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Motivation

Production delays
- Social and political aspects
- supply line and transportation
- Worker issues / fatigue
- Site conditions and weather
- Equipment failure

Bottom line
To maintain optimum production levels 
- Develop contingencies
- Optimize workflow
- Implement better technologies
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The Problem

Mining overburden and stock piles often contain 
anthropogenic metallic items:

• Previous underground construction and UXO
(site conditions)

• Ground engaging tools and drill rods 
(equipment failure, worker issues)

This metal needs to be removed before processing 
(e.g., excavation or feeding the material into crushers).



• Conveyor belt magnetic separators
✓ Fast and efficient
 No solution for load-and-dump
 No solution for metallic ore

• Metal detectors
✓ Detection before moving Earth
 Low detection depth
 No discrimination of items
 No digital auditing
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Electromagnetic Induction (EMI):
1. Primary Field from a Transmit Loop 

magnetizes buried object.
2. The Induced Field is measured in a 

Receiver Loop.
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EMI for Metal Detection

Time-domain EM (TDEM):
3. An abrupt change in primary field 

excites Eddy Currents in the object.
4. Eddy currents diffuse throughout the 

object and decay with time.

 Detection of objects  Characterization of objects
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TDEM Systems

EM-61 ✓ Popular for UXO detection
✓ Digital auditing

With our UltraTEM system, we      
addressed the remaining issues:
 Transmitter power

(detection depth)
 Receiver limitations

(item discrimination)
 Non-flexible form factor

(site access and speed)



The UltraTEM System
a. High-powered EM transmitter

b. Three-component receivers

c. Flexibility in configuration

d. Custom software solution



Case Study 1
UXO at a Copper Mine in Laos

Sepon Mine: 2014

Sepon Mine Area: ~ 1970

Sepon (MMG Limited) is an open-
pit copper mine in Southern Laos; 
active since 2005.

The mining area straddles the 
former Ho Chi Minh trail, heavily 
bombed during Vietnam war.

Up to 20% of many millions of 
aircraft bombs did not explode.

Unexploded ordnance (UXO) can 
be buried to 10 m below surface: 
impact daily mining operations.



Items of Concern

MK81: 250 lb bombs
MK82: 500 lb bombs

Clearance needs to be at 
least to 3.0 m for efficiency.

Magnetic geology causes 
additional detection 
problems.

In 2014, a (blind) testing 
program was initiated to 
demonstrate the UltraTEM
technology.



Testing Data

UltraTEM produces 
superior results over 
other technologies.

Magnetometer

EM61

UltraTEM



Detection and Discrimination

The UltraTEM system 
consistently detected all 
bombs to depths of 5 m. 

Slower decay
of bomb



Implementation

The UltraTEM system was deployed 
in March 2015 and has since been 
in daily use by an MMG crew.

The transmit loop is laid out around 
the survey area, which is then 
covered by the receiver array in 4 m 
wide strips. Daytime coverage is up 
to 1.2 hectare. 

Data processing by an experienced 
geophysicist identifies digging 
targets within 2 hrs of data transfer. 

Since UltraTEM implementation, 
no UXO have been missed.

Survey area

Transmit Loop 

Survey transects

The local field crew was trained on-site.



Case Study 2
Ground Engaging Tools in Mine Stockpiles 

A major concern for many mines is 
the removal of Ground Engaging 
Tools (GETs / enchancables) and 
other metal from stockpiles. 

Failure to remove these mining 
machinery implements can result in
- Crusher damage
- Downtime 
- Production losses



GET in Magnetite Stock Piles 
at a Mine in Western Australia

Sino Iron project (CITIC Limited) is 
the largest magnetite mining and 
processing operation in Australia; 
active since 2012.

Ore is transported to the crushers 
(capacity up to 4,250 tonnes/hour) 
by load-and-dump.

Presence of GET causes crusher delays, 
which impacts the mining operations. 

In 2014, a (blind) trial program was 
initiated to demonstrate the UltraTEM
technology.



GET (and Ore) of Concern

The magnetic character of the 
magnetite ore complicates 
detection of GET in the stockpile.

Sepon, Laos

Magnetite 
stockpile
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Our database of worldwide soil and rock 
magnetic properties helps with effective 
modelling of the signal response.



Trial Data

The UltraTEM system 
was able to detect all 
buried GET to depths of 
3 m below surface, with 
limited false alarms.

GET Pieces recovered



Implementation

Transmit Loop

The UltraTEM system was deployed in 
August 2014. The transmit loop is laid 
out and the area is then surveyed by 
the receiver array in 2 m wide strips. 

During site visits, our crew performs a 
full scan of the stockpile surface. Daily 
coverage is up to 1 ha (30,000 m3).

Metal items are identified and 
removed, clearing a 3 m lift.

Since UltraTEM implementation, no 
crusher delays have occurred due to 
missed pieces of GET.

Survey area

Transmit Loop 

Survey transects



Conclusions

The UltraTEM is a geophysical technology that allows for 
metal object searches with high fidelity. 

The powerful transmitter and three-component EM 
receivers produce high data clarity allowing for 
dependable discrimination, even of close-by objects. 

The case studies show the successful implementation of 
this technology in operational mines under challenging 
conditions; improving productivity and avoiding delays 
through integration with mine planning.
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