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AMIIGA project tackles the issue of complicated groundwater

contamination crossing administrative borders.

In 6 Central European countries, representing the typical

groundwater contamination problems, AMIIGA project is

testing advanced investigation and assessment tools:

• statistical analysis to explore large monitoring datasets

• numerical modelling to spatially delimit the boundary of the

plumes

• CSIA (Compound Specific Isotope Analysis) to distinguish

between contaminant’s sources and demonstrate

degradation processes

• BMT (Biological Molecular Tool) to evaluate the capability

of indigenous microbial consortia to degrade contaminants

in situ.

INTEGRATED APPROACH TO MANAGEMENT OF 

GROUNDWATER QUALITY IN FUNCTIONAL URBAN AREAS
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WORK PACKAGES

WP1 Tools for remediation and 

pollution management in FUA 

[PP7 PoliMi]

Start: 10.2016

End: 12.2018

WP2 Groundwater remediation –

from conceptual model to 

realization [PP5 TUL]

Start: 09.2016

End: 08.2019

WP3 Management plan

[PP3 Stuttgart]

Start: 10.2016

End: 08.2019

WP C Communication

[PP8 Parma]

Start: 10.2016

End: 08.2019

WP M Management

[PP1 GIG]

Start: 09.2016

End: 08.2019
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ACTIVITIES

Activity

A.T1.1

FOKS tools amendment and 

adaptation to FUA scale
Start date: 10.2016

End date: 10.2017

Activity

A.T1.2

Innovative CSIA TOOL for pollution 

and remediation assessment
Start date: 12.2016

End date: 10.2018

Activity

A.T1.3

Innovative BMTs TOOL for natural 

and enhanced bioremediation 

implementation

Start date: 12.2016

End date: 10.2018

Activity

A.T1.4

Harmonizing of innovative tools CSIA

with previously amended FOKS tools
Start date: 09.2017

End date: 12.2018

Activity

A.T1.5

Trainings and internships for 

improving technical skills and 

cooperative development of tools

Start date: 02.2017

End date: 09.2018

WP1 Tools for groundwater pollution

assessment and remediation in 

Functional Urban Areas (FUAs)

Start date: 10.2016

End date: 12.2018



TAKING COOPERATION FORWARD 5

INTRODUCTION

Deliverable

D.T1.1.1

Web-GIS tool development for 

groundwater database management 

and open-access

consultation

Delivery date: 

10.2017 concluded

Activity

A.T1.1

FOKS tools amendment and 

adaptation to FUA scale
Start date: 10.2016

End date: 10.2017

Deliverable

D.T1.1.2

Guideline for statistical method and 

geostatistical analysis for GW quality 

studies at FUA

Delivery date: 

03.2017 concluded

Deliverable

D.T1.1.3

GW contamination modeling at FUA: 

“inverse iterative modeling” guideline 

for implementation and use

Delivery date: 

04.2017 concluded

Deliverable

D.T1.1.4

Technical protocol for statistical

analysis coupled with transport

modeling for GW pollution assessment

Delivery date: 

05.2017 concluded

The tools developed during the previous FOKS project were designed to be 

applied at the scale of a single contaminated site

In order to be applied at FUA scale they needed to be adapted considering the 

existence of 2 kinds of contamination:

Point Sources (PS), responsible of medium-high concentration plumes

Multiple Point Sources (MPS), constituted by multiple small and unidentifiable 

sources responsible of an anthropogenic diffused contamination 
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WEBGIS

Dominio modello

link

http://www.webgis-amiiga.polimi.it/
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HOW TO LOCATE SUSPECTED SOURCES?

Milano FUA had a long industrial history since the 50ies.

Many Chlorinated Hydrocarbons plumes are still present and 

they hit some public wells.

Often, as in many industrial districts, plumes with high 

concentrations are detected but the contaminant source 

position (PS) is unknown.

As Milano aqueduct is fed only by groundwater the Public 

Authorities are asking:

HOW CAN WE DISTIGUISH THE DIFFUSE CONTAMINATION 

FROM THE POINT SOURCES CONTAMINATION?

HOW CAN WE IDENTIFY THE AREA WHERE THE PUNCTUAL 

SOURCES ARE POSITIONED?



TAKING COOPERATION FORWARD 8

TOOLS DEVELOPMENT

Deliverable

D.T1.1.1

Web-GIS tool development for 

groundwater database management 

and open-access

consultation

Delivery date: 

10.2017 concluded

Activity

A.T1.1

FOKS tools amendment and 

adaptation to FUA scale
Start date: 10.2016

End date: 10.2017

Deliverable

D.T1.1.2

Guideline for statistical method and 

geostatistical analysis for GW quality 

studies at FUA

Delivery date: 

03.2017 concluded

Deliverable

D.T1.1.3

GW contamination modeling at FUA: 

“inverse iterative modeling” guideline 

for implementation and use

Delivery date: 

04.2017 concluded

Deliverable

D.T1.1.4

Technical protocol for statistical

analysis coupled with transport

modeling for GW pollution assessment

Delivery date: 

05.2017 concluded
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STATISTICAL TOOL HYDROCHEMICAL  DATA SET (2003-
2014) AVAILABLE IN MILANO FUA 

(TCE,PCE,CLF)

Cluster analysis Hot-spot location

Groundwater 
Transport model 
(Modflow-MT3D)

PLUME extension 
in FUA
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1st RESULT
Diffuse contamination MAPS and assessment

GEOSTATISTICAL analysis
(cleaned dataset)

Factor and 
Multivariate 

analysis

Stochastic modelling for 
particle backtracking

2nd RESULTProbabilistic MAPS of PS position

METHODOLOGY

In AMIIGA one of the aims of WP1 is 

to develop and test a methodology 

to answer these questions
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STATISTICAL TOOL

Once hot spots have been identified a groundwater transport model has been applied to assess

the PCE plume extension

HYDROCHEMICAL  DATA SET (2003-
2014) AVAILABLE IN MILANO FUA 

(TCE,PCE,CLF)

Cluster analysis Hot-spot location

Groundwater
Transport model 
(Modflow-MT3D)
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STATISTICAL TOOL

Once the plumes extension is simulated the monitoring points hit by them can be canceled from

the dataset

HYDROCHEMICAL  DATA SET (2003-
2014) AVAILABLE IN MILANO FUA 

(TCE,PCE,CLF)

Cluster analysis Hot-spot location

Groundwater
Transport model 
(Modflow-MT3D)

PLUME extension 
in FUA
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RESULTS

Diffuse 
contamination

MAP

GEOSTATISTICAL analysis
(cleaned dataset)
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STATISTICAL TOOL

Diffuse contamination map showed that is incorrect to define a single PCE diffuse value for the

entire study area. Then Factor and Multivariate analysis have been applied to define the proper

value in each of the areas (yellow and read) where concentrations are higher than the

Italian threshold limit (1,1 mg/l)

HYDROCHEMICAL  DATA SET (2003-
2014) AVAILABLE IN MILANO FUA 

(TCE,PCE,CLF)

Cluster analysis Hot-spot location

Groundwater
Transport model 
(Modflow-MT3D)

PLUME extension 
in FUA
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RESULTS

Diffuse contamination MAPS  and assessment

GEOSTATISTICAL analysis
(cleaned dataset)

Factor and 
Multivariate 

analysis

Multivariate analysis

Principal cluster

YELLOW 
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RED

(75°
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Aquifer

(A)
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Aquifer

(B)
7.1 15

Not

separated

(A, A+B, 

B)

3 6
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TOOLS DEVELOPMENT

Deliverable

D.T1.1.1

Web-GIS tool development for 

groundwater database management 

and open-access

consultation

Delivery date: 

10.2017 concluded

Activity

A.T1.1

FOKS tools amendment and 

adaptation to FUA scale
Start date: 10.2016

End date: 10.2017

Deliverable

D.T1.1.2

Guideline for statistical method and 

geostatistical analysis for GW quality 

studies at FUA

Delivery date: 

03.2017 concluded

Deliverable

D.T1.1.3

GW contamination modeling at FUA: 

“inverse iterative modeling” guideline 

for implementation and use

Delivery date: 

04.2017 concluded

Deliverable

D.T1.1.4

Technical protocol for statistical

analysis coupled with transport

modeling for GW pollution assessment

Delivery date: 

05.2017 concluded
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PS POSITIONING HYDROCHEMICAL  DATA SET (2003-
2014) AVAILABLE IN MILANO FUA 

(TCE,PCE,CLF)

Cluster analysis Hot-spot location

Groundwater 
Transport model 
(Modflow-MT3D)

PLUME extension 
in FUA
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1st RESULT
Diffuse contamination MAPS and assessment

GEOSTATISTICAL analysis
(cleaned dataset)

Factor and 
Multivariate 

analysis

Stochastic modelling for 
particle backtracking

2nd RESULTProbabilistic MAPS of source areas position

METHODOLOGY

Once the diffuse contamination is assessed 

and separated from the plumes…..

HOW CAN WE IDENTIFY THE AREA WHERE THE 

PUNCTUAL SOURCES ARE POSITIONED?

We are proposing a method to identify the most 

probable position of these Punctual Sources, based on 

inverse numerical simulation of the GW flow and 

advective transport
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1- DETERMINISTIC MODEL

Model domain

First a GW flow model was implemented and calibrated for the Milano Pilot Area 

MODFLOW 2005

19x 21 Km

255.320 cells

From 100 m to 50 m

9 layers

Amiiga_2.wmv
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1- DETERMINISTIC MODEL

MODFLOW 2005

19x 21 Km

255.320 cells

From 100 m to 50 m

9 layers

First a GW flow model was implemented and calibrated for the Milano Pilot Area 
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Starting from the deterministic calibrated model, we

randomly generate 400 different realizations of

K-fields. Only them that were able to provide

a satisfactory fit to observations were kept for the

next step

2- STOCHASTIC MODELING

TAKING COOPERATION FORWARD 2

•316 K-pilot points where regularly placed in the 

model domain  (10-5-10-2 m/s for aquifer layers, 10-8-

10-6 m/s for clay lenses)

•21 aquifer tests where associated with Pilot Points

•44 observations (head targets) placed in different 

layers based on screened levels

The deterministic model was based in a single distribution of the hydraulic conductivity (K)

In order to explore the uncertainty link to the K distribution an inverse calibration through PEST

was done using the Pilot Points technique
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2- STOCHASTIC MODELING

For each layer we obtained 336 different and equally possible 

distribution of K value that gives us a model satisfactorily 

calibrated.
The variability in the K-fields reflects the uncertainty

with which the systems is known and represented by

the model; this variability translates into differences

in the distribution of simulated heads, hence in the

paths followed by the contaminants.
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3- PARTICLE BACK-TRACKING

MONTE CARLO APPROACH

336 POSSIBLE K-
FIELDS

336 
BACKWARD PARTICLE 

TRACKING (MODPATH)

In each well having a concentration > 10 mg/l 

particles were added

Then particles were traced backward for each of the 

336 previously calibrated simulations

Particles follow different paths in each simulation 

depending on the selected K-field, but some path are 

followed more frequently

The number of particle passing in each cell is counted 

for the 336 simulations

Cells with an high number of passages have an high 

probability to contain the source responsible of the 

contamination
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3- PARTICLE BACK-TRACKING

MONTE CARLO APPROACH

San Siro public wells suffer a PCE contamination 

since at least 30 years. Recently concentration 

raised till 300 mg/l. Many industrial sites located 

up-gradient could be considered responsible of 

this contamination. 

-particles weighted on concentration,    

(i.e 1 particle every 10 mg/l) where added to 6 

contaminated wells

-for each well particles are equally distributed in 

all the layers screened

EXAMPLE San Siro well 3 

PCE =90 mg/l

Screens in 4 layers

9 particles in each layer
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3- PARTICLE BACK-TRACKING

MONTE CARLO APPROACH

<3%

3%-8%

8%-20%

20%-40%

>40%
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We obtained a probabilistic map showing the 

likelihood of each cell to contain the source that 

hit the San Siro public wells

Overlapping this map with the layer containing 

the industries position it is possible to prepare a 

ranking lit of the areas that need to be deeply 

investigate 
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RESULTS ANALYSIS

9 18 27 36 45 54 63 81 90720years
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ACTIVITIES

Activity

A.T1.1

FOKS tools amendment and 

adaptation to FUA scale
Start date: 10.2016

End date: 10.2017

Activity

A.T1.2

Innovative CSIA TOOL for pollution 

and remediation assessment
Start date: 12.2016

End date: 10.2018

Activity

A.T1.3

Innovative BMTs TOOL for natural 

and enhanced bioremediation 

implementation

Start date: 12.2016

End date: 10.2018

Activity

A.T1.4

Harmonizing of innovative tools CSIA

with previously amended FOKS tools
Start date: 09.2017

End date: 12.2018

Activity

A.T1.5

Trainings and internships for 

improving technical skills and 

cooperative development of tools

Start date: 02.2017

End date: 09.2018

WP1 Tools for groundwater pollution

assessment and remediation in 

Functional Urban Areas (FUAs)

Start date: 10.2016

End date: 12.2018
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Another activity developed in the AMIIGA project is the application of Isotope

Fingerprinting techniques (CSIA)

Politecnico di Milano has a research line dedicated to CSIA. Research

development as analytical methods and field tests are developed in

collaboration with ENI and IT2E laboratories and analysis for 13/12C,
37/35Cl, 2/1H are performed through GC-IRMS.

An isotope is an atom of a same chemical element (e.g. C) having

the same atomic number but a different atomic mass: this because

they have a different number of neutrons (e.g. 12C and 13C)

ISOTOPE FINGERPRINTING 
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In the AMIIGA project Compound Specific

Isotope Analysis have been applied in in

Italy, Germany , Poland and Czech Rep.

In Milano have been applied in order to

verify the results of the groundwater and

transport modeling and than confirm the

developed conceptual model.

ISOTOPE FINGERPRINTING 

Analysis of 13/12C, 37/35Cl (dual isotope) allowed to

confirm that the Chiusabella e Cimabue pumping

stations are reached by 2 different plumes
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Deliverable

D.T1.2.3

Freeware software for CSIA data 

analysis for remediation assessment

ISOTOPE FINGERPRINTING 
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ACTIVITIES

Activity

A.T1.1

FOKS tools amendment and 

adaptation to FUA scale
Start date: 10.2016

End date: 10.2017

Activity

A.T1.2

Innovative CSIA TOOL for pollution 

and remediation assessment
Start date: 12.2016

End date: 10.2018

Activity

A.T1.3

Innovative BMTs TOOL for natural 

and enhanced bioremediation 

implementation

Start date: 12.2016

End date: 10.2018

Activity

A.T1.4

Harmonizing of innovative tools CSIA

with previously amended FOKS tools
Start date: 09.2017

End date: 12.2018

Activity

A.T1.5

Trainings and internships for 

improving technical skills and 

cooperative development of tools

Start date: 02.2017

End date: 09.2018

WP1 Tools for groundwater pollution

assessment and remediation in 

Functional Urban Areas (FUAs)

Start date: 10.2016

End date: 12.2018
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BIOMOLECOLAR TOOLS 

University of Liberec is driving the Activity 1.3 and they prepared a protocol explaining how 

Biomolecolar Tools can be used in assessing Natural Attenuation processes in order to design 

remediation actions based on Enhanced bioremediation 

Deliverable

D.T1.3.1

BMTs technical protocol for remedial

implementation and performance 

evaluation (draft)
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BIOMOLECOLAR TOOLS

Biomolecolar analysis were performed in Parma, Stuttgart, Novy Bidzov and Jaworzno

Deliverable

D.T1.3.2

Report on BMTs analysis from studies

and remediation pilot actions
Delivery date: 

05.2018 concluding
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BIOMOLECOLAR TOOLS

An excel spreadsheet was created by Liberec University in order to give an overview of the 

contamination detected at the site and to assess the presence of a microflora suitable for CHC 

degradation

Deliverable

D.T1.3.3

Freeware software for BMT’s data 

analysis for remediation assessment
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CONCLUSIONS

The tools settled in the AMIIGA project are improving the capacity to face the groundwater 

contamination at FUA scale:

Web-GIS, statistics, isotope fingerprinting and inverse modeling can be applied to evaluate 

the diffuse contamination level 

Web-GIS, inverse modeling and isotope fingerprinting can be applied in order to find the most 

probable position of Punctual Sources

Isotope fingerprinting and biomolecolar tools can be applied at contaminated site scale in 

order to evaluate Natural Attenuation processes and the possibility to implement Enhanced 

Bioremediation actions


