
 

 

The following paper appeared in the First Southern Hemisphere International Rock Mechanics Symposium 2008 proceedings published by the 
Australian Centre for Geomechanics. 

© Copyright 2008. Australian Centre for Geomechanics (ACG), The University of Western Australia. All rights reserved. No part of any ACG 
publication may be reproduced, stored or transmitted in any form without the prior permission of the ACG. 

Note to authors: This version of your work is owned by the ACG. 

Authors of the papers and third parties must obtain written permission from the ACG to publish all or part of these papers in future works. 
Suitable acknowledgement to the original source of publication must be included. 

This material may be used only on the following conditions: 
• Copies of the material may be saved or printed for personal use only and must not be forwarded or sold to any third party. 
• Commercial exploitation of the material is prohibited. 

For further information: 

Ms Rebecca Hitchings 
Communications Manager 
 
bec@acg.uwa.edu.au 
Ph: +61 8 6488 3300 

Australian Centre For Geomechanics
PO Box 3296 
NEDLANDS WA 6008 
AUSTRALIA 
www.acg.uwa.edu.au 



SHIRMS 2008, Perth, Western Australia

TABLE OF CONTENTS

Collaborating Organisations ............................................................................................................................. iii
Technical Reviewers ........................................................................................................................................... v
International Organising Committee ................................................................................................................ ix
Preface ............................................................................................................................................................... xi
Sponsors .......................................................................................................................................................... xiii

Mining and Civil

Keynote Addresses

Estimating the Mechanical Properties of Rock Masses ...................................................................................................3
E.T. Brown, Golder Associates Pty Ltd, Australia

Rock Mechanics Challenges in Underground Construction and Mining .......................................................................23
P.K. Kaiser, Centre for Excellence in Mining Innovation, Canada 
B-H. Kim, Geomechanics Research Centre at MIRARCO – Mining Innovation, Laurentian University, Canada

Assessing Parameters for Computations in Rock Mechanics ........................................................................................39
P.J.N. Pells, Pells Sullivan Meynink Pty Ltd, Australia

Forecasting Seismic Hazard in Mines ..............................................................................................................................55
A.J. Mendecki, ISS International Ltd, South Africa

Section 1: Tunnelling

Ground Improvement by Jet Grouting Method in St. Kuzam Tunnel – Monitoring of Performance ............................73
M.S. Kovačević, D. Jurić-Kaćunić, Ž. Arbanas and N. Petrović

Predicting Squeezing Potential Along the First 16 Kilometres of the Qomroud Long Tunnel Project 
in Iran Using Empirical Criteria .........................................................................................................................................85
A. Shafi ei and M.B. Dusseault

Numerical Simulation of Rock Blasting in a Pipe-Jacking Project of China ............................................................... 103
Y.L. Li, L.B. Chen, A.J. Xu, J.H. Wang and L.L. Zhang

Effects of Tunnelling on Existing Support Systems of Intersecting Tunnels in the Sydney Region .......................... 113
H.Y. Liu, J.C. Small and J.P. Carter

Section 2: Underground Mining Rock Mechanics

Are Design Codes Appropriate in Mining Rock Engineering? ...................................................................................... 129
T.R. Stacey

Trident Mine Raisebore — A Bored Pile Case Study ..................................................................................................... 137
M. Sexton, P.A. Mikula and M.F. Lee

A Compilation of Dilution Graph Data for Open Stope Hangingwall Design .............................................................. 149
G. Capes and D. Milne

Results of the Radius Factor Stability Assessment Method for Design and Pillar Extraction at the 
Conqueror Mine, St Ives Gold Mine .............................................................................................................................. 163
P.G. Andrews and B.J. Barsanti

Design of Stable Spans at Tau Lekoa Mine ..................................................................................................................179
M.J. Dunn and T.R. Stacey

Effect of Binder Type and Proportion on the Short- and Long-Term Strength of Cemented 
Paste Backfi ll .................................................................................................................................................................. 193
B. Ercikdi, F. Cihangir, A. Kesimal, H. Deveci and I. Alp

xv



SHIRMS 2008, Perth, Western Australia

Rock Mechanics Practices and Experiences at Xstrata Mount Isa Copper Operations ............................................ 201
H.C.J. Esterhuizen, N. Slade and J.L. Sloane

Section 3: Caving

3D Simulations of Block Caving Flow Using ESyS-Particle .......................................................................................... 221
W.R. Hancock and D.K. Weatherley

Mine-Scale 3D Stress Model for the New Mine Level Project, El Teniente Mine, Codelco, Chile ............................. 231
J. Jarufe and P. Vasquez

Analysis of Caving Behaviour Using a Synthetic Rock Mass — Ubiquitous Joint Rock Mass 
Modelling Technique ...................................................................................................................................................... 243
B. Sainsbury, M.E. Pierce and D. Mas Ivars

The Isolated Extraction Zone in Block Caving — A Review ........................................................................................... 255
G.B. Sharrock

A Review of Particle Percolation in Mining ................................................................................................................... 273
M.H.M. Hashim, G.B. Sharrock and S. Saydam

Section 4: Rock Foundations and Subsidence

Estimation of Axial Force in PS-Anchors by a Magnetic Anisotropy Sensor ............................................................... 287
S. Akutagawa, K. Morimoto, E. Nakamori, S. Mori and S. Baba

Lateral Load Capacity of Single Piles Socketed into Jointed Rocks — A Review ........................................................ 297
W.L. Chong, A. Haque, P.G. Ranjith and A. Shahinuzzaman

Implications of Recent Mining Subsidence on Infrastructure in the Collie Basin, Western Australia .......................311
I. Misich and R. Sherwood

Analysis of River Bed Cracking Above Longwall Extraction Panels in the Southern Coalfi eld of 
New South Wales, Australia .......................................................................................................................................... 325
D.P. Sainsbury

Section 5: Numerical Modelling

Numerical Modelling of Mining Near and Beneath Tailings Dam ................................................................................341
M.A. Coulthard and G.E. Holt

Variability and Uncertainty on Rock Mass Strength Via a Synthetic Rock Mass Approach ...................................... 355
C. Lambert

Numerical Simulation of a Multi-Reef Tabular Mining Layout in a South African Platinum Mine ............................ 367
J.A.L. Napier and D.F. Malan

Applying Numerical Modelling to Pillar Design in South African Mines — An Initial Study ........................................ 379
K. Naidoo, M.F. Handley and A.R. Leach

Modelling of Brittle Pillar Behaviour ............................................................................................................................. 391
J.S. Kuijpers, D.P. Roberts and J.A.L. Napier

Section 6: Slopes

STEPSIM4 Revised: Network Analysis Methodology for Critical Paths in Rock Mass Slopes ................................... 405
N.R.P. Baczynski

Toppling Slope Failure — Predicted Versus Actual, Ok Tedi, Papua New Guinea ........................................................419
N.R.P. Baczynski, I.K. Sheppard, K.J. Smith, P. Simbina and R. Sakail

Microseismic Monitoring of Hard Rock Mine Slopes ................................................................................................... 433
J. Wesseloo and G.J. Sweby

xvi



SHIRMS 2008, Perth, Western Australia

Low Wall Slope Monitoring by Robotic Theodolite System Likely to Contribute to Increased
Production of Coal in PT Adaro Indonesia .................................................................................................................... 451
S. Saptono, S. Kramadibrata, R.K. Wattimena, B. Sulistianto, P. Nugroho, E. Iskandar and S. Bahri

Rock Mass Stability in the Southern New England Fold Belt, New South Wales, Australia ...................................... 459
S.G. Fityus and J.H. Gibson

Quasi-Static and Dynamic Response of Energy Dissipators for Rockfall Protection ..................................................471
A. Giacomini, G.P. Giani and M. Migliazza

A Generalised Time and Event Dependent Deformation Model for Unsupported Rock Slopes ............................... 481
K.G. Mercer and T.R. Stacey

Behaviour of Engineered Slopes in Flysch Rock Mass ................................................................................................ 493
Ž. Arbanas, M. Grošić and G. Briški

A Method for Rockfall Hazard Assessments — Chapmans Peak Drive, Cape Town, South Africa ............................ 505
P. Schlotfeldt

The Infl uence of Non-Persistent Joints on the Failure Modes of Large Rock Slopes .................................................517
M.L. Van Sint Jan and M.G. Prudencio

Section 7: Rock Mechanics Data

Data Acquisition with 3DM Analyst Mine Mapping Suite ............................................................................................ 531
J. Birch

The Use of Borehole Breakout for Geotechnical Investigation of an Open Pit Mine ..................................................541
M.J. Fowler and F.M. Weir

Geotechnical Modelling for Kimberlite Pipes ............................................................................................................... 551
D.B. Tyler and S.J. Godden

Geomechanics Parameters for Design and Planning of the Conceptual Engineering Chuquicamata
Underground Mining Project .......................................................................................................................................... 565
F. Villegas A. and J. Díaz A.

Section 8: Risk, Rockfall and Ground Support

Development of Industry-Friendly Rockbolts ................................................................................................................ 579
G.R. Davison

A Preliminary Model for Quantifying the Risk of Rockfalls and Evaluating the Benefi ts of 
Safety Spending ............................................................................................................................................................. 589
W.C. Joughin

Rock Mass Characterisation of a Prospective Base Metal Deposit Using a Combined
FracMan/ELFEN Approach ............................................................................................................................................ 605
N.T. Ford, T.R. Silverton and M.G. Cottrell

Tetrahedral Rock Wedge Stability Under Empirically Derived Support....................................................................... 619
J. Ranasooriya and H. Nikraz

Tunnel Cave-In — Convergence Confi nement and 2D Analysis ................................................................................... 633
Q.N. Trinh and E. Broch

State-of-the-Art Intersection Support in Coal Mines in the USA ..................................................................................641
A.J.S. Spearing and A. Mueller

Section 9: Seismicity

Self-Organising Map Analysis of Seismicity Associated with Mining at Mount Charlotte Mine ................................ 653
P.A. Mikula, S.J. Fraser and M.F. Lee 

xvii

Singgih Saptono
Rectangle

Singgih Saptono
Highlight



SHIRMS 2008, Perth, Western Australia

Some Unique Statistical Properties of the Seismic Process in Mines........................................................................ 667
S. Lasocki

Establishing a Methodology for the Assessment of Remnant Stability Using Recorded 
Seismic Events on Harmony Mines............................................................................................................................... 679
P.J. Le Roux and T.R. Stacey

Energy and Stiffness of Mine Models and Seismicity ................................................................................................. 693
S.M. Spottiswoode, L.M. Linzer and S. Majiet

Passive Seismic Monitoring of Thermal Cracking Induced by Underground Firing ................................................... 709
X. Luo

Author Index ....................................................................................................................................................................715

xviii



SHIRMS 2008 – Y. Potvin, J. Carter, A. Dyskin, R. Jeffrey (eds) 
© 2008 Australian Centre for Geomechanics, Perth, ISBN 978-0-9804185-5-2 

Low Wall Slope Monitoring by Robotic Theodolite System Likely to 
Contribute to Increased Production of Coal in PT Adaro Indonesia 

S. Saptono  Mining Engineering Department, Institut Teknologi Bandung, Indonesia 

S. Kramadibrata  Mining Engineering Department, Institut Teknologi Bandung, Indonesia 

R.K. Wattimena  Mining Engineering Department, Institut Teknologi Bandung, Indonesia 

B. Sulistianto  Mining Engineering Department, Institut Teknologi Bandung, Indonesia 

P. Nugroho  PT Adaro Indonesia, Indonesia 

E. Iskandar  PT Adaro Indonesia, Indonesia 

S. Bahri  PT Adaro Indonesia, Indonesia 

 

Abstract 
Following the adoption of the plan of PT Adaro Indonesia to increase its coal production from 36 to 38 Mtpa 
in 2008, the pit wall slope stability will be one of the important factors to be monitored. The wall stability 
can be assessed, as mining proceeds, by high-quality displacement monitoring and sophisticated data 
analysis. 

Robotic Theodolite is a system that is designed for automatic slope displacement monitoring. The system can 
produce displacement-versus-time graphs quickly and accurately and, compared to the manual system, fewer 
persons are required. The Robotic Theodolite system can also provide information of rock mass behaviour, 
as well as data for predicting the stability of the mining slopes. Furthermore, by applying the threshold limit 
value (THLV) to the system, an early warning system can be constructed. However, the THLV data available 
in PT Adaro Indonesia are derived from case histories from different rock masses and they cannot be 
directly imported into the Robotic Theodolite system. The data acquired by the Robotic Theodolite system at 
the Tutupan mine must therefore be validated by rheology modelling through laboratory creep shear tests, as 
the rheology model can be utilised to theoretically predict the failure time of the rock mass under a constant 
load. 

1 Introduction 
Maintaining the stability of steep slopes is an important geotechnical engineering component of any open pit 
mining operation. Monitoring the surface displacement of a rock mass slope makes available valuable 
information on the dynamics of any movements or changes within the rock mass structure. The magnitude, 
velocity and acceleration of displacements can then provide input data to assess the stability of the slope and 
rock mass behaviour. If the movements can be detected early, this will obviously help the geotechnical 
engineers to anticipate any worst-case scenario that could affect the slopes. 

The authors’ technique for monitoring slope displacements, especially in low wall applications, uses total 
station instruments. This method provides information such as slope angle and distance between prisms as 
well as prisms and reference point. As with any observational technique, total station system instruments 
have both, advantages and disadvantages associated with their use. The main advantage of using total station 
instruments is that it provides three-dimensional (3D) coordinate information of the points that are measured. 

2 Background 
Tutupan mine is one of the PT Adaro Indonesia open pit coal mines which currently consists of the Pama, 
Sis, Buma and RA pits (Figure 1). Pama pit is excavated in a better quality rock mass than that of RA pit. 
The Pama pit will be developed down to RL-204 mRL and will be the deepest pit in the Tutupan mine. 
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Having experienced minor slope failures of the low wall within the Pama, presumably associated with rock 
mass deformation, it can be concluded that this pit will need slope stability monitoring of its low wall. 

 

Figure 1 Tutupan coal mine site overview 

Currently, there are over 42 km2 of pit walls exposed within the four operational pits and they are equipped 
with approximately 70 slope monitoring prisms (SMPs) installed on low wall slopes which are deemed to be 
vulnerable to slope failure. The monitoring systems of these low wall movements employ a total station 
system consisting of digital theodolites and a data acquisition system. Information collected from the prism 
monitoring is used to track down the development and extent of any unstable conditions along the slopes and 
this enables the geotechnical department to define the magnitude of the problems and to determine 
subsequently, the potential failure mechanisms. 

This kind of monitoring is undertaken in real time which then allows a rapid assessment of low wall stability 
to be carried out. This permits optimal coal production to be achieved whilst maintaining the safety of 
personnel and equipment operating at the floor of the slope.  

On 20th March, 2008, a significant slope failure occurred at the Sis pit (Figure 2). Although no injuries were 
recorded, this event was considered to be a catastrophic failure. This has, again, made the management aware 
of the need for geotechnical monitoring to give early warning of the possible deterioration in slope stability 
over the lifetime of a slope.  

 Target area 
 

Mine Operations/
Engineering Office 
 and Shops  

RL -96 m 

PAMA PIT 

SIS PIT 

BUMA 
PIT

RA PIT 
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Figure 2 Low wall failure in the SIS pit of Tutupan coal mine 

3 Geology and hydrology 
The coal deposits within this mine site have been tilted and folded due to the regional tectonics. 
Approximately  
5 to 60 m thick lignite to sub-bituminous coal seams are exposed on the surface stretching for about 20 km 
along the Tutupan Hills. The dip of the coal seams varies from 20 to 70° towards the southeast. The coal 
bearing strata encompasses coal seams, sandstone and mudstone and individual thicknesses vary along the 
20 km outcrop. 

The sandstone is described as predominantly fine to medium sand, interspersed irregularly with pebbly 
layers. According to the ISRM (1978) classification, the strength (UCS) of weak sandstone is likely to be in 
the range of 2.44 to 22.4 MPa, whilst medium strong sandstone is in the range of 26.8 to 46.4 MPa. Minimal 
cementation can be observed within the sandstone layer (UCS = 0.13–0.27 MPa) so that the sandstone layer 
is defined as uncemented sand and very friable.  

The mudstone exhibits varying contents of silt and organic constituents. The strength of the mudstone varies 
between weak rocks (1.38 to 22.4 MPa) to medium strong (27.8 to 28.8 MPa). In some places the mudstone 
also takes the form of soft clay (UCS = 0.013 MPa). 

The sandstone in the area is an aquifer and the mudstone is aquiclude. Prior to the deep mining operation, the 
undisturbed groundwater table was around 75 to 95 mRL. As the mine gets deeper, the groundwater has been 
lowered to the level of the deepest excavation floor by a water drainage system using vertical and horizontal 
dewatering bores. 

4 Deformation monitoring of slope 
The simplest way to measure the displacement at a slope surface is by observing the evolution of slope 
failure and this enables the geotechnical engineers to observe and analyse the kinematics of the rock slope 
deformation. Ultimately, an engineer could develop appropriate corrective measures to control such slope 
movement. 

As mentioned earlier, the slope displacement monitoring is based on the information obtained from recording 
of about 70 SMPs using the total station system. The latest total station instruments are equipped with servo-
motors and automatic target recognition algorithms. Fewer personnel are required to retrieve the data 
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recorded by the total station system. As this total station system works without involvement of many people, 
this system is called Robotic Theodolite. The essential parameters obtained from this measurement system 
are displacements of vertical, lateral and transversal directions (Dunnicliff and Green, 1993). In addition, by 
using this system any slope movements exceeding the previously specified threshold limit values (THLV), 
will be identified automatically and directly to the base station as an early warning alert. 

The Tutupan mine slope monitoring system uses the total station instruments manufactured by Leica 
TCRP1203 and TCRA1201 and they are installed in high wall Pama pits namely Pondok Hijau and Pondok 
Biru respectively. Two Leica Theodolites each monitor 16 prisms at Pondok Hijau and 48 prisms at Pondok 
Biru (Figure 3). 

 

Figure 3 Low wall Pama pit showing prisms on Pondok Hijau groups 

Due to the time frame limitation and practicality, this paper concentrates on the monitoring of two prism 
surveys within one section (north east 20° – south west 200°) at the Pondok Hijau, i.e. prisms numbered 01 
and 14 which will then also represent the slope movements at the -204 mRL. The prisms numbered 01 and 
14 represent the dumping slope and virgin slope, respectively. At the time of monitoring, the floor level on 
these slopes were -48 mRL, equivalent to slope height of 148 mRL with low wall slope of 14° (Figure 4). 

Prism survey 01 

Prism survey 14 

Cross 
section 

A 

A’ 
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Figure 4 Cross section A – A’ on survey prism No. 01 and 14 in low wall pit Pama 

Figures 5 and 6 present curves of displacement versus time for prisms 01 and 14 respectively. Based on the 
monitoring of the Robotic Theodolite for the two prism survey lines the average lateral displacement rate 
over a seven month period (June 07 to December 07) was 10 mm/day. It is however, important to note that a 
rainfall event that yielded 106 mm in five hours, resulted in a significant increase of the lateral displacement 
rate, as indicated by the sudden rise in lateral displacement from 0.4706 to 0.6855 m and from 0.4879 to 
0.6855 m, for the prism surveys of 01 and 14, respectively. On the other hand, ground settlements of 1.1 and 
0.6 m were noted for the 01 and 14 prism surveys, respectively, during this same period of time. 

As expected, Figures 5 and 6 show that the slope displacement (δ) increases with time (t). If the load above 
prism survey points remains constant and the displacement of these points increase with time, such 
displacement behaviour could then be regarded as a creep behaviour phenomenon. Constant load however, 
would only prevail on slopes in an inactive dumping area where the excavation process does not produce a 
load reduction. These arguments indicate that creep phenomenon applies for slope stability analysis 
purposes. 

This information would not have been useful unless the data was manipulated to obtain the displacement rate 
per month or per period of a range of rainfalls. This should subsequently be validated with the rheology 
equation which can be derived from a series of shear creep tests in a laboratory (Kramadibrata et al., 2007). 

The rheology equation actually describes the deterioration process of a geo-material which involves a 
reduction in both cohesion and angle of friction over a period of time. In order to be validated, the rheology 
equation obtained from the laboratory test and the displacement rate data obtained from field measurements, 
accuracy, time series, and consistency of slope displacement data can only be currently obtained by means of 
a Robotic Theodolite. 

 

Prism survey 01 and 14 
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Figure 5 Displacement versus time on prism survey 01  

δ = 0.010 t - 0.107
R2 = 0.939

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100 120 140

Time, days

D
is

pl
ac

em
en

ts
, m

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

R
ia

nf
al

l, 
m

m

Height Dispalecement 
Diff null Measurement 
Rainfall
Linear (Diff null Measurement )
Linear (Height Dispalecement )

 
Jun 07 Jul Aug Sep Oct Nov Dec 07 

Figure 6 Displacement versus time on prism survey 14 

5 Using threshold limit values (THLV) to detect the onset of slope failure 
The intention of having THLV is that, if the displacement rate exceeds the THLV, the early warning system 
will be activated. Despite the fact that no geotechnical study associated with the displacement measurements 
using the Robotic Theodolite has been done in investigating the most appropriate standard to be applied, the 
THLV put forward by the Golder (2004) based on data obtained from Pama pit. It must be stated that, in the 

Sudden 
rise 

Sudden 
rise 
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absence of slope movement data from the specific pit being monitored, it is acceptable to use data acquired 
from similar pits elsewhere as an interim measure, until sufficient local data and site-specific experience has 
been acquired. 

The Golder (2004) THLVs are divided into four time conditions namely, (1) absolute check, (2) long time, 
(3) short time and (4) regression check as given in Table 1. For example, if we had an average displacement 
longitudinal of 15 mm/day the slope could be considered safe. On the other hand, when the displacement 
reaches 250 mm over 12 hours the activity should be stopped in order to release the load or mass of the 
slope. 

Table 1 Limit values longitudinal displacement of different rate for different risk scheme proposed 
by Golder (2004)  

 Interval 
(hours) 

Limit 1 
(m) 

Limit 2 
(m) 

Limit 3 
(m) 

Absolute check  0.020 0.040 0.100 

Short time check 24 0.015 0.020 0.075 

Long time check 72 0.030 0.060 0.150 

Regression check 12 0.050 0.100 0.250 

Remarks  Safe Caution Stop 

It appears that the displacement rate of 10 mm/day recorded by the Robotic Theodolite confirms the field 
observation that the slopes remain in safe condition. Nevertheless, displacement rate of 10 mm/day obtained 
from slope movement monitoring using crack-meter installed at the north east area within the Buma pit 
(Table 2) was noted prior to slope failure. This information actually contradicts the THLV of Table 1 
suggesting that a displacement rate up 15 mm/day would be safe. In fact, the crack-meter data represented 
that the Buma pit, which is mostly dominated by mudstone, has slightly different bearing strata to that of the 
Pama pit. Consequently, the THLV from the Pama pit proposed by Golder (2004) could not continue to be 
used to analyse slope displacement at the Buma pit, once site-specific data had been obtained from that pit. 

Table 2  Displacement rate of crack-meter monitoring on Buma pit 

Date 
CM 135 CM 136 

Reading Change Cumulative Daily Reading Change Cumulative Daily

12 October 2006 0 0 0 0.0 0 0 0 0.0 

13 October 2006 37 37 37 0.0 49 49 49 0.0 

14 October 2006 49 12 49 12.0 59 10 59 10.0 

15 October 2006 N/A N/A N/A N/A N/A N/A N/A N/A 

16 October 2006 N/A N/A N/A N/A N/A N/A N/A N/A 

17 October 2006 Failure 

As noted earlier the slope displacement phenomenon recorded by prism surveys 01 and 14 indicated the 
trend of creep behaviour. Referring to Kramadibrata and Kushardanto (2002), Wattimena et al (2006), and 
Kramadibrata et al. (2007), it has become obvious that creep behaviour affects the stability of rock mass 
slope, especially within an area where weathering takes place over the year. In some instances, geotechnical 
engineers may have been able to predict the failure of certain slopes. Observation has also indicated that the 
failures apparently happened a few months or weeks prior to, or after, the failure time predicted or calculated 
by the most suitable rheology equation. 

As soon as the ample data that has been recorded by the rheology system and field observations become 
available, a comprehensive and reliable failure prediction system is the likely result. If remediation is 
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implemented immediately, when early warnings are given by the system, there is a good chance of 
minimising the impact of slope failures. This will obviously lead to the maintenance of the coal production. 

From the foregoing analysis and, combined with the fact that the Buma and RA pits predominantly consist of 
mudstone which is known as even weaker than sandstone (the overburden of Pama pit), it is therefore 
appropriate to use the Robotic Theodolite monitoring system in these two pits further to its use in the Pama 
pit. 

6 Conclusions 
Coal production could increase the potential for slope failures. In order to anticipate this, comprehensive 
slope monitoring becomes essential and this can be performed by using the Robotic Theodolite. The 
monitoring system of the Robotic Theodolite is connected to a network with appropriate software that 
enables the geotechnical engineers to further process the data to give any desired kind of presentation. 

By putting THLV into the data processing early warning system, early warnings can then be transmitted 
when the displacement rate exceeds the THLV, thus indicating that the slope is no longer safe. The current 
THLV developed by Golder (2004) from Pama pit cannot be generally applied to assess the stability of all 
slopes at the Tutupan coal mine because of the different regimes of rock mass. However, THLV suggested 
by Golder (2004)  may be applicable to the Pama pit. Site-specific data is required in order to obtain 
appropriate THLV for the Buma and RA pits. 

In order to develop the basis for comprehensive slope stability analyses applicable to the various rock masses 
at the Tutupan coal mine, shear testing to establish creep behaviour is recommended to be carried out on the 
different rock types that exist in the Adaro mine. 
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