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Overview on the scientific, academic, and professional directions

• Starting from the research, academic and professional experience gained
over about 23 years in various academic institutions of different
countries as Romania, Belgium, Switzerland, Spain and Greece and
essentially based on the last three years, the current activity is focused
on the Groundwater Engineering Research Centre (CCIAS) of the
Technical University of Civil Engineering, Bucharest

• CCIAS develops groundwater research studies covering different areas
like hydrogeology, geology, hydrology, structures and foundations,
hydraulics, geographic information systems, computer science,
mathematics, chemistry, and biology.
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Research activity center mainly groundwater modeling in urban areas , 
hydrogeological data management, and groundwater resources protection. 

• Improve hydrogeological modeling by developing geological models techniques
using stratigraphic analysis concepts;

• Improve the hydraulic characterization of underground structures in relationship
to groundwater;

• Expand hydrogeological and geological data models needed for the spatial data
infrastructure (INSPIRE);

• Develop a hydrogeological qualitative and quantitative information
management framework in relationship to urban infrastructure (water supply,
sewer system, subway lines, foundations, etc);

• Build up and apply groundwater protection strategies

ACTIONS
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The detailed modelling of sedimentary media (alluvial sediments, deltas,
etc.) that form important aquifers is very complex for two reasons:

1. the intrinsic natural heterogeneity of the geological medium

2. the data management tools (manipulating geological and
hydrogeological data needed to implement them in the hydrogeological
models) are not enough developed.

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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Iterative
Conceptual
Model
approach

OBJECTIVES

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

1. Groundwater data management
a. Hydrogeological Conceptual model definition
b. Data visualization
c. Pre‐modeling HG data processing

2. Hydrogeological 3D modeling
a. Development and application of 3D geological

characterization techniques in sedimentary media
b. Development of hydraulic parameterization techniques

from a 3D geological model in sedimentary media
c. HG Conceptual model definition / heterogeneity  data

treatment (interpretation, interpolation, geostatistics,
stochastic, …)

d. Generate 3D hydrogeological models
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Initial Geological Data Hydrogeological Data

Geospatial   Database interface   (Spatial/Time dependent      query, visualization, and analysis tools)

Interpretation

3D Interpreted Geological Data

Geostatistical software 

G1 G2 Gn….

MODELING  SOFTWARE

INTERFACE 

Geologic model 
realisations

Hydrogeological Geospatial Database

3D Geologic model validation

Deterministic methods

3D Geologic model

Analysis

3D Hydrogeologic Model

Modeling platform

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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Database structure

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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Data query and analysis tools

Litho‐stratigraphic data vizualization

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Data query and analysis tools
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Data query and analysis tools
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Geological profile generation

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Data query and analysis tools
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Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Data query and analysis tools

Geological profile generation
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Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Data query and analysis tools

Geological profile generation
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Geological cross‐section generation

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Data query and analysis tools
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Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Data query and analysis tools
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Data types

Geological

Hydrogeological

Hydrological

Geophysics

Topography

Urban 
infrastructure

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Bucharest city geological model

Hydrogeochemical

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Over 1800 boreholes

Sewage

Underground

Foundations

Geology

Hydrology

DEM
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• 493 Boreholes with depths 
between 5-375meters

• Geological map 1:200.000

• Geological cross-section

• Geophysical logging

• DTM

Data sources

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Bucharest city geological model
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Data sources
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Bucharest city geological model
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Bucharest city ‐ workflow for the 3D geological model

Data collecting Define geological cross‐sections

Surfaces defining the extent of hydrogeological units

Interpolate and edit cross‐sections

Create surfaces ‐ Kirigging

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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1. Lithological data Query and
Vizualisation

2. Stratigraphic information treatment

1 2
Bucharest city geological model
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Boreholes Depths (m) Boreholes used for 
geological model

Analysis depth
(m)

Cross‐sections
regional model

Cross‐sections local 
model

1505 15 ‐ 270 489 200 32 14

Bucharest city regional geological model

Geological profile analysis

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Bucharest city regional geological model
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Geological profile analysis

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Bucharest city regional geological model
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Detalied 3D geological model

46 geological profiles

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Detalied 3D geological model
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Bucharest city regional geological model

Boreholes Depths 
(m)

Boreholes for 
modeling

Investigation 
depths
(m)

400 5 ‐ 200 260 50

Bucharest city local geological model (Lacul Morii – Parc Văcărești)
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Bucharest city local geological model (Lacul Morii – Parc 
Văcărești)

Modelul geologic localLocal geological model
(Lacul Morii – Parc 

Văcărești)

Regional geological 
model
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Intersection with the sewer sysrem

Morii Lake

The Colentina Lakes

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts

Bucharest city local geological model (Lacul Morii – Parc Văcărești)
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Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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Aquitard (Intermediary Deposits)

Aquifer (Colentina)

Aquitard (Superficial Deposits)

Sewer

Sewer

Sewer

Sewer

Sewer

Sewer in 
Superficial 
Deposits

Sewer in 
Superficial 
Deposits & 
Colentina

Sewer in 
Colentina

Sewer in 
Colentina & 
Intermediary 

Deposits

Sewer in 
Intermediary 

Deposits

31 2 4 5

The sewer system location in relationship 
to the local geological model
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• Aquifer system hydraulic conductivity assessment 
in Bucharest city region
– Aquifer media hydraulic conductivity assessment 
based on the lithological description (grain size 
distribution)

– Hydraulic conductivity analysis based on empirical 
formulas (literature)

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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Aquifer system hydraulic 
conductivity distribution 

Aquifer media hydraulic 
conductivity assessment based 
on the lithological description 

(grain size distribution)
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Hydraulic conductivity quantification

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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Aquifer system hydraulic 
conductivity assessment

Hydraulic conductivity analysis 
based on empirical formulas

(Bouckemacha MA, Gogu CR, Bica I, 2012)

Hydraulic conductivity analysis based on empirical formulas

Improve hydrogeological modeling by developing geological models techniques using 
stratigraphic analysis concepts
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• Assessment of the interaction between 
groundwater and urban infrastructure in 
Bucharest City

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Improve the hydraulic characterization of underground structures in relationship to 
groundwater

Conceptual Schema

Improve the hydraulic characterization of underground structures in relationship to 
groundwater

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Urban hydrological cycle components



25.04.2013

24

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Bucharest specific hydrological cycle elements
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SETTINGS

• Steady state

• Multi layered : due to the direct Hydraulic

Connection between aquifers

– Colentina Aquifer

– Intermediary deposits

– Mostistea Aquifer

• Pseudo ‐2D

NUMERICAL METHOD

• Finite difference using USGS’s MODFLOW solver (Harbaugh et al. 2000)

Colentina

Mostistea

Intermediary Deposits
Hydraulic 
connection

Elevation
(m)

Parameters 
Unknown

Parameters 
Known

True State of 
the System

Current 
Condition

Inverse approach

Direct approach

CALIBRATION TECHNIQUES

• Inverse modeling: sewer conductance values
quantification

• Pilot point: aquifer system parametrizing in terms of
hydraulic conductivity

• Trial & Error: Exfiltration flow rates form sewers
assessment

Groundwater  flow modeling settings

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare
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nr Component Sub 
component

Variables Type Source Status

1 Aquifer system Structure Top & 
bottom 
elevations

input Geological 
model

Finalized

Parametrizing Horizontal & 
vertical 
hydraulic
conductivity 
Kh, Kv

Input
(pilot point 
method)

Lithological 
description

Finalized

Pumping tests More data 
required

2 Precipitation GW Recharge input Assessed

3 Water supply 
network (WSN)

GW Recharge input Assessed

4 Subway tunnels Infiltrations GW 
discharge

input Measurement Assessed

Barrier effect Geometry input Measurement Finalized

Hydraulic
characteristic

input Molding In progress

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Groundwater flow required data
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nr Component Sub 
component

Variables Type Source Status

5 Lakes & Rivers Geometry input Finalized

Water levels input Measurement Finalized

6 Sewer system Hydraulics Water levels input ANB 
estimations

Available

Water 
budget

input ANB 
estimations

Available

Sewers 
Conductance 
values (C)

Output 
(inverse 
modeling)

GW model 
calibration

Geometry Position in 
aquifer 
system

input Sewers 
intersection 
with 
Geological
model 

Finalized

7 Piezometrical
head data

HColentina
HMostistea

Input 
(inverse 
modeling)

Measurement 
& 
interpolation

More data 
required

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Colentina Aquifer

Mostistea Aquifer

Aquifer system structure
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Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Lithological Description
Typical Mean hydraulic  
conductivity values

Flow
Eq
u
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al
en

t 
H
o
ri
zo
n
ta
lK

Flo
w

Eq
u
iv
al
en

t 
V
e
rt
ic
al
K

Aquifer system parameterizing K

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

• The recharge is quantified using
Soil Conservation Service Model
(United States Department of
Agriculture 1954):

• Where, S[mm] is the potential storage in the soil;
CN is the Curve Number and is a characteristic of
the soil type, land use and the initial degree of
saturation known as the antecedent moisture
condition; Ia : initial abstraction and is usually
taken to be 20% of S;

Infiltration from rainfall

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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• Water Supply Network (WSN) losses:

– Areal: from

• Low pressure pipes

• High pressure pipes

• Industrial users

• Aqueduct

– Punctual

• Hidrofor station

• Groundwater Recharge is considered
to be 85% of the technical total losses

Water supply network losses

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

• Variables

– Geometry

– Water levels

• Use

– Boundary condition:

• Specified head

– Exchange between groundwater
and surface water bodies

Lakes and rivers

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Improve the hydraulic characterization of underground structures in relationship to 
groundwater

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare
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infiltration Exfiltration

HGW‐Hsw (m) 0.5 ‐0.35 

Kclogging (m/day) 7.35

Adeffect (cm
2) 1

Bclogging (m) 0.1

Q (l/day) 3.67 ‐2.57 

Infiltration conditions Exfiltration conditions

Sewer 

system

Improve the hydraulic characterization of underground structures in relationship to 
groundwater

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

• Sewer system modeling using leakage factor approach has the following assumptions:

1) All sewers might have defects

2) Uniform distribution of defects

3) Defect area is proportional to sewer’s

wetted perimeter

4) Sewers in the Superficial deposits are

subjected to exfiltrations only;

5) All other sewers can exhibit infiltration

or exfiltrations.

Aquitard (Intermediary Deposits)

Aquifer (Colentina)

Aquitard (Superficial Deposits)

Sewer

Sewer

Sewer

Sewer

Sewer

Sewer in 
Superficial 
Deposits

Sewer in 
Superficial 
Deposits & 
Colentina

Sewer in 
Colentina

Sewer in 
Colentina & 
Intermediary 

Deposits

Sewer in 
Intermediary 

Deposits

31 2 4 5

Trench

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Sewer system
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Sewer system

Improve the hydraulic characterization of underground structures in relationship to 
groundwater

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

• Effects

– Discharge sink

– Flow barrier

• Data

– Geometry  & location

– Position in the aquifer system

– Groundwater Seepage flow rate

– Hydraulic conductivity of the aquifer and the barrier 

• Modeling

– Drain

• using observed seepage flow rate

– Flow barrier

• Equivalent fully penetrating barrier

Subway tunnels & stations

Improve the hydraulic characterization of underground structures in relationship to 
groundwater
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Barrier effect Variable (Geometry)

Sink Effect Variable 
(Infiltration)

Subway tunnels & stations

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Improve the hydraulic characterization of underground structures in relationship to 
groundwater

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Nr. 
Crt. 

Location ID Aquifer Depth Screens Welllog

1
Parc Tineretului

F60C Colentina 204‐10

2 P60C Colentina 13.075.0‐8.0 ‐‐ 8.0‐11.0 Da

3 Serban Voda F57C Colentina 10.274.5‐9.5 Da

4
Lamotesti

F76M Mostistea 38.3816.0‐28.0 ‐‐ 33.0‐38.0 Da

5 F77C Colentina 7.85.0‐8.0 Da

6 Straduintei F78M Mostistea 34.7
18.0 ‐23.0 ‐‐ 23.0 ‐
28.0 Da

7 F79C Colentina 13.45.5 ‐ 8.5  Da

8 Constructorilor F01M Mostistea 30.25 Da

9
Cotroceni

F4 Colentina 14.85 Nu

10 F8 Colentina 13.88 Nu

11 Surduc F52M Mostistea 27.313.0‐28.0 Da

12
Tismana

F38M Mostistea/Colentina 24.16
14.0 ‐ 11.0 ‐‐ 18.0 ‐
16.0 ‐‐ 20.0 ‐26.0 Da

13 F40C Mostistea/Colentina 24.16
14.0 ‐ 11.0 ‐‐ 18.0 ‐
16.0 ‐‐ 20.0 ‐26.0 Da

14
Agatha Barsescu

F44M Mostistea 26.813.0 ‐ 23.0 Da

15 P44M Mostistea 26.813.0 ‐ 23.0 Nu

16
Ramnicu Sarat

F64M Mostistea 31.3520.0 ‐ 25.0 Da

17 F65C Colentina 10.94.0 ‐ 7.0 Nu

18 Facultatea de Instalatii F28M Mostistea 31.828.0 ‐ 35.0 Da

19
Parcul Herastrau

F05M Mostistea 3929.0‐34.0 Da

20 F06C Colentina 10.7213.5‐12 ‐‐ 10.0‐7.0 Nu

21

Titan C1

F1MC1 Mostistea 3531.0 ‐ 26.0 Da

22 F1CC1 Colentina 8.74.0 ‐ 11.0  Nu

23 F2MC1 Mostistea 3531.0‐26.0 Da

5 F2CC1 Colentina 155.0‐11.0 Da

25
Parcul Circului

F14M Mostistea 27.522.5‐19.5 Da

26 F15C Colentina 7.1314.8 ‐ 9.2 Nu

27

Dr. Taberei 
Vasile Milea

F34M Mostistea 3520.0‐30.0 Da

28 P34M Mostistea 3520.0‐30.0 Da

29 F35C Colentina 2014.0‐17.0 Da

30 P35C Colentina 1813.0 ‐ 16.0 Da

31
Ferentari

F01M Mostistea 3026.0‐18.0 Da

32 F01C Colentina 1813.0‐16.0 Da

33
Leresti

F1ML Mostistea 3018.0 ‐ 26.0 Da

34 F1CL Colentina 17.513.5‐9.0 Nu

35
Grozavesti

F1CG Colentina 8.53.5‐6.5 Da

36 F2CG Colentina 1612.0 ‐ 14.0 Da

37
Colentina

F3 Colentina 2511 ‐16.5 ‐‐ 17.5 ‐ 20 Da

38 PZ1 Mostistea Nu
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• Identification of the SEWER SEGMENTS SUSCEPTIBLE to groundwater INFILTRATION

• Identification of the SEWER SEGMENTS SUSCEPTIBLE to sewer EXFILTRATION to
groundwater

• Decomposing the overall observed infiltration flow rate (at Glina WWTP) into :

– Simulated infiltrated flow rate

– Simulated exfiltration flow rate

• Further

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Groundwater flow model expected results

Improve the hydraulic characterization of underground structures in relationship to 
groundwater
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Geo‐dataStudies Mark‐up languagesInternet

HYGES (Gogu
et al., 2001)

ArcHydro
(Maidment, 2002

Data model 
(Strassberg, 2006)

WaterStrategyMan
(ProGEA 2004)

GABARDINE (Wojda
et al, 2006)

Water Framework 
Directive (2000) INSPIRE – (2007)

GML (Cox et al., 
2002; Lake, 2005)

XMML (Cox, 
2001)

GeoSciML (Sen
and Duffy, 2005)

GWML
WaterML

1

2

3

1 Databases

2 Mark‐up languages

3 Directive

Expand the hydrogeological and geological data models needed for the spatial data 
infrastructure

CityGML

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Expand the hydrogeological and geological data models needed for the spatial data 
infrastructure

«FeatureType»
GeologicFeature

+ age:  GeologicAge [1..*]
+ physicalProperty:  CGI_PhysicalDescription [0..*]
+ purpose:  DescriptionPurpose = instance

«FeatureType»
MappedFeature

«CodeList»
DescriptionPurpose

+ definingNorm:   
+ instance:  
+ typicalNorm:  

«FeatureType»
SamplingFeature

+ responsible:  CI_ResponsibleParty [0..1]

«Type»
GM_Object

«FeatureType»
GeologicUnit

«FeatureType»
GeologicStructure

+ genesis:  CGI_TermValue [0..1]

«ObjectType»
ControlledConcept

+ preferredName:  CharacterString

0..*

AlternativeClassification

+alternativeClassifier

0..*

+specification1

Description

+occurrence 0..*

0..*

PrimaryClassification

+classifier 1

+shape 1

+samplingFrame

1

Map polygon

Legend itemObservational setting

GeoSciML (Geo‐Science Mark‐up Language):

XMML 
Boreholes

O&M
(Observations & 
Measurements)

GeoSciML
(Geoscience Markup Language)

Links to other data 
modelling

languages

GML
(Geography Markup

Language)

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Expand the hydrogeological and geological data models needed for the spatial data 
infrastructure
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GeoSciML (Geo‐Science Mark‐up Language)

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Expand the hydrogeological and geological data models needed for the spatial data 
infrastructure

Experți (specialiști în domenii precum: 
hidrogeologie, geologie, geotehnică, 
alimentări cu apă).

The software platform architecture is based on 
three major components. 

Platform architecture

Develop a hydrogeological qualitative and quantitative information management framework 
in relationship to urban infrastructure 

Expert (specialists in geology, hydrogeology, 
water management, geotechnics).

Decisional (local stakeholders, local 
authority, etc. ).

Public

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Platform architecture

International standards for 
Geo‐Spatial data transfer.
International standards for 
Geo‐Spatial data transfer.

Object – Orientated approach.Object – Orientated approach.

Open Geospatial Consortium 
(OGC)
Open Geospatial Consortium 
(OGC)

International Organization for 
Standardization (ISO)
International Organization for 
Standardization (ISO)

SERVER APPLICATION
Database

Develop a hydrogeological qualitative and quantitative information management framework 
in relationship to urban infrastructure 

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Platform architecture

GEOPORTAL APPLICATION

Develop a hydrogeological qualitative and quantitative information management framework 
in relationship to urban infrastructure 

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Platform architecture

Develop a hydrogeological qualitative and quantitative information management framework 
in relationship to urban infrastructure 

GEOPORTAL APPLICATION

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Develop a hydrogeological qualitative and quantitative information management framework 
in relationship to urban infrastructure 

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Platform architecture

GEOPORTAL APPLICATION
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Platform architecture

DESKTOP APPLICATION

Data management

Modeling and analysis

The desktop platform is designed to be used by specialists and researchers.

The platform is developed under a GIS framework (ArcGIS).

Develop a hydrogeological qualitative and quantitative information management framework 
in relationship to urban infrastructure 

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Platform architecture

The hydrochemical toolbox performs a series of hydrochemical analysis for groundwater quality data: hydrochemical
parameter statistics (univariable, bivariable,analysis), geostatistics (using GSLib library), general chemical diagrams, charts
and maps (Stiff Map, Wilcox diagram, Ionic Balance, Piper Diagram) and a series of parameter orientated maps.

Develop a hydrogeological qualitative and quantitative information management framework 
in relationship to urban infrastructure 

DESKTOP PLATFORM
Hydro Chemical analysis

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare
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Platform architecture

The third toolbox is an interface between the platform and other third parties software (such as GMS ‐ Groundwater
Modelling System). Data from the geospatial database are exported to the modelling software and the outputs of model
can be imported back to the platform. Beside the communication capabilities, the toolbox can generate an optimal cell‐size
modelling grid on the basis of the hydrogeological data spatial distribution.

DESKTOP PLATFORM
Hydrogeology

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Develop a hydrogeological qualitative and quantitative information management framework 
in relationship to urban infrastructure 

Build up and apply groundwater protection strategies

“Intrinsic vulnerability is the term used to define the vulnerability of

groundwater to contaminants generated by human activities. It takes

account of the inherent geological, hydrological and hydrogeological

characteristics of an area but is independent of the nature of the

contaminants”

„Specific vulnerability is the term used to define the vulnerability of

groundwater to a particular contaminant or group of contaminants. It

takes account of the properties of the contaminants and their

relationship with the various components of intrinsic vulnerability ”

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Characteristics of the groundwater vulnerability assessment :

• Vulnerability of groundwater is a relative, non‐measurable, and
dimensionless property.

• The evaluation of groundwater vulnerability should be made 
case by case.

• The assessment methods are mainly based on Overlay and index 
techniques (GIS)

Build up and apply groundwater protection strategies

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 

Methods for the assessment of the intrinsic groundwater vulnerability

» MS (matrix system methods)
References: Haertle (1983) / Engelen (1985) / Ministry Flemish Comm. (1987) / Carter et al. (1987) / Palmer (1988) / Hungarian
system – Madl Szonyi and Fule (1998) Irish method – Daly and Drew (1999)

» HCS (hydrogeological complex and settings methods)
References: Albinet & Margat (1970 ) B.R.G.M. (1976) / Vrana (1968) / Olmer & Rezac (1974) / Josopait & Schverdtfeger (1979) / Vrana (1984)
/ Subirana Asturias & Casas Ponsanti (1984) / Breeuwsma et al. (1986) / Ostry et al. (1987) / Civita et al. (1988)

» RS (rating system)
References: Fenge (1976) / Villumsen et al (1983) / Zaporozec (1985) / Sotornicova & Vrba (1987) / Marcolongo & Pretto (1987) /
GOD ‐ Foster (1987) / Schmidt (1987) / SEEPAGE ‐ Moore J.S. (1988) / AVI ‐ Van Stempvoort et al (1993) / REKS – Malik and Svasta
(1998)

» PCSM (point count system model ‐ rating and weighting system)
References: Trojan & Perry (1988) / DRASTIC‐Aller et al. (1987) / SINTACS ‐ Civita (1994) / ISIS ‐ De Regibus (1994) / EPIK –
(Doerfliger and Zwahlen 1997) / German method – von Hoyer and Söfner (1998) / VULK – Jeannin (2001) / PI ‐ Goldscheider (2002)
/ and ... European Approach ‐ Daly et al. (2002).

Build up and apply groundwater protection strategies
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Basic parameters

» Land use etc. ....» Land use etc. ....

Water tableWater table

» Precipitations» Precipitations

» Topographical surface» Topographical surface

» Soil characteristics» Soil characteristics

» Aquifer media, hydraulic 
conductivity and depth

» Aquifer media, hydraulic 
conductivity and depth

» Aquifer connexion to 
surface water

» Aquifer connexion to 
surface water

» Unsaturated zone 

(lithology and depth)

» Unsaturated zone 

(lithology and depth)

» Net  recharge» Net  recharge

Groundwater
divide

Groundwater
divide

Regional
discharge

area

Regional
discharge

area

Local
recharge
area

Local
recharge
area EvaporationEvaporation

InfiltrationInfiltration

Regional
recharge
area

Regional
recharge
area

Build up and apply groundwater protection strategies

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Build up and apply groundwater protection strategies
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Swallowhole water catchment area

Perennial streams
Temporary streams

Water supply galleries
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Figure 4.3 Geology and hydrogeology of the study area
Geology and hydrogeology of the study area

Build up and apply groundwater protection strategies
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Geology and hydrogeology of the study area
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Build up and apply groundwater protection strategies
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VULNERABILITY  METHOD  PARAMETER  QUANTIFICATION
PARAMETER ANALYSIS, COMPUTING, OVERLAY, RECLASSIFICATION&  MAPPING,  FOLLOWING  EACH  METHOD  SPECIFICITY

VULNERABILITY  METHOD  PARAMETER  QUANTIFICATION
PARAMETER ANALYSIS, COMPUTING, OVERLAY, RECLASSIFICATION&  MAPPING,  FOLLOWING  EACH  METHOD  SPECIFICITY

PARAMETER 
MAP

PARAMETER 
MAP ……………… n……………… nPARAMETER 

MAP
PARAMETER 

MAP
PARAMETER 

MAP
PARAMETER 

MAP

OVERLAY     PROCEDURE   (PARTICULAR  TO  EACH  METHOD)OVERLAY     PROCEDURE   (PARTICULAR  TO  EACH  METHOD)
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Figure 4.39 Final vulnerability map using DRASTIC method
and the commonly used final classes of vulnerability Final vulnerability map using DRASTIC method ‐ commonly 
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Figure 4.43 Final vulnerability map using GOD method 
Final vulnerability map using GOD method
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Figure 4.42 Final vulnerability map using ISIS method Final vulnerability map using ISIS method
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Figure 4.41 Final vulnerability map using German method Final vulnerability map using The German method
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GOD X X X

DRASTIC X X X X X X X

AVI X X X X

SINTACS X X X X X X X X X X X

ISIS X X X X X X X X

GERMAN 
EPIK X X X X X X X

IRISH 
KARSTIC X X X X X X X
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SLOVENE  X X X X X X X X X X X X

SIMPLIFIED  X X X X X
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Process based vulnerability 
assessment 

‐ Question 1: In case of pollution, how long 
does it take to reach the target ?

‐ Question 2:Which will be the 
contamination level ?

‐Question 3: How long could the target be 
contaminated ?

Build up and apply groundwater protection strategies

Consiliul National de Atestare a Titlurilor, Diplomelor si Certificatelor Universitare
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The research focuses mainly  urban groundwater modelling, hidrogeological data 
management, and groundwater ressources protection. 

• Improve hydrogeological modeling by developing geological models techniques
using stratigraphic analysis concepts;

• Improve the hydraulic characterization of underground structures in relationship to
groundwater;

• Expand hydrogeological and geological data models needed for the spatial data
infrastructure (INSPIRE);

• Develop a hydrogeological qualitative and quantitative information management
framework in relationship to urban infrastructure (water supply, sewer system,
subway lines, foundations, etc);

• Build up and apply groundwater protection strategies

ACTIONS

Overview on the scientific, academic, and professional directions

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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Thank you for your attention!

Constantin Radu Gogu, Habilitation Thesis,  April 19, 2013 
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