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SUMMARY: This study was directed towards defining criteria as well as illustrating the
hydrogeological research methods capable of identifying, within a large region, the most suitable
areas for the installation of new industrial plants.

A test-study was conducted in the Tenna and Aso River basins, covering an area of approximately

1000 km?2, in Marche Region.

1. INTRODUCTION

This work summarises the results of research performed in 1993 by the Department of Earth
Sciences at “La Sapienza” University in Rome, under contract to the “Istituto Superiore per la
Prevenzione e la Sicurezza sul Lavoro” (ISPESL).

This study was directed towards defining criteria as well as illustrating the hydrogeological
research methods capable of identifying, within a large region, the most suitable areas for the
installation of new industrial plants.

A test-study was conducted in the Tenna and Aso River basins, covering an area of
approximately 1000 km2, in Marche Region.

A pollution prevention criteria was adopted for the selection process, where the most suitable
area was considered that where there is minor risk of ground water contamination. The primary
objective of this study is to avoid the risk of polluting groundwater resources, although it was also
necessary to consider surface water protection. This two goals must be examined in tandem because,
as shown in the test research, these two water resources are linked through many processes.

The research methods were based on an up to date literature review, integrated with intense
field work which was indispensable to determine:

* the geological, hydrogeological and geomorphological characteristics of the region;
« the size, distribution and present use of the available groundwater resource;
» the chemical - physical characteristics of both local surface and ground water.

This research produced a series of 1:25,000 scale maps which illustrate the characteristics of
the region, particularly the aerial distribution of the major aquifers. The combination of these maps
results in a single map (Figure 1) which divides the region into areas of different levels of
contamination risk, indispensable for the safe placement of new industrial plants.

It is important to note that the greater part of existing plants in the sample area are located in
high risk zones.
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2. CRITERIA FOR LOCATING NEW INDUSTRIAL PLANTS

The criteria for site definition is based on the evaluation of pollution risk.

To evaluate this risk one must take into account the following elements, which are briefly described
below:

» the type of industrial plant;

+ the existing set of laws;

« the site and water characteristics.

2.1 Plant Type

One can consider any industrial activity which produces or requires the use of substances capable of
contaminating either surface or ground waters as a potential pollution source. Polluting substances
can be discharged, into the surface or subsurface environment, either during normal industrial
activities or as the result of accidental spills that compromise the use or integrity of the plant.

2.2 Laws

This study intends to guarantee the protection of surface and ground waters even in the case of
insufficient or disregarded laws, and above all in the case of damage or accidents which alter the
normal functioning of the plants and / or security systems.

2.3 Region Characteristics

This section has two objectives:

« to evaluate the risk of groundwater pollution due to industrial activities;

« to evaluate the risk of incidents which alter normal industrial activity, such as geomorphological
instability, volcanism, seismicity or floods, etc.

The study of the region addressed the following points:
2.3.1 The presence of vulnerable aquifers

Where there are no significant aquifers the risk of groundwater contamination is minimal. In
contrast the risk is at a maximum when important aquifers exist, particularly if these are sources for
human consumption. It is therefore necessary to construct detailed aquifer maps and to define their
characteristics.

2.3.2 Terrain stability

Highly stable regions reduce the risk of geological related incidents, thus also reducing the
possibility of contaminant release and dispersion. Stability maps, created by using applied
geomorphology methods, are therefore also required. :

2.3.3 Region security

It is important to avoid the risk that the industrial plant could be subjected to flooding and the
consequent release and dispersion of polluting substances. As a result maps are needed which
define the regions of high flood risk. In particular situations, other causes of geological risk, such as
seismicity or volcanism, can be taken into consideration.

2.3.4 Water quality and use

Water can be used for various purposes (hydroelectric, industrial, agricultural, human consumption
etc.) based on its quality and quantity. All aquifers used for human consumption must be rigorously
protected, whereas waters designated for other uses can have lower standards; because of this, water
quality and use maps are needed.



3. CRITERIA FOR CONTAMINATION RISK ASSESSMENT

By combining the results obtained by the studies described above it is possible to identify areas
which have different pollution risk levels, as characterised below:

Ver Low Risk
absence of significant aquifers

 absence of aquifers used for human consumption
* absence of periodic flooding events
*» highly stable geomorphology

Low Risk

* absence of significant aquifers

* absence of aquifers used for human consumption
*» absence of flooding events

 presence of widespread instability phenomena

Moderate Risk
* presence of significant aquifers
» presence of widespread instability phenomena

High Risk

» presence of significant aquifers

* presence of aquifers used for human consumption

+ area subject to periodic flooding

» presence of clear geomorphological instability phenomena

4. HYDROGEOLOGICAL RESEARCH METHODS

This section contains a synthesis of the "type research program” used to analyse the Tenna and Aso
River basins, an area covering approximately 1000 km?2, where all the research methods were
tested.

The hydrogeological research is subdivided into two principle phases:

* definition of the hydrogeologic and geomorphological characteristics of the region;

* selection of the area relative to the risk of pollution.

4.1 Definition of the hydrogeological and geomorphological characteristics of the region

4.1.1 1st Objective.

To identify the most significant aquifers and define their principle characteristics

Methods
Use of traditional regional hydrogeological techniques that usually -involve the following

investigations:

a) Climatology
- Calculate precipitation, evapotranspiration and average effective prempltatlon

Products: related climatic maps

b) Geology
- traditional regional geological techniques;
- critically examine the literature and geological maps of the considered area;
- in areas that consist predominantly of sedimentary rocks, define the stratigraphy and structural
setting;
- field verification, using a wide grid, of available maps;
- identification of lithological complexes;



creation of a 1:25,000 scale geological map, to be used for the preparation of the
hydrogeological map.

Product: 25,000 scale geological map

Hydrogeological Complexes
- identification of hydrogeological complexes

Structural Hydrogeology

- define the regional hydrogeological setting and identify the hydrogeological structures and
principle aquifers. In this phase must also be identified structures, which consist
predominantly of ancient detrital and terraced alluvial deposits and recent alluvial deposits,
which can feed or be fed by running surface waters.

Product: aquifer identification and delimitation

Surface hydrology .

- Collection and processing of all available hydometric data used for the definition of average
observable surface flow rate, as well as the flow regime. Furthermore, direct measurements
are made in the field to control the acquired data.

Products  hydrograph analysis and calculation of run off and base-flow (fed by groundwater);
comprehensive evaluation of the surface flow rate due to the aquifers existing in the
region.

Quantitative Hydrogeology

- Identification of the perennial hydrographic flow net using specific field controls;

- Identification of the natural springs that feed the perennial hydrographic net (linear and point
sources);

- Evaluation of spring flow rates and the flow regimes (see also surface hydrology);

- Identification of the exchange relationship between alluvial aquifers and surface waterways;

- calculation of the water balance for a single aquifer (if possible) and determine its potential in
terms of effective flow rate.

Products: Hydrogeolgical map, at a scale of 1:25,000, showing outcropping hydrogeological
complexes and related characteristics, as well as point or linear springs subdivided
on the basis of flow-rate. Documentation relative to the flow rate of all indicated
springs and evaluation of each identified aquifer's potential as deduced from the
surface flow rate.

4.1.2 2nd Objective.

Define the present use of the aquifers and identify, in particular, those destined for human
consumption.

Methods

a) Investigation of deviated spring waters, for both municipal and industrial use;

b) Investigation of groundwater supplies for municipal, agricultural and industrial use:
c) Investigation of surface water supplies for agricultural and hydroelectric use;

Products: Identification of the aquife‘rs used as water supply sources for human consumption
Determination of the size of the surface and subsurface supply for different purposes.



4.1.3 3rd Objective

Define the natural geochemical facies for each aquifer and identify pollution indexes

Methods

Traditional geochemical techniques are used which are generally based on the collection and

elaboration of chemical analyses available predominantly through the Local Health Unit (USL).

a) Characterisation, through applied geochemical methods, of the natural groundwater geochemical
facies;

b) Determination of water quality for those natural sources available throughout the region;

¢) Determination of the compatibility between natural-water geochemical characteristics and the
drinking water standards for human consumption;

d) Identification of agricultural and industrial activity pollution indexes.

Products: Graphical documentation showing regional water quality. Identification of the
resources that, because of their quality, may be destined for human consumption.
Determination of the level of groundwater quality compromise and the identification
of the cause of this degradation.

4.1.4 4th Objective

Define the general geomorphological stability of the region

Methods

Study the region using standard applied geomorphology techniques

a) Identification of the lithological characteristics of the outcropping units as well as their
distribution in the area;

b) Analysis of the structural setting;

¢) Airphoto interpretation and direct control in the field of present conditions and potential
instabilities;

d) Identification of the most obvious instability indexes;

e) Evaluation of the state of geomorphological slope equilibrium;

f) Identification of the areas subject to high erosion.

Product: Geomorphological map at a scale of 1:25,000

4.1.5 5th Objective

Identification of the areas prone to periodic flooding

Methods
a) Historical analysis and study of the literature to define areas subject to periodic flooding;
b) Field work to control high flood risk areas.

Product: Hydrological map at a scale of 1:25,000 of the areas prone to periodic flooding

4.2, Selection of areas relative to pollution risk

Objective:
Classification of areas relative to pollution risk due to the installation of new industries

Area Selection Method ‘

Selection is based on the results acquired during the first phase of the study, and include the
identification of: ‘

1) the recharge areas of aquifers used (or useable) for human consumption;

2) the areas subject to accelerated erosion;

3) the areas prone to periodic flooding;

4) the areas subject to obvious geomorphological instability but without significant aquifers;
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Very high risk

LEGEND

areas

Carbonate formations (Jurassic-Cretaceous)
Recharge areas of aquifer used (or useable) for human
consumption

Detrital cones and fans (Pleistocene-Olocene)
Recharge areas of aquifer used (or useable) for human
consumption

Alluvial deposits (Pleistocene-Olocene)

Recharge areas of aquifer used (or useable) for human
consumption. Areas prone to periodic flooding and areas
subjected to obvious geomophological instability

Moderate risk areas

Low risk areas

Marine clay deposits with sands and conglomerates
(Upper Miocene-Pleistocene)

Areas subjected to obvious geomorphological instability
phenomena but without significant aquifers

Marls and shales (Upper Cretaceous-Miocene)
Transgressive marine deposits consisting of clays, sands
and conglomerates (Miocene-Pleistocene)

Areas where there are widespread instability phenomena
and small local aquifers

Very low risk areas

Turbidites sequences consisting of sandstones and clays
(Upper Miocene) ‘
Areas lacking significant aquifers and having
geomorphological stability

Areas subjected to accelerated erosion

Areas prone to periodic flooding

Springs (a) and water wells (b) used as water supply
sources for human consumption




5) the areas where there are widespread instability phenomena and small local aquifers;
6) the areas lacking significant aquifers and having geomorphological stability .

Evaluation of Risk

- High risk areas can be considered those which correspond to one or more of points 1), 2), 3);
- Moderate risk areas can be considered those which correspond to point 4);

- Low risk areas can be considered those which correspond to point 5);

- Very low risk areas, would be those that match point 6).

Results
The results of the hydrogeological investigations carried out in the test-area are summerised in
Figure .1.

REFERENCES

ANNALI IDROLOGICI: Parte prima (sezione di Bologna), Servizio Idrografico Ministero dei
Lavori Pubblici, anni 1926-1976, Roma.

BISCIC., CALAMITA F., CENTAMORE E., CURZI P.V., DEIANA G., DRAMIS F., FRONTINI
N., INVERNIZZI C., MICARELLI A., NANNI T., PIZZI A., POLONARA L. & PRINCIPI M
(1991): Ambiente fisico delle Marche: Geologia - Geomorfologia - Idrogeologia, L'ambiente fisico
delle Marche, Regione Marche Assessorato urbanistica e ambiente S.EL.CA., Firenze, pp. 245.

BONI C., BONO P., CAPELLI G. (1986): Schema idrogeologico dell'Ttalia centrale, Mem. Soc.
Geol. It, 35., Roma, pp. 991-1012.

BONI C,, PREZIOSI E., PETITTA M., SERENI M. (1993): Genesi e regime di portata delle acque
continentali del Lazio, Volume monografico, Consiglio Nazionale delle Ricerche, Ufficio
Pubblicazioni, Roma, pp. 77 .

CALAMITA F., DEIANA G. (1986): Evoluzione strutturale Neogenico-Quaternaria
dell’Appennino umbro-marchigiano, Studi Geol. Camerti, Volume speciale "La Geologia delle
Marche", Camerino, pp. 91-98.

CANTALAMESSA G., CENTAMORE E., CHIOCCHINI U., DEIANA G., MICARELLI A,
POTETTI M., DI LORITO L., LIONELLI M., PESARESI A., TADDEI L., VENANZINI D.
(1980): Analisi dell'evoluzione tettonico-sedimentaria dei "bacini minori" torbiditici del Miocene
medio-superiore nell' Appennino umbro-marchigiano e laziale abruzzese: 8) il bacino della Laga
tra il F. Fiastrone e T. Fiastrella e il T. Fluvione, Studi Geologici Camerti 6, Camerino, pp. 81-115.

CANTALAMESSA G., CENTAMORE E., CHIOCCHINI U., MICARELLI A., POTETTI M.
(1986):1l Miocene nelle Marche, Studi Geol Camerti, Volume spemale " La Geologia delle
Marche", Camerino, pp. 35-55.

CENTAMORE E., JACOBACCI A. & MARTELLI G. (1972): Modello strutturale umbro-
marchigiano. Correlazlom possibili con le regioni adiacentii, Boll. Serv. Geol. d'It., 93, Roma, pp
155-188. .

CENTAMORE E., DEIANA G., MICARELLI A., POTETTI M. (1986):1l Trias-Paleocene delle
Marche, Studi Geol. Camerti, Volume speciale " La Geologia delle Marche", Camerino, pp. 9-27.

CHIOCCHINI M., DEIANA G., MICARELLI A., MORETTI A.,__PIERUCCINI u.
(1976):Geologia dei Monti Sibillini nord-orientali., Studi Geol. Camerti, 2, Camerino, pp. 7-44.

in



COGGIOLA C., JUSSERAND C., NANNI T., OLIVERO G.F., RICCHIUTO F., ZUPPI G.M.
(1986): Origin of brackish waters and brines in the nothern front of Apennine. Symp. Water-
Rock,Interaction, 8-17 august, Rejkjawik.

COOPER J.C., BURBI L. (1986): The geology of the central Sibillini Mountains., Mem. Soc. Geol.
It., 35, Roma, pp. 323-347.

DAMIANI A.V. (1975): Aspetti geomorfologici e possibile schema evolutivo dei Monti Sibillini
(Appennino umbro-marchigiano), Boll. Serv. geol. d'It., 96(2), Roma, pp.231-314.

DUCHI V., PRANZINI G., PAOLILLO F. (1987): Chimismo delle acque di Fabriano-Jesi: un
elemento di conferma del sovrascorrimento infrapliocenico del fronte umbro-marchigiano, Boll.
Soc. Geol. It., 106, Roma, pp. 525-535, 1 tabb..

LIPPARINI T. (1939): I terrazzi fluviali delle Marche, Giornale di Geologia, 13, Bologna, pp.5-22.

VILLA G.M. (1942): Nuove ricerche sui terrazzi fluviali delle Marche, Giornale di Geologia, 16,
Bologna, pp.5-75.



