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Hydrogeology?
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------ Aquitr Bouncary
[} Inactive Cel
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a h imension of cell-along the colum n direction;

S
dt imension of cell along the row direction.
ubscript (1) indicates the number ofthe row.

i Dimension of cell along the verical direction,
Subscript (K) indicates the number ofthe layer,

Figure 16-1 (after figure 1, McDonald and Harbaugh, 1988).
A discretized hypothetical aguifer system.

_— ubscript () indicates the number ofthe column,
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Introduction

The main hydrogeological units of the Campine Aquifer System

Conceptual model
- GIS
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Numerical model
- MODFLOW GUI

value value valu




The H2020 FREEWAT project

* FREEWAT (FREE and open source software tools for WATer
resource management):

* Open source and public domain, GIS-integrated modelling
platform

* Promote scientifically and technically sound decision making by a
participatory, data-driven approach

* Move money from license to human capital
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FREEWAT

V/M’, o Free and Open Source Softwara Tools for Water Resource Management
j EU HORIZON 2020 Projec
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Solute Transport Process
Water Management and Crop Modeling (FARM PROCESS)
n
Post-processing L4 '
OAT »
© About /

FREEWAT: QGIS plugin architecture
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FREEWAT | MMQGIS Processing Help
GIS-layers & Tables %
Tools
akvaGIS
MODFLOW and

§  Data-Preprocessing (akvaGIS)
4 Model Setup
DataBase g
Program Locations p t
MODFLOW-related
programs (MT3DMS,

MODFLOW Boundary Conditions
Run Model
SEAWAT, UCODE, etc.)




FREEWAT: modules

eChemical data storage
*Data analysis

akvaGlS

GIS tools

QGIS tools for spatial
data analysis

*Sensors management
*Time series analysis

J—»

results

Post-
processing

Visualization of model J

&

Hydrologi

modeling

Surface-/ground-water
flow simulation

Solute
transport

eSolute/heat transport in J

saturated/unsaturated zone
*Density-dependent flow

Rural water
management

supply optimization

*Crop yield modeling/

*Water demand and J

* Sensitivity analysis
* Parameter estimation

Calibration
& Sensitivity
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FREEWAT: gallery

FREEMWAT | MMQGIS
Data-Preprocessing {akyaGIs)
Maodel Setup
MODFLCW Boundary Conditions
Solute Transport Process

Processing

Calibration/Sensitivity
Tools

DataBase

Program Locations
Run Maodel
Posk-processing

QAT

'@' About

Help

Midwatten

‘W ater Management and Crop Modeling (FARM PROCESS)

Create AkvaGl5 Datzbase

D Cpen Akvalls Database
m Close AkvaGls Database

' Manage Hydrochemical Data
w Hydrochemical Spatial Guery
A Piper Plot
k] SAR Plot
E4] SBD Plot
¢ Stiff Plot
E Hydrechemical Parameters Time Plot
EIE [onic Balance Report

ﬂ' Chemical Parameter Map
ﬂ' Parameter Mermative Map
{f' Stiff Ciagram Map
E EasyGuim Export
BucelMix Export
StatQuimet Export
w Hydrogeological Spatial Guery

L£ Hydrelegical Parameters Time Plot

%’ Hydregeclegical Parameter Map

drogeclogical Units Map

Database
management

Hydrochemical

analysis tools

Hydrogeological
analysis tools

©
o+
©
o
(%]
o)
4]
O
|
(o)
i
o
~
=
w
a
N
(@]
L




% SAR

(===

A€dPpQ=
SAR Plot
g 30
3 high(3)
2
=]
T
o 20
= mediumi(2)
o
=]
=
=
a 10
2
g Tow(1} o
=] .* [
S 0
W
low(1) | medium(2) high(3) very high(4)
10t 102 10° 104

@ P1_CUP0611
¥ P10_CUP0610

® Pl11_CAGO0110-005 ¥ P3_CCLO301 = P5_CCL0O301

Electric Conductivity (us/cm)

W P12 _CUP0612 A P3_CUP0610
@ P2_CPR1011 <] P4_CPR1011

@ P5_CPR1011
@ P7_CUP0609
@ P8 _CUPOE10

% Schoeller Berkalof

& €I PQQ=

[= ==

Schoeller Berkalof Plot

Mg Na a S04 HCO3

100 4

6x10°

meq/I

4x 10"

3x10?

2x10°

—&— P1_CUP0611
—¥— P10_CUP0610
—e— P11_CAG0110-005

-~ P12_CUP0612
~&- P2_CPR1011
+— P3_CUP0610

A P4_CPR1011
~<}- P5_CPR1011

—— P7_CUP0609
—&— P8_CUP0610

% Piper
A€EIFPQEDR

[==I0=]

Piper Plot

ca ®

>

Na+K HCO3 + CO3 »

a
C?a’ (%meqf’ ‘PCI (%me“%)
® P1_CUPO611 E P12_CUP0612 A P4_CPR1011 B P7_CUP0609
¥ P10_CUP0610 @ P2_CPR1011 <] P5_CPR1011 @ P8_CUP0610
@® P11 _CAG0110-005 ¥ P3_CUP0610
l 4
Stiff Plot
Mg S04 -P;x
Ca HCO3
-100 -75 100
500 750

=
)
©
Q.
(%]
o
[}
O
|
o0
i
(@]
N
=
w
a
(%]
O
L




FREEWAT: gallery

Project [Edt View Layer Settings Plugns Vector Raster Database Web CADDigtize | FREEWAT Progessng Hep Mdvatten
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FREEWAT: gallery

# Run Madel 7=

Model Mame: [exz_va | v]

Groundwater Flaw [ Solute Transport | ‘Water Management and Crop Modeling | Model Calibration ]

|| cHD [ | v] || UZF {Unsaturated Zone) || SFR2 {stream Flow Routing)
0 WEL | wells_all_wel [=] 2 Layers B SFR Layen [ -] .
® R1v | serchio_riv [~ SFR Table: ( [-) ©
Surface Layer: [ |v] 4\'-6
- ) Simulate Unsaturated Z
% DRN [Freddanella_drn | ] Recharge Option: [To,l'From R iy e |v] imulate Unsaturated Zone %
% GHE [boundarv_south_ghb | v] [ Simulate Evapatranspiration '.(’.ggn;rﬁ&iln{actor \'[‘-V)\u'eéglgﬂil?l’!j Factar 8
[ MM [ | '] [ Use SFR. Package I I . (|D
Tolerance Lewel Murn, af Sub-Tirme =
% RCH [recharge_rch |v] (DLEAK) Steps (NUMTIM) 0
i
| BT [ | V] F.ch Option: [Recharge to top grid | v] Streamflow o
Tolerance (FLWTCL) (@]
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@ Transpart through Usaturated zone is not simulated () Transport through Unsaturated zone is simulated (@)
L
OBSERVATIONS
[ | HoR [ |+ [ aBoB [ [=]
|| RyvoB [ |~ [ DroB [ |»| [cHos [ [~

Rewetting Parameters

PCG Solver parameters

Outer Tterstion Tnner Tteration (o]
Madified Incomplete Chalesky [=)

HCLOSE |01 | IPRPCG |s9s |
RCLOSE |0.001 | DAMP |10 |
RELAX [10 |

MUTPCG | Prink maximum head change and residual |+ |

|| Only Write Input Files Run ] [Open Report l [ Cancel




¥

FREEWAT: gallery
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FREEWAT: gallery
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FREEWAT: state of play

* Large stakeholder involvement (>> 500)

* Growing network:
* LinkedIn group: > 700 followers
* Twitter: > 865 followers (@h2020freewat)

* > 3000 downloads Downloads per continent
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Download purposes
3%

Only for getting
training in Application in public
modelling issues authority work
Oceania

Research Professional Teaching 48]
purposes consultancy work purposes




FREEWAT: connect!

* Download code, manuals and tutorials from
* http://www.freewat.eu/download-information

* Q&A in Google groups:
* Uses, application, bug reporting:
» https://groups.google.com/forum/#!forum/freewat-users-group

* Development:

» https://groups.google.com/forum/#!forum/freewat-developers-
rou
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FREEWAT: connect!

& e | @ Veilig | https;/gitlab.com/freewat/freewat

W GitLab Projects v  Groups Activity Milestones  Snippets B3~  This project

F freewat & freewat > freewat > Details

ﬁ Overview
Details F
Activity freewat @
Cycle Analytics
# Unstar 1 Y Fork 1 HTTPS ~ https://gitlab.com/freewat/free WY (4 0 2 + - A Watch ~
® Repository
() Issues 52 Files (62.7 MB) Commits (927) Branches (27) Tags (13) Readme GNU GPLv2
Il Merge Requests : develop freewat / =+ v History Q Findfile & ~
C1/Co
@ Updating addres of repos 72501101 DY
™ wiki lacopo authored 3 months ago
an Members
Name Last commit Last update
B akvaGIS removed resources 5 months ago
B crop_growth first *backup® commit for cropGrowth module a year ago
B csv_templates Updating CSV templates - Thanks Giovannal! 6 months ago
B dialogs Cleaning print commands in Dialogs and mdoCreate ... 4 months ago
B flopyaddon Small bug fix in TemplateWriter when applied to EVT ... 6 months ago

<K Collapse sidebar
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FREEWAT: what ’s next?

* Desiderata:

Python 2 -2 3

Computational grid: new architecture + management
Database interaction: include more DBMS

Managing time-dependent data: new architecture
Additional packages of MT3D-USGS

Extend Farm Process package

Couple with other QGIS plugins

Docs

Unit-tests

And of course your ideas!
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FREEWAT: what ’s next?

* Project continuation after Horizon2020:
- community development!

FOSDEM 2018 — Geospatial



Join the FREEWAT family!
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Special thanks to G. De Filippis, I. Borsi, R. Rossetto and everyone in the FREEWAT team

The FREEWAT project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 642224

The beta-testing of FREEWAT by AGT was performed in the framework of a Flemish VLAIO Innovation mandate (No
140288)




