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DENMARK 20-30 YEARS AGO

• Decreasing water tables 

• Saline intrusion

• Lack of flows in streams in the summer time

• Water quality problems due to farming (P, NO3, and pesticides)

and point sources

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj8t8v2pPnPAhXNa5oKHR4zCnYQjRwIBw&url=http://www.geus.dk/DK/popular-geology/edu/viden_om/grundvand/Sider/gv05-dk.aspx&psig=AFQjCNHoZZcIXhxJU-rjfTx2P2OARI-IUA&ust=1477599420586743
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THE DANISH GROUNDWATER 
MAPPING PROGRAM

• National groundwater mapping 1999 – 2015

• Driven by legislation & regulation 

• Delineation of aquifers

• Vulnerability assessment

• SGM

• Financed by water consumers 8,2 cents/AF

• Cost: 400-500M USD

• Result: Action plans (GSPs)

Source: Danish Nature Agency
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01

EXISTING DATA  
RECOMMENDATIONS

10

PROTECTION PLANS, 
LAND USE REGULATIONS
MONITORING

03

DRILLING, LOGGING AND 
PUMPING TESTS

04

SYNCHRONOUS HYDRAULIC 
HEAD MEASUREMENTS, 
STREAM FLOW

05

GEOCHEMICAL MAPPING

06

HYDROSTRATIGRAPHIC 
MODELLING

07

FLOW MODELS

08

LAND USE 
POLLUTION SOURCES

09

VULNERABILITY 
ASSESSMENTS

02

GEOPHYSICAL

Workflow
Best Practices 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFnqrvmL_OAhWDhiwKHQW8AxwQjRwIBw&url=http://www.clipartbest.com/clipart-9iRAXr6ie&bvm=bv.129422649,d.bGg&psig=AFQjCNFolEsRUShad9wqjUuKvLDFopf4jQ&ust=1471203489977224
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjKg_rToL_OAhUGCSwKHSrrDnMQjRwIBw&url=http://www.clipartkid.com/drilling-rig-cliparts/&psig=AFQjCNFojXNwEztJ0txxsXoLXYVBeZnayA&ust=1471207331891866
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwili8WKob_OAhUBiiwKHcCvAjwQjRwIBw&url=https://pixabay.com/en/chemistry-lab-experiment-science-306977/&psig=AFQjCNHDytUwKKFYbH5ommbpblDrVEjq9Q&ust=1471207421337409
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj4-eannr_OAhWKGCwKHblABZkQjRwIBw&url=http://www.dailynews.lk/?q%3D2016/04/28/local/80108&bvm=bv.129422649,d.bGg&psig=AFQjCNEUrW7n7VIRnUq6iJg8iRD08Rd22Q&ust=1471206682367147
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi-uretor_OAhWrKJoKHaQKBLMQjRwIBw&url=http://www.i-gis.dk/Forum/tabid/96/forumid/18/threadid/119/scope/posts/language/da-DK/Default.aspx&psig=AFQjCNFmAflygMEXki6g6w7QEfTFXcIPZg&ust=1471207773829625
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WE NEEDED MORE DATA TO REDUCE UNCERTAINTIES AND 
TO MANAGE OUR AQUIFERS

Data

• Information from 518 wells

Thomsen et al. 2004
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DANISH SGMA

WE NEEDED MORE DATA TO REDUCE UNCERTAINTIES AND 
TO MANAGE OUR AQUIFERS

Data

• Information from 518 wells

• And 1400 TDEM soundings

Data

• Information from 518 wells

Thomsen et al. 2004
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TAILORED GEOPHYSICAL “TOOLBOX” 

PACES

Electric resistivity 0– 90 feet

ERT

Electric resistivity 0–360 ft

NMR

Water Content, Permeability 0–360 feet

TEM

Electric conductivity 15-1500 feet

VARIOUS SEISMIC

Acoustic velocity 30-3000 feet

WIRE LINE LOGGING

Various tools

Electric conductivity 0–30 feet
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SkyTEM

DUALEM (GCM)
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AIRBORNE GEOPHYSICAL 
MAPPING

• Developed specifically for groundwater

• High production rate

• Cost efficient

• High vertical and lateral resolution

• No need to access the ground

• Strong correlation - resistivity to hydrogeology
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DUALEM
WHERE TO INFILTRATE



20171004

DANISH SGMA

• Ground conductivity meter

• 50mi /day

• Mapping until 30ft

DUALEM
WHERE TO INFILTRATE
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Reflection Seismic – Land streamer vibrosis

• 100-3000ft of depth

• 2mi /day 
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NATIONAL DATABASES

Raw data

Processed data

1D +2D inversion results

Geophysical

Database

Data

related to boreholes  

and water works

Borehole

Database

Hydrogeological conceptual

Models, Modflow flow

Models etc.

Model

Database

GIS themes

Stream flow, land use 

Precipitation

Misc.

All Reports related to

groundwater investigations

Georeferenced

Report

Database
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Raw data

Processed data

1D +2D inversion results

Geophysical

Database

Data

related to boreholes  

and water works

Borehole

Database

Geophysical

Processing

Inversion

Processing

Inversion

Visualization

Advanced

analysis

SOFTWARE - WORKBENCH 
FROM SILO THINKING TO INTEGRATED INTERPRETATION
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Geophysical

Database

Data

related to boreholes  

and water works

Borehole

Database

Model

Database

GIS themes

Stream flow, land use 

Precipitation

Misc.

Geological modelling

Hydrogeological conceptual

modelling

Visualization

Interpretation

HCM 

generation

SOFTWARE - GEOSCENE3D
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Data

related to boreholes  

and water works

Borehole

Database

Hydrogeological conceptual

Models, Modflow flow

Models etc.

Model

Database

GIS themes

Stream flow, land use 

Precipitation

Misc.
Numerical 

Flow modelling

Calibration

Simulations

Water budgets

SOFTWARE - NUMERICAL FLOW MODELS
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THE LAST ICE AGE IN DENMARK – GEOLOGICAL SETTINGS

Graham Fogg, UC Water, Plenary session
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BURIED VALLEYS

• Total length 3,500 mi

• Typically between 75ft and 1200ft deep

• Between 0,3 og 2,2 mi wide

• Infill Quaternary sediments  = high yielding aquifers

http://www.buried-valleys.dk/general_conclusions.htm
Jørgensen and Sandersen, 2017

http://www.buried-valleys.dk/general_conclusions.htm
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KEY LESSONS LEARNED

COPENHAGEN HARBOR 
TODAY

We need more data to reduce Uncertainties 

Best Management Practices to secure the 
Quality and Seamless maps 

Benefits from a national database system

Open formats and free of charge as basis for 
entrepreneurship (hw and sw)

Save time and money on well organized data

Geophysics is worth the investment

Good geophysical cases can convince most 
people

Max Halkjaer

maxh@ramboll.com, +45 5161 2960

https://dk.linkedin.com/in/maxhalkjaer 
https://twitter.com/MaxHalkjaer
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COLLABORATION

Danish EPA

•Management

•Funding

Municipalities

•Action plans

•Implementation

GEUS -
Geological 
survey

•Standards

•Databases

Universities

•Research

•Standards

•Candidates

Consultants

•Data 

•Modelling

•GSPs
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http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi-uretor_OAhWrKJoKHaQKBLMQjRwIBw&url=http://www.i-gis.dk/Forum/tabid/96/forumid/18/threadid/119/scope/posts/language/da-DK/Default.aspx&psig=AFQjCNFmAflygMEXki6g6w7QEfTFXcIPZg&ust=1471207773829625

