
Most of the country consists of Qua-

ternary deposits overlying Cretaceous 

chalk, lime-stone and Tertiary sand 

and clay. The topography is low-lying, 

reaching a maximum of 172 m above 

sea level. The combination of low topo–

graphy and widespread, consolidated 

and unconsolidated aquifers ensures a 

plentiful and easily accessible ground-

water resource.

The Danish drinking water supply is 

based entirely on groundwater and the 

government’s offi cial position is that 

drinking water must be based on pure 

groundwater which only needs simple 

treatment with aeration, pH adjustment 

and fi ltration before it is distributed to 

the consumers. Approximately 800 mil-

lion m³ of water are abstracted annually. 

Groundwater recharge averages 100 

mm per year, varying within the range 

50–350 mm.

Groundwater quality in deeper aquifers 

in Denmark is generally good, thus 

obviating the need for complex and 

expensive water purifi cation. Except 

for Copenhagen, with long transmis-

sion networks, the drinking water is 

not chlorinated and quality at the tap is 

even better than bottled water. 

The Danish farmers have highly 

developed agriculture with intensive 

use of fertilizers, manure and pesticides. 

Two-thirds of the Danish land area is 

managed by farms with a high pig meat 

production totalling 25 million pigs per 

year. Pollution from farming is a chal-

lenge to water supply.

Many shallow aquifers suffer from 

groundwater pollution, especially from 

nitrate and pesticides and in recent 

decades many waterworks have been 

closed, forced to drill deeper, or forced 

to buy their water from neighbour-

ing water supplies. Pesticide pollution, 

especially in suburban areas, has led 

to closure of several major well fi elds. 

Leaching from waste disposal sites and 

other point sources has closed several 

water supply wells, and fi nally some 

water works suffer from nickel pollu-

tion, mainly due to over-exploitation of 

aquifers.

 

Hydrogeological mapping has 
helped establish site-specifi c 
groundwater protection 
zones in denmark
In 1994 the Danish Government pre-

sented the ten points for protection 

of groundwater and drinking water, 

including classifi cation of groundwater 

abstraction areas, to improve ground-

water protection of particularly valuable 

areas for drinking water interests. 

Hydrogeological mapping for site-specifi c 
groundwater protection zones in Denmark 

Hydrogeological mapping has provided a basis for establishing site-specifi c groundwater protection zones in 

Denmark. And as the supply of drinking water in Denmark is based entirely on groundwater, this has been an 

important step in protecting the resource. Denmark occupies a total area of 43,000 km², with 5.5 million inha-

bitants. It has been continuously populated since the latest glaciations and cultivated for more than 5.000 years.

The Danish action plan for promotion of eco-effi cient technologies – Danish Lessons

The Danish action plan for promotion of eco-effi cient technologies – Danish Lessons

1



By the end of 1997, Denmark had been 

classified according to the degree of 

drinking water interest: Particularly valu-

able areas for drinking water interests, 

valuable areas for drinking water inter-

ests and less valuable areas for drinking 

water interests. 

This classification was based on an 

evaluation of the size and quality of all 

groundwater resources. In 1998 this 

was followed by a decision to instigate 

spatial dense hydro-geological mapping 

of the groundwater resource within the 

40% of Denmark (17,000 km²) desig-

nated as areas with particularly valuable 

drinking water interests and catchment 

areas for public waterworks. Consumers 

have to pay € 0.04 per m³ surcharge for 

the mapping. A family of four will pay 

about € 7 per year. 

The maps are used to establish site-

specific groundwater protection zones 

and associated regulation of land use 

to prevent groundwater pollution. The 

fundamental concept of site-specific 

groundwater protection zones is that 

some areas are more vulnerable to 

groundwater pollution than others. The 

goal is thus subdivision of a given area 

according to the different potential of 

the various sub-areas for specific pur-

poses and uses.

The Danish site-specific groundwater 

protection strategy is based on three 

steps:

Spatially dense hydrogeological •	

mapping based on new geophysi-

cal surveys, survey drilling, water 

sampling, hydrological modelling, 

etc., aimed at facilitating the estab-

lishment of site-specific protection 

zones. These zones are directed 

at both point sources and diffuse 

sources of pollution within the 

entire groundwater recharge area, 

and they are to supplement the 

traditional protection zones around 

the wells. Vulnerability is interpreted 

in relation to the local hydrological 

and chemical conditions.

Mapping and assessment of all •	

past, present and possible future 

sources of pollution – both point 

sources, and diffuse. 

Preparation of an action plan •	

stipulating politically determined 

regulations for future land use and 

remediation of polluted sites. The 

plan has to be evaluated through a 

public planning process with a high 

degree of transparency and public 

participation. Moreover, the plan is 

to include a timetable for imple-

mentation, and a description of 

who is responsible for implement-

ing the plan.

In Denmark, water-supply wells have 

been successfully protected at point 

sources such as leaching of wastewater 

using two-level protection zones. The 

protection zones encompass a 10m 

diameter protection zone around the 

well indicated by a fence, and a 300m 

protection zone. Site-specific protec-

tion zones can encompass the whole 

recharge area, with particular emphasis 

on protection of the capture zones. The 

protection zones will be established 

on the basis of model calculations of 

groundwater flow, and calculations of 

the degradation of the pollution from 

point sources and diffuse sources, tak-

ing into account knowledge of the local 

geological and geochemical conditions.

The establishment of protection zones 

of this type imposes demanding re-

quirements on mapping of the water 

resources, because the restrictions asso-

ciated with the zones have to be set at 

property level. The Quaternary geology 

in Denmark is very complex, and the 

existing geological maps are largely 

based on geological information from 

wells. As a consequence, the traditional 

maps are not sufficiently detailed and 

precise to enable delineation of the new 

protection zones. 

Danish Government’s 10-point programme from 1994

Pesticides injurious to health and dangerous for the environment  1. 

shall be removed from the market

Pesticide tax - the consumption of pesticides shall be halved2. 

Nitrate pollution shall be halved before 20003. 

Organic farming shall be encouraged4. 

Protection of areas of special interest for drinking water5. 

New Soil Contamination Act - waste deposits shall be cleaned up6. 

Increased afforestation and restoration of nature to protect groundwater7. 

Strengthening of the EU achievements8. 

Increased control of groundwater and drinking water quality9. 

Dialogue with the farmers and their organisations.10. 
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Cooperation is the basis for  
ensuring high-quality data
The cooperation between the Hydro-

Geophysics Group at Aarhus University, 

the Danish Ministry of the Environment 

and GEUS is very important for en- 

suring high quality in the collection 

and interpretation of geophysical data. 

The HydroGeophysics Group works 

intensively to continually improve 

the measurement methods and data 

interpretation. The practical work of 

undertaking the geophysical measure-

ments and interpreting the results has 

been carried out by consultancy firms. 

The quality assurance procedures for the 

geophysical measurements and the pro-

gramming of interpretation programmes 

are carried out by the HydroGeophysics 

Group. All measurement data have to 

be submitted to the national geophys-

ics database GERDA, located at GEUS 

(see the website http://gerda.geus.dk.). 

Further interpretation and data analyses 

are carried out using the programme 

package GGGWorkbench. The three Gs 

stand for Geophysics, Geology and GIS. 

Geophysical processing and interpreta-

tion is carried out in a GIS environment, 

integrating geophysical, geological and 

geographical data. The GGGWorkbench 

represents the newest generation of 

geophysical software from the Hy-

droGeophysics Group (see the website 

http://www. hgg.au.dk). The GGGWork-

bench operates on GERDA as its internal 

database for geophysical data. This new 

tool enables far more comprehensive 

data analysis to be performed than has 

previously been possible.

Development of effective hydrogeo-

logical mapping methods at Aarhus 

University, especially within the geo-

physical area, has led to international 

pioneer development in 3-D mapping 

of groundwater bodies. The helicopter-

supported SKYTEM method is especially 

important for mapping the groundwater 

occurrence, as the method can scan the 

geological conditions to a depth of 300 

m at an airspeed of 30 km per hour.

This new method is a very important 

tool for carrying out the spatially dense 

mapping needed to determine the  

extent and vulnerability of Danish aqui-

fers as the basis for delineating protec-

tion zones. The extensive measurement 

campaign has shown that geophysics is 

currently a cheap and effective method 

to fill in the geological picture between 

boreholes.

Aquifer delineation is impor-
tant for accessing the water
Aquifers in Denmark often occur as 

buried valleys eroded into the Tertiary 

clay substratum, and are usually inter-
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connected to some degree. The buried 

valleys are often unrecognisable in the 

terrain. It is important to delineate the 

regional structures and their intercon-

nectivity in order to be able to assess 

potential areas for water abstraction, 

to quantify regional resources, and to 

identify aquifers which are vulnerable 

due to the nature of their overlying soil 

layers. As the buried valleys are typically 

200–300 m deep and often up to 1 km 

wide, they are difficult to delineate  

using boreholes, even in areas with a 

high borehole density. 

As shown in Figure 1, systematic, spa-

tially dense mapping with TEM reveals 

numerous structures of major hydrogeo-

logical importance, and delineates these 

structures and their interconnections. 

The small map in the upper right-hand 

corner of Fig. 1 shows that even in an 

area with a high borehole density (more 

than 500 in the area shown), the struc-

tural complexity is only weakly described 

by the borehole data compared to the 

remarkable level of detail revealed on 

the TEM map. The new structures iden-

tified have now been verified by survey 

boreholes. 

Note the very small valley in Figure 1, 

which can be seen just outside the left 

side of the inset indicated on the large 

map. This valley is approx. 600 m wide 

and has been shown to be 110 m deep, 

possibly even deeper in some parts. This 

valley has now been verified by four 

boreholes. The valley was previously 

unknown, and there are no visible signs 

in the present terrain to indicate the 

presence of a buried valley. Groundwa-

ter runoff from the valley is 3 million m³ 

per year. It would have taken a large 

number of boreholes to reveal this 

buried valley with the aid of boreholes 
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Figure 1 – Aquifer delineation

The large map (area 1,073 km²), which is based on 

transient electromagnetic sounding (TEM), shows 

the buried valleys in the pre-Quaternary clay sub-

stratum as dark elongated areas. These comprise 

some of the most important aquifers. The small 

map in the upper right-hand corner shows the 

pre-Quaternary clay surface in the same area as 

the inset on the large map, based on borehole 

data only.

Observe the differences in detail between the two 

maps. Many of these complex and interconnected 

buried valleys were unknown before the TEM stud-

ies, but have now been confirmed by new drilling 

surveys.
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alone, as it is markedly cut down into 

an otherwise flat, pre-Quaternary clay 

plateau.

Protection zones may  
influence future urban  
development
It is expected that the site-specific 

groundwater protection zones cur-

rently being established to ensure the 

future water supply in Denmark will 

substantially influence future urban 

development, land use, and planning 

for remediation of contaminated sites. 

It is thus important that the protec-

tion zones are based on spatially dense 

hydrogeological mapping encompassing 

geophysical and geochemical data as 

well as hydrological modelling. 

Reference
Hydrological mapping as a basis for 

establishing site-specific groundwater 

protection zones in Denmark, Thomsen, 

R., Søndergaard, V. H., Sørensen,  

K. I. Hydrogeology Journal 12:550–562, 

2004. 

Figure 2 – Geophysical mapping

More than 10,000 km² have been mapped 

so far (2008). Geophysical measurements, 

particularly transient electromagnetic sound-

ings (TEM), have been carried out in most 

areas with special drinking water interests at 

a high density rate. During the last 5 years, 

most TEM soundings have been carried out as 

SkyTEM measurements with spacing of only 

170 – 250m between flight lines. All collected 

data are continuously uploaded to the na-

tional geophysical database, GERDA at GEUS

Contact: 
Richard Thomsen,  
Head of Department
Geological Survey of Denmark and Greenland
rth@geus.dk

Read more: 
www.ecoinnovation.dk
– choose Danish Lessons
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