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and well drillers indicates that these 
underground rivers, or paleochannels, 
are relatively rare and that, for the most 
part, groundwater occurs in and moves 
through intricate networks. 

Mapping this hidden resource is a 
challenging task. Although many are 
calling groundwater the new oil, few 
governments are mapping the resource 
in a systematic way.

Denmark is one of the few to embark 

Denmark’s helicopter-borne tech could be useful for mapping 
Canada’s elusive groundwater resources.

Seeking What’s Hidden

EstimatEd to contain bEtwEEn 70 to 

98 pEr cEnt of all fresh water on the 
planet, groundwater is the main source 
of drinking water for over three billion 
people. However, almost all of the world’s 
wells have falling water levels and many 
are beginning to run dry. Groundwater 
isn’t visible in the same way as a river 
or lake. It can only really be seen as 
it runs through limestone caverns. 
Scientific data collected by hydrologists 

on a country-wide groundwater mapping 
program. A small but progressive 
country, Denmark has a long history 
of protecting the environment and 
was the first country in the world to 
implement a law that protects the natural 
environment. Most of Denmark is 
surrounded by salt water and in 1980 the 
Danish government passed legislation 
to protect the country’s groundwater 
resources. It set out with the ambitious 

By BIll Brown
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of an acre; obtaining enough data to 
build a good hydrogeological model was 
impractical and unrealistic.  

the Danes recognized that an airborne 
mapping platform would be the most 
advantageous method of collecting 
the data density required to build 
accurate groundwater models in order 
to create a spatial data set quickly and 
economically. In the 1990s the Danish 
ministry of the environment, along with 

goal to map all of the country’s aquifers 
and focused on mapping geological 
layers in the top 200 to 300 metres, the 
interval where most fresh groundwater 
resides. Ground geophysical methods 
(see “let’s Get Geophysical,” page 14) 
were being employed but were expensive 
and slow particularly in rugged or heavily 
vegetated terrain. Drilling provided very 
accurate data, but a four-inch diameter 
bore hole represents about one millionth 

the Geological Survey of Denmark and 
Greenland, began evaluating airborne 
electromagnetic (eM) systems. they 
determined early on, however, that 
these systems satisfied the needs of the 
mining industry and were designed to 
map discrete anomalies, or “bumps,” in 
increasingly deeper geological structures.  
they were not appropriate for mapping 
the subtle changes between sand, clay, 
silt, gravel, and tills that define the 
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Groundwater occurs in and moves through intricate networks. 

Mapping this hidden resource is a challenging task.

SkyTEM’s method, a helicopter-borne, 
time-domain electromagnetic system 
designed specifically to map aquifers.

WATERCANADA      JAnUAry/FeBrUAry 2011     13wAt e r C A n A D A . n e t



location and vulnerability of aquifers.  
A different type of airborne eM was 

required, so the Danish academic and 
scientific community joined together to 
develop an airborne geophysical system 
that was capable of mapping the top 300 
metres of the earth with high resolution 
and in fine detail, and powerful yet 
sensitive enough to map shallow 
and deep groundwater resources. 
By designing a system from the 
ground up to satisfy these demanding 
requirements they developed an 
airborne system unlike all others: the 
SkyteM method, a helicopter-borne, 
time-domain electromagnetic system 
designed specifically to map aquifers. 

the danish difference
recently incorporated in Canada, 
Danish company SkyteM has mapped 
aquifers on five continents. Max 
Halkjaer, managing director, says he 
and his team have worked hard to 

develop a system that would make a 
difference by improving geophysical 
mapping capabilities from an airborne 
platform as well as by providing a 
solution to help manage and protect 
groundwater resources. 

In July 2010 the United States 
Geological Survey (USGS) tested the 
Danish system against the mineral 
mapping type airborne platforms they 
had been using. the evaluation was 
conducted in nebraska over portions of 
the ogallala Aquifer, believed to provide 
fresh water to more people on earth than 
any other aquifer, and the results showed 
how unique the Danish difference is. 
High resolution and finely detailed maps 
of the subsurface were made possible 
due to an innovative eM transmitter and 
receiver design that eliminates much of 
the “noise” and interference with which 
other airborne systems must contend by 
filtering and subsequently reducing the 
amount of useable data. 

Let’s Get Geophysical

electromagnetic geophysics is the 
study of the electrical properties 
of soil and rock and is widely used 
to map the earth’s subsurface by 
detecting changes in the relative 
resistivity and conductivity of these 
materials. Geophysical techniques 
can be compared to computed 
tomography (Ct) scans performed 
on the human body as they are non-
invasive ways to diagnose or flesh out 
geological features and conditions. 
Geological features can be located, 
mapped, and characterized in three 
dimensions by detecting variations, 
or anomalies, and airborne 
geophysics has been an integral part 
of mineral and petroleum exploration 
programs since the 1950s.  WC

Groundwater provides drinking 
water to about one third of all 
Canadians and up to 80 per cent 
of its rural population.
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thE GalapaGos island of santa cruz, home of the giant 
tortoise, is an ancient volcano approximately 30 kilometres in 
diameter and reaching an elevation of 900 metres. the only 
evidence of groundwater on the island is a seep near the top 
that yields about six litres of water per minute—not adequate 
to support the 13,000 inhabitants and 120,000 annual visitors. 
In an effort to find water on Santa Cruz the Universities 
of Pierre et Marie Curie and Marne-la-Vallée (France), and 
Aarhus (Denmark) joined forces with the Darwin Foundation 
to explore for freshwater sources. 

restrictions against drilling, and challenging terrain 
prevented traditional hydrogeological investigation, so 
researchers employed the non-invasive SkyteM method. the 
resistivity data here shows the electrical properties of the 
Santa Cruz rock. High resistivity values indicate competent 
rock, or basalts, while low resistivities represent gravels and 
soils. Unit IV, shown in blue-green to yellow, is a perched 
aquifer that lies beneath the weathered, vegetated and 
permeable layer (yellow) created by millions of years of wind 
and rain. Downward movement of water is constrained by 
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Mapping Water on a Volcano

impermeable Unit I (orange) basalts that make up the bulk of 
the volcano’s composition. Unit II is electrically conductive 
and is a seawater intrusion wedge underlying the island. 
Unit III, outcrop, has the same geophysical signature of Unit 
IV but is interpreted differently based on existing geological 
data. the perched aquifer is difficult to identify due similarity 
in the resistivity of the aquifer and the thin layer hiding it but 
the system is able to delineate the subtle contrasts required 
for accurate interpretation.  WC
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By reducing the amount of data 
manipulation, advanced map products 
were available to USGS hydrogeologists 
in a matter of hours after the helicopter 
landed, compared to the standard delivery 
times of up to eight weeks. one of the more 
significant benefits came from inverting 
the data, a technique that transforms 
geophysical data into a quantitative 
description of geology, as the inversions 
showed a strong correlation to existing 
borehole data. Combined with an array 
of the latest sensor technology available 
including laser altimeters, differential GPS, 
inclinometers and other ancillary sensors 
the Danish method showed its unrivalled 
ability to detect and accurately map the 
subtle geological changes and dramatically 
improve hydrogeological models. 

ambitious aquifer  
mapping program

Denmark continues to use this 
homegrown, airborne technology to 
assess groundwater conditions and 
recharge areas and to make critical 
decisions affecting the sustainability of 
their aquifers and to date have mapped 
over one third of Denmark. 

An important part of these studies is 
the identification of paleochannels, those 
buried ancient riverbeds that are conduits 
for groundwater flow. Paleochannels, 
like surface stream beds, typically consist 
of rock and gravel and can be detected 
because the material through which they 
run produces a different geophysical 
signature. these water-bearing channels 

often have no surface features to identify 
their existence and can meander in 
directions unrelated to the surface 
drainage catchment areas. As potential 
sources for fresh water, it is important to 
identify the location and depth of these 
paleochannels, and other buried water 
resources with which they interact, so 
they can be protected from activities on 
the surface that could contaminate them. 

the graph on page 17 , a vertical slice 
through the earth, shows profiles of a 
paleochannel system in Denmark. the 
shallow channels incised on the right of 
the system are younger than the deeper 
channels that occur throughout the area. 
the older deeper channels very often 
contain more water than the younger 
channels. traditional airborne methods 

Groundwater in Canada has been routinely surveyed since early 
last century, yet groundwater has not been mapped in a systematic 
way across the country. Natural Resources Canada’s groundwater 
mapping program aims to establish a conceptual framework of 
national, regional and watershed-scale groundwater flow systems.
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would see the young and old channels 
as a single unit, but the sensitivity of the 
Danish system makes it possible to show 
the relationship and interactions of these 
geological features as it is able to detect 
subtle differences in their composition 
and lateral and vertical extent.

making a difference
the unique ability to accurately map the 
top 300 metres in fine detail has been used 
by engineers and environmentalists in 
Australia, Malaysia, norway, Greenland, 
Italy, Germany, Holland, France, and 
others and has been employed for a wide 
range of applications including tunnel 
pre-engineering, contaminant plume 
detection, tailings pond assessment, and 
coastal salt water encroachment studies. 

“we want to make a difference 
in the world and an impact on how 
we manage our environment. we 
developed our airborne geophysical 
technology as a Danish solution for 
Danish people and are very excited 
to see it now being recognized and 
used to asses and protect groundwater 
resources worldwide,” says Halkjaer. 
Denmark’s residents and visitors 
appreciate the unpolluted and easily 
accessible natural environment of the 
country. In Copenhagen, home to 1.2 
million people, the water is so clean 
that people can swim in its many 
channels right in the centre of the 
city. It isn’t surprising that in 2010 the 
Danes were voted the happiest people 
in the world.  WC

Bill Brown is with SkyteM’s Canadian office.

Geophysical data draped on 
topography shows depth of the water 
table. Recharge areas are in blue.
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