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4.2 ACTIVITY - PRESENT AND FUTURE RISKS ON
WATER RESOURCES AVAILABILITY WITH EMPHASIS
ON DRINKING WATER SUPPLY

1. INTRODUCTION

The studied area, located in the north eastern side of Italy, belongs to the hydrogeological
basin of the Friuli Plain and includes part of Slovenia. The Friuli Venezia Giulia Region
extends from the Alps to N, to the Adriatic coastline to S, bounded by the Livenza River to
the W and the Isonzo River watershed to the E. From N to S it is possible to find the
Mountain Basins, the High Plain and the Low Plain up to the Adriatic Sea and the
Classical Karst (Figure 1). The surface and groundwater flow directions mainly are from N
to S. The High Plain is characterized by a phreatic aquifer, while the Low Plain consists of
eleven confined aquifer systems. The two plain physiographic zones are divided by the
resurgence belt that represents a kind of “overflow” for the High Plain into the Low Plain.
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Figure 1: Study area location (in the red rectangle), Zini et al., 2013.
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The mountain part presents very complex characteristics from the lithological and
structural point of view (Carulli et al., 1980; Carulli, 2006).

To North, along the border with Austria, mainly outcrops the more ancient Palaeozoic units
where clastic lithotipes (claystones, marls, sandstones often in facies of Flysch) are
prevailing on the platform carbonate lithotipes weakly metamorphosed.

The central part is characterized by Mesozoic sediments as calcareous and dolomitic
rocks. In the piedmont belt considered as the connector between mountains and plains,
are mainly present the Flysch silico-clastic lithotipes, the Cenozoic Molasses and the
moraine amphitheatre of the Tagliamento River.

The Friuli Plain extends south Carnic and Julian Prealps between Livenza and
Isonzo/Soca rivers and the Classical Karst. It represents the eastern edge of the Po Valley
Plain, although its characteristics must be considered marginal compared to the evolution
of the latter being characterized by greater steepness and coarser sediments. lts highest
elevation is about 250 m a.s.l., on a north-south length of about 90 km (Antonelli et al.,
1981).

Quaternary sediments are widely present in the Plain reaching thickness, near Latisana, of
more than 600 m gradually decreasing towards East until 250 m near Grado (Cimolino et
al., 2010; Della Vedova et al., 2008; Nicolich et al., 2004).

In the High Plain, characterized by a high permeability of the loose coarse deposits, a
phreatic continuous aquifer is recognized gradually reaching the surface while
approaching the resurgence belt.

During the year, the water table excursions are very different from place to place: from the
lowest values reached along the southern side of the resurgence belt with few centimetres
of oscillation, it switches to more than 50 meters close to the pre-Alpine mountains arc
(Cucchi et al., 1999).

Moving towards the Low Plain, the phreatic aquifer joins in a complex layered aquifer
systems characterized by gravel-sand deposits variously interspersed with clay and silt
increasingly frequent and powerful. In almost all the Low Plain wherever outcrop
discontinuously gravelly-sandy horizons, at shallow depth, is present a discontinuous
phreatic_aquifer that has some relevance for the issues related to land (use, pollution,
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etc.). Here, enclosed in aquitard or aquiclude layers have been recognized eleven
confined aquifer systems of which the deeper have geothermal character (Stefanini et al.,
1976; Stefanini et al., 1977a, 1977b; Stefanini, 1978). To describe the subsoil of the Low
Friuli Plain, has been adopted a scheme which provides the presence of seven “cold”
confined aquifer systems (designated as A, B, C, D, E, F, G in the direction of increasing
depth) between 10 and 400 m of depth, and, four “hot” aquifer systems, characterized by
geothermal waters (called H, I, L and M) (Cucchi et al., 2008a, 2008b; Della Vedova et al.,
1994; Martelli et al., 2007a, 2007b; Martelli et al., 2010; Nicolich et al., 2008; Stefanini et
al., 1976; Stefanini et al., 1977a, 1977b; Stefanini, 1978; Stefanini et al., 1978) (Figure 2).
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Figure 2: E-W correlations among different systems of aquifers (Zini et al., 2011). The
vertical lines represent the drilled wells, while each coloured horizontal or sub-horizontal
area correspond to a different aquifer system. In the red box the Isonzo/So¢a area.

In this framework is present the pilot area that corresponds to the Isonzo/Soca Plain
located in the north-eastern side of the Friuli Venezia Giulia Region at the border with
Slovenia (Figure 1 and Figure 4). lts extend approximately between latitude 45° 58’ 00”
and 45°49’ 00” and longitude 13°20’ 00” and 13°40’ 00”, WGS1984, UTM ZONE 33N.

The Isonzo/Soc¢a Plain has genetic and hydrogeological characteristics typical of lowland
areas, facing the sea and sited at the foot of hills. It is an area arched as the course of the
Isonzo River, which extends from the outlet at the Italian-Slovenian border into the plain to
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the sea and the lagoon of Grado (about 35 km long 10 wide). The plain is the result of the
combined actions among the alluvial deposits from East transported by Vipacco and Soca
rivers and those from the North brought by the Judrio and Versa streams and Torre and
Natisone rivers. The fluvial deposits, interacting with the ones from the Adriatic Sea, took
to the construction of the plain, often giving rise to furniture lagoons. Deposits fill what we
might call the paleovalleys of Vipacco, Isonzo/So¢a, Torre and Natisone rivers. Bedrock is
partially formed by cretaceous limestones, partially by terrigenous deposits in facies of
Flysch (Tertiary) deepening hundred meters from East to West and from North to South
(Figure 3). The corrugations related to the main tectonic lines approximately E-W oriented
(sometimes partially broken by transcurrent N-S) complicate the bedrock morphology.
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Figure 3: Sketch of the geological Map (from 1:10.000 scale data) of the pilot area.

According to the characteristics of the deposits, the Isonzo-Soc&a Plain (Figure 1) is divided
in two areas: the High Plain to the North and the Low Plain to the South. The High Plain at

its North edge has the Collio HiIIsi made up bz marlstones and sandstones of the Eocene
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Flysch. To the South are present instead the cretaceous limestone reliefs of the Karst
Plateau (Figure 3). Coarse and very permeable deposits that hold a well-developed
phreatic aquifer mainly constitute the High Plain. The rivers have an influent character with
respect to the High Plain; for this reason, Torre and Judrio rivers remain dry most of the
year. Isonzo/Soc¢a River loses about 25% of its discharge (Zini et al., 2011). The river
losses, together with effective infiltration and run-off waters flowing from the hills, actively

recharge the phreatic aquifer of the High Plain.

Proceeding towards the Low Plain from North to South, the phreatic aquifer joins into a
multi-layered aquifer system characterized by alternating gravel-sand and clay-silt
deposits. Due to the southward permeability decrease, as for the whole FVG Region, the
High Plain phreatic waters outflow in correspondence to a NW-SE wide area displayed as
a resurgence belt. Here waters are rising creating an outflow that can be identified as a
water quantity and quality indicator. The significant phreatic aquifer and many rich artesian
aquifers represent an important natural wealth, in terms of quantity, quality and ease of
supply. The aquifers available in the plain are used for different purposes: drinking,
household, industrial, agricultural and farming. They serve more than 350.000 inhabitants
considering the ones living in the alluvial plain but also the ones of Trieste city and the

province.
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Figure 4: Test site area (in red) and the surroundings.

1.2. METHODOLOGY TO ASSESS THE IMPACTS OF PROJECTED CLIMATE
CHANGE ON WATER RESOURCES AND DATA

The quantification of the renewable water resources passes through the definition of the
hydrogeological water budget. For the whole FVG Region, in the years 2010-11, a deep
investigation was realized (Zini et al., 2011). The study focused on the identification of the
single components of the water cycle allowing the definition of the water resources
potentialities and sustainability.
The cycle is described by the following equation:

P=Et+R+|
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where P are the precipitations, Et is the evapotranspiration, R is the run-off and | is the

effective infiltration (Figure 5).
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Figure 5: Thematic maps concerning P - Precipitation (A) ih mm/y, ET - Evapotranspiration
(B) in mm/y and R+l map realized for the surface Runoff and Infiltration (C) in mm/y (Zini
etal., 2011).

Precipitation, evapotranspiration, runoff and infiltration were calculated to evaluate the
inflow and outflow groundwater budget terms, using data recorded by 109 rainfall and 46
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thermometric stations during 1979-2008. For the precipitations, any missing data were
reconstructed using linear regression techniques (stepwise or multiregression) (Cicogna,
2008; Zini et al, 2011).

The daily rainfall and temperature data spatialized on a 50 m grid were overlapped to the
DEM. For the Precipitations (P) were used interpolating algorithms as Natural Neighbor,
while for the temperatures were used experimental elevation gradients obtained
correlating the thermometric daily data with the elevation of the stations (Cicogna, 2008;
Castrignano et al., 2005).

The Evapotranspiration (ET) was quantified as "crop evapotranspiration" calculated with
the two-step approach as the product between the reference evapotranspiration and the
crop coefficient Kc that incorporates and synthesizes all the effects on evapotranspiration
due to the morfophysiologic characteristics of the different cultural species from
phenological stage to the soil cover degree (Zini et al., 2011). K¢, depending from the type
of vegetation and from the stage of plant development, was evaluated for each land use
Moland class (for details see the Report WP4.3) and for each decade of the year and
associated to each cell of the grid. The reference evapotranspiration is a typical climate
parameter expressing the tendency to perspire of a given plant. To calculate it, it was used
the Hargreaves formula (Allen et al., 1998), described in the notebook 56 of the FAO
(Food and Agriculture Organization). The average crop evapotranspiration for the Friuli
Venezia Giulia Region is equal to 489 mm/y.

Surface Runoff (R) and effective Infiltration (I) components were used for the Plain, while
for the whole mountain basins was considered the sum R+l. The surface runoff has been
defined using the Curve Number (CN) methodology modified by Williams (1995) to fit the
long-term analysis. CN was obtained for the whole regional territory combining on a 50x50
m grid the map of the hydrological groups, the land use map and the slope map extracted
by DEM. From CN the retention parameter was calculated varying from a minimum,
corresponding to a saturated soil, to a maximum, coincident with a dry soil depending from
potential evapotranspiration of the computed day, from the precipitation and run off of the
previous day (Zini et al.,, 2011). The mean annual runoff over the Plain is equal to 216

mm/y.
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The effective infiltration component was calculated as difference between precipitation,
evapotranspiration and runoff. The annual mean effective infiltration over the Plain is equal
to 718 mm/y.

The mountain basins discharge (R+l) analysis allows quantifying the mean annual active
recharge of the High Plain. If we consider the average R+l values, purged from the
quantity of water outflowing to sea, they represent the average quantity that normally

recharge the aquifers of the High Plain.
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Figure 6: Areal distribution of the mean annual precipitation (P) expressed as mm/y.

The analysis was conducted dividing the area into several main hydrological basins.
Among these, are present also the High and Low Isonzo/Soc¢a Plain. Based on a series of
measurement surveys carried out in recent years (Consorzio di Bonifica Ledra
Tagliamento, 1982; Cimolino et al., 2011) and on river discharge data surveyed by the
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“Servizio gestione risorse idriche della Direzione centrale ambiente, energia e politiche per
la montagna of the FVG Region” were evaluated the percentages of river loses of each
single water course. These values in conjunction with the shallow capture of waters for
irrigation and industrial purposes and with the groundwater withdrawals permitted to
compute the mean outflows at sea and, as difference, the effluences in the High Plain
(Table 1).

% RIVER CONTRIBUTION TO

MOUNTAIN OUTFLOWWITI-IlB F;ﬁ‘I’EVA"S DIFFERENCE LOSING IN THE HIGH PLAIN
WATERSHED Ral MOUNTAIN OUTFLOW - THE HIGH AQUIFERS
WATERSHED WITHDRAWALS PLAIN RECHARGE
ACQUIFERS Rm
Cellina-Meduna 28.5 25.1 3.4 100% 3.4
Tagliamento 100.7 25.4 75.3 72% 54.1
Torre-Natisone 32.8 2.5 30.3 90% 27.3
Moraine
amphitheater 8.5 0.2 8.3 100% 8.3
Isonzo/Soéa 170.8 26.3 144.5 26% 37.4
TOTAL 341.3 79.5 261.8 130.5

Table 1: Mountain watersheds contribution to the High Plain aquifer recharge [m3/s].

For the Isonzo River basin, it has been decided to use the river discharge measured at the
border (Gorizia - Ponte Piuma station). The discharge has an average value of 170.8 m3/s
of which 26.3 m3s are captured for irrigation and hydropower purposes, 107.1 m3/s
directly flow out to the sea and 37.4 m®s are the recharge to the aquifers of the
Isonzo/Soca High Plain.

From the difference between the inputs of the High Plain and the resurgence rivers
discharges, was estimated the input of the Low Plain as 43.7 m3/s (Zini et al., 2011; Zini et
al., 2013) — Figure 7.

On this input data, a discussion has to be done with respect to the Climate Change
occurrences and outcomes from the Report WP4.1. In the Report were used three regional
climate models (RCMs): Aladin (Bubnova et al. 1995), Promes (Castro et al. 1993) and
RegCM3 models (Pal et al. 2007). The initial and boundary data for each RCM were
provided from different global climate models (GCMs): the ECHAMS GCM data were used
to force RegCM3, Aladin was forced by the Arpege GCM and Promes was forced by the
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HadCM3Q GCM. Models have been compared with local observations (Observations -
obs) and later corrected. The used reference period was 1961-1990, but unfortunately, not
all the meteorological stations present in the study area have the complete data series.

What emerges from the comparison between the observed data and the models is a
general little overestimation in the yearly precipitation amount as in the mean temperature

definition. This is more evident in the longer time series analysis (2001-2050).
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Figure 7: Water-budget scheme for the entire Friuli Venezia Giulia Region. Mountain
Watersheds (light brown) and Isonzo/Soc¢a River mountain watershed (in sandy colour) to
the North, the High Plain (HP) area (light blue) separated from the Low Plain (LP) (light
green) by the resurgence belt (blue dashed line). In yellow the Karst area. Blue arrows are
related to the influences and water flows, while red and green arrows represents the well
withdrawals and the resurgence belt discharges.
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GORIZIA Prese (CBPI) ALBERONI
% difference between the OBS data and models |% difference between the OBS data and models
ECHAMS |Aladin| Promes ECHAMS5 | Aladin | Promes
T 1951-2000 0,7 0 0,7 T 1951-2000 0 0 0
2001-2050 6,1 9,9 0,7 2001-2050 4,7 9,1 11,1
ECHAMS |Aladin| Promes ECHAMS5 | Aladin | Promes
P 1951-2000 3,1 3,3 3,1 P 1951-2000 -4,1 -3,8 -4,2
2001-2050 5,2 8,1 13,7 2001-2050 -2,3 0,5 5
TORVISCOSA
% difference between the OBS data and models
ECHAMS [ Aladin | Promes
T 1951-2000 2,3 2,3 2,3
2001-2050 8,5 13,2 14,6
ECHAMS [ Aladin | Promes
P 1951-2000 1,05 1,2 1
2001-2050 3,7 7,5 13,7

Table 2: Comparison between the results obtained by the observed data and the proposed
models within different periods. For the precipitations, the models applied to Alberoni

station underestimates the observed values.

GORIZIA Prese (CBPI)
Temperatures [°C] | Rainfall [mm]
1961-1990 - Registerd
mean 13,1 1397,5
stdev 0,62 175,7
Cv 0,046 0,13
max 39 1955
min -11 1103
1951-2000 - Model based

ECHAMS | Aladin [Promeqd ECHAMS Aladin Promes
mean 13,2 13,1 13,2 1440,9 1443,3 1441,0
stdev 0,60 0,58 0,68 | 228,52 312,96 303,43
Cv 0,05 0,04 0,05 0,16 0,22 0,21
max 14,3 14,1 15 2026,7 2030,3 2238,6
min 11,3 11,4 12,2 | 1015,1 740,2 885,7

2001-2050 - Model based

ECHAMS | Aladin [Promes ECHAMS Aladin Promes
mean 13,9 14,4 13,2 1471,0 1510,4 1588,9
stdev 0,74 0,73 0,68 | 199,44 359,09 279,68
Cv 0,05 0,05 0,05 0,14 0,24 0,18
max 15,7 16,1 14,9 1852,4 2345,4 2342,8
min 12,1 12,9 12,2 | 1037,7 869,0 990,9
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ALBERONI

Temperatures [°C]

Rainfall [mm]

1972-1990 - Registerd

mean 14,4 1108,2
stdev 0,50 128,2
Cv 0,034 0,12
max 36 1679,8
min -10,6 205,5
1951-2000 - Model based
ECHAMS5 | Aladin | Promes | ECHAM5 | Aladin | Promes
mean 14,4 14,4 14,4 1062,3 | 1064,6 | 1062,0
stdev 0,60 0,58 0,68 168,35 | 230,94 | 233,34
Cv 0,04 0,04 0,05 0,16 0,22 0,22
max 15,5 15,3 16,1 1512,3 | 1543,9 | 1724,7
min 12,5 12,8 13,4 785,9 554,1 647,3
2001-2050 - Model based
ECHAM5 | Aladin | Promes | ECHAMS5 | Aladin | Promes
mean 15,1 15,7 16,0 1085,5 1114,3 1164,9
stdev 0,74 0,73 0,94 155,46 | 261,92 203,43
Cv 0,05 0,05 0,06 0,14 0,24 0,17
max 16,9 17,4 18,0 1380,4 | 1653,3 1680,3
min 13,3 14,2 14,1 754,3 603,8 716,2
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TORVISCOSA
Temperatures [°C] | Rainfall [mm)]
1971-1990 - Registerd
mean 12,9 1184,1
stdev 1,28 199,2
Cv 0,98 0,17
max 37 1755,2
min -12,8 532,6

1951-2000 - Model based
ECHAMS | Aladin | Promes | ECHAM5| Aladin | Promes

mean 13,2 13,2 13,2 1196,6 1198,0 | 1196,0
stdev 0,60 0,57 0,67 192,62 | 264,60 | 253,16
Cv 0,05 0,04 0,05 0,16 0,22 0,21
max 14,3 14,2 14,9 1623,1 1812,4 | 1934,5
min 11,4 11,7 12,1 840,4 604,4 795,3

2001-2050 - Model based
ECHAMS | Aladin | Promes | ECHAM5 | Aladin | Promes

mean 14,0 14,6 14,8 1229,3 1274,3 1348,1
stdev 0,73 0,74 0,94 172,14 | 314,86 | 256,96
Cv 0,05 0,05 0,06 0,14 0,25 0,19

max 15,7 16,3 16,9 1605,7 | 2002,9 | 2132,6
min 12,2 13,1 12,9 844,9 735,5 792,6

Table 3: Data summary for the three analysed climatological stations. Temperatures and
precipitations were defined for different periods: 1951-2000 and 2001-2050 and compared
with the recorded data.

The selected 50-year period within which the impacts of potential climate change on water
resources are analyzed shows characteristics of the rainfall regime that differ to the
reference 30-year period 1961-1990. The behavior of the three studied stations is
different. Gorizia observed data are indicating a decrease in the precipitations of the 7,4%,
Alberoni instead is showing a very small increase, only 0,7%. A higher increase is instead
shown by the Torviscosa station that has a 15,7% of increase in the precipitations in the
period 1961-1990. If we look at the models, for the period 2012-2015, their behavior is
different, Promes is indicating a decrease, while the other two models are in agreement
with an increase in the precipitation amount, ECHAM5 of less than 10%, while Aladin of
approximately 20%. The situation is completely different if we analyze the trends proposed
by the models for the period between 2001-2100. All the three models in fact indicate a
decrease in the precipitations (Table 4).
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For the temperature, the situation appear more in agreement among the models and the
observed data. All the analyses done are indicating a future increase in the temperatures
of a minimum of 5% till a maximum of 34,6% (PROMES model at Torviscosa station).
Most part of the models are anyway indicating a possible temperature increase in the
range 5-10% of the actual values (Table 4). For Torviscosa station, the obtained analyses
on the observed data can not be considered enough reliable due to the shorter time-series

available and used for the elaborations.

P T
GORIZIA GORIZIA Prese
prese (Cepl) | ALBERONI | TORVISCOSA . ALBERONI | TORVISCOSA
2021-2050
Aladin 18,7 17,5 19,2 6,1 5,6 6,1
PROMES 9,1 7,3 11,9 9,1 5 5,5
ECHAMS 3,2 9,6 6,1 9,4 8,6 9,7
1961-1990
obs | 74 | 07 | 157 | 9,4 | 51 | 223

Table 4: Temperature and precipitation trends expressed as % calculated over the period
2021-2050 and for the recorded data.

According to what emerged from the previous report (Report WP4.1), Table 5 presents the
water budget obtained for the pilot area and consequently the renewable water resources -
WR (m3/s) for the reference period 1961-2003 and for the modelled one 2021-2050
according to the three different Climate Change models applied (Arpege, Promes and
ECHAMSS5). Withdrawals here defined are explained in the Section 2 of the present report.

WR (m3/s) 1961- 2003 WR (m3/s) 2012-2050

Q Isonzo/Soca river 37,4 37,4
Effective infiltration in the Isonzo/So¢a High Plain 4,2 3,57
Q toward Karst 10 10

Withdrawals in High Plain 1,55 1,55
Resurgence belt discharge 16 15,37
Aquifers recharge of the Isonzo/So¢a Low Plain 13,7 13,7
Withdrawals in Low Plain 2,27 2,27

Table 5: Water budget information for the evaluation of the climate change on water
resources related to the periods 1961-2003 and 2021-2050.
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To obtain the number presented in Table 5, assumptions and simplifications were taken.
One of this is to consider almost constant the Isonzo/Soc&a river discharges controlled by
the Salcano dam in Slovenia. What is changing in the water budget computation between
the reference period and the 2021-2050 period is the amount of the effective infiltration.
According to the climate change models, two of the three models show a rainfall increase
of approximately 10%, as in the temperatures. The third model instead is highlighting a
decrease in the rainfalls (PROMES -11,9%) associated to an increase in the temperature
values (+5,5%). In this framework, a reasonable decreased in the effective infiltrations up
to -15% was adopted in the provisional water budget computation (2021-2050). The
implications of this decrease are in general an increase in the depth to water values in the
High Plain and a pressure lowering in the artesian aquifers of the Low Plain. Moreover, the
discharges at the resurgence belt will suffer a decrease (Table 5). The discharge value
measured at the resurgence belt is moreover an indirect indicator of the sustainability of
the actual use of the water resources. In this framework, the withdrawals reduction in the
Low Plain, could help in the pressure increase of the artesian aquifers.

This general talk is partially demonstrable analysing data related to the phreatic wells sited
in the High Plain of the Pilot area (Figure 8 and Figure 9).
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Figure 8: In blue, the wells historically belonging to the Regional monitoring network.
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Figure 9: Trends (in red) calculated for three different wells present in the phreatic aquifer
of the pilot area. The analysed time-series are dated 1970-2012.

The data analyses highlights different trends for the different considered wells. Well 0092
is showing a constant trend, slightly decreasing; well 0089 has instead a declared
increasing trend, while well 0075 has a decreasing trend. Therefore, it is very difficult to
summarize the real situation. For sure, the influent character of the Isonzo/Soca River is
affecting the obtained results. The 0092 well is in fact sited quite far from the river and in
an area less influenced by the river loses. The other two wells are closer to the river and
potentially more influenced. A deeper investigation through all the available data should be
done.

To assess the long-term evolution of the semi-confined aquifers were analyzed
piezometric levels of ACEGAS pumping wells and monitoring cluster piezometers between
1995 and 2015. The piezometric levels provide information about the pressure reached by
each confined aquifer and therefore about the evolution of the water resource quantity
during the last 20 years (Figure 10 and Figure 11).
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Among the 26 available long-term level records (corresponding to 9 cluster piezometers),
we selected the representative data from piezometers 6/91 and 6/157. Screens are
respectively from 85.77 to 97.72 meters and from 155.54 to 158.54 meters depth (Figure
10). These piezometers intercept the uppermost and deeper semi-confined aquifers
exploited by the pumping well n°6.

Cluster plezometer n°6 screens location
0
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Figure 10: Depth of the screened interval of the six ACEGAS monitoring cluster
piezometers in the vicinity of the pumping well n 6.

Figure 11 illustrate the evolution of piezometric levels measured in piezometers 6/91 and
6/157 together with the monthly precipitation at Monfalcone (ldrovora sacchetti station).
Pressure variations shown by both aquifers are extremely similar. This similarity is
explained by the semi-confined (partly connected) nature of the aquifers in this area of
transition between High and Low Plain. Pressure variations within the other aquifers in the
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same cluster piezometer (not presented here for legibility) are extremely similar to the
ones reported.

Other piezometers, including the ones used for monitoring the phreatic aquifer, display
extremely similar variations.
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Figure 11: Piezometers 6/91 and 6/157 piezometric levels evolution since 1995. Monthly
precipitation in Monfalcone is also presented.

Levels show an overall seasonal variation with maximum reached during winter and
minimum during summer in response to precipitation intensity. In spite of this seasonal
variation, a general rising trend of the aquifers pressure is observed (about 2 cm per year).
Therefore, the water resource quantity does not seem yet to be at stake. The yearly
variation results in an extremely low R? value of the regression. Although correlation
between piezometric levels and precipitation data is anything but straightforward, monthly
precipitation rising trend during the 1994-2012 period might partly explain the aquifers

pressure increase. The increase can also be explained by a reduction in the withdrawals
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within the last years. If we look in fact at the piezometers sited in the surroundings, their
phreatic levels are all slightly decreasing.

2. ASSESMENT OF WATER DEMAND ON TEST AREA

For the present Report, were developed procedures that permitted to reach an
adequate estimation of the wells withdrawals and their quotes divided among the different
aquifer systems and for each different type of use and then compared to the available
literature (Granati et al., 2000). In particular on the available datasets two different
protocols were adopted: one for the wells subjected to licence (drinking, agricultural, fish
breeding, industrial, hygienic, geothermal and other minor uses) and another for the
estimated domestic wells (Treu, 2011).

For these purposes has been necessary to identify and evaluate the following
characteristics: number of captures and their distribution on the territory, tapped aquifers,
main uses and the effective consumptions. In order to define for each well the tapped
aquifer systems were used the intersection between the depth of the screens, or the total
depth, and the 3D model of the aquifers. The well withdrawals amount were evaluated on
annual base for recent periods and are expressed as m?/s.

Regard the wells subjected to license, useful information has been derived from a census
done in Friuli Venezia Giulia Region starting from 2004 (ISTAT, 2001). It allowed to have
good quality data on location, total depth, screen depth and licensed discharges. Using the
screen depth, when available, or the total depth, it has been possible to assign the tapped
aquifer. Additional information from water-meter consumption has been collected. All the
data collected, even if of good quality, were anyway subjected to a validation protocol. The
known wells are almost all the existing ones and therefore the analyzed number can be
considered representative of the real situation.

Only for the wells without water-meter attributes, a reducing coefficient was assigned to
the licensed discharge in order to estimate the real consumption. For each use, the
coefficient value was evaluated according to the available water-meter data.
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For the agricultural use, a value of 10% of the licensed discharge was assigned. This
corresponds to 37 day of use per year and represents the irrigation period concentrated in
summertime.

For the drinking use, a value of 56% was assigned corresponding to an effective use of
13,5 hours per day.

The fish breeding are active during all the year to maintain the correct water recharge and
freshness, for this reason a value of 100% was assigned.

For the industrial use, a value of 26% was assigned corresponding to 6.5 hours/day at full
discharge.

Concerning the hygienic use, several uses are converging into this item (e.g. anti-fire). The
estimation assigned a value of 7%.

Geothermal wells are active all over the year and so was considered a value of 100 % of
the licensed discharge.

Concerning the other minor uses, the estimation assigned a value of 100 %.

Knowing the licensed discharges, the percentage of effective use of each well and the
corresponding tapped aquifer it has been possible to estimate the withdrawals amount
divided by type of use and aquifer systems (Figure 12 and Figure 13).

Regard domestic wells, in the Plain are widely present private wells being part of the local
culture. Their density and withdrawals vary from area to area, function of the geographical
distributions of the settlements, of the type of aquifer (phreatic or artesian), the depth to
water, the groundwater quality, the distance to the coast or the development of the pipe
aqueduct network. Several are, in fact, the municipalities unprovided by an aqueduct
network.

In particular, a huge amount of domestic wells characterizes the Low Plain. South of the
resurgence belt, withdrawals are mainly interesting the shallower artesian aquifer systems
(A, B and C) and have continuous flow seen that are naturally gushing wells and generally
not equipped with discharge reducers. Accordingly, the withdrawals are far higher than the
real demands of the population. The flow freely waters, as a rule, discharges to the sea,
through the irrigation canals drainage network or are influent for the shallow phreatic

waters.
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North of the resurgence belt instead, the water well withdrawals for strictly domestic use
has always been not widespread seen that the depth to water is higher and the water
might be extracted only using submersible pumps. In recent years, this practice has further
mainly reduced due to the depletion, over time, of the water quality and due to the
realization of a widespread aqueduct network. The use is therefore discontinuous and
withdrawals are closely linked to the real water demand.

For the evaluation of the withdrawals, has been necessary to estimate and determine the
following variables:

- the total number of wells and their widespread on the territory (obtained also using data
from the X1V general census of population and houses — ISTAT, 2001);

- the coefficients (concerning consumptions for the phreatic wells and discharge for the
artesian ones) to be adopted for the withdrawals calculation;

- the sharing volume rates of the water withdrawals in the different aquifer systems.

In total were estimated 1733 wells for all the uses in the DRINKADRIA pilot area: 1686 in
the High Plain and 47 in the Low Plain (Figure 12).

well n. vs. type of use - High Plain
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Figure 12: Number of well divided by type of use and computed on the Drinkadria pilot
area — High Plain.
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Figure 13: Number of well divided by type of use and computed on the Drinkadria pilot
area — Low Plain.

For the withdrawals evaluation, first it was necessary to distinguish between wells located
north of the resurgence belt, considered all phreatic, and the ones located south of it,
considered all confined. Of course, these assumptions are partially forced, but necessary
to simplify the calculation.

With regard to phreatic wells were considered the number of persons using a domestic
well with an average per capita consumption, set equal to 290 liters per day.

With regard to the artesian wells, to compute the withdrawn amount were used the mean
discharge seen that withdrawals are completely independent from the actual water
demand. Based on the data surveyed in the last decades by the Servizio Gestione Risorse
Idriche of the FVG Region and from literature (GEOS, 1994; Granati et al., 2000) has been
estimated a mean discharge per artesian well of 0.8 I/s. From the data present in the
implemented geodatabase, using the screen depth when available or the total depth, it has
been possible to assign the withdrawal rate for each artesian aquifer. From the realized
analysis it came out that 80% of the wells are tapping the aquifer A, 10% the aquifer B, 2%
the C, 4% the D, 2% the E, 1% the F and 1% the G.

The total amount of groundwater withdrawals in the Plain basin was obtained adding wells
subjected to license withdrawals to domestic withdrawals. More than 50% of the

withdrawals are due to the domestic wells.
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High Plain / Low Plain Aquifer Main use m¥s Total m¥/s
FAP DOMESTIC 0,0425
FAP HYGIENIC AND SIMILAR 0,0220
FAP INDUSTRIAL 01777
FAP IRRIGATION/AGRICULTURE 0,0326
FAP FISH BREEDING 0,0798
FAP POTABLE 0,2683
. . A HYGIENIC AND SIMILAR 0,0014
g F A INDUSTRIAL 0,0457 1,5401
A IRRIGATION/AGRICULTURE 0,0006 5705
A POTABLE 0,2023 ;
B POTABLE 0,2830
C HYGIENIC AND SIMILAR 0,0007
C POTABLE 0,1438
D POTABLE 0,2397
FBP DOMESTIC 0,0045
. FBP HYGIENIC AND SIMILAR 0,0004
S A HYGIENIC AND SIMILAR 0,0010 0,0394
A POTABLE 0,0335

Table 6: Withdrawals in the Friuli Venezia Giulia Region, with a focus on the
DRINKADRIA pilot area, subdivided by aquifer systems and by type of use.

High Plain / Low Plain Aquifer Main use m®/s Total m%s

FAP DOMESTIC 0,0515

FAP HYGIENIC AND SIMILAR 0,0220

FAP INDUSTRIAL 0,1777

FAP IRRIGATION/AGRICULTURE 0,0326

FAP FISH BREEDING 0,0798

FAP POTABLE 0,2683

, , A HYGIENIC AND SIMILAR 0,0014
High Plain A INDUS TRIAL 0,0457 1,5491

A IRRIGATION/AGRICULTURE 0,0006

A POTABLE 0,2023

B POTABLE 0,2830

C HYGIENIC AND SIMILAR 0,0007

C POTABLE 0,1438

D POTABLE 0,2397

Table 7: Withdrawals in the Isonzo/Soc¢a High Plain area, subdivided by aquifer type and
main use. FAP= Phreatic High Plain. A, B, C, D are the different aquifer systems
recognized in the southern part of the High Plain.
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WATER BODY MAIN USE n° withdrawing points m3/s
DOMESTIC 2383 1,92

GEOTHERMAL 3 0,01

HYGIENIC AND SIMILAR 61 0,02

LOW PLAIN INDUSTRIAL 7 0,02
IRRIGATION/AGRICULTURE 110 0,18

FISH BREEDING 7 0,05

POTABLE 18 0,07

Total 2589 277

Table 8: Withdrawals in the Isonzo/Soc¢a Low Plain area, subdivided by aquifer type and

main use.

The total withdrawals from the phreatic aquifer of the High Plain of the Isonzo/Soc¢a river
are 1,55 m3/s. The total withdrawals amount from the confined aquifer systems of the Low
Plain are 2,27 m%s. In the High Plain part of the withdrawals concern the phreatic aquifer,
in the Low Plain instead, almost 75% of the withdrawals are in the shallower aquifer
systems named A and B. Most part of the withdrawals are for domestic/potable drinking

purposes. In the High Plain, approximately 25% of the total withdrawals are instead for

agricultural uses.

With this estimation, a detailed water budget was computed as presented in Figure 14.
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Figure 14: Water budget in the Friuli Venezia Giulia Low Plain. Red arrows represent the
water withdrawals considering all the uses. The discrepancy in the withdrawn numbers is

due to the updated resurgence belt position, located now northern than in 2010.

To verify the sustainability of the actual and future use of the water resource, a speed

screening analysis on the water demand has been realized.
Water demand has been measured for the period 2005-2014, while it is estimated in the
period between 2015-2027. Estimations are given by the mean value of the preceding
decade. 2027 is the year of the end of the license so, the Piano d’Ambito (Area Plan) is

ending contextually with it.
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The Area Plan, economic and financial, elaborated for the costs and rates computation, is

developed by AcegasApsAmga and later approved by CATO (Consulta d’Ambito

Territoriale Ottimale).
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Figure 15: Estimated mean annual discharges elaborated for the Financial Plan by CATO
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Figure: According to the census realized by ISTAT, for the FVG region, the population

amount in this area is stable.
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In parallel, ISTAT FVG (Dominutti & Abatangelo, 2008) in 2008, elaborated a report
indicating the inhabitants growth with forecast scenarios up to 2050, by province (ISTAT,
2015).

Udine Gorizia Trieste Pordenone
2007 521.603 141.229 226,512 203,258
2008 534653 142.280 226646 208.373
2009 537.015 142224 226466 312.940
2010 538691 144071 235992 3165912
2015 543851 146681 2322698 234.169
2020 5465.404 148.2685 229264 249261
2030 547,725 150440 223,720 374,849
2040 546,054 151.7323 2195967 395909
2050 540,321 151.720 216455 410,745

Table 9: Residents in Friuli Venezia Giulia by province — expectation 2008 — 2050
(Dominutti & Abatangelo, 2008).
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Figure 16: Residents by province: index number comparison (2007=100) — expectation
2008-2050 (Dominutti & Abatangelo, 2008).
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Figure 17: Gorizia province: analysis of the changes — expectation 2008-2050 (Dominutti &

Abatangelo, 2008).

Totale
Regione
birth rate (per thousand inhabitant) T/
death rate (per thousand inhabitant) 11.6
marriage rate (per thousand inhabitant) 28
!'tet rn_igration rate due to internal migration (per thousand 16
inhabitant)
net migration rate from abroad (per thousand inhabitant) 22
net migration rate due to other reasons (per thousand inhabitant) 6.2
total migration rate (per thousand inhabitant) 10
natural balance (per thousand inhabitant) -3.9
growth rate (per thousand inhabitant) 6.1
total fertility rate - TFR 137
life expectancy at birth - males 795
life expectancy at 65 - males 18.4
life expectancy at birth - females 847
life expectancy at 65 - females 222
population aged 0-14 (percentage values) - on 1st January 127
population aged 15-64 (percentage values) - on 1st January 63
population aged 65 and over (percentage values) - on 1st January 243
dependency ratio (percentage values) - on 1st January 58.8
old age dependency ratio (percentage values) - on 1st January 386
ageing index (percentage values) - on 1st January 191.8
mean age of the population - on 1st January 46.2

Pordenone

8.9
9.6
27

0.1

1.9
42
6.2
0.7
55
1.47
80.3
188
855
231
141
64.4
215
55.3
334
152.8
443

Udine

76
115
28

14

16
33
6.3
-39
25
134
794
18.3
848
222
125
63.5
24
57.5
378
1924
46.1

Gorizia
6.9

124
2.7

29

39
1.7
85
-5.5
3
1.35
791
18.3
84.2
222
123
61.9
25.8
61.5
416
209.2
47

Trieste

6.8
142
31

35

28
184
247
7.4
17.2
133
79.2
18.1
83.9
21T
11.5
60.6
28
65.1
46.1
2433
482

Table 10: Demographic indicators by province - Year 2013 (ISTAT web site, 2015).
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Actually, after the last data analysis, the demographic indicators highlight a small increase
in the growth rate calculated per thousand inhabitant (3 Gorizia; 2.5 Udine; 5.5 Pordenone;
17.2 Trieste). So data proposed by CATO of an almost constant water demand in the
future years, can be defined a good approximation of the future scenarios.

One of the aim of the DRINKADRIA project is to define the water demand on pilot areas
for drinking water and for total uses (drinking, irrigation, industry, ecological water demand)
and to define three different possible scenarios. Scenario 0 represents the state of the art;
Scenario 1 corresponds to a +25% of water demand; Scenario 2 represents instead a -
25% of water demand.

Using the available data, a simple addition and subtraction has been realize in order to
obtain the numbers expressed in Table 11. For the investigated area, in the High Plain, an
increase in the withdrawals of the 25% will not affect the resources and the actual uses.

HP LP TOT
Scenario 0: State of the art 1,54 m3/s 2,27 m¥/s 3,81 m%/s
Scenario 1: +25% 1,92 m3/s 2,84 m3/s 4,76 m%/s
Scenario 2: -25% 1,15 m%/s 1,70 m%/s 2,85 m3/s

Table 11: Water demand calculated for the present and future possible scenarios in the
Isonzo/Soca pilot area expressed as m3/s and subdivided between High Plain (HP) and
Low Plain (LP).
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3. ASSESMENT OF WATER EXPLOITATION INDEX ON TEST AREA NORTHERN
ISTRIA

3.1. METHODOLOGY TO ASSESS WATER EXPLOITATION INDEX

Water exploitation index (WEI) is the ratio between the water demand (WD) and the
renewable water resources (WR). It represents an index of sensitivity and vulnerability of
water supply. The common practice is to determine the WEI using the total water use. For
the DRINKADRIA project instead, WEI was also calculated for drinking waters. Four
different scenarios were considered, based Characteristic Renewable Water Resources:

a) WEI (1) = Present WD (Scenario 0) / WR (Measured 1961-1990)
b) WEI (2) = Present WD (Scenario 0) / WR (Modelled 2021- 2050)
¢) WEI (3) = Future WD (Scenario 1) / WR (Modelled 2021 - 2050)

d) WEI (4) = Future WD (scenario 2) / WR (Modelled 2021 - 2050)

To highlight the possible problems due to water demands, the values defined in CCwaterS
(Final Report WP4_3), have been used in order to assess the threshold to define different
stages of vulnerability or risk. 70% exploitation rate has been selected for indicating strong
risk (instead of the usual 90%) and 50% for indicating possible difficulties (Table 12)
(CCWaterS, 2012).

For the present research, the impact of climate change on the availability of water has
been evaluated by comparing the predicted characteristics of the periods 2021-2050 with
those corresponding to the baseline period (1961-1990). The evaluation included (i)
climatic parameters (scenarios) used for the hydrological modelling, (ii) main hydrological
characteristics, (iii) renewable water resources, (iv) calculation of the exploitation index. In
the case of Isonzo/Soca pilot area, a porous aquifer was studied. Compared to the karstic
ones, it has large buffer capacity being characterized by long-term averages recharge from
precipitation. In these conditions, changes in renewable water resources can be
considered equal to those of average conditions. Thus in this area are directly studied the

renewable water resources.
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As expected, from the Table 12, emerges a satisfactory situation in all the Climate Change
defined scenarios. The WEIndexes always remain under the value of 0,5, threshold
identified by the CC-Water European Project showing a very low risk. Only a value of 0,02
separates the total from the drinking use indicating that most part of the withdrawn waters
from wells are used for drinking purposes.

WEI) WE@ WElQ  [IWETE
Country | Test area Drinking | Total Drinking Total | Drinking| Total | Drinking
Total use
water use water use water use water
tay | SONZOS0caf g 043 | 045 0,44 046 | 045 | 043 | 043
river plain

Table 12: Exploitation indexes of water resources in the test area: state of the art and
future scenarios.

4. REFERENCES

Allen R.G., Pereira L.S., Raes D., Smith M. (1998) Evapotranspiration: Guidelines for
computing crop water requirements. FAO Irrigation and drainage paper 56, FAO — Food
and Agriculture Organization of the United Nations (www.fao.org/docreo ).

Antonelli R., Bortolami G. C., Braga G., Dal Pra A., Francani V., Francavilla F., Giuliano
G., Manfredini M., Pellegrini M., Petrucci F., Pozzi R., Stefanini S. (1981) Indagine sulle
falde acquifere profonde della Pianura Padana. Contributi tematici per la conoscenza della
idrogeologia Padana. In: Indagine sulle falde acquifere profonde della Pianura Padana,
Quaderno I.R.S.A., Roma, lll, 51 (Il), parte 1l, 5-70 / fig. 8.

Bubnova, R., Hello, G., Bénard, P., Geleyn, J-F., 1995. Integration of the fully elastic
equations cast in hydrostatic pressure terrain-following coordinate in the framework of the
ARPEGE/Aladin NWP system. Mon.Wea.Rev.,123:515-535.

CC-WaterS (2012) WP4 - Availability of Water Resources. Final Report. p.88.

Castrignano A., Lopez N., Caradonna M.S. (2005) L’impiego di parametri topografici per
migliorare la precisione della stima della precipitazione. Quaderno degli extended
abstracts del Convegno AIAM 2005: Agrometeorologia, risorse naturali e sistemi di
gestione del territorio. ltalian Journal of Agrometeorology, Anno 9 - n. 1, p.p. =76-77.

Castro, M., Fernandez C., Gaertner M.A., 1993. Description of a meso-scale atmospheric
numerical model. In:J.l. Diaz, J.L. Lions (eds), Mathematic, climate and environment,
Masson.

Carulli G.B., Carobene L., Cavallin A., Martinis B., Onofri R., Cucchi F., Vaia F. (1980)
Evoluzione strutturale Plio-Quaternaria del Friuli e della Venezia Giulia. Contributi alla
Carta Neotettonica d’ltalia. Pubbl. n°356, P.F. Geodinamica, C.N.R., p.p.488-545.

Water resources availability on test areas — Isonzo/Soca plain (ltaly)
—30.6.2015.

DRINK ADRIA



36

Carulli G.B. (2006) Carta geologica del Friuli Venezia Giulia. Scala 1:150.000. Regione
Autonoma Friuli Venezia Giulia, Direzione Regionale Ambiente e Lavori Pubblici, Servizio
Geologico Regionale. S.E.L.C.A., Firenze.

Cicogna A. (2008) Atlante climatico del Friuli Venezia Giulia: 1. Precipitazioni. ARPA-
Osmer, p.p. 42.

Cimolino A., Cisotto A., Saccardo I., Deana A., Marin A. (2011) Le campagne di misura
per la valutazione delle dispersioni in alveo. Il progetto Trust 2009-2011, p.p.83-105.

Cimolino A., Della Vedova B., Nicolich R., Barison E., Brancatelli G. (2010) New evidence
of the outer Dinaric deformation front in the Grado area (NE-Italy). Rend. Fis. Acc. Lincei
21 (Suppl 1):S, p.p.167-S179, DOI 10.1007/s12210-010-0096-y.

Consorzio di Bonifica Ledra Tagliamento (1982) Studio per la determinazione del bilancio
idrologico dell’alta pianura friulana compresa tra i fiumi Isonzo e Tagliamento, Rapporto
interno, p.p.140.

Cucchi F., Franceschini G., Zini L. (2008a) Hydrogeochemical investigations and
groundwater provinces of the Friuli Venezia Giulia Plain aquifers, northeastern ltaly.
Environmental Geology, 55, p.p.985-999.

Cucchi F., Franceschini G., Zini L. (2008b) Hydrogeology and geochemistry of the Friuli
Venezia Giulia Plain alluvial aquifers, northeastern ltaly. In: Groundwater: Modelling,
Management. Ed. L.F. Konig & J.L. Weiss, p.p. 231-257. ISBN: 978-1-60456-832-5.

Cucchi F., Massari G., Oberti S. (1999) Water table fluctuations in the northern Friuli Plain.
Gortania, 21, p.p.41-51.

Della Vedova B, Castelli E, Cimolino A, Vecellio C, Nicolich R, Barison E. (2008) La
valutazione e lo sfruttamento delle acque geotermiche per il riscaldamento degli edifici
pubblici. Rassegna Tecnica FVG, 6/2008, p.p.16-19.

Della Vedova B., Marson |., Nicolich R., Bellani S., Calore C., Grassi S., Squarci P.,
Perusini P. (1994) Valutazione di dettaglio delle strutture profonde nella Bassa Pianura
Friulana. Inventario delle risorse geotermiche nazionali, Rapporto Ministero dell'Industria e
dell’Artigianato, STAR, C.N.R., p.p.40.

Desiato, F., Fioravanti, G., Fraschetti, P., Perconti, W., Piervitali, E. (2012) Elaborazione
delle serie temporali per la stima delle tendenze climatiche. ISPRA, ISBN 978-88-448-
0559-3. pp.37

Dominutti G., Abatangelo F. (2008) La popolazione del Friuli Venezia Giulia: previsioni
2008-2050; Servizio Statistica, Regione Autonoma FVG; pp.48.

GEOS s.n.c. di Trieste (1994) Censimento dei pozzi per I'approvvigionamento idrico ad
uso privato nei comuni di Fiume Veneto, Pordenone e Zoppola. Relazione. Reg. Aut. F.-
V.G., Dir. Reg. Ambiente, Rapporto interno.

Water resources availability on test areas — Isonzo/Soca plain (ltaly)
—30.6.2015.

DRINK ADRIA



37

Granati C., Martelli G., Roda C. (2000) Valutazione preliminare del volume d’acqua
estratta annualmente in Provincia di Udine dal sottosuolo della Bassa Pianura Friulana.
IGEA (Ingegneria e Geologia degli Acquiferi); 15, p.p.13-26. doi: 10.1474/GGA.2007-05.0-
07.0169.

ISTAT web site (2015) http://www.istat.it/en/friuli-venezia-
giulia/data?q=qgettableterr&dataset=DCIS INDDEMOG1&dim=47%2C0%2C2148&lang=2
&tr=0&te=1

ISTAT (2001) XIV censimento generale della popolazione e delle abitazioni.
http://www.istat.it/it/censimento-popolazione-e-abitazi/popolazione-2001

Martelli G., Granati C. (2007a) Valutazione della ricarica del sistema acquifero della bassa
pianura friulana. Giornale di Geologia Applicata, 5, p.p. 89-114.

Martelli G., Granati C. (2007b) Lithostratigraphical and hydrogeological characteristics of
the aquifers of the Low Friuli Plain and sustainability of groundwater extractions.
Caratteristiche litostratigrafiche e idrogeologiche degli acquiferi della Bassa Pianura
Friulana e uso sostenibile della risorsa. Memorie Descrittive Carta Geologica d’ltalia
LXXVI, p.p.241-266, figg.21 — tabb.13.

Martelli G., Granati C. (2010) A comprehensive hydrogeological view of the Friuli alluvial
plain by means of a multi-annual quantitative and qualitative research survey. Quadro
idrogeologico generale della Pianura alluvionale friulana sulla base di indagini quantitative
e qualitative pluriannuali. Memorie Descrittive della Carta Geologica d’ltalia XC, p.p. 181-
208, figg. 26, tabb. 3.

Nicolich R., Della Vedova B., Barison E., Cimolino A. (2008) Le acque calde della pianura
friulana. Notiziario U.G.1., VII, 20, p.p.5-13.

Nicolich R., Della Vedova B., Giustiniani M., Fantoni R. (2004) Carta del sottosuolo della
Pianura Friulana (Map of Subsurface Structures of the Friuli Plain). Regione Autonoma
Friuli Venezia Giulia, Direzione centrale Ambiente e Lavori Pubblici, Servizio Geologico, p.
28.

Pal, J.S., and Coauthors, 2007. Regional climate modeling for the developing world: The
ICTP RegCM3 and RegCNET. Bull. Amer. Meteor. Soc., 88:1395-14009.

Stefanini S., Cucchi F. (1976) Gli acquiferi nel sottosuolo della provincia di Gorizia (The
aquifers in the Gorizia province). Quaderni Isontini Ricerca Acque, 28, p.p.347—-366.

Stefanini S., Cucchi. F. (1977a) Le ghiaie nel sottosuolo della pianura veneta ad oriente
del F. Piave. In: Indagine sulle falde acquifere profonde della Pianura Padana, Quaderno
I.R.S.A., 34 (3), pp. 67- 79.

Stefanini S., Cucchi F. (1977b) Gli acquiferi nel sottosuolo della provincia di Udine (The
aquifers in the Udine province). Quaderni Isontini Ricerca Acque, 34, 131-147.

Water resources availability on test areas — Isonzo/Soca plain (ltaly)
—30.6.2015.

DRINK ADRIA



38

Stefanini S. (1978) La falda freatica dell’Alta Pianura friulana. In: Indagine sulle falde
acquifere profonde della Pianura Padana, Quaderno |.R.S.A., 34 (14), p.p. 343-361.

Stefanini S., Cucchi F. (1978) Gli acquiferi del sottosuolo della pianura veneta fra i fiumi
Piave e Tagliamento. In: Indagine sulle falde acquifere profonde della Pianura Padana,
Quaderno I.R.S.A., 34 (12), p.p. 287-299.

Treu F. (2011) | prelievi da pozzo in Friuli Venezia Giulia. Tesi di Master inedita,
Universita degli Studi di Trieste. p.p. 54.

Williams J.R. (1995) The EPIC Model. In V.P. Singh, Computer Models of Watershed
Hydrology. Highlands Ranch, CO: Water Resources Publications, p.p. 909-1000.

Zini, L., Calligaris, C., Treu, F., Zavagno, E., lervolino, D., and Lippi, F. (2013)
Groundwater sustainability in the Friuli Plain. AQUA mundi 4, 41-54.

Zini L., Calligaris C., Treu F., lervolino D. and Lippi F. (2011) Risorse idriche sotterranee
del Friuli Venezia Giulia: sostenibilita dell’attuale utilizzo. EUT edizioni, p.p.90, ISBN: 9-
788883-033148.

Water resources availability on test areas — Isonzo/Soca plain (ltaly)
—30.6.2015.

DRINK ADRIA



Water resources availability on test areas — Isonzo/Soca plain (ltaly)
—30.6.2015.

fgdriatic IPA

Let's grow up together — omons "=

The project is co-funded by the European Union,
Instrument for Pre-Accession Assistance




Water resources
availability on Test
Areas

ATO 3 Marche Centro —
Macerata (ITALY)

Lead Author/s Daniele Nardi
Lead Authors
Contributor/s Marco Materazzi, Simona Mercuri
Date last release 04/08/2015

State of document Final

<Y
%ﬂ.{'gﬂ&{m

Let’s grow up together — owscdow a===<

The project is co-funded by the European Union,
Instrument for Pre-Accession Assistance




TABLE OF CONTENT

LI 1 0T 8T 1o 2
2 Water service demand in ATO 3 TESt Ar A .....eeeeiiiiiiiiee e 5
3 Water Resources availability............ooo e 8
4 Summary and CONCIUSIONS ........uuieiiiiiiie et e e e e e e e e ane e 11
5 Test Area SUMMANY TabIE .......uuiiiiiiiieee e e e e e e e e 13
S R T (=T =T Te T PSPPSR 15

Water resources availability on Test Areas - ATO 3 Macerata 04.08.2015
DRINK ADRIA



1 INTRODUCTION

Aim of the present Report is that of providing a summary of available data and
information on current and future demand for water services and water resources present
and prospective availability, with regards to ATO 3 Test Area, Italy.

Fig. 1 — Individuation of ATO 3 Test Area, Marche Region, Italy

ATO 3 Test Area territorial extent is around 2.520 km2. It is located in the central part of
Marche Region, ltaly, stretching from the Apennines to the Adriatic coast. The most
important Water Resources are located within two different physiographic "Macro-
Regions" corresponding to as many hydrogeological domains (Fig.2):
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1) WR1 — Calcareous ridges

2) WP2 — Alluvial plains.
Several geological-structural units can be identified within these regions, determining the
formation of important aquifer complexes with different storage capacity and groundwater
circulation velocity.

P
Petriolo
. 3

Fig.1 — ATO3 Test Area (marked with the red line): 1) “Calcareous ridges” hydrogeological
domain; 2) “Alluvial plains” hydrogeological domain.
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From a climatic point of view, previous studies (Amici and Spina, 2002), carried out on the
whole territory of Marche Region using a discrete number of pluviometers, have led to a
generalized division into three longitudinal sectors, homogeneous in the range of altitudes
and especially for mean annual precipitation and overall climatic conditions. The same
subdivision can be associated to the Test Area (Fig.2a):

i) a coastal zone, with mean annual precipitation between 600mm and 850 mm,;

i) an intermediate medium-low hilly sector, with values between 850mm and 1100
mm;

iif) an inland high-hilly and mountain area, with mean values greater than 1100 mm,
and maximum around 1700 mm.

Such rainfall pattern ensures a fair recharge in mountain areas where the largest number
of water supply facilities is concentrated (Fig.2a); on the other hand a more limited
recharge, often at risk during summer periods, characterizes the alluvial plains mainly
located in the low-hilly and coastal sectors, where the number of Water Resources is
lower, almost entirely made up of well fields and pumping stations. Fig.2b shows the
subdivision of the test area in four of the five main land use classes according to the
Corine Land Cover, 2006. Two classes are dominant: agricultural areas characterize the
low-hilly and flat areas while natural areas and forest dominate the mountain areas (see
Summary Table given in Chapter 5).

Fig.2 — a) Pluviometric characteristics of the test area: 1. isohietal line; 2. water supply
facilities. b) Land use classes (based on the Corine Land Cover, 2006): 1. artificial
surfaces; 2. agricultural areas; 3. forest and semi-natural areas; 4. water bodies.
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2 WATER SERVICE DEMAND IN ATO 3 TEST AREA

ATO3 Test Area population is 356.185 inhabitants (ISTAT, 2011). The amount of drinking
water supplied by Utilities distribution network is around 31,2 Mm3/year. This water is
mostly supplied by carbonate aquifers springs or abstracted from wells located in the
alluvial plains and in a smaller part from an artificial reservoir located in the Northern part
of the area.

The standard of supply service for drinking use is generally very good, with very few
restrictions related to drought periods.

Water service main features, concerning water abstraction for drinking purposes, are
summarized in the following table:

Utility Municipalities | Population Water abstraction (1.000 x m?)
(n.) Springs Wells Reservoirs Total
(inhabitants)

Acquambiente M. 4 27.703 1.569 216 7.284 9.069
Astea 8 109.676 - 9826 - 9.826
APM 8 113.731 1460 4923 - 6.383
ATAC Civitanova 1 40.217 - 3691 - 3.691
ASSEM 1 13.018 1600 46 - 1.646
ASSM 5 25.589 1560 78 - 1.638
Other 21 26.251 12878 160 13.038
(Municipalities)

Total 48 356.185 19.067 18.940 7.284 45.291

Tab. 1 — ATO 3 Water Service main features

Out of around 31,2 Mm3/year drinking water total consumption, the share of water
consumption for touristic use, supplied by the same WSS, can be estimated in 1,8
Mm3/year.

Concerning agricultural use, total irrigation demand is estimated in about 30 Mm3/year. It
is mostly satisfied through groundwater abstraction, by existing private wells and pumping
systems, and through surface water reservoir an supply network, operated by a Regional
Consortium.

Concerning the industrial water use, even if it is very hard to obtain official data, the total
annual consumption can be estimated around 12,7 Mm3, mostly supplied by private wells
and just for around 4 Mm3 by drinking water supply systems and Utilities’ distribution
network.
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The increasing trend of population in Marche region, according to censuses from 1861 to
2011 in given in the chart below (Fig. 3):
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Fig. 3 — Population in Marche Region, 1861-2011 (ISTAT)

Marche Region Waterworks Plan predictions concerning population trends, taking into
account data and elaborations of the Italian National Institute of Statistics (ISTAT), are
based on the cohort component model and on the calculated trends in the period 2001-
2011 (+ 8,1%). An estimation of growth of the population for ATO 3 Area is given in the
table below:

Population Population Trend Population Trend Population Trend
2001 2011 2001-2011 2025 2011-2025 2050 2011-2050
329.641 356.185 +8,1% 391.804 +10% 424.929 +19,3%

Tab. 2 — ATO 3 Population and Trend (2001-2011) and estimation for the next periods

Future water demand forecasts are based on resident population and tourism data, not
taking into account water needs for agriculture, farming and industrial use, which can have
alternative sources of supply.
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Qmin Population Q per capita Q 2025 Q 2040
(I/s) (2011) (I/s) (I/s) (I/s)

ATO 1
ATO 2
ATO3
ATO 4
ATO5
Total

1.339
2.012
1.683
500
995
6.529

362.583
403.827
356.185
120.180
298.544
1.541.319

400
375
350
350
375

2.019
2.247
2.048

681
1.608
8.603

2.173
2.338
2.191

711
1.657
9.070

Tab. 3 — Optimal Territorial Areas (Marche Region) current and future water demand

In Table 3, above, a summary of present total and per capita flow rate, compared to
population, and forecasts concerning total needed flow rates in 2025 and 2050 are given.
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3 WATER RESOURCES AVAILABILITY

In ATO 3 Test Area, as in many other ltalian regions, groundwater represents the major
source of “water intended for human consumption”. Deep groundwater resources, well
protected by natural filters, can guarantee wholesome and good quality water and a safe
supply. Safeguard measure are anyhow very important as the extensive and, often,
unplanned land use could represent a serious danger.

Surface water is also used as source of “water intended for human consumption”: an
artificial reservoir, called Castreccioni Lake is used for drinking water production and
supply to a population of about 100.000 people. Another problem, also connected with
human pressure on natural resources, is the eutrophic phenomenon, with the presence of
toxic Planktothrix rubescens cells in the lake water, detected starting from January 2011,
with increasing concentration of algae, up to 4 Million cells per liter.

N
1] 3 [ 9 12 15 \
\ [ — —— ] \
W-=——x—FE km P
I Osima /
8

—
Potio Recanati

Poggio San Viging Potenza P\celila
Monielupone
Chvitanova Marche
Mantecosara
; Morrovalle \)
Corrdonia
olantine
Castelrairiondo
Fiuminata % Seupslmna
Bellorte del Chient:
Serra
Legenda
® Sorgente
Pozzo
A Campo Pozzi
Visso Ussita
- v Lago/Invaso
P
4 Agglomersti

asteisantangelo sullNera

/ et Cors1 d'acqua

Fig. 4 — The most important Water Resources in use in ATO 3
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The critical aspects associated with the qualitative and quantitative maintenance of water
resources in the test area are essentially linked to the need to satisfy the growing demand
in the various fields of use (drinking water, agriculture, industry) consequent to the
increase in population and the apparent increase in the frequency of the "drought"
seasons, especially observed in the last decade.

More uncertain are the information about the ongoing climate change and the increase of
periods with prolonged absence of precipitation. Partial data (to be validated) indicate a
shortening in the recurrence of dry seasons: if during the period 1950-2000 a dry season
occurred every 10-15 years (Amici and Spina, 2002), after 2000 it seems to occur with a
frequency of 5-10 years. More specifically, in the last fifteen years, there has been a
peremptory alternating of dry periods especially in early autumn and late winter, followed
by periods of intense and prolonged rainfall (even of 48-72 hours), with a total of 250-300
mm (equal to 20-30% of the annual value). The meteoric characteristics described above
tend to favor and/or reinforce gravitational and flood phenomena already widespread in
the test area and, consequently, to limit infiltration and groundwater recharge (Fazzini,
2002).

A moderate state of alert is instead associated with the feared deterioration of the drinking
waters quality standard: a pollution increase by nitrates of agricultural origin has been
observed in some pumping wells of the area while no significant phenomenon was found
in the water resources fed by carbonate aquifers which still account for 42% of the
resource used.

Concerning the available resources, the mountain aquifers of the test area currently seem
to count on an effective recharge between 400mm and 1000mm per year, variously
distributed based on the different permeability of bedrock and especially on the areal
distribution of precipitation. The resulting volumes, recently estimated in some strategic
sectors of the Apennines and partially within the study area, seem to be able to meet the
current demand (Boni and Petitta, 2007; Petitta, 2011); nevertheless, the complex
hydrogeological setting of the territory cannot exhaustively enable an assessment of the
quantities involved, unless a continuous and effective monitoring of the spring discharges
which currently concerns (sometimes partially) only some of the main water supply works.

A similar consideration can be done for the aquifers located in floodplain areas that
constitute usually additional or alternatives resources to those taken in the carbonate
mountain aquifers. The studies carried out so far, only partially fill the gap related to a
proper characterization of the hydrogeological parameters of these aquifers and the
volume of water actually available for the exploitation.
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Typical of the aquifers located near the coast is the problem related to a possible saline
water intrusion, resulting from freshwater overexploitation, sea level rise or human
intervention. Also in this case, more detailed studies and targeted monitoring are therefore
to be considered fundamental for a correct assessment of the qualitative and quantitative
state of the water resources stored.

Although lack of accurate data (as already mentioned several times) makes it difficult to
provide a detailed quantitative evaluation of the available water resources in the whole
ATO 3 territory and about the origin of these resources, it is possible - based on
bibliographic data as well as on unpublished data - to define homogeneous areas from the
point of view of the water potential and of their possible use. In the attached (Annex 1)
"Map of the potentially exploitable areas" in scale 1: 100.000, four classes of areas with
different vocation have been distinguished:

1) Areas with high water potential, higher than the current exploitation
2) Areas with high water potential, with low or no exploitation
3) Areas with high water potential, mainly exploitable with abstracting wells.

4) Areas characterized by widespread aquifers with limited water potential, but overall
exploitable for alternative uses.

The areas with high potential, higher than the current exploitation, are mainly located
within the carbonate ridges. They are characterized by the presence of a fair number of
abstraction points, mainly used for potable purposes, supplying the majority of the water
supply networks of the area. The analysis carried out, concerning the involved
hydrogeological structures and the considerations relating aquifers recharge volumes, lead
to assume that the currently abstracted water quantities are still considerably less than the
water potential availability. Local, specific hydrogeological condition (aquifers cut by the
direction of the main drainage axes along the valleys) makes these points the most
suitable ones for planning new exploitations or increase water supply (in case of existing
abstraction points).

The areas with high water potential, with low or no exploitation, similar to the previous
ones from the hydrogeological characteristics point of view, only differs from them for the
fact of being minimally exploited. Published data show that some springs (no longer in
use), also providing abundant flow rates, were present and used to feed water supply
systems in the past. Even these areas could be used for the increase of the water
resource intended for potable purposes.
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The areas with high water potential, mainly exploitable with abstracting wells, are
predominantly located in floodplains or in the border areas, close to the calcareous ridges.
The aquifers found in the recent alluvial terraces are recharged from the surrounding
carbonate structures. In some cases the geomorphological evolution of some flood plains
lead to the creation of multi-layered systems of great potential, with also some artesian
confined aquifers, containing groundwater under pressure. Further studies should be
planned, in order to quantify the real water potential of these peculiar aquifers and, in
parallel, to determine quality parameters, for a better planning of the water resource
exploitation and their more suitable intended use.

Aquifers sometimes significant, although, in most cases, very small, are then diffusely
present throughout the whole ATO 3 territory. These acquifers are predominantly located
within the terrigenous deposits present in mountain areas or in the monoclinal peri-adriatic
structure, at the watershed of the major rivers (Musone, Potenza, Chienti) where crop
formations consist of alternations prevailing composed by sandy-sandstone or
conglomerate. Bibliographical data referring to these areas reveal the presence, in the
period around the early ‘70s of last century, of numerous springs exploited especially at
local level. In the hilly peri-adriatic area, widespread springs, matching the needs of small
settlements, until the construction of the first main waterworks, are now disappearing or
are left abandoned, even because of modern agriculture techniques and the social
changes. These changes have significantly altered the hydrology and hydrogeological
features of the local slopes, also favoring the activation and/or reactivation of mass
movements (landslides). Although these water resources probably have not particularly
high quality requirements, their recovery could be useful in case of needs of emergency
water supply or for a possible rebalancing of the slope-valley system.
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4 SUMMARY AND CONCLUSIONS

ATO 3 Test Area can be geographically divided into two zones, a mountain area and a
foothill area, including medium-high hilly and flat-coastal zones. Same way, the most
important Water Resources are located within two different physiographic "Macro-
Regions" corresponding to as many hydrogeological domains, recognized as “Calcareous
ridges” and “Alluvial plains”.

From a climatic point of view, a general subdivision into three longitudinal sectors,
homogeneous in the range of altitudes and especially for mean annual precipitation and
overall climatic conditions can be associated to the Test Area.

The inland high-hilly and mountain area, with greater annual precipitation values, is very
rich in terms of aquifers, potentially providing large volumes of good quality water. The risk
of chemical pollution is particularly low, as these water resources are located in an area
characterized by just few small human settlement, with scarce presence of industrial
activities and limited agricultural activities.

According to the most recent forecasts concerning population trends in Marche Region,
the number of inhabitants in the Test Area (about 330.000 people, nowadays) will increase
up to around 425.000 people expected in 2050, so determining a consequent increase in
water demand, from present about 1.700 I/s up to about 2.100 I/s in 2040.

In ATO 3 Test Area, as in many other ltalian regions, groundwater represents the major
source of “water intended for human consumption”. Deep groundwater resources, well
protected by natural filters, can guarantee wholesome and good quality water and a safe
supply. Safeguard measure are anyhow very important as the extensive and, often,
unplanned land use could represent a serious danger.

The increase in population and the apparent increase in the frequency of the "drought”
seasons, especially observed in the last decade, represent the most critical aspects
associated with the qualitative and quantitative maintenance of water resources needed to
satisfy the growing demand in the various fields of use (drinking water, agriculture,
industry).

The information about the ongoing climate change and the increase of periods with
prolonged absence of precipitation are uncertain. There has been a peremptory alternating
of dry periods, especially in early autumn and late winter, followed by periods of intense
and prolonged rainfall, in the last fifteen years. Such meteoric pattern tend to favor and/or
reinforce gravitational and flood phenomena already widespread in the test area and,
consequently, to limit infiltration and groundwater recharge.
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A moderate state of alert is instead associated with the feared deterioration of the drinking
waters quality standard: a pollution increase by nitrates of agricultural origin has been
observed in some pumping wells of the area while no significant phenomenon was found
in the water resources fed by carbonate aquifers which still account for 42% of the
resource used.

Concerning the available resources, the mountain aquifers of the test area currently seem
to count on an effective recharge resulting in estimated volumes which seem to be able to
meet the current demand. The uncertainties associated to the complex hydrogeological
setting of the territory cannot exhaustively enable an assessment of the quantities
involved, unless a continuous and effective monitoring of the spring discharges which
currently concerns (sometimes partially) only some of the main water supply works.

A similar consideration can be done for the aquifers located in floodplain areas. The
studies carried out so far, only partially fill the gap related to a proper characterization of
the hydrogeological parameters of these aquifers and the volume of water actually
available for the exploitation. Typical of 