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Message from Reutech Mining
As 2018 comes to an end, it seems as if time flies when you are having fun. We
look back at an eventful year that included new product launches, the Slope
Stability symposium in Seville Spain and a successful Electra Mining exhibition
in Johannesburg.
I would like to thank all of our clients, suppliers, contractors, distributors and
industry partners for their support during 2018.
Looking forward to 2019, we will see some brand-new products and services
being added to the Reutech Mining offering. We are also continuing to improve
our distribution network, as we have already seen major successes in this
regard during 2018.
May you enjoy a blessed festive season with your families and friends. Please
take care, and I hope to see you all back safely in 2019.
Jan de Beer
Mining Executive

Reutech resident Geotechnical Engineer
Reutech Mining is pleased to announce that we have appointed Sharla
Coetsee as Group Geotechnical Engineer. Sharla has a BSc (Hons) in
Resource and Applied Geology from the University of Birmingham, a
Certificate in Strata Control from the Chamber of Mines and she is
currently reading for a MSc in Engineering Geology at the University of
Pretoria.
Sharla has focused on the field of geotechnical engineering since 2009.
Her involvement in mining projects has included early phase geological exploration, as well as
concept level to full design and construction for open pit mines. She has provided specialist
geotechnical and monitoring services for both open pit and underground operations whilst
working at SRK Consulting (South Africa) whom she joined in 2011. Previously, Sharla worked
for The MSA Group and Harmony Gold.
Sharla says, “The two most exciting weeks of my career were during the installation,
commissioning and training for the Reutech MSR system at a mine in Lesotho. Never before
had I seen or experienced such a sophisticated piece of monitoring equipment. Working with
the MSR was the beginning of a new way of thinking for me, a profound way of seeing the
environment in which I was working and I could see it, on a computer screen illustrated in real
time movement data. The secrets of the pit were finally revealed and my mind was captivated.
I have joined Reutech Mining in pursuit of a better understanding of pit slope monitoring
specifically. I intend to conduct research in pit slope monitoring that will allow us as
geotechnical engineers to better identify and interpret failure, alarm for it accordingly, and
assist in preventing the tragedy of loss of life or injury.
I believe that radar technology is the core of operational safety requirements for both pit
slope and underground operations, and that the data collected and interpreted can assist
with design calibration and therefore optimised production.
May I always act as to preserve the technical and service excellence on which my field of
study has been based, as well as the finest traditions of my craft. I will experience the joy of
travel and the people and cultures that I come across and take pleasure in the work that I do,
knowing that I do so for the safety and care of others.
I look forward to my time at Reutech, and all of the exciting work that we humbly set out to
achieve.”
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Unravelling the structural mysteries in
platinum operations
INTRODUCTION
The poor ground conditions encountered by mining operations result in blocks of ’unmineable’ ground being left in-situ, which adversely affects the extraction ratio. The
alteration and ramp structures, in conjunction with the related major fault structures,
have presented significant ground control challenges.
For more information refer to the following paper; Unravelling the structural mysteries
of the ‘Bermuda Triangle’ at Lonmin’s Saffy Shaft. AfriRock 2017 Rock Mechanics for
Africa. The Southern African Institute of Mining and Metallurgy. Volume 2, pg. 933 945.

IDENTIFYING FAULTS WITHIN THE GRABEN INTERIOR
WNW-ESE to E-W Striking Fault/Fracture System
These are WNW-ESE striking, steep to moderately (60–80°) inclined, north- and southdipping, and displace the UG2 Chromitite Reef between 30 cm and 1.8 m in an apparent
reverse sense.

(calcitization) and calcite veining. It is important to note that the effects of D2 are
not always present.
There is a need to improve skills and share information regarding geologically complex
areas. Proactive implementation of the most suitable mining layout, parameters, mining
direction, and support strategies can be done.

SITE INVESTIGATIONS
•
•
•
•

Sites
Scanning on dip or strike
Areas where fall-outs have exposed structures
Scan in the vicinity of this area to confirm whether structures are present in the
hangingwall

SITE 1
Site 1:
• 10 m Scan on strike along the ASD
• Low-angle features and brow exposed in the ASD and along the southern sidewall of
the in - stope pillar
• A brow has been exposed

Layer (sub)-Parallel Shearing
These zones occur along the top contact of the UG2 Chromitite Reef, and/or along the
UG2A Markers in the hangingwall of the Reef, as well as in the Footwall 2 (FW2) Norite
unit and at the top of FW6 Mottled Anorthosite.
Layer (sub)-parallel deformation zones, identified during the underground investigations,
exhibit a developmental history comprising at least two stages, namely:
• D1: southerly-directed (out of the BC), reverse dip-slip movements (flexuralslip thrusting) along prominent lithological contacts under ductile conditions,
accompanied by protomylonite formation and intense hydrothermal alteration
(serpentinization) within the shear zones.
• D2: northerly-directed (into the BC) extensional (normal dip-slip) movements under
brittle conditions, reactivating flexural-slip thrusts and developing a new extensional
shear fracture system around them. These result in cataclastic overprinting of
older protomylonites and are accompanied by intense hydrothermal alteration
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Site 1:

SITE 3

• Scan along the ASD from East to West (on strike)
•• Fall-outs in ASD exposed structures:
- NNW-SSE striking joints
- Structures striking WNW-ESE
- D2 Event
- Interlinking Duplex Structures
•• Brows exposed in the ASD
Facing South East

Site 3:
• 34 m Scan on dip starting at the vent holing
toward the bottom of the panel
•• WNW-ESE Structure exposed at the start of
the vent holing – pegmatite infilling
•• D1 event exposed
•• D2 event exposed
•• Alteration along the top contact of the UG2
Reef (pillars)
•• Structures visible along the fall-outs

Facing SSW

WNW-ESE striking
pegmatite
vein “Marikana
Structures”

N

Site 3:

N

W

8m

Site 1:

HW1a/HW2
contact

8m
3-4
UG2A
Markers
3m
0m

0m

Facing West

34 m

10m
8m

3m -4m
UG2A
Markers

W
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Site 5:

Site 3:
Facing West

Facing South

Facing West

N

SITE 5
Site 5: 12 West 3 No. 10 West Panel
• 19 m Scan on dip in the panel
•• East of the FOG
•• Structure striking WNW-ESE
•• D1 event
•• D2 event
•• Interlinking duplex structures exposed at FOG

N
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Slope Stability 2020 Symposium

Site 5:

The Slope Stability International Symposium has been one of the key events in the
industry over the past decade.
This symposium creates a forum for open pit mining and civil engineering practitioners,
consultants, researchers and suppliers to come together and shares views on state
of the art technologies and capabilities, slope design and best practices within the
industry.

0m

19 m

8m
HW1a/
HW2
contact

3-4m
UG2A
Markers
Potential
alteration

N
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Since the first Slope Stability in 2006 Reutech Mining has been part of every one of
the prestigious Global Slope Stability Symposium events. Reutech Mining is honoured
to have been awarded the rights as premium sponsor for the 2020 event which will be
based in Perth, Australia one of the leading mining area’s in the world.
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Reutech Mining: Improving mine safety as well as productivity
In recent times there has been much debate about mine safety. With many mining houses
listing the safety of their people as their number one priority, one of the leading global
mining houses states: “We are determined to create an environment which is fatality
free, where everyone goes home safe and well after every day and every shift.”

Traditional perimeter monitoring systems include among others vibration detection
wires that are localised to the fence only, as well as camera systems. Not only do
cameras require continuous monitoring, but those are also affected by fog, dust, rain
and low-light conditions.

Another claims: “Mining will always carry risks, but we’re working towards a future where
that never means serious injury or loss of life.”

Reutech Mining provides a range of modern advanced solid-state compact surveillance
radar systems that allow for the identification of any moving object beyond the fence.
These moving targets are tracked to establish the intent of the potential intruder long
before he/she reaches the fence. Once a target is identified, an alarm is raised to warn
the operator. Camera systems can also be slewed and cued to assist with the threat
assessment. Multiple sites in South Africa, the DRC and Mozambique are using the
Reutech PIMS system with great success.

The South African Department of Mineral Resources states: “Mining is known as one
of the most dangerous occupations in the world, with many contributing factors that
cause fatalities and accidents in the mining environment. It is crucial to provide safe
working conditions for miners. The Mine Health and Safety Inspectorate and the South
African mining industry are committed to the principle of zero harm.”
Speaking at the Reutech Mining-hosted business breakfast held during the Electra Mining
2018 exhibition, Jan de Beer (executive manager of Reutech Mining), states that the
majority of the role players in the industry agree that it is essential for mining to become
safer—but it is also clear that productivity and profitability must increase. De Beer
believes that it is achievable to increase both while creating a zero-harm environment,
and that the increased implementation of modern technology can contribute to this
drive.
Fourteen years ago, a major mining group requested Reutech Radar Systems to address
the safety risks relating to falls of ground in open pit mines. Two years later, in 2006,
Reutech Mining was formed with the delivery of the first-generation Movement and
Surveying Radar (MSR). The company has since then assisted our global clients by
providing advanced technology equipment that increases mine safety and supports an
increase in productivity.
Reutech Mining delivers products that assist with the protection of the physical
perimeter monitoring of mines, as well as other solutions that provide early warnings in
terms of fall of ground in both surface and underground mines.

Physical perimeter monitoring
Mine sites are responsible for all people entering their sites, whether legitimate workers
or illegal miners. Illegal entrants pose numerous safety risks, since they pose threats
to legitimate workers as well as to equipment designed to keep legitimate workers safe.

www.reutechmining.com

Complete virtual fence created with PIMS.

Fall of ground: underground
Developed specifically for the underground mining industry, the Sub-Surface Profiler
(or SSP as it is commonly known) is a modern state-of-the-art frequency modulated
continuous wave (FMCW) ground penetrating radar system. The requirements from
the client were clearly stipulated: “Design and manufacture a lightweight groundpenetrating radar (GPR) that can be operated single-handed with immediate availability
of information to identify structures, joints and voids up to 6 m into the underground
rock mass.” The net result was the SSP weighing a mere 4.5 kg, that can scan up to 10 m
into the rock face and that has no cables, with information being transmitted to a tablet
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or laptop computer in real time. This enables the client to analyse the data and make
informed decisions while underground.

user timeously to evacuate equipment and personnel from potential fall of ground risk
areas.
There are hundreds of examples where the MSR successfully provided early warning
and detection of slope movements, resulting in prevention of loss of life or injuries.

Sub-Surface Profiler in operation

The SSP enables mines to identify problematic areas and to optimise its ground
support implementation. This typically comes with an increase in safety and a decrease
in costs.
Other clients are using the SSP to determine the success of preconditioning in highstress gold mines. This reduces the risk of face and pillar bursts.
Since launching the SSP at Electra Mining in 2016, a total of 38 SSPs have been
supplied to South African, Chinese, Zimbabwean and Russian operations.

Fall of ground: surface mines
One of the biggest risks in surface mines remains the fall of ground from big open pit
slopes. Reutech Mining’s MSR is its third generation slope stability radar. This flagship
from Reutech Mining is used on six continents and in 27 countries, and is the fastest
scanning real aperture radar capable of detecting submillimetre movement up to 4
000 m away from the rock face. The MSR also offers the most advanced alarm
configuration options available on the market, and it operates in environmental
conditions ranging from -50°C to +55°C. With data being available in near real time,
the MSR is able to detect small and large areas moving on the mine slope—allowing its
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MSR with Slope Vision fitted

To assist with the distribution of MSR information, Reutech has developed its MultiPurpose Platform (MPP) that can be configured as a WiFi repeater station to facilitate
the transmission of slope stability data to the geotechnical office, or that can operate
as an in-pit alarm system containing sirens, strobe lights or a pager system to warn
employees working close to a potentially dangerous slope.
Based on user demands, Reutech Mining developed the Slope Vision system. This
georeferenced camera system allows the user remotely to steer the camera system to
view specific coordinates and to capture still images or create video recordings. The
Slope Vision system can be utilised by a variety of resources on the mine’s network to
monitor operations. Once the MSR detects movement on the slope, the Slope Vision
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system can be commanded to explore the area of movement without compromising the
radar scanning. This provides real-time visual inspection of dangerous slopes.

Reutech signs with SCR
Reutech Mining is pleased to announce that Beijing SCR Instruments Ltd (SCR) has
been appointed as exclusive Sub-Surface Profiler (SSP) distributor for China and
Mongolia.
Jan de Beer, Executive Manager for Reutech Mining, states that they are delighted
with the support from SCR and the traction that the SSP is getting in China. Orders
for more than 17 units have already been received.
According to Dr Yu Sheng, CEO of SCR, Reutech’s new cutting-edge portable SSP
products provide the mining industry with powerful and easy-to-use tools to gain
views of key rock features behind the surface. Identification of these features allow
mining engineers to optimise support design and to identify resource beddings of
some minerals. It can also be used to allocate misaligned grouting pipes for backfill
operations and to detect the positions of those progressing vertical shafts in sublevels that could create safety issues. There are also many potential applications
outside the mining industry—from identification of subsidence under road and
railway surfaces, to the detection of municipal utility pipes and other features.
The agreement with SCR was concluded in Beijing on 5 November 2018.

MPP in Wifi repeater configuration with Slope
Vision fitted.

Reutech Mining now and into the future
South African-based Reutech Mining has been involved with the mining industry for the
past fourteen years. During this period, it has been providing equipment to enhance
productivity and improve safety on mines on six continents and in 27 countries. Global
mining houses continue to select Reutech Mining as a preferred supplier, and its
products have obtained certification from numerous international entities such as FCC,
ACMA, ICASA, Industry Canada, CE, UL, UL(C) etc.
Reutech Mining is a division of Reutech (Pty Ltd) and part of the JSE listed Reunert
group of companies.
Working hand in hand with the mining industry, Reutech Mining plans to expand its
product range in 2019 to offer the mining industry more options to ensure that it keeps
moving closer to the ideal of zero harm.

www.reutechmining.com

At the signing of the agreement were (from left to right) Le Zhou, Yu Sheng, Jan de Beer, Randall
Overmeyer, Xiaokang Zhang and Youtian Li.
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Sub Surface Profiler Case Study:
Hackney Shaft
Author: T Sibiya
Abstract
The Sub Surface Profiler (SSP) is a new, lightweight ground penetrating radar (GPR)
developed and patented by Reutech Mining. The South 4 Winze section on Twickenham
Mine’s Hackney Shaft was used to conduct the Sub Surface Profiler (SSP) trial. Before
scanning the panels, low angle joints in the panels were identified by means of visual
identification and mapping by the Strata Control Officer (SCO). This was done in order
to calibrate the scans, verify the location, and dip angle of the structures with the
scans. Identification of domal structures was another reason, which led to the decision
to conduct the scans, but unfortunately, none could be identified in the panels prior
scanning. Post scanning, the data was analysed and interpreted using the high quality
images and intuitive software.
During the analyses, it was found that low angle joints and dome structures above 2.0
m could be identified in the scans, but not structures below 2.0 m. The reason for this
finding was not known, and believed to be related to blast damage in the lower 2.0 m
of the immediate hanging wall. Therefore, additional scans were done in the MN220
section, which is a hard rock cutting section with no hanging wall blast damage. The
scans from the MN220 section also had a blurry lower 2.0 m portion, which was similar
to the scenario in the blasted section. The cutting technology has a low damaging
effect on the ground compared to blasting and this damage did not extend to 2.0 m
above the hanging wall. A conclusion was reached that this phenomenon was due to the
installed 1.5m long steel tendon support, which was installed in both sections, causing
interference with the radar below.
The studied section hanging wall consisted of five to six chromitite stringers, referred to
as the Leaders (L1-L5), where separation could occur due to weak cohesion between the
chromitite layers. The hanging wall occasionally had low angle jointing where separation
could result due to discontinuity. The dome structures were viewed to be created by
two scenarios, namely:
i. When a low angle joint changes direction, where in the process a full dome structure
was created or formed a semi-dome structure by the structure discontinuing.
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ii. When the multiple stringers in the hanging wall undulate and dome pockets were
exposed by blasting, creating dome structures. Therefore, due to weak cohesion
between the stringer and the Feldspathic Pyroxenite, these domes could fall out
under gravity.
The SSP could identify the joints and dome structures, but not within the immediate
2.0 m lower portion of the hanging wall, within the supported region. Therefore, the SSP
could not accurately pick up structures in the immediate hanging wall, which was an
important requirement of the scanning since this portion is crucial in successful strata
control. The ability to clear the data on the lower 2.0 m portion, or the development /
modification of software to clear the resolution in this portion of the scans is important
for the successful monitoring of structures to be able to correctly support the panel.
Glossary
°			degree (angle)
FOG			Fall of Ground
FOGM		

Fall of Ground Management

FW			Footwall
GPR			Ground Penetrating Radar
HAM			Hanging wall Anorthosite Marker
Km			kilometre
L1			Leader One (stringers)
m			metre
NE			North East
NNW			North North West
PGE			Platinum Group Element
PNL001 S U

Panel 001 South Underground

SSE			South South East
SSP			

Sub Surface Profiler

SW			South West
UG2			Upper Group Two
ULP			

Ultra Low Profile

XLP			

Extra Low Profile

Page 10
1. INTRODUCTION
1.1. Locality
Twickenham Platinum Mine operates two decline shafts (Twickenham shaft and
Hackney shaft) and is situated on the Eastern Limb of the Bushveld Complex within the
Greater Tubatse Local Municipality under the Sekhukhune land district Municipality of
the Limpopo province. This is located some 50km from Burgersfort town, see figure 1.

anorthosite referred to as the FW3 Marker. A 3-5 m thick medium-grained feldspathic
pyroxenite, which may contain about 9 thin chromitite stringers, referred to as the
“Leader Seams” of the UG2 overlies the UG2. These stringers can cause falls of ground
(FOG’s) due to the weak cohesion between them and the underlain layer, which is of
significance to Rock Engineering.

Figure 1: Locality of Twickenham in relation to other mines in the Bushveld
Complex in the South African region.
Figure 2: Stratigraphy of Twickenham shaft and Hackney shaft

1.2. Geological Setting
Geologically the mine is situated on the Eastern Limb of the Bushveld Complex. Rocks of
the Upper Critical Zone (consisting of economic PGE UG2 chromitite and Merensky Reef)
and Main Zone (composed of gabbros and ferro-gabbros occupying most of the central
and the Southern Eastern part of Twickenham mine) underlying the entire area where
Twickenham mine is situated. The Upper Zone consists of successions of anorthosites,
norites, and pyroxenites.
The UG2 chromitite, which formed some ±400m below the Merensky Reef, is extracted
at Twickenham mine with average of 0.61m in width. It is beneath a feldspathic
pegmatiodal pyroxenite, which is beneath pyroxenite/norite and a horizon poikilitic
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Twickenham mine is about 40 km north of the Steelpoort fault and 30 km south of the
Olifants River fault. The major geology of the mine is striking in the same direction as
the Steelpoort fault, which is NNW to SSE at an average dip of 15° to the WSW. The dip
becomes steeper to the North from approximately 14° at Hackney to 16° at Twickenham
over a strike length of 11 km.
The data was collected from the South 4 Winze, the stoping section in which the Ultra
Low Profile (ULP) and Extra Low Profile (XLP) machines are trialled in the mine.
The section has thirteen North and South breasting panels in total. Complex
geology in the section such as potholes, dome structures and low angle joints
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are some of the disturbances that complicate reef extraction. The scans were conducted
in the red marked panels, see figure 3.

Figure 3: Plan of South 4 Winze stoping section, with scanned panels highlighted in blue.

2. PROBLEM STATEMENT
Low angle joints and dome structures are a key problem in the Platinum mining industry.
These are mostly hard to identify prior to collapse and therefore, the SSP was employed
for radar scanning of the hanging wall in order to try and identify structures hidden to
visual identification. The aim of this paper is to find out if the SSP can detect low angle
joints and dome structures in the hanging wall prior to collapse.

3. DISCUSSIONS

structures below 2.0 m. The reason for this finding was not known, and believed to be
related to blast damage in the lower 2.0 m of the immediate hanging wall. Therefore,
additional scans were done in the MN220 section, which is a hard rock cutting section
with no hanging wall blast damage. The scans from the MN220 section also had a blurry
lower 2.0 m portion, which was similar to the scenario in the blasted section, see figure
4 & 5. The cutting technology has a low damaging effect on the ground compared to
blasting and this damage did not extend to 2.0 m above the hanging wall. A conclusion
was reached that this phenomenon was due to the installed 1.5m long steel tendon
support, which was installed in both sections, causing interference with the radar below.
A verification test was conducted to ensure that the data was collected correctly by
comparing the down-dip image structure and the same structure in the up-dip image.
If conducted correctly, the two scans should mirror each other. Figures 4 & 5 were
the images from the scans conducted in the MN220 section where the latest cutting
technology in the mining industry is used instead of blasting. The cutting technology
causes little to no damage to the rock compared to conventional blasting, but the lower
portion of the scans in this section was also blurry and distorted, similar to what was
found in the blasting section. Therefore, this proved that the steel tendon support was
the reason for the blurriness and distortion of the lower portion.
On the two figures encircled are the joints mirroring each other to verify that the data
collection process was accurate. For good results, the SSP must be almost perpendicular
with the hanging wall and there must be reasonable contact with the hanging wall when
the scans are conducted. After the scans were conducted, the data was interpreted by
checking the structures along with the geology on the scanned image.

3.1. Data Collection Method
The panels with the low angle joints were identified prior to scanning, paying special
attention to low angle joints. It was possible to predict dome structures created by
undulation in the panels but these could not be accurately predicted because the
undulation was not always constant above in the hanging wall. The dome structures
created by low angle joints changing direction within the hanging wall could not be
accounted for since this geological scenario occurs inside the hanging wall. The scans
were conducted to verify the structures using the SSP, repeating up-dip and down-dip
scans to compare the quality of the data.
In the blasting section, the data was collected by moving the SSP between the last
line of tendon support and the second line. During the analyses, it was found that low
angle joints and dome structures above 2.0 m could be identified in the scans, but not
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Figure 4: A down dip-scanned image of the MN220 cutting section.
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Figure 5: An up-dip scanned image of the MN220 cutting section.

3.2. Results and Analysis
The structures in the scanned images were found to be low angle joints, domes caused
by undulation of the geology and dome structures formed by discontinuous joints in
the hanging wall. The undulating geology consisted of the Hangingwall Annorthosite
Marker (HAM), reef and the multiple chromitite stringers, but all did not undulate at
once. Therefore, the display settings had to be changed to increase the contrast for
the features being scanned to stand out, see figure 6. The no-green-smooth setting
was the most favourable out of all options, since most features stood out using this
setting. The disadvantage was that the images were found to be too cluttered when
used to view the scanned images and it appeared to be smudge-like (see Figure 7). The
stringers also tend to join or be smudged together when this display setting is used.
Therefore, to eliminate the smudging on the images the display settings were changed
to Linear instead of Logarithmic.
It was discovered that low angle joints and dome structures above 2.0 m could be
picked up in the scans, but not the structures below 2.0 m. (See Figures 8a and 10
lower portions). It was not known if the reason for the unclear lower portion was due to
blasting concussion or the steel tendon support installed in that portion of the hanging
wall. Therefore, additional scans were conducted in the MN220 section. The scans
from the new cutting technology of the MN220 being trialled in the mine also had a
blurry lower 2.0 m portion, which was similar to the scenario in the blasted section. The
cutting technology had little damaging effect the ground compared to blasting and this
damage did not extend to 2.0 m above the hanging wall therefore, a conclusion was
reached that this distortion was in fact caused by the installed steel tendon support.
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Figure 6: Display settings to view resulting image after the scan

Figure 7: Depicts a scanned image were the no-green-smooth logarithmic display setting
was used.

Two scans were used for analysis (PNL003 N U and PNL001 S U) and the reason was
because of the geological complexities from these two working places. This was due
to the visibility of both the domal structures and the low angle joints in the two panels.
The two panels gave insight that the structures are not always in the direction seen
but can change direction, which was better displayed by the two panels. Below is
the analysis of both panels:
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PNL003 N U
The analyses of PNL003 N U were based on Figures 8 & 9 respectively. The scanned
images from this panel showed dome structures created both by undulation of chromitite
stringers and dome structures created by low angle joints in the working place. The
scan (Figure 8a) was separated into three sections namely:
• The lower portion, which was from the immediate start of the hanging wall to 2.0 m
above,
• The middle portion, which was from 2.0 m up to the HAM,
• The upper portion- starts from the HAM up to 10 m (SSP capability.)

cut on the hanging wall, complying with the Hackney stratigraphy seen on figure 2. The
HAM was not undulating and directly above this marker were multiple low angle joints
dipping in directions N-E and S-W. The low angle structures continued on the portion
below, creating basin-like structures below. The low angle basin-like structures were
older than the HAM since the HAM was cutting through these according to the principal
of superposition, see figure 9.

Lower Portion
The L2 chromitite stringer was 0.9 m from the L1a stringer, where the panel was cut and
no undulation was formed in this stringer. This chromitite stringer was within the lower
portion of the hanging wall where the stringers were not continuous. The structures
on the lower portion of the hanging wall cannot be seen (see figure 8a) because this
portion of the scanned image was blurry and that is critical information for strata
control. This region was the most important to Rock Engineering since it was within the
region which support is required to clamp the strata and geological structure together
and reinforce the hanging wall. The geology in this region had to be extrapolated, which
relies on individual interpretation. Therefore, the accuracy was questionable as the
interpretation is susceptible to human error.
Middle portion
The middle portion showed about three chromitite stringers (L3, L4, L5), which were
undulating. If the mining cut was at 1.5 m where the L3 stringer was situated, there
could be multiple dome structures due to the undulation of stringers in this region. The
SSP could have helped to plan support the panel with the necessary support. Shown
on figure 8c was the reef undulation, which was used to predict dome structures on
the hanging wall and these stringers conformed to the undulation starting from the
reef. Figure 8b and circled on figure 8a shows examples of dome structures cut with
the blast and undulation of the reef on the face respectively. The undulating L3 stringer
was situated 0.8 m above the L2 stringer, this stringer was a continuous undulating
line. If the mining cut was situated on this stringer, there were going to be small scale
multiple dome structures with the possibility of collapse. Above this stringer were other
stringers which were undulating below the HAM.
Upper portion
The upper portion started with the HAM, which was situated at 3.8 m from the mine
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Figure 8: a) A scanned image of PNL003 N; b) Depicts a dome structure after blasting; and
c) Depicts undulation of reef on the face of the panel.

Figure 9: A sketch of the panel with the geology and the structures.
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PNL001 S U
The analysis on PNL001 S U was based on figures 10 and 11 respectively. The low angle
joints were noted in the lower portion of the hanging wall before the scan was conducted.
Lower portion
The chromitite stringers in the lower portion were not continuous and had to be
extrapolated to complete their extent in the hanging wall. The extrapolation was
subjected to the person analysing the scanned image and could be incorrectly
interpreted. The lower 2.0 m portion of the scan was blurry, making it difficult to see
any structures except extrapolating the chromitite stringers.
Middle portion
The middle portion started from 2.0m up to the HAM, see figure 10. The structures
seen when analysing the data from the panel were the basin-like structures. These
structures created dome structures when they cross-cut each other and these could
cause large fallouts compared to the lower portion. The basin-like structures started in
the upper portion as low angle joints continuing in this portion, turning to create basinlike structures. The structures were cut by the HAM layer ending the middle portion which
was younger than the basin-like structures according to the principle of superposition.
Upper portion
The upper portion started with the HAM layer, which was situated 3.8 m above the mining
cut of the panel. Above the HAM were low angle joints seem to be cross-cutting each
other, creating blocky ground condition above this marker. This ground can be unsafe to
mine into as these can fallout. See figure 11, the section labelled upper portion.

Figure 11: A sketch of the panel with the geology and the structures.

4. CONCLUSION
The SSP can be used to detect low angle joints and dome structures in underground
mines, provided the user has adequate knowledge of how to use the tool and software.
The tool can be used to identify hidden low angle structures and for identified structures
that possibly change direction within the hanging wall, making it impossible to identify
the dip angles with a naked eye underground. The data at the lower 2.0 m portion of
the hanging wall was distorted and blurry in all the scans as a result of the interference
caused to the radar by the installed steel tendons. This layer in particular is critical so
successful strata control. Therefore, software should be created (or improved) to clear
this distortion to be able to accurately analyse the structures in this section instead of
relying on extrapolation of the data.
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Figure 10: A scanned image representing the hanging wall of PNL001 S U
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