
0 
 

 

  

MAPPING OF OLD BORDS AND PILLARS REVISITED 

 

 

Michael van Schoor 

(CSIR) 

 

December 2019 



1 
 

Contents 
 

1 OBJECTIVE SUMMARY ........................................................................................................ 2 

2 BACKGROUND ....................................................................................................................... 2 

3 LASER MAPPING OF OLD WORKINGS ............................................................................ 4 

4 SUMMARY OF RELEVANT 2015 FINDINGS..................................................................... 6 

5 RECENT ADVANCES IN UAV AND UUV TECHNOLOGIES .......................................... 7 

5.1 ClickMox Minefly UAV 3D Scanner ............................................................................ 7 

5.2 Hovermap technology ................................................................................................... 9 

5.3 Kongsberg SONAR solutions ................................................................................... 11 

5.4 Alternative UUV solutions .......................................................................................... 13 

6 CONCLUSIONS ..................................................................................................................... 14 

APPENDIX A - ARE DRONES INTRINSICALLY SAFE? ...................................................... 16 

 



2 
 

1 OBJECTIVE SUMMARY 

This project aims to provide a state-of-technology overview of advances in unmanned vehicles 
– including unmanned aerial vehicles (UAVs) and unmanned underwater vehicles (UUVs) – 
that are applicable to underground mining environments. These technologies could potentially 
solve the bord-and-pillar mapping problem without having to rely on the drilling of multiple 
surface boreholes. 
 

 

2 BACKGROUND 

Since the inception of Coaltech, almost two decades ago, the topic of mapping old coal pillars 
has been researched on at least three previous occasions, with the first effort taking place 
around 2002/2003 and the most recent effort in 2015/2016. It is important to understand that 
the problem of mapping old coal pillars can be divided into two distinct scenarios: The first 
scenario simply requires the delineation of previously mined-out areas; in other words, 
determining the boundary between old workings and virgin ground. This problem can, in many 
cases, be solved using ground geophysical methods such as electrical and electromagnetic 
profiling. This was demonstrated in the abovementioned 2002/2003 Coaltech project (Task 
1.3.1b). The second scenario, however, involves the much greater challenge of accurately 
mapping the position and geometry of individual bords and pillars.  
 
While a mapping accuracy of say 3-5 m may be adequate to address the first scenario above, 
the detailed mapping of bords and pillars would obviously require a much higher resolution – 
most probably a sub-meter mapping accuracy. Another factor that makes the second scenario 
so much more challenging is the following: for the first scenario, the geophysical target is 
essentially the boundary between two significantly different subsurface materials; the fact that 
the bulk physical properties of virgin ground versus a previously mined-out area define the 
target boundary makes this a relatively easy target to detect. In the second scenario, however, 
the targets are effectively localised bords and pillars with typical dimensions of only a few 
meters. 
 
The common thread in all the above-mentioned Coaltech research efforts was that a surface 
geophysical method capable of mapping individual bords and pillars from surface could not 
be identified, except perhaps for the case of ultra-shallow workings (only few meters below 
surface). However, for the majority of old workings located in the typical depth range for the 
Witbank coalfield, of say 20-60 m, it was just not possible to achieve the desired resolution 
from surface geophysical measurements.  
 
In 2011 the concept was revisited in a Coaltech project to determine whether any technological 
advances had been made since 2003 that would enable the mapping of old pillars from 
surface. However, the conclusion of the 2003 study was confirmed by an independent 
international study – between 2007 and 2009 the US coal industry funded a study similar to 
the one Coaltech initiated a few years earlier (Task 1.3.1). After investing more than 6 million 
USD, they came to the same conclusion; that is, while some surface geophysical techniques 
can delineate old workings, none has the resolution to accurately map isolated voids and 
individual pillars in the depth range 20-60 m. The same sentiment was echoed by other 
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geophysical experts; for example, Professor Ugur Yaramanci from the Technical University of 
Berlin stated the following:  
“… there are no geophysical means available yet for detecting spacings of 6-7 m in 25-50 m 
depth… In fact, numerical geophysical modelling allows to study the detection capability of 

individual methods by given physical parameters and geometry of the objects and 
surroundings. So in any case, these kind of assessments should be made before measuring 
programmes, in particular in the cases as you have [typical Witbank scenarios], where the 
chance for detection is extremely low...” 
 
Each of the past Coaltech projects that studied the old workings problem made some 
recommendations in terms of possible alternative and/or novel technologies that could be 
pursued to ultimately enable the detailed mapping of old bords and pillars, without having to 
rely on surface geophysics: 

The 2003 project suggested the following ideas: 
 Laser mapping of old workings with access provided by boreholes 
 Randomly orientated electromagnetic tags that act as ‘mini submarines’ deployed 

into the old workings from boreholes that could then be tracked from surface 
 
Neither of the above recommendations were actively pursued by Coaltech in the period 
2003-2011 and following the 2011 Coaltech study, the following recommendations were 
made:  

 Low-frequency ground penetrating radar (GPR) 
 Low-altitude airborne EM (e.g., SkyTEM) 
 Deployment of borehole scanners (laser and sonar) 

 
Subsequently, the low-frequency GPR was tested at Tweefontein Colliery, but the results were 
disappointing as the GPR struggled to penetrate near-surface high-conductivity layers. The 
low-frequency airborne EM idea was retrospectively not pursued as it was realised that it 
would not be able to meet the mapping accuracy requirements. The third suggestion, which 
was similar to the one suggestion made in 2003, was subsequently embraced by one of the 
mining houses (then X-Strata). More details regarding this borehole-based solution are 
presented in the next section. 
 
Following the 2015/2016 Coaltech pillar project, the recommendation was made to pursue the 
applicability of remote-controlled unmanned vehicles (including underwater and/or aerial 
vehicles) that could be deployed into old mined-out areas to do the required mapping. Due to 
rapid advances in these technologies, it was considered an opportune time to revisit and 
reassess the state and applicability of these emerging technologies in 2019 (this project).  
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3 LASER MAPPING OF OLD WORKINGS 

The borehole-based technology that X-Strata experimented with and adopted after the 2011 
Coaltech review is known as the C-ALS system. C-ALS is an acronym for Cavity Auto-
scanning Laser System and was developed by the US-based company Carlson, and 
distributed by the local company Optron. The survey methodology required to use the C-ALS 
system for detailed pillar mapping involved the strategic drilling of boreholes from surface and 
into the mined-out cavities (bords). Since the technology uses laser mapping it is only 
applicable to dry or partially flooded workings. The process would start with the drilling of a 
single borehole into any part of the mined-out working. In the schematic of Figure 1, this 
borehole could, for example, be one of the coloured dots. The laser scanning sensor is then 
lowered into the void and a 3D scan of the mined-out working is conducted. Since the laser 
scanner can only identify features that lie within the sensor’s line of sight, it will only be able 

to map a limited number of sidewalls. Figure 2 shows the rudimentary map of pillar geometries 
that can be obtained from a single borehole. The idea is then to analyse the resulting data to 
identify a suitable position for the second borehole that can then be used to extend the 
effective line of sight and map an increasingly larger area. To obtain a reasonably meaningful 
and useful map of the bords and pillars in a specific area (for example below an active 
opencast mining area) one might need to drill a sequence of five or six boreholes. This should 
provide the survey department with sufficient information to obtain an accurate local map or 
even 3D image of the old workings. Such maps are useful to correct any offsets and errors in 
the mines historic maps of the area and to accurately identify the location of individual pillars 
for drill and blast purposes. An example of a 3D image derived from C-ALS measurements is 
shown in Figure 3.   
 

 
 

Figure 1: Schematic showing the typical borehole layout required for laser pillar mapping  
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Figure 2: Example of a laser scan output from a single borehole and inferred pillar locations  

 

 

Figure 3: Example of a 3D image of old workings derived from C-ALS measurements 

 

The two main disadvantages of the C-ALS approach is that it requires the drilling of multiple 
boreholes form surface and it probably requires a dedicated team for data acquisition and data 
processing/interpretation. The borehole requirement is not necessarily a major logistical 
problem as a drill-and-blast operation would inevitably have drilling machines on site. It is, 
however, not necessarily the optimum solution as it may interfere with production and the 
additional C-ALS boreholes constitutes an additional and unwanted cost. The mapping of 
larger mined-out areas may also be a challenging and time-consuming task. It is for this reason 
that the 2015 Coaltech project recommended that other technologies, in particular unmanned 
vehicles, be investigated. 
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The current project did briefly evaluate the current state of the C-ALS technology and it 
appears that some incremental improvements have been made to the system that was 
originally used by X-Strata. Particularly noteworthy is the addition of a ‘Gyro’ option; the latest 

C-ALS systems (Figure 4) reportedly provides greater navigational capability, ensuring that 
the probe’s position along the borehole can be determined without relying on the mechanical 
alignment of deployment rods or a magnetic compass. A 3-axis gyro which monitors the 
probes heading and accelerometers which determine the inclination allowing it to be deployed 
downwards, upwards, or in a horizontal hole. This enhanced feature represents a major 
technological advance as it is expected to speed up surveys significantly. It is not certain to 
what extent the C-ALS systems are still used at Tweefontein (or at other local mining 
operations) and whether the latest C-ALS Gyro technology has been tested. 

    

Figure 4: Pictures of the latest C-ALS sensor (http://www.carlsonsw.com/archives/carlson-unveils-new-c-
als-gyro-at-sme-2019/) 

 

 

4 SUMMARY OF RELEVANT 2015 FINDINGS 

The 2015 study pointed out that various groups around the world were working on the 
development of unmanned, remote-controlled vehicle platforms that can be used for various 
applications in difficult-to-access sites such as underground mines.  
 
For the ground-based (crawling/driving) vehicle options, the potential challenges that were 
highlighted included the operation of the robot over long ranges and the associated 
communication challenges. It should however also be pointed out that a potentially bigger 
challenge in old coal workings might be the fact that such workings will often be partially 
flooded and the topographic conditions of the old mine floor may not be conducive to 
deployment of a crawling robot or unmanned vehicle. A further potential problem with remote-
controlled vehicles is access/entry to the old workings. These technologies are typically too 
big and unless suitable access is available, deployment will not be straightforward. 
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Consequently, the focus shifted to unmanned aerial vehicles that would not have to negotiate 
extreme underfoot conditions. 
 
One of the most promising technologies that were identified during the 2015 project was the 
ClickMox Minefly system. The most attractive feature of the Minefly system was the fact that 
it could be used in places where GPS cannot be used, such as underground mines. 
Furthermore, the drone was equipped with a 3D laser scanner, LED lighting, sonar sensors 
and an HD camera and employed a Simultaneous Localization And Mapping (SLAM) 
algorithm to generate accurate 3D point clouds of its surroundings. Rapid data capture 
enabled real time map generation; this capability and an on-board collision avoidance system 
(ultrasonic sensors) make the navigation through narrow openings and hard-to-access areas 
possible. While UAVs/drones definitely appeared to be an elegant solution to the pillar 
mapping challenge there were still some concerns around deployment into old workings and 
also in terms of achieving meaningful ranges. 
 
For flooded workings, the 2015 study highlighted a few different unmanned underwater vehicle 
(UUV) options that could be combined with SONAR sensors to achieve similar results in 
(flooded) underground mapping as was already possible with laser in dry workings. It was also 
pointed out that UUV technologies appeared to lag behind the rapidly advancing UAV/drone 
technology. Systems that showed the most promise in terms of size, manoeuvrability, sensors 
and navigation capabilities were the Hydroid REMUS and Kongsburg MUNIN systems. These 
systems were also becoming commercially available and were employed in applications such 
as hydrographic and other scientific surveys. As was the case with UAV technologies, some 
of the greatest concerns include deployment, range and performance in an abandoned mine 
environment. 
 

 

5 RECENT ADVANCES IN UAV AND UUV TECHNOLOGIES 

Some significant advances have been made in terms of the technologies identified in the 
2015/2016 study. This includes, for example, the Clickmox UAV based solution for mapping 
out ‘dry’ workings and the Kongsberg MUNIN SONAR system for mapping out flooded 
workings.  

 

5.1 ClickMox Minefly UAV 3D Scanner 

Since 2015, the Clickmox system has undergone extensive testing in NORCAT’s test mine in 
Canada, as well as selected operational mines around the world. Key features of the system, 
pictured in Figure 5, include a collision avoidance system consisting of 10 low-definition 
cameras, sonar sensors and high intensity LED lighting to assist in video feedback and 
navigation. 
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Figure 5: ClickMox Minefly system (https://www.clickmox.com/minefly) 

 

Mapping with the Minefly 3D system outperformed traditional cavity monitoring systems (CMS) 
during trials since the former can access areas that the latter cannot. The comparison in Figure 
6 illustrates this clearly. 

 

 

Figure 6: Clickmox’s view of a stope survey versus CMS stope survey 
(https://www.spar3d.com/blogs/measuring-the-value/where-drones-operate-underground/) 
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5.2 Hovermap technology 

Hovermap by Emesent is a relatively new technology. It is a 3D LIDAR-mapping and autonomy 
payload for industrial drones (https://emesent.io/products/hovermap/). According to their 
website, Hovermap provides collision avoidance, GPS-denied flight, advanced autonomy and 
SLAM-based LiDAR mapping. This allows drones to be deployed in challenging GPS-denied 
environments and to collect 3D data in areas that could previously not be accessed safely 
such as abandoned underground mines. Essentially the Hovermap system enables fully 
autonomous reconnaissance surveys through scanning and mapping to successfully navigate 
to and from its starting point. 

https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-
payload-at-international-lidar-mapping-forum/ 
 
Figure 7 shows the Hovermap payload system and deployment on a drone. 

  

 

 

 
 

https://i0.wp.com/research.csiro.au/robotics/wp-content/uploads/sites/96/2016/07/DSC_9862.jpg?ssl=1 

Figure 7: Hovermap payload system (top) and mounted to a drone (bottom) 

 

https://emesent.io/products/hovermap/
https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-payload-at-international-lidar-mapping-forum/
https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-payload-at-international-lidar-mapping-forum/
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In terms of key specifications that are particularly relevant to the Coaltech pillar mapping 
problem, the LIDAR has a range of up to 100m, with an accuracy of +/- 3cm. The angular field 
of view of the laser is 360° x 360° and data acquisition speed is of the order of 300,000 
points/sec. The system only weighs ~1.8 kg and utilises an input voltage of 12 – 50V (e.g. 4s 
LiPo). It also boasts a GPS-denied flight mode and a collision avoidance field of view of 360° 
x 360°. 

The Hovermap system can reportedly be used with any Vertical Takeoff and Landing (VTOL) 
drone capable of lifting the 1.8kg payload  
(https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-
payload-at-international-lidar-mapping-forum/). However, if the intention is to use it in 
autonomous mode it should be used with an autopilot compatible drone such as a Dà-Jiāng 

Innovations (DJI) A3 drone such as the M600, M200, M210, or Wind4 models. The Hovermap 
technology then offers omnidirectional collision avoidance and can be deployed in GPS-
denied environments. 
 

A sample data set obtained with a Hovermap system is shown in Figure 8. Videos of some of 
Hovermap’s underground trials are available on the internet; for example at 
https://geo-matching.com/airborne-laser-scanning/hovermap-hf1 
 
 

 

Figure 8: Hovermap sample mapping data set 

 

Essentially the Hovermap system enables fully autonomous reconnaissance surveys through 
scanning and mapping to successfully navigate to and from its starting point.https://c-drone-
review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-payload-at-
international-lidar-mapping-forum/ 

 

https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-payload-at-international-lidar-mapping-forum/
https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-payload-at-international-lidar-mapping-forum/
https://geo-matching.com/airborne-laser-scanning/hovermap-hf1
https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-payload-at-international-lidar-mapping-forum/
https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-payload-at-international-lidar-mapping-forum/
https://c-drone-review.news/en/2019/02/04/australias-emesent-launches-hovermap-drone-payload-at-international-lidar-mapping-forum/
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In terms of costing, the local agent for Hovermap in South Africa confirmed that the ball park 
cost of the Hovermap hardware with the highest level of autonomy is approximately R90 000; 
this excludes the UAV/drone platform. 
 
During a recent Coaltech Mining Steering Committee meeting, the issue of intrinsic safety was 
raised. The risk of operating drones and other unmanned vehicles in old workings where 
methane may be encountered is a very real concern. The topic of intrinsically safe drone is 
very interesting, with several contrasting opinions on the feasibility of this. Appendix A contains 
a very interesting online article on this topic, which seems to suggest that we might have to 
look at other solutions to bypass the issue of intrinsic safety. 
In spite of some opinions that the developing of intrinsically safe drones is going to be very 
challenging, there are reportedly some currently under development. See for example 
https://intrinsicallysafestore.com/product/intrinsically-safe-drone/.  

Some existing commercial drones, which are not explicitly certified as intrinsically safe have 
also performed well in intrinsic safety testing. See for example the online video at 
https://www.youtube.com/watch?v=4CBzW5PjqxM. 

 
Another angle with which to approach the intrinsic safety challenge would obviously be to 
consider integrating methane sensors into the drone platform. This will at least provide some 
advance warning of no-go areas and this information could potentially even be used to plan 
suitable mitigation strategies. Drone-based methane sensor solutions are commercially 
available. See, for example, the information at  
https://www.microdrones.com/en/integrated-systems/mdtector/mdtector1000ch4-lr/ 

 

 

5.3 Kongsberg SONAR solutions 

While the Konsberg Munin UUV showed some promise in the 2015 study, it appears that 
Kongsberg and their subsidiary Hydroid have not explicitly developed any of their UUV 
solutions with mining applications in mind. Their main focus is on Defence and Marine Survey 
applications. One of the concerns relating to the Munin UUV that was raised in the 2015 study 
was that its length of ~3 m may be a problem in terms of manoeuvrability and navigation in an 
underground environment. However, the Kongsberg/Hydroid does offer other smaller UUV 
options such as the REMUS, which was also mentioned in the 2015 study. While this system 
is used almost exclusively in Defence applications (for mine countermeasure and 
reconnaissance operations), its smaller size of ~1.7 m may make it a more viable option for 
deployment in abandoned mines. It is however uncertain whether its navigation capabilities 
would be suited to the underground coal pillar mapping environment. The Remus UUV is 
shown in Figure 9.  

https://intrinsicallysafestore.com/product/intrinsically-safe-drone/
https://www.youtube.com/watch?v=4CBzW5PjqxM
https://www.microdrones.com/en/integrated-systems/mdtector/mdtector1000ch4-lr/
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Figure 9: Konsberg/Hydroid Remus UUV 

 

During the follow-up of Konsberg/Hydroid technologies, contact was established with a local 
agent for Hydroid, namely a company called Underwater Surveys (Pty) Ltd. After describing 
the typical scenario of mapping out flooded old workings the following possible technological 
solutions were proposed. The key assumptions made were that no GPS coverage was 
available, that a small overhead space was available that would enable the deployment of a 
small surface vessel in the workings (i.e., partially flooded workings) and that mapping would 
be complicated by the interrupted line of sight (due to grid of old pillars): 
 
Existing technologies can be integrated to allow for accurate positioning and survey in an 
underground flooded environment. As stated above, it is assumed that an unmanned surface 
vessel (USV) can be used rather than a sub-surface platform, which is a step towards 
simplification. The survey part of the technology requires a commercial off-the-shelf (COTS) 
multibeam echosounder systems (MBES), which is selected on the basis of resolution, size 
and weight and power requirements. While the sub-surface (underwater) area will be surveyed 
using the MBES, it also makes sense to consider adding a COTS laser scanner device to the 
survey platform to include the above-surface area simultaneously.  
 
Accurate positioning, a prerequisite for MBES and laser survey is expected to be the major 
difficulty, requiring that an inertial navigation sensor (INS) be integrated. The INS is once again 
selected from the COTS systems based on accuracy criteria, and most importantly, on its 
ability to be aided by external sensors which provide crucial inputs to improve and maintain 
the accuracy of the INS position outputs for the survey. The integration of a Doppler Velocity 
Log (DVL) to the INS will provide aid at all times, and the addition of wirelessly transmitted 
position data from a Robotic Total Station tracking the USV will aid the INS while the USV is 
in line of sight. Control of the USV can be semi-autonomous or fully remote control and 
integration of collision avoidance technology is possible, once again using selected COTS 
products. 
 
While it is evident that there is currently no single technology platform that is customised for 
the specific case of mapping abandoned, flooded bord-and-pillar workings, it appears that 
the sub-components required to construct a suitable integrated system do exist. It is 
therefore suggested that a company with underwater mapping experience such as 
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Underwater Surveys (Pty) Ltd be involved in any future endeavours to conduct trial mapping 
surveys in old flooded workings.  
 

 

5.4 Alternative UUV solutions 

The search for alternative UUV technologies that might be better suited to the underground 
mapping challenge continued and one such identified technology is the UNEXMIN technology. 
The summary that follows is based on information provided on the UNEXMIN website 
https://www.unexmin.eu/.  

 

UNEXMIN was an EU-funded Horizon 2020 project that developed a novel robotic system, 
primarily for the autonomous exploration and mapping of Europe’s flooded mines, but also 

with other applications in mind. The resulting robotic platform (which comprises three different 
robots) uses non-invasive methods for autonomous 3D mine mapping for gathering valuable 
geological, mineralogical and spatial information. It is primarily the latter application that is of 
keen interest to Coaltech.  

The UNEXMIN multi-robot platform exploits novel autonomy technology that enables 
operation without a remote control. To this end, the UX-1 robot is the first of its kind. Production 
and assembly of the first UX-1 robot was finished in April 2018. Since then, the first prototype 
has been tested at the Kaatiala mine (June 2018), Idrija mine (September 2018), Urgeirça 
mine (March/April 2019), Ecton mine (May 2019) and Molnár János cave (June/July 2019). 
Following these trials, the following pros and cons of the system were reported by the project 
team 
(https://www.unexmin.eu/wp-
content/uploads/2019/10/6_UNEXMIN_geoscientific_evaluation.pdf): 
  
Pros: 

 Obtains point cloud of open spaces  
 Detects and measures orientations of geological structures 
 Creates virtual reality model of mine 

 
Cons: 

 Huge amount of data 
 A lot of pre-processing is required (i.e. removal of echoes) 

 
The UNEXMIN system and sample outputs are pictured in Figure 10. 

https://www.unexmin.eu/
https://www.unexmin.eu/wp-content/uploads/2019/10/6_UNEXMIN_geoscientific_evaluation.pdf
https://www.unexmin.eu/wp-content/uploads/2019/10/6_UNEXMIN_geoscientific_evaluation.pdf
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Figure 10: UNEXMIN system (top) and sample outputs from the trial surveys (bottom) 

 

 

6 CONCLUSIONS 

The detailed spatial mapping of an abandoned and inaccessible underground bord-and-pillar 
mine can only be done effectively using one of two approaches: The first is to make use of 
multiple boreholes drilled from surface into the existing cavities and employing borehole-based 
laser or sonar scanning technologies. The second is to deploy mapping sensors into the 
workings using some form of an unmanned vehicle such as a UAV (drone) or UUV. This study 
focussed primarily on relevant technological advances relating to the latter approach. 
 
UAV and UUV technologies have advanced significantly in recent years, with several R&D 
efforts focussing on the problem of exploring harsh underground environments that may not 
necessarily be accessible to people. Technologies have been developed for flooded mines, 
where the sensor is generally SONAR and the vehicle a miniature unmanned ‘submarine’, as 

well as for air-filled voids, where the sensor of choice is LIDAR and the deployment platform 
an industrial drone. 
 
 

 



 

15 

© Copyright COALTECH 
This document is for the use of COALTECH only, and may not be transmitted to any other party, in whole or in 
part, in any form without the written permission of COALTECH. 
 

The two most promising technologies – based on this desktop study – appears to be the 
LIDAR-based Hovermap system (integrated with a suitable industrial drone) for mapping air-
filled workings and the UNEXMIN SONAR-based system for mapping flooded workings. It is 
proposed that Coaltech or individual mining companies pursue the field testing of these 
systems in the near future. 

Deployment and intrinsic safety remain two real obstacles for any of the above technologies 
and the risk of losing expensive equipment and/or initiating underground fires may outweigh 
the convenience and benefits of employing such systems routinely. For this reason, the use 
of a borehole-based solution, such as the C-ALS system, may continue to be the favoured 
solution, especially if routine application is not a requirement. 

Other factors that may ultimately determine whether an unmanned vehicle or borehole-based 
technology is ultimately opted for are relative cost and frequency of use. Since some of the 
technologies described in this report are very new on the market, accurate comparative 
costing could not be determined and it is recommended that ongoing efforts be made to obtain 
this information. Also, an industry needs analysis to determine to what extent an effective 
underground mapping technology might be needed/utilised by local coal mining operations 
may provide further insight into the need to further pursue and evaluate the identified 
technologies.   
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APPENDIX A - ARE DRONES INTRINSICALLY SAFE? 
 

 

Taken from https://www.flyability.com/articles-and-media/are-drones-intrinsically-safe 

 

ARE DRONES INTRINSICALLY SAFE? 

The question of whether drones are intrinsically safe is one of the first that comes to the mind 
of Oil & Gas and Chemical professionals. So far the answer is no. But, does that prevent 
drones from being used in these industries? Here is a complete answer to that complex 
question. 

 

At the time of writing this article and to the best of our knowledge, no commercially available 
drone is intrinsically safe to a level where it can safely fly in an environment where explosive 
gases or dust is likely to occur in normal operational conditions. The "Are drones intrinsically 
safe?" question is definitely the first one that comes to the mind of professionals concerned 
with performing visual inspections and maintenance in environments that are subject to 
hazardous materials. As the manufacturer of the world first drone designed for indoor industrial 
inspection, we had to answer this question countless times, and we thought that this topic 
deserves its own article. However, even if an intrinsically safe drone does not exist, it does not 
prevent drones from being applied for visual inspection in the Oil & Gas and Chemical 
industries. To properly cover the topic of the intrinsically safe drone, let's start by looking at 
what it takes to build a real intrinsically safe drone. Then we will look at solutions to mitigate 
risks and use drones where we would naturally not use them. Finally, we will look at the 
benefits of using drones despite risk mitigation procedures. 

 

  

WHAT DOES IT TAKE TO BUILD AN INTRINSICALLY SAFE DRONE? 

First of all, it is important to define the level of intrinsic safety that must be accomplished.  
Different standards are used around the world to regulate the use of electronic equipment in 
an explosive atmosphere. Standards differ in nomenclature and specificities, but all agree that 
passed a certain concentration of hazardous material and a certain probability of being in the 
presence of hazardous materials, electronic equipment must present certain characteristics to 
mitigate the risk of an explosion. This is the level of intrinsic safety we are talking about. 

 

An intrinsically safe machine must not generate a spark nor a static charge. To achieve that, 
different technics are used: oil immersion, powder filling, encapsulation, or purge and 
pressurization. In the worst case, if an explosion happens within the intrinsically safe machine, 
its structure must be able to contain the blast and guarantee that no hot gas, hot parts, flame 
or spark is released to the explosive environment. As a consequence, a serious intrinsically 
safe machine is usually heavier than its non-intrinsically safe counterpart. This ratio is usually 
in the range of 10x. And if that wasn't enough, the surface of such a machine must not reach 
more than 25°C (77°F). 

https://www.flyability.com/articles-and-media/are-drones-intrinsically-safe
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Drones have every characteristic of a very dangerous equipment to fly in an explosive 
environment. It carries batteries, motors, and potentially LEDs that reach a high temperature 
when in function. It has high-speed rotating propellers which can generate a lot of sparks and 
static electricity. These propellers are mounted on brushless motors exposed to the 
environment for cooling purpose. Drones meant to fly indoor produce light which is a source 
of heat higher than the 25°C ceiling. And finally, drones must be light enough to be able to fly 
a reasonable amount of time. 

 

Considering all these constraints, until we discover how to compensate for gravity in a more 
efficient way than what is available today, a serious intrinsically safe drone won't be 
envisioned. 

 

  

WHY IS INTRINSIC SAFETY THE WRONG ANSWER TO A CORRECT QUESTION? 

As a matter of fact, in an explosive environment, no human can breath and no machine can 
fly. A crawler built like a tank can possibly be a solution but crawlers have a limited degree of 
autonomy. 

 

Fortunately, humans are resourceful and the abovementioned limitations have long been 
overcome using different risk mitigation technics. If human presence is required, intensive 
cleaning and degassing - until no more trace of explosive is present - is the defacto approach. 
This risk mitigation technic can be applied as well to deploy drones. 

 

It is also very common to use Nitrogen to purge or inert an enclosed space and avoid 
explosions. The downside of this technic is that humans can no longer breathe in a Nitrogen 
purged or inerted atmosphere. However, drones can fly, and with no risk of explosion 
whatsoever. This safe and simple, yet elegant solution has successfully been tested to allow 
drone flights in enclosed spaces subject to hazardous material. It is used by some of the 
largest chemical companies in the world at the forefront of innovation. 

 

Technically speaking and for those who really like to play with fire, a third solution exists. It is 
scientifically proven that above its Upper Explosive Limit a mixture of air and fuel is too "rich" 
and will not burn, thus removing the risk of an explosion. However, we do not encourage 
anyone to try it on and prove scientific theories by walking the talk. 

 

  

ARE THE BENEFITS OF DRONES PRESERVED DESPITE MITIGATION MEASURES? 
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In most of the cases, the answer is yes. It will essentially be a question of how much more 
benefits do you'll get by deploying drones instead of humans and this will depend on the 
inspection you perform or your specific use case. 

 

If we look at the safety impact, simply because you do not have to send humans in a confined 
space or a hazardous area to visually inspect an asset, the effort of deploying drone 
technology at your worksite is worth the investment. 

 

From a pure cost point of view, if the results of your inspection were to indicate the need for 
human intervention to perform a repair, just by having the data intelligence of a remote visual 
inspection prior to any human entry will be of tremendous help. You will be able to tell 
scaffolders where to build scaffolding. "Rather than scaffolding in the entire structure, you may 
only have to scaffold a single wall or a single location," mentions Richard Schutte, Chief Pilot 
at Viper Drone. This can generate huge downtime and, ultimately, cost savings. 

 

When properly trained, an inspector using remotely operated technology will be much more 
efficient and faster than if he was to perform the same inspection by entering the asset. The 
ratio can span from a fourth of the time to a twelve of the time according to Schutte's 
experience. Depending on the asset, there are even chances that you don't have to stop the 
entire asset like you would do for a human entry. This can sometimes make a big difference 
in downtime. 

 

 

 

 

 

 

 

 

 


