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Groundwater mapping 

Groundwater mapping in Denmark 
 
25 years, groundwater mapping campaign in Denmark.  
 
Large amounts of data has been collected: borehole information, geophysics etc.  
 
Databases containing borehole information and geophysics  
 
All data and knowledge are compiled into a confined national 3D hydrogeological 
model  
 
 – a 300 mio € model! 
 
      - go through needs, process and result 



Knowledge of subsurface 

3D hydrogeological as base for groundwater management and planning 

The model defines: 
• Geology/Hydrogelogy 
• Basins 
• Aquifers/aquitards 
• Interconnections 
 
Answer questions: 
• Recharge 
• Volumes 
• Potential threats 
• Etc… 

 
Delineate: 
• Further knowledge needed? 

 

 



# 4 

(Hydro)geological modeling in Denmark 

 Conceptual hydro stratigraphic layered modeling approach 
(manual, cognitive approach) 
 

 Different geo-modeling software's until 2006 – no standards 
(after 2006, GeoScene3D defined as the standard tool) 
 
 

 No well-defined modeling concepts before 2008 (GW mapping 
campaign started back in 1999) 
(after 2008 guidelines were defined by GEUS and partners) 

Merging data to 3D hydrogeological models 



The main challenge 
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The Danish Model Database (250+ models) 
– A mixed box of candy 

# of models at the red dot (17) 

• Which one to choose? 
• Which one/ones are used by the authorities? 
• (Includes models from the last 25+ years). 

Table: List of models at the red dot 

Model Database @ GEUS 



Favrskov 

Djurs Vest 
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Sand 

Clay 

Challenges – an example 

‘Favrskov’ 

‘Djurs Vest’ 



# 7 

Challenges – an example 

Both models, same profile 

Overlap/border zone Sand 

Clay 
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Why these differences? 
 

• Different models, different premises/scope 

• Economy and time (Quick & Dirty, State of the Art?) 

• Skills and experience 

• Development in mapping methods over time 

• More data and knowledge over time 

• Better modeling and visualization tools over time 

Reasons to these model differences 
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In 2018 
 

The Danish EPA wanted to combine the best of all models into one 

single hydrostratigraphic model – the FOHM model 

 

 

“Common Public Hydrogeologic Model” 

+150 hydrostratigraphic models becomes ONE 

 

 

Budget: 1,2 mio. €. In 2018 – no sooner, no later! 
Goal: A layer-based model incl. interpretation points 
 and hydrostratigraphic units 
 Based on existing work – no new interpretations 

 Modeling tool: GeoScene3D 

Timeline: 8 month in total! 

Partners: EPA, GEUS, I•GIS, Private consultants 
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FOHM – maximum stratigraphy 

The model framework / the reference model 
– the maximum stratigraphy; 

45 hydrostratigraphic layers. 
 

Quaternary layers 
• Surface near, local units 
• Regional plateau units 
• Buried valleys 
 

Miocene layers 
• Regional stratigraphic units from national model 
• Mostly defined in central Jutland 

 

Pre Miocene 
• Chalk 
• Salt 
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Modeling areas 
…distributed taking consultants local references into account 

Consultant 1 
(consortium of 2 
companies) 

Consultant 2 

Consultant 3 

Individual models 

More than 150 
models in total. 
Typical 6-12 layers 
and size of 400-
1200 km2. 

50 km 

Jutland: ≈ 30.000 km2 

The solution - workflow 
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Ok 
Good 

Low 

Quality  

All models 
(before) 

Selected models 
(after) 

The solution - workflow 

Model selection and quality categories 
 
• “Good” 
• “Ok” 
• “Low” 
• “Not to be used” 

 
87 hydrostratigraphic models were selected 
 
More than one “good” model in an area: Prioritized  
list was made as well. 



FOHM 

FOHM workflow 

Modeling done within scene extent 

One model: 
 Cell size 100x100m 
 Outline: 400x200km 
 
GeoScene3D software:  
 Scene Extent concept 



FOHM 

Point density within one layer 

FOHM workflow 
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FOHM – cross section 

Northern Jutland Middle Jutland Southern Jutland 

We succeeded 
– output examples 
Cross sections (user defined). 

(Profile below: 345 km) 
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FOHM – cross section 

Northern Jutland Middle Jutland Southern Jutland 

We succeeded 
– output examples 
Cross sections (user defined). 

(Profile below: 345 km) 



Updating FOHM 

Updating - problematic 



LARCOS (Large Scale Geo Model Management and Collaboration System) 

LARCOS system - part of GeoCloud DMS 
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Supports several  models 

Areas currently 
being updated 

Use case 2: 

Check in model 

QC 

GeoCloud LARCOS 
GeoScene3D 
(or GIS systems) 

Different users – different access levels: 
• Administration and QC 
• Check out – check in 
• Upload – download data 
• View-only 
• Public/unpublic data 



FOHM/LARCOS in daily use 

Since 2019: 
 
Model updates based on: 
 
• New data:  

• Borehole, geophysics etc. 
 

• Specific needs 
• Land use 
• Development planning 
• Sparse data coverage – i.e. large uncertainty 
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Lessons learned 

Lessons learned 
Many many things but summarized in a few sentences: 
 

… ONE model as reference for the administrative basis 
 
 

… “one model” with common maximum stratigraphy to define the 
 geologic framework (compromises must be accepted) for further work 
 

… we were able to work closely together, independently of organization 
 

… a need for a common multiuser platform to handle the model and updates 
 

… platform developed, in close collaboration with  administrators, 
stakeholders, the public and consultants. 
 

The LARCOS system is now running the maintenance process 



Questions? 
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Thank you 

Niels-Peter Jensen 
 

Email: npj@i-gis.dk 
Phone: +4525230075 
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