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Riassunto: Questo lavoro presenta uno studio idrogeologico di 
dettaglio del settore urbanizzato della Città di Roma, relativo 
al settore in destra Tevere, indicativamente compreso all’inter-
no del Grande Raccordo Anulare (G.R.A.). Attraverso l’analisi 
geologico-stratigrafica effettuata a partire da dati reperiti anche 
presso il Dipartimento Tutela Ambientale di Roma Capitale e 
per mezzo dell’analisi delle carte topografiche e tematiche stori-
che del settore, è stato possibile ottenere un modello idrogeolo-
gico del sottosuolo di questo settore di Roma, più dettagliato di 
quello ad oggi disponibile nella Carta Idrogeologica di Roma in 
scala 1:50.000 (pubblicata nel 2015), che ha permesso di indivi-
duare, per la prima volta, le circolazioni sotterranee più superfi-
ciali, fornendo uno strumento molto utile per le amministrazioni 
che devono occuparsi di protezione delle risorse idriche.

Abstract: This paper presents a detailed hydrogeological study of a 
Rome city sector, in the right side of Tiber River, inside the G.R.A. 
highway. A hydrogeological model of this city sector has been developed 
through geologic-stratigraphical analysis also of data provided by the 
Environmental Protection Department of Roma Capitale (Municipal-
ity of Rome) and the observation of historical topographic and thematic 
maps. This model is more detailed than the most recent Hydrogeological 
Map of Rome (1:50.000 scale), published in 2015, and allowed iden-
tifying the shallowest groundwater flow systems for the first time. This 
detailed model can be a very useful tool for agencies and administrations 
managing the protection of groundwater resources. 

Parole chiave: idrogeologia urbana, modello idrogeologico concet-
tuale, carta idrogeologica.

Keywords: urban hydrogeology, conceptual groundwater model,  
hydrogeological map.
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Introduction
Several specific factors must be considered when dealing 

with groundwater in urban areas. As a result, urban 
groundwater has emerged in recent years as a specialized area 
of study within hydrogeology (Vázquez-Suñe et al. 2016). 
The reason for the introduction of this recent discipline is 
to be found in the growth of the cities related to possible 
environmental impacts on groundwater. Urbanization 
significantly affects the natural water cycle both in terms of 
quantity and quality. The process of urbanization generally 
involves an increase in flooding hazard, leading to disturbance 
of the natural hydrogeological cycle because the natural 
recharge system is completely altered: the natural soil sealing  
and the streams’ capture in artificial sewers drastically reduce 
plant evapotranspiration, the exchange between surface and 
groundwater and therefore the recharge due to infiltration, 
as well as decrease the time of surface runoff worsening the 
quality of water. Conversely, the recharge is increased by the 
loss of the water supply and sewage system (Gisotti 2007). 
Flow and transport processes affecting urban groundwater are 
not essentially different from those affecting natural contexts, 
but the time and space scales involved are significantly 
different. Quantification of groundwater flow and modelling 
become difficult tasks, mainly due to lack of data, lack of 
possibilities to directly observe the natural phenomena under 
the urban covering, and last but not least, lack of urban 
planning (Vázquez-Suñé et al. 2005).

As urban population grows, conjunctive use of ground- 
and surface waters is likely to become increasingly common, 
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Fig. 1 - a) Location map of the study area with the distribution of more than 400 notified sites as potential contaminated of Rome Municipality b) Detail with distribution of 
data collected in this study.

Fig. 1 - a) Localizzazione dell’area di studio con la distribuzione degli oltre 400 siti notificati come potenzialmente contaminati sul territorio di  Roma Capitale  
b) Dettaglio in cui è mostrata la distribuzione dei dati utilizzati in questo lavoro. 

and water management is assuming more and more 
importance (Gossell et al. 1999, Aldrick et al. 1999). An 
integrated management of urban water resources provides the 
opportunity to optimize the whole urban water system and to 
minimise water and energy consumption, and recognises that 
different types of water can be used for different purposes 
(Freitas et al. 2015). Cities and urban populations are growing 
at a high pace and, as a consequence, so are the local scale 
anthropic impacts on the hydrologic cycle. The shallow urban 
underground is an intricate network of tunnels, conduits, 
utilities, and other buried structures comparable to a natural 
karst system, except that the “urban karst” is generated much 
more rapidly (Garcia-Fresca 2017).

During time, several research groups (e.g. Burian and 
Pomeroy 2010, La Vigna et al. 2015a, Lerner 1997, Lerner and 
Yang 2000, Marsalek 2008, Stevenazzi 2017,) have developed 
comprehensive methodologies for evaluating groundwater 
resources in urban areas. Two stages are necessary:

1. Identifying the most significant factors in the urban 
hydrogeological cycle;

2. Developing and applying methodologies to quantify and 
control these factors.

Moreover, it is crucial, inside the implementation of 
adaptation strategies, trying to get the maximum benefit from 
underground water resources with a view to environmental 
sustainability and urban resilience (La Vigna et al. 2015b).  

The City of Rome became part of a project promoted by 
Rockefeller Foundation: the “100 Resilient Cities” program, 
since the end of 2014. “Rome Resilience Strategy” (Roma 
Capitale 2018) included two specific sub-actions dealing with 
groundwater: i) the development of a new Hydrogeological 
Map of the city (La Vigna and Mazza eds. 2015) and ii) the 
first development of a groundwater monitoring network of 
the city (La Vigna et al. 2015b).

In recent years the concentrated presence of various 
industrial and commercial activities in the city of Rome, have 
induced accidental or sometimes malicious spills of pollutants 
into the ground over time (Bonfà et al. 2017, La Vigna et 
al. 2019). Therefore, there are several potential contaminated 
sites (Fig. 1a) in the city which can threaten soil and aquifers 
quality. The aim of this paper is to present the processing of 
a very detailed hydrogeological conceptual model of a Rome 
city sector in order to identify the shallowest aquifers, which 
are also the most vulnerable to pollution, and to define the 
relationship between these aquifers and the deep regional one.

Study area
This right side of the City of Rome is characterized by 

several densely urbanized sectors alternating with areas that 
have maintained their natural appearance. Several streams 
drain the area with an articulated hydrographic pattern. The 
most important streams are the Rio Galeria and the Rio 
Magliana, tributaries of the Tiber River on its orographic 
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Fig. 2 - Hydrogeological Units of Rome (La Vigna et al. 2015c).

Fig. 2 - Unità idrogeologiche dell’area di Roma (La Vigna et al. 2015c).

right. Elevations of this sector of the city are variable from of 
about 100 m a.s.l. of the north-east side to the 10-15 m a.s.l. 
of the valleys’ bottom.

The geological bedrock of the whole roman area is the 
Monte Vaticano Formation composed by clayey-sandy 
sediments of marine environment overlaid by quaternary 
deltaic and volcanic lithotypes (Parotto 2008). 

On a regional scale, the hydrogeological setting is 
characterized by two large hydrogeological structures: 
the Vulsini-Cimini-Sabatini Mounts and the system of 
the Alban Hills (Capelli et al. 2012). The hydrogeological 
conceptual model and groundwater circulation in the area of 
Rome municipality are driven by the structural setting, by 
the relationship of groundwater exchange between the five 
hydrogeological Units and by the two main rivers flowing 
in the study area, Tiber River and Aniene River (Capelli et 
al. 2008). Groundwater circulation is limited at the base by 
a very low-permeability bedrock formed by a basal clayey-
sandy complex (Monte Vaticano, Monte delle Piche and lower 
levels of Monte Mario formations) acting as an aquiclude. The 
stratigraphic sequence of quaternary volcanic and sedimentary 
deposits, on this bedrock, is characterized by several vertical 
and lateral permeability variations. Above these Formations 
there are anthropogenic deposits (Corazza and Lombardi 1995).

In the study area four regional Hydrogeological Units can 
be recognized (Fig. 2) (La Vigna et al. 2015c , La Vigna et al. 
2016):

•	 Pre-volcanic and continental sedimentary deposits 
Hydrogeological unit - This unit is composed by 
deposits which are over the basal aquiclude and below 
the volcanic products. Important aquifers are hosted in 
the gravelly and sandy facies of this unit.

•	 sabatini Mts Hydrogeological unit - All volcanic 
products originated by the Sabatini Mts are regionally 
considered as a single hydrogeological unit and its main 
groundwater flow is inside the coarse levels, sustained by 
more ashly horizons.

•	 Alban Hills Hydrogeological unit - All volcanic 
products originated by the Alban Hills, which are 
generally fairly limited in this part of the City, are 
regionally considered as a single hydrogeological unit.

•	 Recent and actual alluvial deposits Hydrogeological 
unit - In the alluvial deposits the groundwater 
circulations are both in the shallow levels which are 
hydraulically connected with the water courses, and in 
the coarse gravel mattress generally located at the base of 
the deposits of main rivers and streams.
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Materials and methods
In order to reconstruct the geological, structural and 
hydrogeological setting of the area, an in-depth bibliographic 
search was carried out. Most of data (borehole logs, water table 
monitoring) have been provided by technical reports related 
to notified cases of the Contaminated sites remediation office 
of Rome Municipality. Further data (borehole logs, water table 
measures, springs’ location) have been extracted by the work 
of Ventriglia (2002). The Roma Tre University Numerical 
and Quantitative Hydrogeology Lab. database (water table 
measures, borehole logs, springs’ location) and the online 
national archive of Italian Geological Survey (borehole logs) 
related to Law 464\84 data (ISPRA 2010) have been used 
as well. All detailed hydrogeological assumptions started 
according to the Hydrogeological Map of Rome (1:50.000 
scale) which has been considered the base dataset and the 
regional scale most recent conceptual model of groundwater 
circulation (La Vigna and Mazza eds. 2015; La Vigna et al. 
2016). Historical springs locations have been identified by 
means of historical topographic and thematic maps of Rome. 
This cartography analysis has been also supported by targeted 
field surveys (Fig. 1b).  
Data have been elaborated by means of detailed hydrogeological 
cross sections. The water table contours’ elaboration of the 
different identified circulation was manually drawn by means 
of triangulation methodology using about 350 water table data. 
Some of the Hydrogeological Complexes proposed in the 
Hydrogeological Map of Rome (La Vigna and Mazza eds. 
2015; La Vigna et al. 2016) have been redefined according the 
processed piezometric pattern and starting from the original 
geological data as well (Funiciello and Giordano 2008), 
because of the extreme detail of the analysis.

number Hydrogeological complex Hydrogeological unit groundwater behaviour

I Anthropogenic deposits complex Recent deposit aquitard

II Alluvial and lacustrine deposit complex Recent and actual alluvial deposit aquitard

III Heterogeneus clastic deposits complex Sabatini Mts + Alban Hill aquifer

IV “Tufo Lionato” complex Alban Hill aquifer

V High permeability Albani Volcanic Complex Alban Hill aquifer

VI Sabatini Volcanic deposits Complex Sabatini Mts aquifer

VII “Tor de’ Cenci” Complex Alban Hill aquiclude

VIII “Valle Giulia” Formation Complex Pre-volcanic and continental deposit aquifer

IX “Santa Cecilia” Formation Complex Pre-volcanic and continental deposit aquiclude

X “Sabbie Salmonate” Complex Pre-volcanic and continental deposit aquifer

XI Clayey sandy “Ponte Galeria” Complex Pre-volcanic and continental deposit aquiclude

XII Gravelly Sandy “Ponte Galeria” Complex Pre-volcanic and continental deposit aquifer

XIII Coarse Sand of “Monte Mario” Complex Pre-volcanic and continental deposit aquifer

XIV Sandy clayey Basal Complex Sandy-clayey basal Complex  aquiclude

Tab. 1 - Hydrogeological complexes defined in the study area; green cells indicate complexes object of the redefinition  performed in this study (see details in Fig.3), white cells indicate 
complexes  correspondent to same complexes of the Hydrogeological Map of Rome.

Tab. 1 - Complessi idrogeologici definiti nell’area di studio; le celle verdi indicano i complessi oggetto della ridefinizione effettuata in questo lavoro (vedere i 
dettagli in Fig.3), le celle bianche indicano i complessi che risultano corrispondenti a quelli della Carta Idrogeologica di Roma. 

Results
The most important result of this work is the definition 

of the hydrogeological conceptual model of the study area, 
identifying, for the first time the presence of two overlapping 
shallow aquifers bodies: 

1. The first in the upper volcanic deposits, located in the 
northern and central sectors.

2. The second in the most superficial sandy sediments of 
the “Ponte Galeria” Formation (“Sabbie Salmonate” 
Complex), located in the central and in the southern 
sectors.

Hydrogeological complexes defined in this work are listed 
in Table 1. In same cases the hydrogeological complexes 
correspond to the Hydrogeological Map of Rome ones. In 
other cases, according to the detailed analysis performed, they 
have been redefined in some aspects, e.g. the permeability 
degree.

The hydrogeological complexes difference interpretation 
mainly concerns the Sedimentary Units (in detail: “Ponte 
Galeria” Formation and “Monte Mario” Formation) and the 
Volcanic deposits of the Geological Map of Rome Municipality 
(Funiciello and Giordano 2008) as follow (Fig. 3):

sedimentary units:
•	 “Monte Mario” Formation (included in the “Coarse sands 

of Monte Mario Formation and Ponte Galeria Complex” 
in Hydrogeological Map of Rome) has been considered 
more permeable than the other sedimentary formations 
and has been redefined in:

 »Coarse sand of “Monte Mario” Complex: Acting as an 
aquifer and hosting the regional aquifer.
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•	 “Ponte Galeria” Formation Complex (regionally part of 
the Pre-volcanic and continental sedimentary deposits 
Hydrogeological Unit, Figure 2) of the Hydrogeological 
Map of Rome has been divided into three different 
complexes according to the performed detailed 
piezometric pattern:

 » “Gravelly-Sandy Ponte Galeria Complex”: including 
Conglomerate lithofacies (PGLa) and Conglomerate-sandy 
lithofacies (PGL3a). Acting as an aquifer and hosting 
the regional aquifer.
 » “Clayey-sandy Ponte Galeria Complex” including: 
Argille ad Helicella Auctt. (PGL2), Sandy-clay lithofacies 
(PGL3b), clayey-sand lithofacies (PGLb). Acting as a 
local aquiclude.
 » “Sabbie Salmonate Complex” including: sandy 
lithofacies (PGL3c). Acting as an aquifer and hosting 
the second shallow aquifer.

Volcanic Deposits:
•	 The “Low Permeability Albani Volcanic deposits Complex” 

and “Sabatini Volcanic Complex” (regionally part of the 
Alban Hills and the Sabatini Volcanic Hydrogeological 
Units, Figure 2) of the Hydrogeological Map of Rome, 
has been redefined according to the performed detailed 

piezometric pattern:
 » “Sabatini Volcanic Complex” including only: “Tufi 
stratificati varicolori di “La Storta” Formation (LTT) 
and “Tufi stratificati varicolori di Sacrofano” Formation 
(SKF), acting as a local aquifer and hosting the first 
shallow aquifer.
 » “Tor de’ Cenci Unit Complex” including only “Tor de’ 
Cenci” Unit (TDC), acting as a local aquiclude. 

In the northern sector, the first shallow aquifer (marked 
with purple lines in Figure 4) is hosted in the shallower 
volcanoclastic deposits of the Sabatini Volcanic Complex 
terms sustained by “Tor de’ Cenci Unit Complex”. This aquifer 
is characterized by a discontinuous shape because of the land 
morphology consisting of ignimbrite plateaus engraved by 
deep stream valleys that create small ridges. Water table 
elevation ranges between 90 and 65 m a.s.l. (Fig. 4), the 
general groundwater flow direction is towards South-West, 
but locally it could considerably vary. The regional aquifer in 
this sector (marked with blue line in Figure 4) has water table 
elevation values ranging between 80 and 50 m a.s.l..

 In the southern sector, the second shallow aquifer (marked 
with the green lines in Figure 4) is hosted in the “Sabbie 
Salmonate Complex”, sustained by “Clayey-sandy Ponte Galeria 
Complex”. It is characterized by a continuous trend showing 

Fig. 3 - Main hydrogeological complexes of the study area (in the middle) compared with original geological formations on the left and the hydrogeological complexes of hydrogeo-
logical Map of Rome on the right.
Fig. 3 - Complessi idrogeologici principali dell’area di studio (al centro) confrontati con  con le formazioni geologiche originarie a sinistra e i complessi della 
carta idrogeologica di Roma a destra.
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Fig. 4 - Piezometric pattern in the study area.

Fig. 4 - Linee isopiezometriche nell’area di studio.

water table values ranging between 60 and 35 m a.s.l. (Fig.4) 
the general flow direction is towards South-West as for the 
regional aquifer (marked with blue line in Figure 4), which in 
this sector have water table values ranging between 60 and 15 
m a.s.l.. The piezometric lines merge with the deeper regional 
aquifer toward north, at 60 m a.s.l. where the groundwater 
flow is splitted. Both circulations are separated (by local 
aquiclude) from the underlying deeper regional aquifer, 
except for the sectors where the stratigraphic setting does not 
allow hydraulic separation and therefore determines a single 
groundwater circulation. In this sector it is possible to observe 
the first shallow aquifer body where there are residual strips 
of volcanic deposits.

The identified piezometric setting is shown in Figure 5 
according to an unpublished detailed Hydrogeological Map 

(Adele Clausi, Roma Tre University, Master Thesis 2019). 
Fourteen hydrogeological cross-sections have been realized 
and plotted in order to figure out the hydrogeological setting 
of the area in the fence diagram of Figure 6.  

Discussion 
In the urbanized area of Rome studied here, the water 

resources have no much importance relative to its productivity 
and availability, because Rome is historically supplied with water 
from Apennine springs, but it acquires importance in terms of 
natural resources protection and for possible issues during the 
execution of public or private works affecting the underground. 

Although the local aquifers do not receive the right 
consideration, they still are the main local groundwater 
resource and they are still used in the rural sectors of the city 
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Fig. 5 - Hydrogeological cross section tracks shown in fence diagram and plotted on the hydrogeological complexes.

Fig. 6 - Hydrogeological conceptual model of the study area.

Fig. 5 - Andamento delle tracce delle sezioni idrogeologiche mostrate nel fence diagram rispetto ai complessi idrogeologici. 

Fig. 6 - Modello idrogeologico concettuale dell’area di studio. 

territory for agricultural activities and for irrigation needs of 
urban gardens and for this reason they must be protected.

The conceptual model of the groundwater flow in this 
right side of Tiber River is represented by three overlapping 
aquifers (Fig. 6), consistent with the extremely varied 
geological-stratigraphic structure, that have been recognized 
but that are not always coexistent; indeed locally, e.g. just 
the deeper regional aquifer is present and somewhere it can 
become itself the shallowest and therefore the first receptor 
of possible pollution phenomena. In the more frequent 
groundwater flow configuration, the shallowest aquifers are 

located above the deeper aquifer so they are the first receptors 
of possible pollution phenomena and just in case of particular 
geological setting they can transfer, during time, eventual 
contamination to the deeper hydrogeological system. In the 
more urbanized sectors, the shallowest circulation is hosted in 
the “Anthropogenic Deposit Complex”. Groundwater recharge 
in this case should derive exclusively from rainfall, but the 
recharge is difficult in those sectors where the urbanization 
has sealed the ground. In some cases which could not be 
evaluated at this stage, the recharge may derive from the 
losses of the water and sewerage network as well.
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