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|leGGIS Groundwater mapping

Groundwater mapping in Denmark
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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
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3D hydrogeological as base for groundwater management and planning i
The model defines: R
* Geology/Hydrogelogy %"«%
* Basins T
* Aquifers/aquitards fote
* Interconnections e ——
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Answer questions: T % > X - A
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* Etc..

-

Delineate:
* Further knowledge needed?
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|leGGIS Merging data to 3D hydrogeological models

(Hydro)geological modeling in Denmark

= Conceptual hydro stratigraphic layered modeling approach Osiling f geologiks modiir
(manual, cognitive approach) vandsmodellering

en, Flemmir 9 Jorgensen, An ers J. Kallespe ngelise r
Fi Ji 3 J. 0 S
Andi K &I Molle,

= 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)
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|leGGIS The main challenge

The Danish Model Database (250+ models)
- A mixed box of candy

= | Gatil sted... Q

' | Table: List of models at the red dot

f 4 =2

Nulstil kort

4 2
OBJECTID LINK DOWNLOAD MODELNAVN OMRAADETYPE  KONSULENT EJER MODELBESKRIVELSE
539 Link Link Hammel hydrologiske model Udbredelsesomrade Rambsll MNaturstyrelsen Grundvandsmodel for Hammel kortlazgningsomrade
196 Link Link Rumlig geologisk model Arhus Vest Udbredelsesomrade ALECTIA A/S Miljgcenter Arhus Rumlig geologisk model
224 Link Link Hydrostratigrafisk Model for Aarhus Vest Udbredelsesomrade Miljecenter Aarhus Miljecenter Aarhus
\ 451 Link Link Hydrostratigrafisk model for Hammel Udbredelsesomrade Ramball NST Aalborg Hydrostr.grafisk model for kortlazgningsomr. Hammel
\ 3 785 Link Link Hammel Model Opdatering2017 Udbredelsesomrade Ramball Miljgstyrelsen Hammel hydrostratigrafiske og hydrologiske model
\/ 686 Link Link Skanderborg Kommune hydrostratigrafisk model  Udbredelsesomrade Rambell Skanderborg Kommune hydrostratigrafisk model for Skanderborg Kommune
X 595 Link Link Silkeborg Mord Hydrostratigrafisk model 2015 Udbredelsesomrade Rambsll NST Aalborg Hydrostr. model for kortlazgningsomr. Silkeborg N
\ 824 Link Link Langaa2019 Udbredelsesomrade Rambell Miljestyrelsen Hydrostratigrafisk medel for Langa
308 Link Link Hydrogeologisk model. Favrskov Kommune Udbredelsesomrade Rambell Danmark A/S Favrskov Kommune Cpdatering af Hadsten modellen
763 Link Link GeoFavrskov2015 hydrostratigrafisk model Udbredelsesomrade Orbicon A/S Favrskov Kommune Hydrostratigrafisk model
744 Link Link Miocaen 3D opdateret 2015 Udbredelsesomrade GEUS NST Rumlig geologisk model
469 Link Link Miocaen 3D opdateret 2014 Udbredelsesomrade GEUS MNaturstyrelsen Aalborg Rumlig geologisk model
230 Link Link Miocaen 3D Udbredelsesomrade GEUS GEUS Rumlig Geologisk model baseret pa punkitolkninger
343 Link Link dkmj_gvf 102013 Udbredelsesomrade geus hydro indlagt ifm grundvandsforekomst revision 2013
336 Link Link dkmj_gvf_092013 Udbredelsesomrade geus geus indlagt ifm grundvandsforekomst revision 2013
277 Link Li DKmodel2009Jylland Udbredelsesomrade GEUS GEUS DKmodel2009f release

Udbredelsesomrade GEUS GEUS

# of models at the red dot (17)

845 Link DK-model2019 {dk4-6) Kun numerisk/hydrologisk model og model rapport

« Which one to choose?
« Which one/ones are used by the authorities?
* (Includes models from the last 25+ years). #5

7° 45454"FYI0NYF 102002005F

ZOOM: shift + Trask UDV/ELG: Ctrl + Trek

Model Database @ GEUS
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|leGGIS Reasons to these model differences

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




|0 GIS

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”

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, IeGIS, Private consultants



|leGGIS FOHM - maximum stratigrgas

FOHM Tolinimgsdatabase
[100_Postgladal_toeny
[200_Kvartaer_sand_bund
1300_Kvartaer_ler_bund

Terraennaer,

K00 _Kvartaer_sand_bund

1100 Kvartaer_ler_bund

1200 Kvartaer_sand_bund

1300 Kvartaer_ler_bund

1400 Kvartaer_sand_bund

1500 Kvartaer_ler_bund

12100 Kvartaer_sand_bund

[2200_Kvartaer_ler_bund

2300 _Kvartaer_sand_bund

12400 Kvartaer_ler_bund

5100 Maadegruppen_Gram_og_Hodde Bund

5200 Oevre_Odderup 0D53_bund

Quaternary layers 5200 Cewe_prmum_4RL3_bune
15400_Medre_Odderup_ODS2_bund

. 5500 Medre_Arnum_ARLZ_bund

e Surface near, local units o e, A0S

i ove LN
[5800_Bastrup_BADSS bund

* Regional plateau units 5500 Kintinghoved_KGLS, bund

. I5000_Bastrup_BADS4_bund
° d | | [6100_Kiintinghoved_KRL4. bund
B u rl e Va eyS 6200_Bastrup BADS3 bund
15300 _Klintinghoved_KRL3_bund
6400_Bastrup BADS2_bund
16500 _Klintinghoved_KRLZ_bund
6600_Bastrup_BADS1_bund
16700 _Klintinghoved_KRL1_Vejle_Fjord_Bund

Miocene layers
* Regional stratigraphic units from national model e
* Mostly defined in central Jutland 7000_Bilud_B0S4_BD35, Bund

[7100_Vejle_Fjord_VFL4_Bund
[7200_Billund_BDS3_Bund

= [7300_Vejle_Fjord VFL3 Bund
Pre Miocene e
[7500_Vejle_Fjord_VFL2_Bund
¢ Cha I k 7600_Billund_BDS1_Bund
[7700_Vejle_Fjord_VFL1_Bund

[7200_Billund_BDS0_Bund
e Salt

The model framework / the reference model
— the maximum stratigraphy;
45 hydrostratigraphic layers.

Plateau

Quaternary

Begravet dal

Miocene

Praskvartaer lagserie

[B000_Pal=z=ogen ler_Bund
[BS00_Danien Kalk_Bund
[9000_Skrivekridt_Bund
[B500 Stensalt_Bund

Pre-
Miocene



|leGGIS The solution - workflow

Modeling areas
...distributed taking consultants local references into account

Consultant 1

(consortium of 2

companies) Individual models

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

Consultant 2

Consultant 3

Jutland: = 30.000 km?2 #11



Quality

|eG|S The solution - workflow [l _’ V

7 Llow a0

Selected models Nl
]

Model selection and quality categories (after)

“Good”
“Ok” WISRs .,..,: V ,
“Not to be used” L ==

87 hydrostratigraphic models were selected \/(..

More than one “good” model in an area: Prioritized

list was made as well. ~';‘“T?'j S hedl
SR o 0 s “‘f"‘: ~

All models O

(before) 4 AR



I+GIS
FOHM workflow A0i1 BO1 CO1 DO1 EO

i _EOj=GQ1 HOY
f’gf g\
Scene Extents og Tiles Ag2 B02 C02 DOX" EU?™ FO2 GhZ\{()Z
One model: AQ Wo 5o -FOS"-‘) G03 HO
Cell size 100x100m » Scene Extents: 35 x 35 km (1225 km?) r ol I I PR
] * 82tiles. Tile = Scene Extent + 5 km buffer
Outline: 400x200km *  Modeling done within scene extent

GeoScene3D software:
Scene Extent concept

c1 013,:.5\ F1
PSR

C14 DAl E18\ F1

, @ Moo N e ]!
NIRWNS COWIL RAMBOLL == m«i!@es\;::;r:el:lneﬂet 6650’\ ore3D w o

GEUS



1+GIS

FOHM workflow

Point density within one layer
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We succeeded
— output examples
Cross sections (user defined).

(Profile below: 345 km)
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|leGGIS FOHM - cross section

Profile 5 FOHM_Model e

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

(Profile below: 345 km)

Profile 5 FOHM_Model  eee 200

255,000 260,000 270,000 275,00 \ 290,000
Length [m]
200
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Northern Jutland Middle Jutland Southern Jutland

20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000 200,000 220,000 240,000 260,000 280,000 300,000 320,000 # 31@0
Length [m]




|eGIS

Updating - problematic

Updating FOHM

Lidt teknisk info

Upload og synkronisering — arbejdsgang .

* Login pa ftp-server (geocloud.live)
* Her findes mappestruktur

A4 geocloud.live

d Dokumentdeling_databaserelateret
KS_og_korrelationsskema
Logskemaer

w Modelomrader
Klippede_palygoner
Originale_polyganer
Tiles

A Tolkningsdatabaser

AT

mm @ :'alg:\r:?a ministeriet

Milj@styrelsen

f
NIRNS

< 5 GEOSccnel3lD

Den samlede FOHM-database fylder ca. 1GB
De enkelte lag rummer fra 567 til 244.896
punkter

Samlet findes 2.137.665 tolkningspunkter;
1.910.551 kvartaere og 227.114 prakvartare

Tiles » AOT

Database Grds

iles » AIDT 3+ Database

Frakonzulent TilKenzulent

. Talkningspunkrer_FOHM. md
é' h
;H

-
Bl

GEUS



|eGIS LARCOS (Large Scale Geo Model Management and Collaboration System)

LARCOS system - part of GeoCloud DMS

# GeoCloud - Miljgstyrelsen Administration v Help tmp@i-gis.dk ~

Select Base Layer
OpenStreetMap

200807

3 Cotsgsan Areas currently
Model Selection : belng update

FOHM - Jylland (50 layers) v
FOHM - Jylland (50 layers) L3 Su pports several i ,

FOHM - Fyn (23 layers)
FOHM - Sjzelland (23 layers)

Model Download Options ¥

0SD Areas @

O &V kI

Show Other Users

®
Only Rejected Areas -
L

Show Polygon Buffer

GeoCloud LARCOS
GeoScene3D

(or GIS systems)

Show History ‘@ -

Different users — different access levels:
Administration and QC
Check out — check in
Upload — download data
View-only
Public/unpublic data
% e.f;-.‘ N

ol PN




|leGGIS FOHM/LARCOS in daily use

Since 2019:

Model updates based on:

* New data:
* Borehole, geophysics etc.

* Specific needs
* Land use
* Development planning
e Sparse data coverage —i.e. large uncertainty



|0 GIS

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, (S-\O(\'.
stakeholders, the public and consultants. ‘esx\\e

o) S
The LARCOS system is now running the maintenance process \',Ig\a\le(
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Questions?

Profile 5 FOHM_Model

< [#] 0

on [m]

)
m
W

i

100

-150

-200

255,000 260,000 265,000 270,000 275,000 280,000 285,000 290,000
Length [m]
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Thank you

Niels-Peter Jensen

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