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ABSTRACT. Predicting the sediment yield at a catchment scale is one of the
main challenges regarding fluvial geomorphology, however, it involves some
difficulties. In this study, we have taken advantage of the construction of a new
hydraulic infrastructure to study the sediment yield in its drainage basin
between 2007 and 2010. This infrastructure is a small dam constructed in the
riverine zone of the Entrepeiias Reservoir (upper Tagus catchment, central
Spain), which generates a small water body, the Pareja Limno-reservoir (0.94 hm’),
with a drainage area of 88 km*. It was built to mitigate the environmental and
socioeconomic impacts of the construction and use of the Entrepeiias Reservoir,
including the “arid band” phenomenon.

Sediment yield was studied taking three sediment cores in the shallowest
section, the central part and the deepest zone of the limno-reservoir. The layer
of surface sediment was analized and a decreasing thickness of sediment
towards the deepest zone of the limno-reservoir was observed. After assigning
an area of the limno-reservoir to each core record, estimated annual
sedimentation rate was 2032 Mg year’, which supposes an annual storage
capacity loss around 0.3% and a specific sediment yield in the drainage basin
around 0.23 Mg ha' year'. Comparing this value with previous soil loss studies
performed in the basin, sediment delivery ratio in the basin varies from 2.2% to
3.8%.

Both sediment yield and sediment delivery ratio showed low values for the
Mediterranean context. The characteristics of the basin (small area, elongated
shape with one main river channel, abundant vegetation), the absence of other
erosive processes than rill and interrill erosion and the lower aggressiveness of
rainfall in the center of the Iberian Peninsula may explain these results. The
presence of the National Road N-204 surrounding the limno-reservoir may play
a role in the low sediment delivery, especially from the adjoining hillslopes.
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Aprovechamiento de una nueva infraestructura hidrdulica para el estudio de
la produccion de sedimentos en una pequeiia cuenca del centro de Espariia

RESUMEN. En geomorfologia fluvial, la estimacion de la produccion de sedi-
mentos a escala de cuenca es uno de los grandes retos, aunque no exento de
dificultades. En este estudio se ha aprovechado la oportunidad que brinda la
construccion de una nueva infraestructura hidrdulica para estudiar la produc-
cion de sedimentos en su cuenca vertiente entre 2007 y 2010. Se trata de un
dique construido en una zona de cola del embalse de Entrepeiias (cuenca alta
del Tajo), el cual genera una pequeiia masa de agua, el limnoembalse de Pare-
ja (de 0.94 hm’ y con una cuenca vertiente de 88 km?). Su objetivo es mitigar
los impactos ambientales y socioeconomicos generados por la construccion y
explotacion del embalse de Entrepeiias, incluido el fenomeno de “banda
drida” .

La produccion de sedimentos fue estudiada mediante la toma de tres testigos
de sondeo, uno en la zona mds superficial, otro en el sector intermedio del
limno-embalse y el iltimo en la zona mds profunda. Se analizo la capa de sedi-
mento superficial y se observo una reduccion del su espesor hacia la zona de
presa. Se asigno un sector del limno-embalse a cada testigo y se estimo una
tasa de sedimentacion anual de 2032 Mg aiio”, lo que supone una pérdida
anual de volumen en torno al 0.3% y una produccion especifica de sedimentos
aproximada en la cuenca de 0.23 Mg ha' aiio”’. Comparando estos valores con
estudios de erosion de suelo que se han llevado a cabo en la cuenca con ante-
rioridad, la tasa de suministro de sedimentos en la cuenca oscila entre un 2.2%
yun 3.8%.

En comparacion con los valores habituales en el contexto mediterrdneo, tanto
la produccion de sedimentos como el porcentaje de los mismos que alcanza el
limnoembalse muestran valores bajos. Ello puede deberse a las caracteristicas
de la cuenca (drea pequeria, forma alargada con un rio principal, abundante
vegetacion), la ausencia de otros tipos de erosion aparte de la erosion laminar
y en regueros y la menor agresividad de la lluvia en el centro de la Peninsula
Ibérica. Ademds, la Carretera Nacional N-204 rodea el limno-embalse, lo que
puede ser un factor afiadido al bajo aporte de sedimentos, especialmente desde
las laderas adyacentes.
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1. Introduction

The prediction of sediment yield at a catchment scale is one of the most crucial and
interesting challenges in fluvial geomorphology. Soil erosion and sediment yield are
processes which pose significant environmental conservation threats, and they can be
strongly accelerated by land use and climate change (Alatorre et al., 2010). Besides, Spain
is one of the countries most severely affected by soil erosion in the European Mediterranean
region (Solé Benet, 2006; Garcia-Ruiz et al., 2013), being one of the most prominent
environmental issues in the country (Garcfa Ruiz and Lépez Bermidez, 2009). Thus,
siltation of Mediterranean reservoirs may be a significant problem (Navas et al., 2004).

Carrying out sediment yield studies at a catchment scale involves some
difficulties. Erosion studies are relatively abundant and may include a large variety of
methodologies: geomorphological transects, erosion pins, erosion profilers, soil loss
plots, experimental basins, bathymetries or models, among others (Garcia Ruiz and
Lépez Bermudez, 2009). However, many of them may be not appropriate to work at a
catchment scale (de Vente et al., 2005), and it is not easy to establish the relationship
between soil erosion and total sediment yield at the outlet of a catchment. Not all
eroded sediments reach the outlet of a drainage basin as a significant proportion is
generally deposited at intermediate sites depending on multiple factors (Alatorre et al.,
2010). Semi-quantitative approaches and regression equations have been tested
recently to study the sediment yield in Spanish reservoirs, although these
methodologies have been mostly calibrated for large basins (de Vente et al., 2011).

In 2006, a small dam was constructed in the riverine zone of the Entrepefas
Reservoir (Guadalajara, central Spain), next to the village of Pareja. It generates a small
water body aimed to preserve a constant water level to mitigate the negative impacts
caused by the construction and exploitation of the Entrepefias Reservoir, which include
the transfer of large water volumes to Southeast Spain. We have termed this kind of
water bodies “limno-reservoirs”, since they rather resemble a lake than an ordinary
reservoir (Molina-Navarro et al., 2010).

The Pareja Limno-reservoir provides an excellent opportunity to research the
sediment yield of its drainage basin, which main watercourse is the Ompdlveda River.
Sediment yield was studied with three sediment cores collected in the Pareja Limno-
reservoir. Besides, prior to the study of sedimentation in the limno-reservoir, our
investigation group carried out two erosion studies of the Ompo6lveda River basin. The
first one, by Arévalo (2008), uses USLE and RUSLE models (Wischmeier and Smith
1965, 1978), which are among the most popular methodologies to study soil erosion
(e.g. Brath et al., 2002; Zarris et al., 2011). Applying the RUSLE equation and a
modification of the USLE model, Arévalo found an average soil erosion between 9.4
and 10.6 Mg ha' year'. The second one uses an in-situ methodology, installing a
monitoring network in the basin to study rill and interrill erosion and intermediate
deposition. Average gross hillslope erosion estimated was around 6.0 Mg ha' year’
(Molina Navarro, 2013). The existence of previous erosion studies in the Ompdlveda
River basin allows us to estimate the sediment delivery ratio in the basin.
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The characteristics of the basin (abundant vegetation cover, small area, elongated
shape) may favor a low connectivity with the stream network and sediment yield is
expected to be low (de Vente et al., 2005). The sediment transported by the drainage
network to the limno-reservoir may only constitute a small part of the gross erosion in
the basin, and a considerable amount of eroded material can be deposited elsewhere,
before reaching the limno-reservoir (Avendafio Salas et al., 1997). Moreover, the
National Road N-204 surrounds the limno-reservoir and may trap most of the
sediments produced in the adjoining hillslopes. In the Entrepefias Reservoir -whose
maximum water level area includes the Pareja Limno-reservoir-, sedimentation studies
revealed that it is filled up at a rate of 0.5% per year (Palau Ybars, 2002). This value
can be considered low, since for many reservoirs worldwide annual storage capacity
loss can go up to 5% (de Vente et al., 2005; Zarris et al., 2011).

The main objective of this paper is to estimate the sediment yield in the
Ompdlveda River basin through the study of sedimentation rates in the Pareja Limno-
reservoir. Results obtained were compared with the erosion studies carried out in the
basin, estimating its sediment delivery ratio.

2. Material and methods

2.1. Study area

The Pareja Limno-reservoir is located in the riverine zone of a sidearm of the
Entrepeias Reservoir (south of the Guadalajara Province, upper Tagus River Basin,
Central Spain). It is adjacent to the village of the same name (Fig. 1). It has a capacity
of 0.94 hm’ and a potential inundation area of 26 ha. Its maximum water depth reaches
12.5 m in the dam zone, becoming progressively shallower towards the inflow section.
It is fed by the Ompdlveda River, whose main tributary is the Valdetrigo stream,
flowing from the northeast.

The Ompdlveda River basin covers an approximate area of 88 km? within a
Mediterranean climate region (annual average temperature around 13.0°C). However,
cold temperatures prevail in winter (daily average = 5.0°C) becoming warmer in
summer (daily average = 23.0°C). Average annual precipitation recorded in the
Escamilla station (in the upper catchment) is around 600 mm, showing high intra- and
inter-annual variability. Periods with maximum amount of rainfall do not follow a
precise pattern and can be found in winter, spring or even in both seasons (Molina-
Navarro et al., 2010). Storms are not as frequent and intense as in other Mediterranean
areas, but may happen in summer or early autumn.

Altitude in the basin ranges from 718 to 1137 m a.s.l. in a rather small catchment,
which means that the existing valleys have hillsides with high slopes (Fig. 1). The upper
basin is dominated by a high limestone plateau from the Upper Miocene and more
erodible and older sedimentary lithology outcrops in the hillsides of the Ompdlveda River
and its tributaries (intercalations of clay, marls, silt, sand, sandstone, conglomerates,
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limestone and gypsum, until the Late Cretaceous). Regarding soil types 61.5% of the
catchment is covered by entisols and 38.5% by alfisols (Molina-Navarro et al., 2014).

The Ompd6lveda River basin has rural features. There are about 300 inhabitants in
the area, most of them in the village of Pareja. Natural vegetation is the main land use
in the catchment. 37% of the catchment is covered by forests, mainly combinations of
pine and holm oak. 36% of the catchment is covered by scrubland, occasionally
combined with pasture and 25% of the catchment are cultivated soils, mainly
unirrigated cereal crops located in the flat limestone plateau. This makes the
Ompdlveda River basin representative of the small catchments of central Spain.

TAGUS BASIN/j\

N  GUADALAJARA
)\‘ PROVINCE

Limno-reservoir
Drainage network
Altitude
0 2 4 6 8 ENCA 1137 m.as.l
o — — KM / PROVINCE
718 m.as.l.
S — — KM National Road N-204

0 1 2 3 4 Pareja village

Figure 1. Location of the Pareja Limno-reservoir and its drainage basin, showing its digital
elevation model and hillshade.

2.2. Sediment yield

Three sediment cores were taken from the Pareja Limno-reservoir to obtain an
estimation of the sediment yield: one corresponding to the shallowest section (1.5 m
depth, N° 1), another in the central part of the limno-reservoir (5.0 m depth, N° 2) and
the last in the deepest zone (9.0 m depth, N° 3) (Fig. 2). The cores were collected with a
cylindrical piston corer, equiped with a 6 cm diameter plastic core tube which was
designed to leave cores intact (Fig. 3).

CIG 40 (1), 2014, p. 215-227, ISSN 0211-6820 219



Molina-Navarro et al.

N Altitude

[ 718 m.a.s.l.
705m.as.l.

N
0 50 100 150 200

Figure 2. Result of the bathymetric survey carried out in the Pareja Limno-reservoir in autumn 2010
and sampling location of sediment cores (1=shallower section, 2=central part, 3=deepest zone).

In the laboratory, the layer of surface sediment in the cores was easily identified
visually because of its lighter colour. Its thickness was measured in several points around
the tube (three to seven, depending on the irregularity of the surface sediment bottom),
obtaining the average thickness. One or two —when possible— sediment samples from each
core were sectioned (1.5 or 2.0 cm thick) using a slicing disc (Fig. 4). Samples were oven
dried at 105°C to constant weight over approximately 24 h to determine their dry bulk
densities.

Figure 3. Cylindrical piston corer and samples collected in the Pareja Limno-reservoir.
Numbers indicate the location of the cores (see Fig.2).
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‘ -

Figure 4. Slicing disc used to section the surface sediment cores.

According to Wetzel (2001), deposition of sediments decreases exponentially
with increasing depth of the reservoir. Following this criteria, the limno-reservoir
area was divided into three polygons using the output of a 0.5 m resolution
bathymetry that was carried out in autumn 2010 (Fig. 2). The area of these polygons
was assigned to each sedimentation record for calculations. The sediment cores were
taken in November 2010 and the definitive filling of the Pareja Limno-reservoir
started in July 2007. Using this time frame, the sediment thicknesses, the bulk
densities and the limno-reservoir area assigned to each core, the sediment yield in the
Ompdlveda River basin was estimated. Following Verstraeten and Poesen (2000),
100% trap efficiency of the limno-reservoir was assumed considering the limno-
reservoir area and the average Ompdlveda River discharge measured in a gauging
station that became inoperative after the construction of the limno-reservoir (Molina-
Navarro et al., 2010; Molina-Navarro et al., 2014).

2.3. Sediment delivery ratio

Estimated sediment yield was compared to the gross erosion values obtained by
our research group using USLE and RUSLE models (Arévalo, 2008) and an in-situ
monitoring network (Molina Navarro, 2013). Finally, the sediment delivery ratio in the
Ompdlveda River basin was obtained and compared to values in the Spanish context.

3. Results and discussion

3.1. Sediment yield

The average thicknesses of surface sediment obtained for each sediment core were
4.50 cm in the shallowest section (N° 1), 3.63 cm in the central part of the limno-
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reservoir (N°2) and 1.94 cm in the deepest zone (N° 3). The fitness of these data to an
exponential curve is shown in Fig. 5, while Fig. 6 shows the division of the limno-
reservoir into three polygons considering this exponential adjustment and the 0.5 m
resolution bathymetry. Areas of 11.0 ha, 9.1 ha and 4.6 ha were assigned to the shallow,
central and deep surface sediment cores, respectively.
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Figure 5. Fitness of the thicknesses of surface sediment samples and its depth to an exponential curve.
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Figure 6. Division of the Pareja Limno-reservoir into three polygons considering the exponential
adjustment in Fig. 5.
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After laboratory work, average bulk densities for each location were 0.82,0.73 and
0.49 g cm’for the shallow, central and deep surface sediment samples. Decreasing of
density towards the deepest zone responds to the particle size gradient usually found in
reservoir sediments, where only the smallest particles (clay size) may reach the deepest
zone as decreasing water velocity and transport capacity (Palau Ybars, 2002; Navas et
al., 2004). Since the time of deposition has been estimated in 3.4 years, we obtained a
sedimentation rate in the Pareja Limno-reservoir of 2032 Mg year' (2690 m’ year™).
This rate means an annual storage capacity loss around 0.3%. The specific sediment
yield of the Ompdlveda River basin can be estimated around 0.23 Mg ha' year™.

Due to the physiographic characteristics of the study area, the sedimentation rate
is low and in the same order of magnitude of the value found in the adjacent
Entrepefias Reservoir, filled up at a rate of 0.5% per year (Palau Ybars, 2002). Average
annual storage capacity loss in Spanish reservoirs is also 0.5% per year, while in some
reservoirs this value can go over 6%, especially in the Mediterranean watershed and in
the Canary Islands (Palau Ybars, 2002).

Avendaio Salas er al. (1997) revealed the existence of a relationship between
drainage basin area and sediment yield in a sediment yield study carried out with data
from 60 Spanish reservoirs. Thus, the small area of the limno-reservoir drainage basin
may favor the low sediment yield. Other characteristics of the basin may play a role
too. According to de Vente er al. (2005), an elongated shape with one main river
channel draining to the limno-reservoir and a dense vegetation cover may result in low
connectivity between the stream network and the limno-reservoir and, consequently, in
low sediment yield. Besides, higher sediment delivery is expected in those areas where
other erosion processes than rill and interrill erosion are also present, especially gully
erosion (de Vente et al., 2008; Vanmaercke et al., 2012). Gullies, landslides or
riverbank erosion processes are rare in our study area.

The Barasona Reservoir, whose siltation and catchment sediment yield has been
studied in detail, may serve as an example. Although the lithology and land uses of the
Barasona catchment (except for its upper catchment) are similar to those in our study
area, the rate of sedimentation under lacustrine regime (11.6-18.12 cm year, Navas et
al.,2004) is higher than in the Pareja Limno-reservoir (1.1 cm year'). Estimates of 3.50
and 3.73 Mg ha' year for the specific sediment yield of the Barasona watershed (Sanz-
Montero et al., 1996; Alatorre et al., 2010) are higher too. The higher values of
sediment production may be related with characteristics that differ from our study area:
higher size (1504 km?), the existence of badlands, the presence of dryland crops in the
lowest part of the watershed or the greater importance of channel erosion in the upper
catchment, which is characterized by a high mountain relief (Navas et al., 2004;
Alatorre et al., 2010).

Basin characteristics may not be the only reason for the low sediment yield.
Rainfall events show lower intensity in the centre of the Iberian Peninsula than in other
Mediterranean areas, decreasing sediment transport (Lépez Moreno, 2006). Results
obtained by Avendafio Salas ez al. (1997) in Spain are consistent with this fact. They
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obtained specific sediment yield values ranging from 0.08 to 27.03 Mg ha' year', and
averaging the values in the large rivers, the lowest yields were found in the Douro and
Tagus basins, located in central Spain (1.95 and 2.66 Mg ha' year', respectively). It
may also explain the higher sediment yield in the Barasona catchment, where storms
are common and average annual precipitation is higher (even more than 2000 mm in
the headwaters, Alatorre et al., 2010).

The National Road N-204 surrounding the Pareja Limno-reservoir (Fig. 1) may
also contribute to the low sediment yield value obtained. According to de Vente et al.
(2005), the areas close to a reservoir or else with a good connectivity to the reservoir
are the most important source areas for sediments at the basin outlet. The same
conclusion was found by Loépez-Vicente and Navas (2010) in a lake endorheic
catchment in the Spanish Pre-Pyrenees. The presence of the road minimizes the
contribution of these areas, making negligible the sediment delivery from the hillslopes
adjoining the limno-reservoir.

3.2. Sediment delivery ratio

The comparison of the estimated sediment yield in the Ompodlveda River basin
(0.23 Mg ha' year') with the gross erosion values obtained in previous studies in the
catchment (Arévalo, 2008; Molina Navarro, 2013) results in a sediment delivery ratio
in the basin varying from 2.2% to 3.8%. Eroded sediments may be deposited at field
boundaries, footslopes as colluvium, floodplains, valley bottoms, depressions or perched
flat areas before reaching the limno-reservoir (de Vente et al., 2005; Alatorre et al., 2010;
Vanmaercke et al., 2012).

Taking gross erosion data determined by ICONA (1987) using the USLE,
Avendaio Salas et al. (1997) determined the sediment delivery ratios for 37 catchment
areas throughout Spain, ranging from 0.8% to 67.5%. Using also Avendafo Salas et al.
(1997) results as starting point but estimating gross erosion with a RUSLE approach,
de Vente et al. (2008) predicted ratios varying from 0.3% to 55.5%. In the
abovementioned Barasona catchment, the estimated ratio is around 10% (Alatorre et
al.,2010). The sediment delivery ratio obtained in our study is in a low range compared
with these results, consequence of the aforementioned low sediment connectivity in the
basin, the near absence of other erosion processes than rill and interril erosion and the
presence of the National Road N-204 surrounding the limno-reservoir. When catchment
characteristics are the opposite, sediment delivery ratio may be higher. In the Estafia
catchment, located in the Spanish Pre-Pyrenees, the presence of gullies and high slopes,
the low percentage of flat areas, its endorheic configuration and the efficiency of
hillslopes and ephemeral streams near the lakes favoured a high average sediment
delivery ratio (41%, Lépez-Vicente and Navas, 2010).

It must be acknowledged that our study covered a time frame of 3.4 years (July
2007-November 2010) and results must be taken with caution regarding temporal
representativeness since largest sediment yields in Mediterranean environments are
produced by the largest rainy events (Bussi et al., 2013). Nevertheless, our study
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covered the three precipitation year-types (average precipitation in the basin is around
600 mm and 2007/08 was normal —555 mm-—, 2008/09 was dry —462 mm-, and
2009/10 was wet =707 mm-—). Moreover, rainfall erosivity is lower in central Spain than
in other Mediterranean regions (Lopez Moreno, 2006), giving some assurance to our
results.

4. Conclusions

A low sedimentation rate was found in the Pareja Limno-reservoir, whose annual
storage capacity loss has been estimated in 0.3%. The low sediment yield in the limno-
reservoir drainage basin is favored by its characteristics: a small area, a significant
natural vegetation cover and an elongated shape with one main river area. This seems
to result in low connectivity between the stream network and the limno-reservoir. The
presence of the National Road N-2004 surrounding the limno-reservoir is also
responsible of the low sediment yield into the water body, mainly those sediments
coming from the near hillslopes. The result obtained is consistent with the
sedimentation rate measured in the adjoining Entrepefias Reservoir (0.5% capacity loss
per year).

Considering the soil loss studies performed in the Omp6lveda River basin, we can
estimate a sediment delivery ratio varying from 2.2% to 3.8%, which is low compared
to other values found in the literature for Spanish areas. The deposition of sediments
elsewhere before reaching the limno-reservoir, the absence of other erosive process
than rill and interrill erosion and the aforementioned reasons for a low sediment yield
may explain the low sediment delivery ratio in the basin.
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