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ABSTRACT 
 

This paper presents a case study where economics dictated an aggressive slope angle 
and where an appropriate slope management programme allowed successful completion 
of mining to 190m below surface.  The Navachab Gold Mine is located in Namibia and 
is one of the few gold mines in that country.  Mining by open pit methods commenced 
in 1990 with economics dictating an aggressive slope design to minimise waste 
stripping and make the mine viable. With steep slope angles in the design, and a steeply 
dipping footwall geology, it was necessary to introduce a comprehensive slope 
management programme. This required good mining practice in limit blast techniques 
with pre-splits and trims, and good housekeeping to effect a safe and economical 
operation. The slope management programme in addition required in pit mapping and 
logging procedures, regular survey monitoring evolving to a robotic Geomos system, as 
well as slope instrumentation to monitor stability. Two relatively large scale failures 
occurred at the mine, the second of which impacted on the east wall access ramp, while 
the first was confined to an operating stack. The paper describes the design and slope 
management techniques developed for the east wall. 
 
1 INTRODUCTION  
 
SRK Consulting (SRK) has been involved with Navachab Gold Mine since its 
inception, primarily with the responsibility of pit slope design. During the initial 
feasibility studies, it was apparent that aggressive slope angles would be required to 
make the mine economically viable. With this in mind, a risk-based design philosophy 
was adopted by the management team. This entailed the development of a slope 
management programme in the light of the higher than normal risk profile, and the 
appointment of personnel dedicated to the execution of the programme. To this end, a 
mine geotechnical geologist has been seconded by SRK, with regular visits by senior 
SRK personnel to advise and monitor the programme. 
 
This paper focuses on the design of the current pit (Cut 2 East – Figure 1), its failure 
history, and the monitoring methods employed to manage the risks.  Two fairly large 
failures (more than 110 000 tonnes) occurred during mining of this cut, necessitating 
remedial measures and mitigation strategies which included the requirement for an 
additional ramp, catch fences and sophisticated instrumentation and monitoring.   
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Navachab Gold Mine is located approximately 150km east of Swakopmund in Namibia 
near the town of Karibib on the Trans Kalahari Highway. The mine opened in 1990, 
and has produced gold from a disseminated orebody yielding 1.8 g/tonne. With an 
original life of mine (LoM) to 2003, the LoM has, through an eastern pushback 
programme, been extended to 2011, giving a total LoM of 20 years. Cut 2 (Figure 1) 
has recently been completed to a depth of 190 m, and the eastern pushback, which will 
take the mine to approximately 230 m below surface in 2011, has to date been mined to 
25m below surface. The early mining operation was carried out by a contractor, and has 
been owner-operated since mid 2004.  
 

 
Figure 1: Navachab open pit in October 2005, looking towards the south east 
 
2 GENERAL GEOLOGY 
 
The Mine is located in the Southern Central Zone of the Pan-African Damara Orogen, 
on the NNE-trending, western limb of the Karibib Dome.  The disseminated gold 
deposits are located in quartz veins that formed during folding and fold amplification of 
the Karibib Dome (Kirsters, 2005).  The pit is elongated along the NNE strike of the 
orebody, with the long axis aligned subparallel, at an angle of approximately 30o, to the 
strike of the strata. The strata dip WNW at an average angle of 70o, intersecting the pit 
in cross section as illustrated in Figure 2. The Spes Bona Formation, an interbedded 
sequence of biotite schists and para-amphibolites, forms the footwall, and is overlain by 
a 35m thick calc-silicate and marble unit, followed by a 5m thick amphibolite marker 

2001 east wall planar  failure scarp 
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unit, a 50m thick marble unit, and a 35m thick dolomitic marble unit, all of which make 
up the Okawayo Formation, which hosts the main orebody. The Oberwasser Formation 
hangingwall comprises a sequence of siliciclastic and metamorphosed volcaniclastic 
rocks.   

 

 

Figure 2: Geological cross section 
 
The east slope under consideration in this text, extends through the footwall lower 
schist which dips out of the slope at 70o. The bedding shallows intermittently, to 
daylight locally at dip angles of less than 50o. The stability of the east slope is 
structurally further determined by shear zones striking sub-parallel to bedding, by NW-
SE striking, pegmatite-bearing tension fractures, and four flatter dipping joint sets, two 
of which dip obliquely out of the slope.  
 
3 SLOPE DESIGN  
 
Slope design is the central issue in the geotechnical treatment of the Navachab open pit. 
Indeed, the Slope Management Programme (SMP) was intended to support the design 
process in terms of improving certainty in the geological conditions, and facilitating 
optimisation of the design.  
 
The design objective has clearly been to satisfy the requirement for an aggressive slope 
angle. Given this challenge, the first phase geotechnical investigation, by design, did 
not provide sufficiently reliable information for a final slope design. The early approach 
has instead been to confirm the preliminary design parameters from mapping data and 
observations in the initial cut. A simple geotechnical model that provided for ubiquitous 
joints was developed to steer the data collection process. 
 
This interactive process, which allowed consideration of any deviation from assumed 
design parameters, was employed throughout the mining history of the pit, and forms 
part of the SMP. 
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3.1 Design Parameters 
 
Validation of design parameters was based on the results of geotechnical mapping on 
newly exposed faces, and geotechnical logging and laboratory testing for the various 
drilling campaigns carried out for the successive cuts at the mine.  The laboratory test 
programme has focussed on intact rock strengths as well as on the strength of joints and 
bedding planes that represent the planes of weakness in the east wall. The current shear 
strength parameters for the weak bedding planes used in the east slope analyses are 
40kPa for cohesion, and 35º for friction angle.  
 
3.2 Analyses 
 
Numerous analyses have been carried out on the east wall slopes utilising kinematic, 
limit equilibrium and numerical models. Analyses have shown that while structurally 
controlled wedge failures were possible on the east wall, the likelihood of occurrence of 
these failures was small, owing to the combination of the shear strength parameters and 
the low angles of intersection of the joint planes.  
 
Furthermore, planar failures on bedding were also identified as a risk with a probability 
of failure of 13% identified for 50m high stacks, at an angle of 63º. This was considered 
to be acceptable in terms of the consequences of failure on the east wall below the 
ramp. 
 
• Kinematic Analyses 
 

Kinematic analyses on the east wall did indicate that planar failure along bedding 
parallel shears on stacks in the unweathered lower schist was likely.  These 
failures would be bounded by the pegmatite veins and east west striking joint 
planes cutting at right angles across the face.  The analyses also indicated that 
there was potential for stack scale planar failure on bedding parallel shears and 
bedding planes. 
 
The occurrence of kinematically possible two to three bench scale wedge failures 
were identified with flat dipping joint sets J1 and J5 (50/280 and 30/240) giving an 
adverse intersection angle out of the face.  However, with the shear strength 
parameters determined for these discontinuities, failure of these wedges was 
considered unlikely. 
 

• Limit Equilibrium Analyses 
 
Two dimensional limit equilibrium analyses were used in the early stages of 
design with the XSTABL and SLIDE software utilised.  The analyses have been 
based on strength parameters that have evolved from both laboratory testing and 
back-analyses of smaller bench scale failures which are more common.  Design 
parameters for the lower schist in the east wall have not changed significantly. 
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Limit equilibrium analyses were also carried out on the lower schist to assess the 
respective probabilities of failure for stacks and the overall slope, with the results 
indicating probabilities of failure of 13% for 50m stacks sloping at 63o, and less 
than 5% for the overall slope. 

 
• Numerical Analyses 

 
A series of footwall slope angles was modelled using the FLAC code to assess the 
sensitivity of slope angles to the various parameters.  A ubiquitous joint model 
including the weak bedding direction was incorporated in the model.  Yield may 
occur in the solid and or along the weak planes depending on the properties of the 
solid and the bedding planes, the state of stress and the angle of dip of the 
bedding planes. 
 
In order to ensure realistic modelling of the slope, the model parameters were 
calibrated with survey monitoring data from selected survey targets in the pit. 
With the stability being dependent on the position of the phreatic surface, the 
insitu stress regime, and material anisotropy, the following approach was adopted 
for the calibration: 
 
- The effect of changes in the above-mentioned parameters was determined by 

varying every parameter in turn, and studying their effect on the behaviour of 
the model. 

 
- Updated parameters were then revised iteratively until a good correlation was 

obtained between model displacements and actual pit displacements. 
 

For the slope angles selected, the model did indicate shallow seated stack 
instability over a 50m height in the lower levels of the pit, but did not show signs 
of deep-seated rock mass failure. Where the model provided for dewatering of the 
slope through 50m deep toe drains effecting a reduction of the phreatic surface, 
stability improved. 

 
By incorporating major structures, the model predicted a failure pattern similar to 
the 2001 failure (see Section 4.2) in the centre of the east slope. 

 
4 HISTORY OF INSTABILITY 
 
The failures that occurred on the east wall of the pit have been controlled by major 
structures, specifically involving wedges defined by the intersection of continuous 
joints, and planar failure on the bedding planes in the lower schist. The two largest of 
these failures are described below. 
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4.1 The 1997 Central Footwall Failure 
 
In December 1997 the central portion of the footwall failed while the Cut 2 push back 
was being effected. The failure is illustrated in Figure 3. 
Mining to the 1050m level had been successfully completed in 1995 with a 60m high 
slope, angled at 63º. During mining, sets of continuous, intersecting joints capable of 
forming wedges, had been identified. Both kinematic and wedge analyses, the latter  
using shear strength values from laboratory testing and back-analyses of bench scale 
failures, suggested that stability of the slope would be sustained. 
 
With the operating bench at the 1090m level, a failure of the bench above the 40 m high 
slope occurred in two stages following a production blast on the 1090 m level. The 
failure involved some 120 000 tonnes of material and was bounded by two discrete 
joint planes. No damage was caused to equipment or personnel. 
 

      
 
Figure 3: The 1997 east slope wedge failure shown schematically at left 
 
On assessing the failure of the slope which had been in place for over 3 years prior to 
the mining of the push back, it is considered that both blasting and changes in the insitu 
stress state resulted in a reduction of the shear strength on the critical joint planes. It is 
inferred that, prior to mining, the rock mass had been in a state of equilibrium, but had 
undergone a modicum of strength deterioration with development of the slope, leading 
to a state of over-stress and weakening of the rock mass. 
 
Following clean up of the failure, an array of wire extensometers was installed to 
monitor stability on the operating bench. Despite the presence of similar structures in 
the Cut 2 footwall, no further wedge failures occurred. 
 
4.2 The 2001 Central Footwall Failure 

In March 2001, pit bottom in the Cut 2 pit was at the 1030 m level, with the east slope 
incorporating a ramp (at 1100m level in the centre of the slope), and a 15m berm at the 
1050m level. The 50m stack between the ramp and the berm was angled at 63º, with the 
strongly bedded lower schist striking sub-parallel to the wall and dipping at angles of 
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between 50º and 70º to the west. A shear zone striking obliquely through the wall 
effected flattening of the bedding dip angles to between 40º and 50º. 
 
An early precursor of the 2001 failure occurred towards the end of 1999 in the central 
footwall area between the ramp and the 1050 m level. The strike length of the failure 
was some 50m with a height of approximately 30m, and failure thickness 
approximately 5m. This initial dislocation did not impinge on the ramp, but occasioned 
the installation of additional survey targets of which some of the displacement graphs 
are represented on Figure 4. 
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Figure 4: Displacement rates prior to the 2001 failure  
 
One year later, increasing displacement rates (see Figure 4) suggested possible 
instability in the same area, which culminated in the March 2001, 110 000 tonne failure.  
The failure undercut the east ramp, restricting access to the pit via the west wall ramp 
(see photograph of failure scarp in Figure 5).  
 
Survey records were used successfully to predict the time of failure as well as the likely 
mechanism. A discussion of the displacement data in Figure 4, along with other 
displacement trends in the survey data, is presented in Section 5.2.2.  
 
The locality of the failure profile is indicated on Figure 6. Much of the failed material 
amounting to a total tonnage of approximately 110 000 tonnes, was contained on the 
1050 m berm, with the balance spilling into the bottom of the pit. 
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Figure 5: The 2001 central footwall planar failure. 
 
Actions taken to address this incident included: 
 

• Clean up of the failed material, 
• Installation of wire extensometers and additional survey targets, 
• Establishment of an auxiliary ramp from the northern end of the pit to link in 

with the hanging wall access system, and  
• The construction of a catch fence on the 1050 m berm, with sand trap, to prevent 

spalling from the failure scarp reporting to operations in the base of the pit. 
 
5 SLOPE MANAGEMENT PROGRAMME 
 
The success of a slope management programme (SMP) depends on the co-operation 
between the mine management and the geotechnical team, with both parties dedicated 
to the objectives of the SMP, namely: 
 

• To ensure timeous warning of potential slope instability, the primary aim of 
which is to prevent loss of life,    

• To allow on-going data collection on actual excavation and stability conditions, 
• To ensure regular data analysis for confirmation and/or correction of design 

parameters and assumptions. Meeting this objective furthermore facilitates the 
use of past experience to anticipate future slope behaviour.  

• To facilitate access to slope stability expertise. 
 
A comprehensive slope monitoring programme is a pre-requisite for achieving the 
above objectives. The elements of the Navachab programme are described below, with 
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illustrations of the most notable results, all of which have been incorporated in the on-
going assessment of slope stability. 
 

 

Figure 6: East slope section showing different elements of the SMP  
 
As mentioned in Section 3, on-going collection of geotechnical mapping and logging 
data, and laboratory strength data, form an integral part of the SMP, and discussion of 
these activities is not duplicated in this section.   
 
5.1 Precautionary Measures 
 
Precautionary measures employed at the mine include appropriate slope design, pit limit 
blasting, pit dewatering, an emphasis on housekeeping, use of a hazard plan, and 
evacuation procedures. Adherence to and success of these measures are confirmed 
through monitoring as follows:  
 

• Surveying of the actual excavation profile, 
• Recording the extent of damage, by blasting, to the rock mass behind the mine 

design line. 
• Measurement of piezometric water levels in boreholes, and seepage flows from 

toe drains and the face, and 
• Inspection of blast faces and crests in time to allow removal of loose material 

and hang ups.  
• Periodic installation of bolt support as required. 
 

A hazard plan, backed up by an evacuation plan in the event of instability, is compiled 
monthly based on observations, and communicated to the appropriate parties. 
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5.2 Monitoring 
 
The application of slope monitoring relies on the assumption that measurement and 
observation provide early warning of instability. The validity of the assumption lies in 
the well documented and proven cases of major failures where the development of 
instability can retrospectively be traced in precision survey data and visible signs of 
deterioration. In fact, in most recent cases, with the benefit of the documented 
experience, this information has ensured timeous evacuation. The 2001 failure at 
Navachab is a case in point.  
 
The benefit inherent in monitoring is improved understanding of slope dynamics, 
providing a tool for the assessment of stability over time. Survey monitoring, including 
Geomos, measures slope expressions of movement behind the face, and has been used 
to good effect on the mine.  
  
5.2.1 Visual Observations and Measurements 
 
These low technology undertakings serve both to confirm adherence to the preventative 
strategies listed in Section 5.1 and as a check on the results of the other more 
sophisticated techniques described in this section. The frequency of walkovers is 
determined by the relative state of stability in different parts of the pit, and walkovers 
are focussed, but not limited to, areas of concern, which would be included on the 
hazard map. Daily walkovers were in fact undertaken in the days before the 2001 
failure to monitor cracks that developed on the old east ramp.   

5.2.2 Survey Monitoring and Geomos 
 
Survey monitoring has been central in the continuing assessment of pit stability, and of 
the stability of the east slope in particular. Some notable results, details on the 
assessment approach and site specific difficulties are related in this section. 
 
Slope movements have been measured on exposed faces in and around the pit since 
1989. Targets were generally installed at 80m centres horizontally, and 20m centres 
vertically, as soon as possible after excavation. Measurements were made using a Total 
Station with an accuracy of 0.5mm for the horizontal component and 1mm for the 
vertical component. Measurements were carried out at monthly intervals across the pit, 
with weekly measurements of slope sections exhibiting displacement rates above those 
which would normally be expected given the mining activity below the slope section.  
 
In this regard, displacement rate guidelines are required for decision-making on 
monitoring intervals and other considerations. The precedent of the 2001 failure 
provided a useful guide for threshold displacement rates (maximum displacement rates 
still representing a quasi stable state). Figure 7 illustrates horizontal displacement rates 
at different stages of mining, super-imposed on a stepped curve showing pit floor 
migration (or the rate of pit deepening).  
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Figure 7:  Comparison between horizontal displacement trends and mining history  

 
The curves in Figure 7 demonstrate the variables and the difficulty in determining 
suitable threshold rates. The comparison between pre- and post 2001 failure 
displacements is summarised in Table 1 in terms of maximum rates and total 
displacements. The requirement to assess stability with reference to current and past 
mining activity, and to adjust threshold rates in keeping with this activity, is clear from 
the data.   
 
 
Table 1:  Comparison between horizontal displacements recorded at the same 

elevation at different stages of mining  
 
Stage of mining Pit 

depth 
Maximum 

horizontal rate 
Duration of 

maximum rate 
Total horizontal 

displacement 
Prior to failure (2001) 100m 0.7mm/day 20 days >110mm 
Final benches (2005) 190m 0.6mm/day 30 days >195mm 

 
The high movement rates that occurred during the final stages of mining, at a time of 
high exposure in pit bottom, necessitated daily reference to guidelines in the assessment 
of slope stability. The guidelines introduced at the time are presented in Table 2 for 
purposes of discussion.  
 
Low vertical displacement rates, coupled with comparatively large fluctuations due to 
accuracy limitations, has limited the usefulness of these data in stability assessment. 
The small but noticeable downward displacement immediately before the 2001 failure 
(see Figure 5 in Section 4.2), has been very difficult to quantify, and the guidelines for 
vertical movement quoted in Table 2 were the best approximation in the circumstances. 
Limitations to the usefulness of these guidelines in practice are explained further with 
reference to the Geomos data of the period presented in Figure 8. 
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Table 2:  Proposed threshold values determined in 2005 

Displacement rate 
(mm/day) 

Threshold rates 
Alert 

condition 
Comment 

downward vertical 0.10mm/day for 3 days red 

downward vertical reaching 0.2mm/day evacuate 

to be assessed with reference to 
horizontal rates 

horizontal 0.5mm/day for ten days orange - 

horizontal 1.0mm/day for 3 days red  - 

horizontal reaching 2.0mm/day evacuate 
if this rate develops from the red 
alert condition  

 
The Geomos system has been effectively deployed since May 2005, allowing real time 
monitoring of east slope movements during mining of the final Cut 2 benches. 
Improved accuracy could be obtained owing to the system’s capability for night time 
readings, thereby eliminating the impediment to accuracy of heat and dust. A problem 
arose in that the fluctuations indicated by subsequent night-time readings were higher 
than the provisional threshold rates quoted in Table 2. In practice, given the low 
threshold rates for this hard rock slope, a reliable assessment of current movement rates 
could only be made on a three day cycle (using a three-day moving average). 
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Figure 8: Comparison between Geomos displacement data and mining activity 
 
 
The data for 2005 in Figure 8 allows specific correlation between displacement trends 
and mining activity. The impact of a 10m blast on 17 December, which represented a 
deviation from the normal 5m deep blasts, is evident in the 5mm of displacement 
recorded at Prism 2 in the day following the blast. This is well above the threshold rates 
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in Table 2, but reference to the possible causes, as well as the swift recovery in the next 
few days, allayed concern. 
In general, unloading at the toe introduces acceleration in displacement, subsequent to 
which a phase of relative quiet is instated. This trend is illustrated by a levelling off in 
the displacement rates at Prisms 2 and 3 prior to the 10m blast, indicating that the 
elastic response to removal of the previous blast block had taken place.  
 
The graphs in Figure 8 also illustrate the lower accuracy of the vertical measurement 
component referred to above in the greater fluctuations expressed by the curve. This has 
been an unfortunate circumstance, as downward movement is the clearest predictor of 
failure, and the low threshold rates that apply in a hard rock slopes for the most part 
deny use of this guideline.  
 
Considering the comparatively high displacement rates, and the limitations of survey 
and Geomos data in the hard rock environment, the radar system was considered for 
Navachab in the final six months of mining of Cut 2. The decision was made to rely on 
the Geomos system, and use the precedent of the 2001 failure to continuously assess the 
need for the hour to hour monitoring that a radar system would allow. With reference to 
data on the development of the 2001 failure, the Geomos system was expected to 
provide sufficient lead time to allow decision-making on, and site establishment time 
for the radar system. In retrospect, the three day averaging required for the Geomos data 
reduced this warning time somewhat. However, given the rate of pit deepening at the 
end of Cut 2, the rates recorded by the Geomos system are low compared with those 
achieved before the 2001 failure, which goes a long way towards validating the 
decision.  
 
5.2.3 Groundwater Monitoring 
 
Despite being a hard rock mine located in a low rainfall environment, groundwater has 
been of concern in terms of slope stability, and a nuisance factor during mining of the 
final Cut 2 benches. 
 
Significant groundwater related problems are the effect of water pressure on the pit 
slopes, water pressures in the discontinuities in the rock mass reducing the effective 
stresses on these discontinuities with the consequent reduction in shear strength. These 
problems are exacerbated where features such as bedding and foliation or cleavage are 
adversely orientated. 
 
Slope dewatering is achieved by means of one dewatering borehole pumping between 
7m3/hour and 10m3/hour, and an array of 50m and 70m long drainage holes angled at 5o 
from the horizontal. Slope drainage by weepholes became necessary at a pit depth of 
70m, original groundwater level having been 50m below surface in this area. 
Monitoring of piezometric levels confirmed that the piezometric surface has been kept 
at least 20m back from the slope face, down to 30m above the slope toe.  
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In the past three years, piezometric levels behind the east slope have risen by between 
1m and 20m due to an increase in rainfall from an average of 200mm/year in the first 
14 years, to an average of over 300mm/year in the last three years. The influence that 
this phenomenon may have had on recent recorded slope movements is being 
investigated. 
 
5.3.4 Early warning system (EWS) 
 
The EWS is a valuable aid in monitoring features that are acknowledged precursors of 
failures. As larger rockfalls and failures daylight on slope crests/flats, and are almost 
invariably accompanied and preceded by cracks on these flats, extensometers were 
installed across observed cracks and equipped with early warning devices. Although 
walkovers are carried out in the areas monitored in this manner, the cracks are in turn 
eroded and filled in, making visual judgement on the condition of the cracks difficult. 
As the extensometers had been monitored manually in the past, the requirement for both 
pre and post blast monitoring is now also more easily managed with the telemetry 
system in place.   
 
The extensometers are set to sound an alarm outside the pit and an appropriate device in 
the pit, such as a smoke bomb by day and red flashing light by night. In February 2006, 
one of these extensometers set off the alarm an hour before failure, allowing timeous 
evacuation of the pit in the hazard area before the dislocation of a 300m3 volume of 
rock. 
 
5.3.5 Micro-seismic monitoring 
 
Despite some correlations identified at the mine, micro seismic measurement in slope 
management has been limited to use as an objective measure of (immediate) slope 
response to current mining activity. Capability on the mine consists of a double row of 
seismic stations, with estimated 10m accuracy of event locations. 
 
The reported correlations include inferred surface movements that were demonstrated to 
have predicted subsequent increased displacements recorded at survey targets. Another 
correlation is a single seismic event that occurred immediately behind the east slope, 
followed within days by a rockfall in that locality. With the assessment of seismic data 
in general, these correlations have been accepted, but the absence, or a low frequency of 
seismic events, has not been assumed to suggest stability. 
 
As this application is relatively new in open pit mining, the mine and its geotechnical 
team are continuing research for possible correlations that may be useful to monitoring 
and modelling. The spatial distribution of seismic event locations has for instance been 
analysed with reference to known geological structures, which returned potentially 
useful results. This and other recent lines of investigation have not reached reporting 
stage, and will be presented at a later opportunity.  
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5.4 Mitigation Strategies 
 
The principle of mitigation is to contain the consequences of an event, the application 
of mitigation strategies therefore being in limiting the impact of unforeseen events.  The 
catch fence below the 2001 failure scarp is a notable strategy that has proven very 
effective in containing fallen rock on the 1050m bench. Other mitigation measures 
employed at the mine include catch berms below, and restricted access to areas exposed 
to potential failures or rock falls. An additional ramp was also excavated after the 2001 
failure to ensure pit access in the event of another ramp failure. 
 
6 CONCLUSIONS  
 
The many variables that have to be contended with in the normal 20 year life of mine 
cycle require optimisation at intervals that are dictated by change. This reality logically 
requires at least periodical reassessment of the geotechnical model, which is aided in 
large measure by a slope management programme, such as the programme described in 
this paper. 
 
There is a reluctance on many mines to apply the resources required to achieve a similar 
confidence in the geotechnical model to that in the resource model. The short term 
profit principle does not appear to be compatible with channelling resources into slope 
design to the required levels - at least not for non-marginal mines. However, the 
solution to the problem is contained in the following judgement: if geotechnical 
confidence can be shown to increase the profitability of any mine, the resources applied 
to this issue will be considered well spent. The case of Navachab Gold Mine described 
in this paper illustrates how appropriate commitment to the geotechnical problem 
allowed the successful mitigation of considerable risks, and contributed to a profitable 
life of mine.  Ultimately, geotechnical confidence addresses the increasing concern for 
safety, and the SMP at Navachab has been instrumental in improving this confidence. 
 
In conclusion, having established a viable project through an aggressive approach to the 
mine design, the following activities are considered paramount with regard to the 
successful mining of both interim and final pit walls: dedicated geotechnical and 
logging programmes with special reference to geological structures; establishment of 
design parameters through laboratory testing, but primarily through back analyses of 
failures and the detailed assessment of slope performance; and implementation of the 
slope management programme.  Of particular importance for the slope management 
programme was the high standard of conventional survey monitoring progressing to a 
robotic Geomos system, a slope instrumentation programme providing an early warning 
system and a dedicated pit limit blasting programme including pre-splits and trims. 
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