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industralization, 
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AIM: 
 
Å Reliable 3D hydrogeological models require the use of a wide variety of information 
( geological, hydrogeological, geographical, hydrochemical, environemental, etc…). 
ÅNecessity of integrating in a coherent and consistent structure data from different 
sources  gathered with different data access techniques( boreholes, pumping tests, 
etc) and  different formats . 
ÅManaging different data standard and different temporal and spatial extent. 
ÅScarcity of comprehensive tools for the systematic management of spatially and 
temporally dependent data further complicates their analysis and interpretation 
necessary for modeling. 
 
OBJECTIVE: 
 
Development of a software platform that brings together a geospatial database and a 
set of tools that allow us to: 
Harmonize, collect, storage, manage, analyze , interpret, pre and post-process 
hydrogeological data in a GIS environment. 
 
 
 
 
 

2. Aim  and Objective  
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3.GIS-BASED PLATFORM 

Development  

Å Hydrogeological database HYDOR 
 
Å Geological analysis tools HEROS 
 
Å Hydrochemical analysis tools QUIMET 
 
Å Hydrogeological analysis tools HYYH 
 
Å Link to hydrogeological modeling ArcTransin 
 

 
 

 

GIS-based 

analysis 

tools 

GIS-based 

database 

GIS-based 

tools 
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3.1. Hydrogeological database HYDOR  

Further information in Velasco, V. GIS-based hydrogeological platform for sedimentary media. PhD Thesis, 2013. Technical 
University of Catalonia (UPC) 
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Spatio-

temporal Data    

Information 

obtained from 

data 

Hydrogeology, Geology, Hydrology, Geophysic, etc. 

Interpreted data  

Calculations 

-Recharge 
-Hydraulic parameters (from 
textural data, hydraulic 
tests..) 

-Cross-sections 
- Geological Units 
and Hydrogeological 
Units (2D/3D) 
-Piezometrics 
ǎǳǊŦŀŎŜǎΧ 

 

- Boreholes/Lithology 
- Head Measurement 
- Hydrochemistry 
-Χ 

 

Collection/  management /  harmonization  /  standardization spatial data 
2D and 3D (point,  lines, polygons, grids) and non-spatial data coming 
from different  sources with  different   formats. 

GEOSPATIAL 
DATABASE  

HYDROGEOLOGICAL DATABASE: General Framework 

Personal 

Geodatabase 

(ArcGIS;ESRI)  

3.1.HYDOR database General framework  
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Geological data 

ÅBoreholes/Outcrop 
ÅPetrology 
ÅChronology 
ÅPaleontology 
ÅGeolStructures and 
Units/Subunits  
ÅHydroUnits 
ÅGeotechcnics 
ÅGeophysic 
(e.g.diagraphie) 

Hydrochemical data 

ÅPhysico-chemical 
parameters( organic, 
inorganic, iostopes..) 
ÅValue and censored 
values 
ÅCampaign /Projects 
details 
ÅLaboratory 
Regulatory guidelines 

Hydrogeological 

Å Wells, springs 
ÅAquifers systems 
ÅMeasurements 
(head, well 
abstraction) 
ÅHydraulic tests 
ÅHydrogeological 
parameters ( hydraulic 
conductivity , 
transmisivity..) 
ÅWater management 
data 

Other data 

ÅHydrological data ( 
lakes, rivers, water 
table monitoring, 
water use, etc) 
Å Hydrometeorology ( 
Meteorological 
stations, 
measurements, etc) 
ÅEnviromental ( 
protected area, etc) 
ÅWater management ( 
River Basin district ) 
ÅAdministration 

Data containt  3.1.HYDOR database 

ÅInterpreted values are stored separetly for further 
interpretations 
 

ÅINSPIRE Directive 
(2007/2/EC) 
ÅObservation and 
Measurement (ISO19156) 
ÅOGC WaterML2.0  
ÅGeoSciML v3.1. 
Å.... 
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Entering  the  data  

… 

3.1.HYDOR database 

Å Import/export through intermediate pre -established tables ( excel, access..) or 
existing wizards (ArcGIS) following an entry protocol 

Å %ØÐÏÒÔȾÉÍÐÏÒÔ ÆÏÒÍÁÔȡ -3 %ØÃÅÌÌȟ 8-,ȣ 
Å Data control: pre coding permissible value lists  (as dropdown lists) following 

standards and directives.. 
Å $ÁÔÁ ÒÅÔÒÉÅÖÁÌ ÆÁÃÉÌÉÔÉÅÓȡ !ÒÃ')3ȟ -3!ÃÃÅÓÓȣ 
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3.2. Geological analysis tools HEROS 
 

3.3.Hydrochemical analysis tools QUIMET  
 

3.4. Hydrogeological analysis tools HYYH 

  GIS-based analysis tools 
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Information 
obatined from the 
data anlysis using 

the tools 

GIS-BASED TOOLS 
OF GEOLOGICAL 

AND 
HYDROGEOLOGICAL 

ANALYSIS 
DATABASE 

HYDOR 

· 3D geological models 

· Hydrochemical diagrams (Stiff, 

Piper,... 

· Hydraulic parameterization. 

· Hydrograms 

· More... 

òtoolbar ó in  

ArcMap /ArcScene  

· HEROS (Geological) 

· QUIMET(Hydrochemical) 

· HYYH (Hydrogeological) 

based platform 3.GIS-BASED TOOLS 

ÅThis set of analysis tools was developed as an extension of the ArcMap/ArcScene 
environment (ArcGIS; ESRI). 
ÅThey were created with ArcObjects based on Component Object Model (COM), and 
programmed in Visual Basic using the Visual Studio (Microsoft) environment 
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3.2. Geological analysis tools HEROS 

Further information in Velasco, V., Gogu, R., Vázquez-Suñè, E., Garriga, A., Ramos, E., Riera, J., & Alcaraz, M. (2012). The use of GIS-based 3D 
geological tools to improve hydrogeological models of sedimentary media in an urban environment. Environmental Earth Sciences. Doi: 
10.1007/s12665-012-1898-2. Pisa, 21thApril 



Stratigraphic  columns  ( 
lithology, sedimentary 
structures, units..) 

Geological profiles   
(projected, non-projected) 

Fence-diagrams , 3D 
surfaces.. 

Hydraulic  
parameterization  from 
textural data 

3.2Geological Analysis  Tools (HEROS)  General framework  
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Borehole 

diagram tools 

Click!! 

Å 3 different detail level. 

Å Fossils/sedimentological 

structures.. 

Å Age/Epoch/Period 

Å Depth/elevation 

Å Interpretation 

units/subunits 

Å In situ tests 

GEOLOGICAL ANALYSIS TOOLS:HEROS 

OBTAINED INFORMATION  
Å Stratigraphic  column  ( 

jpg , pdf ..) 
Å Definition  units /subunits  
 
 
 
        DATABASE HYDOR 

3.2. Geological Analysis  Tools (HEROS)  Stratigraphic  columns  



HG Parameters 
tools 

Automatic  calculation  of  
hydraulic  conductivity  and 
transmissivity  for  each interval  
in the  borehole  and for  each 
defined  units  or  subunits . 

Hydraulic  parameterization  

OBTAINED INFORMATION  
Å Calculation and visualization of the 

spatial distribution  of the hydraulic 
parameters. 

Å Initial  parameterization of the 
hydrogeological model. 

 
         

3.2. Geological Analysis  Tools (HEROS)  
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Click!! 

Click!! 

Click!! 

Å Projected or  not projected  
Å Diagraphies/units  
Å Previous interprations 

profiles  
Å Geological map projected in 

topographical profile  

3.2.Geological Analysis  Tools (HEROS)  Cross-sections  
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Xsection tools 
Correlation panel: 

Export 3D points, lines 

and polygons with its 

attributes 

Xsection tools 

GEOLOGICAL ANALYSIS TOOLS:HEROS 3.2.Geological Analysis  Tools (HEROS)  Cross-sections  
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C.  ArcGIS (ArcScene;3D) 

A.  ArcGIS (ArcMap) 

Xsection tools 

D.  External platforms (Eg:GID) 

A.  ArcMap (2D) 

B.  ArcGIS (ArcScene ;3D) 

3.2.Geological Analysis  Tools (HEROS)  Export  to  2D/3D 
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3.2.Geological Analysis  Tools ( HEROS3D) ArcScene ; 3D 

Creation of Fence-diagram 
from TINs 

Operations with  TINs 

Borehole tubes 3D 
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3.2.Geological Analysis  Tools ( HEROS3D) ArcScene ; 3D 

Operations with  TINs 

Multipach from TINs 

Borehole tubes 3D 
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VISUAL 

TRANSIN 

VISUALTRANSIN 

ArcGis 

VISUALTRANSIN 

GEOMETRIES 

ATRIBUTTES 

Xsection tools 

3.2.Geological Analysis  Tools (HEROS)  Interoperability  

Export of 2D elements to other platforms  

EXPORT OF THE OBTAINED 
INFORMATION  
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Export 3D 

elements  

ArcGIS 

GID (pre-process) 

+ 

Modelization 

CODEBRIGHT 

Volumen 

creation 

GID 

Xsection tools 

3.2.Geological Analysis  Tools (HEROS)  Interoperability  

Export of 3D elements to other platforms  

EXPORT OF THE OBTAINED 
INFORMATION  
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3.3.Hydrochemical analysis tools QUIMET  

Further information in Velasco V, Tubau I, Vázquez-Suñè E, Gogu, R, Gaitanaru, D, Alcaraz, M, Serrano-Juan A, Fernàndez-Garcia D, 
Garrido T, Fraile J, Sanchez-Vila, X. GIS-based hydrogeochemical analysis tools (QUIMET). Computers & Geosciences. Volume 
70, September 2014, Pages 164-180 
 
Funded by ACA ( Catalan Water Agency) 

Pisa, 21thApril 

FREEWAT 



Charge 

Balance 

error 

rNa/rK 

rMg/rCa 

é.. 

3.3.Hydrochemical analysis  tools  (QUIMET)  Spatial  QUIMET  



HQ data analysis tools 

3.3.Hydrochemical analysis  tools  (QUIMET)  Spatial  QUIMET  
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HQ diagrams tools 

Traditional numerical 

and graphical analysis 

techniques  (Piper, Stiff, 

Schöeller- Berkaloff 

salinity.) to which the 

spatial component is 

added 

3.3.Hydrochemical analysis  tools  (QUIMET)  Spatial  QUIMET  
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3.3.Hydrochemical analysis  tools  (QUIMET)  

Regulatory parameter analysis tools 
Classification according to the 
threshold by a given normative! 

Spatial  QUIMET  
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Statistical  analysis tools 

3.3.Hydrochemical analysis  tools  (QUIMET)  

Bicarbonates Sulphates Chloride Nitrates Sodium Potassium Calcium Magnesium EC

Bicarbonates 1.00000 0.21223 0.07690 -0.17897 0.19657 -0.26039 0.54644 0.48271 0.60713

Sulphates 1.00000 0.39872 -0.08756 0.42554 -0.15540 0.14330 0.51732 0.62286

Chloride 1.00000 -0.25059 0.82033 0.38120 -0.26940 0.22479 0.56979

Nitrates 1.00000 -0.05234 0.07870 0.04569 0.26612 0.09407

Sodium 0.82033 1.00000 0.46856 -0.33454 0.19027 0.73103

Potassium 1.00000 -0.71424 -0.06363 -0.01571

Calcium -0.71424 1.00000 0.22225 0.21567

Magnesium 1.00000 0.52914

EC 0.60713 0.62286 0.73103 1.00000

Statistical  QUIMET  

Cl 

N
a
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3.3.Hydrochemical analysis  tools  (QUIMET)  Spatial  QUIMET  

Spatio-temporal 
Query  

Geostatistical Analysis tools 
(ArcGIS) 
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-Integration and 
interaction with other 
information. 
-Geostatistic calculations. 
-ΧΦΦ  

GIS tools Link with External Platforms 

3.3.Hydrochemical analysis  tools  (QUIMET)  
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3.4. Hydrogeological analysis tools HYYH 
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3.4. Hydrogeological  analysis  tools  HYYH  

García-Gil et al., 2013 
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3.4. Hydrogeological  analysis  tools  HYYH  

García-Gil et al., 2013 
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HYYH 3.4. Hydrogeological  analysis  tools  HYYH  

Pisa, 21thApril Criollo, R. PLATAFORMA DE GESTIÓN E INTERPRETACIÓN DE DATOS HIDROGEOLÓGICOS EN UN ENTORNO GIS. Minor Thesis. July 2013. 
Technical University of Catalonia. 



Consulta de los valores medios de transmisividad (m3/día) 

3.4. Hydrogeological  analysis  tools  HYYH  
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3.4. Hydrogeological  analysis  tools  HYYH  

Pisa, 21thApril 
MJ Code (Carbonell et 
al., 1997) 

Criollo, R. PLATAFORMA DE GESTIÓN E INTERPRETACIÓN DE DATOS HIDROGEOLÓGICOS EN UN ENTORNO GIS. Minor Thesis. July 2013. 
Technical University of Catalonia. 



MJ-Pumpit. Input Data 

Pisa, 21thApril Criollo, R. PLATAFORMA DE GESTIÓN E INTERPRETACIÓN DE DATOS HIDROGEOLÓGICOS EN UN ENTORNO GIS. Minor Thesis. July 2013. 
Technical University of Catalonia. 



MJ-Pumpit. Plots 

T = 167 m3/día 
S = 0.09  

Theis Model 

Pisa, 21thApril Criollo, R. PLATAFORMA DE GESTIÓN E INTERPRETACIÓN DE DATOS HIDROGEOLÓGICOS EN UN ENTORNO GIS. Minor Thesis. July 2013. 
Technical University of Catalonia. 



3.5. Link to hydrogeological modeling ArcTransin 
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3.5. Link to hydrogeological modeling ArcTransin  

Maria del Mar Garcia Alcaraz 
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üThis GIS-based software platform  offers a user friendly  GIS environment  that 
arranges all the available hydrogeological data into  a coherent structure and provides 
support for its proper management, analysis, interpretation,  pre and post-processing 
for modelling.  
 
üThe geospatial  database HYDOR  allows us to store and integrate data for the 
majority  of geological and hydrogeological studies.  
 
üThe introduction  of  data is facilitated  by alternative utilities  such as 
intermediate tables, inherent GIS wizards and assisting menus following  a pre-
established entry protocol . 
 
üDespite the large amount of data that can be stored, their  consultation  is simple  
by using the GIS-tools (HEROS, QUIMET and HYYH). 
 
 

 
 

 

 4. GENERAL CONCLUSIONS 
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ü Some of  these functionabilities  will  be implemented  in  FREEWAT 

platform!!!  
 
üThe interpreted data and calculatio ns can be easily stored and consulted in the 
same platform. Thus, each model study does not have to start from scratch. 
 
üThis software platform offers interoperability with external software for 
subsequent analyses of hydrogeological data such as hydrochemical packages like 
MJPUMPIT, MIX and EASYQUIM, pre-processor package such as GID and 
Hydrogeological modelling software such as Visual Transin. 
 
 
 
 

 
 

 
 

 

 4. GENERAL CONCLUSIONS 
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Advantages of using Numerical Modeling in Water Resources 
Management and Managed Aquifer Recharge schemes Pisa, April 21st 2015 Pisa, 21thApril 

Thank you for 
your attention! 


