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INTRODUCTION

During the last century, the city of Roma has
undergone a large expansion. Most of the
peripheral areas, previously dedicated to farming
and agriculture, have been densely urbanised.
The Ostiense suburb, located just south of the
historical city centre, is an excellent example of
this territorial transformation. The area was
planned as the Roman industrial site at the
beginning of the 20th century, then dismissed and
reconverted to residential. In the last ten years,
the Ostiense suburb has become the site of the
new Roma Tre University. The Department of
Geological Sciences (Dipartimento di Scienze
Geologiche), has undertaken the task of
characterising the geology and hydrogeology of
the site, and the related hazards, as part of the
planning and management of the urban
development of the area (CAPELLI et alii, 2000:
MERLONI et alii, 2002).
The residential districts built during the second
half of the last century were developed
disregarding the morphological, geological and
hydrogeological characteristics of the area. The
Tevere River tributary fluvial network has been
forced into pipes and obliterated by backfill and
buildings. In many cases, the poor geotechnical
properties of the underlying alluvial terrains have
caused differential subsidence and damages to
buildings, such as in the cases of Via Giustiniano
Imperatore, which runs along the old Grotta
Perfetta gully, and of the Vasca Navale.
Damage to buildings has also been induced by
amplification of seismic waves and even traffic
vibrations due to the contrast of acoustic
impedance between the Holocene fluvial
deposits and the Pliocene-Pleistocene bedrock.
Furthermore, the continuity of the natural
Tevere River alluvial plain has been dismembe-
red by the construction of the artificial embank-
ments and disposal of backfill. Some urbanised
areas are built along this formerly active flood
plain area, at the same elevation of the mean
hydrometric level of the river, whereas nearby
areas are superelevated. Properties are therefore
exposed to main flooding events as well as to
water retention during strong rain events.
The geological characterisation of develop-
ment areas and the evaluation of the environ-
mental impact of human activities are para-
mount in urban planning and management for
the sustainable development of the city
(GIORDANO et alii, 2000) and the prevention of
geological hazards.

GEOLOGICAL SETTING

The Ostiense area extends across the Tevere
River Valley (Fig. 1), which was cut during the
Last Glacial Age and presently filled in by up to
60 m of Holocene alluvial deposits mainly con-
sisting of unconsolidated and water-saturated
clay and sand (FUNICIELLO et alii, 1995). The
bedrock consists of a marine to continental
Pliocene-Pleistocene succession, characterised
at the base by Pliocene circalittoral clay, uncon-
formably overlain by Lower Pleistocene infralit-
toral marine clay and sand. The area emerged
during Lower-Middle Pleistocene and was the
site of the palaeo-Tevere River delta. During
Middle-Upper Pleistocene, the volcanic activity
of the Colli Albani to the south and of the

Sabatini volcanoes to the north, emplaced large
volumes of volcanic rocks which shifted the
course of the Tevere to its present position and
created the vast ignimbrite plateau that forms
most of the outcropping rocks in the area. The
most recent activity of the Colli Albani volca-
noes is interfingered with the alluvial fill of the
Tevere Valley and its left tributaries.
Three main aquifers are located within the
Holocene alluvial units on the Pliocene-Lower
Pleistocene clay aquiclude. The base of
Holocene alluvial sediments consists of a gravel
bed that hosts a pressurized and highly produc-
tive aquifer. More superficially, multiple aqui-
fers are present within the permeable sediments.
These shallow aquifers may be in hydraulic con-
tinuitywith the River Tevere.
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Fig. 2 - The area corresponding with Roma (dashed line)
was submerged by the Tyrrhenian sea from which isola-
ted blocks emerged to form islands (FUNICIELLO, 1995).

Fig. 3 - (a) The marine domains extinguished and the delta of the palaeo-
Tevere River shifted south-westward. The uplift of the Monte Mario-
Gianicolo rise shifted the course of the Tevere southward. (b) The edifica-
tion of the Colli Albani and Sabatini volcanoes forced the course of the
Tevere back northward to its present position (FUNICIELLO, 1995).



The anthropogenic cover, which locally can be
up to 10 m thick, may contain a noticeable aqui-
fer alimented by rainfall and seepage from drain
and sewage network losses. The complex 3D
geometry of the rock units, as well as of the
hydrogeological system, determine a strong
lateral and vertical variability of the geotechni-
cal characteristics of the foundational ground.
However the urban expansion immediately after
the second World War interested indifferently
the competent bedrock formations as well as the
unconsolidated Holocene alluvial deposits. 
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Fig. 4a, b, c - Comparison of IGM (Military Geographic Institute) topographic maps
referred to the Ostiense area. Note that the physiographic features of the topography
appear today almost completely buried. The drainage network has been diverted or
covered, and backfill has smoothed the differences in elevations. The alluvial plain of the
Tevere River has been completely constructed. 

The early years of last century (1907 upgraded in 1924).

Mid-century (1949).

Fig. 3 - (c) During the last glacial age, the Tevere River valley deeply eroded the
volcanic and pre-volcanic rock succession; (d) The rise of the sea has induced
the filling of the Tevere River valley with its alluvial deposits. The block-diagram
magnifies the dashed square of Fig. 3c (FUNICIELLO, 1995).

Present situation (2000) showing the intense urbanisation of the Ostiense area.
Locations of next figures are shown in red.
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Fig. 5 - The rapid evolution of the Tevere fluvial dynamics is
testified by the position of the archaeological sites of a
Sanctuary of Imperial Roman Age at Santa Passera, presently
at the centre of the river thalweg, which indicates that the
river course has shifted in time.

Fig. 6 - The Tevere hydrological regime
is characterised by the recurrence of
severe floods, at a rate of two per cen-
tury, capable of invading several parts
of the city. The photo shows the effects
of the 1915 flood in the S. Paolo Fuori
le Mura Cathedral.

Fig. 7 - At present, several edifices built over
unconsolidated clays are monitored for selective
subsidence. This image is a courtesy of F. Ferrucci and
has been obtained by comparing 10 years of satellite
images.

ESTIMATE OF VERTICAL
DISPLACEMENT OF BUILDINGS
FROM MULTI - IMAGE RADAR MAP
ANALYSIS

Annual average vertical dispacement
(mm/yr)
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Fig. 8 - The figure shows the stratigraphic cross-section across the meander of Valco
San Paolo-Vasca Navale where the edifices of the Dipartimento di Scienze Geologiche
are located. The Holocene alluvial cover is composed by several different lithological,
geotechnical and hydrogeological units. Below the superficial layer of the historical

alluvial deposits, there are black clays with organic matter interlayered with
incoherent sand, at least 20 m thick. The basal part of the Holocene alluvial succession
is composed by sands and gravels, which overlie the pre-compressed and impervious
grey clays of Pliocene age.

Fig. 9 - A synthetic accelerogram set across the Tevere
River valley in the Magliana-Ostiense sector was
calculated taking in account the thickness of the main
geological units, the geotechnical behaviour of the
alluvial cover and simulating a vertical seismic pulse
to the base of the alluvial blanket. This methodology
shows the theoretical dynamic behaviour of the valley
during a seismic shock coming from seismogenetic
provinces surrounding Roma (Central Apennines and
Colli Albani). The seismic shaking is clearly more
intense and last longer within the Holocene alluvial
valley (CAPELLI et alii, 2000).

SYNTETIC ACCELEROGRAMS CALCULATED
ACROSS THE TEVERE RIVER VALLEY
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Fig. 11 - Zonation of the Ostiense suburb in order to rationalise the urban planning and
mitigate the impact of geological hazards. Different colours and patterns indicate
different characteristics which may overlap, increasing the exposure of an area to
geological hazards.
The yellow area corresponds to the talweg and the flood bed of the Tevere River confined
by the embankments. 
The dramatic reduction of solid transport caused by the construction upstream of several
dams since 1970, is causing a severe erosion of the fluvial channel which at places is 4
m below sea level. As the process of vertical excavation of the talweg is limited by
hydraulic constrains, the present condition will change to lateral erosion of the
embankments.
Black crosses indicate the presence of permeable sediments (sand) above the average
level of the river, which may become saturated during ordinary and extraordinary floods.
The variation of interstitial fluid pressure may worsen the geotechnical properties of
these sediments and in worst cases lead to liquefaction.

The vertical black lines indicate the presence of peat and organic layers interbedded with the
unconsolidated Holocene alluvial sediments which increase the hazard related to differential
subsidence. 
Red horizontal lines indicate areas where the high contrast of seismic impedance between the
unconsolidated alluvial sediments and the stable bedrock may induce an amplification of sei-
smic waves.
The pale blue colour indicates areas that may be flooded during ordinary river floods or
moderate to heavy rains. Flooding may be just related to upwelling of water from the
sewer and drain systems, which are at lower elevation respect to the level of the river
during ordinary floods which are contained by the embankments. 
The purple indicates areas flooded during extreme floods. The red dots indicate the
lowest elevation of the embankments, where the river can break out. Note that the purple
areas joins with the pale-blue areas.
The green indicates the presence of sediments with mediocre geotechnical characteristics
and shallow aquifers.
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Fig. 12 - The map has been realised in order to simplify the information contained in Fig.
11 for the legislator, emphasising the main hazard for each area. 
The white colour indicate moderately favourable conditions like the bedrock relieves, or
areas with limited problems like areas of the alluvial plain not subject to flooding and
with acceptable geotechnical properties.
The yellow indicates the river talweg and the flood bed within the embankments where

the hydraulic and geomorphologic hazards are prevailing and no anthropic structures
should be planned. 
The orange indicates areas where the geotechnical hazard is prevailing, because the
characteristics of the sediments are poor and may further decay in case of floods,
earthquakes and overload. 
The pale-blue indicates areas where the flood hazard is prevailing.

Fig. 10 - Differential subsidence provoked severe damages and collapses to edifices with
structure partially founded on bedrock and partially on alluvial deposits. 

Damages were also caused by differential loading due to the surrounding buildings.



CONCLUSIONS

In summary, the main geological and hydrological
problems to be taken into account for the urban
planning of the Ostiense area are the poor
geotechnical characteristics of the alluvial
sediments, exposure to floods, overexcavation of
the river thalweg and contrast of seismic
impedance between different rock bodies.
As mentioned, the urban development of the
Ostiense area has mostly disregarded the
geological constraints related to the distribution
of the geotechnical, hydraulic, hydrogeological
and seismic characteristics.
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