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Basic concept

Most European cities are located in river
basins using groundwater from local shallow
aquifer systems. Industrial development in the
20™ century was rapid and caused urban
groundwater pollution, often exceeding the
legal limits. Changes in land use during this
period have created complex contamination
patterns, such as heterogeneous distribution of
contaminants, the presence of different conta-
minants and large areas of landfill (Fig. 1).

As well as damage to the wider environment,
existing soil contamination has resulted in incal-
culable costs for long-term groundwater reme-
diation. Healthy residential and working condi-
tions can be guaranteed only on uncontaminated
ground. The presence of environmental pollu-
tion can limit investment in urban development
on brownfield sites. However, structural changes
now in place offer an opportunity to improve
soil and groundwater quality. Considerable
thought must be made in order to reach sustain-
able improvements - this is exemplified by the
integral procedure developed by INCORE.

Wilhelmsbrunnen 1 u. 2
__Gottli_eb-Dajmler Quelle

The current legal approach to treatment of
soil and groundwater pollution is focussed on
a particular set of problems caused by a
specific polluter. All measures aim at a rapid
reduction in environmental damage so that
risk to the public associated with a particular
property is removed. However, this approach
fails in heavily polluted areas with different pro-
perty owners and complex pollutant patterns
(Fig. 2).

Large amounts of private and public money
are being spent to identify and assess point
sources of contamination without being able
to reliably quantify their impact on the ground-
water quality; numerous remediation schemes
are undertaken without an economic evaluation
of their long-term performance.

Five European cities, Stuttgart, Linz, Stras-
bourg, Milan and Bydgoszcz, which share the
similar groundwater problems in their industri-
alised urban areas, committed themselves to
jointly develop suitable solutions. Specific local
conditions vary in these five INCORE project

Fig. 1:

Project area Stutt-
gart with com-
plex contamination
patterns
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groundwater flow direction

Fig. 2: Complex pollutant situation
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areas; they vary with respect to groundwater
conditions, existence of public and private mo-
nitoring wells, type of pollutants, size of pro-
blem areas, rising groundwater problems etc..
Therefore they provide a representative range
of the conditions to be expected across Europe.
In order to achieve the INCORE project goals
in a cost effective way, different parts of the
anticipated tool set were applied and evalua-
ted at different levels of detail in the five
selected areas.

The proposed INCORE strategy for the in-
vestigation, remediation and revitalisation of
industrial areas is based on an integrated
guantification of total contaminant emissions.
It considers entire industrial areas instead of
particular single sites, in order to achieve
a high level of confidence in the investigation
results.

An innovative cyclic approach is proposed
beginning with the screening of groundwater
plumes at the scale of entire industrial areas,

and ending with the remediation of individual
source areas or the containment of plumes.
The major advantage of this approach is that
the number of local scale sites, or the size of
the area to be considered, is reduced stepwise
from one cycle to the next. Thus, a large po-
tentially contaminated area would be screened
but ultimately only a small area may need to
be remediated. Figure 3 presents a schematic
of this new approach.

This new approach repeats an investigation/
assessment/revitalisation cycle three times at
different scales:
= Cycle | - the groundwater quality is

screened downstream of the potential

source areas.

= Cycle Il - only those sites where ground-
water quality is not acceptable are con-
sidered further. In these cases analytical
methods are used to backtrack and iden-
tify sources of contamination.

Fig. 3: INCORE cyclic approach
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The INCORE tools

Cycle | Cycle I Cycle lll
[ | M we1: M wpa:
investigation data inventory localisation and identifi-
cation of contaminants
7 wpr2:
integral groundwater
investigation WP5: B wré: WP7:
assessment risk assessment for monitored natural improvement
WP 3: groundwater and soil attenuation and of admini-
integral groundwater contamination emission focussed/ strative pro-
] assessment combined remediation cedures
revitalisation technologies
Y
implemen-
tation
= Cycle Il - the characteristics of the source This “no further action” approach provides |Fig. 4:

zones are considered for remediation to con-
trol emissions, or implementation of moni-
tored natural attenuation. The most appro-
priate technology is selected by establishing
what level of contamination reduction is
required, considering the proposed future
use of the site.

The INCORE approach

This INCORE phased approach is illustrated
in a strategy flowchart. Following this chart
guides the application of the approach and,
where required, enables the user to go straight
to more detailed explanations in the extended
report (enclosed on the CD).

Plume screening
Before commencing any activity the existing
and future use of land and groundwater in the
project area needs to be clearly defined so that
the objectives for the whole revitalisation
process of the area under consideration can be
established. A survey of historical information
is compiled, reviewing:
= potentially contaminated areas,
= former land/groundwater use,
= former industrial processes and activities
that might have caused environmental
pollution,

a cost effective set of tools (Fig. 4) for the
optimised investigation, evaluation and mana-
gement of contaminated groundwater and
land in industrialised urban communities.

— strateqy. flow chart

= relevant contaminants, their fate and trans-
port characteristics.
Finally a conceptual site model, a functional
description of the problem, has to be developed.
Based on this model the position and length
of control planes for groundwater investigation
(see p. 10) can be outlined in the area under
consideration. The main decision variables are:
= the number and position of wells
- distance between control planes,
= pumping rates and time,
= sampling intervals.

Assessment of integral pumping tests (IPT,
see p. 10) provides quantitative results for the

following major decision criteria A-D:

A Mean/maximum concentrations of pollu-
tants for well defined areas, which can
be used as input to a model for a qualitative
and quantitative characterisation of risk.

Tools for ground-
water revitalisation
in urban industrial

areas
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Fig. 5: Flow chart (simplified; extended INCORE guide see CD-ROM )

Cycle I:

plume screening

definition: objectives, project area;
present and future land/gw use

data inventory,
conceptual site model

integral pumping test;
pollution analysis

criteria A: criteria B:
mean/max. con- contaminant load,
centration; total mass flow rates;

strengh of ground-
water impact

baseline health risk ass.,
risk based concentration

evaluation of
criteria A-C

pollution relevant

Cycle I1:

source screening

criteria C: criteria D:
delimitation of boun-
daries of contamination;
source zone pos., max.
shape/length of plumes

mapping of

pollution not relevant

dynamic investigation using
on-site analysis

fingerprinting
soil and groundwater

source intensity fits

matching
to load in plume

fingerprints

yes yes

further “remediation”
is needed

yes

Cycle ll11:

updated conceptual/

geological model no

yes

no

source/plume remediation

feasibility study; site specific,
areal/combined solutions

technical evaluation
using the computer program IS|

economical evaluation

RE

risk assessment according to risk-
based land management concept

implementation of
remediation activities

historical survey of project area

delimitation of area
under consideration;

no-information-area

no further action
at this state of knowledge

no further action

monitored natural attenuation

periodical monitoring



U&B
extended INCORE guide see CD-ROM


B Contaminant load or mass flow rates transpor-=

ted by the groundwater. This quantifies
the impact of a contaminant source on the
groundwater and allows an estimation

of the pollutant concentration at the
source.

C Combining a backtracking technigue with
plume length statistics (see p. 12) or appli-
cation of estimated decay rates for dif-
ferent contaminants, it is possible to deline-
ate, approximately, the location of plumes
and their source zones.

D The assessment modelling provides a
method for delimitation of contamination
boundaries. Parts of the project area for
which no information has been gathered
by the groundwater investigation will be
identified.

Source screening

The main inputs to cycle Il are the size of
the area affected by contaminated ground-
water and the number and position of poten-
tially contaminated spots. This is followed
by deciding upon the most appropriate and cost-
effective sampling and backtracking strategy.

Dynamic site investigation (see p. 15) uses
adaptive sampling and analysis programmes.
These programmes itselves rely on on-site ana-
lysis and is continuously adapted, based on the
data from drilling, sampling, analysing and
interpretation in the field. This dynamic inves-
tigation and its interpretation lead to the
identification of size and position of contami-
nant sources within the area to be considered.

Detailed fingerprinting studies in soil and
groundwater using biomarkers and stable iso-
topes (p. 16) clarify which contaminant sources
are responsible for the identified plumes. In
cases of multiple sources the extent of contri-
bution from each source can be determined.

For the final confirmation of source-plume
relationships the following criteria need to be
cross-checked:
= Are there corresponding general patterns

of contamination and matching fingerprints

both at the source and at the plume?

Does the intensity of the source (area, con-
centration, solubility) fit with the identified
contaminant load in the plume?

= Are all the data plausible and in agreement
with the updated conceptual site model?

Administrative decisions on the need for
future remediation activities can then be taken
for each source zone identified. If no remedia-
tion is implemented, the administrative deci-
sion would have been for one of the following:
= no further action,
= a long-term programme for monitoring

natural attenuation,
= a periodic monitoring programme or an

option on investigation in the future
combined with a re-assessment at a defi-
ned date.

Thus, cycle Il results in site-specific decisions
about required remediation activities.

Source/plume remediation

The first step of cycle Il consists of carrying
out feasibility studies for site-specific remedia-
tion options. This comprises the evaluation of
options for remediation of the source, the plume
and integral or combined source-plume solutions.

A feasibility study has to be performed in a
similar way whether considering an area (rather
than a specific site), or combined solutions
(rather than single solutions). Studies focus on
the advantages and limitations of remediation
scenarios considering combined remediation
of clusters of pollution or a joint activity addres-
sing areas affected by several plumes (see p. 20).

The technical feasibility can be checked
according to well-established criteria, e.g. with
support of the newly developed computer
program ISIRE (see p. 21). The feasibility study,
combined with the economic evaluation, results
in a comparison of the cost-effectiveness of
the different options that appear to be suitable.

According to the principles of risk-based
land management, the source-pathway-receptor
concept, future use and the general rules of
appropriateness and proportionality will be ta-
ken into account for a final decision.

Administrative
decisions at the end
of each cycle

define further

action
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Fig. 6, 7, 8:

Project area in Linz
(above, fig. right)
and in Milan

(fig. below)

The general objective of the first work
package (WP1) was to produce comparable data
inventories for four different project areas as a
basis for the conceptual site models and to
visualise obtained data in combination with
geographic information.

Linz

The initial project work in Linz considered
nearly two thirds of the city area (Fig. 6, 7).
As the aim of WP1 was to collect relevant data
to assist the selection of suitable areas for the
integral pumping tests the definition of a large

n project area

impacts
impacts on groundwater
and soil verified

. impacts on groundwater
verified

B impacts on soil verified

200 m 0 200

former landuse

n industry and commerce

waste disposal

Data inventory of the project areas

branches

D other

D energy production and
mining

D oil industry

D chemical industry
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1000m 0 1000

O broject area

cadastral map

electronic industry

D glass, ceramics, stone and
soil industry
textile, leather, wood and
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D trade and traffic
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inventory area was opportune. The sub-areas

cover different types of problems, for example, Strasbourg

commercial activities on the smaller sites date The “Plaine des Bouchers” site is situated
from the 20t century, whereas large industrial  in the south of the city of Strasbourg (Fig. 9).
activities near the waterfront of the Danube Industrial activities on the site date from 1918.
River started with steel production during The industrialisation of the area began after

World War II. These industrial and commercial the building of railways in the region and is
activities are the most relevant polluting sources dominated by the metal industry and the che-
in the investigation area. mical industry. The project area is currently
under industrial and commercial land use. Only
small parts in the north are designated as green
The project considered a large industrial areas and car-parking areas.
site “Meton” (660,000 m?, with up to 2,500

Milan

workers), situated in the south east of the city Stuttgart

of Milan (Fig. 8). From 1914 until 1980 the The area investigated is located in the

industrial plant produced inorganic chemicals.  eastern part of the city in a valley along river

Pesticides and herbicides were produced on Neckar (Fig. 10). The industrialisation of the

site from 1980. In 1988 an urban redevelop- Neckar valley started with the first railway there

ment plan for the area commenced. According  in 1845. Management of the river enabled

to this plan, which is currently being imple- industrial settlements within the alluvial mea-

mented, the site is to be mainly occupied by dows and flood zones in the 1920s. The area

green areas, residential housing and commer- became a major industrial zone in 1958 with

cial buildings. Remediation works began in the opening of the Stuttgart harbour. Fig. 9, 10:

1993 an are still in progress. The area is no longer economically viable. Project area in Stras-
The impacts of pollution from the site on peo- bourg (left) and

ple and the wider environment are well known. |in Stuttgart (right)

D project area

D potentially polluted
site
landuse

B commerce, service
. industry
residential
B transport
misc. built-up area

[ green and recreational site 500 m 0 500

D project area

[ potentially polluted site

groundwater well




Plume screening

Fig. 11:

Integral investiga-
tion method for the
qualification of
groundwater con-
tamination (PTAK &
TEUTSCH, 2000)

Integral groundwater inves-
tigation

The basic idea of the integral groundwater
investigation method (TEUTSCH et al., 2000;
PTAK & TEUTSCH, 2000) is to cover a whole
cross-section of a contaminant plume down-
stream of a pollutant source, employing
pumping tests with multiple contaminant con-
centration measurements at the pumping wells.

To apply the integral investigation method,
one or more pumping wells are placed along a
control plane (control cross-section) perpendi-
cular to the groundwater flow direction and
operated simultaneously, or in subsequent
pumping campaigns, downstream of a suspected
pollutant source zone. The positions, pumping
rates and pumping times are designed in a way
to allow well capture zones to cover the over-
all width of the potentially polluted area
(Fig. 11). During pumping, as the capture zones
increase, the concentration of contaminants
and/or other groundwater quality parameters
is measured as a function of time at each of
the pumping wells used.

Since each concentration value within
measured concentration time series is represen-
tative of a distinct aquifer zone, information
on the spatial distribution of both concentra-
tions and mass flow rates can be obtained, in
addition to the mean concentration and the
total mass flow rate. For the interpretation of

the concentration time series, a transient inver-
sion technique was developed (PTAK & TEUTSCH,
2000; BAYER-RAICH et al., 2002), which is based
on a time dependent calculation of isochrones
and mass balances for the increasing capture
zones. As no interpolation of point scale concen-
tration measurements is required, investigation
results at a high level of certainty are obtained.

Application in Linz

As an example, Figure 12 shows the applica-
tion of the integral investigation method in
Linz in the Danube river valley. The aquifer was
screened for possible sources of tetrachloro-
ethene (PCE). Contamination had been detec-
ted in a water supply well in the 1980s. Since
the early 1990s efforts have been made to
enable re-establishment of this public water
supply in the future. Locations of potential
sources of PCE were identified by a historical
survey, focusing on dry cleaners and other com-
panies using PCE (Fig. 12).

Three control planes were designed (CP1-
CP3), consisting of a total of 10 pumping wells.
Pumping rates and pumping times were chosen
to yield a full coverage of the control planes.
Each of the wells was pumped for a time peri-
od of about five days using a constant pum-
ping rates of up to 15 I/s. Using the measured
concentration-time series (up to 11 ground-
water samples) and the inversion algorithm,
average PCE concentrations and PCE mass flow

(properly position
generally unknown)

pumping tests with concentration time series

measurements
potentially
ntamin L
:ﬁeta ated mean groundwater flow direction
isochrones
well 1
“~—__ control cross-
source of section
pollution

contaminant plume

mean contaminant mass flow rates and

concentrations at control cross-section

plot of concentration vs. time during pumping
tests, compound specific
Cc  well1

C well 2 C well 3

transient inversion algorithm based on a nume-

rical flow and transport model of the field site

10
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Fig. 12:
INCORE study site

in Linz

rates across the capture zone of each pumping
well were calculated, on the basis of a nume-
rical flow model of the study site. The results
of the inversion are given in Table 1. The inver-
ted concentrations in the aquifer under the
assumption of a symmetrical concentration dis-
tribution around the pumping well are shown
for each control plane in Figure 13.

PCE concentrations were found to be
highest at CP3 where two plumes are present.
A large plume is present at CP2, which is not
completely covered by the control plane.

The groundwater upstream at CP4 is only
slightly polluted.

) Conclusions
@® wells used for inte-

) ' gral pumping tests INCORE has demonstrated that this ap-
P4 L i potential source . . .
Sl RS zones proach using control planes as an integral inves-
== control planes tigation method can serve as a highly effective

hydlf]?ulic heads and | tool for the investigation of groundwater con-
pathlines L . . .
tamination, especially at sites with a complex

pattern of contamination.
Employing the integral inves-

Table 1: Results of the inversion for PCE L
tigation method, the com-

maximum  water flow across mean con-  max.con-  mass flow pound-specific average con-
diameter well capture zone  centration  centration rate taminant concentration, the
3
e I [m?is] [hai] (uo/l] [a/d] spatial distribution of con-
P2-1 48.87 3.52 E-03 19.90 25.34 6.05 centration values along a
pP2-2 55.80 2.19 E-03 11.30 15.70 2.14
control plane, and the total

P3-1 70.18 2.20 E-03 34.40 57.59 6.54 . fl
P3-2 50.20 7.54 E-04 11.70 12.82 0.76 contaminant mass flow rates
P3-3 45,23 2.64 E-03 26.20 48.12 5.98 downstream of an area
P4-1 55.56 1.16 E-03 0.87 1.62 0.09 under investigation can be
P4-3 81.90 2.70 E-03 1.04 1.68 0.24 = [Fits T el G et
P4-4 73.50 2.06 E-03 451 8.00 0.80 9 .
P4-5 91.73 3.39 E-03 4.20 6.94 1.23 Results from the integral
| investigation obtained at
Fig. 13: Isochrones and inverted PCE concentration within the aquifer C [ug/

for the three control planes

([~
{1\

\\=2
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=

60
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Fig. 14:

Principle of using
(a) particle tracking
results from two
models M1 and M2,
to delimit the source
(or its absence)

at the same signi-
ficance level, for

(b) non-reactive
and (c) reactive

compounds

the scale of entire industrial areas (megasites)
can be used for risk assessment purposes. If
applied at multiple control planes (situated at
different distances downgradient from a con-
taminant source zone), results are valid for
the quantification of the natural attenuation
potential, as well as for the development of
priorities for clean-up and/or further investi-
gations and for the design of remediation
measures.

Delimitation of potential con-
tamination source zones

The integral groundwater investigation
method can be very effectively introduced into
general methodologies for assessing the effects
of aquifer parameter uncertainty on estimates
of mass flow rates and concentrations, as well
as for delimitation of both contaminant source
zones and zones not affected by the source
(JARSJO et al., 2002).

Firstly, possible uncertainties related to un-
defined boundary condition (BC) values are
investigated. For each boundary, a range of
variabilities is used to define extreme possible
BC values and/or average BC values. The dif-

ferent possible BC values are then combined.
The combinations leading to extreme values in
terms of hydraulic gradients (flow) and/or
flow directions are used in the subsequent un-
certainty analysis.

Secondly, the possible uncertainties related
to variability in the aquifer properties, e.g. hy-
draulic conductivity (K) values, are investigated.
The starting point is to estimate the statistics
of site-specific small-scale hydraulic conductivi-
ty values, and to determine the (possible)
uncertainties associated with these estimates.
These estimates are then used as input for the
limiting case analysis and/or for the numerical
stochastic simulations described below. Next,

a limiting case for aquifer heterogeneity is con-
sidered, namely variation of hydraulic conduc-
tivity in the vertical direction (z) only (layered
anisotropic aquifer geometry). Analytical
expressions for the mass flow rate estimation
errors have been generally derived, assuming
a negligible influence of the natural ground-
water flow on the development of pumping
well isochrones. If the uncertainty in mass flow
rate estimation is shown to be relevant in the
limiting case analysis, and if the numerical
model indicates aquifer zonations and that the
influence of boundary conditions is signifi-
cantly different from the assumptions of the

— Model (M1 and M2) boundary

[

I (b) Zone d

efini-
| tion: Inert
compounds

Control plane (CP): M1
Control plane (CP): M2

Streamlines: M1
Streamlines: M2
Flow direction: M1
Flow direction: M2
Delimiting source |
Delimiting source absence

V7

limiting case problem so-
lutions. Then the mass flow
uncertainty is addressed
numerically by performing
stochastic simulations.
Finally, the combined
influence of the uncertainty
of the BCs and the uncer-
tainty of the K values can be
addressed. The total mass
flow rate estimate is linearly
related to both the estima-
ted hydraulic gradient
(which, in turn is determined
by the BCs) and to the esti-
mated value of the hydrau-
lic conductivity. Therefore,
the combined uncertainty in

12
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Benzene: limit =1

==

Control planes Backtracked
(CPs): zones:

(i) source
C>> I presence
limit

(if)

C in between Ej

(i) and (iii)

(i)

C<< H source
limit/10 absence

groundwater flow direction

the mass flow estimate can be fully determined
on the basis of the uncertainty in the hydrau-
lic gradient estimate (caused by the uncertain
BCs) and the uncertainty of the K-distribution
statistics. The probability of exceeding regu-
lation limits can be estimated by considering
the confidence intervals of the mass flow esti-
mates.

The backtracking approach is used in the
previously defined worst-case scenarios (Fig. 14)
to delimit the position of the source zone. This
approach produces a spatial distribution of
limits for the source zone extent in the trans-
verse direction. In addition, plume length
statistics (e.g. SCHIEDEK et al., 1997) for diffe-
rent contaminants and aquifer conditions
(alternatively first order decay rate models or
sophisticated multispecies-multiprocess reac-
tive transport models) with a predefined con-
fidence level are used to determine a spatial
distribution of limits for the source zone even
in the longitudinal direction.

Mapping of contamination levels

A map of the investigation area can be
obtained based on cycle | and from the appli-
cation of backtracking methods in cycle II.
This map shows zones with different levels of
contamination impacting on groundwater.
Flow weighted concentration averages over
the control plane and compound specific concen-
tration trigger values of the State of Baden-

Wirttemberg have been used to delimit the
different zones. Maximum concentration values,
for example, across a control plane could be
used to identify source / source absence zones
as well. The decision about which value is used
for this modelling work depends on the local
regulations. Using the resulting map (Fig. 15),
a regulator is able to rank these zones at a pre-
defined level of confidence, and to set prio-
rities for further actions. Focussing at first on
zones with high groundwater impact helps

to concentrate effort and resources at sites that
have the highest groundwater contamination
potential. This leads to more efficient decision-
making, as well as more effective investigation
measures and remediation activities.

The different zones obtained from this in-
tegrated investigation give an indication of
the location of suspected sites on a large scale.
However, a smaller scale identification of local
contaminant source zones is needed in order
to apply the polluter pays principle. To reach
this goal additional source screening tools such
as fingerprinting technology can be coupled
with integral pumping method.

Fig. 15:
Delimitation of
source zones based
on backtracking
results in the
Neckar Valley,
Stuttgart, for
benzene and CHC
(after JARSJO

et al.,, 2002)
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Pl Cost-effectiveness — costs

and level of confidence

To determine the location of the contami-
nant plumes, their extent and the sources of
the groundwater contamination, the INCORE
methodology proposes to establish a number
of control planes and to perform integral
pumping tests (IPT) and on-site analysis. The
level of knowledge achieved by this approach
is represented by the “level of confidence”,
which can be estimated by calculating the

probability of the plume length for each con-
taminant based on plume length statistics.

The level of confidence achieved and the
size of the area investigated using the INCORE
methodology differ from conventional investi-
gation, where groundwater contamination
is detected point by point in the source zone,
usually without considering the plume. This
allows only a limited comparison of the results
and the costs of conventional and integrated
methodologies.

Figure 16 gives the cost

Table 2: Integrated preliminary investigation costs

structures for IPTs performed
in four project areas broken

[unit] | Stuttgart |Strasbourg|  Linz Milan down by the different tasks.
- " This reveals significant dif-
integral pumping test
costs EUR 751 400 124000 162 000 135260 ferences between the pro-
number of wells 34 2 10 7 ject areas depending on the
total cost/ length of EURIm 289,00 35429 294,55 294,04 dlf_ferent c_ontamlnants _
control plane being considered, the possi-
total cost/ squaremeter EUR/m? 96,33 47.80 3273 19,60 bility to use or partly use
of cross section L
existing wells, as well as
total cost/ pumped volume | EUR/m?® 9,01 3,61 4,42 1,05 . .
varying hydrogeological con-
total cost/ well EUR/well 22100 62 000 16 200 19 300 ditions

preliminary investigation
(in percentage)

123 26,

Stuttgart

4
Milan
16,4
52,8
17,9

2,4
24,5

84420

Fig. 16: Cost structures for integrated

0 177

16,4

121

Strasbourg 28,6
compulsory costs
. pumping test
58,8 .
. modelling

chemical analysis

. survey of wells

37 278
Linz
36,4 optional costs
27,8
0,6
37

B waste water

drillings

Table 2 summarises the
costs for integral pumping tests. Although

the costs vary quite widely it is obvious that the
most influencing factors are the length of the
control planes and the number of wells.

The overall costs were highest in Germany
where an investigation comprising 34 wells was
conducted. The total costs were lowest in
France, because no drilling was carried out.
However, the costs per well in France are about
three times higher than in the other cities,
because of relatively high fixed costs for model-
ling and pumping (because of the high trans-
missivity of the aquifer).

A 100% level of confidence was obtained
at the control planes by integral investigation.
However, the level of confidence decreases with
increasing distance up gradient of the control
plane (Fig. 17). The distance depends on the
nature of the contaminants, the level of con-
fidence to be achieved and the hydrogeological
situation. Calculated average values of chlori-
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ability to identify source
zones. For example, suitable environmental

conditions might improve natural attenuation
processes and support the degradation of con-

Table 3: Specific plume lengths

Milan Stuttgart
Site Meton Site Neckar Valley
Contaminant CHC Benzene

100 % Capture Zone (IPT)
75% 500 m 60 m
50% 800 m 170 m
25% 2200 m 420 m
Source screening
[ The results of cycle | indicate the areas in

which the sources of contamination responsible
for the detected plumes are most likely to be
found. However, a more precise identification
of the contaminant source area is needed. Pre-
cise localisation and delimitation is prerequisite
for a final risk assessment and any further esti-
mation of remediation activities and related
costs. Clear evidence of the source-plume rela-
tionship defines the responsibilities and enables
the regulator to apply the polluter pays prin-
ciple with confidence.

INCORE provides several tools for the pur-
pose of localisation and identification of con-
taminant sources, which have been developed
and demonstrated in the project. These are

taminants before they reach the control plane.
Therefore positioning the control planes at a
50% level of confidence as a standard require-
ment for an integral investigations seems to
be a suitable suggestion covering a wide range
of site-specific settings.

The decision between conventional and in-
tegral investigation should be made on a case-
by-case basis. Considering large areas with
many potential sources of contamination, the
integral INCORE approach leads to signifi-
cantly reduced costs.

INCORE tools for localisation:

= local scale integral pumping tests,

= multiple point investigation based on
dynamic workplans.

INCORE tools for identification:

= petroleum hydrocarbon fingerprinting,

= isotopic fingerprinting of CHC.

Dynamic workplans

The way back from a detected plume ‘some-
where downstream’ can be effectively traced
by multiple point investigations using a dyna-
mic investigation approach based on the appli-
cation of adaptive sampling and analysis. This
strategy has been described in a manual for
application of dynamic investigation program-
mes (Fig. 18). As well as spatial evidence, finger-

INCORE tools for
localisation and
identification of
contaminant

sources
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Fig. 18:

Strategy for dynamic
on-site investi-
gation (LfU, 2001)

objectives

ground level, marks the upper surface of the
major aquifer in the Rhine valley. No pollution
was reported at that time.

To the north west of the site of the acci-
dent is an allotment area, equipped with hand-
pumps for watering. Garden owners complained
that this water smelled of petrol. The INCORE
team checked whether some of the residual
plume affecting their supplies could be traced
to the 1997 accident or to previous events
(there have been several accidents involving
hydrocarbon fuels in the Petroleum Port area).

Conclusions for accident site:

Several wells indicated low concentra-
tions of a contaminant identified as
being an old heavy fuel oil. In one of
the wells the contamination was
overlapped by a younger contaminant
identified as being diesel fuel or
heating oil, estimated to be about 20
to 25 years old.

Hence, INCORE demonstrated
that there was no plume of pollution
from the 1997 tanker accident
(which involved lead-free gasoline and
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60 diesel fuel). Affecting the pollution
noticed by its hydrocarbon odour that

printing technology (based on recognition of
characteristic compound distribution patterns
or isotopic signatures) can prove source-plume
relationships. INCORE has developed a tool
based on statistical methods for multi-compo-
nent analysis evaluation of petroleum hydro-
carbon characterisation which can distinguish
between different petroleum products as sources
of groundwater contamination (Fig. 19).

Two examples for application of the
INCORE fingerprinting tool

On June 18" 1997, a tanker truck carrying

13 m3 of lead-free petrol and 17 m? of diesel
fuel overturned near the Petroleum Port in
Strasbourg and caught fire. Three control wells
were subsequently drilled around the site to
check whether pollution had reached the
groundwater table which, at 1 to 3 m below

had led to the complaints from the
gardeners, was in fact related to this much
older contamination caused by heavy fuel oil.

Example 2, on the Strasbourg site of “Plaine
des Bouchers” the plume screening performed
in work package 2 (WP2) found high CHC
(chlorinated hydrocarbon) concentrations on
the western side, and two pumping tests were
subsequently carried out. The interpretation of
the pumping tests in work package 3 (WP 3)
could not determine whether there was one
single plume (400 m wide) or two parallel CHC
plumes. The aim of the fingerprinting there-
fore was to decide whether or not more than
one source has caused the plumes (see Fig. 20).

The $*C composition measured for PCE
(tetrachloroethene) range from -23%o to -30 %o.
PCE from wells 1027 (Prochimest site, a known
source), 70, 710 and 933 have similar §**C values

16




for different concentrations of PCE (about 25 %),
whereas wells 1120 and 273 have lower §*C
compositions (about -30 %o).

This indicated the existence of two plumes
originating from at least two different PCE

sources; one source is located on the Prochimest

site, the source of the other plume (responsible
for the pollution of the well of the hospital
downstream) has not yet been identified.

The results from sites in Milan and Stutt-
gart additionally reveal clear evidence for
ongoing degradation processes by fractionation,
which allow basic assumptions for the appli-
cability of monitored natural attenuation as a
remediation option.

Risk assessment

The goal of the INCORE work package 5
(WP5) was to assess health risks caused by
groundwater contamination. The WP5 INCORE
final risk assessment products are:
= Health risk assessments and risk based

target concentrations for the investigated

test sites;

= “RiskWater” computer software based on
typical groundwater exposure scenarios;

= Guidelines for risk-based evaluation and
assessment of investigation results and eco-
toxicological definition of site-specific
remediation targets.

The INCORE project methodology for asses-
sing risks to health was generally based on the
US EPA approach to contaminated sites. The
health risk assessment (HRA) process comprised
two main strands, a baseline human health risk
assessment and development of risk-based
preliminary remedial goals, also known as risk-
based concentrations (RBCs). RBCs are provided
as one of the criteria used during analysis of
remedial alternatives.

Potential non-cancer risks are evaluated by
comparison of the estimated contaminant in-
takes from each exposure route (oral, dermal,

known plume
supposed plume
| — piezometric line
PCE concentration
@ > 100 pg/l
©® 40-100 pg/l

4-40 pgll
o 1-4ugl/l
o <1ug/l

inhalation) using Reference Doses (RfD) to pro-
duce the Hazard Quotients (HQ). To assess

the overall potential for non-carcinogenic
health effects posed by more than one chemi-
cal, the HQs calculated for each chemical are
summed (assuming additivity of effects) and
expressed as a Hazard Index (HI). If the HI ex-
ceeds unity (the value of 1), there are potential
non-carcinogenic adverse effects.

Cancer risks are estimated as the incremen-
tal probability of an individual developing
cancer over a lifetime as a result of exposure
to the potential carcinogen (i.e., incremental
or excess individual lifetime cancer risk). If a
site has multiple carcinogenic contaminants,
cancer risks for each carcinogen and each
exposure route are added (assuming additivity
of effects) and compared with the acceptable
level. An excess cancer risk value of 1x10°®
(one in a million) was used as the acceptable
risk level for the INCORE project.

INCORE used deterministic and probabili-
stic approaches in performing risk assessments.
Using the site-specific data already obtained,
human health risk assessments were performed
for the test sites in Stuttgart, Linz and Milan.
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Table 4:
Residential ground-
water exposure

scenario

Fig. 21:
Carcinogenic
risk value,
Linz-Heilham,
well P2-1

The same methodology was also used for calcu-

lating risk-based contaminant target concen-

trations at these test sites. The following

exposure scenarios were identified and a quan-

titative risk assessment was performed:

= residential (in Milan - for future ground-
water use, Linz - for present and future use)
and

= emergency (Stuttgart — for future use).

Application in Linz

The approach and the results for Linz-
Heilham are highlighted to illustrate the risk
assessment conducted for the INCORE project.
The condition of the groundwater in the
aquifer was evaluated with regard to the poten-
tial risks that it might pose to humans (only
adults) in a residential exposure scenario.
Exposure pathways considered in this scenario
include ingestion of tap water, inhalation of
vapour-phase chemicals from water during
household use and dermal contact with conta-
minants while showering or bathing.

The risk assessment is focussed on two con-
taminants: tetrachloroethene (PCE) and tri-
chloroethene (TCE); they were characterised
separately for carcinogenic and non-carcinoge-
nic effects.

WP 3 results from a numerical evaluation of con-
centration-time series data from ten wells were
used as input data for the HRA at Linz-Heilham.

The HI values were below 1 for all investiga-
ted wells (from 0.0046 for the well P4-1 to 0.22
for the well P3-1; see Table 4). This result
indicates that potential non-cancer risks using
the residential exposure scenario assumptions
are within the acceptable level of risk.

Contribution of exposure routes to
total carcinogenic risks

inhalation 48% oral 34%

18-

dermal 18%

Summary of risk values, Linz-Heilheim
Well Hazard index Cancer risk
P2-1 1.5x 101 4.1x10°
pP2-2 6 x 102 1.8 x 10°
P3-1 2.2x10% 6.2 x 10
p3-2 6.2 x 1072 1.8 x 10
P3-3 1.4 x 101 4.1x10°
P4-1 4.6 x 1073 1.4 x 10
P4-2 3.1x107? 8.9 x 10°¢
P4-3 5.5x 10 1.6 x 106
P4-4 2.4 x 107 7x10°
P4-5 2.2 x10%? 6.5 x 10°¢

Potential carcinogenic risks from exposure
to contaminated groundwater at Linz-Heilham
ranged from 1.4 x 10 for the well P4-1 to
6.2x10% for the well P3-1; the acceptable risk
of 1x10° was exceeded at all of the investiga-
ted wells (Table 4).

The main contribution to the total cancer
risks was from the inhalation exposure where
both PCE and TCE occurred together (wells
P2-1 and P3-1). When only PCE occurred (the
rest of the investigated wells) the main contri-
bution to the risk was from oral exposure.

Figure 21 shows the contribution of expo-
sure routes to total cancer risk for one selected
well (P2-1).

The HRA findings indicate that the presence
of TCE and PCE in the groundwater in Linz-
Heilham may pose a potential cancer risk to con-
sumers of groundwater when used as tap water
under the residential exposure scenario.

RBCs, which are target concentration levels
for individual chemicals that correspond to a
target risk (TR), have been derived under the
residential scenario for potential combined
exposures by all routes. For non-carcinogenic
effects of PCE and TCE, the RBCs were calcula-
ted in order to achieve circumstances where
the Hazard Index for combined exposures by
all routes would not exceed a value of 1 (non-
carcinogenic TR). For potential carcinogenic
effects, the TR was 1x10-¢. Residential RBCs,
derived basing on carcinogenic effects, amoun-
ted to: PCE - 0.64 pg/l and TCE - 0.03 ug/I.

It should be emphasised that TCE is present
in groundwater as a by-product or breakdown
product of PCE. Therefore, it would be of ut-
most importance to locate and remove the sour-
ces of the PCE pollution. Only with corrective
actions undertaken at source zones will it be
possible to reduce the groundwater pollution.




Source/plume remediation

Natural attenuation

Natural attenuation (NA) describes the ob-
served reduction in contaminant concentrations
and/or contaminant mass flow rates as conta-
minants migrate from the source in environmen-
tal media. Under favourable conditions moni-
tored natural attenuation (MNA) may be used
as a contaminated land management option.
However, it has to be demonstrated that the
NA processes may efficiently and consistently
protect the environment from harmful impacts.

Problems in demonstrating NA arise from
the hydraulic and geochemical heterogeneity
of the aquifer. Furthermore, the heterogeneous
distribution of the pollutants in source zones
can cause complex spreading behaviour in the
plumes. In these situations a point-scale mea-
surement may lead to a high degree of uncer-
tainty in characterising contaminant plumes.

To overcome these limitations INCORE has
developed some new methods for the evalua-
tion of NA at field scale conditions. INCORE’s
integral method for determination of contami-
nant mass flow rates may be successfully used
for the evaluation of natural attenuation. By
combining several integral pumping tests (IPT)
along two or more control planes any decrease
in contaminant mass flow rates (MFR) with in-
creasing distance from the source can be direct-
ly measured under field scale conditions (Fig. 22).

Application in porous aquifer

A field study on NA of BTEX (benzene, tolu-
ene, ethylbenzene, xylene) and PAH (polycyclic
aromatic hydrocarbons) in porous media was
performed at the site “Kraftwerk-Ost” located
in a former industrial area (Stuttgart). Former
gravel pits had been filled with waste from the
nearby gas manufacturing plant. Soil and
groundwater are highly contaminated with
BTEX, PAH, and other contaminants. NA-specific
site investigations were mainly based on mea-
surements of contaminant mass flow rates by
IPT at two consecutive control planes. In addi-
tion, groundwater samples were taken at a
series of points. The preliminary results showed
that the mass flow rates between the control

planes decrease significantly for the mono-aro-
matic compounds and naphthalene and by a
factor of 2 to 3 for PAH. As this may not be
explained by retardation, the most effective NA
process at the site is probably biodegradation
resulting in steady state plumes. If the results
are confirmed by further investigations, NA as
a contaminated land management option at the
site would be acceptable with respect to the
plume length of the mono-aromatic compounds
(<150 m) and probably also for PAH if the re-
maining mass flow rates at the second control
plane are considered to be acceptable.

Application in fractured aquifer

A field study on NA of CHC (chlorinated hy-
drocarbons) in fractured media was performed
at the site “Nesenbachstrasse” (Stuttgart). As
fractured rock sites are frequently extremely
complex sites and CHC are generally difficult to
locate in the subsurface, the characterisation
and prediction of the fate and attenuation of
these contaminants at such sites is a challenging
task. There are numerous local and regional
data available from the extensive investigations
already undertaken at the “Nesenbachstrasse”
site. Low CHC concentrations had been detected
in the past in downgradient groundwater moni-
toring wells so it was assumed that the proces-
ses of NA are taking place. Additional site in-
vestigations were performed using a step-by-step
approach with interim assessments. The first step
was the identification of essential migration
pathways (lateral and vertical). Then NA specific
investigations were performed regarding each
pathway. Using a combination of conventional
methods, stable isotope measurements and
integral pumping tests was found to be an ade-
quate strategy for achieving the objectives.

The results revealed that conventional
groundwater sampling by short-term pumping
might lead to an essential underestimation of
both concentration and contaminant mass flow
rates. Because CHC concentrations are still high
at approximately 150 m from the source zone-
monitored NA is not acceptable as a contamina-
ted land management option at the site.

Use of natural
attenuation

as contaminated
land management

option
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INCORE

NA flow chart
and INCORE
NA tool box

Based on the sase studies above, the most
important requirements with respect to
NA-specific site investigation and evaluation
were identified as:
= Development of an initial conceptual site

model is a prerequisite.
= A detailed identification of migration

pathways is required.
= In case of quasi homogeneous aquifers the
approach of measuring mass flow rates

by integral pumping tests at two consecu-

tive control planes may be sufficient for

NA quantification.
= A combination of conventional and innova-

tive methods was found to be suitable

strategy for a thorough NA evaluation in
heterogeneous media.

= At complex sites (e.g. fractured media) the
uncertainty in the delineation of the con-
taminant plume (the quantification of the
mass flow rate at consecutive control
planes) may be too high to make a firm de-
cision on whether or not MNA is a suitable
remedial approach.

NA investigations in contaminated land
management programmes should be performed
as step-wise (tiered) approach coupled with
interim evaluation stages. A possible strategy
for the implementation of MNA is given in the
INCORE NA flow chart - for each step of the
investigation the goals and the resulting NA
evaluation criteria are displayed. The INCORE
NA tool box shows which methodologies should
be used during the respective steps of the NA
investigations.

Integral remediation concepts

At present conventional remediation metho-
dologies like excavation, capping and enclosure
are common place, whereas use of in situ tech-
nologies is still a minor element of the reme-
diation scene in Europe. The integral approach
evaluates, at scale of whole areas, the optimal
combination of active remediation technolo-
gies for source zones with passive systems and
monitored natural attenuation. In fact, for
large industrial areas, the remediation of the
whole areas or a combined remediation of
different sources could be a reasonable econo-
mic and ecological solution.

In general, three different settings or stra-

tegies can be considered (Fig. 23):

= Joint treatment of a whole area by using
passive technology or monitored natural
attenuation — Plume concept

= Remediation of each single hot spot -
Source concept

= Combined remediation of clusters of
related hot spots or overlapping plumes -
Combined source-plume concept

The evaluation shows that the plume con-
cept and the source concept form the two
basic solutions whereas the combined concepts
prove to be the optimal solution in many cases
indicating no clear preference for the extremes
of plume or source concept. Besides the tech-
nical aspects and a technology related cost-
effectiveness-evaluation, further key questions
have to be considered for the decision between
the different concepts mentioned above:

Fig. 22:

Control plane
approach for the
quantification
of natural
attenuation
(HERFORT

et al., 2000)
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= What degree of real estate value can be
reached by re-use of land?

=  What size of area will be affected by re-
maining/tolerated concentrations by
application of the plume concept and what
level of concentrations will be reached?

= Will stakeholder acceptance be obtained
for a solution based on the plume concept?

= How many private parties will be involved
in a solution based on the plume concept?

Decision support on technical items has
been provided by INCORE in a set of data sheets.
They form the core input data to the ISIRE
software (In Situ Remediation techniques),

a computer program implemented in a user-
friendly windows interface. The ISIRE program
provides an immediate answer to the possible
application of the different in situ techno-
logies considering at the same time several
parameters, such as chemical compounds and
site-specific characteristics. Moreover the
program allows the user to check the availabili-
ty of enhancements and/or combinations of
two technologies.

Case study in Stuttgart

The case study in Stuttgart represents a
large-scale application of the integral approach
on a scale of whole industrial area (mega site).
The plume and source screening showed that
five different plumes were overlapping. Diffe-
rent remediation scenarios were developed
and evaluated, considering technical feasibility,
effectiveness and costs for additional investiga-
tion, investment, operating and monitoring.
The considered scenarios include different
settings of pump & treat (close to the sources,
along one control plane, or combined with dig
& dump), areal scenarios using barriers, in situ

removal scenarios and a monitored natural
attenuation scenario.

A bioremediation scenario (oxygen enhan-
ced bioremediation, supported by hydrogen
releasing compound) turned out to be the
most appropriate. Total costs for this scenario
were the lowest of all. Although relatively
recent to the remediation market, it is a proven
technology. A scenario using dig & dump
and pump & treat appeared to be preferable
only in cases where land was required immedia-
tely for a development which included under-
ground construction.

Case study in Milan

The case study in Milan represents an appli-
cation at a local scale of the integral approach.
It started with plume screening at the “Meton”
site using IPT at a control plane downgradient
of the potential sources. This allowed the iden-
tification of areas presumed to be the main
areas responsible for the CHC contamination —
the “Old Spring” and the “Ex-PzC” sector
(Fig. 24). Cycle Il source screening was carried
out through on-site analyses (Soil Gas Survey)
and Isotopic Fingerprinting in a smaller area
of about 45,000 m2. This step allowed the zones
contaminated by CHC (see Fig. 24) to be de-
lineated. Basing on this a feasibility study was
carried out.

A preliminary evaluation of the possible
in situ remediation technologies was carried
out using the ISIRE program. Three remedi-
ation scenarios were compared: two conventio-
nal solutions (excavation and pump & treat)
and an in situ source removal scenario (steam
injection).

The following conclusions can be drawn
from the evaluation of the feasibility study:

Fig. 23:

Principle remedia-

tion strategies:

1 plume concept,

2 source concept,

3 combined
source-plume
concept
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Contaminant sources
and related plumes
in the project area
“Meton” in Milan

(i) Because of its rapid source removal, the ex-
cavation scenario has the clear advantage
of allowing the planned building activities
to commence after one year - although

it is very expensive;

In situ source removal scenario is the least
expensive but there is insufficient short-term

Fig. 24:
(i)

experience to be able to guarantee the
attainment of the desired remediation levels.

Conclusions

Innovative integrated remediation con-
cepts should encompass both effective deconta-
mination techniques, especially for the source
zones, to minimise the contaminant potential
in an effective way and MNA as a contaminated
land management option for plume manage-
ment. INCORE provides

= aset of tools for evaluation where MNA

groundwater flow direction

- = “Meton” site boundaries
=== known plume boundary
== supposed plume boundary
#++= no data about the plume

200 m 0 ® |[PTs control plane wells

* monitoring wells

would be acceptable
= software for identification of suitable

innovative in-situ-technologies (ISIRE),
= general criteria for selection of suitable
combination of technologies and NA.

Application of in situ technologies is still

impeded because

= some technologies do not yet have pro-
ven track records such that a 100%
guarantee can be made of attaining
remediation,

= of long time duration of remediation
action,

= the presence of low concentrations
levels may reduce the effectiveness of
the technique.

Management of contaminated sites aims at
the assessment, safeguarding and restoration
of healthy environmental conditions. Special
emphasis is placed on the defence of risk or
damages for human health. Management of
contaminated sites is an important public task;
the measures required must be defined and
enforced by public authorities.

The INCORE approach for management of
contaminated sites is based on the strategy of
EU water-framework-directive. The legal
requirements of the partner-countries were
examined to assess the likely acceptance and

Administrative concepts

implementation of the integrated INCORE
approach. Results showed that legislation in
most countries is based on the particular,
single site of contamination. Very few regula-
tions for the management of complex, over-
lapping groundwater contamination exist under
prevailing law.

The implementation of the INCORE ap-
proach will therefore require new administra-
tive concepts. On the other hand this survey
of national regulations revealed that there are
no significant conflicts exist between the integral
INCORE approach and prevailing national law.

272
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Recommendations

The INCORE recommendations should be
inserted into each national legal framework,
but as the administrations of the EU partner
countries are so different specific recommenda-
tions cannot be made. However, general re-
commendations should be made at the Euro-
pean level.

For the improvement of administrative
measures private-public-partnership models
(PPP models) - e.g. contracts under public law
— are included. For successful contractual
negotiations a certain amount of information
about the relevant sources and respective
liabilities is necessary. The willingness of all
liable parties to co-operate plays an important
role in the success of a project. This could be
improved by incentives like public funding
or speedy remediation. If the negotiations fail,
public authorities need appropriate legis-
lative instruments to be able to enforce reme-
diation.

The recommendations include the applica-
tion of the polluter pays principle. The pro-
portional contribution of the particular single
source to the whole contaminated area as
identified by cycle Il can be used as a standard
for cost allocation.

The practical relevance and applicability of
the recommendations have been discussed
with representatives of the European Commis-
sion, ministries, public authorities, umbrella
organisations of industry and liable parties
from Austria and Germany.

Five step approach

The INCORE approach is structured in five
different administrative steps (Fig. 25).

Step 1 establishes the area to be conside-
red, based on the results of a historical inven-
tory and hydrogeological conditions.

Step 2 is the core of the integral investi-
gation strategy. It aims to identify the plumes,
their sources and the quantification of the
their contribution to the groundwater pollu-
tion. PPP models can only be used in exceptio-
nal cases in this step, because of insufficient
information regarding relevant sources and
liability. Therefore the public authority should
perform this step.

Step 3 is similar to conventional manage-
ment of contamination at single sites. There-
fore the detailed site investigation should be
performed in the usual way.

Finally, the integral groundwater reme-
diation is performed in two steps — step 4
“remediation planning” and step 5

Procedure

Cycle
Delimitation of observation area 1+l R
(WP1)
. L Administrative law
Integrated investigation
(WP2-4)
Detailed investigation
(single site)
Cycle

Integrated remedial investigation 11
resp. planning (WP 5-6)

Administrative law

Administrative law

Integrated remediation

Authority

timal
SIS . Liable party

Implementation

“remediation activities”. Private-
public-partnership models are appli-
cable for both steps.

Fig. 25:

Five administra-
tive steps to
realise the INCORE
approach

Private-public-
partnership models:
their success
depends on the
willingness for
co-operation




Application on old gas-works in Bydgoszcz

Fig. 26:

Control plane
constructed
parallel to the river

The old gas-works in Bydgoszcz is located
in the middle of the town, on the left bank of
the Brda River. The gas-works operated be-
tween 1869 and 1973, producing gas for the
whole town in the process of dry coal distil-
lation. Since the town switched to the natural
gas in 1973 the gas-works operation has been
limited only to pumping and distribution
of imported natural gas. However, despite a
removal of old installation and modernization
of most of the buildings, the remains of old
technology, such as post-distillation tar and
leachates, rich in PAH and BTEX, are still present
in soil and groundwater.

Long time of gas-works operation and gaps
in partially destroyed during the war archives
make nowadays impossible to find out where
all the potential pollution sources (tar storage
tanks, benzene and naphthalene scrubbers,
temporary storages, tailing ponds, etc.) were
localized. Moreover in the past the low river-
bank area with old riverbeds filled with mud
and peat was covered with artificial embank-
ments for leveling purposes. This artificial mate-
rial, consisted of crushed brick and concrete
and furnace slag, included also some quantities
of post-distilled tar and other industrial waste,
which makes the potential pollution sources
identification even more complicated.
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The first, most shallow, generally uncon-
fined groundwater table in the area of gas-works
lies on the depth of few meters. The 5to 7m
thick aquifer is built of layers of post-glacial
sands and gravels, locally muds. The Darcy co-
efficient of this formation k equals to 3 to 8 x
10 m/s. The hydrophobic character of artifi-
cial material in the embankment together with
mud and peat layers cause local hydraulic heads
of approximately 1.8 m.

Underneath there is a layer of 6.5 m thick
Pliocene sediments (clays and silts with lignite),
of far lower value of k, which covers the main
Bydgoszcz region aquifer in Tertiary sandy sedi-
ments.

The INCORE site - a pilot project for
Bydgoszcz and Poland

Within the INCORE project one control
plane parallel to the river course was construc-
ted. It consists of 21 small diameter boreholes
lying within a distance of 10 m from each other.
Integral pumping tests and chemical analysis
of collected water samples allow for an identi-
fication of narrow propagation zones of PAH
and BTEX and based on them - sources of these
chemicals buried in the area of the gas-works.
Further calculations define a degree of human
health risk and hazards for the Brda River
(influence on water quality,
biological life, recreation
and sport usage opportuni-
ty, etc.). As the final result
the most effective scenario
of the further area manage-
ment can be proposed.

The contaminated land reme-
diation on the gaswork site
is a pilot project for the
industrial area in Bydgoszcz
which itself is typical for
many sites in Poland.
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Implementation

INCORE has provided guidance for a struc-
tured management approach for dealing with
groundwater contamination in large industria-
lised areas. This approach consists of several
technical tools embedded with a concept for
related administrative actions.

For practical future implementation of the
new approach the administrative acceptance
and a complete knowledge transfer should be
obtained. The administrative acceptance was
objective of a whole work package developing
administrative concepts for the INCORE ap-
proach. Knowledge transfer will be ensured by
a wide distribution of INCORE results on re-
search-, administrative-, and engineering level.

Besides this, the most effective dissemina-
tion is the direct practical application of the
results by the participants, which will be used
as additional model projects. The following
projects are already on the way:

Stuttgart

The municipality of Stuttgart has acquired
the ownership of an area around the present
central railway station from the Deutsche Bahn
AG. The station will be relocated underground
and the existing infrastructure will be phased
out between now and 2013. This area, “Stutt-
gart 217, covers about 120 ha and is located in
the heart of Stuttgart city centre. Over the last
100 years land use closely connected to the
railway activities has caused a complex conta-
mination situation in soil and groundwater.
The INCORE approach has been applied to this
area from 2002. Activities will be completed
towards the end of 2003.

In June 2003 the city council will decide on
a proposal for an integral groundwater inves-
tigation in the district “Feuerbach”. This district
has had intensive industrial use over many years.
Use of the INCORE approach in Feuerbach is
planned for 2004-2006.

From 1%t April 2003 the state of Baden-
Wirttemberg has been carrying out the inte-
gral investigation and remediation of conta-
minated groundwater in Ravensburg (the seat
of county government in the region of Lake

Constance). The environmental ministry Traffic
in Baden-Wurttemberg is planning to take up
the approach in the rules for public funding
contaminated sites management (Forderricht-
linien Altlasten).

Milan

The public administration of Milan has to
manage and investigate contamination of soil
and groundwater on a large scale, in order
to protect the public drinking water supplies
(from about 600 wells).

The municipality of Milan is now perfor-
ming the Groundwater Monitoring Civic System
in order to locate the risk areas. This entails
covering the whole city area with approxima-
tely 50 new monitoring wells (in addition to
approximately 50 existing monitoring wells).
The Monitoring Civic System will be completed
at the end of September and the first ground-
water monitoring will begin in October 2003.
This first phase of monitoring will identify the
most critical areas in Milan using the INCORE
methodology to characterise the plumes of
contamination and to locate potential sources
of groundwater contamination.

By applying the INCORE strategy over the
whole city, the municipality intends to be able
to prioritise its remediation work, starting with
the areas that are a real risk for the human
health of the citizens. The application of the
INCORE approach is planned for 2004.

Linz

The main sources of the PCE contamination
in the test region of Linz-Heilham have been
identified. The current intention is to remedia-
te affected public water supply wells in Heil-
ham within the next few years. Remediation
projects for at least four contaminated sites
are expected to be initiated in the near future.
Further investigation projects will use IPTs -
for example at a large old municipal landfill,
which is today used as a commercial area, and
at the industrial area in the south-east of Linz.
The general approach will be discussed in
the light of the forthcoming European Ground-
water Directive and is considered to be an ap-
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propriate strategy for investigations of ‘risk
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adapted for national conditions.
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