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ABSTRACT: Degradation of water quality of surface waters in the
Ebro river basin constitutes an important environmental concern because
of the increasing salinity trends observed in thisregion. A significant con -
tribution to the salt load transported by the riversis supplied by non-point
sources fromirrigation return flows.

The Bardenas | irrigated area occupies 30000 ha in the semiarid cen -
tral part of the Ebro valley. Return flows from this area have been monito -
red during the last decade. Since 1990, a total of 16 sampling points on
return irrigation canals and another 6 sites along the Arbariver, the natu -
ral drainage system of this area, have been sampled on a weekly/fort -
nightly basis. A high spatial variability in salinity levels has been found in
the area, thus electrical conductivity varies from 0.3 to 10 dSm-1 depen -
ding on theirrigation period and on the soil types drained. The electrical
conductivity in the Arba river increases from 0.3 to 4.7 dSm-1 from the
inlet to the outlet of the Bardenas area. Therefore, the salt load supplied
fromthe irrigation return flows amounts more than 50% of the total load
transported by the Arbariver. Thisriver presentsthe highest salinity levels
in the Ebro basin. Poor water quality due to high salinity determines res -
tricted use for several purposes. In order to reduce this environmental
impact, it is necessary to establish adequate management practices invol -
ving design of more water efficient uses to avoid further water quality
deterioration.

RESUMEN: La degradacion de la calidad de las aguas superficiales
en la cuenca del Ebro constituye un importante problema ambiental, debi -
do al incremento de salinidad. Una parte significante de la carga de sales
transportada es producida por fuentes difusas a partir de los retornos de
riego. El &rea regada de Bardenas | ocupa 30000 ha en el sector semiéri -
do dela Depresion del Ebro. Los flujos de retorno han sido monitorizados
durante la dltima década. Desde 1990, con base semanal o quincenal, se
han muestreado 16 puntos en canales de retorno de riego y otros 6 en el
rio Arba, que es € sistema de drenaje natural de este sector. Se ha encon -
trado una elevada variabilidad de |os niveles de salinidad, de manera que
la conductividad eléctrica varia de 0.3 a 10 dSm-1, dependiendo del perio -
do deriegoy delostipos de suelo drenados. La conductividad eléctrica en
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el rio Arba aumenta de 0.3 a 4.7 dSm-1 desde la entrada a la salida del
area de Bardenas. Por €llo, La carga de sal aportada por los flujos de
retorno representa mas del 50% de la carga total de sal transportada por
€l rio Arba. Este rio presenta los niveles més elevados de salinidad en la
cuenca del Ebro. La escasa calidad del agua debido a alta salinidad res -
tringe los posibles usos posteriores del agua. Con € fin de reducir este
impacto ambiental, es necesario fijar las préacticas de gestion mas ade -
cuadas que impliquen un uso mas eficiente del agua sin posteriores dete -
rioros.

Key-words: Salinity, Water resources, Irrigation, Return flow, Ebro Depression,

Spain.

Palabras clave: Salinidad, Recursos hidricos, Regadio, Flujos de retorno, Depresion

del Ebro, Espafia.

1. Introduction

Salinity is one of the most important problems for irrigation agriculture in arid and
semi-arid zones. Both irrigation water and soil composition can help to increase salinity,
which in turn decreases crop output and forces a shift to more resistant crops. The situa-
tion is deteriorating in areas with natural drainage problems or shallow phreatic layers.
Any decision about transforming irrigated land should consider soil quality, drainage
capacity and the quality of irrigation water are fundamental factors.

When irrigation efficiency is low, the presence of drainage water is an important
problem to conserve watercourse quality. An effective solution is to minimise drainage
water by improving irrigation efficiency aswell as educating farmers. Several techniques
are now available to calculate how much water (or fertiliser) to apply and when.

One solution is to stop irrigating saline soils but a large part of agricultural produc-
tion comes from irrigated land. In the future, plans for irrigation must take into account
the environment and aspects of economic and socia viability. Environmental protection
laws could also be improved and thoroughly implemented via the inspection and the
reduction of agricultural waste and diffuse agricultural contamination.

In general, developed countries have been able to purify urban wastewater but other
problems remain, such as the eutrophisation of rivers and reservoirs and excess salts and
nitrates. Public officials are beginning to act on diffuse sources of contamination, espe-
cially agriculture and livestock farming in order to solve the problem at its origin.
(OCDE;, 1982). In 1984, the USEPA reported that diffuse sources of contamination were
responsible for 65% of the adverse impact on water quality and that 50 to 70% were due
to agricultural activities.

The Ebro Valley has a historical salinity problem that has been exacerbated by inad-
equate use of irrigation water (Alberto et al., 1979, 1986; Faci et al., 1985; Navas and
Machin, 1995). The transformation of an area into irrigated land implies choosing the
most adequate irrigation technique for the conservation of the environment and the
reduction of foreseable damages.
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We evaluated the impact of salt contamination in the Arbariver in Gallur, which col-
lects the irrigation effluents from Bardenas . This site uses 5.8 t/ha of irrigation water
every year, which makes up 50% of the total salinity of theriver which collectsthe return
flows. The Arbariver is one of the most saline riversin the Ebro Valley, with EC values
ashighas 2.4 dS m'l, under low flow and high irrigation demand (MOPU, 1972-1985;
Basso et al., 1990; Machin & Navas, 2000). We analysed the water quality of the Arba
and Riguel rivers and the behaviour of the Bardenas | irrigation site in terms of salinity,
particularly with respect to seasonal and inter-annual variations and return flows.

2. The study area

The study area comprised the sections of the Bardenas| irrigation site that drain water
toward the Arba and Riguel river basins. The surface area was approximately 30000 ha
of the 57000 ha that make up Bardenas |, which uses water from the Yesareservoir via
the Aragon river (origin flow of 60 mS s'l) (Figure 1).

The mainirrigation canal is the Bardenas Canal. The secondary canals are Cinco
Villas, Saso, Cascajos and the Pardina Canal. The drainage network has collectors or
main drainages and secondary and tertiary drainages. The predominant irrigation sys-
tem in the areais plot flooding. Aspersion was used in some sections of the site such
as hillsides.

According to data provided by the Regional Government of Aragon (Diputacién
General de Aragén) the main crops in this area are cereal (8000 ha), corn (12000 ha),
sunflower (6000), alfalfa (5000) and horticulture (1000).

@/ _ IRRIGATION AREA

OF BARDENAS |

A Y
OoND S
—~—— ‘\./ )

A

Figure 1. Location of the study area.
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The geomorphology includes fluvial terraces, aluvial fans, glacis, plains, structural
platforms, valley fills and depressions (endorheic areas). The lithology is mostly chalk,
marls, gypsum and detritic material. The northern part has sandy plains next to basins
excavated on marls material with an endorheic character. The central part is composed of
the Cinco Villas depression with predominant marls lithology covered with detritic mate-
rial molded into terraces and glacis. At the foot of the platform called Planade La Negra
there are three levels of glacis that connect with the system of terraces of the Arba and
Riguel rivers. The southern section is typical of the center of the Ebro depression with
marls-gypsum, bordered by ravines that flow toward the Arba and Ebro rivers.

Most soils in the area are on terraces and glacis. They have no drainage problems or
salt accumulation which makes them excellent for irrigation agriculture even though they
sometimes have other limiting factors such as being shallow or stony. The main charac-
teristic of these soils is a petrocalcic horizon 40-60 cm below the surface.

The valley bottom has saline soils due to the natural intrinsic salinity of geological
materials in the area and posterior secondary salinization from irrigation without natural
drainage.

We classified the soil units according to the FAO (1989) (see Figure 2):

:' Caloisols
: Regosols
- Fluvisals
- Leptosols
- Solonchak & Solonez

Figure 2. Soil unitsin the Bardenas | irrigated area.
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Lytic Leptosols + Haplic Gypsisals: (5.2 % of the surface area) soils on hillsides
with >15% slope, developed on a rocky substrate of marly nature, very superficial with
a high risk of erosion and fine texture.

Rendsic L eptosols: (1.1% of the surface area) soils on hillsideswith little slope, shal-
low with a high stone content and low EC.

Calcaric Regosols + Sodic Solonchaks: (6.3% of the surface area) soils developed
on clayey materials, which increases drainage problems, predominantly sandy loam tex-
ture with salinity and sodicity problems.

Haplic Solonetz + Sodic Solonchaks: (9.9% of the surface area) soils on plains with
intense generalised piping processes, EC up to 56 dS m L and 89 SAR, silt-loam and
clay-loam textures. The predominance of the silt fraction (more than 50%) and the high
percentages of interchangeable sodium in the clays explain the poor soil structure.

Sodic Solonchaks: (8.3% of the surface area) soils of the depressions with clayey
materials of fine texture, impeding drainage with salinity and sodicity problems. The
proximity of the phreatic level to the surface makes salts rise by capillary action.

Gypsic Regosols + Gypsic Solonchaks: (4.4% of the surface area) soils developed
on filling materials (silt, sand, gravel) from the valey head and valley sides, deep soils
with sandy loam and clay loam texture.

Petric Calcisols: (39.7% of the surface ared) soilsin the high glacisand high terraces,
high stoniness and calcareous coating which is alimiting factor of depth. Good drainage
conditions and sand loam and loamy sand texture. No salinity problems.

Haplic and Petric Calcisols: (7.2% of the surface area)soils on low glacis with an occa
sional petrocalcic horizon. Sandy loam texture and good drainage. No salinity problems.

Calcaric Fluvisols: (10.3% of the surface area) soils of theinferior terrace or aluvia
plain, with predominantly fine texture and depth (>1 meter). EC values up to 39 dS m1
in parts of the aluvia plain with a saline phrestic layer.

In general the soils affected by saltsin Bardenas | are saline-sodic. The saline soils
that sometimes appear on the glacis are mostly from levelling by irrigation and are
responsible for the outcropping of the deepest layers of lutites and saline loams.

3. Methodology

An Electromagnetic Sensor (EMS) was used to determine the spatial variability of the
soil salinity. We took measurements «in situ» of the electrical conductivity on a regular
grid of 3 x 3 km. The EC intervals were 0-2, 2-4, 4-8 and >8 dS mL Anisoline map of
EC was developed using the SURFER program (Figure 3).

Water salinity was measured on the drainage network of the Bardenas | and in spe-
cific parts of the Arba and Riguel Rivers. We located sampling and gauging points to
measure the flow and saline concentration (Figure 3). In the collectors, samples were
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Sampling points

® Drainages

@ Aba-Eea
& Aba-CG9
O Aba - Tauste
H Riguel - S4daba
¥ Riguel-C-12
[ Riguel - Sabinar

Figure 3. Location of collectors and rivers, sampling points and isolines of electrical conductivity.

taken at sectionsinstalled by the Hydrographic Confederation of Aragon (Confederacion
Hidrografica del Ebro) to measure water levels. Samples were taken every fifteen days
over three years. We controlled 15 sampling points in the drainage collectors and six in
therivers, three on the Arba and three on the Rigud river. One additional sampling point
was used on the Bardenas Canal.

We collected and analysed 884 water samples from drainages, 364 from theriversand
60 from the Bardenas Canal. EC was the parameter used to measure water salinity (dS
m L at 25°C). Other measured parameters were: pH, anions (CO3=, HCO3", CI~, SO4~,
NO3"), cations (Ca++, Mg++, Nat, K+t ) and SAR.
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4. Results and discussion

4.1. Soil Characteristics.

Four homogeneous regions were differentiated in the study areain terms of soil salin-
ity (EC of 0-2, 2-4, 4-8 and > 8 dS m'l), represented in the isoline map of EC (satura-
tion extract) of the soilsin Figure 3.

Calcisols had less than 2 dS m™L EC. Soils in the poorest areas between the Cinco
Villas ravine and the Riguel-Arba system exceeded this limit. The highest salinity wasin
the Valarefia-Sabinar area (center of Bardenas) and in the south with EC values that were
similar to the soil map. Thus, the Calcisols were non-saline and the poorest areas were
saline and/or sodic.

The surface areas of each of level of saline soil were 16596 ha (58%) from 0 to 2 dS
mL; 10236 ha (36%) from 2 to 4 dS m™L: 1529 ha (5%) from 4 to 8 dSm™L and 144 ha
(0.6%) for >8 ds™ L.

The soil in valleys and depressions reached 50 dS m'l, where the predominant salt
was sodium chloride.

4.2. Water characteristics.

The statistical analysis of the EC in the drainage collectorsis shown in Table 1. The
salinity of the drainage water in Bardenas | was highly variable. The minimum value at
C-21 was 0.4 dS m™T and the maximum at C-27 was 9.84 dS m ™,

In general, the conductivity of the drainage collectors was greater outside of theirri-
gation season. During irrigation, the saline concentration decreased due to the low salt
content in the water from the tail of the streams that flow directly into the drainages.
Nonetheless, collector 31 had the highest average EC in the irrigation season athough
the difference between the two seasons was minimal.

The lowest saline concentrations were in soils without salinity problems (Haplic and
Petric Calcisols) which included collectors 11, 12, 13, 14, 21, 34 and X1-4 with an aver-
age 0.84 dSm™— EC. These values contrast with the elevated concentrations in drainage
water (especialy C-27, C-29 and C-30 with an average of 3.23 dS m1 EC) and the very
high coefficients of variation. These collectors were in areas with saline soils (Figure 4).

The summary statistics of water EC in riversis shown in Table 2. There were tempo-
ra variations in salinity in the Arba and Riguel rivers, but less than in the drainage col-
lectors. EC varied between 0.25 dS m™L in the Arba of Luesia at Ejeato 3.8 dSm L in
the Arba at Tauste, although these values were not sampled on the same day.

After analysing EC averages from each control point, it is clear that the process of
salination in the Arba and Riguel riversis due to the irri%ation return flows. The Riguel
river in Sadaba has an average annual EC of 0.39 dS m™~ that increases to 0.81 dS ml
in an intermediate inspection point near the mouth of collector 12 (Riguel at C-12),
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Table 1. Satistics of Electrical Conductivity in Drainages of Bardenas .

Drainages Period n EC (dSm-1)

Average | Sd [ CV% [ Min | Max

| 43 0.72 0.15 0.50 1.22

C-11 N1 20 0.89 0.24 0.53 1.58
A 63 0.80 0.20 24

| 43 0.85 0.22 0.64 1.72

C-12 NI 20 0.71 0.07 0.51 1.23
A 63 0.78 0.19 25

| 43 0.68 0.07 0.55 0.79

C-13 NI 20 0.72 0.08 0.49 0.85
A 63 0.70 0.07 10

| 44 0.83 0.12 0.61 1.07

C-14 N1 19 0.96 0.12 0.57 1.10
A 63 0.89 0.13 14

| 43 0.58 0.08 0.44 0.72

Cc-21 NI 20 0.62 0.07 0.47 0.82
A 63 0.60 0.08 13

| 45 4.16 1.99 1.53 9.84

Cc-27 N1 19 5.92 2.72 0.65 9.25
A 64 5.01 2.45 49

| 45 2.16 0.36 0.99 2.82

C-28 NI 20 2.27 0.46 0.58 2.68
A 65 221 0.39 18

| 45 3.90 0.88 2.33 6.73

C-29 NI 20 4.06 0.87 2.00 5.32
A 65 3.98 0.87 22

| 44 4.25 1.50 1.46 7.67

C-30 NI 19 5.05 1.86 0.99 7.50
A 63 4.64 1.63 35

| 44 2.54 1.39 1.26 4.49

C-31 N1 19 2.55 1.49 1.05 6.90
A 63 2.54 1.43 58

| 23 1.03 0.20 0.73 1.68

C-34 NI 8 1.09 0.25 0.57 1.49
A 31 1.05 0.21 20

| 43 1.19 0.59 0.83 2.65

C-6 N1 20 2.05 0.74 0.76 3.17
A 63 1.61 0.74 46

| 32 0.93 0.27 0.63 1.47

D-XXI-4 NI 12 1.25 0.35 0.65 1.78
A 44 1.07 0.31 29

| 43 2.72 0.48 1.61 4.24

D-XXXIV-8 N1 19 3.01 0.47 221 3.82
A 62 2.86 0.49 17

| 37 2.88 1.80 1.09 7.43

D-XXXI11-4 N1 12 3.17 2.68 1.02 8.92
A 49 3.03 2.02 67

| =irrigation NI =noirrigation A= annual

reaching almost 1.1 dS m L in Sabinar when it meets the Arba. The Arba river a the
entrance to the Bardenas | site in Ejea, had an average annual EC of 0.68 dS mL that
increased to 1.05 dS m™L in an intermediate control point (Arba at CG9), reaching 1.84
dsmLinTauste (Figure5).

The data from the Arbariver at Tauste are fundamental sinceit collectsal theirriga-
tion effluents from Bardenas I. It had the greatest temporal variability of all the seasons.
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Table 2. Satistics of Electrical Conductivity in the Riguel and Arbasrivers and the Bardenas Canal.

Rivers Period n EC (dSm™)
Average |  sd | V% | Min ] Max
Riguel Sadaba | 44 0.34 0.04 0.27 041
N1 19 0.45 0.18 0.30 1.07
A 63 0.39 0.13 26
| 43 0.73 0.17 0.50 124
Riguel C-12 NI 19 0.89 0.27 041 1.25
A 62 0.81 0.21 26
| 45 0.96 0.24 0.73 1.72
Riguel Sabinar N1 18 121 0.32 0.64 1.85
A 63 1.08 0.28
| 43 0.67 0.17 0.42 0.95
Arbade Luesia NI 19 0.68 0.18 0.25 114
Ejea A 62 0.68 0.17 25
| 43 1.00 0.21 0.79 1.48
ArbaC.G. 9 N1 19 111 0.23 0.71 1.56
A 62 1.05 0.21 20
| 34 1.55 0.43 1.09 2.46
Arba Tauste N1 18 207 0.84 0.63 381
A 52 1.84 0.62 33
|
Bardenas Canal NI
A 0.33 11 0.27 0.45

0 5 10 15 20 25 30
km

-1 Riguel -8-Arba

Figure 5. Increases of salinity along the Arba and Riglel rivers.

The EC increased to 3.8 dS m™L under no irrigation when the river flow is basicaly
superficial drainage water full of salts from the washing of the soils.

The average EC value in the Bardenas Canal was 0.33 dS m'l, with no variationsin the
period. Thiswater quality isfavourable for washing salts but the low sdlinity can cause per-
meability problemsin sodic soils (Ayers & Westcot, 1976; Ayers & Tanji, 1981) Table 4.

4.3. lonic composition of water

Table 3 summarises data on the chemical parameters of drainage water from year 1
for the 15 collectors and drainages in Bardenas |. The SAR values were highest in the
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Table 4. Satistics of Chemical composition in the Riguel and Arba rivers and the Badenas Canal.

Rivers Cations Anions SAR
ce | Mg | Na | K* coz2 [ HCOo, [ soZz | cI-
meq L-1

Riguel average 2.7 12 12 0.1 0.1 31 13 10 0.8
Sédaba min 19 0.4 0.5 0.03 0 0.3 0.6 0.3 0.3
max 4.6 3.2 35 0.2 0.3 54 4.6 25 1.8

n 9 9 9 9 4 9 9 9 9
Riguel average 33 2.9 4.5 0.1 0.7 5.2 34 2.3 25
C-12 min 2.4 18 2.8 0.1 0.7 37 21 16 17
max 4.1 3.7 31 0.1 0.8 6.4 45 3.0 34

n 9 9 9 9 4 9 9 9 9
Riguel average 3.6 22 57 0.1 0.6 4.2 33 4.4 34
Sabinar min 2.0 0.5 3.1 0.03 0.4 1.6 1.7 21 2.7
max 51 29 6.9 0.1 0.8 5.7 38 52 42

n 9 9 9 9 4 9 9 9 9
Arbade average 4.0 1.6 1.9 0.1 0.2 4.4 1.6 1.6 1.2
Luesia min 2.0 12 0.6 0.04 0.0 0.9 10 0.7 0.4
Ejea max 54 2.6 35 0.2 0.4 7.0 21 2.8 21

n 9 9 9 9 4 9 9 9 9
Arba average 3.9 23 52 0.1 0.03 4.7 29 4.2 29
C.G.9 min 20 1.2 0.6 0.04 0.0 0.9 11 0.7 0.4
max 5.4 26 35 0.2 0.4 7.0 21 2.8 21

n 9 9 9 9 4 9 9 9 9
Arba average 4.8 6.0 18.3 0.2 0.3 5.6 10.2 14.3 7.8
Tauste min 22 26 6.2 0.1 0.0 25 39 6.3 33
max 7.3 8.8 28.4 0.2 0.5 7.7 15.6 20.7 12.5

n 7 7 7 7 4 7 7 7 7
Bardenas average 2.1 0.6 0.4 0.02 0.1 24 0.4 0.4 0.4
Canal min 13 0.1 0.2 0.0 0.0 0.4 0.03 0.1 0.1
max 3.0 25 13 0.1 0.4 4.0 0.6 16 13

n 18 18 18 18 5 18 18 18 18

most saline collectors. At C-27 the average was close to 15 since the predominant cation
in this drainage was sodium (up to 76 meq L'l).

The anions in the south in collectors 30 and 31 (on an large extension of gypsum ter-
rain) were predominantly sulfates. The most important salt in the rest of the drainage
canals was sodium chloride.

Table 4 shows the basic statistics for the chemical composition of the rivers and the
Bardenas Canal.

After comparing the ionic concentrations in the Bardenas Canal, the Rigud river at
Sadaba and the Arba at Ejeawith the Arbaat Tauste (which collects all the effluents from
Bardenas), we can appreciate the difference in quality between the water entering and
leaving the area. We can clearly see these important changes in ionic composition using
the Piper diagrams (Figure 6). The triangular diagram shows the differencesin the ionic
composition of the water in the collectorsthat drain the Haplic and Petric Calicisols com-
pared to those in saline areas. In the former, the water is bicarbonated-calcic similar to
that of the Bardenas Canal, while the latter is chlorated and/or sodium sulfated.

The average ionic composition of the Arba and Riguel rivers indicate that their
respective valley heads are bicarbonated-calcic. The proportion of sulfate and chloride
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Table 3. Satistics of Chemical Composition in Drainages of Bardenas .

Drainages Cations Anions SAR
Ce* [ Mg | Na© [ K* [ Cco? [ HCO, [ sOZ | CI
meqL-1

c-1 average 3.7 1.6 25 0.03 0.3 34 23 19 15
min 2.7 1.0 13 0.02 0 21 12 11 1.0
max 4.7 1.9 3.8 0.05 0.4 4.0 45 25 2.2

n 10 10 10 10 4 10 10 10 10
C-12 average 33 13 27 0.03 0.2 33 2.0 1.7 17
min 22 0.8 1.4 0.01 0 24 1.3 1.0 1.0
max 4.7 21 6.3 0.1 04 3.9 43 4.2 34

n 10 10 10 10 4 10 10 10 10
C-13 average 4.2 13 12 0.04 0.6 38 15 1.0 0.7
min 2.8 0.9 0.9 0.02 0.5 2.2 0.9 0.7 0.5
max 5.7 19 21 0.1 0.9 4.7 3.0 14 14

n 10 10 10 10 4 10 10 10 10
C-14 average 4.2 15 25 0.03 0.1 4.4 1.4 23 15
min 14 11 11 0.02 0 0.5 0.9 13 0.5
max 7.1 18 35 0.1 0.3 55 32 2.9 23

n 10 10 10 10 4 10 10 10 10
c-21 average 38 14 0.9 0.1 0.5 34 14 0.9 0.5
min 2.8 11 0.7 0.02 0.3 1.8 0.9 0.6 0.5
max 55 16 1.0 0.2 0.6 43 26 11 0.6

n 10 10 10 10 4 10 10 10 10
c-27 average 9.3 14.3 524 0.1 0.8 6.2 30.8 44.0 14.6
min 22 11 3.0 0.02 0.3 1.2 1.6 2.9 23
max 14.6 24.8 76.3 0.2 11 8.2 44.0 76.9 223

n 11 11 11 11 5 11 11 11 10
Cc-28 average 2.6 6.6 17.6 0.1 0.9 7.2 7.1 124 8.2
min 12 5.2 15.2 0.01 0.6 6.2 5.2 94 7.6
max 4.3 7.2 19.6 0.2 1.2 8.6 8.8 145 9.4

n 10 10 10 10 4 10 10 10 10
C-29 average 4.7 14.4 275 0.2 0.8 6.4 18.2 225 9.0
min 19 5.9 11.9 0.02 0.4 0.1 7.8 8.8 6.0
max 6.7 18.0 36.3 0.3 1.0 8.8 24.0 313 11.0

n 10 10 10 10 4 10 10 10 10
C-30 average 11.0 242 37.0 0.2 0.6 6.7 36.8 311 9.0
min 1.9 10.7 26.7 0.1 0.5 54 10.2 23.7 7.6
max 159 30.1 43.2 0.4 0.7 7.6 46.5 394 9.7

n 9 9 9 9 4 9 9 9 9
C-31 average 6.2 5.9 11.2 0.1 0.3 4.2 9.5 9.4 4.4
min 16 21 4.6 0.1 0 35 13 2.6 25
max 19.2 24.4 43.6 0.3 0.5 5.2 41.0 385 9.3

n 10 10 10 10 4 10 10 10 10
cC-34 average 4.1 1.9 47 0.1 0 43 23 37 2.7
min 33 1.0 15 0.1 0 3.2 11 1.2 1.0
max 51 2.6 6.9 0.1 0 52 33 5.9 35

n 7 7 7 7 7 7 7 7 7
C-6 average 5.2 31 114 0.1 0.7 3.7 6.1 10.1 54
min 31 1.2 33 0.03 04 2.0 1.9 2.7 2.2
max 7.0 4.2 16.3 0.1 11 4.9 8.9 154 7.7

n 10 10 10 10 4 10 10 10 10
D-XXI1-4 average 3.7 31 6.2 0.1 0.4 5.2 11 55 34
min 45 22 50 0.1 0 4.2 0.9 3.7 2.8
max 4.0 4.0 7.8 0.1 1.2 6.2 1.2 6.5 4.1

n 6 6 6 6 6 6 6 6 6
D-XXXIV-8| average 31 9.2 214 0.2 0.9 74 9.6 17.2 8.6
min 1.8 75 17.6 0.02 0.7 5.9 7.0 12.0 7.2
max 4.7 10.6 252 0.2 12 85 125 228 10.0

n 8 8 8 8 4 8 8 8 8
D-XXXIII-4| average 4.6 8.2 19.1 0.1 0.2 5.0 6.7 19.2 6.7
min 21 2.9 6.0 0.01 0 38 24 5.6 34
max 8.8 29.0 714 0.4 0.9 7.7 20.0 80.1 16.4

n 10 10 10 10 8 10 10 10 10
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Figure 6. Piper diagrams of the water ionic composition in irrigation return flows and rivers.

anions increases along their flow, in addition to the sodium cation. The Arba at Tauste
near the mouth of the Ebro river has aimost 50% chloride and 65% sodium, clearly
reflecting the salinization and sodification of the river as a consequence of the irrigation

We applied the quality criteria for irrigation water proposed by Richards (1954) for
the collectors and the rivers (see Figure 7). The collectors that drain saline areas have an
elevated risk of salinity and sodicity.
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Figure 7. Salinization and sodification risk for different quality criteria in collectors and rivers.

The actual quality criteria for irrigation water are not as strict (UC.- Consultants
1974), so the average values of water quality in some collectors may be more acceptable.
The Arba at Tauste had a high to very high salinity risk for an average or maximum EC
value, respectively (Figure 7).

If we consider al the criteria for salinity and sodicity used by Ayers and Wescott
(1985), the most saline collectors (C-27, C-29, C-30 and D-XXXI11-4) had the highest
risk of salinization. The sodification risk was not as serious for the mgjority. The Arba at
Tauste had an moderate risk of salinization and sodification (Figure 7)

5. Conclusions

The Riguel and Arbarivers are undergoing an important process of salinization, since
the saline concentration in their valley-heads is very low compared to the flow in their
respective outlets. Most of the salt comes from the superficia and subsuperficial
drainage water.

The saline concentration of the water is higher when thereis no irrigation, which also
coincides with the lowest flows. The water quality improves substantially at the begin-
ning of the irrigation season when flows increase. Thus, there is an inverse relationship
between salinity and flow.

Part of the salinity of the Arbariver isfrom the drainages on the |eft side of theriver,
which were not controlled directly.

According to recent water quality criteriafor irrigation, only the water from some col-
lectors (11,12,13,14, 21 and 34) could be reused without risk of salination. On the other
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hand, returns from collectors in saline soils (27, 28, 29, 30 y DXXXI-4) have a high risk
of salinization.

The quality of the return water produces moderate salinization problemsin the Arba
river at the end of theirrigation areaand alow to moderate risk of alcalinization, in view
of subsequent use.
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