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Abstract. In this study we tested the ability of straddle low pressure packers to characterize 

simultaneously vertical hydraulic gradients, permeability, temperature and salinity in order 

to quantify the magnitude and direction of groundwater fluxes and understand salinization 

processes in coastal aquifers. The straddle packers are employed to isolate a window of 0.2 m 

within fully penetrating piezometers. The system is set at the desired depth within the 

piezometer and a constant rate pumping test is performed. A Levelogger is positioned 

between the packers to monitor head, temperature and electrical conductivity, from which the 

equivalent freshwater head and intrinsic permeability values can be derived. Two piezometers 

located in a coastal aquifer of Ferrara Province (Italy) have been characterized using this 

technique. In addition core samples from the same piezometers have been analysed for grain 

size, porosity and organic matter. The laboratory data are used to compare the results 

obtained using the packers system with intrinsic permeability calculated by pedotransfer 

formulas. The comparison of the two techniques shows a general agreement along each 

piezometer profile, although discrepancies of more than 1 order of magnitude occur in peaty 

layers. The multilevel equivalent freshwater heads highlight a steep vertical gradient created 

by the drainage system. This seepage is contrasted by lenses of silt and clay that prevent the 

complete salinization of the shallow aquifer.  
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1. INTRODUCTION 

A sustainable management of the coastal aquifers needs to quantify the magnitude and 

direction of groundwater fluxes. This task is usually achieved by characterizing the physical 

properties of the hydrogeological units, their spatial heterogeneity and their connection with 

surface water bodies. One of the key issues to understand salinization processes in a coastal 

aquifer is the vertical variability of aquifer properties, like the permeability, since seawater is 

characterized by elevated density and viscosity with respect to freshwater and this feature 

induces density driven flow within coastal aquifers (Barlow 2003). For these reasons there is 

the need of time-effective techniques to quantify groundwater fluxes in salinized aquifers. 

2. MATERIALS AND METHOD 

In this study we present the ability of straddle low pressure packers to characterize 

simultaneously vertical hydraulic gradient, permeability, temperature and salinity. The 

straddle packers are employed to isolate a window of 0.2 m within fully penetrating 

piezometers. Between the packers a Levelogger LTC Solinst is positioned to monitor, every 

second, the head, temperature and electrical conductivity within the sampling window. The 

system is set at the desired depth within the piezometer and a constant rate pumping test is 

performed using a centrifuge pump and a flow controller. Before to start the pumping test, the 

inflated packers system is left to stand until the piezometric equilibrium is reached and the 

point head measurement is recorded.  

Hydraulic conductivity values (K) (m/s) are derived from the equation (Bureau of 

Reclamation, 2001): 
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where Cs (-) is the conductivity coefficient for semi-spherical flow in saturated materials 

through partially penetrating cylindrical test wells (equal to 28 in these conditions), r (m) is 

the radius of the test well, �h (-) is the hydraulic gradient between static head and steady 

state head under pumping condition.  

Since the Levelogger acquires simultaneously the piezometric drawdown induced by pumping 

and any variation in the temperature and electrical conductivity within the aquifer window 

isolated by the packers, the equivalent freshwater head (hf) and intrinsic permeability (�) 

values can be derived using the following equations (Post et al., 2007; Fetter, 2004).  
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where � and �f (kg/m
3
) are the density of the point-sampled water and fresh water, 

respectively; and 
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where � (Kg/m s) is the dynamic viscosity and g (m/s
2
) is the acceleration due to gravity. 
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Two piezometers located along a flow line in a coastal aquifer of Ferrara Province (Italy) 

have been characterized using this technique. This coastal area is reclaimed land, 

topographically depressed below the sea level (Mastrocicco et al., 2012). The 2” piezometers 

are fully screened with a geotextile sock instead of gravel pack to prevent short-circuits 

during the pumping tests. In addition core samples from the same piezometers have been 

analysed for grain size, porosity and organic matter. The laboratory data are used to 

compare the results obtained using the packers system with intrinsic permeability calculated 

by pedotransfer formulas, such as Terzaghi, Breyer and Shepherd formula (Vukovic and Soro, 

1992). 

3. RESULTS AND DISCUSSIONS 

Fig.1 – Freshwater head and seepage (left plots a and c), hydraulic conductivity and electrical conductivity 

(right plots b and d) values within two piezometers. Note that negative seepage means flux from the bottom 

toward the surface, while positive values indicate downward flux. 

The multilevel equivalent freshwater heads and seepage values (Fig. 1a,c) highlight upward 

vertical fluxes (up to 10 m/d) created by the drainage system, which forces groundwater to 

flow upward. In some cases this upward flux is contrasted by lenses of silt and clay that limit 

the seepage and prevent the complete salinization of the shallow aquifer. This feature is very 
important since the reclaimed land is mainly used for agricultural purposes and soil 

salinization could cause severe problems to crops sensitive to salinity stress. The hydraulic 

conductivity decreases from 10
-4

 to 10
-6

 m/s from the top to the bottom of the aquifer (Fig. 

1b,d). Electrical conductivity values show high salinity in the entire coastal aquifer (Fig. 1 
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b,d); freshwater lenses only occur in the shallow part of the aquifer where sand units 

(palaeodunes) permit rainfall recharge and infiltration (positive seepage in Fig 1a). 

The comparison between hydraulic conductivity values derived by equation 1 and those 

determined by pedotransfer formulae based on grain-size analysis, shows a general 

agreement along each piezometer profile. Although, the best linear fit between pedotransfer 

formulae (Breyer) and measured k values gives a R
2
 of only 0.67. This low correlation is 

mostly due to the peaty sediments, where discrepancies of more than 1 order of magnitude 

occur since grain size characterization is particularly challenging due to the organic nature 

of these sediments. In addition, it has to be considered that the applicability of these formulae 

depends on the type of sediment for which hydraulic conductivity has to be estimated. Vukovic 

and Soro (1992) noted that the applications of different empirical formulae to the same 

porous medium material can yield different values of hydraulic conductivity, which may differ 

by a factor of 10 or even 20. 

4. CONCLUSIONS 

The proposed methodology is a cost- and time-effective technique relevant for a detailed 

characterization of coastal aquifer parameters and flow dynamics. Intrinsic permeability and 

multilevel equivalent freshwater heads can be easily calculated from acquired data and 

vertical gradient in the aquifer can be highlighted. Despite of this, it must be remembered that 

hydraulic gradients can be accurately recognized only when at least decimetric differences in 

head are present within a piezometer, due to the accuracy of pressure transducer.  
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