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rock environment and groundwater has remained unresolved. As a result, polluted sites are part of
the cities in Central Europe. National management approaches developed to reduce the negative ef-
fects deal with single sites. Groundwater contamination however is a problem that goes beyond sites
and any administrative boundaries. Focusing on single sites does not solve the problems of polluted
groundwater and thus even becomes a risk to further development of Functional Urban Areas (FUAs).

The approach of the Groundwater Framework Directive of the European Union (Directive 2006/118/
EC) is to identify, to assess and manage pollution in groundwater bodies. This approach however
neglects point sources and single sites.

Moreover, the mitigation of groundwater pollution is an extensive, long-term, complex and very
expensive process. Even large investments may not provide the expected improvement in ground-
water quality, as can be seen in many examples.

In this situation, it is very decisive that the EU Interreg Central Europe program offers a suitable
platform for the countries of Central Europe to improve procedures and strategies of groundwater
pollution management. The program enables the development of new technical tools and means
for refining pollution information on the level of Functional Urban Areas. Their purpose is to pre-
pare and implement appropriate remedial actions that are sustainable in the long term and will
address existing risks and threats.

Contamination sources located in “city core” affect the groundwater quality of “hinterlands” down-
stream and vice versa. It requires effective intervention at this medium (FUA) scale, neglected in the
existing legislation. The AMIIGA project is focusing on integrated assessment, remediation and manage-
ment strategies, as well as on development of tools for characterization/prioritization of groundwater
contamination sources. The innovative instrument “groundwater management plan” is a selective
further development of the decision-support strategies described in Trzaski et al. 2012. Key elements
of this integrated management instrument are characterization, remediation and monitoring plus the
management strategy and the plan itself. This involves both technical and process innovation and
strengthens water management capacities in the related administrative bodies among a FUA.

Each project partner has an individual problem with groundwater pollution at his FUA (pilot FUA) as
in other EU countries. Each pilot FUA represents a serious problem for local or regional authorities
they need to address. They differ in the type of pollution, hydrogeological conditions and threats
from pollution (e.g. risk of damage to drinking water sources, degradation of mineral springs, threat
to the health of the population etc.). In addition, the levels of knowledge about all aspects related
to pollution are different: some partners are just beginning with groundwater solutions at FUA, oth-
ers are already in the phase of preparing the implementation of remediation works.

Each FUA pilot at the beginning of the AMIIGA project faced the challenge of developing a long-
term management plan to address groundwater pollution. In order to be prepared, it was nec-
essary to broaden the level of knowledge on the aspects of pollution in specific areas of crucial
importance for further decision-making by local or regional authorities.

12 project partners have prepared sets of pilot activities for 7 pilot FUAs, which have helped to
clarify specific uncertainties, thus enabling the development of a management strategy and a long-
term management plan to address pollution on specific FUAs. In all pilot actions, the new technical
tools developed in the AMIIGA project were used (from dealing with data collection and evaluation
of all former investigation, through compilation and mapping of all available information in a data
base on GIS platform, conceptual hydrogeological modelling, integral pumping tests, delineation
of plumes of pollution, numerical modelling of contaminated plumes and CSIA data, backtracking

of pollutants, risk assessment for sources and plumes of pollution, identification of natural atten-
uation processes, development of remediation concepts and realization of remediation by using
BMTs), which enabled these innovative resources to be successfully verified in practice.

In the following text, individual FUAs and their solutions are introduced and the achievements that
each partner has brought are described in detail.

is a project funded by the EU CENTRAL EUROPE Interreg program 2016-2019

with 6 countries, 12 project partners, 8 regions, 7 pilot actions, 2.9 million

euro project budget and 2.4 million euro ERDF. AMIIGA project is building on

and capitalizing the results of previous projects especially MAGIC and FOKS
(Gzyl and Gzyl 2008; Trzaski et al. 2012; Vasin et al. 2016).



Figure No.1 - Zadar peninsular Old Town

SOLVING THE INVERSE
PROBLEM USING

THE FOKS TOOLS

IN KARST AQUIFER
(ZADAR FUA, CROATIA)

Introduction

Zadar is the oldest continuously inhabited city in Croa-
tia. It is situated on the Adriatic Sea, at the north west-
ern part of Ravni Kotari region. Zadar serves as the seat
of Zadar Country and the wider northern Dalmatian re-
gion. The city covers the area of 25 km? with a popula-
tion of 75,082 in 2011, making it the fifth largest city in
Croatia. It is known for the Roman and Venetian ruins of
its peninsular Old Town.

Figure No.2 - Zadar and its hinterland
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Figure No. 3 - Results of IPT

Threat to groundwater in FUA Zadar

Water supply of Zadar is based on groundwater exploita-
tion in the Zadar hinterland. In the hinterland of Zadar
there are some villages without sewage system (brown
areas in Fig. 2) and only 43 % of the population in this
area is connected to the sewage system. Other house-
holds use septic tanks that are mostly permeable and
leak directly into the karst underground. Pollution from
these areas can very fast infiltrate in the groundwater
according to absence of confining layer.

Between the villages, there is some agriculture area
where farmers use fertilizers and pesticides. So far, there
is no significant pollution caused by agricultural activi-
ties registered. The pesticide levels in groundwater are
below the threshold values due to relatively low use. The
level of nitrogen in groundwater is below the threshold
values as well (nutrient management plans have been
introduced in the EU accession process).

The general direction of groundwater flow is from southeast
to northwest and during the rainy season, the pollution can
reach pumping wells (yellow dots on Fig. 2) very fast. Results
of monitoring from several groundwater wells show micro-
biological contamination in FUA. The main sources for bac-
terial contamination are unsuitable disposal of wastewater.




Figure No.4 - Discrete Analyzer-Gallery

Benefits from project AMIIGA
to FUA Zadar

Within AMIIGA project, Integral Pumping Tests (IPT),
an innovative tool developed within the project
FOKS, were conducted in karst aquifer. The results
of IPT (Fig. 3) confirmed the previously adopted as-
sumption that the main source of microbiological
pollution is inadequate septic tanks that released
the effluent in groundwater.

In order to define the groundwater flow and trans-
port of pollution in Bokanjac-Policnik aquifer, the
numerical model of groundwater flow was devel-
oped within the project AMIIGA. The goal of nu-
merical model was to determine (i) the flow di-
rection, (ii) the amount of infiltrated precipitation
and (iii) relationship between the flow through the
pores and the flow through the fractures based on
the existing data of groundwater levels.

The main goal of AMIIGA project was to ensure
good groundwater quality as well as a sustaina-
ble water supply system based on its own tech-
nological and human potentials. Therefore, the
first step in improving the groundwater quality
control was made by acquiring new laboratory
equipment that increased the laboratory’s analyt-
ical capabilities: Discrete Analyzer-Gallery (Fig. 4)
and Gas chromatograph (Fig. 5). The devises ena-
bled the detection of new potential groundwater
pollution, increased the number of analyzes and
shortened their implementation time. For this
purpose professional training and education of
laboratory staff were performed.

Finally, the project AMIIGA helped to develop the
Management plan and approve it with the Re-
gional Implementation Group members. In the
Management plan for FUA Zadar, the location of
new observation wells were suggested, the im-
provement of groundwater monitoring concept
was developed, supplementation of defined ac-
cident measures were described and the next up-
grade of existing numerical model was suggested.

Figure No.5 - Gas chromatograph (GC-2010Plus)
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PILOT ACTION 2 > |
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REMEDIATION CONCEPT FROM DRINKING WATER
PERSPECTIVE FOR DIVERSE POLLUTANTS IN
TYPICAL SLOVENIAN FUA (SLOVENIA)

Introduction

Functional Urban Area (FUA) of Ljubljana — Ig consists
of two administrative entities, i.e. Municipality of Ig
and Municipality of Ljubljana City. Both municipali-
ties are interconnected by the main common aquifer
system, waterworks system and sewage system.

The main common aquifer is composed of alluvi-
al sediments (Fig. 6 — right side), i.e. mostly of highly
permeable gravel and sand layers, locally lithified as a
conglomerate lenses. Level of groundwater is mainly
unconfined, up to 30 m below the surface, but also ar-
tesian, covered by low permeable overlaying strata of
clayey and silty sediments. ISka River and Sava River are
very important recharge and drainage hydraulic bound-
aries. Groundwater flow velocities range from 0.03 m/
day (Barje area) up to about 10 m/day (Stegne-Hrast-
je and Dravlje-Moste area). The
depth of aquifer is around 100 m.
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There are numerous contami-
nants present in the groundwa-
ter, originating from past and
recent activities. Investigation
of groundwater contamination
in alluvial aquifers under the
highly urbanized area of the City
of Ljubljana has been already
conducted by the EU-funded
project INCOME (2009 - 2012).
Comprehensive chemical anal-
yses of groundwater were per-
formed in order to detect and
identify variety of contaminants
that occur in the subsurface.
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In AMIIGA project, we focused
our activities on four major con-
tamination sources, working are-
as FUA Ljubljana — Ig (Fig. 6 — left
side). Two of them have charac-

teristics of plumes from point and multipoint pollution,
which have highly severe and continuously present risk
for the operation of drinking water wells. The aim of the
pilot action was to establish the remediation and other
measures that will efficiently preserve and improve the
quality of the groundwater. The main development goal
is drinking water supply without treatment, even from
the ground below highly populated city core area and
agricultural hinterland, in the next decades.

Figure No. 6 - FUA Ljubljana - Ig with significant
contamination working areas (WA 1 Stegne - Hrastje:
hexavalent chromium (Cr VI) plumes; WA 2 Dravlje

- Moste: nitrate (NO3) and new emerging pollutants
contamination; WA 3 Barje: boron (B) contamination;
WA 4 Brest: desethyl-atrazine (DAT) plumes)

City core

vET
1ka

Fisvoaraugn <




Desethyl-atrazine pollution in Brest area represents
the highest risk for water supply among all four
working areas (Fig. 7). The risk is high in the present
status and potential pollution. The threat of severe
contamination of Brest wellfield (exceeding 0.1 pg/!
quality standard) is continuously present.

The risk of chromium VI pollution in Stegne - Hrastje
area is also high, because of potential severe pol-
lution, which is continuously present. There are
multipoint sources, locally exceeding 25 g/l of
chromium VI (Cr VI) in groundwater. Instantaneous
releases of Cr VI from not yet identified point sourc-
es are possible, for example, during excavating for
construction works, or in case of specific hydrolog-
ical conditions. Such releases could then provoke
severe contaminations also in drinking water wells,
not only in Hrastje but also in Klece wellfield.

Nitrate concentrations and new emerging pollut-
ants in Dravlje — Moste area represent the medium
risk at present status, but high risk to drinking water
wells in the case of potential pollution. The latter is
continuously present for some drinking water wells
having concentration of nitrate close to 25 mg/I.
Some new emerging pollutants have significant in-
creasing trends, which means that the present sta-
tus is deteriorating in a short-term timeframe.

Contamination from municipal landfill in Barje,
most of all by boron, is of low risk for present status
of water supply system. Advancement of contami-
nation downstream of the landfill on the flow path
towards drinking well is possible, but only of lower
severity and longer period of occurrence. However,

some measurement points have still significant up-
ward trend or highly oscillating concentrations, so
the level of this risk is medium.

Thanks to the AMIIGA project co-financing and in-
ternational cooperation, we were able to use and
demonstrate beneficial use of FOKS and AMIIGA
tools, such as GIS — protocol to establish common
database of monitoring data, numerical modelling
and backtracking the pollution origins, biomolecu-
lar tool (BMT) and compound stable isotope analy-
sis (CSIA) as well as the rich experiences of pollution
management in cities of Jaworzno, Milano, Novy
Bydzov, Parma, Stuttgart and Zadar.

The groundwater contamination Management plan
of Ljubljana — Ig is our key output. Such Manage-
ment plan is the first in Slovene territory and the
ambition is to be also demonstrative case for oth-
er functional urban areas. It defines development
targets and target values that must be achieved for
safe water supply and high-level functionality of ur-
ban area in next decades.

The Management plan was elaborated by executing
activities in eleven steps for all of four working areas
in FUA Ljubljana —Ig.

(1) Assessment of actual status and (2) Addi-
tional targeted sampling

Additional sampling campaign enabled us to inter-
polate data and delineate the Cr (VI) contamination
plume in Stegne — Hrastje area for the first time

High risk High risk Medium risk

Stegne-Hrastje WA 1 Medium risk High risk Low risk

Dravlje-Moste WA 2
Barje WA 3

Brest WA 4
2
3
4

Medium risk High risk Low risk

Low risk

Medium risk Low risk

(Fig. 8). At the same time, we iden-
tified additional location of excessive
Cr (VI). We were also able to observe
the changes of DAT contamination
plume through 6 years period in Brest
area to reveal its progress.

(3) Improved numerical models,
(4) Actualized mass balance, and
(5) Trends and long-term forecasts

We found out that the majority of
DAT in wider Brest area most prob-
ably originates from two old gravel
pits (Fig. 9). The storage of DAT with-
in wider area of Brest was assessed
to approximately 25 kg in 2011 (IN-
COME) and 23 kg in 2017. On the
basis of improved numerical model,
we simulated possible scenarios for
remediation in order to determine
feasible measures.

We found out that the downward
trend of nitrate in Dravlje-Moste area
cannot be expected to continue, be-
cause the potential for further de-
cline is lower, hence the long-term
forecast is uncertain. In addition, de-
sethyl-terbutilazine concentrations
are already above the limit of detec-
tion (LOD) at western side of Klece
wellfield with significant upward
trend, which makes it necessary to
introduce measures to reduce inputs.

(6) Assessment of natural attenu-
ation potential

Organic pollutants in (3) Barje area
are identified only in traces, which
is confirmed also by the low micro-
biological activity of degradation of
these pollutants. Hence, we focused
on dilution and dispersion potential
of the boron, as the most significant
pollutant.

By fitting calculations on each ob-
servation well to measured values,
we evaluated, that one of the most
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Figure No. 10 - Measured vs. Calculated values of Cr (VI) when the source of pollution is 400 m away

from borehole LTH-2/15 (WA 1)

probable sources of Cr (VI) at (1) Stegne-Hrastje
area is 400 m upstream from LTH-2/15 observation
well (Fig. 10).

= (7) Most probable scenarios threatening
groundwater and (8) Evaluation of risks from
waterworks perspective

Based on analysis of severity and recurrence of con-
taminations, for present status and for potential
pollutions, we ranked the levels of risks of all four
working areas from waterworks perspective (Fig. 7).
This analysis was crucial for further preparation of
program of measures, with emphasis on working
areas (4) Brest (desthy-atrazine) and (2) Stegne —
Hrastje (Cr VI).

= (11) Determination of feasible measures, mile-
stones and indicators of progress, via (9) Prein-
vestment analysis and (10) Feasibility of meas-
ures

For (4) Brest working area of desethyl-atrazine
plume we elaborated cost-efficiency for four hy-
drotechnical remediation measures: redirection of
plume, active protection barrier, accelerated ab-
straction of pollutant and artificial recharge of un-

polluted shallow part of aquifer. We also elaborated
the procedures for enhanced microbiological deg-
radation. We set up the next steps of investigation
measures that will finally enable us to select the
most efficient remediation.

At (1) Stegne-Hrastje area of Cr (VI) contamination
we delineated three narrower areas of the highest
sources of contamination. Further steps are elabo-
rated to localize those point sources and to prepare
remediation procedures.

In (2) Dravlje-Moste area we defined reporting pro-
tocol to relevant sectors to reduce the input of rel-
evant substances of new emerging pollutants. We
also determined critical points to inspect losses
from sewerage.

In Barje (3) the main plan is to perform natural at-
tenuation monitoring, additional points of compli-
ance to lower the risk and to identify external sourc-
es of boron.

Finally, we set up procedure, tasks and milestones for
the implementation of those measures in relevant
documents. We are continuing with the activities of
cost resources identification and dissemination.




PILOT ACTION 3

SEPARATION OF HOT
SPOT & MULTIPLE
POINT DIFFUSE
CONTAMINATION IN
MILAN FUA (ITALY)

Introduction

The northern part of metropolitan area of Milan,
Milan FUA, has been historically characterised by a
dense agglomeration of industries (automotive, re-
fineries, chemical plants, steel and tires production)
that led, over the years, to a significant contamina-
tion of soil and groundwater.

In the last decades, Lombardy Region spent many
efforts to push polluters to characterize and re-
mediate soil and groundwater in their sites, hav-
ing important results in terms of water and soil
quality at local scale. Moreover, the available da-
taset highlighted the presence of a contamination
not linked directly to a polluter or a restricted
area, but to a multiple source clustered in a large
area. This kind of contamination, called diffuse
pollution, needs to be treated with different tools
and procedure.

Lombardy Region has started dealing with diffuse pol-
lution in the metropolitan area of Milan since 2013
with an available data organisation and integration.
Based on the results of studies the carried out in 2017,
Lombardy Region has delimited the first area affected
by diffuse pollution and approved management meas-
ures and the penalty for remediation procedures. The
area (Fig. 11), which is northeast of Milan (and includes
the City of Milan), is affected by diffuse contamination
of chlorinated hydrocarbons (CHC).

Furthermore, the performed studies highlight-
ed that several plumes, originating from the
north-western part of Milan, have a significant ef-
fect on the deterioration of the groundwater quality
in Milan and affect some pumping stations used for
the water supply services. Moreover, a presence of
a contamination was observed, which was charac-
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Figure No.11 - Milan FUA (521 kmq, more than 2.2
milion inhabitants) is in black biold, pilot area (PA)
is colored in pink. Cross section AA’ is represented in
Fig. 12.

terized by low concentrations and permanence that
could be matched to a diffuse nature.

For this reason, the northwestern part of Milan and
some municipalities located at the northern bound-
ary of the city have been selected as the pilot action
area for AMIIGA project.

The pilot area (Fig. 11) is covering 12 municipalities in the
northwest of the Milan FUA and is about 157 km? wide;
within the area live more than 600.000 inhabitants.

Threat to groundwater in Milan FUA

Due to the high hydraulic conductivity and high
groundwater withdrawal rate, the groundwa-
ter contamination reaches the territory of Milan,
since it represents the natural drainage area of the
groundwater in the north.

From a hydrogeological point of view, the main aqg-
uifers relevant for contamination are the shallow
aquifer and semi-confined aquifer that are separat-
ed in the southern part and connected in the north-
ern part of the studied area (Fig. 12).

The main challenge of AMIIGA project in the pilot area
was to define tailored management measures assur-
ing local remediation actions more sustainable. There-
fore, the key task of Pilot Action was to distinguish
contamination plumes originated from point pollution
sources from diffuse pollution in the area of interest.

Benefits from project AMIIGA to Milan FUA

AMIIGA project enabled (i) the implementation of
tools aimed at distinguishing point sources of pol-
lution from diffuse contamination and (ii) devel-
oping a set of measures, the Management plan, to
monitor and manage pollution and prevent further
groundwater contamination.

The main goal of the pilot area was the assessment
of groundwater contamination, distinguishing dif-
fuse and site-specific contributions, for Perchloro-
ethene (PCE) and Trichloroethene (TCE).

To this aim, the main plumes, their source area,
their extension and the characteristics of the con-
tamination outside of them (temporal and spatial
distribution) have been investigated and studied
within AMIIGA project.

In order to fulfil the goals, the following activities
have been carried out:

m Hydrogeological and groundwater monitoring
data collection

— The available dataset from previous studies was
integrated and updated for the pilot area and
the FUA.

—The documentation available for the contami-
nated sites in the pilot area (more than 20 sites
in regional registry) was analysed and new data
were included in the existing dataset (i.e. hy-
dro-chemical data and hydraulic pumping tests).

—The data has been implemented in a data-
base and shared among the project partners,
through a Web — GIS.

= Optimization of existing groundwater network:
a new monitoring network

Figure No. 12 - Cross section N-S of the pilot area, the colors represent the different aquifers (blue and

green) and aquitard (grey and brown)
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— Analysis of the localization of monitoring wells already existing Hydro-geological and numerical model imple- have allowed to: give a picture of the distribution

in the area and their effectiveness in the spatial definition of mentation and to determine the concentrations representa-
the phenomena has been performed. tive for the diffuse contamination. Maps of diffuse
The numerical (Groundwater Vistas 6 interface) PCE contamination distribution, were provided for
— Six new piezometers have been drilled in order to improve the groundwater transport (MT3DMS) and flow (MOD- the shallow and the semi-confined aquifers, split in
monitoring network in the pilot area, both for shallow and FLOW2005) model were developed: three levels associated to ranges of concentrations
semi-confined aquifer (Fig. 13). . . . representative for the diffuse contamination.
— Groundwater flow was calibrated (i.e hydraulic
Realization of three monitoring campaigns conductivity parameter) based on the observed All the performed activities, as the modelling tools
) ) ) data (campaign in March 2018) by using auto- and elaborations developed on the upgraded
- Chlo.rlnateq solvents (PCE, TCE, TCM, CIS-PCE), hydrochemicals matic inverse calibration (PEST). groundwater database, have allowed to:
and isotopic parameters were monitored in order to survey the
Figure No. 13 - Realization of deep (left) extension of plumes and support the calibration of the numeri- — Plume extensions, the mass flow rate released — Depict an extensive profile on the contamination
and shallow piezometers (right) cal models. from sources, the spatial evolution of contam- by chlorinated solvents in the pilot area of Milan:

inants (from 1954 to 2017) were determined. the CHC pollution is mainly linked to a diffuse con-
The plumes contours were used to divide mon-

itoring points linked to point sources
from monitoring points linked to dif-
fuse contamination.

Inverse transport model (uncertainty |
analysis on hydrogeological param-
eters, i.e. hydraulic conductivity by .
means of Monte Carlo approach)

By means of the inverse advection trans-
port model, it was possible to track the . L~
particles of the contaminants both (i) for- . .
ward starting to a suspected sources in
order to estimate in a probabilistic way
the influence of contamination downgra-
dient, i.e. sensitive receptors like public
wells, and (ii) backward starting from
contaminated piezometers or wells in /
order to find, in a probabilistic way, the &

areas where the pollution takes its origin. i T

Multivariate analysis and factorial .
analysis, in association with geosta- \;‘
tistical analysis

The Multivariate and factorial analyses,
in association with geostatistical anal-
ysis applied on the previous outcomes

PCE Aguifor A " Jr

B Pt e Y (V5 L]
B P B Bl S (813 o

DiHunn nutwers [T

. . Ay NS

Figure No. 14 - Plumes representation P

. . . & B

using the modelling results in shallow Civameatca s L

. Fluass POE e aled B o &T5 1750 3 500 5350 7000
aquer - — —




PCE Cartagraphy o
Diftuse Contamination |

Undiffsrntiated Agueter - A+l
£}
El=r

1410
U a4
Ehallow hquifer - &
pai
<1

1.1-10

I <9246
—— Aquitard

[ Pllot Area (157 km*2) 0 L000 2000 4,000 A0

000

Figure No. 15 - Spatial distribution of the diffuse PCE
contamination in the undifferentiated and shallow
aquifers

tamination and the monitored values
are in general less than 10 pg/l. The
median values (2010-2017) show that
values in large part of the pilot area are
under the threshold values for drinking
water, whereas nearby the suspected
sources the values are higher than 100
ug/l. The reference standard that de-
fines the concentration thresholds for
aquifers to guarantee human health
are defined by the decree and, among
the others, establish the limit values for
PCE (1.1 pg/l) and for TCE (1.5 ug/I).

— Detect the six main plumes of con-
tamination, depicting their extension,
feature, possible evolution in time and
space and the most probable origin/
historical potential sources.

— Distinguish both point sources of con-
tamination and relevant plumes from
diffuse contamination (Fig. 14).

—Draw the maps of diffuse PCE contam-
ination distribution associated to three
ranges of concentrations representative
for the diffuse contamination (Fig. 15).

The major critical issues emerged from
the above technical outcomes, repre-
senting the picture of the groundwater
contamination of the pilot area, have
been dealt with the Management plan.
In the Plan, specific actions for ground-
water contamination prevention, mon-
itoring and management have been de-
fined with the aim to protect the public
health and increase the awareness of the
population on groundwater pollution in
north-western Milan pilot area

PILOT ACTION 4

-

ASSESSMENT OF NA POTENTIAL AS A REMEDIATION
OPTION IN PARMA FUA (ITALY)

Introduction

Study area

Parma is a town in the North of Italy, with a popula-
tion of about 200.000 inhabitants. The study area is
placed in the urbanized territory of the Municipality
of Parma (Fig. 16), and includes the historical down-
town and recent settlements. The area is subjected
by a dense urbanization, with a concentration of
residential built up areas, trading and services. His-
torical gardens (Parco Ducale) are the North bound-
ary of the study area. The mean ground elevation is
about 55 m above sea level.

Hydrogeology

The area presents a flat morphology softly sloping
to N-NE, following the course of alluvial conoids
that have been deposited by the Taro, Parma and
Baganza Rivers (all the waterways flow through the
municipal territory). The study area is located in hy-
drographic left of the Parma River (Fig. 18).

The Quaternary drifts present ribbon-like and lens-
like structures that lengthen following the stream
that laid them down and that are mostly made of

Figure No. 16 - Map
of Italy, Emilia-
Romagna region (in
red) and location of
the city of Parma (in
yellow); the large box
shows a map of the
city and the location
of the Pilot Site (red
circle)




heterogeneous clastic sediments, from gravelly
to clayey (with sudden spatial variations). Fig. 17
shows, as example, the North-South hydrogeologi-
cal cross section that crosses at the pilot site.

Contamination

The first information about the groundwater pol-
lution (presence of hydrocarbons, Methyl tert-bu-
tyl ether - MTBE, Benzene, Toluene, Ethylbenzene,
Xylenes - BTEX) was collected in 2002 during a rec-
lamation procedure on an area in which was locat-
ed a gas station. At the end of the procedure, the
sampling analysis showed PCE concentrations in
groundwater higher than the law limits, even in
piezometers upstream the gas station. From 2005
to 2015 the Perchloroethylene (PCE) concentration
presents a positive trend up to 18-24 pg/I.

In February 2013 an historical analysis of the com-
mercial activities, which potentially used PCE and
were close to the study area in the 20-25 past years,
has been carried out.

The knowledge at the beginning of the AMIIGA pro-
ject did not allow to identify the source of the pol-
lution and the extent of the plume; for this reason
it was necessary to design and improve the environ-
mental investigations.

In order to evaluate the Natural Attenuation as poten-
tial remediation method, seven sampling campaigns
(from September 2017 to March 2019) were carried
out on the designed monitoring network. During the

sampling campaigns, water samples were collect-
ed for the analysis of the following compounds: Ni-
trate, Nitrite, Trichloromethane, Vinyl Chloride (VC),
Trichloroethylene (TCE), Perchloroethylene (PCE),
1,1-Dichloroethylene (1,1-DCE), 1,2-Dichloroethyl-
ene (1,2-DCE), Ethylene, Trichloroacetate and Ethan-
ediol. Moreover, water sample were collected for the
evaluation of the bacteria that are present at the pi-
lot site and for isotope analysis.

The sampling campaigns performed by AMIIGA have
showed that the main pollutant was PCE. TCE was
always below law limits; 1,1 DCE had values above
law limits only in the second sampling round (Decem-
ber 2017) and VC was detected only at AMIIGA_PZ5
during the second sampling campaign and at AMII-
GA_PZ9 during the third SC, but with very low values.

At the moment, since the responsible of the con-
tamination is unknown, according to Italian laws the
Municipality of Parma has to bear the costs of the
investigation and remediation. At the present state,
the sources of the pollution are still unknown.

The hydrostratigraphic system is composed of
aquifer reservoirs, juxtapose, overlapping and
partially or totally isolated by barriers of perme-
ability made of sedimentary bodies, whose pre-
dominant element is fine.
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The groundwater interested by the pollution is
between 9.0 to 18.0 m depth.

The first aquifer that feeds the city agueduct is at
least 36.00 m deep the ground level.

The local environmental authorities are aware
that the pollution could be drained in the deeper
aquifer (feeding the city aqueduct).

The application of the AMIIGA project has led us to
identify a new situation of contamination of the shal-
low aquifer around the Arlecchino kindergarten: the
adopted consequence is the start of a technical-bu-
reaucratic process that will lead to manage the pollu-
tion phenomenon: a risk analysis will be elaborated.

A second action was the development of the ground-
water monitoring network within the urbanized area
of Parma: seven new piezometers were drilled, that
allowed and will allow to control the quality of the
groundwater environment in the area of the Oltretor-

rente (Fig. 18). These infrastructures could also be used
for general clean-up operations should the need arise.

The Technical University of Liberec analysed the
water samples of two sampling rounds (Decem-
ber 2017 and May 2018) using the innovative Bio-
Molecular Techniques. These analyses allowed to
identify the presence of denitrifying bacteria, sul-
fate-reducing bacteria and BTEX degraders and only
slightly active organohalide respiration.

These results indicated that there was not an effective
degradation of CHCs, which meant that the Natural At-
tenuation at this stage was not an option in the reme-
diation process of Parma pilot site. On the other hand,
the observed concentrations were not very high and
presented a variability during the hydrological year.

Nitrite was always close or below the detection lim-
its except in the Galasso Channel, whereas Nitrate
was always below law limits. Furthermore, denitri-
fying bacteria were detected. The Nitrites and Ni-
trates now do not represent a contamination prob-
lem at the pilot site; however a Natural Attenuation
of Nitrate is already observed.

The isotope analysis on 180 and 2H performed by
University of Parma indicate that surface water and
groundwater coming from the Apennines are feed-
ing the shallow aquifers within the Parma plain.
Groundwater and surface water have a strict con-
nection upstream the city of Parma. The isotope
analysis on 13C performed by Politecnico di Milano,
unfortunately, due to the low PCE concentration val-
ues did not provide any significant result.

Two groundwater numerical models have been de-
veloped. The first was developed at FUA scale in or-
der to evaluate the main groundwater flow direction
and to roughly identify the hydraulic parameters of
the aquifer, whereas, the second model was devel-
oped at pilot site scale and aimed at reproducing with
high details the geometry of the shallow investigat-
ed aquifer. The local model kept into account all the
data collected during the project development. Both
numerical models were calibrated in transient condi-
tions, thanks to the available and new data. The mod-
el at FUA scale covers an area of about 630 km? and
spans from Apennines to the Po River, whereas the
local model (about 9 km?) is focused just upstream



and downstream the pilot site area. The numerical
model at pilot area scale was applied to: identify the
mean flow direction at local scale; estimate the mean
hydraulic conductivity of the aquifer; reproduce the
seasonal variability of the water table; perform trans-
port simulations starting from potential sources.

After the calibration, the numerical model was ap-
plied to perform backtracking analysis in order to de-
limit the potential source areas. Thanks to the work
carried out by the Municipality of Parma to list the
potential contaminant source sites and the Web-GlIS,
it was possible to overlap the backtracking results to
potential sources, such as: Car Garage, Deposit, elec-
trical Plant, Laundry, Leather works and Mechanical
Construction. After an analysis of the potential sourc-
es, timing and groundwater velocities, one source
was identified as the most probable.

A simplified transport simulation was performed to
reproduce the hypothetical contaminant evolution
from the identified source. In particular, it was as-
sumed to consider a conservative contaminant and

a constant injection (1 mg/L) at a potential source
for ten years; then the plume evolution was ob-
served for other 20 years. Fig. 19 shows the plume
evolution for 30 years with a time step of 5 years.

Performed Pilot Action AT2.4 - Implementation
of Pilot Action 4: Assessment of NA potential as
a remediation option in Parma FUA (IT) has met
planned expectation and brought the following
achievements:

collection and organization of all available hydro-
geological and chemical data on Web GIS and GIS
platform,

development of a new monitoring network with
the drilling of seven new to monitor the develop-
ment of groundwater pollution,

development of groundwater numerical model
at FUA scale and at local scale,

chemical, isotope and BMT analyses were per-
formed to evaluate the NA feasibility.

Figure No. 19 - Contamination plume
evolution from hypothetical source
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Figure No. 20 - The aerial photo of the town centre
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N-SITU BIOLOGICALLY ENHANCED REMEDIATION
IN NOVY BYDZOV FUA (CZECH REPUBLIC)

Introduction

Novy Bydzov (Fig. 20) belongs to the smaller towns in the
Czech Republic, with the population of about 7,200 peo-
ple. It covers the area of 3528 ha. The town was founded
in 1305, originally as a royal town, and it was an important
administrative centre of the Cidlina Region in the past.

Industry in the city has developed in the 19th and
20th century. Industrial plants, such as machinery
plants, metal cutting plants, metal foundry plants,
plants for chemical treatment of metals etc., were
scattered within the town and a lot of them were sit-
uated in the vicinity of residential areas. State owned
enterprises were privatized in the 90s of the last cen-
tury. Some industrial plants were later abandoned or
closed as a consequence of bankruptcy or econom-
ic inefficiency. The improper handling of hazardous
compounds (such as chlorinated hydrocarbons, min-
eral oils etc.) caused during the communist period
uncontrolled contamination of Quaternary aquifer.

A serious health problem of a citizen living beside a
ruined and closed KOVOPLAST Plant was discovered
in 2007 as a consequence of drinking contaminated
water from a private well. The level of groundwater
contamination from chlorinated aliphatic hydrocar-
bons has reached thousands of micrograms per litre.

The City of Novy Bydzov as the responsible authori-
ty for groundwater, drinking water and contaminat-
ed site management and as land owner has started
to initiate measures to protect the public health and
has carried out groundwater investigations in the
first two decades of 21st century:

Participation in the project FOKS (CE 2008-2013)

— Assessment of health risks arising from previ-
ously identified contamination of groundwater
in the premises of the former KOVOPLAST Plant.



— ldentification of other potential hot spots of
groundwater contamination in the territory
of the City Novy Bydzov, their verification and
assessment with regard to possible health im-
pacts on the population, sources of drinking
water and other environmental aspects.

m Participation in the EU fund Operation Pro-
gramme — Environment (EU 2012-2015)

— Detailed supplementary exploration of the pollut-
ed locality for further design of remedial measures.

— Testing of suitable remedial technologies for re-
moval and reduction of the pollution of ground-
water.

Threat of groundwater pollution to FUA
Novy Bydzov
The processed Risk analyses (2010, 2015) have con-

firmed serious potential risks on human health in resi-
dential area surrounding the former plant KOVOPLAST.

A numerical model of groundwater flow developed
for the city of Novy Bydzov has confirmed that qual-
ity of the groundwater body in FUA Novy Bydzov as
well as the quality of the surface water body in the
Cidlina river basin (covering the area of 176 km?)
could be affected from the pollution if no mitigation
action is performed.

Environmental burns (Fig. 21) threaten public health,
preventing residents use groundwater for drinking
and utility water, complicating prepared investment
projects in Novy Bydzov area and affecting the quality
of surface water of the river Cidlina that represents the
main drainage bases of Quaternary aquifer in region.

Benefits from Project AMIIGA to FUA
Novy Bydzov

In the project AMIIGA, the innovative remedial
technology Biological Enhanced Reductive Dehalo-
genation (BRD) has been applied for decreasing the
contents of chlorinated hydrocarbons in ground-
water in the working area in FUA Novy Bydzov. The

Figure No. 21 - Concentration of suma chlorinated hydrocarbons in groundwater - FUA Novy Bydzov (June

2012) (webGlS toll developer in AMIIGA)

w=-m functional Urban Area PP4 - Novy Bydiov

Pilot Action Novy Bydzov demonstrates the exem-
plary case study of processing the biologically en-
hanced remediation of groundwater polluted with
chlorinated hydrocarbons. Pilot Action in FUA Novy
Bydzov performs the key steps assuring the effec-
tive and sustainable remediation- testing remedial
procedures in laboratory scale, then verifying in the
field in pilot scale before the full scale application.

During AMIIGA project the following activities were
performed in Pilot Action Novy Bydzov.

= Supplementing of monitoring network

— The existing system of monitoring wells at the
Novy Bydzov built in the years 2012-2015 were
supplemented with 5 new monitoring wells.

— The location of the new wells was based mainly
on the possibility to fill in the missing data on
the actual extent of groundwater contamina-
tion and to improve the planned remediation
of the groundwater therein.

m Monitoring the development of groundwater
pollution in the working area

— The monitoring program was carried out twice
a year. The initial groundwater monitoring cam-
paign was carried in January 2017. The next cam-
paigns were performed in June 2017, in Novem-
ber 2017, in July 2018 and in December 2018.

Figure No. 22 - Schema of direct-push injection.

m Specification of groundwater and dissolved pol-
lution transport pathways

— Evaluation of datasets with historical data from
remediation works (2012 — 2015).

m In-situ biologically enhanced attenuation

— Laboratory test of remedial technique was con-
ducted in laboratories of Technical University in
Liberec between January and April 2017 Four dif-
ferent carbon sources (lactate, glycerol, cheese
whey and PHB (polyhydroxybutyrate)) have been
tested and basing on several analyses (BMT, pH,
ORP, conductivity) the best one was chosen for
application in situ. Further, various oxidants were
tested in order to evaluate the removal of con-
taminants from Novy Bydzov groundwater. The
tests helped to specify the parameters of the re-
mediation in the scale of field test.

— Field Pilot Test of technology BRD (biologically
enhanced dehalogenation) was tested in area
located eastward from the former plant Kov-
oplast (the main source of groundwater pol-
lution). Application of cheese whey was per-
formed in three separate rounds via direct-push
technique in the inflow area of the monitoring
wells. Particular application rounds were con-
ducted in November 2017, December 2017 and
May 2018 (Schema of the direct-push applica-
tion is shown in the Fig. 22).
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m Groundwater operational monitoring was per-
formed with the objective to evaluate efficiency
and progress of remedial technology BRD. Moni-
toring was conducted once before the first injec-
tion of cheese whey in November 2017 and then
monthly until nowadays. Bio-molecular tests
(BMT) were used to characterize microbial specif-
ic degraders according to relevant contamination
of CHC.

Performed Pilot Action AT2.5 - In-situ biologically
enhanced remediation has met planned expecta-
tion and brought the following achievements:

m Collection and systematization of all available hy-
drogeological and chemical data on Web GIS and
GIS platform,

m Creation of a supplementary network of monitor-
ing wells to monitor the development of ground-
water pollution,
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m Reduction of CHC groundwater pollution at the
testing site (Fig. 23),

m Defining the extent of the contamination plume
in the southern part of the area of interest and
identifying 2 new sources of pollution,

m Confirmation of suitability of BRD application as
the main procedure for removal of CHC contami-
nation in the contamination plume on the site of
Novy Bydzov,

m Processing methodology for BMT application in
biodegradation method BRD,

m Processing methodology for the removal of
groundwater contamination CHC.

The development of groundwater pollution during
the testing of innovative technologies is illustrated
in the Fig. 23.
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Figure No. 23: Development of concentrations of suma chlorinated hydrocarbons in groundwater - the
former plant KOVOPLAST and its vicinity (2012-2018) (webGlIS toll developed in AMIIGA)
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PILOT ACTION 6 4
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CONSTRUCTION AND MONITORING
OF BIOREACTIVE BARRIER WORKING
IN JAWORZNO FUA (POLAND)

Introduction

The city of Jaworzno is located in the southern part of
Poland, in the eastern part of the Silesia Province - the
most industrialized area in Poland. Jaworzno FUA cov-
ers core part of the Jaworzno Municipality and adja-
cent cities partially located within the boundaries of
the groundwater body No. 146 (Fig. 24 and Fig. 25).

Jaworzno is among the largest towns in Poland - its
area is 152.7 km? with more than 94.000 inhabitants.
In 20% century Jaworzno’s economy has been based
on power engineering connected with the extractive
industry, cement and chemical industry which have
affected far-reaching transformations of components
of the environment. The most significant transforma-
tions affected surface water and groundwater. Jawor-
zno’s biggest environmental problem is the impact of
pollutants from the chemical industry in the valley of
the Wawolnica stream (Fig. 26).

The valley of the Wawolnica stream is contaminat-

ed as a result of activity of chemical industry dating
back to the 1st World War period, with the highest

intensity from the 60°‘s to 80°s of the 20th century.

The site of former Chemical Plant Organika-Azot S.A.
plant was recognized by the Helsinki Commission
as one of the most important industrial (chemical)
“hot spots” in the Vistula River Basin - dangerous
sources of potential contamination for the Baltic
Sea basin®. Up to now more than 195 thousand tons
of hazardous wastes have been recorded in this area

1 e Alist of significant pollution sites around the Baltic Sea — HELCOM
Hot Spots — was established in 1992; http://www.helcom.fi/Doc-
uments/Action%20areas/Industrial%20releases/List%200f%20
hot%20spots%20as%20per%20December%202015.pdf

Figure No. 24 - Location of Jaworzno Municipality
(source: GIG elaboration based on http://mapy.
geoportal.gov.pl and https://commons.wikimedia.org)

Figure No. 25 - FUA Jaworzno (red colour

of boundaries) with indicated boundaries of
Jaworzno Municipality (grey colour) (source: GIG
elaboration)
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Figure No. 26 - The location of contaminated site in Jaworzno Municipality with indicated plume of

contaminants, Trzaski et al. 2012

and their adverse effect on the environment, espe-
cially soil, groundwater and surface water has been
confirmed?. Among the disposed wastes there are
hundreds of dangerous, persistent toxic substanc-
es, such as: pesticides, their semi-finished products
and partial decomposition products. Some of them,
like - DDT, DDE, DDD, dieldrin, endrin, alpha-HCH
(a-HCH), beta-HCH (B-HCH), gamma-HCH (&-HCH)
are considered as posing particular threat to the
environment and are included in the list of persis-
tent organic pollutants (POPs) under the Stockholm
Convention.

AMIIGA project, focused on multiple characteri-
zation, assessment and management strategies,
intended to build and capitalize on the results of
former Interreg Central Europe project FOKS (Fo-
cus On Key Sources of Environmental Risks), which
had been realized in the years 2008-2012 by Cen-
tral Mining Institute with the City of Jaworzno. The

activities implemented within FOKS project con-
cerned the identification of key sources of ground-
water contamination in the most contaminated
area of Chemical Plant Organika-Azot S.A. and the
nearby waste disposal area — Central Landfill (CSO)
in the Wawolnica stream valley (including a former
sand pit “Rudna Gdéra”), as well as selection of best
technology to stop the contamination emission
and development of general concept of remedia-
tion.

The further and more detailed remediation concept
for Jaworzno contaminated site was developed in
the years 2014-2015 within Multi-variant Techni-
cal and Environmental Analysis (WATS?) carried out
by GIG in 2015 at the request of the City Council
of Jaworzno as part of the project titled “Activities
aimed at solving the problem of hazardous waste
accumulated in the valley of the Wawolnica stream
in Jaworzno - stage 1”.

2 » Forexample:in regional documents, such Environmental Protection
Program for the Silesian Voivodship until 2019, with a view to the
year 2024, https://www.slaskie.pl/download/content/67075

3 e Wariantowa Analiza Techniczno-Srodowiskowa (WATS) pn. , Dziata-
nia zmierzajgce do rozwigzania problemu odpaddw niebezpiec-
znych zgromadzonych w dolinie potoku Wawolnica w Jaworznie
- etap 1”, Gtéwny Instytut Gérnictwa, Katowice 2015

Threat of groundwater pollution to
Jaworzno FUA

The main waste collection place in Jaworzno is the
former sand pit “Rudna Géra”. Although part of the
contaminants is being captured through a trench
system constructed at the bottom of the former
sand pit, the groundwater is still being contaminat-
ed. The level of groundwater contamination from
HCH is being from several to hundreds of micro-
grams per liter.

The contaminant plume migrated downstream,
along the post-glacial valley of the Wawolnica
stream, according to the general groundwater flow
direction. The analyses of risk carried during FOKS
project have confirmed serious environmental
risk in Jaworzno site. As part of AMIIGA project, a
groundwater Management plan has been created,
including, among others, concept for the regional
monitoring network and specific action plan cover-
ing activities to be performed in different periods of
time.

Within AMIIGA project also actions reducing the
impact of the identified groundwater contamina-
tion plume have been carried out, including mod-
ernization of the monitoring network in the area of

the Wawolnica stream valley and in the Przemsza
river valley for better tracing of the contamination
of groundwater pollution. The results of AMIIGA
project showed that there are two plumes of con-
taminants differing in types of HCH isomers and
their concentration. The northern plume is mostly
contaminated with b-HCH. And the second plume
containing a-HCH, B-HCH and 6-HCH with the con-
centration of sum HCH even above 100 ug/l was
noticed on the south of the Wawolnica stream
(Fig. 27).

The one plume with the concentration of HCH be-
tween 10-100 pg/l was observed in the north of the
Wawolnica stream (Fig.4).

Benefits from AMIIGA Project
to Jaworzno FUA

In the AMIIGA pilot action, the novel technolo-
gy of passive bioreactive barrier (PRB) has been
applied for decreasing the contents of HCH in
groundwater in the area of groundwater contam-
ination with pesticides downstream the Chemi-
cal Plant Organika-Azot S.A. PRB technology is a
novel groundwater remediation method which
allows to combine of physical, chemical and bio-

Figure No. 27 - The spatial distribution of HCH: A. The differences in concentration of HCH in the northern
and southern plume of contaminations; B. The proporotion between various isomers of HCH in the
monitoring points: aHCH (a, grey); bHCH (b, red); dHCH (d, blue); gHCH (g, yellow); eHCH (e, beige) -
Jaworzno FUA (June, 2017) (source: results of sampling campaigns during AMIIGA)
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logical in situ treatment of
contaminated groundwa-
ter using different reactive
materials, such as: iron
chips, sand, peat, biochar
and bacteria inoculum.
The barrier was built in
the funnel and gate system
with impermeable funnel
walls and 3 chambers con-
nected together (gates).
(Fig. 28).

The impermeable funnel is used to channel the con-
taminant plume into chambers 1, 2 and 3 (I stage) or
1 and 2 (Il stage) which contains the reactive mate-
rial. The main goal of investment implementation is
to test the effectiveness of the reactive barrier with
microbiological deposit (especially prepared for this
pilot action), as an appropriate component used for
bioremediation of groundwater environment con-
taminated with persistent organic compounds, to
eliminate migration of contaminants, as well as to
identify possible difficulties and the potential im-
pact of carried works on the health of residents and

the environment.

Within AMIIGA project the following activities were
performed in the contaminated sites of Jaworzno

FUA.

outlet

Figure No. 28 -
Scheme of the
reactive barrier
(source: GIG
elaboration,
AMIIGA)
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Supplementing of monitoring network

—Upgrading system of monitoring wells which
was built in 2010 in the framework of FOKS pro-
ject, by cleaning existing research points (par-
tially devastated and clogged) and construction
of three new monitoring wells.

—The implementation of new wells was neces-
sary to improve monitoring process of the cur-
rent state of the environment at the Jaworzno
site and to obtain the missing data on the actu-
al extent of groundwater contamination.

Monitoring the development of groundwater
pollution in the working area

—The monitoring program was carried out once
a year. The initial groundwater monitoring cam-

100%
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reactive iron + peat&sand

Figure No. 29 - The
effectiveness of HCH
load reduction by 2

chambers reactive
biobarrier contains:

Reduction of HCH load

cartridge I: (reduction
process by reactive
— iron) and cartridge
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60%
40%
20% I
=
8 21 36 56 64

86 II: (sorption process
with peat&sand
bead) (source: GIG
elaboration, AMIIGA)

paign was carried in June, 2017. The next cam-
paigns were performed in June, 2018.

Modelling of dissolved pollution transport in a
different scenarios

—Development of dissolved pollution transport
pathway in a 5- and 25- years perspective.

Monitoring the efficiency of groundwater treat-
ment by the bioreactive barrier

— Pilot test of bioreactive barrier technology was
provided in the area so-called “old heap near
the tracks” located nearly the Chemical Plant
Organika Azot S.A. in Jaworzno.

— Implementation of the bioreactive barrier was
preceded by the preparing actions:

¢ Determination of geotechnical conditions in
the place of localization of the barrier.

¢ Selection of appropriate sorbent for the bar-
rier.

¢ |solation and preparation of bacteria inocu-
lum to application into the reactive zone of
barrier in order to enhanced the treatment
of groundwater.

¢ Development the concept and then the tech-
nical project of the reactive barrier.

e Acquisition of necessary permissions and the
installation.

— The operational monitoring of the bioreactive
barrier was performed with the objective to
evaluate efficiency and progress of remedial
technology.

—Monitoring was conducted from May 2018 un-
til nowadays. The samples for physical, chem-
ical and biological analysis were taken twice
a month. Laboratory tests were conducted in
laboratories of Technical University in Liberec.
The isotope analysis of groundwater samples
was conducted in laboratory of Polytechnic of
Milan.

— Three different reactive materials (reactive iron,
peat&sand and biochar) have been tested sep-
arately and in combination in order to evaluate
the effectiveness of HCH sorption and reduction.
During sampling process, several physicochemi-
cal analyses (pH, ORP, conductivity, temperature
and oxygen concentration) were measured. The
test help to determination of sorption capacity
of peat&sand bed, the reduction process effi-



ciency by using iron chips, and to specify the pa-
rameters of the remediation in the pilot scale.

Performed Pilot Action A.T2.6 - Passive GW treat-
ment by bioreactive wall in Jaworzno FUA (PL) has
met planned expectations and brought the follow-
ing achievements:

* Reduction of HCH groundwater pollution at the
testing site (Fig. 29).

¢ Confirmation the potential of the passive biore-
active barrier technology for groundwater treat-
ment application, especially in the term of HCH
pollution removal.

¢ Indicating the technical guidelines for ground-
water treatment by using reactive materials as
sorbents in the passive reactive barrier technol-

ogy.

* Processing methodology for BMT application in
monitoring of treatment progress by the passive
bioreactive barrier.

* Processing methodology for the removal of
groundwater contamination with HCH.

The effectiveness of sum HCH and various HCH iso-
mers reduction by 2 chambers reactive biobarrier is
illustrated in the Fig. 29 and Fig. 30.
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Figure No. 30 - The effectiveness of various HCH isomers reduction by 2 chambers reactive biobarrier:
A) The effectivness of HCH isomers reduction via cartridge I: (reduction process by reactive iron); B) The
effectivness of HCH isomers reduction via cartridge Il: (sorption process with peat&sand bead) (source:
GIG elaboration, AMIIGA)
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PILOT ACTION 7

Figure No. 31 City district Feuerbach.

INTEGRAL MONITORING

OF REMEDIAL MEASURES EFFICIENCY
(STUTTGART-FEUERBACH FUA, GERMANY)

Introduction

The city district Feuerbach (Fig. 31) is historical-
ly characterized by many industries and small
commercial entities, handling with hazardous
substances, which led to severe soil and ground-
water contamination generated over the past
decades. Since 1983/84, the private responsibles
and municipality have investigated and remedi-
ated sites in Feuerbach that are contaminated
with volatile chlorinated hydrocarbons (CHC).
CHCs are of particular interest as pollutants, be-
cause they are (i) persistent and easily mobile
in the underground, (ii) spread over a large area
and (iii) endanger the quality of groundwater

i.e. the Stuttgart’s mineral springs (Vasin et al.,
2016).

The integral investigation of CHC contamination in
soil and groundwater in Feuerbach has been also
previously supported by the EU-funded projects
MAGIC and FOKS. Those projects focused on flow
and contaminant description of the shallow aqui-
fers (Fig. 32, working area). AMIIGA broadened the
scope on the deep, regional aquifers (Fig. 32, FUA).
Those are of particular importance in Stuttgart as
they discharge 19 mineral springs, which are used
for medical and spa purposes.
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Figure No. 32 -
Project areas

The goal of the pilot action was (i) to clarify the flow
and contaminant situation in both shallow and deep
aquifers, (ii) to understand potential pathways of
contaminant migration into the deep mineral wa-
ter aquifer and (iii) to design an efficient monitoring
network that captures the integral contaminant sit-
uation. The pilot action met the planned expecta-
tions and achieved its goals.

Threat to groundwater in FUA
Stuttgart-Feuerbach

Despite carried investigation and remediation meas-
ures over decades and current practices of environ-
mental management, soil and groundwater are still
remaining polluted in Stuttgart-Feuerbach. The in-
tegral groundwater investigations indicated that the
threshold values (CHC concentration < 10 pg/l and
load < 20 g/d) could not be fully achieved at some
sites with reasonable efforts and budget. Still it was
unclear whether and how the CHC contamination of
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Feuerbach affects the regional mineral water aqui-
fer (Muschelkalk). A system to monitor the develop-
ment of groundwater quality is missing.

Benefits from project AMIIGA to FUA
Stuttgart-Feuerbach

AMIIGA project enabled the City of Stuttgart to ad-
dress the issue of the existing mixed CHC-plumes
in public areas and their potential threat to deep
aquifers. Performed integral investigations in pilot
action and investments enabled to update and im-
prove the knowledge about groundwater flow and
transport of CHCs in complex hydrogeological con-
ditions. By identifying one major groundwater ag-
uifer (Bochinger Horizont — BH) out of seven, it was
possible to design an integral monitoring network
(IMN), which was tested and proved to be effective
for description of the integral contaminant situa-
tion in Stuttgart-Feuerbach. The obtained findings
helped establishing a groundwater management

plan for the working area Stuttgart-Feuerbach as
well, aiming at a reduction of groundwater contam-
ination and ensuring the good groundwater status.

During AMIIGA project, the following activities were
performed:

e Data assessment

All available data on flow and contamination were
assessed. The origins of data and information were
mainly from (i) the municipal database (BOISS/
Aqualnfo), (ii) the previous projects MAGIC and
FOKS and (iii) several investigation reports of con-
taminated sites. The collected data and data gained
in the project were imported into the database and
evaluated.

e Development of conceptual models

In order to develop a conceptual model, the fol-
lowing investigations were performed: (i) meas-
urements of groundwater level on 227 monitoring

wells, (ii) sampling and analysing CHC concentra-
tions on 55 monitoring wells, (iii) 15 isotopic anal-
ysis on 10 monitoring wells, (iv) BMT groundwater
analysis on 9 monitoring wells and (v) 10 BMT car-
rier analysis on 5 monitoring wells. Evaluation of all
results enabled the development of the conceptual
models for shallow and deep aquifers, describing
the flow and contaminant situation in FUA Stutt-
gart-Feuerbach (Fig. 33).

e Development of a numerical model

A 3D transient groundwater model was developed,
based on the conceptual models and previous inves-
tigations. The model included seven aquifers from
the quaternary to the limestone mineral water ag-
uifer Muschelkalk. The program system MODFLOW
with extended functions was used. Flow and trans-
port of CHC were calculated between 2007 and 2017
for each aquifer (Fig. 34). The results were essential
for the development of the management plan.
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Figure No. 34 - Numerical model results for the CHC
contaminant transport in the major groundwater
aquifer.

e Drilling of new monitoring wells

Within investment activities, three monitoring wells
were constructed (Fig. 35):

(i) AMIIGA 1 with a depth of 32 m in order to check
the vertical percolation of CHCs in the area of de-
pression, built in the major groundwater aquifer BH,

(ii) AMIIGA 2 with a depth of 94 m in order to extend
the monitoring network in deep mineral water aqui-
fer, built in Muschelkalk and

(iii) AMIIGA 3 with a depth of 21 m to capture the
northeastern gradient and to describe, evaluate and
quantify a possible vertical transfer of CHCs to deeper
aquifers, built in the major groundwater aquifer BH.

Figure No. 35 - Drilling cores of AMIIGA 2
monitoring well.
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e Establishing of the integral monitoring network

An efficient monitoring network (IMN) for Stutt-
gart-Feuerbach was designed. The wells of the
IMN were selected to capture and describe the
integral contaminant situation in the major aqui-
fer BH (Fig. 36). One sampling campaign has been
performed, which confirmed that IMN is efficient,
enables further reduction of long-term monitoring
costs and is easily transferable to other FUAs.

Figure No. 36 -
Integral monitoring
network in the
working area
Stuttgart-Feuerbach.
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