joints that dipped shallower or steeper than the overall slope 

angle in various cases. 

The application of a directional weakness representing jointing within the rock mass provides a more 

realistic representation of the actual rock mass and probable slope stability then the preceding 

models.  

A summary of the factors of safety for a 200m deep pit are presented in Table 2. 

 

Table 2: Effect of rock mass characteristics and highwall pit slope angle on highwall factors 
of safety against failure 

 Minimum Factor of Safety Against Failure 

Rock mass 

property model 

50 degree slope 

angle  

54 degree slope 

angle 

58 degree slope 

angle 

64 degree slope 

angle 

Hoek-Brown  2.63 2.51 2.28 2.11 

Mohr-Coulomb 2.71 2.48 2.33 2.12 

50 degree dip 

ubiquitous joints 

1.44 0.12 0.08 0.17 

55 degree dip 

ubiquitous joints 

1.64 0.13 0.44 0.51 

60 degree dip 

ubiquitous joints 

1.82 0.25 0.10 0.63 

 

Several points are apparent from Table 2. 

There is little difference between the FOS values derived using Hoek-Brown or Mohr-Coulomb sets 

of properties. In both cases these show relatively high FOS values exceeding 2 for all slopes up to 

64 degrees inclination. 

When a directional weakness equivalent to jointing is introduced, the FOS values become very 

strongly controlled by the difference in dip of the joint set compared to the slope angle. If the slope 

is flatter than the joint set, adequately high (typically greater than 1.5) FOS values are possible, 

however once the joint set dips close to parallel (within approximately 5 degrees) to the slope, the 

FOS values become very low and suggest a certainty of some form of failure. 
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This has been observed in the pit voids where bench scale failure with the blast is associated with 

the relatively steep joints (>50 degrees). On a slope scale, a joint set has resulted in a two 

geologically related failures (i.e. two falls in a similar area some 4 years apart). The second failure 

was primarily due to the time dependant deterioration and failure on the highwall coupled with 

seepage from a nearby waste dump, exacerbated by the slightly convex curvature of the highwall 

slope.  

The nature of possible failure is shown in Figures 4, 5 and 6. Plots show strain, velocity and the 

orientation of the joints. 

In Figure 4 the joints dip steeper than the slope, and there is some tendency towards a larger 

rotational failure, although the FOS is adequately high at 1.82. 

In Figure 5 the joints dip parallel to the slope, and there minor sliding and slabbing starts at a low 

FOS of 0.13, starting at the top of the steeper coal face, 

In Figure 6 the joints dip flatter than the slope, and more extensive sliding starts on the joints, with a 

low FOS of 0.17. The model again identifies the area immediately over the coal face as the focus 

and stopped running before an extensive slide occurred along the jointing. 

In conclusion to this section, any slope developed under 50 degrees would most probably be stable, 

but with the addition of adverse jointing, the FOS drops. Experience shows that slopes up to around 

60 degrees will be stable, but bench scale failure can be expected, especially during blasting. 

 

 

Figure 4: Effect of jointing on highwall stability – 50 degree slope angle and 60 degree steeper 

dipping joints. FOS is 1.82. 
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Figure 5: Effect of jointing on highwall stability – 54 degree slope angle and 55 degree parallel 

dipping joints. FOS is 0.13. 

 

 

 

Figure 6: Effect of jointing on highwall stability – 64 degree slope angle and 50 degree steeper 

dipping joints. FOS is 0.17. 
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3.2 Stability of Highwall as a function of pit depth 
This section includes new work and information performed since the previous draft report was 

released in May 2018.  

In addition to the initial model runs, which considered a final pit depth of 200m, further runs have 

been conducted which examine the high wall stability at depths of 120m and 170m. In all cases the 

high wall has been modelled with an inclination of approximating current conditions of 54 degrees. 

The models represent the case where the groundwater table is drawn down by mining and the 

slope itself is effectively dry. 

The models have been run with (1) a simple Mohr-Coulomb failure criterion to represent the overall 

strength of the rock mass and (2) with a weaker set of ubiquitous joints to represent the possibility 

of joints being present dipping out of the highwall. The ubiquitous joints have been modelled for 

three inclination cases: 50, 55 and 60 degrees dip. 

Rock mass properties are as applied in the initial models, and where jointing is represented as 

ubiquitous joints, giving a directional weakness the joint cohesion is taken as 10 kPa and joint 

friction angle is 27 degrees.   

Plots showing the failure condition and FOS value for the 120m and 170m depth cases for each rock 

mass property case are shown in Figures 7 to 10. 

A summary of Factor of Safety (FOS) values is listed in Table 3 for the three depths 120m, 170m and 

200m and different rock mass condition cases. 

Broadly, the shallower pit cases show similar behaviour to those at 200m depth, with improved FOS 

values, particularly for the cases where joints dip steeper than the pit slope. This was to be 

expected; a shallower depth leads to lower field stresses and generally increased levels of stability. 

In the case of 60 degree joints on 120m and 170m slopes it could be argued that the model 

represents induced toppling on the joints towards the base of the slope followed by shear down 

the slope. But the FOS values are high and hence any form of failure seems unlikely for joints that 

are steeper than the slope angle. (The plots indicate toppling and should not be confused with 

potential rock bursts) 

Table 3: High Wall  Factors of Safety (FOS) against failure – both without and with jointing 

present. A FOS equal of greater than 1.6 is generally taken as stable. 

Final pit depth FOS for uniform 
Mohr-Coulomb 

material 

FOS values for various joint inclination case  
(Mostly these joints are absent in the face) 

Joint dip 50 
degrees 

Joint dip 55 
degrees 

Joint dip 60 
degrees 

120 m 3.77 1.09 1.71 1.93 

170 m 2.73 0.72 1.26 1.33 

200 m 2.48 0.12 0.13 0.25 
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Figure 7: Mohr-Coulomb material behaviour for 120m and 170m highwall cases 
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Figure 8: Jointing with 50 degree dip for 120m and 170m highwall cases 
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Figure 9: Jointing with 55 degree dip for 120m and 170m highwall cases 
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Figure 10: Jointing with 60 degree dip for 120m and 170m highwall cases 
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3.3 Stability of Low wall and effect of flooding the adjacent pit 

The low wall comprises well bedded siltstone/shale, where the key discontinuity is bedding dipping 

parallel to the low wall surface, which itself dips at 25 degrees on average. 

Models have been run for a worst case 200m deep pit with Hoek-Brown, Mohr-Coulomb and 

ubiquitously jointed rock mass parameters, where the latter only represents bedding dipping at 25 

degrees. 

Three ground water cases have been examined: firstly dry, secondly with an expected normal ground 

water draw down, and lastly with the low wall strata saturated up to surface as a result of flooding 

the adjacent pit on the low wall side. 

Table 4 compares the Factor of Safety (FOS) values for the various rock mass and ground water 

cases. Example model plots are shown in Figures 11 and 12. 

The following points can be noted. 

• Under dry conditions at 200m pit depth the slope is adequately stable with a minimum FOS 

of 1.64, even when weak bedding is accounted for. 

• If water is added the slope starts to become less stable, if bedding is weak, in which case a 

massive slide along bedding in the shale would be the mostly likely failure mechanism, but 

the FOS remains relatively high at 1.61 and hence actual failure remains unlikely for this 

FOS.  

• If the adjacent pit is flooded and the water table rises to close to surface near the top of the 

slope, and the slope is saturated, if bedding is present the FOS falls to 0.7 and slope failure 

is definitely indicated. The most likely mechanism appears to be uplift and buckling of beds 

part-way up the sidewall in response to water pore pressure. It would appear essential to 

ensure the slope is drained if an adjacent pit is flooded. 

• The possibility of buckling therefore cannot be discounted, even though experience to date 

has failed to observe this affect in lesser depth pits. If the surface should buckle, the result 

would likely to be low, due to the low angle of the slope. It would encourage any overlying 

backfill to slide into the void. 

• Daylighting the bedding in the slope, for example by keying into the low wall for access 

purposes, has in nearly every case resulted in the overlying low wall shale beds to fail and 

slide into the void. 
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Table 4: Effect of rock mass characteristics and groundwater on low wall factors of safety 

against failure. A FOS equal of greater than 1.6 is generally taken as stable. 

 Minimum Factor of Safety Against Failure 

Rock mass 

property model 

Dry low wall  Expected normal 

groundwater drawdown 

Elevated water table due 

to flooding adjacent pit 

Hoek-Brown  4.07 3.90 3.02 

Mohr-Coulomb 3.90 3.90 2.95 

Bedding dip 

ubiquitous joints 

1.64 1.61 0.7 

 

 

 

Figure 11: Lowwall stability for ubiquitously bedded material – normal expected groundwater 

draw-down condition. High FOS of 1.61 
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Figure 12: Lowwall stability for ubiquitously bedded material – adjacent pit flooded and 

groundwater table is raised to saturate the low wall strata. Very low FOS of 0.7 indicates 

failure. 

 

3.4 Low wall stability at differing depths 
This section includes new work and information performed since the previous draft report was 

released in May 2018. 

In addition to the initial model runs, which considered a final pit depth of 200m, further runs have 

been conducted which examine the Low wall stability at depths of 120m and 170m. In all cases the 

Low wall has been modelled with an inclination of approximately 25 degrees. 

Two groundwater cases have been considered for the Low wall – dry and saturated. 

The models have included a ubiquitous joint set in the Low wall strata to represent bedding in the 

shale and siltstone, where (as in the previous models) bedding cohesion is taken as 10 kPa and 

bedding friction angle is 27 degrees.  To test the effect of this assumption, the saturated Low wall 

models have also been run with variations in bedding cohesion of zero, 10 kPa, 50 kPa and 100 kPa. 

Plots showing the failure mechanism for the dry and saturated cases with bedding cohesion of 10 

kPa are shown in Figures 13 and 14. Higher bedding cohesion values were not run for the dry slope 

condition, as adequate FOS values were achieved with the lower values. 

A summary of Factor of Safety (FOS) values is listed in Tables 5 and 6 for dry and saturated slope 

conditions. Several points can be noted: 

• In a dry slope, FOS values against failure are adequately high at all pit depths, even with low 

bedding cohesion values. Bedding friction angle would need to fall below 25 degrees for 

FOS values to significantly fall, which is not thought likely.  

• With a bedding cohesion of only 10 kPa in a saturated slope, pore water pressure is sufficient 

to cause Low wall bedding to heave with a low FOS of 0.7 at 200m depth (as noted and 

discussed in the previous section). This mechanism does not occur at 170m pit depth, where 

the preferred failure mechanism is sliding on bedding with a notably higher FOS of 1.26, 
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increasing further to 1.55 at 120m depth. It would appear that pits trending towards 200m 

depth may be within a critical depth range for failure driven by pore water pressure, if bedding 

cohesion is of the order of 10 kPa. 

• If modelled bedding cohesion is reduced to zero (which is an unlikely worst-case condition) 

then the water pressure driven failure mechanism is seen at 170m depth with an inadequate 

FOS of 1.19. For zero cohesion there is a return to a sliding mechanism at 200m depth, with 

a slightly increased (though still inadequate) FOS of 0.84, compared to the 10 kPa case. 

• At bedding cohesion values of 50 and 100 kPa the FOS against failure increases to 

acceptable levels in saturated conditions.  

• Based on the absence of any failure in older pit slopes it would appear most likely that 

bedding has a cohesion of from 10 kPa to 50 kPa.  

 

Table 5: Low wall  Factors of Safety (FOS) against failure – dry slope conditions 

Final pit depth FOS values for various bedding cohesion values 

Cohesion zero Cohesion  10 
kPa 

Cohesion  50 
kPa 

Cohesion 100 
kPa 

120 m 1.95 2.01 - - 

170 m 1.65 1.71 - - 

200 m 1.58 1.64 - - 

 

 

Table 6: Low wall  Factors of Safety (FOS) against failure – saturated slope conditions 

Final pit depth FOS values for various bedding cohesion values 

Cohesion zero Cohesion  10 
kPa 

Cohesion  50 
kPa 

Cohesion 100 
kPa 

120 m 1.49 1.55 1.76 2.01 

170 m 1.19 1.26 1.50 1.72 

200 m 0.84 0.70 1.44 1.63 

 

 

In summary these results suggests that for dry conditions, the estimate of a probable 10 KPa 

cohesion results in a stable slope (FOS >1.6). However for saturated conditions, the situation is more 

complex. A zero cohesion provides an inadequate FOS. If the cohesion is a more probable 10 kPa, 

then the current pit floors should be stable, with slide failure occurring if the bedding is daylighted. 

The low wall may exhibit distress at 170m, with slight buckling along the lower beds. At 200m, severe 

buckling can be expected. 

However, for higher cohesion, e.g. 50 kPa and especially for 100 kPa, then the slope will remain 

stable, even at depth, under saturated conditions. 

The actual cohesion present is unknown but is likely to be well above the 10 kPa threshold. To date, 

no buckling has been observed and sliding only occurs after a time period when the shale bedding 

has been keyed into for haul roads, daylighting the bedding planes.  
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Slaking is not thought to be a major issue as long periods of exposure in the pit do not appear to lead 

to a visible deterioration on the low wall condition. But with repeated inundations, it is probable that 

over time, the cohesion will drop from its current value – probably from 50 kPa towards the 10 kPa 

value. 

Based on these models and comments, the low wall for the current pit depths of 120m is 

stable and can be reasonably expected to remain stable, even if the voids are used for water 

storage and retrieval. However, at 170m depth some distress in the slope can be expected 

over time, probably in the form of sliding if adverse jointing is present (not usually observed 

in practice) or if any of the beds are daylighted. 

 

3.5 Stability of a flooded pit 

Complete flooding of a 200m deep pit results in high pore water pressures in the submerged slopes. 

This results in both highwall and low wall surfaces showing lower FOS values and likely failure when 

the presence of joints or bedding is considered in each case. Some failure of the submerged walls 

would be expected. 

The weak shale low wall would be particularly susceptible to a slide or creep style of failure and while 

this may not be catastrophic, it would suggest that any ramp access to the mid to lower sections of 

the pit void will not be maintained. This would especially be the case for repeated flooding cycles, 

where upper slopes would be permitted to dry between periods of submersion. 
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Figure 13: Dry slope failure 
FOS cases with Cohesion of 
10 kPa 



 

 

 

 

 

Assessment of pit wall stability, Somkhele Colliery 

 

 

 

 

FLAC/SLOPE (Version 7.00)

LEGEND

   25-May-18  13:28

Factor of Safety  1.55

Shear Strain Rate Contours

        2.50E-06

        5.00E-06

        7.50E-06

        1.00E-05

        1.25E-05

Contour interval=  2.50E-06

(zero contour omitted)

Velocity vectors

max vector =    2.119E-04

0  5E -4

-6.000

-4.000

-2.000

 0.000

 2.000

(*10^2)

-5.000 -3.000 -1.000  1.000  3.000

(*10^2)

JOB TITLE : .

FLAC/SLOPE (Version 7.00)

LEGEND

   25-May-18  13:29

Factor of Safety  1.26

Shear Strain Rate Contours

        5.00E-06

        1.00E-05

        1.50E-05

        2.00E-05

        2.50E-05

        3.00E-05

Contour interval=  5.00E-06

(zero contour omitted)

Velocity vectors

max vector =    8.506E-04

0  2E -3

-6.000

-4.000

-2.000

 0.000

 2.000

(*10^2)

-5.000 -3.000 -1.000  1.000  3.000

(*10^2)

JOB TITLE : .

FLAC/SLOPE (Version 7.00)

LEGEND

   25-May-18  13:29

Factor of Safety  0.70

Shear Strain Rate Contours

        2.50E-05

        5.00E-05

        7.50E-05

        1.00E-04

        1.25E-04

        1.50E-04

        1.75E-04

        2.00E-04

Contour interval=  2.50E-05

(zero contour omitted)

Velocity vectors

max vector =    3.705E-03

0  1E -2
-6.000

-4.000

-2.000

 0.000

 2.000

(*10^2)

-5.000 -3.000 -1.000  1.000  3.000

(*10^2)

JOB TITLE : .

Saturated slope, 120m 

depth, Cohesion 10 kPa 

Saturated slope, 170m 

depth, Cohesion 10 kPa 

Saturated slope, 200m 

depth, Cohesion 10 kPa 

Figure 14: Saturated slope 
failure FOS cases with 
Cohesion of 10 kPa 
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4 CONCLUSIONS 

The modelling of various simple 120m, 170m and 200m deep pit geometries, with various simple 

modifications to rock mass properties, pit slope angles and ground water conditions provides some 

useful conclusions concerning pit slope stability: 

 

Highwall stability 

If structure is neglected and standard rock mass properties are applied based on rock strengths and 

rock mass ratings, then steep stable highwall slopes to 200m depth are feasible with factor of safety 

(FOS) exceeding 2, even with a high ground water table close to the highwall. 

If geological structure (jointing) dipping in the same direction as the highwall is accounted for, the 

models indicate that conditions may arise where FOS values are very low, and definitely indicative 

of possible instability. If joints dip steeper than the overall slope angle then stable FOS values of 1.8 

appear likely. If joints dip parallel with the slope than FOS values less than 1 suggest slabbing is 

likely, and if the joints dip shallower than the slope angle, then FOS values may fall to around 0.1 

indicating that major slippage along joints in the highwall may occur. 

This also leads to the similar conclusion that when the jointing strikes obliquely to the face (>25 

degrees) then the negative effect of the joints is eliminated and the situation essentially becomes an 

intact rock mass with only the bedding planes affecting stability. 

This concurs with the conclusion offered previously by Keyter – when a joint or joint set lies (strikes) 

parallel or sub-parallel to the highwall slope, then a shallow, joint bounded failure effecting a bench 

or multiple benches becomes kinematically possible. However, deep seated massive failures are 

mostly unlikely.  

The condition where jointing dipping from the face may affect highwall stability is rare in practice. 

Only a single instance of highwall failure caused by the presence of a joint dipping steeply out of the 

face has been observed in practise, resulting in two failures after some 12 years of mining. Some pit 

voids that are up to a decade old are still very stable and this suggests that the current stable 

conditions can also be expected to persist in the future. However there will always remain a risk that 

time dependant deterioration could give rise to a multi bench failure, if there are joint structures 

concealed in the slope. 

In summary, the models suggest that the highwall slopes are stable to a depth of around 120m 

under most conditions, with some distress possible at depth of around 170m, if the jointing 

(and especially the cohesion on joint surfaces) is adverse. At 200m, the possibility of some 

failure if either the jointing or cohesion is adverse cannot be ignored and therefore deepening 

any of the pits below 170m should only be countenanced after careful deliberation of the 

actual conditions expected at that depth. 

On a bench scale, crest and bench failure is relatively common and can be expected to continue into 

the future. No access should be contemplated over the highwall.  

Failures would range from small scale joint bounded failures from bench faces that could occur with 

little warning and could conceivably reach the void base. The larger slope scale failure would be 

slower and may compromise future access to the void base. If access is maintained at an elevation 
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above the void base, say 30m, then any highwall failure would result in loss of void volume and not 

necessarily compromise safety. This suggests that any access should be on the sidewall/low wall 

and make use of fill material to construct a road over the low wall without breaking into bedding. This 

is the most common access method used in the current voids. Some maintenance, repair, or 

replacement of access roads should be factored into the long-term plans. 

 

Low wall stability 

The bedded shale low wall shows adequately high FOS values of over 1.6 under dry or normal 

groundwater drawdown conditions. However, if the water table daylights up the low wall slope, or the 

low wall becomes completely saturated (as might occur if the adjacent pit was flooded) then the factor 

of safety against failure at depths below 170m falls to a very low value of 0.7 and slope failure would 

be expected with bedding lifting and buckling in response to pore water pressure. 

This would probably affect inter-void access, but not necessarily affect the larger scale slope stability 

other than as a surface effect. Backfill would probably mask, alleviate or prevent the buckling. Since 

fill has been placed or will be placed, at depth in most voids, significant low wall failure is not a major 

concern. 

 

Stability of a completely flooded pit 

Complete flooding of a 200m deep pit results in high pore water pressures in the submerged slopes, 

with lesser pressures present in the 170m deep voids and a more benign pressure in a 120m deep 

pit.  

Pore pressure due to deep flooding would result in both highwall and low wall surfaces showing low 

FOS values and likely failure when the presence of joints or bedding is considered in each case. 

Some failure of the submerged walls would be expected. However, backfill will counteract much of 

this risk. The failure would mostly result in loss of void volume and not necessarily affect safety as 

any low wall failure would be a low energy event and only access to pumps etc might be affected. 

 

Final comments 

In conclusion, major failure of the highwall is not expected, but cannot be completely discounted. 

Experience shows that failure is possible, but very rare. During flooding and especially during repeat 

flooding / drying cycles, movement along joints can be expected and any backfill within the affected 

area could deteriorate and slide towards the void. This will impact on any access into the voids. 

Only when Somkhele intersects a joint (set) that is planar, smooth and wet which daylights and is left 

to deteriorate has a major slide occurred to date. The other large highwall failure was a wedge 

bounded by a fault and dyke and should be mitigated in any design by corrective action. Control of 

these types of failures is addressed by the fact much of the void has been backfilled, however 

awareness of movement that needs to be addressed is currently only identifiable via the visual 

monitoring system in place. This possible inadequacy highlights the need for the proposed rock radar 

to confirm long term stability of open voids. 
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The low wall is essentially stable, but experience shows that keying into it will daylight the bedding, 

resulting in sliding failure. Backfill aids void stability on the Low wall side, but stability will deteriorate 

in time, especially with repeated wetting and may lead to sliding failure towards the void. The 

numerical models indicate that low wall failure in the form of buckling is possible, particularly in 

response to pore pressure, but this will affect road access more than personnel safety. This type of 

failure has not been observed to date. 

Based on the above assessment, the design currently employed of mining against the coal contact 

to produce a low wall and a highwall overall slope angle of under 60 degrees is reasonable and 

acceptable. 

For the water project, major problems with the highwall are possible, but not considered likely. 

However, no access should be allowed onto any of the highwall benches as rolling rock will be a 

constant threat. Dumping backfill to form a more stable scree slope would mitigate against this threat, 

but this will impact on the available void space.  

Access over the low wall should be relatively easy to provide, using fill to build-up a road, rather than 

cutting into the bedding. This is the current method and works well. However, this will require 

maintenance or even complete re-construction especially during drying portions of the cycle.  

Experience shows that low wall slides of backfill are a threat, so prior to handover, any backfill would 

have to be shaped from the pit floor upwards (re-handled) to key in to reduce or eliminate this threat. 

This will increase stability and reduce future problems, but reduce the void available for water 

storage. 
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