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ÅNovel Technologies for Stream 
Channel and Mining Pond Mapping ς
UOMARI Project

ÅThis presentation covers 
measurements in Otanmäki mine site:

ÅDrone 

ÅGPR, Dual Wavelength 
Bathymetric Scanner

ÅGround

ÅGPR, Electromagnetic, Magnetic

More! Ą
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Otanmäkimine ςhistory and future

ÅOtanmäkiƳƛƴŜ ƛƴ YŀƧŀŀƴƛ ǿŀǎ ƻƴŎŜ CƛƴƭŀƴŘΩǎ 
largest iron mine operating from 1949 to 1985

ÅPlans to open mine again in two phases:

1. Tailings area ilmenite sands project 

ÅRecovery of ilmenite with simple gravity 
and magnetic processing  Ąmain source 
for titaniumdioxideTiOі ŀƴŘ ǘƛǘŀƴ ƳŜǘŀƭ

Å9.8 million tons with ~16 % ilmenite

Å1.3 Mt of tailings sand per year 
producing 110 000 tons of ilmenite per 
year. - Total production time estimated 
ca. 7 years. 

2.6.2026 3

2. Mine project

ÅOtanmäkiand 6 satellite deposits 
totalling in 36.6 Mt (indicated + 
inferred) with Fe 36 %, Ti 7.3 %, V 
0.26 %

ÅThree products: ilmenite, V2O5, and 
iron pellet

ÅProduction time ca. 10 years

Ilmenite isa black, metallic oxide mineral (FeTiOї) 
rich in iron and titanium, serving as the most 
significant ore for titanium dioxide (TiOіύand 
titanium metal, used in pigments, plastics, paints, 
and sunscreen, found in igneous rocks and heavy 
mineral sands, often associated withbeach sands. 
It's weakly magneticand named after theIlmen
Mountainsin Russia, its discovery site.

Otanmäki from a ōƛǊŘΩǎ eye view

Photographer: Veljekset Karhumäki Oy,

1956

https://www.finna.fi/Record/kainuunmuseo.kaj-44157
https://www.finna.fi/Record/kainuunmuseo.kaj-44157


Otanmäki mine area
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Tailings pond

Otanmäki village

Settling pond

Old mine facilities

Skoda-Transtech 
railcar factory

Magnetic anomaly map
GTK Low altitude (35 m) airborne 
survey campaign (1972-2007) 

Road to Kajaani
(37 km)



UOMARI measurements in Otanmäki
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Tailings pond: 
Å GPR
Å 100 MHz, 200 MHz

Å DroneGPR
Å  100 MHz, 150 MHz

Å Electromagetic
Å tTEM and GEM-2

Å Magnetic
Å Pointwise dielectric measurements 
Å Pointwise Wenner resistivity

Settling pond:
Å GPR:
Å 100 MHz, 300/800 MHz 

Å DroneGPR: 
Å 100 MHz, 150 MHz

Å Dual Wavlength Bathymetric 
Scanner (ABS) 

Å Electromagnetic
Å GEM-2

Dams:
Å GPR 
Å 200 MHz

Å DroneGPR 
Å 100, 150 MHz)

Å Electromagetic
Å tTEM and GEM-2

Å Magnetic
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Snowmobile was used for GPR measurements
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Survey wheel

RTK-VRS-GPS
Trimble R12i

GSSI SIR-4000 console

Sledge with 
GSSI 200 MHz 
GPR

Snowmobile



Drone GPR: 100, 150, 300, 1000 MHz
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Depth: Up to 20 meters from the ground in average normal 
soil, up to 10 meters with an antenna elevation < 3 m

Å0.8 kg ς GPR controller with mountings for the drone
Å0.1 kg ς 300MHz antenna
Å0.2 kg ς 150MHz antenna
Å0.4 kg ς 100MHz antenna

Standard Geophysical SEGY Data Format (.sgy) with traces 
geotagging

-20°C to 60°C internal temperature

0.75 m

0.25 m

0.5 m

Radar Systems Zond Aero LF: 100, 150 and 300 MHz DJI Matrice 350 RTK



Guideline for DroneGPR Measurements

Flight area must 
have permit for 
GPR (Traficom)

Airspace must be 
free 

(https://flyk.com)

Height only max. 
1 m above ground

VLOS must be 
maintained

No pulse formed 
signals (LEDs, 

velocity control)

No metallic parts 
in the mounting!
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1 m



Tailings pond: GPR vs DroneGPR
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GPR 100 MHz

rʁ = 6.0

DroneGPR 100 MHz

rʁ = 6.0

Too conductive? Besides signal loss 
around 40-50 % at air-sand 
interface ALSO loss in air



Settling pond dam: GPR vs DroneGPR
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DroneGPR 100 MHzGPR 200 MHz 

rʁ = 6.3 rʁ = 6.3



Settling pond: GPR and DroneGPR
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DroneGRP 100 MHz

rʁ = 81 rʁ = 81

GPR 100 MHz DroneGPR 100 MHz



Settling pond: Ice thickness 
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rʁ = 3.4

800 MHz  (carbon paper)

Lower ice surface 
~40 cm 

Double 
reflection

Verified from ice 
hole

1000 MHz droneGPR measurement 
still coming



Laser 

ÅDual-wavelength laser 

ÅSimultaneously emitting at 515 nm and 1030 nm wavelength 

ÅLaser pulse repetition rate: 35 000 Hz 

ÅLaser footprint (515 nm): 50 mm @ exit; 0.5 mraddivergence 

ÅLaser footprint (1030 nm): 50 mm @ exit; 2 mraddivergence 

Detection and Storage 

ÅFull waveform acquisition, multi echo detection 

Å16 bit intensity information for each echo 

ÅSynchronous multi-channel sampling at 4.95 Giga samples per 
second 

Å Internal data storage: M.2-NVME-SSD (standard 1 TB) 

Performance

ÅWater penetration up to 1.75 Secchi

Images: Joonas Kousa, FGI

Dual-wavelength airborne bathymetric scanner (ABS) 
for drone from Fraunhofer IPM

Settling pond



Magnetometer measurements
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Susceptibility voxelMagnetic map



Electromagnetic measurements: Tailings pond

Conductivity map

Conductivity voxel

Receiver Transmitter

tTEM


