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I ntr-oduction 

In many of the Mediterranean rivers a· salt wedge intr-udes up to 
several kilometers upstream from their mouths, at least during periods 
of low water discharge. Presence of the salt wedge is controlled 
basically by the freshwater discharge of the river. The landt...1ard limit 
of the salt wedge changes with the flow variations. In this work 1,,;1e 

study the tidal influence and the dynamic behavior of the salt wedge in 
the lower part of the Ebro River. 

Tidal range 

Tidal data in the Ebro Delta show a m.icrotidal range ► with diurnal 
and semi-diurnal components. Resulting daily tidal oscillations have 
two very asymmetrical cycles {fig. 1 J. The mean tidal range between the 
higher-high and lower-low tide is 20 cm while the tidal range between 
the lo1w'er-high and the higher-lo..., tide is 7 cm. 
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Fig. L - Relationships between freshwater discharge, salinity, 
current velocity of the salt wedge, flow orientation and tide level 
during the field experiment. 

Field Experiment 

Five hydrographic cruises .....are carried out along 30 km upstream 
from the river mouth in May 88, September 88, January 89, July 89 and 
October 89. Salinity, temperature. and current profiles <.,;,er-e r-ecor-ded 
systematically in three sections of the river and at the upper limit of 
the salt wedge. An AANDERAA RCHB currentmeter was installed 1 meter 
above the river be:d and 3 km upstream from the river mouth on October-
4 toh and 5 toh of 1989. Durin.g these day5 there were under estuarine 
conditions and a very steady freshwater discharge controlled by the 
river dams. Data of current velocity, flow orientation, salinity and 
temperature were recorded with a sample interval of 2 minutes. 

Results 

Estuarine conditions in the Ebro River are reached when fresh....ater 
discharge is lower than 500 m"""/s. Landward limit of the ~dge intrudes 
more than 30 Km upstream from the river mouth when freshwater flow is 
lower than 100 m~/s, The upper limit of the salt wedge in the Ebro 
River is also controlled by the bed morphology, especially by the 
topographic high located near Gracia Island, 17 Km upstream from the 
river mouth. This high stops the upstream salt i.;,edge intrusion until 
the freshwater discharge is lower than about 150 m::$/s, Velocities in 
the freshwater layer during estuarine conditions increase downstream 
from 20 emfs near the upper limit of the wedge to 80 cm/s in the river 
mouth, because of the thickness decrease of this layer downstream. 

Daily distribution of currents_ in the salt ....edge show t<.,JQ 
intervals -.,i. th an upstream orientation (250•N) and one interval with a 
downstream orientation (70"Nl separated by still flow periods, Current 
velocity ranges from less than 1. 1 cm/s <lo-west detectable speed by the 
used currentmeter) to 13 crn/s. 

These results are correlated with the daily tidal cycle (Fig. 1 ): 
High tide periods correspond to the upstream salt wedge motion, Toe 
higher-high tide produces upstream me.an flow velocities of 9 cm/s anct 
the lower-high tide generates upstream. mean velocities of 5 emfs in the 
salt wedge. Oownstream salt ,..;,edge motion is correlated with the lo-....est 
tidal level. Downstream mean velocities are of 9 cm/s, which is similar 
to the velocities recorded during the high tide level period. Still 
flow periods correspond to the higher-low tide level and to the 
intermediate phases between low and high tidal levels. 

Conclusions 

In microtidal areas, the circulation pattern of salt w'edge 
intrusions in rivers is controlled mainly by tides when freshwater 
discharge conditions are steady. In the Ebro River, salt wedge motions 
ref le.et the diurnal and semi-diurnal. components of the mixed tide that 
affects the Ebro ·Delta area, Mean upstree.m-do~stt"eam fla<w velocities 
in the 5al t ,;,;,edge are also related to the tide level .. 
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