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Executive summary 
In the present deliverable, risk regarding Spanish and Italian study areas selected for the 
implementation of demonstration Actions 5 and 6, respectively, was assessed by using the 
DRASTIC approach.  

In Spain, two study areas have been defined: i) Las Tiesas area in Barrax which is a 
municipality in the province of Albacete and belongs to the Autonomous Community of Castile-
La Mancha, where the open-field experiments of cereals (barley and soft wheat) cultivation are 
implemented; ii) Tres Caminos area in La Matanza which is a district in the municipality of 
Santomera, in the region of the Huerta de Murcia in Murcia, where the cultivation of tomato and 
lettuce in greenhouse is implemented. So far, risk analysis was carried out for Barrax, while risk 
analysis for Murcia is in progress.  

The Italian demonstration area (CERSAA premises) is located in Albenga, Savona province, 
Liguria region, in northern Italy. Basil, rocket and lamb's lettuce are cultivated in greenhouse, 
while open-field cultivations of rosemary, lettuce and cabbage are carried out. Open-field 
cultivation of cabbage is also carried out at a private farm at Loano, Savona, Italy (almost 10 km 
away from Albenga).  

Risk for groundwater was assessed since groundwater is the main source for water irrigation in 
both demonstration areas. The DRASTIC approach was used as it is the most commonly used 
groundwater vulnerability/risk mapping approach, using a relatively large number of parameters 
for the calculation of risk index which ensures the best representation of the hydrogeological 
setting (parameters such as soil permeability, land use, precipitation-evaporation, depth of water 
table and potential pollutants have been considered). Once the DRASTIC index is evaluated, it 
is possible to identify areas that are more susceptible to groundwater contamination. 

The maximum estimation probability of the values of the most representative parameters 
namely depth to water, net recharge, aquifer media, soil media, slope, impact of vadose zone 
and hydraulic conductivity, was selected and the DRASTIC vulnerability indexes were 
calculated. The contamination potential in the study areas was classified into five categories of 
risk ranging from “low” to “very high”. The groundwater risk analysis (DRASTIC approach) was 
validated using available groundwater quality data provided by Wastereuse partners and found 
(after a TUC search) in Spanish and Italian public/government agencies. The results show 
strong relationship (high correlation) between the DRASTIC risk mapping and the actual nitrate 
concentrations in both demonstration areas. 

TUC in the frame of Wastereuse produced several maps (e.g geological, aquifer media), using 
data obtained after an extensive search of several sources. These maps will be given to the 
Spanish and Italian partners to be forwarded to local/regional authorities and any other 
interested stakeholders free of charge. 

A draft version of this deliverable was initially prepared on 30/4/2014. The present deliverable is 
an improved version of the initial one. 
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1. General aspects 

In order to assess risk, hazards or potential sources of contamination which may lead to some 
form of harm on the local environment should be first identified and evaluated. Then the 
establishment of a potential source-pathway-target relationship is required, such that targets 
could be exposed to or affected by a hazard.  

The sensitive targets-receptors, potentially affected by the presence of hazardous sources, 
should be identified. These may be humans, water resources and sites of ecological importance 
or even material goods, such as buildings. Following the identification of targets, all potential 
pathways by which contaminants may reach the targets are analyzed to identify the important 
source–pathway–target relationships. Table 1 shows the essential terminology for risk 
assessment (DOE, 1996; Komnitsas et al., 1998; Korre et al., 2002; Komnitsas and Modis, 
2006; 2009). 

 

Table 1. Risk assessment terminology  

Term Definition 

Hazard A property or situation that in particular circumstances could lead to 
harm. 

Consequences The adverse effects of harm as a result of realizing the hazard which 
causes the quality of human health or the environment to be impaired in 
the short or longer term. 

Probability of 
consequences 

The assessment of the probability that an identified hazard will reach a 
target in sufficient concentration (or leading to sufficient exposure) to 
cause harm. 

Magnitude of 
consequences 

The prediction of the significance of an impact in terms of its magnitude 
should the hazard reach the target. 

Risk A combination of the probability, or frequency of occurrence of a defined 
hazard and the magnitude of the consequences of the occurrence. 

Source A contaminant or potential pollutant which constitutes a hazard. 

Receptor 
(target) 

A human, living organism, ecological system or property (including 
crops or livestock) that may potentially be affected by a contaminant. 
The assessment of risk to employees (occupational risk assessment) is 
excluded from the assessment. 

Pathway 
(pollutant 
linkage) 

Routes or means by or through which the receptor is being or could be 
exposed to or affected by a contaminant, such as surface- and 
groundwater or wind. 

Harm Includes disease, serious injury or death to humans; irreversible or 
other adverse change in the functioning of an ecological system; 
substantial damage to or failure of buildings, plant or equipment; or 
disease, physical damage or death of livestock or crops. 
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The risk for each potential pathway is considered to be a combination of the probability that a 
hazard will reach the target (e.g. contamination of surface- and groundwater from AW 
application on soil) and the magnitude of harm if the target is exposed to the hazard (e.g. the 
magnitude of harm if contaminated surface- or groundwater is used for irrigation purposes).  

The probability that a contaminant will reach a target in sufficient concentration to cause harm 
may be assessed qualitatively according to the scale:  

 high (certain or near certain to occur) 
 medium (reasonably likely to occur) 
 low (seldom likely to occur) or  
 negligible (never likely to occur).  

The magnitude of harm is assessed as:  
 severe (human fatality or irreparable damage to the ecosystem)  
 moderate (e.g. human illness or injury, negative effects on ecosystem function) 
 mild (minor human illness or injury, minor changes to ecosystem) or  
 negligible (nuisance rather than harm to humans and the ecosystem).  

The study of fate and transport of contaminants is mainly related to the description and 
understanding of the various pathways or routes through which a receptor might be at risk. 
Routes through which a contaminant might be transported include soil, groundwater, surface 
water, uptake or absorption by plants, dust, aerosols and others.  

Transport of contaminants in soils, e.g. polyphenols contained in compost produced from olive 
mill wastes, is affected by a number of physical, geochemical and biological processes, which 
may attenuate, concentrate, immobilize, liberate, degrade or otherwise transform them. 
Therefore the precise calculation of risk depends on both the concentration of the contaminant 
and the route of exposure (Nelson et al., 2009; Griffiths et al., 2010; Imaz et al., 2010; Lopes et 
al., 2011). 

Another issue that needs to be considered is that several inorganic elements present in media 
such as soils, as for example zinc, copper and manganese, are micronutrients that are 
important constituents of enzymes and thus critical for the proper development of plant species. 
If concentration in soil exceeds a certain threshold then they become toxic to plants and inhibit 
their growth. In addition, if they are taken up by the plants through the roots, they may enter the 
food chain and become toxic to humans and animals (Petrisor et al., 2004). 

The calculation of risk also takes into account generic standards (target and intervention values) 
that are used to assess the affected medium quality and classify media as clean, slightly, 
moderately or heavily contaminated. The target values are protective levels and indicate the 
desired media quality while the intervention values are indicative of serious contamination 
(Swartjes, 1999; Gay and Korre, 2006).  

The concept of groundwater risk assessment (vulnerability) is based on the assumption that 
the physical environment may provide some degree of aquifer protection against impacts, 
especially with regards to contaminants entering the groundwater (Leone et al., 2009). 
Consequently, some land regions are more vulnerable to groundwater contamination than 
others. The ultimate goal of risk assessment mapping is to divide the areas into several units 
(zoning) characterized by different levels of risk.  

Groundwater contamination vulnerability also varies across temporal scales and its prediction 
in a regional-scale can be assessed using several approaches. So far, methodologies to 
assess groundwater vulnerability can be classified into three categories: i) overlay and index 
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methodology; ii) process based methodologies that apply deterministic models based on 
physical processes; and iii) stochastic models (National Research Council, 1993).  

Among overlay and index methodologies, eg. GOD (Foster, 1987), AVI (Van Stempvoort et al., 
1993) and SINTACS (Civita, 1994; Civita and De Maio, 2000), DRASTIC (Aller et al., 1987) is 
the most popular one mainly applied to porous aquifers. These methodologies can also 
provide the necessary framework required for delineating “Nitrate Vulnerable Zones” as 
described in the so-called Nitrates Directive (Council Directive 91/676/EEC). 

All these risk assessment methodologies can be used within a Geographic Information System 
(GIS)-based framework to delineate the areas that are more vulnerable to contamination. GIS 
techniques have been widely used in aquifer vulnerability mapping offering the tools to 
manage, manipulate, process, analyze, map and spatially organize the data to assess risk. 
The major advantage of GIS-based mapping is the combination of data layers and rapid 
change in the data parameters used in risk index classification (Hrkal, 2001; Panagopoulos et 
al., 2006; Rahman, 2008; Hamza et al., 2014). 

 

2. Risk assessment in the present study 

In the present study, risk regarding Spanish and Italian study areas selected for the 
implementation of Actions 5 and 6, respectively, was assessed by using the DRASTIC 
approach. TUC considered the use of this risk assessment methodology (Integrated GIS Risk 
Mapping) by taking into consideration the geology and the terrain of the demonstration areas. 

In Spain, two study areas have been defined: i) Las Tiesas area in Barrax which is a 
municipality in the province of Albacete and belongs to the Autonomous Community of Castile-
La Mancha, where the open-field experiment of cereal (barley and soft wheat) cultivation is 
implemented - Barrax is one of the main cereal producer Regions of Spain; ii) Tres Caminos 
area in La Matanza which is a district of the municipality of Santomera, in the region of the 
Huerta de Murcia in Murcia, where the cultivation of tomato and lettuce in greenhouse is 
implemented. So far, risk analysis was carried out for Barrax, while risk analysis for Murcia is 
in progress. Results will be provided with an updated deliverable by the end of the project. 

The Italian demonstration area (CERSAA premises) is located in Albenga, Savona in northern 
Italy. Basil, rocket and lamb's lettuce are cultivated in greenhouse, while open-field cultivations 
of rosemary, lettuce and cabbage are carried out. Open-field cultivation of cabbage is also 
carried out at a private farm at Loano, Savona, Italy (almost 10 km away from Albenga). 

Water bodies (surface and groundwater) vulnerability is assessed through identification of risk, 
hazards or potential sources of site-specific contamination. As shown in Table 2 groundwater is 
the main source (twice higher than surface water use) for water irrigation in the Barrax 
demonstration area located in the Autonomous Community of Castile-La Mancha. Water 
sources of agricultural irrigation in Italy (per province) are shown in Table 3 where data for 
Liguria region are presented, while it is worth noting that groundwater is a significant water 
supply source (77%) in the Province of Savona. 

Therefore, the risk assessment for both Spanish and Italian demonstration areas is mainly 
focused on groundwater, since the intense irrigation and use of inorganic fertilizers in both areas 
has a strong contamination effect on groundwater reservoirs. The composition of these 
fertilizers is mainly ammonium nitrate, indicating that the major expected contaminant in both 
areas is nitrogen mainly in the form of nitrates. In addition, water tables have continuously 
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lowered in both regions due to heavy pumping of groundwater for agricultural purposes (Llamas 
and Garrido, 2007; Agrillo and Bonati, 2013). 

 

Table 2. Water sources of agricultural irrigation in Spain (in hectares) per province (Llamas and 
Garrido, 2007) 

Autonomous 
Community Surface Groundwater 

Inter-
basin 

transfer 

Water 
returns Reuse Desali

-nised TOTAL 

Predominant irrigation 
technique (%) 

Flood Sprinkler Drip 
irrigation 

Andalucia 546,703 224,670 2,783 85 5,639  779,880 42 21 37 
Aragón 373,886 20,135  21   394,222 80 18 2 

Castilla-
León 361,055 113,164  12,428 29  486,676 61 39 - 

Castilla-La 
Mancha 124,262 228,528 1,011    353,801 32 55 13 

Cataluña 205,031 53,043  6,377 342  264,793 69 12 19 
Extremadura 207,337 3,151     210,488 69 26 5 

Galicia 85,061 92     85,153 64 36 - 

Murcia 42,553 93,810 51,104 360 1,600 271 189,698 60 3 37 
Navarra 79,941 1,682  50   81,673 89 10 1 

Rioja 45,771 3,564     49,335 66 29 5 
C. 
Valenciana 146,691 154,821 40,258 4,178 4,534  350,482 80 1 19 

TOTAL 2,218,291 896,840 95,156 23,499 12,144 271 3,249,838 59 24 17 

 

It is mentioned that TUC has collected geological and geochemical data regarding the areas 
under study and the surrounding areas from an extensive literature search (all relevant and 
available databases Sciencedirect, Scopus and Google have been searched) and after 
collaboration with the Spanish and Italian partners. Risk analysis was carried out by using the 
DRASTIC approach which takes into consideration available soil and water data of the wider 
areas under study, with emphasis on groundwater. 

 

3. DRASTIC risk methodology  

The DRASTIC risk methodology was selected based on the following considerations. 
DRASTIC is the most commonly used groundwater vulnerability/risk mapping approach in the 
United States and other countries (Baalousha, 2010; Bai et al., 2012; Hamza et al., 2014). It 
was developed by the Environmental Protection Agency (EPA) in the USA (Aller et al., 1987) 
and uses a relatively large number of parameters for the calculation of the risk index, which 
ensures the best representation of the hydrogeological setting. The numerical ratings and 
weights, which were established using the well-known Delphi technique developed by Dalkey 
and Helmer (1963), are well defined and used worldwide. This makes the model suitable for 
producing comparable vulnerability maps on a regional scale. 

The acronym DRASTIC stands for the seven parameters used in the model which are: Depth 
to water, net Recharge, Aquifer media, Soil media, Topography, Impact of vadose zone and 
hydraulic Conductivity (Table 4).  
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The DRASTIC model adopts an index derived from ratings and weights assigned to the seven 
parameters. The DRASTIC index is quantified by a linear combination of ratings and weights 
of the seven parameters and expressed according to equation [1]: 

 
 DRASTIC index = DrDw + RrRw + ArAw + SrSW + TrTW + IrIW + CrCW   [1] 

 
where D, R, A, S, T, I and C are the seven parameters shown in Table 4 and the subscripts w 
and r are the corresponding weights and ratings, respectively. 

 

Table 3. Water sources of agricultural irrigation in Italy (in hectares) per province (ISTAT, 2006) 

REGIONS 
GEOGRAPHICAL 
AREAS 

Surface water Aqueduct Underground 
water 

Treated 
wastewater 

More than one 
source Total 

Absolute data 

Piemonte 21,501 1,455 7,746 12 7,400 38,114 

Valle d’Aosta 4,368 415 199 - 514 5,496 

Lombardia 23,454 4,986 4,020 17 3,810 36,287 

Trentino-Alto 
Adige 9,252 5,734 7,145 12 3,731 25,874 

Veneto 39,760 5,136 8,600 65 4,081 57,642 

Friuli-Venezia 
Giulia 5,381 897 2,792 11 1,689 10,770 

Liguria 6,217 8,916 5,018 12 3,289 23,452 

Emilia-Romagna 19,534 868 10,154 76 3,423 34,055 

Toscana 7,249 2,440 11,828 24 2,811 24,532 

Umbria 3,952 935 5,371 12 951 11,221 

Marche 3,996 897 4,742 17 837 10,489 

Lazio 10,601 8,423 20,940 64 4,045 44,073 

Abruzzo 5,712 7,117 3,815 14 935 17,593 

Molise 1,010 2,290 555 4 176 4,035 

Campania 18,764 10,985 40,110 83 5,901 75,843 

Puglia 9,110 16,398 67,752 283 4,136 97,679 

Basilicata 5,732 10,385 2,805 16 1,540 20,478 

Calabria 27,293 11,003 16,126 96 4,571 59,089 

Sicilia 21,586 23,702 51,747 63 7,461 104,559 

Sardegna 4,469 8,797 13,106 54 3,555 29,981 

ITALY 248,941 131,779 284,571 935 64,856 731,082 

North-West 55,540 15,772 16,983 41 15,013 103,349 

North-East 73,927 12,635 28,691 164 12,924 128,341 

Centre 25,798 12,695 42,881 117 8,644 90,135 

South 67,621 58,178 131,163 496 17,259 274,717 

Islands 26,055 32,499 64,853 117 11,016 134,540 
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Table 4. The DRASTIC model parameters 

Factor  Description 

Depth to water Represents the depth from the ground surface to the water table; 
deeper water table levels imply lesser chance for contamination 
to occur. 

Net Recharge Represents the amount of water which penetrates the ground 
surface and reaches the water table; recharge water represents 
the vehicle for transporting contaminants.  

Aquifer media Refers to the saturated zone material properties, which controls 
the contaminant attenuation processes. 

Soil media Represents the uppermost weathered portion of the unsaturated 
zone and controls the amount of recharge that can infiltrate 
downward.  

Topography Refers to the slope of the land surface, it dictates whether the 
runoff will remain on the surface to allow contaminant percolation 
to the saturated zone. 

Impact of vadose zone It is defined as the unsaturated zone material; it controls the 
passage and attenuation of the contaminated material to the 
saturated zone. 

Hydraulic Conductivity Indicates the ability of the aquifer to transmit water, hence 
determines the rate of flow of contaminant material within the 
groundwater system. 

 

The several classes of each parameter are gauged and rated scores from 1 to 10, and the 
seven parameters are assigned weights ranging from 1 to 5 based on their significance (Table 
5). DRASTIC provides two different weighting modes, one for normal conditions (Generic 
DRASTIC) and the other one for conditions with intense agricultural activity (Agricultural/ 
Pesticide DRASTIC) such as those present at Wastereuse demonstration areas.  

Once the DRASTIC Index is evaluated, it is possible to identify areas that are more 
susceptible to groundwater contamination. The higher values of the DRASTIC Index, the 
greater the groundwater contamination potential. The seven sets of data layers are digitized 
and converted to raster data sets that are processed using GIS software. In the DRASTIC 
methodology, it is assumed that: (1) the contaminant is introduced at the ground surface; (2) 
the contaminant is flushed into the groundwater by precipitation; (3) the contaminant has the 
mobility of water; and (4) the area evaluated is 0.4 km2 or larger (Aller et al., 1987; Neukum et 
al., 2008).  
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Table 5. Original DRASTIC weighting and rating 

Depth to water (m) Net Recharge (mm) Aquifer media Soil media 
Classes Rating Classes Rating Classes Rating Classes Rating 
(0–1.5) 10 (0–50.8) 1 Massive shale 2 Thin or absent 10 
(1.5–4.6) 9 (50.8-101.6) 3 Metamorphic/igneous 3 Gravel 10 
(4.6–9.1) 7 (101.6–177.8) 6 Weathered meta -

Morphic igneous 
4 Sand 9 

(9.1–15.2) 5 (177.8–254) 8 Glacial till 5 Peat 8 
(15.2–22.8) 3 (>254) 9 Bedded sandstone, 

Limestone 
6 Shrinking clay 7 

(22.8–30.4) 2 Generic DRASTIC weight:4 Massive sandstone 6 Sandy loam 6 
(>30.4) 1 Agricultural DRASTIC weight:4 Massive limestone 6 Loam 5 
Generic DRASTIC weight:5   Sand and gravel 8 Silty loam  4 
Agricultural DRASTIC weight:5   Basalt 9 Clay loam 3 

  Karst limestone 10 Muck 2 
  Generic DRASTIC weight:3 No Shrinking clay 1 

    Agricultural DRASTIC weight:4 Generic DRASTIC weight:2 
      Agricultural DRASTIC weight:5 

Topography (slope %) Impact of vadose zone Hydraulic Conductivity (m/d)  
Classes Rating Classes Rating Classes Rating   
(0-2) 10 Confining layer 1 (04–4.1) 1   
(2-6) 9 Silt/Clay 3 (4.1–12.3) 2   
(6-12) 5 Shale 3 (12.3–28.7) 4   
(12-18) 3 Limestone 6 (28.7–41) 6   
(>18) 1 Sandstone 6 (41–82) 8   
Generic DRASTIC weight:1 Bedded limestone, 6 (>82) 10   
Agricultural DRASTIC weight:3 Sand and gravel with 

significant silt and clay 
6 Generic DRASTIC weight:3 

Agricultural DRASTIC weight:2 
  

  Metamorphic/ Igneous 4    
  Sand and gravel 8     
  Basalt 9     
  Karst limestone 10     
  Generic DRASTIC weight:5     
  Agricultural DRASTIC weight:4     
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Steps 1 to 7 were followed in order to apply the DRASTIC model (Figure 1): 

1. Review of DRASTIC methodology 

2. Identification and collection of data  

3. Creation of a database of 7 DRASTIC parameters (infiltration, soil, aquifer, slope, 
conductivity, etc) 

4. Calculation of DRASTIC values through weighting 

5. Creation of two risk maps for groundwater for each demonstration area using DRASTIC 
generic and agricultural weighting, respectively  

6. Presentation of results / Discussion 

7. Validation of DRASTIC Results; the produced risk maps have been evaluated and validated 
by comparing DRASTIC maps with existing groundwater quality data. 

The unmodified information used for the creation of the DRASTIC database was extracted from a 
vast array of sources (from Wastereuse partners and public sources or institutions) and covers a 
period of the latest 10 years. All the data collected for the present deliverable were converted into 
digital format to be implemented in a GIS environment for the risk analysis.  
 

 
Figure 1. Risk mapping methodology used in the present study 
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4. Description of demonstration areas 

4.1 Spanish demonstration areas  

Two study areas have been defined in Spain: 

 i) Las Tiesas area in Barrax which is a municipality in the province of Albacete and belongs to the 
Autonomous Community of Castile-La Mancha, where the open-field experiment of cereal (barley 
and soft wheat) cultivation is implemented. 

ii) Tres Caminos area in La Matanza which is a district of the municipality of Santomera, in the 
region of the Huerta de Murcia in Murcia, where the cultivation of tomato and lettuce in greenhouse 
is implemented. 

In Figures 2 and 3 the location of Albacete province and Murcia Region in Spain as well as the 
study areas in Barrax and Santomera are shown, respectively.  

It is mentioned that risk analysis was carried out for Barrax demonstration area where open-field 
cultivations are carried out. Risk analysis regarding Murcia demonstration area is in progress and 
results will be provided with the revised deliverable by the end of the project.  

TUC will perform this additional risk analysis since in Spain two demonstration areas have been 
considered. 

 

 

 
Figure 2. Location of Albacete province and Murcia Region, Spain 
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Figure 3. Study areas in Spain (Barrax and Santomera) 

 

4.1.1. Characterization of the Barrax area 

The Barrax demonstration area is situated in the southeastern part of Spain within the Autonomous 
Community of Castilla La Mancha. Part of this demonstration area is the experimental farm “Las 
Tiesas” that belongs to the “Escuela Técnica Superior de Ingenieros Agronomos” of the University 
of Castilla-La Mancha. It is 20 km far away from the capital town Albacete (coordinates 30°3’ N, 2° 
6’ W). An area of 106 km2 is selected for risk analysis (700 m above sea level (a.s.l.) and 
characterised by a flat morphology (Figure 4)).  

The study area is intensively cultivated (10.000 ha) with its major land uses covered by orchards, 
vineyards and cropping fields. Approximately 65% percentage of dry land (of which 67% are winter 
cereals and 33% fallow land) and 35% irrigated land (corn 75%; barley/sunflower 15%; alfalfa 5%; 
onions 2.9%; vegetables 2.1%) are cultivated in the Barrax zone with several intensively irrigated 
circular man-made agricultural crops up to 1km of diameter. Agricultural activities affect water-
resources availability and have caused a significant decrease in the piezometric levels of the aquifer 
system over the last two decades (Su et al., 2007).  

The aquifer underneath the Barrax site is part of the Mancha Oriental Aquifer that occupies about 
18% of the Júcar River Basin (Figure 5). It comprises a regional multi-layer karstic aquifer system 
(Holocene, Miocene, Cretaceous and Jurassic) hydraulically connected to the Jucar and the Lezuza 
rivers, composed of a cyclical sequence of white to greyish marly limestones alternating with marls. 
The carbonate deposits in the region are 200 m thick.  
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Figure 4. Barrax study area for risk analysis created by TUC using ArcGIS 10.1 

 

From a hydrogeologic perspective, the aquifer of the Barrax site is formed by the superposition of 
the tertiary limestone aquifer hydrogeologic unit (HU2) that provides water for domestic, agricultural 
and industrial use for Albacete (circa 170,000 inhabitants).  

As for the geological bedrocks of the Barrax site, three zones can be distinguished: the central zone 
is rich in calcareous rocks (limestone, sandstones, clays and marls), dolomites, sandstone and 
conglomerates (mostly quartzite, slate, shale, granite and gneiss); alluvial deposits (polygenetic 
gravels and sandstones) are dominant in the south-western area; and finally, sedimentary fills are 
accumulated in the north-eastern area where clays, sandstones, shales and conglomerates are 
abundant (Figure 6). 

Finally, the climatic conditions of Barrax site can be defined as appropriate of a Mediterranean 
semi-arid type with extreme cold winter periods and dry summers (Agencia Estatal de Meteorología 
(AEMET)). Mean monthly temperature is 13.6 oC and the highest temperature (32.5 oC) is in July–
August, whereas the lowest (-0.4 oC) is recorded in January. According to climate statistics between 
2003 and 2013, the average annual precipitation is approximately 350-400 mm in the region with a 
relative humidity of 64%.The average groundwater recharge is estimated to 165 mm/year. 

In Figures 7 and 8, a map showing the use of land and a map regarding Natura network of Barrax, 
are shown (maps have been provided by CEBAS-CSIC and legends of maps were translated by 
TUC). The land in the area is characterized as agricultural irrigated or non-irrigated as shown in 
Figure 7. Narrow streams are about 1 km away, while residential or unproductive zone is located at 
a distance of around 5 km. A map regarding Natura network in Barrax is presented in Figure 8; no 
special protection area (SPA) for birds or sites of community importance (SCI) are shown in the 
surrounding area, since Barrax is located in an agricultural zone. 
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Figure 5. Mancha Oriental Aquifer (Sanz et al., 2009) 
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Figure 6. Geological map of the study area in Barrax created by TUC using ArcGIS 10.1 

 

 
Figure 7. Map of Barrax showing land-use 
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Figure 8. Map regarding Natura network in Barrax area  

 

4.1.2. Agricultural activities 

The main agricultural activities in southeast Spain are production of almonds and cereal crops in the 
less-favoured dry-land mountainous areas and high plains and highly profitable horticulture in the 
irrigated plains of the basin. Soil erosion is considered as the severest problem in agricultural 
sector, as also presented in Table 6 showing typical cropping systems as well as an estimation of 
the impacts of soil degradation problems in the Guadalentίn basin.  

Three soil quality classes have been defined; class 1 corresponds to calcaric regosols over 
metaphorphic material with low organic matter (OM) content, sensitive to dispersion, crust formation 
and soil erosion (poor quality); class 2 corresponds to calcaric regosols over metamorphic material, 
with low organic matter, sensitive to soil erosion (poor quality); class 3 corresponds to calcaric 
fluvisols, alluvial planes and bottom valleys with deeper soil profiles and better water availability, 
with salinization problems (moderate-good quality). 

In Barrax zone grain cultivation is predominant. As far as AW management is concerned, straw is 
packed and a considerable amount of stubble remains on the soil until earlier September, while 
parts of maize plants remain on soil after harvesting.  
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Table 6. Typical cropping systems - estimation of the impacts of soil degradation problems in the 
Guadalentίn basin, southeast Spain (Calatrava et al., 2011) 

Crop Almond Broccoli Barley, 
spring 

Grape, 
table 

Citrus 
fruit Tomato Lettuce Olive 

Production Conve-
ntional 

Conve-
ntional 

Conve-
ntional 

Conve-
ntional 

Conve-
ntional 

Conve-
ntional with 
zero tillage 

Conve-
ntional 

Conve-
ntional 

Tillage type Ploughing Ploughing Ploughing Ploughing Ploughing Zero tillage Ploughing Ploughing 

Irrigation 
type 

No 
irrigation 

Drip 
irrigation 

No 
irrigation 

Drip 
irrigation 

Drip 
irrigation 

Drip 
irrigation 

Drip 
irrigation 

No 
irrigation 

Soil quality 
class 1 3 2 1 3 3 3 1 

Vulnerability/ 
soil erosion High Low High High Medium Low Low High 

OM decline Medium Medium Medium Low Medium Medium Medium Medium 

Diffuse 
pollution Low High None High High High High High 

Compaction  Low Low Medium Medium Medium Low Low Low 

Salinization Low High None Medium Medium High High Low 

Water 
retention 
capacity 
decrease 

High Low High Medium High Low Low Medium 

Off-site 
damage High Medium High Medium Medium Medium Medium High 

 

 

4.2 Italian demonstration area 

4.2.1 Characterization of the Albenga area 

The Italian demonstration area is located in Albenga, a city in the gulf of Genoa, Province of 
Savona, Liguria region in northern Italy. The location of Albenga is shown in the map of Figure 9. 
Province of Savona has a total surface of 1545 km2, it comprises 69 municipalities and has a total 
population of around 300.000 inhabitants.  

The CERSAA demonstration area is situated on the Tyrrhenian coastal region in the province of 
Savona. It is located about 1.5 km north from the town of Albenga (coordinates 44°03’ N, 8° 13’ E) 
belonging to the Ligurian Alps geographical zone. The size of the area chosen for risk analysis is of 
56 km2 (smaller than Barrax demonstration area since the east boundary of this area is the sea) and 
is characterized by numerous and extensive human settlements, large land used for intensive 
farming and low forest cover (Figure 10). 

Basil, rocket and lamb's lettuce are cultivated in greenhouse, while open-field cultivations of 
rosemary, lettuce and cabbage are carried out at CERSAA premises. Open-field cultivation of 
cabbage is also carried out at a private farm at Loano, Savona, Italy. 

Figure 11A shows a map of aridity index according to data collected from L'Abate et al. (2004), from 
a series of 656 meteorological stations based on the long-term mean monthly temperature and 
rainfall; aridity index lower than 0.65 corresponds to semi arid and dry sub humid land. In Figure 
11B the climatic regions of Italy and meteorological stations, are shown. The combinations of soil 
temperature and moisture indicate a pedoclimatic drought risk. Areas potentially at risk of 
desertification (Figure 11C) may be identified based on aridity index and pedoclimatic risk maps of 
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Figures 11A and 11B, respectively. In the Liguria region, according to Figure 11, aridity index is 
higher than 1, warm temperature sub-continental climate is predominant and no pedoclimatic 
desertification risk is identified.  

 

 
Figure 9. Location of Albenga, Province of Savona, Liguria region, Italy 

 

 

 
Figure 10. Albenga study area for risk assessment created by TUC using ArcGIS 10.1 

 



20 
 

 

 

 

 

 
Figure 11. (A) aridity index; (B) climatic regions of Italy and meteorological stations; (C) areas potentially at risk of desertification  
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4.2.2 Climatic and geological data  

In Figure 12A, carbonatic and silicate geological Italian formations are shown. An index value of 1, 2 
or 3 was assigned for the ratio CO3/SiO2 in case of silicate, intermediate or completely carbonatic 
nature of the rocks present, respectively. Figures 12B, 12C and 12D, show the distribution of 
temperature in soils at 50 cm depth, the average annual rainfall and rainfall intensity, respectively. 
In the Liguria region, according to the maps of Figure 12, intermediate carbonatic and silicate rocks 
are present. The average annual temperature in soils varies between 13.6 and 14.5 oC, while 
average annual rainfall and average of maximum rainfall intensity are 1201-2090 mm and 106-167 
mm, respectively. 

 

 
Figure 12. (A) carbonatic and silicate Italian geological formations; (B) average annual temperature 

in soils at 50 cm depth (max values in the pedoclimatic zones); (C) average annual rainfall (max 
values in the pedoclimatic zones); (D) average of maximum rainfall intensity (max values in the 

pedoclimatic zones) (Spadoni et al., 2007). 

 

In the Ligurian Sea, extended and thick Messinian evaporates are present at depths in excess of 
2.4 km approximately. Evaporites are seen at the base of the continental slope. The Rosignano 
basin facing the Ligurian sea is characterized by marine basal conglomerates and associated reefs, 
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restricted marls, diatomites and gypsum. Ligurian Sea is developed in marly limestones and sandy 
shales flysch characterized by floodplains (Cita and Corselli, 1990; Faccini et al., 2012).  

In Figure 13, the Briançonnais domain of the western/central Alps is shown. In the internal part of 
the Helvetic–Dauphinois zones of the western Alps, an unconformity at the bottom of the 
“Nummulitic trilogy” (calcarenites, marls, flysch) has been observed. It is mentioned that 
unconformities record folding events (i.e. compressional phases), subaerial erosion and subsequent 
onlap of shallow water deposits. Roughly similar and partly coeval sediments (Nummulitic “Flysch 
Noir”) are seen in the more internal, Subbriançonnais and Briançonnais domains. In the Maritime–
Ligurian part of the Briançonnais domain, thick (up to 50 m) nummulite-rich limestones are present 
(Michard and Martinotti, 2002). 

 

 
Figure 13. The Briançonnais domain of the western/central Alps and Corsica (sketch map with 
location of the Marguareis massif and other cited areas - A: Acceglio; Br: Briançon; CA: Cottian 

Alps; E-U: Embrunais-Ubaye; GSB: Grand Saint Bernard; LA: Ligurian Alps; MA: Maritimes Alps; 
Sc: Schams; TS: Tambo-Suretta; Va: Vanoise) 
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The Albenga demonstration area is located in the easternmost segment of the Cretaceous 
Helminthoid unit at the border with the Briançonnais-Piedmont zone. The northern part of the 
demonstration area is geologically characterized by the presence of limestones and dolomites 
belonging to the Arnasco-Castelbianco Unit (Boni et al., 1984; Foeken, 2004). For approximately 4 
km inland from the coast, the Albenga plain is covered by recent and former alluvial (Quaternary) 
deposits of the Neva, Pennavaire, Arroscia and Lerrone Torrent Rivers which, just north of Albenga, 
form the Centa River. The main axis for the plain hosting the Pliocene Albenga zone, is oriented in a 
W-E direction, and also consists of quartz sandstones, polygenic conglomerates and dolomitic 
limestones (Figure 14).  

 

 
Figure 14. Geological map of the Albenga demonstration area created by TUC using ArcGIS 10.1 

 

In the Liguria region in the Province of La Spezia, Cr-rich local ophiolites and especially 
serpentinites and ultramafites are characterized as a Cr source for groundwaters. Cr(VI) 
concentrations for groundwater samples collected in the area reach up to 73 μg/L. However, due to 
the absence of anthropogenic Cr sources, the comparatively high Cr(VI) concentrations measured 
in the waters of the study area are attributed to natural pollution (Fantoni et al., 2002). 

The climate of the demonstration area is typically Mediterranean, with mean summer temperatures 
between 21 and 23.5 oC, and a mean of the coldest month between 6.5 and 8.8 oC (Agrillo and 
Bonati, 2013). The annual precipitation ranges from 280 to 1150 mm over the last 20 years with its 
mean value measured 664 mm/year. Three quarters of the precipitation falls between May and 
October. The mean precipitation for summer is less than 28.4 mm (June - August), increasing to 
85.8 mm during the winter. Sudden showers occurred very often in autumn bringing full episodes of 
floodplains. 
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4.2.3 Hydrographic and topographic data  

Metamorphic basic and ultrabasic rocks outcrop are present in the coastal area of central-western 
Liguria. Topographic data reveal the presence of summits ranging in altitude from 301 m (Brigna) to 
471 m (Bricco della Forca) as relics of a paleosurface. The hydrographic network development, as a 
result of uplifting in the area, was strongly controlled by brittle tectonics fault and fracture systems. 
Therefore anomalies of the hydrographic network such as stream captures, straight watercourses 
and ridges, and stream elbows, are seen. In Figure 15, a simplified hydrographic network is 
illustrated, where anomalies of drainage pattern, related to tectonics, are evident; the dotted line 
notes the proximity of the coastline from the Tyrrhenian-Adriatic watershed (Carobene and 
Cevasco, 2011). 

 

 
Figure 15. Simplified hydrographic network in a part of the coastal area of central-western Liguria 

 

The study area presents a notable topographic contrast. The topographic relief is flat in the central 
and coastal part (elevations 0–25 m a.s.l.), whereas the south and north areas have an undulating 
relief with cone landforms (elevations 50–750 m a.s.l.) (Figure 16). 

From the point of view of hydrography, the demonstration area is situated at the south part of 
Carenda hydro-graphic basin; a central basin about 200 km long surrounded by La Ligglia, Varatella 
and Centa basins (Figure 17). The watershed of the Carenda basin, starts from the coast to the 
edge of the west and goes clockwise, following the line of along the mountains of Mount Pesalto 
(686.4 m), Cross Ceresa (710.2 m), Poggio Grande (812.7 m), Monte Acuto (748 m), Monte Croce 
(541.4 m), Monte Piccaro (280.3 m). The basin of the district Carenda bordered to the south and 
west by the River Centa (Torrente Neva), while to the north the basin of the River Varatella. 
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Figure 16. Topography map of Albenga demonstration area  

 

 

 
Figure 17. Basins map for Albenga demonstration area  
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4.2.4 Agricultural and other activities 

Western Liguria region is characterized by Mediterranean humid mesothermophilous vegetation; 
increasing elevation subalpine and mountain type vegetation is also seen. Subalpine woods with 
larch (Larix decidua) and rododendron (Rhododendron ferrugineum), mesophilous woods, often 
coppiced, with fagus (Fagus sylvatica) and chestnut (Castanea sativa) or with scotchpine (Pinus 
sylvestris) and fir (Abies alba) are mostly predominant in the area (Zanini et al., 1988). 

The Liguria region is characterized by a typical Ligurian landscape, with its major part, namely 55 %, 
covered by intensive cultivations (vineyards, fruit orchards, olive groves and horticultural crops). 
Olive cultivation has been developed since 2002 due to the relevant policy of the Region regarding 
the development of olive tree orchards and the construction of olive oil mills. In the province of 
Savona some 50 mills are active while olive mill waste management practices involve a) disposal on 
soil, b) disposal in sewage collection systems and c) composting and use for heat generation. 

Table 7 shows the production of the most commonly potted plants in the area of Albenga. 
Rosemary and lavender are the most commonly cultivated flowers (produced by almost 30 and 
20%, respectively). Herbs such as sage, thyme and cyclamen are produced by 5% each. 
 

Table 7. Potted plant production in the Albenga area  

Species Number % 
Rosemary 30,000,000 29.70 
Lavender 20,000,000 19.80 
Other flowers 13,000,000 12.87 
Daisy 12,000,000 11.88 
Sage 5,000,000 4.95 
Thyme 5,000,000 4.95 
Cyclamen 5,000,000 4.95 
Other fresh herbs 2,500,000 2.48 
Chrysanthemum 2,000,000 1.98 
Geranium 2,000,000 1.98 
Mesembryanthemum 2,000,000 1.98 
Fuchsia 1,500,000 1.49 
Euphorbia pulcherrima 1,000,000 0.99 
Total flowers 38,500,000 38.12 
Total fresh herbs 62,500,000 61.88 
Total production of potted plants 101,000,000 100 

 Source: Liguria Region administration, CERSAA (year 2010) 

 

The use of inorganic fertilizers, mainly ammonium nitrate, in these cultivations has affected the 
groundwater quality in terms of nitrates. Water scarcity also occurs as a result of the excessive use 
for irrigation of agricultural land and drinking water in urban areas, particularly. 

The Albenga area is officially identified as "nitrate vulnerable area", as shown in Figure 18 
(http://www.ambienteinliguria.it/). The contamination is due to nitrates contained in fertilizers used in 
agriculture that migrate and endanger soil and deeper water horizons. The concentration of nitrates 
in the area of Albenga is presented in Figure 19. The colored bar on the right indicates different 
level of nitrate concentration (mg/L) in deep waters. 
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Figure 18. List of protected areas in Liguria region 

 

 
Figure 19. Nitrates concentration in Albenga area 
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Apart from agricultural activities (90%), in the Albenga area other activities mainly related to 
commerce in agricultural products (8%) as well as industrial activities (2%) are carried out. The 
volume of industrial waste produced in the area of interest is rather limited. Information retrieved 
from scientific databases and the Italian partners indicate that total urban solid waste generated in 
the Albenga area are 18,136 tons/y or 768.88 kg/inhabitant/y. Some of these wastes are collected, 
separated and recycled (kg/inhabitant/y: paper 22.4, glass 10.7, plastic 2.3, metals 5.6, green waste 
14.4, wood 6.8). Three wastewater treatment plants are located in surrounding areas (Salea, 
Campochiesa and Bastia areas). 

 

5. Assessment of risk in demonstration areas 

5.1 Creation of the DRASTIC maps 

The DRASTIC approach was implemented to create the groundwater risk mapping for the two 
demonstration areas. The seven maps shown in sections 5.1.1 and 5.1.2, representing the seven 
parameters of DRASTIC, were prepared using ArcGIS 10.1. Each map was classified, assigned 
ratings and weighted according to DRASTIC standards, as discussed in section 3 (Aller et al., 1985; 
Rahman, 2008; Javadi et al., 2011; Neshat et al., 2014). The features used (raw shape files) in the 
spatial analysis are presented by each raster layer on the following maps. 

5.1.1 Barrax demonstration area, Spain 

All data layers created for the Barrax site were georeferenced within GIS environment using the 
Universal Transverse Mercator (UTM) projection system (Zone 30N) and World Geodetic System 
(WGS84) datum. Most vector data were converted into raster format with a cell size (pixel) of 30×30 
m. The cell size was chosen considering spatial resolution of available data and computational 
considerations.  

A) Depth to water table 

The water table level map was based on data provided by CEBAS-CSIC and the Geological Survey 
of Spain (Instituto Geológico de España (IGME), Base de puntos de agua del IGME, 
http://info.igme.es/bdaguas/). Data from the elevation of the wells (44 in total) and the mean water 
table level were considered for the last 10 years. These borehole data were contoured by 
interpolation and divided into four categories i.e. 9.1-15.2 m, 15.2–22.8 m, 22.8-30.4 and > 30.4 m. 
Both interpolation techniques, inverse distance moving average and kriging, were tested on the 
measured depth to groundwater point data to generate raster surface. However, the kriging 
interpolation technique developed by Matheron (1969, 1971) was found to be suitable for the Barrax 
site. Depths to water table in the Barrax area vary between 9.1 and 54.4 m, where values gradually 
decrease to aquifer boundaries at the south of the demonstration area of Finca Las Tiesas (Figure 
20). However, the mean regional water table is about 20-30 m. This map was then reclassified into 
intervals as defined in Table 5 and assigned ratings ranging from 1 to 5.  

B) Net Recharge 

Net groundwater recharge is an important risk parameter for groundwater vulnerability as it is the 
pathway that transfers contaminants into the aquifers. However, determination of this parameter 
presents a real challenge in most hydrogeological settings. In this study, the net recharge at the 
Barrax site was determined according to the following equation [2]: 

 Net recharge = Rainfall - Evapotranspiration × Recharge rate [2] 



29 
 

 
 

 
Figure 20. Spatial distribution of Depth to water input map layer of the Barrax site 

 
The rainfall map was obtained by interpolating a ten years mean values of annual precipitation 
(mm/year) from 12 representative meteorological stations in the provinces of Albacete and Ciudad 
Real. Evaporation data were also used from the same stations of the Agencia Estatal de 
Meteorología (AEMET). The recharge rate values were assumed to be 20% for urban areas and 
80% for the rest of the study area. 

Then, the resulting map of net recharge values were reclassified into intervals and assigned rating 
values (Table 5) for use in the DRASTIC model. According to Figure 21, the most rechargeable 
zone belongs to sand dunes in E part along the coast, while the west half part of the study area (54 
%) presents the lowest net recharge rate values.  

C) Aquifer media 

The aquifer media parameter refers to the consolidated and unconsolidated rock, which serves as a 
storage of water. The characterisation of the hydrogeological units, the digitalization of the synthetic 
geological map (1:50,000), and the analysis of the geological maps of the MAGNA series from the 
IGME (1:50,000) have enabled the creation of the Aquifer media map of the study area (Figure 22). 
The Carbonated aquifer in the centre receives a moderate rating of 6, because, although rather 
heterogeneous, sandy limestone is the most significant medium and should therefore be 
considered. The highest rating (10) is assigned to the lake (bodies of water) in the SE, which is 
extremely permeable.  
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Figure 21. Spatial distribution of Net recharge DRASTIC map layer of the Barrax site 

 

 
Figure 22. Spatial distribution of Aquifer media input map layer of the Barrax site 

 



31 
 

D) Soil media 

The properties of soils control the amount of water that infiltrates the ground surface and reaches 
the groundwater (Babiker et al., 2005). Permeable soils, such as sand or gravel, allow more water to 
infiltrate to the water table, making groundwater more vulnerable, while less permeable soils such 
as clays, allow less infiltration (Brady and Weil, 2002) and thus less groundwater contamination 
potential. Infiltration is the key factor in transporting agricultural contaminants from the surface, 
through the soil profile, to the groundwater. A soil map was digitised from the district soil map of 
Spanish IGME and weights and ratings were assigned (Figure 23). Coarse soil media have high 
rates in comparison to fine soil media. Soils do not vary widely in the study area, with sandy loams 
covering the predominant value (69,8%). Other types include gravel/sand (28,1%) and thin or 
absent (2,1%) where dolines are located.  
 

E) Topography 

The topography (slope) map was calculated by filtering the Digital Elevation Model (DEM) in x and y 
direction and by using the exponential HYP function as Slopepct = (HYP(DX,DY)/PIXSIZE(DX)) * 
100. Flat areas obtain high rates because they slow down the runoff. The topography layer 
displayed a plain to gentle slope (0~4.5%) over the study area which has been assigned the 
DRASTIC rating scores of 9 and 10 (Figure 24). 
 
 

 
Figure 23. Spatial distribution of Soil media DRASTIC map layer of the Barrax site 
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Figure 24. Spatial distribution of Topography (Slope) input map layer of the Barrax site 

 

F) Impact of Vadose zone 

The parameter, impact of vadose zone represents the influence of unsaturated zone above the 
water table, which controls the transport and attenuation of the contaminated material to the aquifer. 
In this study, the geologic and hydrogeological map layers for vadose zone rating have been 
employed for contouring the map of the impact of the vadose zone in the Barrax site. In 
consequence, the rating assigned was adapted to the vadose zone of the study area. In the impact 
of vadose zone layer, the dolines were assigned the highest rating value (10), the limestone 
formations and the conglomerates/sandstones were assigned the high score 8, while the low rating 
value 2 was assigned to the gravel and sand deposits in the SE part of the study area (Figure 25). 

G) Hydraulic Conductivity 

Hydraulic conductivity influences the rate of transport of a contaminant away from the source, but 
also depends on the hydraulic gradient which is predisposed by topography. In this study, hydraulic 
conductivity values obtained from Spanish partner have been digitized to generate the hydraulic 
conductivity map of required resolution. Hydraulic conductivity of a substantial portion (74.36 %) of 
the study area is lower than 41 m/d (DRASTIC ratings of 5 and 6) suggesting that this DRASTIC 
parameter has fairly low contribution to the groundwater vulnerability (Figure 26). 
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Figure 25. Spatial distribution of Vadose zone DRASTIC map layer of the Barrax site 

 
 
 

 
Figure 26. Spatial distribution of Hydraulic Conductivity DRASTIC map layer of the Barrax site 
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5.1.2 Albenga demonstration area, Italy 

All data layers created for the Albenga demonstration area were georeferenced within GIS 
environment using the UTM projection system (Zone 32N) and WGS84 datum. All vector data were 
converted into raster format with a cell size (pixel) of 30×30 m. The cell size was chosen 
considering spatial resolution of available data and computational considerations. 

A) Depth to water table 

At present, there are no data related to the measurement of the depth to groundwater according to 
the official authorities (PROVINCIA DI SAVONA). In fact, along the coast, the intrusion of seawater 
within the alluvial permeable deposits determines the presence of a "salt intrusion area". This saline 
zone enters for about 1.5 - 2 km the coast, affecting the areas of Antognano and Carenda. 
Therefore, depth to water table parameter was excluded from the DRASTIC mapping of the 
Albenga site. However, this parameter does not affect the obtained results since the water table in 
the wider area presents very low and constant values.  

B) Net recharge  

Net recharge represents the amount of water per unit area of land which penetrates soil and 
reaches the water table, as already  discussed in paragraph 5.1.1 regarding Barrax demonstration 
area. The mean precipitation and evapotranspiration over a 10 year period (2003–2013) were 
interpolated by ordinary kriging technique based on meteorological data provided by Provincia Di 
Savonna (http://www.provincia.savona.it/sites/default/files/allegati/piani-dibacino/04_relazione_gene 
rale%20.pdf). Figure 27 shows the spatial distribution of Net recharge DRASTIC map layer of the 
Albenga area.  
 
 

 
Figure 27. Spatial distribution of Net recharge DRASTIC map layer of the Albenga site 
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C) Aquifer media 

The map for aquifer media in Albenga site was prepared using integration of the aquifer data from 
Provincia Di Savona and the regional Agency for Environment Protection of Liguria Region ARPAL 
(Agrillo and Bonati, 2013). The map was digitized and converted to raster format, on the basis of the 
assigned index value shown in Table 5. Regarding “Aquifer media”, most part of the study area 
(47%) is covered by sand and gravel, followed by metamorphic/igneous units (25%) (Figure 28). It is 
evident that the strips of alluvium, sand and gravel developing along streams/rivers have 
comparatively higher groundwater contamination potential with a rating of 6. Mountain areas (north 
and south) with rating 6 have low groundwater contamination potential. 

D) Soil media 

The soil media is the uppermost part of the vadose zone (approximately 1-2 m thick) and shows the 
recharge rate which can infiltrate the contamination. Coarse-textured soils that contain mostly sand 
and gravel allow more water to infiltrate downwards; therefore increasing the groundwater 
vulnerability. For classification of dominant soil textures in the study area, the point shapefile 
containing the soil textural data was converted to a polygon shapefile through Thiessen polygon 
tessellation. A total of seven soil textural classes are extracted and to each one a rating value is 
assigned between 2 and 9. This vector layer was then converted into the grid format. Depending on 
the parent material, the soil textural classes of the area include: sand (5.99%), peat (28,56%), 
shrinking clay (21,76%), sandy loam (12,22%), loam (11,94%), loamy sand, silty loam (17,01%) and 
clay loam (2,51%) (Figure 29). The soils have been strongly influenced by fluvial dynamics in the 
Albenga plain and along all waterways of the investigated area. The soils of the recent floods and 
actual characters are very different.  
 
 

 
Figure 28. Spatial distribution of Aquifer media input map layer of the Albenga site 
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Figure 29. Spatial distribution of Soil media DRASTIC map layer of the Albenga site 

 

E) Topography  

A Topography (Slope) map was prepared according to the following steps: (1) digitization of 
elevation contours (25 m) from 1:25,000-scale topographic map (Provincia Di Savona, Carta 
Geolithologica); (2) creation of a raster-based digital elevation model (DEM) utilizing this vector 
data; and (3) calculation of slope (%) of land surface from DEM. The final map was then reclassified 
into intervals as defined in Table 5 and assigned ratings ranging from 1 to 10. The slope map of the 
study area is shown in Figure 30, is highly variable where the slope percentage varies within a wide 
range, from 0% to 77.4%. In general, slopes ranged from 0-2% in the alluvial Albenga plain to over 
18% along hillsides and surrounding mountains. More specifically, the slope map indicates that flat 
slopes (0-2%) dominate the study area (48.8%) followed by shallow slopes (17.2%). Steep and the 
steepest slopes cover about 15% of the area, respectively. The remaining area is shallow slope that 
occupies 15% of the area. Slope mapping indicates a high groundwater vulnerability to land-based 
contaminants for the Albenga and its surrounding area.  

F) Impact of Vadose zone 

Impact of Vadose zone parameter indicates the texture of the vadose zone which determines the 
time of travel of the contaminants through it. A vadose zone map was prepared based on sub-
surface geology and available lithology from existing wells (Figure 31). The majority of the study 
area (47%) is composed with alluvial deposits, according to DRASTIC rating system. The rating of 9 
was established due to the high content of silt/clay associated with the sand and gravel. In the 
upland areas, the vadose zone consisted of limestone and shale and was given a rating of 6 and 3, 
respectively. 
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Figure 30. Spatial distribution of Topography (Slope) input raster map of the Albenga site 

 
  

 
Figure 31. Spatial distribution of Impact of Vadose zone input map layer of the Albenga site 
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G) Hydraulic Conductivity 

The map of Hydraulic Conductivity was obtained through spatial interpolation of data from CERSAA 
and the corresponding map (1:10000) from the official authority (Provincia Di Savona, Carta 
dell’Acquifero) (Figure 32). Generally, the study area is characterized by high hydraulic conductivity 
(1 cm/s) in the middle part (62.5%), therefore, was assigned the high rating score of 9. Permeability 
values based on mapping data vary between 0.01 cm/s in the north and less than 0.001 cm/s in the 
south.  

5.2 DRASTIC vulnerability index – GIS Risk Mapping 

The DRASTIC vulnerability indexes were calculated by the methodology of selecting a maximum 
estimation probability of the seven parameters (depth to water, net recharge, aquifer media, soil 
media, slope, impact of vadose zone and hydraulic conductivity) according to Equation [1]. The 
vulnerability index values were obtained for both DRASTIC models (Generic and Agricultural) and 
then summed up separately on a raster cell-by-cell basis in order to create the DRASTIC risk maps 
for the two demonstration areas. These maps were then reclassified into five equal categories of 
relative risk ranging from “low” to “very high” to evaluate the spatial distribution patterns of the 
different contamination potential over the study areas. Higher degrees of contamination potential 
are indicated by the change of colour from green to red index values. The ranges and colours are 
presented in all DRASTIC maps to enable quick visual comparison and analysis. 

Overall, high DRASTIC index values indicate the areas with high risk and high spatial variance of 
the seven parameters, indicating that these areas need to be monitored more intensely than areas 
with lower DRASTIC index values. 

 

 
Figure 32. Spatial distribution of Hydraulic Conductivity input map layer of the Albenga site 
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5.2.1 Barrax demonstration area, Spain 

Figure 33 shows the groundwater risk maps obtained for the Barrax demonstration area through the 
application of the Generic and Agricultural DRASTIC models.  

Legend values in these figures are distributed in five risk categories: No, Low, Medium, High and 
Very high (Table 8). The vulnerability index values obtained from the Generic DRASTIC model 
range from 98 to 190; whereas index values obtained from the Agricultural DRASTIC model vary 
from 120 to 226. The higher index values obtained from the Agricultural DRASTIC model imply that 
the groundwater contamination potential from agricultural activities is greater than the contamination 
potential from municipal and/or industrial sources. 

 

Table 8. Risk categories of contamination potentials based on the Generic and Agricultural 
DRASTIC model for the Barrax demonstration area 

Frequencies of 
DRASTIC Index 

DRASTIC Index Range 
Risk Category 

Generic Agricultural 

0-20 98 – 116 120 – 141 No 

20-40 116 – 135 141 – 162 Low 

40-60 135 – 153 162 – 184 Medium 

60-80 153 – 172 184 – 205 High 

80-100 172 – 190 205 – 226 Very high 

 

According to the results of Generic DRASTIC model shown in Figure 33a, a substantial portion 
(62.43%) of Barrax area is categorized as “low” due to its flat topography (<2%), medium uniform 
distributions of hydraulic conductivity (28.7–41 m/d) and high impact of vadose zone values 
(DRASTIC weight of 6). The highest risk in the Agricultural Vulnerability map (Figure 33b) occurs in 
the middle part of the site and at the edges of the NE-SE due to the quality (higher hydraulic 
conductivity and impact values) of the vadose zone.  

Results derived from the use of both the Generic and Agricultural DRASTIC models assign sites 
(82.05% and 67.70% of the total area, respectively) that are mainly ranked as “low” to “medium” risk 
areas (Figure 33 and Table 9); these sites are located in areas with limestone formations.  

The low DRASTIC index in the SE area reflects the effects of the soil parameter corresponding to 
the alluvial aquifer and, to a lesser degree, the very gentle slope. In the NW area, the high 
DRASTIC index probably corresponds to the synergistic effect of several factors mainly including 
the depth to the aquifer and the net recharge values as discussed in paragraphs 5.1.1 A) and B). A 
highly vulnerable region in the study area, as results from the application of the Agricultural 
DRASTIC model is also located NE, in an area which mainly contains formations of highly 
permeable sand and gravel. 
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Figure 33. a) Generic and b) Agricultural DRASTIC vulnerability map of the Barrax site 
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Table 9. Risk categories of contamination potentials and their areas based on the Generic and 
Agricultural DRASTIC model for the Barrax demonstration area 

Risk Category 
Generic DRASTIC Agricultural DRASTIC 

Area (km2) Area (%)  Area (km2) Area (%) 

No 10.1 9.40 9.8 9.24 

Low 66.2 62.43 37.0 34.92 

Medium 20.8 19.62 34.7 32.78 

High 7.8 7.32 16.7 15.75 

Very high 1.2 1.16 7.7 7.31 

Total 106 100 106 100 

 
 

5.2.2 Albenga demonstration area, Italy 

Figure 34 shows the groundwater risk maps obtained for the Albenga demonstration area through 
the application of the Generic and Agricultural DRASTIC models.  

Legend values in these figures are shown in five risk categories: No, Low, Medium, High and Very 
high (Table 10). The vulnerability index values obtained from the Generic DRASTIC model range 
from 46 to 154, whereas index values obtained from the Agricultural DRASTIC model vary from 57 
to 187. The higher index values obtained from the Agricultural DRASTIC model imply that the 
groundwater contamination potential from agricultural activities is greater than the contamination 
potential from municipal and/or industrial sources. 

 

Table 10. Risk categories of contamination potentials based on the Generic and Agricultural 
DRASTIC model for the Albenga demonstration area 

Frequencies of 
DRASTIC Index 

DRASTIC Index Range 
Risk Category 

Generic Agricultural 

0-20 46 – 68 57 – 84 No 

20-40 89 – 111 84 – 109 Low 

40-60 111 – 132 109 – 136 Medium 

60-80 132 – 154 136 – 162 High 

80-100 147 – 154 162 – 187 Very high 
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Figure 34. a) Generic and b) Agricultural DRASTIC vulnerability map of the Albenga site 

 

Overall, similarities found in the results of Generic and Agricultural DRASTIC models include areas 
(52.17% and 59.18% of the total area, respectively) that mostly placed between the “high to “very 
high” risk categories along the coastline and the middle area (Figure 34 and Table 11), especially in 
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areas covered by alluvial deposits. According to the results of Agricultural DRASTIC model, a 
substantial portion (43.96%) of Albenga plain is categorized as “very high” as a result of its fairly low 
topographic gradients (<6%), uniform distributions of hydraulic conductivity (1 cm/s) and low net 
recharge values (DRASTIC weights of 3 and 6). 

 

Table 11. Risk categories of contamination potentials and their areas based on the Generic and 
Agricultural DRASTIC model for the Albenga demonstration area 

Risk Category 
Generic DRASTIC Agricultural DRASTIC 

Area (km2) Area (%)  Area (km2) Area (%) 

No 12.3 21.94 8.3 14.84 
Low 8.1 14.43 9.2 16.42 

Medium 6.4 11.45 5.4 9.56 
High 15.6 27.87 8.5 15.22 

Very high 13.6 24.30 24.6 43.96 
Total 56 100 56 100 

 

Moreover, areas of “medium” risk are restricted to only a small portion of the area (11.45% and 
9.46% for the Generic and Agricultural DRASTIC models, respectively) in the edge between the 
Albenga plain and the surrounding hills, representing primarily areas of medium topographic 
gradients (6-18%). Generally, overall groundwater risk to contamination increases from W to inland 
(SE and NE), which corresponds well with the increasing clay fraction in soil media and the 
decreasing hydraulic conductivity values of the surficial deposits along the same direction. 

Therefore, it is shown that the DRASTIC index values around CERSAA demonstration area indicate 
“very high” groundwater contamination potential from both agricultural and municipal and/or 
industrial activities, thus continuous monitoring is required in these areas. These monitoring 
activities could entail sampling of existing wells, boreholes and soils above aquifer media, drilling 
and sampling of new monitoring wells in hotspots, adopting groundwater monitoring protocols, 
minimizing water irrigation activities and implementing pesticide management/control practices to 
reduce the risk of groundwater contamination. 

5.3 Validation of DRASTIC results 

The validation of the DRASTIC risk model in both demonstration areas was performed using 
available nitrate concentration values in groundwater. The selection of nitrate was done because 
both demonstration areas are contaminated by nitrates, especially as a result of agricultural 
activities such as high rate application of nitrogenous fertilizers. Since the DRASTIC model 
assumes that contaminants are mobile and water soluble, nitrate satisfies fully these assumptions.  

The water quality data used in the present study for model validation have been provided by 
Wastereuse partners (from 2 sampling locations) and by an extensive search in public/government 
agencies (such as the Instituto Geológico de España, Spain and the Provincia di Savona, Italy) (28 
sampling locations were used in total). The nitrate values were classified into five classes based on 
its permissible (limit) concentration of 50 mg/L (Nitrates Directive 0676/1991 and Drinking Water 
Directive 0098/83), as follows: level 1: <2 mg/L; level 2: 2–5 mg/L; level 3: 5 –10 mg/L; level 4: 25–
50 mg/L and level 5: >50 mg/L.  

Figures 35 and 36 provide the actual concentration of nitrates in the groundwater of both 
demonstration areas (Barrax and Albenga), respectively. The validation maps for both 
demonstration areas are in very good agreement with the risk maps (Figs. 36b and 34b, 
respectively) created in this study based on the DRASTIC model. The obtained correlation values 
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between the DRASTIC indexes and the actual nitrate concentration were found to be 0.778 and 
0.823, for Barrax and Albenga demonstration areas, respectively, thus indicating that the DRASTIC 
model is characterized by very good accuracy.  

Figure 35 shows that the actual nitrate concentrations in the groundwater of the Barrax 
demonstration area are classified at levels 4 and 5 (25-50 and >50 mg/L), therefore indicating high 
or very high risk. On the other hand, nitrate concentrations classified at levels 1-2 (below 5 mg/L) 
indicate no risk. It can be also noted that maximum nitrate concentrations are not recorded below 
dolines as shown in the DRASTIC risk map, but are noticed NW and SE of the Las Tiesas field. This 
could be an indication of the existence of a nitrates migration path along the general SE direction of 
groundwater in the Barrax area.  

Figure 36 clearly indicates that the trends of nitrate concentrations and DRASTIC indexes are very 
well correlated for most of the Aldenga demonstration area. High groundwater nitrate levels in this 
area can be attributed to the extensive and intensive agricultural activities in the central basin, which 
may contribute to nitrate pollution due to the high hydraulic conductivity of the surface (alluvial 
deposits) and its flat topography.  

 

 
Figure 35. Actual concentration of nitrates in the groundwater of Barrax demonstration area 

 

Unlike Barrax demonstration area, the nitrate concentrations in the groundwater of Albenga 
demonstration area belong to level 5 (>50 mg/L) indicating very high risk probability. On the other 
hand, the nitrate concentrations that belong to levels 1-4 (below 50 mg/L), indicate moderate to no 
risk probability. Based on the nitrate concentrations pattern, the overall groundwater risk for 
contamination increases from W to inland (SE and NE), which correlates well with the obtained 
DRASTIC indexes. However, in order to obtain a better validation of the DRASTIC risk mapping, 
data from more monitoring wells, if existing, need to be obtained and analyzed. 
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Figure 36. Actual concentration of nitrates in the groundwater of Albenga demonstration area 

 

6. Conclusion 

In the present deliverable, TUC used the DRASTIC approach (Integrated GIS Risk Mapping) to 
assess risk for groundwater in the demonstration areas in Spain and Italy. Seven parameters have 
been analyzed and integrated into the model to enable groundwater risk mapping. 

Based on the results the following conclusions are drawn:  

 Regarding Barrax demonstration area, in Span, the most rechargeable zone corresponds to the 
pathway that transfers contaminants into the aquifers and includes the sand dunes in the east 
along the coast while the west half part of the study area shows the lowest net recharge rate. 
The carbonated aquifer is rather heterogeneous and the sandy limestone is the most significant 
medium to be considered. Soils do not vary widely in the study area; sandy loams prevail (almost 
70%), while gravel/sand and dolines are also present. The topography displays a plain with 
gentle slope (0~4.5%). Hydraulic conductivity is in general lower than 41 m/d suggesting that this 
parameter has fairly low contribution to groundwater vulnerability. 

 Regarding Albenga demonstration area, in Italy, net recharge varies between 101.6 and 177.8 
mm per unit area of land. The study area is mainly covered by sand and gravel, followed by 
metamorphic/igneous formations. The strips of alluvium, sand and gravel developing along 
streams/rivers have high groundwater contamination potential, whereas the potential is very low 
for the mountain areas (north and south). The soils in the Albenga plain have been strongly 
influenced by fluvial dynamics. Flat and shallow slopes dominate, while slope mapping indicates 
high groundwater vulnerability to land-based contaminants for the Albenga area and its 
surroundings. Most of the study area (47%) is composed of alluvial deposits, referring to basalt 
according to DRASTIC rating system. The study area is mainly characterized by high hydraulic 
conductivity (1 cm/s).  
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Generic and Agricultural DRASTIC vulnerability maps, created according to calculated DRASTIC 
vulnerability indexes, indicate that the groundwater contamination potential as a result of agricultural 
activities is greater than the contamination potential from municipal and/or industrial activities in 
both demonstration areas.  

For Barrax, Generic and Agricultural DRASTIC maps show areas, mainly covered by limestone 
formations, with “low” to “medium” risk. The highest risk in the Agricultural Vulnerability map is 
shown in the middle part of the study area and at the edges (NE-SE) due to the characteristics 
(higher hydraulic conductivity and impact values) of the vadose zone. 

For Albenga, results from both maps show areas with “high to “very high” risk along the coastline 
and the middle of the study area especially where alluvial deposits are present. “Very high” risk is 
attributed to the fairly low topographic gradients (<6%), uniform distributions of hydraulic 
conductivity (1 cm/s) and low net recharge values. 

High and very high groundwater nitrate levels in Barrax and Albenga, respectively, can be attributed 
to the extensive agricultural activities and the intensive use of nitrogenous fertilizers, by taking also 
into consideration the high hydraulic conductivity of the surface soil. 

The groundwater risk analysis was validated using available groundwater quality data and the 
results show strong correlation for nitrates for data obtained through DRASTIC risk mapping and 
sampling of water sources in both demonstration areas.  
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