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Abstract

Isibonelo Colliery is an opencast operation employing the strip mining method, and
for short-term planning, up-to-date geological information is required. The colliery
currently depends on the annually updated geology resource model information for
input into the three planning windows (short, medium and long term). To improve and
optimise on short-term mine planning, short-term geological model information has
become a requirement. This research project was undertaken to fulfil the Anglo-
American Co a | South Africads Operation Matmmagement
This research report focussed on closing the gap between OMS requirements and
current practice, by creating a short-term modelling process to fulfil the requirements
for both mine planning and rock engineering disciplines. Highwall mapping techniques
such as digital photogrammetry from drone highwall flyover, as well as use of total
station surveys to map lithological contacts for input into the model were investigated
and tested. The study area focussed mainly in the far south portion of Isibonelo South
pit where most of the data was collected to build the process of short-term modelling
as a test case. Short-term planning requirements using latest geological information
was achieved and mine designs started to improve. Subsequent strip reconciliations
showed improved correlation between planned and actual, especially in the dragline
volumes from 3% to 0.5% over two mining cuts in the South pit. Coal recovery
improved by 2.1% between October 2017 and April 2018. There was good coal seam
correlation between the short-term, survey and resource model. The softs(weathered)
horizon still need some further work to close the gap between planned and actual

thicknesses.

The author recommended the use of drones for highwall mapping and down the hole
wireline logging of selected pre-split holes to be adopted as methods of acquiring data

for short-term geological modelling, and optimise on short-term planning.

Key words:

Geology, Highwall, Mapping, Operation Management System (OMS), Short-term

model, Drone.
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1 INTRODUCTION

Mining is a business of extracting the mineral deposit from the ground which will have
been discovered through a process of geological exploration. The life cycle of a mining
project is heavily dependent on the size and shape of the orebody, hence the term,

it he or ebod@urgenli,dMinaes, & Oommen, (2011) stated, M well-known

fact in the mining industry is that every mine has different conditions and requires a
uni que model | i ng a derefore, & is iImperative te havea custgny . 0
made geological model and planning system for a mine that can execute all the
requirements to produce good and reliable plans. The research report outlines the
purpose of the study that was conducted at Isibonelo Colliery and gives background

detail as to what motivated the research to be undertaken.

1.1 Purpose of the study
The research project investigated in detail how feasible the process of short-term
geological modelling is for South African coal operations with reference to Isibonelo
Colliery and whether it adds value to mine design, increases productivity and coal
recovery. Short-term geological modelling is currently not being practised hence this
research project investigated why it has not been implemented by the operations. The
annual geological model has been deemed adequate for the mine planning

requirements to date.

The research project was also undertaken to fulfil partial requirements of the degree
of the MSc. Engineering (Mining) course in the School of Mining Engineering (2016-

2018) on part time and course work by the author.

1.2 Research background
Mine designs continue to be generated based on the shape and size determined by
the geological model. The Isibonelo Colliery geological model is updated annually and
is termed a resource geological model from which the mining model is built using a
software package called XPAC (an Australian property of Runge Pincock Minarco).
Anglo American Coal South Africa (AACSA), has over the years been using the
resource geology model for annual mine designs and producing mining schedules
using XPAC. In 2013, AACSA operations and Anglo American Coal Australia were
put under one umbrella with headquarters in Brisbane, Australia. The mining systems
started changing to follow the Australian way of doing business. The term, Operations
Management System (OMS) was introduced to the South African coal operations
which is a good management tool that assists in having well documented processes

for the entire coal mining business.
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The process documents in detail how different types of work operations are
conducted, including standards and procedures amongst others. Geology has five

areas in the OMS system that are audited for compliance annually, they include

Exploration Planning and Delivery;
Short-Term Geological Modelling (the subject of this research document;

1

1

9 Operational Control;

1 Operational Planning; and
1

Reconciliation.

The process of managing these five areas requires input from other mining disciplines
such as survey, planning and resource evaluation. The annual resource geological
model has input from exploration and is built and maintained by the Resource
Evaluation Department (a centralised service, away from operations). Meanwhile, the
operations such as Isibonelo Colliery rely on the geological model from the Resource
Evaluation Department updated once every year. The rationale behind OMS is that
each operation should have its own colliery based model that must be constantly
updated with actual measurements such as coal seam thickness, structural features
(dykes and faults), elevations from the pit. This research project covered the process
flow from generation of geological models through to the interface with mine planning
processes, to try and answer the question, Does a short- term geological model add
value to open cast strip mining through improved mine design, productivity and coal
r e c ov dheySpuih African mining environment with its skills challenges was
analysed and compared with the challenges Australian operations also face. The
Australian based Anglo American Coal geologist, Susan De Klerk, said, iin Australia,
the geological models are identified as Resource Models and Short-Term models.
Essentially the model that gets updated every year is the equivalent of a Resource
model. This is used for Resource and Reserve Estimation for reporting to Anglo
American plc, and used for Life of Mine Planning, Medium- Term Planning, and shortly
after release, Short-Term Planning. Some of these models are only updated every

three years due to, mainly a shortage of people to do the work. fi(Klerk, 2017)

Short-term models are built by mine geologists and they take the latest release of the
Resource model, and add in data as it becomes available, such as surveyed high-
wall seam roof and/or floor, faults, seam roof from blast holes, grade control holes
and any other measurements deemed necessary. This process of short-term
geological modelling allows for the incorporation of small-scale features, such as
seam rolls and previously unidentified faults, which may not be obvious from just

borehole data. While the new model is then used for short-term planning, the new
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data is to be incorporated into the next resource modela Short-term geological models
are updated monthly with new data and kept live to be used for short-term planning
(one month to three months). Improved coal recovery, dragline performance, pre-strip
fleet performance is among some of the measurements of the success of better

planning using the short-term geological model.

Field measurements were conducted by the author at Isibonelo Colliery and taken
through the mine process, reconciliation (checking actuals against predicted) with the
involvement of the resource evaluation department. The results from this research
culminated in a renewed interest in short-term geological modelling to the extent of
motivating for a presentation to the Anglo American Geoscience Innovation
Colloquium held at its Head Office in Johannesburg on 11 May 2018 (the author and
the resource geology specialist co-presented at the gathering, see Appendix.10.19,
for the full presentation). The presentation to mine management, with
recommendations, was also done by the author to close some of the shortcomings
identified in previous audits highlighting the lack of a short-term geological model on

the mine.

1.3 Research Motivation
The concept of short-term geological modelling at Anglo American Coal South Africa
has not been considered seriously in practice. ltwasi n t h e opinidn,hthatrthis s
research project would close the lack of a short-term geological model in the
operations management system (OMS) of the group. In the previous audits for
Geology, Mine Planning and Rock Engineering, short- term geological modelling was
highlighted as a shortcoming. The purpose of this research project was to develop a
well detailed process of executing short-term geological modelling in Anglo American
Coal South Africa operations that would eventually be adopted for use by the group.
The research was conducted as part of thea u t h o r té6 day rebrangl work schedule

on the mine.

1.4 Problem Statement
The current practice with Anglo American Coal, South African operations is that the
geological model is updated once per year after the annual exploration drilling
programme. This model is used for long, medium and short-term planning purposes
hence the question arose as to whether it is adequate to address all of the time spans
or not with one model. The geology is expected to vary insignificantly since the coal
seams are generally flat in the Highveld Coalfield which hosts the Isibonelo Colliery
deposit. However, the mine coal recoveries were generally not as predicted, hence

the problem statement arose from the question, fDoes a short-term geological model
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add value to opencast strip mining through improved mine design, productivity and

coal recovery?0

It is a general assumption that short-term geological modelling is a solution to
problems of coal recovery and effective mine designs that lead to safe mining since
additional data taken closest to the active face is included. There are better mine

designs that are produced with closely spaced geological data available.

1.5 Report Layout
This report introduction details the purpose of the research, which include
development of a short-term modelling process to allow improvement in mine designs
and reconciliations at Isibonelo colliery. The motivation and background to the

research work is also covered in this section.

Chapter 2 of the report reviews the different ways in which geological data is gathered
using various techniques. Geological modelling requires accurate and validated data
to be generated and then uploaded into the modelling software to build a geological
model. Spatial data acquisition can be done in various ways such as drone highwall
mapping, Sirovision, laser scan mapping. The base geology models in Anglo
American Coal, South Africa are built from exploration borehole data. Short-term
geological models are an updated version of an existing resource model with the input
of additional data gathered through other various means detailed in the second part
of this research report. For open cast mining operations additional data is gathered
through highwall mapping, blasthole drill data, field observations, photogrammetry
and other techniques. There are several techniques such as the use of total stations
for mapping highwalls and digital photogrammetry which are explained in the second

part of this research report.

The latest technique used now in gathering spatial geological data is the use of drones
(unmanned aerial vehicle) flying over highwalls and lowwalls of opencast operations
collecting digitally referenced photographs and data points of the surfaces. Some
mining houses in South Africa are using it among other benefits such as stockpile

measurements and reconciliations with much success.

Wireline logging of blastholes on the drill benches at collieries is also generating data
which is used successfully at Klipspruit and Optimum Collieries in South Africa.
Isibonelo Colliery, through this research work undertook to test the process following

the footsteps of another Anglo operation, namely Kwezela Colliery.

Chapter 3 of the report, gives a detail of Isibonelo Colliery property description

including the geological setting of the area. The location of the colliery in relation to
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other Anglo American Coal operations as well as other mining houseséoperations is
shown by way of the location map. The stratigraphy of Isibonelo is illustrated and
explained in this section of the report. Mining operations overview covers the

machinery, strip cut mining method backed by concurrent rehabilitation process.

Chapter 4 of the report covers the methodologies used for the research which include
both qualitative and quantitative methods and a review of the current practices in
relation to short-term geological modelling. Mapping of the highwall with the aid of a
total station, photographs and finally the use of drones were among the technigues
used in generating quantitative data. The short-term geological model was built using

the gathered data and was also used to update certain blocks in the XPAC model.

The results from the short-term model construction and interpretations were analysed
and reported on, in chapter 4 of the report. The improvement validation techniques
which also include some statistical analysis are covered in this section. Graphs and
cross sections comparing before and after short-term models were drawn and

variances explained, generally as improvements from the resource model.

The research findings and analysis is covered in chapter 5, while conclusions in
chapter 6 summarises the benefits and improvements gained from an update of a
resource model and having a shorti term geological model. There is a list of
recommendations (chapter 7) drawn from this research, however adopting use of the
drone highwall mapping and introduction of wireline logging of selected blastholes
proved can generate quality spatial data required for input into the short-term

geological modelling process, at Isibonelo Colliery.

1.6 Conclusion
The whole process of short-term geological modelling has also been tested in other
places of similar conditions to Isibonelo with some success. Good examples are
Klipspruit and Optimum collieries. Some of the highlights of mapping techniques and
the application of short-term geological modelling in mine planning designs are

explained in detail in chapter 2.
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2 REVIEW OF GEOLOGICAL DATA GATHERING TECHNOLOGIES

2.1 Introduction
There are several definitions for a geological model. One definition is that a geological
model is a three-dimensional representation of an orebody complete with its physical
and qualitative properties or simply the applied science of creating computerised
representations of portions of the Earth's crust based on geophysical
and geological observations made on and below the Earth surface. (Yachun, Defu, &
Yongsheng, 2014). Short-term geological modelling in opencast coal operations in
South Africa is not widely used due to the generally flat coal seams which are
assumed to be geologically less challenging. Most of the mines only use the annually
updated resource model built from exploration borehole data as the basis for all the
three planning time frames (short, medium and long-term). However, to build a short-
term model, additional geological data (preferably spatial data) is required and there
are several ways of gathering (generating) such data which is detailed below with

highlights on successes and failures at different operations.

2.2 Sirovision in mapping highwalls
fSirovision is a geological / geotechnical mapping and analysis system that generates
accurate, scaled 3D images of rock faces from stereo photographs taken in either
open pit or underground environments. Sirovision allows mining professionals to
quickly and accurately, map structures daylighting at the surface to automatically
determine their properties, detect simple wedge and complex block features resulting
from the structures, perform analyses to determine the failure risk and increase

productivity an d s a(Eledutyied n.d.)

Sirovision uses geospatially fixed /referenced pair of high resolution photographs to
generate a 3D image and this is called digital photogrammetry. Mapping can be
undertaken directly from this image with features imported directly to the resource
modelling software. Sirojoint is another system used for the geotechnical analysis of

joint spacing and orientation from the 3D image of photographs.

Sirovision, allows geological features to be picked up as a photogrammetric scan of
the walls. This data can then be imported directly into the modelling software, but this
may require more data manipulation to achieve the intended result. When Sirovision
data is utilised in this way, it comprises of a detailed photographic image that is
registered in the 3D space. This is good to work with and geological features can be
drawn directly off this photographic image into a geological interpretation layer. (Anon

(b), 2014). Some of the Australian mines are using this technology successfully.
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2.3 Drone Technology
Drone technology has developed rapidly of late in South Africa following the
regul arisation of theirtr boglye thebSoutht Afriean Civlu nt r y 6 s
Aviation Authority (SACAA). A drone is a small aircraft that has no pilot and it is
remotely controlled. It is referred to as Unmanned Aircraft Systems (UAS), Unmanned
Aerial Vehicle (UAV) or Remotely Piloted Aircraft (RPA) because they are aircraft

without a pilot on board.

firhe first appearance of an UAS occurred in 1849, when the Austrians attacked the
City of Venice using explosive charges attached to tethered aerostatic balloons. The
first prototype of radio-controlled drones was produced in 1916 during the First World
War.0 (Bucalo, D'Allesando, Colteli, & Martorana, 2015). Currently drones are used
for geological and topographic mapping, coastal control, landslide inspections, and
are capable to integrate geophysical sensors such as magnetic, electromagnetic,
infrared, radar and natural gamma ray sensors. Therefore, drones have become a
very important tool in the field of geoscience where they have advantages over
conventional airborne geophysics. They have great resolution since they get close to
the ground and can zoom into an area. They are generally not expensive with small
ones such as the Phantom 4 costing as low as seventy thousand rands. The drones
are area focused, and therefore only cover the area of interest as set up by the

controls, there are no excess flight lines required.

Drones are a useful tool for gathering geological information from difficult areas that
are inaccessible by man and eliminates risk to personnel. The data is generated so
fast that an area that used to take three days by physical mapping, only take an hour
or less and with more data captured. In an open pit, the lithological contacts are
mapped with great accuracy through extrapolation from the 3-D model built from the

downloaded drone data.

Figure 2.3.1 shows one of the latest drones widely used in South Africa, the Phantom
4
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Figure 2.3.1 DJI Phantom 4 Pro drone

(Caboz, 2018)

According to (Caboz, 2018), the Phantom 4 has cameras with the capability of
capturing images in RAW format, which makes editing even easier. The Phantom
4 Pro, DJI 6s | aties, sanh capiuwrediraages df mp to 20 MB ane 4K
videos at up to 60 frames per second. This is a big advantage compared to the
older methods whereby perspective was only accessible from suspending a Canon
DSLR camera at the back of a helicopter. A drone captures digital images of the
highwall being flown over, as well as a multitude points of the digital terrain, all in
3-D space. This process allows the softwares such as Agisoft, 3-D Rippler and
Geo Arc to manipulate the data creating a 3-D model from a mesh through
triangulation of a multitude of points and draping over the digital photographs to
form a solid 3-D image of the pit. The data is validated against the resource model
and actual survey data using software such as CloudCompare. In South Africa,
consulting companies such as Vidblast (Pvt) Ltd and Premier Mapping who
interacted with the author while conducting a demo at Isibonelo Colliery, as part of
this project research, have had a lot of success building models for many of their

customers.

The latest data from Business Insider indicate that there are 686 operators with
Remote Pilot Licences (RPLs) in South Africa. There are different types of
drones depending on their capabilities and uses. The European Association
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KATURUZA, MEAKER 415119

of Unmanned Vehicles Systems has produced the table below (Table 2.3.1) to

show the classifications.

Table 2.3.1 Classification of Drones

(EXO)

UAVs Category Maximum | Maximum | Endurance | Data
(acronym) Take Off | Flight (hours Link
classification Weight Altitude Range
(kg) (m) (km)
Micro/Mini Micro/ Mini 0.1 250 1 <10
UAVs
Mini <30 150-300 <2 <10
Close Range 150 3000 2-4 10-30
(CR)
Short 200 3000 3-6 30-70
Range(SR)
Tactical UAVs | Medium Range | 150-500 | 3000-5000 6-10 70-200
(MR)
Long - 5000 6-13 200-
Range(LR) 500
Endurance(EN) | 500-1500 | 5000-8000 12-24 >500
Medium 1000- 5000-8000 24-48 >500
Altitude, 1500
Long
Endurance
(MALE)
Strategic High Altitude, 2500- 15000- 24-48 >2000
UAVs Long 12500 20000
Endurance
(HALE)
Lethal (LET) 250 3000-4000 3-4 300
Special Task | Decoys (DEC) 250 50-5000 <4 0-500
UAVs
Stratospheric To be 20000- >48 >2000
(STRATO) defined 30000
Exo- To be >30000 To be To be
stratospheric defined defined defined

2.4 Use of laser scanners to map highwalls

(Bucalo, D'Allesando, Colteli, & Martorana, 2015)

The use of laser scanners to capture geological data from the exposed highwalls in

opencast operations is also common. The mine surveyors are generally the

custodians of these instruments and are used as part of their survey work. At New

Vaal Colliery, the surveyors worked successfully alongside the production geologist

to produce data that was used to update their short-term geological model.

(summarised in Figure 4.1.10 in section 4 of this report). I-Site is a laser scanner

that can quickly produce an image with millions of points, and because this data is
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captured in 3D, mapping of strings and points from the data will be in true space.
These can be imported directly into the relevant resource modelling software. Figure
2.4.1 illustrates what I-site scanner data can produce when imported into the
modelling software. The structural features are interpreted in real space and this is a

short-term geological modelling built with the most accurate data.

Figure 2.4.1 Example of I-Site image with interpreted geology in real space

(Anon (b), 2014)

Quiality geological mapping is a key foundation to safe and efficient mining designs
being implemented throughout the organisation. It should be recommended as a
fundamental input to numerous aspects of short and long-term planning, operational
control and safety, quality processing and geotechnical assessments. Dykes, faults
and many other structural features need to be accurately mapped and added to the
short-term geological model to ensure more accurate data is used by the mine
planner. Geological mapping contributes to safe mining practice at operations. Most
up to date geological information from highwall mapping is used in creating improved
mine designs based on prevailing pit conditions where relevant controls are put in

place to ensure the safety of personnel and machinery.

2.5 ADAM technology- Goonyella Mine Case Study
ADAM technology was developed by a Perth based company called ADAM founded
in 1986 to develop and manufacture analytical stereo plotters. The technology was
tested at Goonyella Mine in Queensland, Australia with much success, for highwall
wall mapping and geotechnical data collection by generating 3-D surface data over a
700m section of the pit. A total of 108 digital photographs were taken using a camera

from 36 locations which were surveyed using a total station within an area surrounded
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by 52 control points. The surface data was generated using the 3DM Analyst only,
which required the use of all the control points and the second set was using 3DM
Analystinconj uncti on with ADAM6s 3DM CalibCam bl oc
allowed a subset of control points to be used, and demonstrated one method of
reducing surveyed control requirements without compromising accuracy (Birch,
2004). The figure 2.5.1 illustrates the stereo image pair loaded into 3DM Analyst ready

to be processed.

A 004

o

" B[R | i |

Figure 2.5.1 Stereo image ready to load into 3DM Analyst

(Birch, 2004)

Figure 2.5.2 shows the 3-D view of the automatically-generated surface model with

the original image draped over it.

L
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Figure 2.5.2 3D Model from the Stereo Images

(Birch, 2004)
The image was then imported into the modelling software package Vulcan, to carry
out geological and geotechnical interpretations. Figure 2.5.3 shows the image with

the annotations from interpretations. The different lithological contacts are quite clear
and could be digitised.
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Figure 2.5.3 3-D Image of highwall loaded into Vulcan

(Birch, 2004)

The Goonyella Riverside mine case study showed that using this digital
photogrammetric system at least 1km of highwall can be completely captured by a
two-man team in about 3.5 hours. A day or so is required for processing the images
back in the office. This technique according to Birch (2004), has many advantages
over the old manual surveying technique, which include personnel spending less time
on fieldwork from approximately six hours to approximately two hours. The detail is
far greater than ever before, improving the accuracy of the resource model, the
images are archived and can always be retrieved to construct what the highwall
looked like after mining operations have been completed.

Birch, (2004), st a t e s BHPmBdliton Mitsubishi Alliance concluded that the ADAM
Technology software is more accurate, faster, more flexible, easier to use, more
robust and more rapidly developing, provides better quality models, has better
software support and requires less training. Based on technical considerations of the
trial results, ADAM Technology's 3DM Analyst plus CalibCam softwares provide the
best solutions f or BTMiAsofwark pragtammeadnbe utiised pi ng. 0
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with easy at Isibonelo Colliery where less than 20km of highwall is exposed per year

to provide accurate information for better short-term planning.

2.6 Marston & Marston Case Study
Mining companies require accurate short-term mining forecasts to plan for budget
targets and customer needs. This case study proves that the ability to update
geological models based on the latest information gathered from production drilling
and mining activities can greatly enhance the ability to accurately predict short-term
mining production. (Gurgenli, Minnes, & Oommen, 2011).
The information generated from the latest mapping should be incorporated into the
model to ensure mine planning makes use of it for the next pit design. The
information flow between geology, survey and mine planning need to be seamless

as illustrated in Figure 2.6.1.

("

Exploration

Drilling

Geology
A

Geological

Survey
Database

Pit Design

Reserves

Long-Range Plan
(Yearly)

Mine
Planning
Database

Mid-Range Plan
[Monthly)

Mine Planning

Short-Range Plan
\ (Weekly)

Figure 2.6.1 Mine Planning Flow Sheet

(Gurgenli, Minnes, & Oommen, 2011)
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The two major data bases (geology and mine planning) must feed into one as
illustrated in figure 2.6.1. The case study of a coal mine in North America handled by
the consulting company Marston and Marston of St. Louis involved looking at the
detailed mine plans of an operation with complex geology. The geology of this open
pit mine included an anticline/syncline structure featuring multiple dipping seams and
minor localised faulting. The planning engineers of the operation had managed, prior
to engaging the consultants to produce both long and short-term plans to achieve
production targets. However due to the complexity of the geology, there were always
deviations from the plan due to a change in geology. This scenario prompted the
operation to adopt a monthly updated geological model, but the software in use was

manually intensive (rather cumbersome) which resulted in very inaccurate plans.

The consultants, selected a suitable software programme (Minescape) which
integrates geology and mine planning. Oommen et al, (2009) states that, i @e of the
main advantages of this software for this operation was that Mi n e s ¢ Gtatmadsl
module is designed to create three-dimensional grid models of layered geologic
deposits that allow new geologic data to be uploaded into the drill hole database, and
used to regenerate grids of coal structure and qualityad In addition, the Open Cut
Design module provides excellent pit design tools, which are tightly integrated with
the underlying geology, and automated block generation tools, which were commonly
used in this operation. Another key advantage of Minescapei s Mi ncomds Sched
module, which provides the required mine planning and scheduling solution, and
allows a high level of customisation, while being tied directly to the mine planning tools

and graphical model entities.

Geological data was gathered from both historical and new information to produce a
comprehensive database of structure and quality information, which was thoroughly
scrutinised and validated to be fit for purpose. Stratmodel works on a schema, which
is a rule-based representation of a stratigraphic model which contains all the
information required to create a stratigraphic model. The frulesdwere then combined
with a set of drill hole and survey data (gathered during the time on site at the exposed
faces), resulting in an automated process of model update with no need for manual
input. Cross sections and maps were produced to validate the model. According to
Gurgenli et al ( 2011) one of the main goals of the system was the ability to quickly
update the geological model with the latest information gathered from production
drilling and mine activities (dragline, truck and shovel), to enhance the ability to
accurately predict short-term mining production. Therefore, Stratmodel was an

excellent tool for this operation. Another reason why the Stratmodel module was
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applicable to this mine is that this module allows modelling of inclined and deviated

drill holes, which were common at this operation.

Planning was made easier with the creation of a customised scheduling system in an
environment where data flow between the databases was seamless. Three months
schedules could be produced easily and with a tracking system of the coal, waste and
coal qualities. The process was properly documented to allow future use and

succession planning.

The results were quite rewarding, with quick integration of the latest geological data,
improved productivity of the planning personnel now spending only three days
planning as compared to previously spending three weeks for the same amount of
work. The system according to Gurgenli et al, (2011), also increased the accuracy

and consistency of mine plan results.

Finally, Gurgenli et al (2011) concluded that, dnvesting the time to develop an
integrated planning system, which incorporates the latest geology, minimises manual
input, and fully utilises automated processes, gives the planning engineers the best
opportunity to produce high quality plans based on the latest information. This also
allows the engineers to spend more time in evaluating the conditions and alternatives
in the operations. Properly documented manuals and processes also address issues

related to employee turnover, which is often the case at mining operations.o

Isibonelo Colliery is striving to achieve such good results with the implementation of
short-term geological modelling. The mine uses the same Minescape Stratmodel

software programme used by Martson and Martson consultants with similar success.

2.7 Thiess Pvt Ltd Australia Example
In most mining operations, especially for large companies, the exploration work is
centralised, servicing the operations. The borehole data base is managed by the
same central office. The mining operation during production does generate a lot of
valuable information through blasthole drilling and in most cases, this is not
geologically logged or used to reconcile with the model. However, integrating
exploration and operational blast holes into a single database improves geological
modelling (Stedman, 2014). Thiess Mining in Australia has done this with great

Success.

The mining house adopted the practice of converting selected blast holes into
structural points of observation to assist with remodelling the coal surfaces at a closer
spacing. With most exploration holes spaced at more than 250m, obviously the blast

holes data collected at 20m spacing meant a more detailed evaluation of the coal
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seam. The models became more accurate getting closer to what is in the ground and
that improved their geological predictions and ultimately the mining performance

because of fit for purpose plans.

The lithologies interpretations are derived from downhole geophysical data where
coal and non-coal material is expressed in gamma and density measurements. The
different lithologies are interpreted by the geologist who in turn submit or release
reports to planning engineers detailing where hard and soft layers are, and this
determines the drill and blast design with the correct explosives at the correct
elevation. Thiess Mining also performs highwall mapping from the exposed strip and
this information is used to also interpret the gamma trace. From the geophysical data
areas with poor quality coal can easily be selected and data incorporated into the

model for better planning around such situations, this is the practice at Thiess Mining.

At Thiess Mining, it has been proved that a model built based on 250m spacing does
not provide sufficient structural detail which is required to accurately plan the stand-
off enough to prevent coal from blast damage. The mechanism causing most of the
coal loss and damage results from overburden blasting and excavations (Scott &
Wedmaier, 1995) . It has also been proved at Thiess Mining that blasthole data gives
a more realistic representation of coal structure and the gross tonnes in situ of the

coal.

Coal reconciliation based on a resource model can potentially produce results that
may not be true of what is in the ground and conclusions from such information may
lead to incorrect business decisions. This assertion was also proved that with more
detailed data, there is better coal reconciliation, and there is no such obvious or

exaggerated over estimation or under estimation of coal volumes.

In conclusion, the Thiess Mining case study proved that the objective of a short-term
geological model, is to accurately reflect the true volumes of coal and waste as well
as identifying geological structure. An integrated blasthole and exploration database
creates a model that better reflects the truth in the ground and subsequently true

mining performance, accurate drill and blast designs and good coal reconciliations.

28 Kumba I ron Or e @schnBlogyno Move
Kumba Iron Ore belongs to the iron ore business unit of Anglo American Plc. The bulk
of the iron ore production comes from Sishen mine, located in the Northern Cape
Province near the mining town of Kathu. The mine has been producing since 1953,
and Sishen mine is the flagship operation and one of the largest open-pit mines in the
world (Anon, 2018) .
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The author interacted with one of the Kumba Iron Ore Resource Geologists, Botha
regarding geological short-term modelling practice at Sishen. Botha confirmed there
is an issue of safety while mapping the highwall to collect data for input into the model.
Hence the use of photogrammetry with an application for a tablet called Field Move,
that can identify a satellite image and import it for reference. There is also another
application for smartphone technology called Field Move Clino, which is also used, to
map. However, both techniques are applied to capture geological data from the
exposed highwalls for input into the short-term geological model to enhance planning
of the next production bench. The FieldMove Clino technique is best suited for
mapping structural data such as dips and strike of bedding planes, faults or any
|l ineati onds o0bser v edThintachnguepssafeinthelrséngetthata | |
measurements are taken remotely for safety reasons and the smartphone captures
the data just such as taking a photograph. According to the website information
regardingt he soft war e, it i s st at esdfficienhdata pne i When o
can then use the drawing tools that include a virtual mouse for precision drawing, to
create geological boundaries, fault traces and other line work on the base map. It is
also possible to create simple polygons to show the distribution of different rock types.
The line work that one creates in FieldMove (and in Clino) is fully geo-referenced and
this information is preserved when the project is exported to other applications.
Getting the project out of the application is straightforward . (\@ww.mve.com, 2018).
There are several formats in which the data is exported in, such as comma separated
values (.csv) and the Google Ear t h fkmaa nikhet modelling software from
Midland Valley for modelling prefers the Field Move & ano fiietformat. Figure 2.8.1
illustrates some of the field outputs of this software. Midland Valley is an exploration

company that developed FieldMove software.

KATURUZA, MEAKER 415119 MSC. ENG.(MINING) RESEARCH REPORT  MINN 7044 31



Figure 2.8.1 Field Move software outputs

(www.mve.com, 2018)

There is one major advantage with this application in the sense that geological
measurements, notes, photographs and interpretation (drawings) are all captured in
a single application which significantly reduces the amount of field equipment that a
geologist needs to carry as compared to olden days where hammers, compasses
needed to be carried in the field. The data mapped and interpreted (confirming traces
of lithological contacts) is all geo-referenced and that makes it easier to import into

the modelling software package.

The above described mapping technique can be applied at Isibonelo Colliery as an
alternative to digital photogrammetry by a drone. During the research period, several
mapping techniques were looked at such as Sirovision and simple photogrammetry

using a digital camera.
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2.9 Klipspruit Colliery experience
The author had the opportunity to visit the mi n e bief GeBlogist, Conradie at the
colliery after an approval by their Technical Services Manager, Mabuza. Klipspruit
Colliery lies immediately north of Kutala Colliery near the town of Ogies, and is an
opencast operation similar to Isibonelo Colliery. It is hosted in the Witbank Coalfield
with all the coal seams 1, 2, 3, 4 and 5 present in the mining lease area (the No.3
seam, found in many other collieries in the same coalfield is very thin and uneconomic

to mine.).

The colliery does employ short-term geological modelling, with respect to refining coal
contacts to plan drill and blast designs more accurately as well as ensuring improved
coal recovery. According to Conradie, drill plans require accurate depths of holes to
prevent coal loss through over drills and blasting coal together with overburden.
Conradie confirmed that capping, a layer of waste rock (not blasted) above the coal
seam, is caused by poor drill plans when operators drill short holes without touching

the top of coal.

Klipspruit does conduct wireline logging of the pre-split holes at a regular interval of

ten metres. The logs help in fine tuning the coal contacts and new cross sections are

generated from the updated model with the latest information obtained at closely

spaced drilling as compared to the explorati:
geophysics, downhole wireline logging for more accurate interpretation of coal and

lithological contacts. You will never go wrong with wireline logging, (a measurement

of downhole formation attributes using some special tools lowered into the hole).0

stated Conradie (2018).

Figure 2.9.1 is an example of the success story at Klipspruit using wire logging of pre-
split line blast holes. The detail of the geology in figures 2.9.1 and 2.9.2 is not available
from sections generated from resource model because of the spacing of the points of
observation. Wireline logging has proved at Klipspruit Colliery according to Conradie,
that it is the best tool for gathering data for short-term geological modelling. The
planning department is furnished with close to reality information for input into the

short-term plans.
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Wireline Section, KP5313 18, Overburden, Ramp 2-3
4-Upper Seam & 4-Lower Seam

.
g ;o ot S
# AP & # & Qverburden
c ; Surface

= Llmlt of Waathardng

d=Upper Seam

4| gwar Saam

3 Seam

KP5318 | KP5317 |KP5316 | KP5315 | KP5314 | KP3313

Note: 4-Upper Seam weatheres out roughly halfway into Block KP5314
Note: Floor roll, thinning of coal seam and weathering proflle results In
the wash-out of the 4-Lower Seam in Block KP5318 ( yellow hatched
area)

Note: The burden thickness between the 4-Upper Seam and 4-Lower
Seam ranges between 1.95m and 2.40m with an average thickness of
2.28m

Note: The parting thickness between the 4-Lower Seam and 3 Seam
ranges between 0,10m and 0.90m with an average thickness of 0.33m.
It is possible that the 3 Seam will be extracted along with the 4-Lower
Seam in some areas

Figure 2.9.1 Cross section of Pre-split holes down to 3-seam

(Conradie, 2018)
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Wireline Section; KP4823-30; Overburden; Ramp 1-2A
2 Seam & 1 Seam & 1-Lower Seam
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1 Saam
T-Lowavar Saam

KP4830 | KP4829 | KP4828 | KP4827 | KP4826 | KP4825 | KP4824 | KP4823

Note: Large floor roll In Blocks KP4826-28, +12m change In 2 Seam elevatlon from the middle of Block KP4826 to the
edge of Blocks KP4827 & KP4828,
Note: Promlnent In-seam partings In 1 Seam especlally In Blocks KP4827-30

Figure 2.9.2 Wireline cross section for 2 and 1-seam

(Conradie, 2018)

Exploration boreholes are also wireline logged and the physical log lithological
contacts are fine-tuned to ensure correct depths are captured for geology modelling
purposes. The practice is also a great success for Klipspruit Colliery and the example

in figure 2.9.3 illustrates a comparison between borehole physical log and the wireline

log matching the zones.
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Figure 2.9.3 Exploration Borehole log against its wireline log

(Conradie, 2018)

The wireline log also enhances sufficient core recovery and proper packing of the core
which also ensures more accurate sampling of the coal. Short-term geological
modelling at Klipspruit Colliery is entrenched in the day to day activities of the Geology
Department. Images of model grids showing the difference between Resource Model
(using exploration boreholes) grids and Grade Control Model (also incorporating
wireline logs from presplit/blast holes) grids is illustrated in Figures 2.9.4 and 2.9.5. In
this example it compares the same area of 2 Seam roof elevations. The general
overview is the same, but on closer inspection it shows that the Grade Control Model
gives more information, especially in areas where the seam dips or rolls. If one is to
use the 2 Seam roof elevations from the Resource Model, there is a greater chance

that burden drilling will either result in scalping of coal during exposure (drilling too
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deep with subsequent blasting), or a hard capping to be left behind on top of the coal

(due to drill holes not reaching the coal seam).
@ Graphics [Graphics 1)

(Conradie, 2018)

Figure 2.9.5 Grade Control Model Contour plan

(Conradie, 2018)
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2.10 OptimumCol | i erybés Practice
Optimum Colliery is an opencast operation that lies in the Witbank Coalfield and is
rated as the sixth largest producer and exporter of thermal coal in South Africa. In a
wide-ranging discussion with the geologist from Optimum Colliery, the author was
taken through the process the operation follows in incorporating new information into
the geological model and how it is used by the mine planning department in the pit

designs.

Optimum Colliery of Tegeta Resources produces an annual updated geological model
that is used for medium to long-term planning. The operation does employ two
methods of collecting new data from the active mining area, namely wireline logging
of the preisplit production holes and highwall mapping data. According to
Makongwana, (2018), the drill and blast foreman plans the drill holes on both the
highwall and low wall sides of a drill bench. The holes are spaced at 12 metre intervals
and are to be drilled to the floor of the coal seam. The sketch of the plan (developed
by author during the telephonic discussion with the geologist) of the holes is illustrated
in Figure 2.10.1.

Plan View I
o o o o o
12m
o o (o] fo ¥ 0
o
o Holes for wireline
logging{spaced @12m)

Figure 2.10.1 Plan of wireline log holes

(Katuruza, 2018)

A local company, Geoline Logging Services is contracted to conduct the wireline

logging of the holes as soon as they are completed. The wireline logs are handed
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over to the production geologist for interpretation of the intersections, depths and rock
types. The geologist then produces a table of information, which is handed over to the
drill and blast planner, whereby they calculate the average depths and thicknesses
for the entire drill design. This process is called short-term modelling since the final

drill design is based on the latest information derived from this short-term drilling.

The data can also be imported into the existing geological model for further
interpolations and updates for the next cut, although the same process is repeated for
each subsequent new cut. The wireline logs provide detailed information such as

insitu correct material thus ensuring competent stable highwall and low wall.

2.11 Challenges in Mine Planning
Mine planning should deal with complex geological orebodies in designing and
scheduling production. According to Hendry(1988), structural complexity of a
sedimentary deposit (such as coal) and high rate of mining requires one to consider
large amounts of geological information which continually updates the interpretation.
A mineral resource management (MRM) department is a vital cog in the mine value
chain. Birch(2017), states that planning relies on knowledge of the geotechnical
model, and always there is need to have a good geological model which is regularly

updated.

For any mining operation to be profitable, it must have sound plans generated from a
properly modelled ore body. The mine planners and geologists must work closely
together to produce good and accurate mine designs that optimise the extraction of
the orebody. i Fun dament al-terh perfarnfaece df annogeration is geological
modelling and mine planning. To maximise mine profitability, planners and schedulers
must create mine plans that match the field as accuratelya s p o s(Shaimh g2011).
The drilled and modelled geological information has many assumptions built in it that
gets fine-tuned with results from what is eventually obtained from the field. Hence the
term geological reconciliation which over time helps in developing close to reality
modifying factors. In Australia, Theiss Pty Ltd, one of the major players in the mining
of coal does add value by converting selected blast holes into structural points of
observation and remodels coal surfaces at closer drill hole spacing. According to
Stedman, (2014) the integration of exploration and blasthole data into one database
significantly enhances geological modelling. There are benefits to this process which
include amongst others improved coal predictions (volumes and thicknesses),
stronger interpretation of any complex structural areas, detailed mapping of any burnt-
out areas and finally additional roof accuracy for better blast designs that deliver

improved coal production which is the essence of this research report.
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This research report has attempted to answer the question as to whether short-term
geological modelling adds any value to a mining operation. Stedman,(2014)
concludes that, firtespective of outcomes from a mining operation® perspective, the
objective of the geological model is to accurately reflect true volumes of coal and
waste and to, pick any geological structure. Hence creating an integrated blasthole
and exploration database (short-term geological modelling), derives a model that
reflects true mining performance which also provides an accurate base upon which

dr i | | and bl ast can be tailoredo.

According to Sharma (2011), in his paper titled, Challenges in Mine Planning and
Scheduling- Discussion, the geologists and mining engineers have a big role to play
in the operations. They must account for an array of variables such as geological
samples and data from the mine, production capacity of available machinery and
equipment, production cost assumptions as well as the health and safety of workers.
It is important to note that a poor geological model can result in a poor mine design

which can be a safety risk to the personnel working on the mine.

Mine planning has some challenges as illustrated above, that accurate geological
data can deliver good plans that can be achieved easily. Some of these challenges

were outlined by Sharma (2011) as follows:

2.11.1 Capturing complexity of mineral deposits that match field conditions

Resource geological models are initially produced at the feasibility study stage. The
borehole spacing might be quite wide and the model oversimplified missing some finer
structural detail as some faults will not have been picked by the drill holes. Coal
production forecasts in the initial mining plans may no longer be relevant when
operations uncover the area hence making it difficult to predict and plan production.
The suggestion is that every operation, should create a mine model (i.e. based on the
short- term geological model) that matches the field as accurately as possible with the
available time to stay ahead of operations (the mining window). In most cases for

Anglo American coal operations, this is a 3-year window period.

2.11.2 Updating mine plans with new data from the field

Data collected from the field by geologists, mine planners as well as surveyors need
to be incorporated on the plan. It seems historically that mine planning and scheduling
has been such a time-consuming, labour-intensive process that it prohibits the timely
generation of new or updated plans as quickly as new data is received. In some
operations there is a problem of skills shortage and high staff turnover or even tight

head counts, leaving the few people on site overwhelmed with work. Figure 2.11.1
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illustrates field mapping of the softs above coal, i.e. data required for incorporation

into short-term geological models.

4m

Figure 2.11.1 Highwall weathered horizon mapping at Isibonelo Colliery

(Photo by author)

According to Sharma (2011) an efficient software/module should be able to accelerate
the process of geological modelling, mine planning, and mine scheduling by
automating and streamlining the processes. The whole system should be such that
plan updating is a continuous process as new data is added in from the field. The
mining engineers will then have access to the latest and most accurate information
from which to develop mining plans. There is a big advantage in integrating planning
tools with geological modelling, because there is automatic access to geological

surfaces and lithologies for developing mine designs can be obtained.

2.11.3 Generating accurate production and budget forecasts

Sharma (2011) further explains that the problem of planning target production figures
and then failing to meet them, usually brings about pressure on the mining teams.
The coal seam does vary in structure naturally, hence managing such variations can
be an issue without the latest geological data being available. The assumptions used
in planning may at times not be close enough. With new and updated geological data

incorporated in the plan forecast, better production can be achieved. Therefore,
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accurate geological modelling provides for accurate mine planning and scheduling

which in turn reduces the variances, which increases production predictability.

There is an efficient software system that can automate and streamline the processes
and enable multiple mine plan scenarios to be run to select the most optimal plan.
Anglo American Coal uses the XPAC planning software package that can perform
this exercise. Therefore, up to date information helps in improving the accuracy of
production forecasts and the elimination of surprises, it also instils confidence that
mining plans would be achieved and sales targets will be met and results in greater
budget accuracy. It should also be noted that, mine plans which can be executed to
meet sales targets within the designed budget will ensure that the designed profit is

also achieved.

2.11.4 Capitalising on quick changing market and operational conditions

The mining operational condition is subject to change, hence if the system is
automated and fed with up to date geological information, then it is easy to adapt to
the changing conditions. There is usually considerable time required to perform some
of the geological modelling and mine planning tasks, hence planning frequency may
not be keeping pace with the frequency of change. The mine plans and schedules are
usuallydi f ficult to adapt to the changing condit
as its personnel, plant, or equipment. The whole planning process should be
auditable, thus whatever changes are made, especially with the inclusion of new data,
should be traceable as it must be properly documented; currently this is the emphasis
through the OMS. Automation of the planning process can be quite beneficial as it
releases more time for the geologists and mining engineers to check actual versus
planned as well as tracking the product. They can even focus more on optimisation in
other areas developing a plan, leaving more time available to examine ways to make
the operation more efficient. There is available time for looking at areas such as
optimising exploration drilling programs, increasing mine reserves by uncovering
ways to mine in difficult geological conditions, and applying the skills of geologists and
engineers in ensuring efficient execution of the final plans with field operations. This
system ultimately improves the overall efficiency of the mine planning process
(Sharma, 2011).

2.11.5 Streamlining the flow of information process
In current systems, mine planning and geological modelling are in different domains,

information between the two is through the importation of files, and in some instances,
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there is manual input of data which may introduce errors. It is recommended to have
fully integrated systems that pull through information from the two databases and run
the mine designs and schedules. Anglo American Coal has XPAC for mine scheduling
while Stratmodel is the geological package for modelling, and mine design. The output
files from Stratmodel are imported into XPAC (which are compatible). According to
Sharma ( 2011), by adopting a suitable integrated system, reductions of 40-60% in

time spent updating long term mine plans may result.

Figure 2.11.2 illustrates the process flow of geological information into the mine

planning and scheduling functions, which must be seamless.

Geologic Geologic Mine Production

Database Modeling Planning Scheduling

Figure 2.11.2 Geology and Mine Planning process flow

Source: (Sharma , 2011)

Sharma (2011) states that, AStrength of a building depends on its strength of its
foundation. Same is true for mining as well. As the foundation of all mining activity, a
mine plan and most accurately reflects the real-time reality of the geological structure
in the ground, the process capabilities and the economic unpredictability of demand
and commodity markets; which results in a productive, predictable and profitable

system within mining structureo .

Runge Pincock Minarco now called RPM Global, have a software package called Coal
Seam AGG which makes the process of incorporating updated geological data in the
mine plan faster and easier, saving time and money. The package is paired with
XPAC Solutions to bridge the gap between geology and engineering, thus allowing
one to work with scheduling blocks which have the most up to date geology,
(RPMGlobal, 2017). Short-term geological modelling is therefore made simpler
through such a package. The creation of mining models is said to be over ten times
faster than other methods with no risk at all of getting the output wrong. Coal Seam
AGG does allow one to move from geological models to scheduling options and

production forecasts in one go, thus it is a very versatile package.

Planning is an essential component of the mining process giving direction to the
accurate extraction of a mineral deposit. According to Meyer,(n.d.), AProducti vit)

never an accident. It is always the result of a commitment to excellence, intelligent
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pl anning, and focussed efforto. Accur ate andc

important for such to be accomplished.

i A s-terommbdel focuses on specific mining blocks of the mine and is generally
created to ensure that the day to day mining schedule follows surfaces that are
accur at e i nBritmindo,t2018)r Thia stabement qualifies the focus of this
project to evaluate the use of short-term geological modelling in mine design and

scheduling in an open cast coal operation.

According to Gurgenli, et al (2011), efficient mine planning in coal mining is crucial to
meeting targets especially in the current economic environment of high competition
at coal markets. It is quite clear that robust and accurate production forecasts, if

achieved, can protectac o mp a prgfits ;1 times of a price downturn.

Finally, mine planning is carried out considering different time frames that lead to long
term (life of mine), medium-term, and short-term (i.e. the first year broken down into
monthly, weekly and daily plans). Short-term plans require detailed information to
drive production, hence the need for geological models with lower uncertainty
according to Yarmuch & Ortiz, (2011).

2.12 Conclusion
Technology has developed over the years and has become even faster with the
advent of the first computers. Geological mapping was a tedious job of having to walk
carrying mapping tools and even failing to access some areas. Today there are
techniques to gather data and build geological models within a very short space of
time. The software programmes such as 3DM Analyst simplified model building.
Drone technology is still developing further and has proved to be a fast mapping

technique.
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3 PROPERTY DESCRIPTION AND GEOLOGY OF STUDY AREA

3.1 Property Location

Isibonelo Colliery lies approximately 150km due east of Johannesburg, +/-80km south

of eMalahleni (previously Witbank) and approximately 8km south of the town of Kriel.

It is bordered by Seriti ResourcesdKriel Colliery immediately to the northwest and

Exxar obés Matbltha weStml dnd adjacgnt to the Kriel Colliery. Sasold s

underground Syferfontein coal mine is located directly south of the Isibonelo Colliery

Mining Licence area. Reserves of the Isibonelo Colliery are situated in the Highveld

Coal field of Mpumalanga and form part of Ang
Isibonelo Colliery resource area. (Nkuna, 2014)

GREENSIDE

KLEINKOPJE

A

Isibonelo

NEW DENMARK

Figure 3.1.1 Location map of Isibonelo Colliery

(Katuruza & Levings, 2017)

The Isibonelo Colliery mine offices and workshops are located, approximately 12km
south of the mining area (now only two open pits), at what was formerly Sasol
Syferfontein Opencast Colliery. Isibonelo took over the infrastructure associated with
the Syferfontein Opencast Colliery on the 1st of April 2005. Access to the Isibonelo
opencast mine is through the main entrance at the mine offices and then along a
service road to the pit. The map in Figure 3.1.1, illustrates the location of Isibonelo
and its surrounding environment
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The greater area around the towns of Kriel, Trichardt and Secunda are well served by
many provincial, district and farm roads, leading to the neighbouring towns of Ogies,
Kinross and Bethal. The main tarred road (R545) connecting Ogies and Bethal runs
approximately 2km to the northeast of the opencast mine and there is a dirt farm road
that also link to the mine operations while at the same serving the farming community
neighbouring the mine.

There is no railway line that cross the mine area or its closer vicinity, the closest
railway station to the mine offices is at Trichardt, approximately 10 km by road.

3.2 Accessibility, Climate, Infrastructure & Physiography

The climate and physical environment description according to Mokoena & Nkuna,
(2014) detail the area as forming part of the gently undulating Mpumalanga Highveld,
with elevations from 1520 metres above mean sea level in the northern portion to

1630 metres above mean sea level in the south.

The western and eastern boundary of the area is formed by two main physical
features, namely the northerly flowing Dwars-In-Die-Weg Spruit in the west and the
north-westerly flowing Steenkoolspruit in the east. Close to the junction of the two
rivers in the north is a wide flood plain, the western portion of which was mined as Pit
4 by Kriel Colliery some years ago. The eastern part of this flood plain comprises the
current Anglo American Coal opencast mine. Both rivers are perennial and
meandering within a wide valley, which is in places up to 1.5 kilometres in wide. The
valleys along the two rivers tend to be marshy and can be flooded during heavy
summer rains. The boundary of the topographically flat flood plain generally defines

the 1 in 50-year flood line.

The normal Highveld weather conditions prevail, with warm to hot summers and cold
winters. The rainy season during summer is normally from October to April with a
typical rainfall being in the region of 690mm. The prevailing winds vary from northwest

to northeast, with generally low velocities of around 15 km per hour.
3.3 Historical Information

All mineral exploration activities at Isibonelo Colliery have been on the coal resources
found within the Highveld Coalfield of Mpumalanga. The type of exploration activities
includes vertical surface boreholes, channel sampling and geo-physics with some
geological information acquired from Sasol. A breakdown of the boreholes within the
database was undertaken to determine the reliance on historical boreholes for the
Isibonelo project. The Isibonelo model comprises of 2253 geological boreholes and
of these, 170 boreholes were drilled prior to 1980. (Nkuna, 2014)
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The sampling and analytical strategies have changed over time due to the takeover
of Sasol Syferfontein by Anglo American Coal. The external independent audit report
conducted in August 2013 by Runge Pincock Minarco concluded that Isibonelo
sampling and analytical strategies are aligned with industry requirements. Thus, there

is no impact on the resource and reserve estimations.

When Anglo American Coal took over the mine, all the geological databases
(lithological and geological descriptive codes) were converted to their own naming

conventions in line with the rest of the Anglo American collieries.

The original sampling protocol by Sasol for No. 4 Seam was just one, Full Seam
Horizon, i.e. no zones sampled, while Anglo American Coal introduced zoned
sampling of the three distinguishable zones. The sampling protocol allows the
flexibility of building a Full Seam Horizon Model (for tonnages and reserve modelling)
and a Zoned Geological Model for grade control purposes. The research project only

focused on the structure rather than the quality model.
3.4 Mining operations

Isibonelo Colliery operates two open pits (North and South pit) as illustrated in figure
3.4.1.

S4

Figure 3.4.1 Isibonelo Colliery mining operations

(Levings, 2018)
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The name fisiboneloA is a Zulu word, meaning fi t kie exemplarya The colliery
produces unbeneficiated (raw) run of mine coal of the No.4 seam to supply Sasol
Synthetic Fuels. The Isibonelo pit is 16km from the main office block and workshop
area. Coal is conveyed 14 km from the pit to point of sale at the Isibonelo bunker.
From this point it is conveyed a further 22km to the Sasol Coal stockyard situated at
the Sasol Synfuels plant immediately south of the town of Secunda, (Levings, 2018).
Isibonelo Colliery was developed on the South Kriel reserves to fulfil the supply of
coal to Sasol and it operates the North and South pits.

According to Levings (2017), the colliery is an opencast mine and operates two Marion
8200 draglines in as the primary coal exposure machines, one dragline is deployed
per pit respectively. For drilling and blasting, two Gardner Denver 70s drills are being
used. The primary machine for pre- strip is a P&H rope shovel which operates mainly
in the North Pit with it fleet of six trucks. Coal is extracted by two EX3600 shovels and
four EUCLID EH3000 trucks are used to load and haul the coal to the tip. (Levings,
2018)

The colliery employs on average 320 permanent employees and an almost equal

number of contractor employees in various sectors of the operation.

3.5 Geological setting of the study area

Isibonelo Colliery is situated near the northern margin of the Highveld Coalfield of
Mpumalanga. Figure 3.5.1 illustrates the general geology of the mine.
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Figure 3.5.1 General geology of Isibonelo Colliery area

(From mine geology department.)

The area is underlain by sedimentary strata of the Karoo Supergroup which was
deposited in the Permian period (248 - 290Million years) (Anhaeusser & Maske,
1986). The Karoo Sequence is made up predominately of sediments and is capped
by a sequence of volcanic strata. Three stratigraphic units define the sedimentary
strata of Karoo Supergroup. From oldest to youngest, the units are the Dwyka, Ecca
and Beaufort Groups, respectively (Cadle, 1995). Coal seams of the Highveld
Coalfield are hosted by the Vryheid Formation of the Middle Ecca Group (270Million
years). Sediments of the Vryheid Formation represent coal-capped upward fining
cycles of clastic sediments deposited in a fluviodeltaic/shallow marine environment.
A variety of sandstones predominate the sedimentary succession with lesser amounts
of coal, siltstone, shale and occasional grits and mudstones. The Vryheid Formation,
at the base of the Ecca Group overlies diamictites and other associated glacially
derived sediments of the Dwyka Group, which were deposited on a glacially sculpted
pre-Karoo ancient granitic surface (Simakuhle, 2009) .

Bituminous coal seams hosted by the sedimentary strata in the Isibonelo Colliery
Mining License area include, from the base up, the 1, 2, 3, 4 and 5 Seams of the
Highveld Coalfield. At Isibonelo Colliery, the 5-seam and 4 Seam are presently

considered to be economically viable. The 5-Seam overlies the 4-Seam in the
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underground areas and extends into a portion (approx. 40%) of the opencast mine.
(Nkuna, 2014)

To optimise the Isibonelo resource base, the 5-Seam resource has been re -evaluated
with the bulk of it transferred from indicated to measured resource based on current
borehole data. (Katuruza, 2017). The borehole data indicates a thick parting (+/-0.7m)
within the seam making it uneconomic as a full mining horizon. The No. 5-Seam was
previously mined by Syferfontein Opencast with the aid of an on-site de-stoning plant.
The mine has over the past few years been investigating a potential market for 5-
Seam, the optimum mining methods thereof focusing on the Far South Pit as a case

study for this exercise.

Potential positive spin-offs from mining the 5-Seam include, a reduced environmental
impact as most of the coaly material is not left in the spoils to pollute the environment
especially from water contamination. If the 5-seam is mined together with 4-seam the
overall mine stripping ratios improve. The final benefit is the improved run of mine
tons (ROM) recovered and delivered to the customer and improved financial returns.

Coal seams underlying the 4-Seam, i.e. the 3-Seam, 2-Seam and the 1-Seam all
occur in the Mining License area, however, the 3 Seam is thin (approx. 30cm), the 2-
Seam is poorly developed and the 1-Seam only sporadically developed. Currently,
there are no plans to mine any of these coal seams and they do not form part of
Isibonelo Colliery resources. A generalised stratigraphic column for the Highveld

Coalfield is presented in figure 3.5.2 as depicted at Isibonelo Colliery.
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Figure 3.5.2 Isibonelo Colliery Stratigraphic Column

(NKkuna, 2014)

3.6 Conclusion
Isibonelo Colliery is a medium size opencast operation hosted in the Highveld
Coalfield, producing at least 5 million tonnes of coal per annum and has been in
operation for Anglo American Coal South Africa for the last 13 years. The 4 and 5
seams are the only economic seams meanwhile seams 2 and 3 are poorly developed

and not economic to exploit. (Note: they are not part of the colliery coal resources).
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4 GEOLOGICAL MODELS AND THE MINE PLANNING PROCESSES

The research methodology included both qualitative and quantitative approaches to
gather as much information as possible to be able to make sound conclusions and
come up with more practical recommendations. The following are some of the

approaches undertaken during this research project.

4.1 Qualitative Approach

4.1.1 Review of current planning process and geological models

Generation of geological models

The exploration drilling and resource modelling functions are centralised for all the
collieries for Anglo American Coal South Africa (ACSA). Exploration geologists run
projects for specific collieries with all the core logging data and samples being
submitted to the resource modelling department. The data is managed in a central
database as well as the resource models. The drilling is done annually depending on
the stage at which each site is at, then the model is updated with new borehole
information. The resource model is handed over to the colliery geologists to check
and confirm the changes, and is then signed off and handed over to the mine for use.

The geology data flow process is shown in Figure 4.1.1

AngloAmerican THERMAL COAL

(TS { Datakntry | - -—'-17

- « ALS NALEDI Lab

[ Graphic Logs |- [TGRBT = (Stariims)

B Inhouse AATC
| ‘ ,
[ ansscape sromecer |— Lepon
«— Cutgen
)

Xpac Scheduling

(Runge)

Figure 4.1.1 Schematic geology data workflow

[] AATC and Ventyx

[ Ventyx (Mincam)
[] Extemal others

(Nkuna, 2014)

The original logging of the exploration boreholes is done on paper and entered into
the electronic database called GDB, where all the relevant data, including the survey,
lithology, sample intervals and core recovery as well as the type of analysis requested

are stored. Nkuna (2014), states that, when all the information for a borehole is

KATURUZA, MEAKER 415119 MSC. ENG.(MINING) RESEARCH REPORT  MINN 7044 52



available, the resource geologist downloads the survey, lithology and analytical data
from the database in ASCII format, to be loaded into the geological model. Various
validations of the data are undertaken upon loading it into the geological model.
Survey data is also checked for possible duplication of co-ordinates and a comparison
between the topographic model and collar elevation is conducted. Borehole positions
are compared with the original planned position and that they plot within the expected
area. Any discrepancies are reported to the colliery geologist or project geologist
responsible for the respective area, for checking. (Nkuna, 2014)

Lithological and analytical data is checked simultaneously to ensure that analytical
results are reflecting the lithological units described and that the analytical data is
within the expected range of values for the relevant seam, sub seam or zone.
Correlation of seams, sub seams and zones are based on qualities of the coal.

The generation of cross sections is used for validation of correlations and contour
plots of thickness and floor elevation. When this process is complete resource model
is handed over to the relevant geologist who should also independently run a few

contours and cross sections to check the geological model has no anomalies.

4.1.2 Mine planning processes

The life of mine process usually starts off the mine planning activity. The mine
scheduler generates from XPAC a mine block layout showing where the future mining
will take place (the mine plan). The block layout is handed over to geology to run the
reserves for the plan. The output file with tonnes and coal qualities is then imported
into XPAC and two models are built from there, the Reserves Model and the Mine
Schedule Model.

The built models are then used for the life of mine plan, the medium term and the
monthly plans. Pit designs are generated using the same model for the rest of the
year until a new model becomes available the following year after another exploration
drilling programme. There is no other data that is currently being added to the annual

resource model during the year, the update is only once per annum.

The survey department is currently providing mine planning with cross sections and
elevations of the actual excavations which is then interpolated to the next cut during

pit design process.

Geological cross sections of the next strip being designed are generated from the
same annually updated resource model, and submitted to mine planning to use in the
pit designs. The sections currently show the following major layers as modelled: base

horizon of softs (BHSO), base horizon of friable weathering (BHFW), base horizon of
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weathering(BHWE) and base horizon of hard weathering(BHHWE,) interburden and
the coal seams (5 and 4-Seam). Figure 4.1.2 shows these horizons at an exposed

highwall in the South pit (study area) with a face height of 10metres.

4m

Figure 4.1.2 Typical Highwall weathering horizons South Pit (S5_S6 ramp)

(Photo by author)

The sections are exported in .dxf format to enable the mine activity engineers to import
direct into their designs so that they can evaluate the horizons clearly and assign the
correct equipment for each layer. Figure 4.1.3 illustrates a typical geology cross-
section that is handed over to mine planning for use to design the next strip. (See also
Appendix 10.1)

KATURUZA, MEAKER 415119 MSC. ENG.(MINING) RESEARCH REPORT  MINN 7044 54



North Pit Cut 32 Blocks 04 - 12
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1500

Figure 4.1.3 Typical Geology Cross Section
(By author)

The block data information supplied to mine planning is summarised in table format
appended to the section. The mine activity engineers use these sections in

conjunction with survey elevations to design the next strip.

The geological data generated from the model does provide the estimated
thicknesses and volumes that will determine the design. The closer to reality in the
field the information, the more accurate is the design and the plan. Table 4.1.1
illustrates typical geology data output used by the mine activity engineers to design
the pre- strip, dragline and drill and blast activities. The data shows in columns from
left to right: block names, block area, volume from topography to BHFW, depth from
topography to BHFW, volume from topography to BHWE, depths from topography to
BHWE, volume from topography to 4-seam roof, and depth from topography to 4-
seam roof. (See also Appendix 10.2).
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Table 4.1.1 Horizons Block data from Geology Model
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(Geology Department, 2017)

The cross section (Figure 4.1.3) as generated from the current resource model only

shows the modelled surfaces as summarised in Table 4.1.2.

Table 4.1.2 Key unconformable Surfaces used in the modelling

Name

Type

Relationship

Unit Relationship

Continuity

BHSO

Surface

Non-conformable

Base horizon of soft weathering:
Soil and soft weathered
material. All highly weathered
material and soils that can be
removed with a bowl/scraper
without the need to rip. Fresh or
un-weathered material cannot
occur above this horizon.

Continuous

BHFW

Surface

Non-conformable

Base horizon of friable
weathering: moderately
weathered material that need to
be ripped before removal. Fresh
or un-weathered material
cannot occur above this
horizon. Overburden above this
horizon can be removed by
free-digging and does not
require blasting.

Continuous

BHWE

Surface

Non-conformable

Base horizon of weathering:
moderately weathered material
above which coal would be

Continuous

KATURUZA, MEAKER 415119

MSC. ENG.(MINING) RESEARCH REPORT  MINN 7044

56




considered weathered if
present. Overburden above this
horizon needs to be blasted,
and cannot be removed with
free digging.

Base of hard weathering: Marks
the lowest depth of which

BHHW Surface | Transgressive o . Continuous
oxidation/alteration due to
weathering has occurred.
: T f the Dwyka, i.e. end of .
THDW Surface | Transgressive op of the Dwyka, i.e. end o Pinch
the coal sequence.
THPK Surface | Nonconformable | Top of Pre-Karoo. Continuous

(Katuruza, 2017)

In the weathered horizon between the surface topography (TOPO) and BHWE (base
horizon of weathering), it is currently assumed in the mine design that all material is
soft and free digable. The Isibonelo mining experience over the years has shown that
there are some layers of competent sandstone and siltstone which has rendered mine
planning having to add another activity termed i sandst one dr il
challenge currently for mine activity engineers is that cross sections provided by
geology do not show these competent horizons to allow for more accurate design of
the drilling. Mapping from the exposed softs highwall (section 4.5 of this report)
confirmed the elevations which had to be incorporated into the short-term model. The
drilling in some cases does start in softs (311mm diameter holes) and rods have been
getting stuck or holes simply collapse when finished drilling. The short-term geological
modelling process, by incorporating mapped highwall data, would enable better cross

sections to be generated and thus improved mine planning.

4.1.3 Review of the current Operations Management System status

Geology, Mine Planning and Rock Engineering have been audited over the last few
years on compliance to the Operating Management System (OMS) and short-term
geological modelling has always been an audit finding. irhe OMS are a set of
standards and guidelines that have been developed to establish and maintain the
technical standards that Coal South Africa (CSA) requires across its operations to
plan for and deliver on a high level of performance.0(Roberts, 2017). There are gaps
that have been reported every year pointing to lack of short-term geological modelling,
which prompted the necessity to embark on this research project.

The following are some of the key findings:
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4.1.4 Geology OMS audit
Some of the compliance questions in the audit of the current system are summarised

in the table 4.1.3. A full audit template on short-term modelling is included in Appendix

10.10.

Table 4.1.3 Geology Short-term Modelling Audit example

Compliance
Question

Current status

Formal process for
short-term modelling
established and

Annual model update is considered to be short-
term model. The annual geological model report
is specific and updates / changes are tracked as

documented the report is circulated to site Geology Manager
as part of model handover process.
Yes, annual update as stated above. Adhoc

updates as and when required

2 Regular short-term
modelling undertaken
that supports OMS
operational planning /
control requirements

3 Short-term models Yes, as managed by Resource Evaluation
completed and Department

validated in timely
manner to be
incorporated in mine
planning and
scheduling. Including
model grids of roof,
floor, thickness and
key quality
parameters

4 Documentation of
short term modelling
process

Yes, See Geological model report

(Roberts, 2016)

The questions are centred on whether the site has a formal short-term geological
modelling process in place and that there are documented procedures in place.
According to the current status, the annual resource model update is taken as short-
term since new data is only updated annually after the exploration drilling programme.
There is no other data besides borehole data that is used to update the model.
Currently mapping information is not being incorporated, hence the motivation

through this research project and to fill the fgapo .

The short-term planning requirements are currently being fulfilled by the same annual

resource model. | n t he | ast audi t i n 2017, -temh e audi
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modelling st at e d, upfioR bighiadl wapping practices used by Metallurgical
Coal,0(Roberts, 2017).

Short-term models are used to ensure that planning and operational teams have
access to the most current information for, short / medium term planning, improved
prediction/management of geological hazards and optimising reconciliation.
Therefore, processes should exist for ensuring short-term models are reasonable
representations of the geology, (Brady,2007) and the same should apply to Isibonelo

Colliery, and other Anglo American Coal South Africa collieries.

4.1.5 Mine Planning OMS

Mine planning audits have also been highlighting the importance of short-term
geological modelling. Some of the comments from auditors include requirements for
short-term scheduling and the importance of full strip reconciliations. The absence of
a short-term geological model implies that strip reconciliation is not complete, that is
the most up to date geological data on the mined (or exposed face) is not available.
The auditor 6s last@0hheadit tvasithat ort strig reconciliation there is
a need for stakeholders to entrench themselves in a full strip reconciliation meeting
and then address all actions in a register. Figure 4.1.4 illustrates the expected input

from geology to the short-term planning process

Resource

Short Term
Model

Model

*Geological
observations

*Quality Trends
sHazards

*0AQC
*Validation
sInterpretation

*Geological
Observations
*Geological
Geology hazards and
Planning trends
*Projected data occuring

within pit

MAD
(0-3mths)

*Data
Validation
sInterpretation
*MPD (3yr)
*MAD (18mth)

*Operational

Geological
Data

Geological
input

Figure 4.1.4 Operational Geology Planning process

(Anon (a), 2014)

The recent and past audits have continued to find that geological input into short-term
model is not in place at Isibonelo Colliery and other sister operations in South Africa.
The current Mine Activity Documents (MADSs) are being fed with Resource Model data
thus depriving mine planning the use of the latest information based on geological

observations through mapping and any interpretations from the exposed highwall.

Table 4.1.4) is a snapshot of some of the OMS audit comments over the years.

Table 4.1.4 Mine Planning OMS Audit extract
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Compliance Current status
Question
1 I Dat a exi gDril hole toe data incorporated
adequately represent | Short term Geological Models not in existence
the adjacent mining (only annual)
area and has been Highwall Mapping was introduced by the site
incorporated into Geotech drilling commenced
Short-term model (or
has confirmed that no
Short-term model
changes were
required) - sources
can include survey,
drill and blast data
I Survey di
includes adequate
pick up of coal seam
roofs and floors, coal
edges, actual pit shell
limits
I Survey di
complemented and
confirmed by drill hole
toe data
I h8rt-term model
updates occur as
required
I h8rt-term model
adequately
represents the mining
environment, both for
structural and quality
representation
2 Review and confirm Short term geological models not in existence
performance Inputs:
Details to include
changes to:
I model ug
I changes
plan sequences (3D
snhapshot in time,
phases,3-month plan)

(Roberts, 2016)

416 Rock Engineering

In opencast operations such as Isibonelo Colliery, it is imperative that unfavourable
geotechnical conditions are realised at an early stage before designing the pit. Major
structures have huge impact on coal loss and when noticed at a late stage that causes
a change of design. A short-term model informs better geotechnical designs with

exposed current highwall structures incorporated in the design.
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Figure 4.1.5 is an extract from one of the OMS audit reports with special mention to
short-term geological modelling and its use for geotechnical applications and mine

planning purposes.

Design, Coaling Scheduling & Reconciliation A Top 10 Improvement Opportunity
i - L Top 10 Recurring ltem
v Implementation of an activity based One Page Plan (OPP) , MAD Pack and MAD Document A Additional Improvement Opportunity
v Embedded VMP Intersection Register (Best practice)
v Implementation of Strip Reconciliations
v Improvement on MAD activities to include truck and shovel
v

Good quality MAD's conducted on dragline activities

U Short Term Geological Models to be finalised and implemented for Planning & Geotechnical applications
U Improve detail in coaling MAD and collate comprehensive OPP
U Formalise and implement Change Management System

A Continuity of improvements under threat due to personnel movements

Drill & Blast Planning
v Survey team provides drill pattern layouts

v Operators are currently being trained on the DrillNav system

A Investigate blasting techniques along the pre-split to ensure the toe design line is achieved on the overburden so that high wall

lockups are minimised (e.g. Project X)

Figure 4.1.5 OMS Audit Report Extract 2016

(Roberts, 2016)

4.1.7 Interaction with various stakeholders in the value chain

1 Business Improvement team leader

Isibonelo Colliery embarked on a business improvement initiative as part of the whole
Anglo American coal group, to look at ways of increasing productivity through
optimising the entire mine operating systems. The process was spearheaded by a
team of people dubbed the MOS team (Management Operating System). The author
spent some time discussing with the then Business Improvement Manager, Pleasure
Mnisi who asked me, i Meak er , wh at thd mostyngportans thirey that svill
change mini ng.Chamging teanofogy ts the oal?véay mining would look
different in the future. Mnisi said that integrated technology on the mine of all the
systems with input from departments, will make management of optimisation simpler.
Geological information will be input into the system and will be available to people to
make decisions should there be bottlenecks in the system and they are flagged for all
to see with a press of a button. Therefore, coal recovery in the pit will be managed
easily even with the geologist being away from site (Mnisi, 2017). From the views of
the Business Improvement Manager, the author was convinced that if the geological
model is uploaded into the integrated system being investigated, mine designs and

ultimately optimised coal recovery at Isibonelo Colliery will improve.
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1 Rock Engineering

The Rock Engineering Specialist, in an interaction with the author said, iMeaker, our
slope designs require detail from the geological model. The OMS audit on rock
engineering is always finding a lack of a short-term geological mo d e | aslJod, gapo
2017). The short-term geological model is a requirement to achieve 100% in the OMS

audits every year.

In an interaction with the Principal Rock Engineer, i The requirements f
engineering are so simple, people tend to complicate issues, all we need is your
mapped structures such as dykes, major joints along the exposed highwall and that
i nformati on pr(Rripsg 20183 U betame clear fraindhe interaction that
Rock Engineering, in their pit design analysis, need historical geological data of the
behaviour of the highwall and nature of the stratigraphy. The Isibonelo Colliery
stratigraphy is characterised by thick softs (weathered horizons) in some sections of
the pit, hence from a slope analysis perspective such information according to Priest
is needed to be availed upfront. The geologist does map such horizons in the strip/cut
currently being mined and projected into the new cut and that will be used to analyse

the new strip design.
1 Mine Planning,

The mine activity engineers on the mine have been finding the geological cross
section information provided to them for pit designs rather inadequate. One of the
mine activity engineers got to the stage of asking for borehole logs so he could
compare with what is exposed int h e Jpst give meithe boreholes for the next cut,
and | build a profile for my designs. The sandstone band in the softs highwall is not
reflected in the geological cross sections, how can we get it, for the pit designs?o(Van
Deventer, 2017). The short-term geological model would be the only the answer to
provide mine planning with the latest up-to-date information for more accurate pit

designs which will result in optimised coal recovery.

In a follow up, interaction with draglines mine activity engineer, he had this to say,
fiyou only need to give me from your geological model, is a grid file with all the data |
need to simply import into my model, then | can start running my designs. It is a simple
f i (Vendeventer, 2018). The mine design software used is called 3-D Dig and the

step by step design process shown to the author is summarised in figure 4.1.6.
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Figure 4.1.6 Pit Design step at Isibonelo Colliery

(Van Deventer, 2018)

The Digital Terrain Model (DTM) data from the weekly survey flyovers, is imported
into the 3-D Dig model. This information gives the most up to date topographic
elevations of the mined area. The cloud points are then triangulated (meshed through

the process of building triangles) as shown in figure 4.1.7.

1angulation Parameters

SURFACE NAME

Triangulated Region

Min Max

East | 239754 e | 291629 m

North | -2916110.2 | -2000497.7 m

@ Use Feature Fill Distance
Feature Fill Distance .5 Triangulate

" Treat Features as Break Lines

’_

Figure 4.1.7 Triangulation of cloud points

(Van Deventer, 2018)



The process will result in the terrain being filled up with data, thus producing a surface.
The geological data for the various stratigraphic layers is then imported into the 3-D

Dig model as illustrated in figure 4.1.8

Properties For Layes Logs

Figure 4.1.8 Importing Geological Data

(Van Deventer, 2018)

The geological data that is imported into the model would further be processed to
generate the different lithological layers from which cross sections can be made.

Figure 4.1.9 illustrates a cross section generated from 3D-Dig model.



Figure 4.1.9 3-D Dig generated cross section

(Van Deventer, 2018)

The different lithological layers are illustrated in different colours with the softs
representing the top soil and that part of the friable softs (BHFW is the bottom surface
of the unit). The hards would refer to material that is not free digable (which could be
weathered or partially weathered). The bottom horizon of this unit is the BHWE. In
some cases, the layer requires drilling and blasting as it is characterised by

sandstone.
1 Technical Services Manager

The Technical Services Manager of Isibonelo Colliery interacted with the author
during the research period in a few times. He stated that, i T h e -t®rimgeolbgical
model is my passion, | would like to see it developed and see the gap in OMS closed,
pit designs improved. This idea of using the annual resource model for short term
scheduling has proved inadequate. We have seen a lot of discrepancies especially
on the volumes, Carpenter, was always giving support to the author to get some
traction on the project and in one other discussion he stated t h a t thesefildstrfew
audits we have been criticised for lack of a short-term geological model and strip
reconciliations, therefore you need to push harder to get through this project. We have
to show something inthe mid-y e ar O MS (Carpeuitér, 2G18)

1 Operational Geology Specialists

The Operational Geology Specialist in an interaction with the author said that, il hav e
always wanted to get this short-term geological modelling off the ground since the
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inception of OMS, but it did not get much traction. | strongly believe, it adds a lot of
value to the planning and reconciliation processes. | would urge you to vigorously
consider it. New Vaal Colliery, have through Dhege, their production geologist
attempted to gather data using a scanner to update their geological model, therefore
you can contact the mine to |l atch onto the e
(Mokele, 2018)

1 Principal Opencast Mine Planning Engineer

The author interacted with the Principal Opencast Mine Planning Engineer for Anglo
Coal South Africa with regards to the importance of the short-term geological model
to mine planning. T r e a sharetérrh plasirting poatdof view,a t , nFEr
there is need for actual data generated from the exposed highwalls so that it can be
imported into the XPAC short term model which is already built from the annual
geol ogi cal (Mreadiwell, 204.8).tTeeadwell further explained that such
information would be projected into the next strip to be mined. The critical point
highlighted was that the data needed to be validated against the model. This was
needed to ensure the correct lithologies and surfaces are being compared correctly.
The survey fly over data currently being used for blast volume reconciliations would

need to be validated against actual survey pick-ups.

Treadwell further clarified that for Isibonelo Colliery, which does not have structural
complexity issues, the focus should be on the overburden. The short-term model
measurements should target the softs where current geological boreholes do not give
sufficient data due to poor or no core recovery in that horizon. The information is
provided to mine planning in Excel spreadsheet format per each mining block. The
interaction also covered issues such as what triggers the short-term model. firhe
variances that we usually get between the geological model softs volumes and the
actual measured by survey is a good trigger for short-term modellingd (Treadwell,
2018). The burden between the 5 seam and 4-seam roof was deemed consistent
between geological model and actuals, hence that should be used as the reference
point while conducting short-term geological modelling for use by mine activity

engineers.

KATURUZA, MEAKER 415119 MSC. ENG.(MINING) RESEARCH REPORT  MINN 7044 66



9 Other Anglo-American Coal South Africa collieries

New Vaal Colliery situated on the Sasolburg Coalfield in the Free State is a multi-
seam opencast operation employing the same strip mining method as Isibonelo
Colliery. The production geologist, confirmed the colliery has partially attempted to
employ short-term geological modelling to fulfil the requirements of the OMS. The
geologists have been working in conjunction with surveyors using a scanner to map
the highwall. The data generated would be interpreted by the geologist to mark the
mapped seam contacts. The seam contacts would then be sent to the resource
geology specialist who would update the annual resource model. Figure 4.1.10

summarises the process flow at New Vaal Colliery (now owned by Seriti Resources).

A,, loAmerican SEAM THICKNESS SHORT
’ TERM MODELLING

| GTIS model thickness |-| Expose coal | ﬁl Mine the exposed coal |

| Measure floor elevations (Survey) ‘- Mark contacts on scanned pictures ﬂ Scan highwall (Survey) |
l (Survey and Geology) [ [ T

Record roof and floor elevations in Place cut layout and calculate Record thicknesses (model

micro station (Survey) average thicknesses per (block/ versus actual)
sector]

Adjust mudel tqnnes in _ Work out a facter change in
proportion fo thickness thickness per sector/block

change per sector and then average out
average out in the cut fo g -

follow

Ideally this information must
be uploaded straight into
KPAC for short term
moedelling. This was not done

2

Figure 4.1.10 New Vaal Short-term modelling process flow

(Dhege, 2018)

The production geologist of New Vaal Colliery in sharing information with the author,
said, fPlease find a short version of what we tried implementing for short-term
modelling. The scanned images for the high walls are with the surveyors (not sure if
they keep them forever in the system). Each time a scan was done, | would sit with
a surveyor to analyse the data. | was receiving data with already calculated elevations

which | would work use to calculate the thicknesses.o(Dhege, 2018).
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New Vaal Colliery focused on measuring the actual seam elevations along the
exposed highwall in the pit using a scanner and produce images where the geologist
would extrapolate the coal contacts. The surveyors would measure the floor
elevations and avail the data to the production geologist to compute the seam
thicknesses. The calculated seam thicknesses would be averaged per each mining
block and then applied to each of the blocks in the next mining strip. The process
results in coal tonnages and waste volumes being adjusted based on the new data
obtained from the short-term model.

4.1.8 Anglo American Coal Australia compared to Isibonelo Colliery

The author interacted with some of the geologists and mine planners from Australia
where short-term geological modelling is being practised. According to Klerk (2017),
the short-term model (STM) will be an updated representation of the resource model
of a specific area, by including new survey and drill data. The mine activity engineers
(formerly known as mine planners) would ensure the short-term model focus on an
area and not necessarily the multiple strips. The planning window of more than 18
months is conducted using the current resource model. The major difference between
the two models is the quality of the data included and how that data is represented in
the model. The resource model is created to indicate the confidence in the resource
or reserve in the mining lease area, meanwhile the updates in the short-term model
are meant to refine this aspect. The resource model is built mainly on borehole data
points of observation; hence they may lack inclusion of some minor structural features
such as faults throws or seam floor rolls. It was confirmed through the interaction with
Klerk that short-term models aim to provide greater resolution around an area in the
strip which can have an impact on design and eventually coal recovery. According to
Tapomwa (2017), the short-term model places more emphasis on representing
smaller scale features that will have an impact on coal recovery, if overlooked by the
engineer designing the pit shell. Mine Activity Engineers require the most up to date
information to produce accurate designs that optimise coal recovery, reduce safety

risks and improve dragline performance during coal exposure.

According to Klerk (2017), each mine has its own procedure for short-term modelling,
depending on the software used (generally between Stratmodel and Minnex) and on
the colliery conditions and issues. Some of the collieries have slightly complex
structural geology with dipping and sometimes faulted coal seams. Three Australian
collieries were considered in this section as examples demonstrating the success and

pitfalls of short-term models.
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1 Dawson Short-term modelling

Dawson coal mine is situated in the Bowen Basin in the state of Queensland,
Australia. It is characterised by dipping and sometimes faulted coal seams. It is one
of the three Australian collieries that is covered in this section demonstrating short-
term geological modelling. It is a large mine with a 60 km strike length and has
metallurgical coal in the north and thermal coal in the south. Due to its size and shape
(long and thin), it has seven models along its length. There are eight major coal seams
that are mined, and split into sub-seams and coalesce into compound seams, and are
faulted. Again, short-term modelling is important because faults with less than a 5 m
throw are not likely to be picked up in normal drilling, but when intersected in a pit,
can be included in the short-term model, and later updated in the resource model
(Klerk, 2017).

The 18 months Mine Planning Document (MPD) or any planning beyond this period
is conducted using the current resource model for the specific design area. The
resource model at Dawson does not include for example, structural features of less
than 5 metres magnitude. The short-term geological model gives greater resolution of

the focus areas as the smaller scale features are captured.

In the generation of the short-term geological model, the naming convention is taken
cognisance of, to maintain consistency and order. These include schema, pits,

faulting, design files and project definitions.
The short-term geological modelling is triggered by the following events at Dawson:

a) drill and blast data when fully analysed and compared to the model prediction
would cause moderate changes to mining method or design or even the
tonnages in the mining blocks.

b) survey coal contacts pick-ups done on an adhoc basis are compared with
model prediction (current cross sections) and these also have potential to
cause some changes to mining method or design or tonnages in the mining
blocks.

c) geotechnical observations in the pit such as slope failures, material properties
variations have the potential to cause moderate changes to mining method,
design or tonnages, if reviewed.

d) new borehole data when received and reviewed also has potential to trigger
moderate adjustments to the mining method or vary the design with resultant

tonnage changes.
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The above scenarios all trigger the generation of a short-term geological model to
address the issues identified. The result is an improved mine plan and the delivery of

results.

Isibonelo Colliery has had similar issues where the highwall horizons observed in the
pit (field) showed some distinct variance with the geological model cross-sections
especially in the study area (South Pit between Ramp S4 and Ramp S6). The volumes
of waste assigned to the dragline became more than planned, thus linear coal

exposure was compromised.
9 Callide Mine Short-term Modelling

Callide Mine is a thermal coal operation which used to be owned by Anglo American
Coal Australia and has recently been disposed of. It is in a small (22 km x 8 km)
isolated basin characterised by a few discrete seams that coalesce to thicknesses of
10 m to 22 m, in the four mining areas. It is an opencast strip mining operation

employing truck and shovel only (there are no draglines).

According to the Geology Superintendent of Callide Mine, short-term geological
modelling is important to ensure that both planning and production departments have
the latest and most accurate information about the strip to be mined. éCurrent JORC
resource models are primarily Dbased on explo
term information from recently mined strips. Historically information input into the
model may have had different assumptions and interpretations. Therefore, it is
important to update grids with the latest information and to check seam picks and
correlations, base of weathering, depth corrections, sampling,06 (Colbourne &
Hypponen, 2015). Callide Mine has the following additional sources of information

incorporated into the short-term geological model:

a) Previous strip reconciliations (roof and floor surfaces, quality variances, etc.).

b) Pre-split and production hole logging which is the blast holes geophysically
logged.

c) New exploration data gathered since last model (resource or STM).

d) I-Site scan (laser scanning) strings for roof and/or floor of coal seams.

e) Fault information (surveyed with recorded throw).

f) Mined-out polygons.

g) Additional geometry strings as required (e.g. Base of weathering or channels
picked from highwall scans).

The data is checked for integrity and quality in the areas of focus especially the

highwall coal pickings. Mine designs require up to date geological information for
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planning to be as close as possible to reality in the field. There are many triggers for

short-term geological update at Callide, (Colbourne & Hypponen, 2015), which are

summarised as follows:

a) Significant variation identified between existing model and new data (exploration
borehole structure and/or quality data, operational drilling seam picks, highwall
scan seam picks and/or fault pickups).

b) Significant variations identified during reconciliation between existing model and
mining data.

¢) Significant erroneous or inconsistent data identified within the model.

d) Significant quantities of new data.

The geologist works with the drill and blast engineer in the selection of holes for
geophysical logging. The geophysical logger discusses the plan with the geologists
to ensure the tools to run density, gamma, calliper and verticality are in order.
Isibonelo Colliery and all the other ACSA operations do not have this process in place.
The only geophysical operation is currently being applied to new exploration projects
where coal seam correlation needs verifying. Hence current variations in the model to
mining reconciliation are not being fully addressed thus leading to mine planning

variances in some instances. (Less volumes planned than achieved or vice versa).
1 Foxleigh Mine Short-Term Modelling

Foxleigh Mine is a thermal coal operation which was previously owned by Anglo
American Coal Australia and was part of the divestment by the company in 2016. It is

an opencast strip mining operation employing truck and shovel operations.

Foxleigh was mostly PCI coal, with small amounts of thermal type coal. It is in a
plunging syncline between two regional thrust faults, there is extensive faulting and
seam repetition. Short-term modelling was important as structural changes occur over
a very short space and may not be observed up in the drilling (even though borehole
spacing was ~100 m) (Klerk, 2017).

The short-term geological modelling process starts with identifying varying data
collection methods and how it is used to then update the model. The timing,
responsible person, reporting structure and how the updated model is communicated
to the stakeholders is a well manged process. Table 4.1.5 summarises the type of

data, person responsible and frequency of collection of data.
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Table 4.1.5 Data Collection Summary

Type of Data

Person Responsible

Frequency of collection

Survey Scanning

Pit Geologist/Modelling
Geologist to request

scan from survey.

When
unexpected change to model.

required e.g. significant

Annotated Images

Pit Geologist/Modelling

Geologist

When very short-term changes to

model are encountered.

Survey coal pick up

Survey responsible for

Whenever coal roof or floor is

structure

Geologist to request

scan from su rvey.

pick up, Geology | exposed on dayshift, on
responsible for use weekdays.
Survey pick up of | Pit Geologist/Modelling | When required e.g. significant

fault in floor not in model.

Drill and Blast data

Drill and blast engineer
responsible for input,
Geologists responsible

for use.

Infrequent, depends on where the
production rigs are drilling in

relation to the coal.

Boreholes (GHD)

Modelling Geologist to
identify  gaps
identify if GHD can drill

and

and

information  be
loaded into model in a

timely manner.

When

geologist.

required by modelling

Source: (Sharma, 2015)

When the model is updated, a report is produced and circulated to the key

stakeholders and the technical services personnel, for their use.

Significant changes observed from in-pit observations are photographed by the pit
geologist who is responsible for a monthly model versus actual report which is

communicated to the modelling geologist/senior site geologist. (Sharma, 2015)
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The other type of data that is collected onsite is blasthole geophysical logs that is
imported into the modelling software for update of the model with latest field

information.

The trigger and responses are similar to Cal | i d e  Mf triggdiss Isiborels t
Colliery currently has a weekly in- pit geotechnical observations and reporting
meanwhile the data ends up as just reports only instead of being used further in

updating the geological model.

The survey coal pick-ups are only used for monthly survey reports of run of mine tons
produced. The information can be very useful in updating short-term geological model

and making planning better.

Unlike at Foxleigh, the monthly reconciliation of model versus actual on the mined
polygons at Isibonelo does report numbers only and encourage mining to improve the
coal recovery. The information does not find its way into any model update, it is
archived in the strip reconciliation cabinets where any significant variations will be

taken cognisance of while planning the next mining strip.

The good practice at Foxleigh, which the author appreciated, is the fact that the
modelling geologist is based on the mine and must have experience with the deposit.
The updated model is, as part of quality assurance and quality control (QA/QC), is
peer reviewed by senior modelling geologists for accuracy. According to Sharma
(2015), The major difference in short term and resource models is the quality of the
data included, and how that data is represented in the model. Resource models are
primarily created to determine the confidence in the reserves and resources on a
mining lease and updates tend to focus on refining this aspect of the model. Typically,
resource models will not include structural features less than 5m in throw. In addition,
resource models weight boreholes as the highest confidence data points, which
consequently mask some smaller scale features in the model. It is unrealistic to expect
small scale features to be modelled in resource models. Short term models aim to
provide greater resolution around an immediate area, placing more emphasis on
representing smaller scale features likelyt o af f ect | oc al Theredode, coal r
more accurate planning is achieved with a more resolute geological model; Isibonelo

Colliery is still planning based on the resource model.
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4.2 Quantitative Approach
4.2.1 Creation of a working geological model
The study area for this research project was focused on the South Pit of Isibonelo

Colliery and is illustrated in figure 4.2.1.

Morth Pit

\

-

Study area

Figure 4.2.1 Project study area with the plotted data points

(Author own diagram)

The aerial view of the study area figure 4.2.2 in the South Pit illustrates the active
Strip19 being mined (January 2018) in relation to the previous Strip 20 and the next
Strip 18 that was prepared for the next mining window. The exposed softs highwall
(Strip18) is where the manual softs highwall mapping was conducted between July

and November 2017 using the total station survey technique.

KATURUZA, MEAKER 415119 MSC. ENG.(MINING) RESEARCH REPORT  MINN 7044 74



\ Stnp18

\Stnp19 \ Bl ‘

. ‘-M, Softs boreholes

generated here h,( ECy

\

12.01.2018

Figure 4.2.2 Aerial view of study area in January 2018

(Author own photo)

The current resource model was copied to create a working model where newly
acquired data was uploaded. The mapping exercise (referred to in section 4.5) formed
the basis for this short-term model building process. The different lithological contacts

were surveyed as points using the total station thereby obtaining the xyz coordinates.

The short-term modelling process requires the boreholes collar file, survey file (with
depth from and to, for the intersections). For this research project, each of the
surveyed points became a dummy borehole. The collar coordinates were projected to
topographic elevation from the surveyed coordinates (xyz) positions. The process for

creating the final file to be uploaded into the short-term model was created as follows:

Each survey point was made to represent a fboreholeg hence was named as such.
The survey work generated a total of 255 fboreholesa The base horizon of softs
(BHSO) survey points all were named with BHSO as part of the name for example
BHSO1, BHSO2 and the file is shown in Appendix 10.12. The base horizon of friable
weathering (BHFW) which defines the depth at which the pre-strip shovel can free dig
to without requiring blasting, had boreholes defining the contact as well. The
boreholes were named accordingly, such as BHFW1, BHFW10 and the list is show in
Appendix 10.13.

The base horizon of weathering (BHWE) which defines the transition from weathered

overburden and fresh rock and the boreholes were named accordingly. The naming
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was as follows; 7BHWE1, 7TBHWE?2 and the list is shown in Appendix 10.14. These

points were surveyed at the base of the weathered horizon.

Within the weathered horizon, the experience at Isibonelo Colliery is that not all of it
is of a free dig nature, there are hard sandstone bands that require drilling and
blasting. However, these bands are not modelled in the current resource model. The
highwall mapping project had these bands and the boreholes that intersected them
were hamed using codes such as SS and SSFLO for sandstone top contact and
sandstone floor contact respectively. In the horizons where there was more siltstone,
the boreholes were named using codes such as SSTTOP and SSTFLO for siltstone
top contact and floor contact respectively. The borehole list is shown in Appendix
10.15.

The coal contacts were mapped along the highwall following behind the coaling fleet.
The boreholes were generated to capture the top contact that was then compared
with the resource model contacts. The boreholes were named to include the term HW

(highwall) and the list is shown in Appendix 10.16.

a) The mapped lithological contacts including coal were re-named according to the
codes used in the modelling software programme (Stratmodel) to ensure proper
correlation of the lithology already in the resource model. The borehole collars
were projected to the topographical elevation to create a full column and enable
calculation of the depth of the respective mapped intersections. The other
surfaces, BHSO, BHFW and BHWE were named as such.

Sandstone and siltstone codes used are SD and SL respectively, and were
compared to the nearest borehole, since these lithologies were not modelled in
the resource model. The list file is shown in Appendix 10.17.

b) The files were converted to .csv format, which is compatible with Stratmodel, the
modelling software package used at Isibonelo Colliery as well as for the rest of
the Anglo American Coal South Africa operations.

c) Theiborehol esd were then i mgeon modell where a
new design file termed fshort-termowas created and were plotted as points on

plan. An example of the plotted points is shown in figure 4.2.3.
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d

f)

) For each Abor e hwdreerdn, fronp $tratchadel toi pooduse a full
column borehole indicating the existing modelled surfaces and lithologies in the
model such as BHWE, BHFW and S4Z3.The boreholes were then shown with the
projected collar elevation (at topographical elevation). The topographical elevation
was then used to calculate the depth of the intersections generated from the
highwall mapping exercise. The predictions thus are a very important step towards
the creation of the survey file (with depth from and to). The borehole predictions
files are shown in Appendix 10.5.

) The survey file was then constructed from the borehole predictions file, the depths
of intersection of the lithological contacts and surfaces (mapped) were calculated
by subtracting the surveyed elevations of the intersections from the topographical
elevationofe achome hol e 0,

The survey file, created using the predictions data, is shown in Appendix 10.6.
The boreholes were projected to a depth of 60m which is the average maximum
borehole depths in the Isibonelo model. The collar coordinates were shown at

topographical elevation.

The lithology file wasthencr eat ed from the same fAborehol

each depth to maximum 60m. The lithology file is shown in Appendix 10.18




g) The two files, survey and lithology were both uploaded into the model through the

process explained below.

The Excel file was cleaned up to remove the column titles. The column widths were
set up to match the format of the specs file as illustrated in figure 4.2.4. The first
column of the data represents the borehole name (borehole ID) and the column width
is set at 8 cm, second column is the borehole type set at column width of 2 cm. The
next three columns represent the easting, northing and elevation were all set at
column widths of 12 cm and the last column set at width of 6 cm is the borehole depth
(in this project, all set at 60 metres, the maximum drill depth of boreholes in the
Isibonelo mining area. This file was then saved as a formatted text delimited file (. prn)
ready to be imported into the design file called Drill Holes, where all the exploration

boreholes, building the current resource models, are uploaded.
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Figure 4.2.4 Survey File format
(By author)
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The lithology file format is illustrated in figure 4.2.5. The borehole name in the first
column was set at 8 cm, meanwhile the Stratigraphic unit in the second column was
set at 4 cm, the third column represents lithology and width was set at 2 cm. The last
two columns in the file format represents the top and bottom depths of the
intersections and the column widths were set at 13 cm. This file was also saved as a

formatted text delimited file (. prn).
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Figure 4.2.5 Lithology File format
(By author)
The boreholes were plotted on plan illustrated in figures 4.2.6 and 4.2.8 for Strip 17

and Strip 19 respectively. Cross sections along the new data points were generated

as illustrated in Figures 4.2.7 and 4.2.9.
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Plan view cut 17 H/W Contact mapping (C - D)
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Figure 4.2.6 Strip 17 Coal contacts boreholes

(By author)

Section on cut 17 H/W mapping
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Figure 4.2.7 Cross section Strip 17
(By author)
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Plan view cut 19 H/W Contact mapping (A- B)

Figure 4.2.8 Plan view of mapping contacts Strip19

(By author)

Section on cut 19 H/'W mapping
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(By author)
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4.3 Requirements for geotechnical designs
The Rock Engineering section provided at least two reports the by Strata Control
Officer on a weekly basis of the highwall conditions. The author, with the aid of
highwall mapping, did produce some plans and sections as part of the short-term
geological modelling requirements for geotechnical designs. Some of the work by the

author is shown in the sections 4.3.2 to 4.3.4.

4.3.1 Highwall inspection report

The mapping information provided by the Strata Control Officer is in the form of a risk
rating report. The focus of these inspections is to identify structures and conditions
that have potential to cause slope failure (highwall or low wall side) and an extract of
some of the mapping/inspection reports by the Strata Control Officer is illustrated in
figure 4.3.1. It is also clear from this report that data for short-term geological
modelling is also gathered and shared with the geology department.

ISIBONELO COLLIERY B sodosmecicn

Highwall Inspection

Date: 2017/11/01 Block: PIS1912-P1S1914 Condition
Area: S5-S6 Report No:iSI-17-029 Performanc

Numerical Modelling FoS: 2,609 PoF: 0,000%

—:*’ - ; ]
amfn - SE SN N
oading Face Highwal
Conditions Rating Comment
a_|Is the highwall weathered? partial Weathered zone along of the high wall crest.
b [Are there any cracks on the highwall crest? Perpendicular to cut no
c__|Are there any cracks on the highwall crest? Parallel to the cut no
d partial loose material on the crest of the highwall resulting in
Is the height of the highwall greater than 45m? increase in high wall height.
€ |Is there water seepage from the highwall? partial High wall damp in some areas.
f Is there any water ponding on the highwall crest? no
g _|Are geological structures present? (Faults, dykes etc.) no
h__|Are there any sloping / rolling strata on the HW face? no
i__|Are there any cracks on the floor? no
i . ! partial )
Is there any loose material on the safety berm that has the potential to fall? Safety berm on the crest of the high wall.
k__|Are there any other hazardous conditions on the highwall face? partial Frozen portions towards top of coal contact.
| _[Are there any exposed underground workings? no
m_|[Is there any spontaneous combustion? no
n__|Are there any venting bords / cracks on the highwall face? no
o __|Are there any spoils on the highwall in the direction of mining? (Surcharge loading) no
p__|Are there any existing failures - circular / wedge / planar / topple [large failures]? no
q__|Are there any existing failures - Isolated rock fall? no
partial Loose material on the crest of the highwall with the
r__|Are there any potential failures? potential for sloughing.
s _[Is there any potential for an isolated rockfall? no

Figure 4.3.1 Highwall Risk Rating Report at Isibonelo Colliery

(Marolene, 2017)

The Strata Control Officer rate a highwall condition based on the presence of dykes
or faults which data is then incorporated into the short-term modelling process as

shown in figure 4.3.2.
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4.3.2 Mapping dykes in North Pit

One of the process steps in the pit design includes carrying out a strip risk
assessment. The Mine Activity Engineer (MAE) requires input from geology and rock
engineering while designing for the next pre-strip activity in the next strip to be mined.
Through interpolation from previous mined strips the projected positions of the two
dykes intersected in the North Pit was produced. The information provided in the

short-term model is illustrated in the plan in figure 4.3.2

Interpolated dyke positions in North Pit

S

Figure 4.3.2 Dykes in North Pit

(Isibonelo Survey Department)

The dykes 1 and 2 illustrated in figure 4.3.2 were observed in the highwall in strip 30.
The intersection points were surveyed with the aid of the mine surveyor and plotted
on plan. The data was imported into Stratmodel and the previous projections adjusted
with the actuals as per the survey. The information was then supplied to the MAE
(Drill and Blast). The Rock Engineer used the same information while doing the slope
design analysis for Strip 31 in the area shown in figure 4.3.2. The drill and blast
specialist also advised on the type of blasting to be implemented to prevent any back
break along the weak zone.

The point of intersection of the two dykes is flagged way ahead in the strip risk
assessment, see figure 4.3.3 (with a full copy shown in Appendix 10.7).
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Figure 4.3.3 Strip Risk Assessment example

(De Lange, 2017)

During blasting of the pre-split line in Strip 31, that resulted in the development of
cracks sympathetic to the dyke orientation and with potential to go beyond the pre-

split holes. The developed cracks are shown in figure 4.3.4.

L]
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Figure 4.3.4 Blast induced cracks sympathetic to dyke 1 in Strip 31 North Pit
(Photo by Author, 2018)

Planning of the next overburden drill plan in Strip 32 would require the use of the latest
information regarding observed and mapped pit conditions to be incorporated in the
plan. From the short-term modelling information, a cross-section of Strip 32 indicating
mapped areas of concern especially low-lying zones with potential for in-pit water
accumulations and projected positions of the two dykes with a blasting challenge. The

cross sections are illustrated in figures 4.3.5 to 4.3.6.

North Pit Cut 32 Blocks 04 - 12

-15407 £ -15836 =256 £ -25757 -15868 £ -15078 £ -16088 -16198 £ -16308 £ -16361 £
4N 11184 N 1911945 N HI6N BN N 248N WA 191453 N M558 B2 N
1575 1573 1573 1575 1573 1575 1575 1573 15713 1573

o]

15710+ i i SEEEER I S p— e e o Ly
e | —]

1960 - R e L)

7]/
12
15301

1510
~I5407 £ -25536 ¢ ~15646 £ -25157 £ - 25868 -15978 £ -26088 £ -16198 £ -16300 € -16382 E
W74 N 211B4 N 1911345 N 212046 N BI714EN 1748 N WIBLN I BN 2912622 K
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Figure 4.3.5 Strip 32 Cross Section Blocks 4 to 12

(By author)
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North Pit Cut 32 Blocks 13 - 20
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Figure 4.3.6 Strip 32 Cross Section Blocks 13 to 20

(By author)

The projected position of the two dykes in Strip 32 (from the mapped positions in
previous Strip 31) and their potential effect to blasting is highlighted in figure 4.3.7.
The drill and blast MAE would then have to design the blast in such a way that there
are no back-breaks with the intersection of two dykes that could result in a damaged

highwall with overhangs and wedges.
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NORTH PIT STRIP 32: DYKES POSITION AND POTENTIAL IMPACT

Potential cracks
development on the
bench after pre-split
blast

Potential wedge
failure at
intersection point of
the two dykes

Figure 4.3.7 North Pit the two dykes
(By author)

4.3.3 Geo hazard plans North and South Pit

As part of short-term geological modelling, some geo hazard plans were produced
based on the cut off depth of +/- 16 metres which is generally the capability of the
biggest pre-strip shovel on the mine. The machine is in danger of being engulfed by
softs material if the digging face exceeds 16 metres, sloughing will occur, hence all
areas with softs of such depth are colour coded red. The range between 12 and
16metres is deemed safe but operations must be cautious that there is a potential for
sloughing and is colour coded orange. The areas where softs are less than 12metres
are deemed safe to mine and hence are colour coded green. The information
generated from short-term geological model informs the various depths used in

creating the hazard plan. The hazard plan is illustrated in figure 4.3.8.
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Figure 4.3.8 Isibonelo Colliery GeoHazard plan

(Rock Engineering Dept., Isibonelo Colliery)

4.3.4 Projected Sandstone and softs thickness on sections

The Rock Engineer for Isibonelo Colliery, had over the last few years, been asking
from geology if they can produce cross sections from highwall mapping and geological
model interpretation. This research project produced such sections as shown in figure
4.3.9. The sandstone mapped from the softs highwall would be plotted on the
sections to indicate areas of competent material that assisted the Rock Engineer to
correctly use in the process of slope design analysis. The mapped data would be
projected into the next strip and used in the design. In the South Pit the, Strip 18
highwall mapping information was made use of in the design of Stripl7. The
competent and partially weathered sandstone would usually mislead the designs
(previously all considered weathered enough to be chopped by the dragline). The

short-term geological modelling came in handy by determining the elevation of the

L
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sandstone see figure 4.3.9 and its thickness which would allow proper design for its
drilling and blasting.

Section on strip 16 block 11 to 12 showing position of sandstone
L
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Figure 4.3.9 Strip 16 showing Sandstone position in softs

(By author)

4.4 Overburden drills hole depths or wireline logging
The Rock Engineer responsible for Isibonelo Colliery during his routine bi-weekly
inspections made some recommendations regarding use of the short-term geological
model in mine designs, figure 4.4.1 is an extract of part of the report. The emphasis
was to ensure that any new drill bench designs take into account of the current
highwall profile.

Short term geological model | ¢ Enforce use of the short | M Katuruza
term geological model to
influence the slope
design change based on
actual field data.

Figure 4.4.1 Rock Engineer Recommendation

Extract from (Joel, 2017)

The need for a short-term geological model to enhance mine designs has been
emphasised at every annual OMS audit. The drill and blasting section under the
auspices of the drill and blast specialist, came in to support the initiatives of this
research project. The current geological cross sections from the resource model do

not show the different lithologies, save for coal only. The drill and blast design
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requires the type of rock to be blasted to assign the correct powder factor and to have
effective blast. The mine has, in the recent times, experienced poor highwalls in some
sections of the pit due to poor blasts as in some cases would be overcharging or
undercharging. The assumption on blast design is that the interburden is all
sandstone, meanwhile in some areas there are bands of shale and siltstone or even
mudstone intercalations. The short-term geological modelling initiative has prompted
the Resource Geology Specialists to start investigating a way to model lithologies.
The illustration in figure 4.3.5 shows no lithologies between 5-seam and 4-seam (the
interburden) and this is where blast design would assume that the rock type is all
sandstone and shale. The following is an extract of communication from the Geology
Specialist to the author and the Drill and Blast Specialist regarding initiatives from the

Resource Evaluation Department to facilitate the short-term geological modelling.

ifGood day Meakek, ki e and

Frikkie for your info | am the Resource Geology Specialist for Isibonelo
Colliery. Currently we have found a method to import borehole lithologies
into the geological model but cannot model the lithologies due to the
inconsistent logging over decades as well as changing in geological
environment, hence not all the strata will have the same sequence of

occurrence.

| have attached an example of the cut where the dragline was operation at the
fly rock incident (this method of importing the lithology was developed after
the hand drawn cross sections you have seen going around). If you zoom in
you can see the lithology abbreviations next to the boreholes (the text can be
enlarged in the software). The colours of the lithologies were standardized this

week within our departments.

The question is: Can this lithology information assist with blasting techniques

and planning? Kind Regardso(Pretorius , 2018).

The original plan to carry out downhole wireline logging of the production holes did
not happen within the time frame to submit this research report. However, the process

is one of the recommendations of this report.

4.4.1 Pre-split holes checks

The drone flyover demonstration picked the drilled pre-split holes in Strip 17 between
Ramp S4 and S5 such that the hole depths would be checked against model
prediction as part of the short-term geological modelling processes. Due to the lack

of wireline logging data, the drilland blastmineover seer 6s measur ement s
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to reconcile with the model. The predicted depths of coal contacts in Strip 17 were

compared to the contacts from the drone flyover highwall face mapping (in Strip 18).

The position of the pre-split holes in Strip 17 is illustrated in figure 4.4.2.

Selected Pre split
holes

Figure 4.4.2 Pre-split holes in Strip17

(De Bruyn, 2018)

The hole positions comparing planned versus actual drilled showed very negligible
offsets. The short-term geological modelling exercise brought about better scrutiny of
the drill and blast practice at Isibonelo. The current practice has been that holes are
marked by survey at certain intervals, then the drill and blasting miner, using a tape
measure, follows the drill plan and stakes out the missing holes in between. With the
use of drone data, it has become easier to reconcile planned drill hole positions and

actual ones hence a better blast reconciliation once fully implemented.

4.5 Highwall mapping with a survey total station
The dragline, in the process of exposing coal in Strip 19 in the South Pit, would extend
and dig the softs highwall thus fully exposing the different weathering horizons. The
exposed softs highwall would be visited by the author to carry out reconnaissance
work in preparation for actual mapping with the assistance of a mine surveyor. The
work involved field surveying of the different lithological and surfaces contacts along
the softs highwall as well as the coal contacts inside the pit along the highwall.

The author first indicated to the surveyor on the required data to be surveyed, using

the total station. The mine surveyor would set up the total station at different positions
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at a distance away from the highwall. The author would then point to the surveyor the
contact where to survey. Figure 4.5.1 shows the team mapping the highwall contacts

using a total station.

Figure 4.5.1 Mapping the highwall contacts

(Photo by author, November 2017)

The data generated from the fieldwork was imported into a copy of the current
resource model in the correct format (.csv) to start the short term geological modelling
process. The team would walk along the highwall surveying the contacts of the
horizons. The existing resource model has the following modelled surfaces in the softs
horizon from the surface to the bottom as derived from the borehole log sheets: TOPO
- BHSO - BHFW - BHWE i BHHW. (Full description in Table 4.1.2. in section 4.1 of
this report).

The field work information captured is as shown in the image in figure 4.5.2.
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Figure 4.5.2 Highwall Mapping points

(Photo by author, November 2017)

The respective contact points on each section have xyz coordinates and the mapped

area is illustrated in figure 4.5.3.
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Figure 4.5.3 Mapping Area (Ramp S4_S5)

(Survey Department, Isibonelo Colliery)
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4.6 Drone highwall face mapping technology
4.6.1 Drone flying process
During the project research period, a further development prompted the approval by

mine management for a demonstration by Vidblast to fly their drone to conduct

highwall face mapping.

The demonstration was planned to cover both North and South pits of selected areas
only. The South Pit covered the same study area shown in figure 4.2.1 between S5
and S6 ramps and through to end of cut, meanwhile for North pit was between N1
and N2 ramps (Strip 31 and 32). The figures 4.6.1 and 4.6.2 illustrates the drone

flyover focus area respectively as planned in the survey office.

Figure 4.6.1 Drone flyover North Pit

(Survey Department, Isibonelo Colliery)

The drone demo flight was planned for both pits on the same day. The area delineated
in yellow in both figures 4.6.1 and 4.6.2 is defined by control points pegged on the
ground by the mine surveyor prior to the actual flight. The coordinates were sent to

Vidblast (the drone service provider) so they could download and plan the flight paths.

The process required a mine surveyor on site on the day of the flight since this was a
maiden flight, hence the support required for any additional control points after
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assessing the area was required. Additional control points were eventually pegged on

the day of the flight to ensure data extrapolation was suitably geo referenced.

Figure 4.6.2 Drone Flyover South Pit

(Survey Department, Isibonelo Colliery)
The demo was conducted using a Phantom 4 drone with the licenced pilot and the
geology resource specialist as the only team (crew) with their iPad and laptop to
download data after every flight. The following figures 4.6.3 to 4.6.5 shows the demo

in progress at N1 in the North pit. The drone was flown from a mini pad at the back of
the utility vehicle.
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Figure 4.6.3 Drone flight demo team

(Photo by author, 2018)

Figure 4.6.4 Phantom 4 Drone at N1, North Pit

(Photo by author,2018)
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Figure 4.6.5 Pilot setting off the drone at N1, North Pit

(Photo by author ,2018)

The following figure 4.6.6 illustrates the drone flying over the pit at N1 on the way to
start mapping the softs highwall face as well as the interburden and the coal contacts.

The drone flies at an altitude of 50 metres above the pit during highwall mapping.

Figure 4.6.6 Drone mapping highwall faces at N1

(Photo by author,2018)

L
KATURUZA, MEAKER 415119  MSC. ENG.(MINING) RESEARCH REPORT MINN 7044 97



4.6.2 Drone data processing

The data captured during the highwall mapping was points each with xyz coordinates.
Thus, millions of data points are captured as well as digital photographs with a 60%
overlap. In the demonstration at South Pit, a total of 11 million data points was

recorded.

The data was processed with software called Agisoft thereby building a 3-D model of
the flown area through triangulation of the data points. The data points were cleaned
out to remove any anomalies especially the mining machinery that was working in the
pit during the flyover. The survey control points assisted in the correct geo referencing
of the data points and that the model was located in the right place. The control points
pegged on the ground are visible in the model (figure 4.6.7), meanwhile the software
also processed the digital photos forming a 3-D (photogrammetry) surface image that

was draped over the 3-D model.

Figure 4.6.7 Far South Pit, Drone 3-D model

(De Bruyn, 2018)

CloudCompare, a free software, was used to extract valuable data by the Resource
Geology Specialist and, to run some checks against the existing resource model.

The drone model was further validated by getting a mine surveyor and geologist to
map the 4-seam and 5-seam top and floor contacts in selected places using the total

station. The points of observation are illustrated in the image in figure 4.6.8.
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Figure 4.6.8 Mapping 4 and 5- Seam contacts

(Katuruza & Pretorius, 2018)

4.7 Building of the Short-term XPAC model
According to Treadwell (Principal Mine Planning Engineer), the XPAC short-term
model is readily available once geology supplies the short-term information. The
XPAC annual model is built from the information supplied by geology from the
annually updated resource model. The XPAC model is split into two, the Resource
and Reserve model and XPAC Schedule model. The short-term XPAC model is
simply an update of the resource and reserve model with the new data generated

from geological short-term modelling.

One of the key requirements is that for any short-term mapping to take place, the
mining activity should be signed off by all stake holders as being complete first before
proceeding with the mapping. The flyover data, especially the DTMs for topographical
surface is signed off by the mine survey department, validated and conformed as fit
for purpose to use, only then can it be imported. The topography is very critical for
calculation of volumes or for any modelling package because it is the starting point of
reference. Borehole collars must be at the correct elevation or else the coal seam
plots at wrong elevation and the mine design will not be representative of the true

position.
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XPAC short-term modelling follows strict reconciliation process, hence there must be
a big variance that triggers an update of the model with new information. Isibonelo
has in some sections of the pit where the softs volumes would not reconcile to the
model hence one of the triggers of this research project is to investigate and develop

a process for short-term geological modelling.

The following figure 4.7.1 illustrates a section of the South Pit where the BHWE was
mapped using the total station and the information generated was used to update the
XPAC model in that specific area (Stripl7 blocks 9 and 10, a three hundred metre
linear distance), meanwhile figure 4.7.2 shows the plotted point of observations

(termedt he 66 boo)r ehol es

The new top and floor elevations from the mapping of the BHWE horizon is the critical

data required for the short-term XPAC model.

Plan view cut 17 Blocks 9 & 10 BHWE H/W mapping

Figure 4.7.1 BHWE Mapped Area in Stripl7.

(By author)
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Plan view cut 17 Blocks 9 & 10 BHWE H/W mapping
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Figure 4.7.2 Data points mapped area - Stripl17

(By author)

Following the completion of the actual mapping using a total station, a table file was
then generated for mine planning to use to update the XPAC model. The old (resource
model) and new elevations (short-term model) are illustrated in Table 4.7.1 for blocks
P4S1709 to P4S1710 where changes were realised from the updating of geological
data.
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Table 4.7.1 XPAC Short Term Model input file

Resource Model
Block | Subname Interval Centroid x | Centroid y | Top elevation |Bottomelevation| Plan area | Block area
PASI7T09| T1 Topoto BWE | -2845457 | 291462643 |  1568.85 1550.89 0.9000325 | 0.900032461
PASI710{ T1 Topoto BWE | -28477.15 | 2914777.11|  1569.72 1552.29 0.9000327 | 0.900032699
Short Term Model
Block | Subname Interval Centroid x | Centroid y | Top elevation |Bottomelevation| Plan area | Block area
PASI709| Tl Topoto BWE | -28454.57 | 291462643 |  1568.21 1549.61 0.9000325 | 0.900032461
PASI710[ T1 Topoto BWE | -28477.15 | 2914777.11| 156881 1549.11 0.9000327 | 0.900032699
(By author)

Drone flyover highwall mapping data was interpreted for the blocks P4S1712 to

P4S1715, a linear distance of 600 metres. The comparison of softs and hard volumes

between the resource model and short-term model is summarised in Table 4.7.2 .

Table 4.7.2 Volumes Comparison Resource versus Short-term Model

Resource Resource Short Term Resource Shortterm
. Block Model(Actual) | Difference Model(Actual ) | Difference
Block Model |[Elevations Model Softs Model Hards
Area Softs Volume % Hards Volume %
Info Volume (m3) Volume (m3)
m3) (m3)

P4S1712 Topo 1569.26]  9000] 119610 60315 -50 344610 403905 17
P4S1712 BHFW 1555.97
P4S1712 M4 roof 1517.68
P4S1712 M4 floor 1511.67
P4S1713 Topo 1570.33]  9000] 114930 61351 -47 357750 411329 15
P4S1713 BHFW 1557.56!
P4S1713 M4 roof 151781
P4S1713 M4 floor 1511.8
P4S1714 Topo 1570.94) 9000 82260 38713 53 395910 439457 11
P4S1714 BHFW 1561.8
P4S1714 M4 roof 151781
P4S1714 M4 floor 1511.78
P4S1715 Topo 1572.45] 9000 65790 33379 -49 425970 458381 8
P4S1715 BHFW 1565.14
P4S1715 M4 roof 1517.81
P4S1715 M4 floor 1511.78

(Pretorius,2018)

The drone flyover information generated at least 15 points of observation per block

(o r e h)phereestite short-term model gave an improved interpretation of the base

of softs resulting in more realistic volumes per block. The softs volumes decreased

generally by between 47 and 53% in this 600m stretch meanwhile the hards volumes

increased by between 8 and 17%.
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4.8 Conclusion
Current practice of using the resource model for all three mine planning windows was
proved in this research report to have shortcomings. Previous OMS audits singled out
lack of short-term geological model and most of the stakeholders interacted with
during the research, shared the same sentiment. The initiative of the research to put
a short-term model in place gathered support during the period from management,
the resource evaluation department and other departments. Field work included
manual highwall mapping and drone flyover, culminating in building a 3-D Model for
this project with the input from the outsourced service provider. Good correlation was
found when short-term (drone data model) was compared against the resource model

in the study area.
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5 RESEARCH ANALYSIS AND FINDINGS

5.1 Introduction
The results from the various research activities were analysed and presented as
detailed in the following sections. The analysis covered geotechnical issues, highwall
mapping techniques comparing the resource model and the short-term model using

cross sections and tables.

5.2 Geotechnical
Cross sections from the resource model do not differentiate between weathered
sandstone that is digable with excavators and that which is competent (partially
weathered) requiring drilling and blasting. In the current modelling practice, lithologies
are not modelled except for coal intersections and the surfaces (BHSO, BHFW and
BHWE). The short-term modelling process produced more detailed sections including

the missing sandstone and one example is shown in figure 5.3.4 in section 5.3.

The short-term model process produced further extrapolated information especially
from highwall mapping thus getting new elevations of different layers as well as
reporting structural issues of geotechnical interest. The new data is used for the next

strip design analysis.

The following is an example, see figure 5.2.1 illustrating the findings from the drone
data extrapolation showing the clearly defined weathered sandstone top contact and

floor contact which were not visible in the resource model.

1570
SANDSTONE ROOF ANALYSIS

®—Model BHFW

—e— Drone Sandstone Roof —e— Drone Sandstone Floor

1568

1566

1564

1562

1560

ELEVATION (m)

1558 .
> oo

1556

1554
2914800 2914900 2915000 2915100 2915200 2915300 2915400 2915500
NORTHING

Figure 5.2.1 Far South Pit: Sandstone Resource vs Short Term model

(Pretorius, 2018)

It is clear from figure 5.2.1 that in the resource model information given, has always

shown that soft material which is digable as indicated by BHFW (grey line). The data
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from the drone highwall mapping fully delineated the sandstone contacts top contact

(blue line) and floor contact (orange line).

5.3 Highwall Mapping analysis
The different horizons where mapping results were compared with the resource model
elevations are summarised in the tables and figures that follow. The Base Horizon of

Softs (BHSO) analysis (an extract from Appendix 10.8) is shown in Table 5.3.1.

5.3.1 Base horizon of Softs (BHSO)
Table 5.3.1 BHSO comparison Model versus Mapping

Mapped BHSO Elevation | Model BHSO Elevation | Variance

(m) (m) (m)
BHSO1 1568.74 1559.75 8.99
BHSO2 1569.28 1562.08 7.20
BHSO3 1568.56 1559.30 9.26
BHSO4 1569.34 1562.35 6.99
BHSO5 1569.75 1563.48 6.27
BHSOG6 1569.45 1564.02 5.43
BHSO7 1569.39 1564.30 5.09
BHSOS8 1569.89 1564.21 5.68
BHSO9 1569.56 1564.18 5.38
BHSO10 1573.33 1564.62 8.71

(By author)

The Base Horizon of Softs (BHSO) in the study area shows that on average there is
a difference of 7.55m in elevation between the mapped surface and the elevation in
the resource model. The variance is 48%, which is greater than 5% (the tolerance
limit) hence would trigger a model update. This short-term geological modelling
process provide up to date cross sectional data to Mine Planning. The trend shown in

figure 5.3.1 indicates a consistent shift from the model.

BHSO ANALYSIS

m——\apped BHSO Elevation Model BHSO Elevation
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Figure 5.3.1 BHSO: Short-term Model versus resource Model
(By author)

KATURUZA, MEAKER 415119 MSC. ENG.(MINING) RESEARCH REPORT  MINN 7044 105



The base of fsoftso as captured in the exploration boreholes is on average 7.55m
lower. However, the mapping exercise data (using a total station also needed to be
validated further). A proposal during this project was that data should also be acquired
using a drone flyover along the fsoftsohighwall of the next Strip 17 (since Strip 18 had
now been mined out, see figure 4.2.2 under section 4.2). The status with regards to
softs volumes provided to mine planning for designs has been a challenge. The
planned volumes would be more than what gets mined at times, hence this short-term
modelling was initiated to close that gap by providing latest geological data for design

purposes.

5.3.2 Base Horizon of Friable Weathering (BHFW)

The Base Horizon of Friable Weathering is critical in mine planning as it determines
where free digable material ends, thus determining the deployment of the correct
equipment at the right level. Isibonelo uses contractors in the South Pit to strip top soil
and all softs. The double bench method was introduced to alleviate the removal of
softs through digging with the dragline, hence more accurate volumes are required to

ensure correct spoil balance as well as dragline linear advance.

The analysis of the data in table 5.3.2 (an extract from the table in Appendix 10.9) the
base of friable weathering BHFW from the manual mapping using a total station. The
average elevation difference between the model and mapped surfaces in the study
section is 4.63m. The resource model did show more friable material as compared to
reality on the ground. This part of the study area has had issues of serious hard
digging on the part of the pre-strip equipment, thus necessitating deployment of a drill

machine to drill and blast the weathered but rather competent sandstone.

Table 5.3.2 BHFW Short- term vs Resource Model

Mapped BHFW Elevation | Model BHFW Elevation | Variance

(m) (m) (m)
BHFW1 1565.88 1563.85 2.03
BHFW10 1567.42 1563.05 4.37
BHFW11 1567.74 1562.64 5.10
BHFW?2 1566.21 1564.20 2.01
BHFW3 1566.89 1563.99 2.90
BHFW4 1567.60 1563.70 3.90
BHFW5 1567.29 1562.87 4.42
BHFW®6 1568.15 1560.81 7.34
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BHFW7 1568.55 1561.51 7.04
BHFWS8 1567.92 1564.44 3.48
BHFW9 1568.29 1565.71 2.58

(By author)

The trend plot shown in figure 5.3.2 shows how the resource model exaggerated the
actual depth of friable material leading to issues referred to above. The weathered
sandstone, as logged in the exploration boreholes, appears to be friable in nature yet
in reality it is more competent. It is clear from this project investigation, that in some
areas of the pit, the data provided to mine planning for designs from the resource
model may vary in accuracy, hence the importance of short-term model to fine tune

and optimise in pit designs.

BHFW ANALYSIS

e \|apped BHFW Elevation s\l 0del BHFW Elevation
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Figure 5.3.2 BHFW Short-term Model versus Resource Model

(By author)

The competent sandstone lying between the BHSO and the BHWE was mapped

during the project research as shown in figure 5.3.3.
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Competent partially weathered Sandstone at ramp S5 to S6

FREE DIG MATERIAL

PARTIALLY WEATHERED
SANDSTONE

Figure 5.3.3 Partially weathered sandstone (Ramp S5 to S6)

(Photo by author, Nov 2017)

The information derived from the highwall mapping exercise is also confirmed by the

short-term geological cross-section of the same area shown in figure 5.3.4.

-

Section on strip 16 block 11 to 12 showing position of sandstone
o
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Figure 5.3.4 Sandstone in Strip 16 block 12 to 15
(By author)

The Base Horizon of Friable Weathering (BHFW) in the cross-section above, is cutting
through the sandstone, hence short-term modelling has assisted in depicting the
correct position of this important surface. The drone flyover highwall mapping also
confirmed that the resource model shows the BHFW transgressing the weathered

KATURUZA, MEAKER 415119 MSC. ENG.(MINING) RESEARCH REPORT  MINN 7044 108





























































































