brought to you by .{ CORE

View metadata, citation and similar papers at core.ac.uk

provided by PORTO Publications Open Repository TOrino

Hydrogeology and groundwater quality in the quaternary
alluvial deposits of the Cuneo Plain (NW Italy)

&

-

Bartolomeo Vigna', Adriano Fiorucci®, Stefano Lo Russo®’

! Department of Land, Environment and Geo-Engineering (DITAG), Politecnico di Torino,
C.so Duca degli Abruzzi 24, 10129 Torino, Italy

* Corresponding author Tel. +39 011 564 7648; fax +39 011 564 7699. Email:
stefano.lorusso@polito.it

geohydro

ABSTRACT

In the Piedmont region (NW ltaly) between the SW Alps (Paleozoic - Mesozoic) and the hills of the Langhe domain
(Tertiary) there is an extensive flood plain (1.790 kmz) consisting of a series of overlapped alluvial fans originated by the
guaternary geological activity produced by the evolution of several rivers which drain the Alps.

These alluvial deposits overlap a Tertiary sedimentary succession through a series of erosional unconformity surfaces.
The quaternary deposits highlight a variable thickness ranging from 80 to 100 m in the foothills of the mountains up to a
few meters in the more distal portion of the plain.

In these deposits there are several unconfined aquifers which are not interconnected from the hydraulic point of view
due to the deep fluvial incisions that reach the underlying tertiary substrate. This plain is intensively populated and lot of
villages and farms characterize the landscape. In the overall area it is present an intensive agricultural and livestock
activity predominantly represented by crops of wheat and corn and farms of cattle and pigs. All these activities require a
considerable amount of groundwater which is withdrawn from the quaternary aquifers by means of thousands of water
wells.

The groundwater quality is strongly influenced by the content of nitrates and manganese. The nitrates are certainly
linked to pollution due to agricultural activities and livestock and increase along the groundwater flow lines. The
manganese content is quite high in the foothills of the mountains and in some restricted areas of the plain and appears
to be linked to the natural lithological composition of the aquifers.

RESUME

Dans la région du Piémont (nord-ouest de I'ltalie) entre les Alpes SW (Paléozoique - Mésozoique) et les collines du
domaine Langhe (Tertiaire), il est une vaste plaine dinondation (1.790 km?) constitué d'une série de cones alluviaux se
chevauchent origineée par l'activité quaternaire produite par I'évolution de plusieurs rivieres qui drainent les Alpes.

Ces dép6bts alluviaux se chevauchent une succession sédimentaire tertiaire a travers une série de surfaces discordance
d'érosion. Les dépbts quaternaires mettre en évidence une épaisseur variable allant de 80 a 100 m sur les contreforts
de la montagne a quelques meétres dans la partie la plus distale de la plaine.

Dans ces dépdts, il ya plusieurs aquiferes libres qui ne sont pas hydrauliquement reliés entre eux, due a la incisions
profondes fluviaux qui atteignent le substrat tertiaire sous-jacente. Cette plaine est intensivement peuplée et beaucoup
de villages et de fermes caractérisent le paysage. Dans la zone de l'ensemble, il est présent une intense activité
agricole et I'élevage principalement représentée par les cultures de blé et de mais et des fermes de bovins et de porcs.
Toutes ces activités exigent une quantité considérable d'eau souterraine qui est retiré de la aquiferes quaternaires au
moyen de milliers de puits d'eau.

La qualité des eaux souterraines est fortement influencée par la teneur en nitrates et en manganeése. Les nitrates sont
certainement liées a la pollution due aux activités agricoles et d'élevage et d'augmenter ainsi les lignes d'écoulement
des eaux souterraines. La teneur en manganése est assez élevé dans les contreforts de la montagne et dans certaines
zones d'acces restreint de la plaine et semble étre liée a la composition naturelle lithologique des aquiféres.

1 INTRODUCTION The water courses located in the northern portion of
the area belong to Po river catchment area while the

The examined area (Cuneo Plain - 1.790 km?
consists of a large plain crossed by the Stura di Demonte
river and covers a vast portion of the Piedmont territory. It
falls roughly between the Langhe and Roero Hills to the
east, the Alps to the south and west and the Turin plain to
the north (Fig. 1).

Within this sector several morphological units are
identifiable such as the main plain, the valleys bottom and
the related terraces, the uplands and ancient alluvial fans.
The main plain was originated by the deposition of coarse
sediments, with a sandy-silt matrix, belonging to a series
of large coalescing alluvial fans, originated by the main
water courses flowing from the mountain sector in this
wide area.

hydrographic network of the southern portion flows into
the Tanaro river basin. In the plain sector belonging to the
Tanaro river catchment basin it's possible to observe a
relatively recent rapid deepening of the main watercourse
and its tributaries, which now flow deeply in the plain,
affecting both the Quaternary alluvial deposits and the
underlying Tertiary succession.

In the Tanaro river basin the valleys bottom and the
related terraces are represented by a narrow range of
recent alluvial deposits which are segmented in a various
orders of terraces. A series of upland and ancient alluvial
fans mainly located at the foot of the alpine mountain
chain and in some isolated part of the plain are also
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present at a more elevated altitude as compared to the
fundamental level of the plain.

Figure 1. Location of examined area (1. Main lakes, 2.
Quaternary alluvial deposits; 3. Pliocene deposits; 4.
Oligo-Miocene deposits ; 5. Alpine basement; 6. Cuneo
plain boundary; 7 Main towns; 8 Main rivers).

2 GEOLOGICAL SETTING - QUATERNARY UNITS

In order to define the geological setting the works of
Sacco (1889 - 1890), Bottino et al. (1994), Ballesio et al.
(1995), Cavalli & Vigna (1995), Ghielmi et al. (2002) and
Vigna et al. (2010) have been considered by the authors.

The Quaternary alluvial plain overlays the Pliocene
sediments (Tertiary substrate) and develops in a
subsident basin located between the Alpine basement (to
the W and S) and the Langhe hills (to the E) (Fig. 2).

The deposition of the Quaternary floods have been
heavily influenced by several tectonic factors and the
fluvial dynamics. As a matter of fact, during this period a
series of weak uplifting events have affected the Cuneo
southern sector, resulting in the deepening of the entire
river network and conditioning important phenomena
such as the Tanaro river diversion. The result of this
complex evolution is a number of evident erosion
surfaces, which develop at different stratigraphic position.
They have similar sedimentary environments and identify
several units that are clearly distinguishable basing on

the altitude, the particle size and degree of alteration of
the clasts.

Figure 2. Example of a contact between the overlaying
Quaternary deposits and the Miocene substrate.

The different erosion, sedimentation and weathering
phases are reflected in many morphological units (the
high and the isolated terraces, the main valley, the
terraces). The following stratigraphic units are therefore
recognized:

« Unit of ancient terraces;
* Unit of the main plain;
« Unit of bottom valley deposits and related terraces.

The Unit of ancient terraces outcrop at high terraces
isolated on the plain, along the alpine relief and at the
main Poirino plateau (near the Roero hills). It represents
the old level of the alluvial deposits of the Middle-Upper
Pleistocene(?) which were deposited on the area located
between the Alpine basement and the Langhe hills. Its
thickness is rather small, usually less than 10 meters.
These sediments were then affected and partly erased by
a series of erosional events probably related to the final
stages of the uplifting of the whole southern area. The
Unit mainly consists of very heterogeneous gravels with
abundant silty-clay matrix. The pebbles reach a
significant size to more than 1 m in diameter in the areas
near the basement whereas, in the more distal portion,
the particle size is significantly reduced. The soil is
characterized by a thick alteration layer (about 2 m) of
reddish-purple silty clay (called Ferretto), followed by
gravels which are intensely altered to several meters in
depth. Each terrace is joined with the main valley through
steep or gentle slopes with topographic difference in
height between 5 and 30 m. This unit overlies the
Pliocene units and, marginally, the Miocene deposits. The
lower contact is marked by an evident erosional surface.

The Unit of the main plain outcrops in the left and the
right bank of the Stura river to the confluence with the
Tanaro river. The whole plain corresponds to the Tanaro
river basin. Due to the deepening of several waterways
(river Stura, Gesso, Pesio, Ellero, Corsaglia, Mongia and
Tanaro) the plain was segmented into several different
sub-areas. These rivers currently run embedded in the



Miocene or Pliocene substrate, several tens of meters
below the fundamental level of the plain (up to 80-90 m in
the case of the Stura river) (Fig. 3).

Figure 3. Segmentation of the main plain due to the river
network deepening.

The thickness of the main plain deposits ranges from
40 to 100 m near the main Alpine valleys, up to 7-8 m in
more distal areas of the plain, like those facing the
Langhe and Roero hills. This Unit consists of coarse
gravels with cobbles up to 20-30 cm in diameter, with a
patina of alteration, surrounded by a sandy-silty matrix.
The overlaying soil is constituted by brown sandy-silty
clay about 1 meter thick. In the area between the Stura
and Maira rivers several thick cemented horizons are
present while, on the northern border with the Turin plain,
the gravels are covered by a 10-15 m thick clay-loam
horizon related to lacustrine environment. The unit
belongs to the sandy-gravel deposits (Fluvial and
Fluvioglacial Riss, Fluvial Wirm and Recent Floods). It is
not possible to distinguish the oldest sediments (Fluvial
Riss) from the most recent (Fluvial Wiirm). Through an
important erosional surface the Unit overlays the deposits
belonging to the Pliocene succession and the Oligo-
Miocene succession to the eastern part.

The Unit of bottom valley deposits and related
terraces outcrops mainly along the slopes of the rivers
flowing in the catchment area of the Tanaro river basin.
This unit is the result of a series of progressive deepening
of the river network phenomena and subsequent
deposition of a small layer of sediments connected to the
diversion of the Tanaro river which occurred after the
formation of the main Cuneo plain. The lithology consists
of coarse unaltered gravel, with scarce sandy matrix and
a silty-sandy soil, very thin (50 cm) that is present on the
terraces and in areas farther away from the river beds. In
many portion of the examined areas the Tanaro river and
its tributaries flow directly on the Pliocene and Miocene
units, and the thickness of alluvial deposits is negligible or
absent (Fig. 4).

Figure 4. Hydrogeological sketch map of the investigated
area (1. Unit of bottom valley deposits and related
terraces; 2. Unit of the main plain; 3. Unit of ancient
terraces; 4. Tertiary sediments; 5. Groundwater flow
direction; 6. Potentiometric surface contour lines and their
elevation a.s.l. - equidistance 10 m; 7. Springs; 8. Main
rivers).

3 HYDROGEOLOGICAL SETTING

Basing on the collected geological data and their
interpretation several hydrogeological units grouped into
two main hydrogeological series, namely Basal Series
and Quaternary Series, have been recognized.

The Basal Series consists of siliciclastic deposits of
the Tertiary Piedmont Basin (Oligocene — Pliocene), and
therefore, is not described in this work.

On the contrary, the Quaternary Series is
characterized by three main hydrogeological units.

The ancient Alluvial Gravel Unit corresponds to the
ancient alluvial fans and the ancient terraces and is
characterized by a medium level of hydraulic permeability
related to the presence of very coarse gravels with
pebbles mixed with an abundant silty matrix. In the areas
where these sediments overlay lithotypes slightly
permeable or impermeable (Pliocene and Miocene clays)
a thin unconfined aquifer is usually present. It is generally
characterized by a radial flow lines drainage pattern
directed to the edges of the terraces. Elsewhere, where
the Pleistocene gravels overlay sediments which are
characterized by comparable hydraulic permeability
values (Pliocene sands and gravels), no aquifer is
present. Because of the particular morphology of the
terraces each morphological unit hosted an isolated
aquifer which is recharged uniquely by rainfall or irrigation



water. Therefore only few wells for agricultural purposes
exploit such resources.

The main Alluvial Unit generally highlights an overall
high hydraulic permeability. In some limited areas it is
observed a decrease in permeability where the sediments
are cemented or the silty matrix is abundant. The unit
host several aquifers which are usually unconfined and
recharged by the rainfall and the important losses of the
main streams downflowing from the alpine valleys. In the
dry seasons (winter and summer) several watercourses
(Torrente Gesso, Torrente Grana, Po River) become
totally dry near their entrance into the plain due to the
flow losses, and only after several kilometres
downstream, it is possible to observe the presence of
surface flow due to alimentation coming from the
groundwater.

The plain is subdivided into two main areas separated
by the course of the Stura river whose deepening
intersect the underlying Pliocene succession, and
separate the unit. In the Stura river left the overall aquifer
is continue while in the Stura river right the aquifers are
hydraulically separated due to the deeper cuts of different
tributaries streams.

In the plain area where the unconfined groundwater
potentiometric surface is very close to the topographic
surface there are numerous springs and drainage
trenches (over 100 are recorded). In these areas, since
the XII century several major drainage works have been
carried out in order to drain extensive parts of the plain
where the wetlands were present. These drained
groundwaters combined with several wells, are
abundantly used for irrigation. On the contrary the
drinking water wells exploiting those aquifers have to treat
the groundwater due to the bad water quality for the
human consumption.

The Unit of bottom valley deposits and related
terraces has a very high permeability, but due to the very
low thickness, hosts very limited aquifers.

4  AQUIFERS

In the Cuneo plain, several unconfined aquifers were
identified. They are hosted into different hydrogeological
units and separated by extensive and continuous
outcrops of the Miocene - Pliocene substrate sediments
located along the river's deep cuts.

The substrate is characterized by a very low level of
permeability and defines a limit of permeability that
conditions the main direction of the groundwater flow for
the aquifers hosted into the overlaying Quaternary alluvial
deposits. The limits among the different hydrogeological
Units are detectable along the main embankments of the
rivers that cross the Cuneo plain in the right respect the
Stura river.

Each  Unit belonging to the  Quaternary
hydrogeological Series usually hosts unconfined aquifers,
distinguished by geometry and topographic elevation
which are characterized by a specific recharge-discharge
mechanism and a dominant hydrogeochemical facies.
The bottom of the different aquifer systems corresponds
to the discontinuity surfaces that separate the Quaternary
units from the Pliocene, Miocene units and from the

Alpine basement depending from the geographical and
stratigraphical position.

The unconfined aquifers hosted in the Unit of ancient
terraces are present only where the Unit overlays the
substrate Tertiary deposits characterized by horizons with
a very low permeability located at altitudes higher than
the fundamental level of the plain.

This unconfined aquifer has a very low productivity
due to two main factors: a very small recharge and a low
permeability of the deposits. The recharge is supplied
solely by rainfall because generally there are no irrigation
channels. Moreover the precipitation fall on a clay-loam
thick impermeable soil and a certain amount of runoff
develops to the border of the terraces without any
infiltration. Probably due to groundwater scarceness for
irrigation and human consumption only few small villages
are historically present on this area.

The main Alluvial Unit hosts the major aquifers which
are exploited by thousands of wells for irrigation, industry
and human consumption.

The potentiometric surface has been defined by
means of over 1700 measurements in wells, piezometers
and streams. The groundwater flow directions are strictly
determined by the geometry of the underlying Tertiary
substrate and by the river cuts when they intercept the
substrate. The Piedmont regional monitoring network
(piezometers, meteo-climatic network, flow levels on the
main rivers) allows to reconstruct the correlation between
the recharge and the underground flow.

The wells drilled in the proximity of the alpine chain,
where the depth to groundwater exceed 50 m, showed no
special relationships with precipitation and a seasonal
annual variation over 4 to 5 m. In the central plain the
depth to groundwater strongly reduces and it is
detectable a close relationships between the variation of
the groundwater levels and the precipitation. In these
areas the annual oscillations of the piezometric surface is
smaller than 2 m.

5 GEOCHEMISTRY AND GROUNDWATER QUALITY

The groundwater geochemical characterization has
been carried out through 205 chemical analysis of water
sampled in the entire area under consideration (Fig. 5).

Groundwater are essentially a chemistry type HCO®>
S0.4> CI* - ca®*> Mg* > (Na* + K} Rarely it is possible
to find chemistry type HCO®> SO,“> CI" - Mg**> Ca®*>
(Na" + K",

The quality of groundwater is strongly influenced by
the nitrate presence, not negligible, with concentrations
ranging from 2,2 to 152,9 mg L-1.

In general, it is observed an increasing trend for the
nitrates concentration in the direction of groundwater flow
lines. This phenomenon is probably due to an insufficient
dilution capacity of the aquifer or to an exceeding load of
nitrogen pollutants respect for these capacit}/.

The nitrate levels is below 10 mg-L™ only in the
alimentation zones where the aquifers are supplied by the
mountain torrents. Along the mountain foothills and near
the areas where the rivers losses supply the aquifer, the
nitrate levels range from 10 to 20 mg-L"l. Similar values
are found also in the areas facing the Langhe and Roero
hills where the aquifer has a very limited thickness and



the wells intercept also a deeper aquifer. In most of the
plain the nitrate value is between 20 to 60 mgL™
indicating a strong anthropic impact.

The monitoring points with concentrations of nitrate
significantly anomalous (>100 mg-L‘l), can be considered
as not representative and connected to specific pollution
phenomena. These situations are really rare (7 out of 205
points analyzed) and located in areas where the aquifer is
very thin. In general, however, it is really evident a serious
harm for the groundwater quality circulating in the
examined aquifers. Almost 48% of the area under
consideration has a nitrate content exceeding 30 mg-L'l.
That percentage increases dramatically to 73% if we
consider the nitrate levels greater than 25 mg-L™.

The concentrations of manganese measured in some
wells exceed the maximum admissible concentration for
drinking water according to the lItalian legislation (D. Lgs.
31/01 - 0.05 mg-L™), and contribute to worsen the overall
groundwater quality.

Figure 5. Groundwater monitoring network. (1. Unit of
bottom valley deposits and related terraces; 2. Unit of the
main plain; 3. Unit of ancient terraces; 4. Tertiary
sediments; 5. Monitoring wells).

6 CONCLUSIONS

The hydrogeological study of the Cuneo plain was
performed through the acquisition and the processing of a
series of interconnected data that permit to define the
hydrogeological setting and to assess the basic
groundwater resources quality. Based on the
reconstruction of the stratigraphic and hydrogeological
characteristics of the different bodies it has been
recognized a Quaternary Series consisting of three
hydrogeological units.

The main plain unconfined aquifers represent the
main water resource for the most common uses (irrigation
and industry) and highlight a strong anthropogenic
impact. On the contrary the aquifers hosted in the Unit of
ancient terraces and in the Unit of bottom valley deposits
and related terraces are not very productive because of
their thinness and the limited recharge.

The Quaternary evolution highlighted a series of water
courses deepening events followed by depositional
phases that have generated several areas
hydrogeologically distinct. In particular, the Stura river
divides the Cuneo plain into two main areas through a
deep cut of over 80 m that intersect, for several tens of
meters, even the Pliocene substrate.

The unconfined potentiometric surface highlights the
important contribution of aquifer recharge from the losses
of the main streams in the foothill areas with periods of
complete drying up of the rivers. In the plain areas
several water courses are directly supplied by the aquifer
and it is possible to detect many springs located on the
permeability boundary between the underlying Tertiary
substrate and the Quaternary alluvial deposits. The main
groundwater flow is heavily influenced by the geometry of
the substrate and is directed mainly towards NE: In the
northern portion of the plain, the flow lines turn to NNW
directed to the Po River.

The chemical status of the groundwater resources has
been defined through a campaign of sampling and related
laboratory tests that involved more than 200 water points
belonging to the various aquifers. The quality is
compromised by the presence of nitrates that can
reasonably be attributed to the flourishing agro-livestock
activities typical of the area. Several pig farms contribute
to worse the pollution situation. The impact on the
groundwater quality due to nitrogen compounds can be
configured as a real injury. In fact, if we consider the other
chemical parameters the groundwater quality ranges from
good to excellent respect the Italian legislation with the
exception of manganese. Moreover the state of
groundwater pollution in the unconfined aquifer is
consistent with its high degree of intrinsic vulnerability.
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