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Abstract. Motril-Salobreña coastal aquifer (SE of Spain) presents different characteristics
compared with the surrounding coastal aquifers of the region because saltwater intrusion has 
never been detected. This situation is mainly related with a river recharge (Guadalfeo River) and 
the infiltration of irrigation water. Nevertheless several recent changes are modifying these two 
factors. The inputs to the aquifer are decreasing associated to anthropogenic modifications of a 
ystem that was stable for a long time.s

The position of the interface has been located (the mixing zone is at 132-230 m depth) with 
electrical conductivity logs of groundwater in a deep well (250 m depth), located at 300 m of the 
coastline. Ghyben-Herzberg equation was applied to compare the direct measurements and the 
theoretical calculations, but due to the vertical upward flow detected in the freshwater, the 
esults presented clear differences.r

The correlation of the heads in recharge and discharge sectors showed 2 flow paths in the 
discharge area. Therefore the decrease of the recharge in the aquifer could lead to a 
modification of the current equilibrium of the salt water-freshwater contact, fast in the upper part 
f the aquifer and slower in the deeper sectors of it.o
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1.   INTRODUCTION

The Motril-Salobreña coastal aquifer is an exception of Mediterranean Spanish coast, due to 
represents one of the 13 aquifer units of the 49 described units that are not affected by marine 
intrusion processes (López-Geta and Gómez-Gómez, 2007). In previous works, it was exposed its 
good situation, both quality and quantity of groundwater (Calvache et al., 2003; Duque et al., 
2008; Calvache et al., 2009). 

However, this optimum situation is changing due to the construction of Rules dam on the 
Guadalfeo River, which would suppose an artificial barrier of the river recharge to aquifer, since 
it intercepts superficial and subterranean flow. In the other hand, another factor is the decrease of 
the recharge of the irrigation water because of the urbanization of agricultural land and change in 
the systems of irrigation, especially dripping irrigation. Those changes would be able to cause an 
alteration of the existing balance between saltwater and freshwater causing an advance of the 
interface.
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Two wells were drilled in the recharge zone and 3 wells in the discharge zone, near shoreline 
(Fig. 1). Since November 2009 the head has been monitored with pressure transducers in both 
zones simultaneously. The objective is to relate the variations of head in recharge zone versus the 
variations in discharge zone at different depths. 

1.1 Hydrogeological setting

Motril-Salobreña coastal aquifer is on the south-east of Spain, with an area of 42 km
2
. In the 

western sector is located the Guadalfeo River one of the main inputs to the aquifer (Fig. 1). The 

river discharge was 6.2 m
3
/s for the period 1971-2004 (Martín-Rosales et al., 2008), draining an 

important south sector of Sierra Nevada (the catchment has 1200 km
2
). The aquifer system is 

constituted by fluvial-deltaic detrital sediments, most of them coarse with high permeability. In 
the north boundary the aquifer is limited by the alluvial aquifer of the Guadalfeo River and one 
carbonate aquifer (Escalate aquifer). The south boundary is the Mediterranean Sea. The other 
borders are a geological formation of schists and phyllites, that can be considered as 
impermeable, which constitute also the basement. The total thickness is variable, since a several 
tens of meters at the top of the aquifer to more than 250 m thick in the western sector close to the 
coastline, where the highest thickness was measured. 

Figure 1. Location of Motril-Salobreña Coastal Aquifer, SE of Spain, Guadalfeo River and control points
S.130 and S.40 at the discharge zone, and R.1 / R.2 at the recharge zone.

1.2 Discharge zone setting
For the study of the hydrodynamic in the fresh water-salt water contact zone, 3 wells were drilled 
together, at a distance of 300 m to coastline and close to Guadalfeo River channel. The depths of 
them are 250 m, 140 m and 49 m (called S.250, S.130 and S.40, respectively). The deepest well 
is screened in 11 locations, to obtain a general characterization of the discharge zone. The other 2 
are piezometers, screened only in the bottom, that allow us to monitor the heads of the aquifer at 
different depths. 
In S.250 well, through the logging of groundwater electrical conductivity, we determine the 
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position of the saltwater-fresh water interface and the modifications of it during almost 3 years. 
The monitoring of heads showed a permanent artesian nature, with levels around 6.5 to 6.9 m 
above sea level in S.130 piezometer, and between 4.6 to 5.5 m.a.s.l in S.40. The average flow is 

5.2 m
3
/d in S.40 and 8.6 m

3
/d in S.130. 

The discovered artesian condition next to shoreline indicates that the flow pattern proposed by 
Hubbert (1940), Glover (1959) and Kohout (1964) to the contact between fresh and salt water is 
pertinent in this context. According to this, as the depth increases, higher equipotentials are 
intercepted, due to the important vertical flow components of freshwater at the discharge zone of 
the aquifer. The lithologic data obtained during the well S.250 borehole, and the fact that the river 
is recharged by the aquifer at its last stretch indicate that this is an unconfined aquifer up to 140 
m deep at least, from here to down there are clay layers, with intercalated conglomerate layers 
(Duque et al., 2011), always regarding to the shoreline next to the Guadalfeo River mouth. 

1.3 Recharge zone setting
In the recharge zone of the Motril-Salobreña aquifer two wells were drilled, installed with fully 
screened pipe, in the Guadalfeo River channel. These are called R.1 and R.2 (54 m and 25 m 
depth, respectively) and intercepted the impermeable basement. In each of them pressure and 
temperature of groundwater were monitored with transducers. From pressure data the water table 
was calculated correcting the atmospheric changes. Both wells presented a high correlation with 
river flow, and it is possible to detect those maximums and minimums coincided in time. 

2.   RESULTS

Figure 2 shows the head variation in a time interval (Nov-2010/Sep-2011) at recharge and 
discharge sectors of Motril-Salobreña aquifer, specifically at R.1 for recharge zone and S.130 and 
S.40 for discharge zone. 
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Figure 2. Temporal evolution of heads in 3 control points. S.130 piezometer and S.40 piezometer at the 
discharge zone, and R.1 well at the recharge zone. Time gaps are defined between R.1 and S.130 registers. 
Monthly accumulated River discharge is represented in vertical bars.

The temporal evolution in both sectors follows a similar path, where the peaks detected 
correspond to maximum and minimum of the aquifer recharge in this time interval. Comparing 
registered heads in S.130 piezometer with R.1 well is observed a time gap regarding the recharge 
zone of about 30 days and 0.3 m of head oscillation. This gap is not detected in S.40, where the 
observed variations are simultaneous with oscillations in R.1, but in this case, S.40 shows a lower 
piezometric level oscillation, with maximum of 0.6 m versus 1.5  m  in  R.1.  The  significant  
difference  in  S.130  versus  S.40  is  mainly  due  to  the  different hydraulic potential that exists 
between them.

 The difference in hydraulic potential between them allows discern different groundwater flow 

paths at the discharge zone. There are superficial flow lines where the variations of heads are 

simultaneous with the variations in the recharge zone, up to 40 m deep at least. There are also 

deeper  groundwater  flow  lines,  with  the  same  variations  that  we  observed  in  the  recharge 

zone, but with softer oscillation and time gap of about one month.   

3.  CONCLUSIONS  

Heads  in  the  discharge  zone  showed  the  same  peaks  that  the    recharge  zone  although  

these oscillations  are  considerably  softer  and  less  immediate  in  the  discharge  zone  

regarding  the recharge  zone  These  variations are  related  with  changes  of  the  aquifer  

recharge,  like  modifications in the  Guadalfeo River discharge.. However, comparing heads at 

both sectors significant differences were observed. In  heads measured  at  S.40,  a  direct  

correlation  is  detected,  without  time  gap  regarding  the recharge zone. In the deeper 

piezometer (S.130) a similar trend was observed but with a time gap of 30 days.  These 

differences indicate the existence of different scale flows in the aquifer, with different flow rate 

and residence time. The superficial groundwater flow (up to 40 m deep) is faster and with lower 

residence time and the variations are simultaneous with the recharge zone changes. The  deeper  

groundwater  flow  (from  140  m  onwards)  is  slower  and with  longer  residence time.  
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