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SUMMARY IN SPANISH 

El proyecto de la Presa de Escartana planteado tiene como objetivo proteger la ciudad 
de Albacete y zonas residenciales como La Humosa, Aguas Nuevas y Aguasol de las 
periódicas inundaciones que sufren debido a los caudales procedentes del Barranco de 
Escartana. Esta cuenca drena sus aguas hacia la llanura albaceteña, siendo éstas 
evacuadas por medio de un sistema de canales que existe en esta zona o 
principalmente por infiltración hacia el acuífero subterráneo. 
El proyecto combina diversas estructuras hidráulicas, tanto artificiales como naturales, 
para laminar lo máximo posible los caudales pico producidos por la cuenca de 
Escartana debidos principalmente a fenómenos fluviales de carácter convectivo (la 
gota fría). Los elementos artificiales que constituyen el proyecto son la construcción 
de una presa agujero y un canal que permita drenar el agua desembalsada por dicha 
presa. La presa agujero (recibe este nombre debido a que mantiene sus desagües de 
fondo abiertos constantemente) será de hormigón compactado con rodillo con           
2 aliviaderos superficiales escalonados además del desagüe de fondo y será situada 
entre la carretera comarcal A-3 y la Autovía de Murcia A-30 El canal  permitirá drenar 
el agua soltada por dicha presa (aliviadero 1 y desagüe de fondo) hacia la Laguna del 
Salobral situada 13.2 kilómetros aguas debajo del punto donde se ubica la presa 
anteriormente mencionada. Dicho canal será lo más natural posible con el fin de 
minimizar los posibles impactos visuales que pueda originar una estructura de esta 
envergadura y, a la vez, favorecer cuantitativamente la infiltración del agua hacia el 
acuífero, disminuyendo el caudal pico y aumentando las reservas del acuífero. El 
elemento natural implementado en el proyecto es el uso de la propia Laguna del 
Salobral como una segunda estructura de laminación de avenidas, con el fin de 
minimizar aún más los caudales pico drenados a la red de canales de Albacete, 
impidiendo así que éstos se sobrecarguen y se desborde el agua en otros puntos aguas 
abajo. De esta manera se mejora sustancialmente la seguridad de la ciudad de Albacete 
y de los pueblos y zonas residenciales cercanas al mismo que se encuentren aguas 
debajo de la ubicación de la presa proyectada. 
Los cálculos realizados para el correcto dimensionamiento de todas las estructuras 
proyectadas, así como la obtención del hidrograma de diseño a la entrada de la presa, 
el estudio de estabilidad del cuerpo de presa, el grado de laminación de avenidas 
conseguido para cada periodo de retorno en cada una de las estructuras analizadas, el 
funcionamiento hidráulico de cada unos de los sistemas de desagüe de la presa y del 
aliviadero colocado a la salida de la Laguna del Salobral, etc., están detallados a lo largo 
del presente proyecto en los distintos anejos, planos y demás documentos adjuntados 
para este fin.  
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SUMMARY IN SWEDISH 

Den föreslagna dammen Escartana syftar till att skydda staden av Albacete och 
bostadsområden som La Humosa, Aguas Nuevas och Aguasol av de periodiska 
översvämningarna som lider på grund av flödet från Barranco de Escartana. Denna 
vattendelare avlopp dess vatten till slätten av Albacete,  där vattnet dräneras genom ett 
kanalsystem som finns i detta område eller i första hand genom infiltration i den 
underjordiska akvifären. 
Projektet kombinerar olika hydrauliska strukturer, både konstgjorda och naturliga, så 
mycket som möjligt för att laminat toppen flöden produceras av bassängen 
Escartana. Den artificiella element som utgör projektet är att bygga en damm och en 
kanal hål som gör att vattnet kan rinna ut i denna damm. Dammen hål kommer att 
ligga mellan länsväg A-3 av Murcia och motorvägen A-30. Kanalen kommer att 
dränera vattnet till Salobral lagunen som ligger 13.2 km nedanför den punkt där 
dammen ligger ovanför. Denna kanal kommer att vara så naturlig som möjligt för att 
minimera potentiella visuellaeffekter som kan resultera i en struktur av denna 
skala och uppmuntrainfiltration av vatten i akvifären. Den naturliga element är 
Salobral Lagunen för att minimera att toppflöden dräneras kanalen nätverk 
av Albacete och därmed förhindra dem från att bli överbelastad och vattnet svämma 
över på andra ställen nedströms. Detta kommer att förbättra säkerheten staden av 
Albacete och omgivande byar som finns nedströms från den planerade dammen. 
Beräkningar för korrekt dimensionering av alla strukturer planerat, 
hydrographsdesignen, stabilitet studien, graden av kontroll av översvämningar, 
hydraulisk drift av varje system, etc. beskrivs i projektet i de olika bilagor, ritningar och 
andra bilagor. 
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ABSTRACT 

The main aim of this Master Thesis is the design of several hydraulic structures to 
decrease as much as possible the huge flooding caused by the Escartana gully which 
drains its water towards the city of Albacete (Spain) and its surrounding areas, 
affecting to their inhabitants; and causing huge material damages in residential and 
industrial areas, and loss of crops in nearby farmland. 
Some alternatives such as embankment dams with or without drainage systems inside 
the dam body and a roller-compacted concrete (RCC) dam have been proposed to be 
built, being necessary to carry out a multicriteria analysis in order to decide which 
alternative has the best fit according to the analyzed features of the region. The 
alternative chosen to be developed was the RCC dam for the advantages of this 
typology, currently in development and implantation in some countries like Spain. 
For this reason, a RCC dam is planned to be built some kilometers upstream of these 
areas, with the objective of controlling the future floods coming from this watershed 
by decreasing its peak flow. In order to increase the beneficial effects of the 
construction of the dam, a channel downstream is also designed to drain the 
discharged overflows by the drainage systems of the dam towards a natural endorheic 
area, the Salobral Lagoon (currently dried-up), located 13 kilometers downstream of 
the dam’s location. This lagoon is connected hydraulically to the drainage network of 
Albacete by means of the Salobral channel and due to its huge storage capacity, it 
allows to reduce substantially the peak flows over the Salobral channel avoiding the 
dangerous flooding and potential damages caused by them. 
As a result of the projected hydraulic structures, Albacete and its surrounding areas 
would increase substantially their protection against the floods coming from the 
Escartana watershed. 

Key words: Flooding lamination effect, watershed, roller-compacted concrete, 
dam, spillway, and stilling basin. 

1. INTRODUCTION OF THE PROJECT 

1.1. Introduction 
In order to understand the current problem in the city of Albacete and 
surroundings, it is necessary to look back to the previous floods to 
realize the important consequences that a huge storm can cause to the 
city. 
Historically, this region has suffered periodic precipitation’s incidents 
with high intensity or duration, generating huge and dangerous floods in 
the rivers and gullies which drain towards the plain of Los Llanos, and 
also causing flooded areas and floods in several zones within the city of 
Albacete and its surroundings. 
The most important rainfall event was registered on October 20, 1982 
(Albacete’s news, 1982). It was a typical situation of Cold Drop 
(Hydrographical Confederation of the Júcar River, 2010b) in Eastern 
Spain. It usually happens during the dry season (from June to October). 
This phenomenon is associated with extremely violent downpours and 
storms, with wind speed of 100 – 200 km/h, but not always 
accompanied by significant rainfall. For this to happen, it is necessary 
that high atmospheric torrential rain instability in the lower air layer is 
combined with a significant amount of water vapors. Such combination 
causes a mass of cold air which rapidly could discharge up to 300 liters 
per square meter in extremely rapid rain episodes. This phenomenon 
usually lasts a very short time, from a few hours to a maximum of four 
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days, as it exhausts its water reserves without receiving a new supply. 
The cold drop is typical from the Mediterranean coast, but due to the 
proximity of the watershed studied to this region, the annual probability 
that this kind of phenomena reaches the province of Albacete is quite 
high. Therefore, as it causes huge flows, this kind of storm is the most 
relevant one on the Escartana watershed in the vicinity of Albacete. 
As will be shown below, the Escartana basin is a threat to Albacete’s 
safety from a hydraulic point of view due to its large peak flows and the 
dangerous damages which can cause downstream, as these events affect 
negatively the social organization and economic activities of the 
population who live in these cities. All these facts, together with the 
urban development happened in the region over the last years and the 
decrease of natural vegetation in the land, make the region more 
vulnerable to be able to suffer possible floods in the future. For this 
reason, it is highly recommendable to think about the need of building a 
lamination structure upstream of Albacete, which may make it possible 
to control the contributed flow by the dangerous Escartana basin and to 
prevent as much as possible the future floods in the city of Albacete and 
its surroundings. 
Some years ago, in 1993, the Hydrographic Confederation of the Júcar 
River designed a constructive project of a flood lamination structure on 
the Escartana gully, because of the important flooding events caused 
during the 80’s decade. However, nowadays the project has not become 
reality yet. 
Currently, the own Confederation is taking up again the project and 
recently is working on a study of solutions to increase the capacity of   
Mª Cristina Channel and others preventive measures to minimize as 
much as possible the damages caused by huge rainfalls on the region and 
especially on Albacete city. 
The aim of this project is to try to project the necessary measures in 
order to prevent or minimize the negative effects of floods on such a 
vulnerable region.  
For that reason, this project is part of a bigger project to improve the 
hydraulic system of Albacete and, thus, avoid future flood in this region. 
The solution proposed in this report is to build a dam to control the 
upstream runoff generated in the most dangerous watershed which 
drains its water to Albacete. This watershed is the Escartana gully, as 
commented above. 

1.2. Justification of the project: Potential damages according to the 
current situation 

By using the attached information on the direction followed by the 
overflow coming from the Escartana gully downstream the future dam’s 
location before the construction of any lamination structure (extracted 
from a solution study to increase the drainage capacity of the Maria 
Cristina channel in Albacete carried out by the Hydrographic 
Confederation of the Júcar River), one observes that a flow bifurcation 
takes place in the south-west region of the Dehesa de los Llanos. 
Observing the figure 1, we realize that the main drainage system of the 
region is uniquely the flooding of huge areas to spread as much as 
possible the flow and get important flow dispersion in order to decrease 
the flow velocity and allow the maximum possible infiltration rate into 
the ground. This is the main hydraulic performance of the region to 
drain flooding. 
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At the bifurcation point, a big part of the flow follows the direction to 
Aguas Nuevas, generating floods with a similar characteristic delta shape, 
causing damages on lands located on the right bank of the Salobral 
River, and even more, affecting some residential areas existent in that 
region as occurred years ago. Then this non-infiltrated water is drained 
to the Salobral channel which drains to the Maria Cristina channel, which 
evacuates the majority of waters coming from watersheds which drain 
their water upstream of Albacete, being Maria Cristina channel the 
responsible one for draining all this water downstream of Albacete to the 
Júcar River finally. Whereas, the rest of water follows another direction 
directly to Albacete inundating important areas as the technologic 
industrial zone and also the Albacete Airport, being finally evacuated by 
the drainage system of Albacete or natural infiltration. 
The current drainage conditions of the work area does not allow to 
evacuate high floods coming from the Escartana watershed as it could be 
checked on October, 1982, with flows higher than 100 m3/s. 

Figure 1: Direction of the flow coming from Escartana watershed, before considering 
any lamination structure for T=100 years. 
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1.3. Aim of the project 
The main objective of building different lamination structures is to 
reduce the flooding caused by high water flows coming from the 
Escartana gully. For that reason, a dam has been proposed to be built 
with the purpose to control the gully behavior and reduce the potential 
damages that huge rainfall can produce in residential areas like La 
Humosa, Aguasol and Aguas Nuevas and also the own Albacete city. 
Also, other additional solutions have been considered to get a better 
lamination effect and reduce as much as possible the potential personal 
and material damages on the most sensitive areas to be flooded. 
Observing the areas downstream the dam location on the Digital 
Elevation Model (DEM) and having a look to the past, an endorheic area 
is found close to the village of Salobral. That lagoon is connected 
hydraulically to a drainage network of Albacete (the Salobral channel), 
whose main objective is to keep dry this region and evacuate possible 
runoffs. 
The alternative proposed has been to build a channel to conduct an 
important part of drained water by the dam towards this endorheic area 
and, thus, it is possible to take advantage of the lagoon’s lamination 
effect due to its huge natural capacity to store water for a while and 
finally, be able to drain all this water volume, little by little to the main 
drainage network, decreasing the peak flow. 
The global alternative proposed is a combined one (Fig, 2). It includes 
the construction of a dam and a ground channel, as natural and smooth 
as possible, and the beneficial use of the Salobral Lagoon as a secondary 
natural structure of flooding lamination. 
The dam will work as a hole-dam. This kind of dams maintains always its 
bottom outlets open. It means that the dam becomes operational at the 
same time that the water starts to come into the dam reservoir and the 
reservoir level begins to fill up, so the major part of the time will be 
empty according to the precipitation regimen associated to this region. 
However, if it were desired to store water in a permanent way for long 
periods of time, it would be necessary to design a sluice-gates system on 
the bottom outlets.  
 

 

Figure 2: Global vision of the project. 
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As can be seen in the conclusions, the lamination behavior of the dam, 
opposite to important rainfalls, is efficient for periods of return equal to 
or lower than 1000 years, because this is the designed period of return 
higher. However, the dam could resist extreme floods associated to 
periods of return greater than 5000 years. 
The project is completed with the construction of a channel which will 
drain the main part of water coming from the dam towards the Salobral 
Lagoon, located 13.22 km downstream of the dam location. The 
maximum discharge capacity of the channel will be limited to 80 m3/s. 
By this way, the peak flow reached at the exit of the Salobral Lagoon will 
be lower 8.7 m3/s due to the lamination effect caused by the channel 
(high infiltration rate) and the own Salobral Lagoon (big storage 
capacity), avoiding the collapse and overflow of the main drainage 
network of Albacete, because the maximum capacity of the Mº Cristina 
channel is about 15 m3/s. 
In addition, the Administration and the Hydrological Confederation of 
the Júcar River are working to increase the capacity of the drainage 
system of Albacete in order to improve the safety conditions and 
guarantee its correct performance, inclusive for huge rainfall periods. 
 

 
Figure 3: Location of the Escartana watershed. 
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1.4. Background and foreseen studies carried out 
The Escartana watershed is located in Los Llanos Region (Fig. 3) in the 
Southeast region of Albacete in Spain, taking up part of the medium 
right bank of the hydrographic watershed of the Júcar River. At north, it 
borders on the cities of Albacete and Chinchilla de Aragón, while at 
south on Pétrola. At northeast, it borders on the village of Higueruela 
and at southwest on Peñas de San Pedro and Pozohondo. 

1.4.1. Physical features 
In order to evaluate the physical features of the Escartana watershed, a 
Digital Elevation Model (DEM) (Fig. 4) has been used. This DEM 
(PNOA, 2006) allows us to estimate the main physical morphological 
characteristics of the area (shape, relief, drainage network, etc.). 
Features estimated from the DEM are: 

 Total area: 713.12 km2 

 Perimeter: 180.87 km 

 Minimum and maximum height: 722 m and 1240 m, respectively. 

 Range height: 518 m. 

 Average height: 866.4 m 

 Average slope: 1.09 % 

 Length of the main Escartana bed: 39.84 km. 

 Shape factor (Ff): 0.449 

 Compactness coefficient (Kc): 1.91 (revealing that the shape of 
Escartana basin is clearly elongated). 

 Hypsometric curve with upper concavity associated to the 
Escartana watershed shows that is a typical sedimentary basin and its 
river’s life is on an old-age stage. This indicates that the Escartana basin 
is an extensive valley region with some craggy peaks as observed from 
the DEM. 

 Drainage density (D): 1.439 km-1  

 Stability constant (C): 0.694 km  
 

 
Figure 4: DEM used in the project. 
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Concerning the climate factors, the characteristic climate of the region is 
Mediterranean with a tinged Continental one, with low rainfalls and 
strong evapotranspiration, which generates a very marked negative 
annual water balance. The evident shortage in the long period between 
March and October shows that the water reserve is only greater than the 
evapotranspiration during just over four months (from November to 
first weeks of March). However, the little remaining water volume for 
draining is low to get wet the necessity quantity ground to maintain a 
continuous exoreic drainage during the whole hydrologic year, because 
the existing rivers in this region drain their waters by their courses 
excavated on the ground, and it is really easy for the water to stay finally 
stagnated on depressions and existing hollows on the ground, due to the 
morphology and low slopes of the region. 

1.4.2. Geological and geotechnical features 
Other information estimated to develop a good model to explain 
properly how the hydrology of the region works, is the geological and 
geotechnical information (WMS service of Ministry of Building, 2011). 
For that reason, a geological and geotechnical maps (Fig. 5 and 6) have 
been carried out with the main objective of knowing the geology and 
stratigraphy, and the distribution of permeability and land uses of the 
Escartana watershed. 
Due to the importance of the geological knowledge in this kind of 
constructions, it is necessary to analyze in depth the geology in the 
surroundings of the dam to know the existent materials there, and to be 
able to dimension the dam’s body, its foundations and the characteristics 
of the downstream close to the channel route that will connect the 
downstream dam’s flow to the Salobral Lake correctly, as we will discuss 
below. 
In the future dam's location, the majority of materials are from 
Quaternary and Tertiary periods due to the fact that the dam is placed 
over an old drainage network and also the erosion has been low because 
of the slightly slope of the ground in this region, and the existence of 
many sedimentary materials. 
 

 

Figure 5: Geological map of the Escartana watershed. 
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For the purpose of getting the information related to the land use and 
permeability, it has been used the maps offered by the MARM 
(Hydrographical Confederation of the Júcar River, 2010a). The data 
collected and used about the Escartana gully to estimate the runoff 
threshold are presented in the figures 6 and 7. 
Observing the permeability distribution of the watershed is overall 
medium-high. It explains the slight runoff caused during small storms 
(represented by a high runoff threshold as it will be able to observe on 
the hydrological model) and the importance of the infiltration and the 
underground water flow. 
All this information obtained, about how permeable each material is, and 
the distribution of the land uses inside the Escartana watershed will help 
us in the hydrological study of the watershed to get the input hydrograph 
for the dam and the peak flow associated to it. 
 

 

Figure 6: Permeability map of the Escartana watershed. 
 

 

Figure 7: Land uses map of the Escartana watershed. 
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1.4.3. Hydrological features 
In order to know the hydraulic behavior of the Escartana watershed and 
the temporal and spacing distribution of the rainfalls for different 
periods of return, a hydrological study has been developed. 
The methodology used in the implementation of the hydrologic 
modeling is orientated to estimate the designed flooding associated to 
different periods of return with the final goal of describing how the 
Escartana gully becomes operational from the hydrologic point of view, 
and finally to obtain the input hydrograph of the dam, in order to be able 
to dimension it correctly, this methodology has been the SCS Curves. 
(Hawkins et al., 2009).  
The basin modeling program used has been HEC-HMS, a hydrologic 
modeling system designed to simulate the precipitation-runoff processes 
of several watershed systems. It is free software and the results obtained 
turn out to be very realistic when are compared with the historical 
flooding events. 
A summary of all different steps which have been taken to obtain the 
input hydrograph are: 

1. From the rain data collected from the Albacete's rainfall station 
for different duration intervals, a fit using a Gumbel distribution 
has been carried out to estimate the intensity value of the 
precipitation for several periods of return. 

2. With these values, the intensity-duration-frequency curves     
(Fig. 8) associated to each period of return has been generated. 

3. Using these curves, the resultant hyetographs (Fig. 9)           
(Chow et al., 1994; Ferrer, 1993) of the design storms are 
obtained, which will have duration of 36 hours. 

4. On the other hand, using AutoCAD 2010 and a GIS program 
(Global Mapper), the sub-basins and the hydrological drainage 
network could be drawn and the obtained distribution of the sub-
watershed and flow directions (Fig. 10) from the contour lines 
generated from the DEM. Moreover, the time of concentration 
(Ministry of building, 1990) (value which measures the response 
of a watershed to a rain event and is a characteristic value to each 
sub-basin) is estimated (29.5 hr), and different existent endorheic 
areas are identified inside the watershed. 
 

 
Figure 8: IDF curve associated to the period of return of 100 years. 
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Figure 9: Resultant hyetograph for a period of return of 100 years. 
 

Owing to the huge capacity of these endorheic areas, the region 
upstream of them are disconnected hydraulically from the rest of the 
downstream basin due to the fact that the capacity of these endorheic 
areas is very high compared with the runoff generated upstream of them. 

5. Using the program HEC-HMS, a simplified hydrological model 
of the watershed is implemented, using the SCS (number of the 
curves) method (Ministry of Building, 1990). The number of 
curves associated to each sub-basin (an empirical parameter used 
in hydrology to predict direct runoff and infiltration rates from 
rainfall excess) depends on the percent and type of land use, the 
average slope and the permeability in each sub-basin, and the 
resultant runoff threshold (Po) values are tabulated depending on 
the CN result gotten. 

6. Finally, after the input hyetograph and different characteristics of 
each sub-watershed that take part on the hydrologic modeling 
have been estimated, the last step to get the input hydrograph of 
the dam site (Fig. 11) is to implement all this information on the 
program and analyze the output results obtained. 

 

 
Figure 10: Identification of main drainage courses and sub-basin 
inside of the Escartana watershed. 
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Figure 11: Different input hydrographs for each period of return considered. 

2. STUDY OF SOLUTIONS 

2.1. Dam location 
Two different possible locations, which could administer the input 
hydrograph generated by the Escartana gully, have been analyzed from 
the contour line map generated using the DEM. 

2.1.1. Location A 
In this case, the selected location for building the dam is situated about 3 
kilometers downstream of the intersection point between the highroad 
A-30 and the Escartana River’s course, taking advantage of the existent 
narrowing in this area (Fig. 12). The only drawback of this alternative is 
the compulsory restriction to the maximum height of water level due to 
the highroad A-30 route. Thus, analyzing the DEM, the highest possible 
value for the water surface in the dam would be 758 meters above sea 
level getting a maximum reservoir capacity about 14.24 Hm3 (Fig. 13). 
 

 

Figure 12: Dam’s location, Alternative A. 
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Figure 13: It shows at the same time the storage and the crest length for each      
possible elevation on the alternative A. 

 

 

Figure 14: Dam’s location, Alternative B. 
 

2.1.2. Location B 
This second possible location is situated approximately 3.2 kilometers 
downstream of the previous alternative. The geomorphologic 
characteristics of this new location are very similar to those of the 
previous one. The maximum reservoir capacity would be 25.18 Hm3. 
As can be observed (Fig. 14), the main disadvantage of this alternative is 
the impact on the secondary road A-3 that links Albacete and 
Pozohondo. The traffic of this road would have to be diverted, because 
if this location were selected, a stretch of 2 kilometers (from the marker 
post 005/3 to 007/3) long would be affected by the dam’s reservoir, 
blocking the use of this road. 
For that reason, although the storage capacity of this second alternative 
is higher than the first one (Fig. 13 and 15), this location B is ruled out 
due to the large effects on road structure (secondary road A-3), while the 
alternative A would not cause damages on roads structures as long as the 
water elevation in the dam is lower than 758 meter above the sea level, as 
mentioned above. Thus, the location chosen to place the dam will be the 
first one. 
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Figure 15: It shows at the same time the storage and the crest length for each       
possible elevation on the alternative B. 

 

 

Figure 16: First alternative: embankment dam without drainage system. 
 

2.2. Dam typology 
Once the dam location is determinated, the next aspect is the election of 
the dam body typology. 
The election of the best alternatives when a project of these 
characteristics is developed is not easy. A lot of dam types exist and new 
research is being carried out on this field. Features like dam location, 
existent material, input hydrograph, stresses… etc, have to be taken into 
account to know which typology of dam fits better in this project 
(Vallarino, 2006). In this project, three different alternatives have been 
considered. 

2.2.1. An embankment dam without drainage system 
The cross sections considered in this alternative (Fig. 16) have been a 
1V:2.5H and 1V:3H slope, that is, 2.5 and 3.0 width meters by each 
height meter, with the objective of comparing the different stability 
factor obtained for each different slope. 
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Figure 17: Second alternative, embankment dam with drainage system. 

 

Figure 18: Third alternative, roller-compacted concrete dam1. 
 

2.2.2. An embankment dam with a chimney drainage system 
The unique and essential difference regarding this matter to the previous 
alternative is the collocation of a chimney drain inside the dam body, as 
pointed in the introduction. It would be placed in the middle of the dam, 
from the foundation base until 3.6 meter below the crest length, in order 
to increase the landslide stability releasing the interstitial pressures in the 
downstream shoulder and decreasing the saturation line (Fig. 17)   
(Bureau of Reclamation, 1987). 

2.2.3. A roller compacted concrete (RCC) dam 
The draft proposed (Fig. 18) would have a downstream and upstream 
slope equal to 0.75 (per each height meter, 0.75 meters of length) 
(Chanson, 1995) and 0.05 (per each height meter, 0.05 meters of length), 
respectively. The step is 0.95 m height and 0.7125 m width. 
(Recommended on Normative EM 1110-2-2200, 1995) 

                                                      
1  NMN means the reservoir elevation reached by water on normal situation. 
   NAP means the maximum reservoir elevation reached for the design rainfall. 
  NAE means the maximum reservoir elevation reached for the extreme rainfall. 
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2.3. Comparison of proposed alternatives  
Note that a detailed analysis has been carried out, where different 
stability and economic calculations and justifications are shown in order 
to choose the alternative that best fits the project. 
While the stability analyses carried out in the embankment dam's 
alternatives have been the location of the saturation line inside the dam 
body and the estimation of the safety factor according to the Bishop 
Method using the GeoSlope software (Manual of GeoStudio, 2007), in 
the RCC dam case it has been more classical, i.e., using the stress theory 
to calculate the resultant stress and momentum for estimating the dam 
resistance (safety factor) opposite to possible gliding of the structure or 
the overturn which is caused when the destabilizing moments are higher 
than the stabilizing ones.  
Based on the result obtained in this study (Table 1), the embankment 
dam alternative more stable is an embankment dam with drainage system 
and with a 1V:3H slope. In all cases analyzed (filling up, full or 
drawdown) the safety factor is higher than the minimum value (1.50) as 
the regulation requires. 
On the other hand, in the case of an RCC dam, the resultant safety 
values against landslide and overturn stabilities are 1.53 and 2.22, 
respectively. Moreover, the maximum tension transmitted to the ground 
would be 33.05 Tn/m2. Also, it is demonstrated that, in any cases, the 
bearing capacity of the ground (Brinch-Hansen, 1970) where the dam is 
placed will not be exceeded. However, if we want to choose the best 
alternative to build between an RCC dam or an embankment one with a 
chimney and toe drainage system and 1V:3H slope, it is necessary to 
compare both alternatives by carrying out a multicriteria analysis. To 
estimate the different advantages and disadvantages of each type of dam, 
the next comparative summarizing table (Table 2) has been carried out. 
Focusing only on the volume of material associated to each alternative 
(Fig. 19), it is possible to realize that a priori the RCC dam would be the 
best option to build. 
Finally, after comparing these two alternatives, according to the results 
obtained (multicriteria table and volume material) the best option to 
build is the RCC dam from several points of view: economical, stability 
and its fast construction. 
Table 1: Safety comparison between all cross section of 
embankment dams analyzed. 

Minimum factor 
of safety 

Embankment cross sections proposed 

1V:2.5H 
without drains 

1V:3.0H 
without drains 

1V:2.5H 
with drains 

1V:3.0H with 
drains 

Empty 1.43 1.63 1.43 1.63 

Filling up 1.15 1.32 1.42 1.62 

Full (stationary) 1.20 1.35 1.42 1.62 

Drawdown* 1.37 1.54 1.39 1.57 

*Drawdown: During this process, the only influent parameter in the factor of safety is the 
shoulder slope. However, the existence of drain or not is relevant, because the drainage 
system only has effect on the stability of the downstream dam shoulder. 
 

 
Figure 19: Comparison between cross section of both alternatives. 
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Table 2: Comparison between embankment and RCC dam. 
Point of view Embankment cross section RCC cross section 

C
o

n
s

tr
u

c
ti

o
n

 
Construction 

Simplicity 
Problems during compaction 

Problem with joints if the layers are not 
placed properly. 

Construction time 
Embankment compaction requires 

a lot of time 

The RCC construction process is 
really fast, also because it is 1.5 meter 
smaller than the other dam proposed. 

Bed river diversion 
during construction 

It  is compulsorily necessary 
It is not necessary because the own 
dam would become operational as a 

cofferdam. 

S
ta

b
ili

ty
 

Factor of safety 
It is enough as the regulation 

required, 

It is slightly higher than that proposed 
regulation, giving more stability 

opposite to overturn and landslide. 

Permeability 
High permeability through the dam 

body uniquely controlled by the 
chimney drainage. 

Low concrete permeability. The flow 
lines travels through the foundations. 

Flooding evacuation 
during construction 

Needed cofferdam. 
The flooding can be drained by the 

dam body, because it allows overflows 
also during the construction process. 

Location drainage 
system (bottom 

outlets and spillway) 

Obligatory to place them on a dam 
wing or outside the dam body. 

The own dam body can work as a 
spillway. It is one of the main 

advantages of the RRC dams. 

E
n

vi
ro

n
m

en
ta

l Impact on the region 
The placing of a structure like this always means an important change on the 

region. Both alternatives cause similar environmental impact. 

Visual impact 
Less than the other alternative 

because the use of soil material 
cause less impact. 

Higher than the other one, despite its 
height is 1.5 meter smaller than the 
other alternative. This dam does not 

break substantially the environment on 
the region despite its concrete 

typology. 

E
co

n
o

m
ic

 

Material volume 
required 

Elevated material quantity is 
required to build an embankment 

dam with this cross section. 

Almost 4 times less material volume is 
needed to develop this RCC dam 

alternative. 

Expropriated surface 
because of dam body 

Due to the smooth slopes, the 
area demands by the dam body, is 

high. 

It requires less area to be 
expropriated. 

Control flooding for 
small periods of return 

(T<500 years) 

The lamination effect obtained is 
enough. 

The lamination effect is better than in 
the other alternative, reaching high 
levels of protection downstream. 

 

3. DESCRIPTION OF WORKS 

The works developed in this project are the following ones: 

 RCC Dam built over the Escartana gully. 

 Channel towards the Salobral Lagoon. 

 Spillway at the exit of the Salobral Lagoon towards the Salobral 
channel. 

3.1. Dam over the Escartana gully. Structural typology and features 
The dam is located upstream of the residential areas like La Humosa and 
Aguasol, over the Escartana gully and placed between the highway A-30 
towards Murcia, and the secondary road A-3 which joins Albacete and 
Pozohondo. 
With the objective of lamination the occasional floods caused by the 
Escartana gully, an RCC dam is projected over that mentioned gully. 
The RCC dam will work as a hole-dam, because its mission is not to 
store water in its reservoir, on the contrary, it will try to reduce as much 
as possible the maximum peak flow and the overflows associated to 
these flooding. It is not planned for any water storage in its reservoir. 
For that reason, the dam will maintain always its bottom outlets open. 
That means the dam becomes operational at the same time that the 
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water starts to come into the dam reservoir and the reservoir level begins 
to fill up, thus the peak flow is reduced substantially. 
The main advantages of this type of dam are its fast constructive process 
and the fact that the surplus flow can be drained by the dam body, 
because it allows for overflows. Another important advantage is the 
possibility of placing the spillways on the dam body, fact which allows 
more freedom in designing the dam structure and getting a good 
lamination behavior in a easier way, since it is possible to use the total 
crest length as a dam spillway. The dam is composed of the following 
elements (Fig. 20 and 21): 

 Dam body 

 Drainage system of the dam: 
- Bottom outlets and stilling basin 
- Spillways 1 and 2 

All structural elements (with the exception of the bottom outlets and its 
stilling basin) are composed by roller-compacted concrete HM-20 of  
200 kg/cm2 characteristic resistance and 200 kg/cm3 cement with a 40% 
of fly ashes. Summarizing, the concrete type used also has maximum 
nominal aggregates size equal to 80 mm. The total thin aggregate content 
will be about 10.8 % by volume, and the net water volume will be about 
100 kg/m3. Therefore, the optimal cemented material content (cement + 
thin staff + air) will be approximately between 18% and 20% of concrete 
volume (3rd Course about RCC dam, 1996). While the other two 
elements are composed of reinforce concrete HA-25 of characteristic 
resistance 250 kg/cm2 (Ministry of Building, 2008).The total volume of 
concrete required to build this dam is 128 943 m3. 
According to the Technical guide nº 4 “Designed flooding”, the 
determination of design and extreme floods are done taking into account 
the dam category assigned (Ministry of Building, 1999). In this case, the 
dam has an A category. However, currently there is a draft      
(MERMM, 2011) of a new technical regulation about dam safety close to 
be published. Therefore, those new requirements, determinants and 
recommendations attached to that draft have been taken into account as 
they will come in force soon. 

 

Figure 20: Main cross sections analyzed. 

 

Figure 21: Elevation of the dam. The vertical scale is increased 10 times respect to the 
horizontal one. 
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Respect to the dam foundations, after being eliminated the topsoil layer 
(approximately 0.5 meters of clearing of vegetation), the average 
excavation work is about 1.50 meters, but close to the upstream dam 
face, it is deeper, as can be seen on the different cross section shown. 
In view of the impossibility of reaching competent stone layers due to 
the huge depth where they are located, it has been decided to lay the 
foundations of the dam over the existent compacted clays and gravels. 
The total volume of excavation (Fig. 22) required to design the correct 
dam foundations is 47 289 m3. 
The justification for this decision is based on the geo-mechanical 
information (Drilling and perforation S.A, 1993), where the main results 
obtained are the average values of the cohesion (c = 0.26 kg/cm2) and 
friction coefficient (φ = 17˚) associated to the material located close 
(clays and gravels) to the line of scrimmage between the foundations and 
the dam base. 
The dam characteristics are described below, where the different 
elements of the dam are analyzed separately. 

3.1.1. Dam body 
The main dimensions of the dam are the followings ones: 

 Crest elevation: 757.5 meters. 

 Maximum Nominal Reservoir Elevation (NMN): 756.60 meters. 

 Maximum Elevation associated to the design period of return 
(NAP) (T = 1000 years): 757.25 meters 

 Maximum Elevation associated to an extreme period of return 
(NAE) (T = 5000 years): 757.33 meters 

 Crest length: 1320 meters 

 Crest dam width: 4 meters 

 Maximum height of the dam: 13.5 meters (corresponding to the 
spillway 2 cross section). 

 Water volume in the reservoir at the NMN elevation: 10.83 Hm3 

 Water volume in the reservoir at the NAP elevation:  12.35 Hm3 

 Surface occupied by the reservoir at the NMN elevation: 225. Ha 

 Surface occupied by the reservoir at the NAP elevation: 245.4 Ha 

 Slope of the upstream dam face: 1V : 0.05H 

 Slope of the downstream dam face: 1V : 0.75H (steeped face). 
 

 
Figure 22: Excavation works developed in the dam body. 
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3.1.2. Drainage systems 
The hydraulic running of the dam depends of the inflow coming from 
the Escartana gully. When the difference between the input flow towards 
the reservoir coming from the runoff caused upstream along the 
drainage watershed and the flow evacuated by the bottom outlets will be 
higher than the reservoir capacity, the spillway 1 will become operational. 
In turn, when the overflow drained through the spillway 1 is higher than 
about 33 m3/s, the secondary spillway 2 will become operational too. 
Bottom outlets and stilling basin 
It has been considered advisable to design two bottom outlets with the 
objective of allowing the sediment entrainment and cleaning which can 
be accumulated close to the upstream dam face and also allowing to 
drain downstream of the rest of water that the spillways can evacuate to 
decrease progressively the reservoir elevation until safe levels. Therefore, 
two pipes with a circular cross section of 0.85 meters of diameter have 
been designed. Its capacity at the maximum nominal reservoir elevation 
(N.M.N = 756.60 meters) is about 12.5 m3/s. The bottom elevation of 
both bottom outlets are located at 748 elevation meters at the 
downstream dam face instead of the lowest point of the dam, with the 
objective of avoiding their obstruction due to the sediment entrainment 
by the flow coming into the dam reservoir. Pipes have a 0.05 
downstream slope approximately. 
The main velocity value at the end of the bottom outlets pipes is      
12.99 m/s by each pipe. This value is really high. If the flow was 
discharged directly to the Salobral channel, some damages, stability and 
erosion problems could appear. For that reason, it will be compulsory to 
design a stilling basin for the bottom outlets (Fig. 23). 
Using as a reference the handbook “Hydraulic Design of Stilling Basin 
and Energy Dissipator” published by the Bureau of Reclamation of 
United States, a stilling basin type Basin VI has been chosen to be placed 
at the exit of the bottom outlets. 
The main reason to choose this type of stilling basin has been its 
efficiency. The efficiency of this stilling basin in accomplishing energy 
losses is greater than a hydraulic jump of the same Froude number 
(Peterka, 1984). Thus, the velocity at the stilling basin exit will be 
reduced to 4.45 m/s. 
 

 
Figure 23: Stilling basin placed downstream of the bottom outlets. 
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In order to reduce the potential erosion as much as possible and to 
increase the stability of the channel, other additional safety measure 
taken into account would be placing of a riprap bed to be used 
downstream of the installed stilling basin. 
According to the value of flow velocity obtained at the exit of the stilling 
basin, the optimum maximum riprap size to be placed downstream the 
stilling basin is, in international units: 

 Maximum nominal stone diameter: 0.71 meters 

 Maximum weight required: 500 kilograms. 
It would be recommendable to spread the riprap layer 20 meters along 
the Salobral channel from the exit of the stilling basin. 
The pipes entrance is designed to allow for the placing of a grating 
composed of normalized profiles with the adequate dimensions in order 
to avoid the entrance of alien elements inside the conduction, and also 
the sediment accumulation, which could obstruct the pipes. 
Spillways 
Generally, when RCC dams are projected, automatically one has to think 
about steeped spillways. Steeped spillways have become a popular 
method for flow releases at RCC dams. 
From an economic point of view, a steeped spillway is preferable 
opposite to the conventional gravity ones used in gravity and 
embankment dams, because of three main reasons: 

 The spillway construction is easier. It is not necessary to add 
conventional vibrated concrete on the steeped face. 

 Water flowing over a steeped face of a dam can dissipate a major 
proportion of its energy. 

 The reduction of flow velocity along the steeped spillway in 
comparison with the normal ones, and the resulting increase of flow 
depth reduces the risk of cavitation in the spillway face. 
The steps increase significantly the rate of energy dissipation taking place 
on the spillway face, and eliminate or reduce greatly the need to put a 
large energy dissipator at the toe of the spillway.   
A steeped spillway consists of an open channel with a series of steps 
along the invert. The total fall is divided into a number of smaller falls. 
The step geometry used is based on horizontal steps. 
In this project, the step height and its tread considered have been      
0.95 meters and 0.713 meters respectively. Thus, the resultant slope value 
is equal to 1.33 or 1V:0.75H. Some conditions have to be taken into 
account when a steeped spillway is designed (Chanson, 2002). 

 Transition section: In order to project properly the steeped 
spillway profile, it is necessary to design a transition between the dam 
crest and the beginning of the uniform steeped profile (Chanson, 1993). 
This transition zone is really important from the hydraulic point of view. 

 Flow regimens above a stepped spillway and energy dissipation 
obtained (Chanson, 1996). 

- Nappe flow: the water proceeds in a series of plunges from 
one step to another one. The flow from each step hits the 
step below as a falling jet, with the energy dissipation 
occurring by jet breakup in air, jet mixing on the step, and 
with the formation of a fully developed or partial hydraulic 
jump of nappe flow (Fig. 24). 
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Figure 24: Characteristic profile associated to nappe flow. 
 

 
Figure 25: Characteristic profile associated to skimming flow. 

- Skimming flow: When the overflow drained by the 
spillway increases, the water flows down the steeped face 
as a coherent stream, skimming over the steps and 
cushioned by the recirculating fluid trapped between 
them (Chanson, 2006). The external brink of the steps 
forms a pseudo-bottom over which the flow skims 
(Chanson et al., 2002). Beneath this, recirculating vortices 
form and are sustained through the transmission of shear 
stress from the water flowing past the edge of the steps 
(Fig. 25). 

 

 Point of inception: In steeped spillways, this point means the 
position of air entrainment beginning in the discharged flow 
over the spillway (Fig. 26). 

 The velocity and depth reached at the end of the spillway close 
to its toe: These values allow estimating the necessity of placing 
a stilling basin or a riprap layer downstream the dam. 

Taking into account all this information, the designs of the spillways 1 
and 2 design are the following ones. 
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Figure 26: Location of the inception point. 

Table 3: Hydraulic performance of the spillway 1 for each considered period of return. 
Period of return 

(years) 
Peak Outflow 

(m3/s) 
dc (m) D  (m) 

dinc point 
(m) 

dtoe 
(m) 

Uw 
(m/s) 

hw (m) 
(∆H/Hmax) 

(%) 

T = 50 There is not flow over the spillway 1 in this situation 

T = 100 38.34 0.391 1.835 0.177 0.217 3.531 0.304 73.9 

T = 500 61.81 0.538 2.689 0.235 0.299 4.140 0.418 64.5 

T = 1000 66.59 0.565 2.854 0.246 0.314 4.244 0.439 62.8 

T = 5000 82.23 0.651 3.379 0.279 0.361 4.554 0.506 57.4 
 

Spillway 1 
This spillway is designed to discharge the overflow associated to medium 
periods of return that the bottom outlets cannot do it. Main 
characteristics of this spillway are: 

 It becomes operational when the reservoir elevation reaches 
756.6 meters.  

 The maximum spillway height is 8.6 meters along its total length, 
which is 50 meters on the base. 

 The maximum peak flow associated to the designed period of 
return is 66.59 m3/s. 

 For periods of return less than 100 years, the flow regime will be 
nappe flow or transition flow, depending on the outflow value. 

 For periods of return equal or higher than 100 years, the flow 
regime will be skimming flow due to the large flow values discharged 
through the spillway 1. 
The Table 3 contains all these main results associated to the hydraulic 
performance of the spillway 1 for each period of return like critical  
depth (dc), the inception point location (D) and depth (dinc point),       
depth (dtoe) and velocity (Uw) at the toe of spillway, the minimum 
sidewall required to control correctly the flow along the spillway        
face (hw) and the loss of energy achieved (ΔH/Hmax), which determines 
the global performance of the spillway 1. 
As in the previous case of bottom outlets, observing the most important 
data related to the spillway toe conditions, which is the velocity Uw T 1000, 
its value is really low if it were compared to the value obtained for a 
classical smooth spillway, and the necessity of a stilling basin can be 
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questioned. Because of that, it is possible to propose another alternative 
friendlier from an environmental point of view. This alternative consists 
of putting a riprap bed to be used downstream as a natural stilling basin. 
According to the value of flow velocity obtained at the spillway toe, the 
optimum maximum riprap size to be placed downstream the spillway 1 
toe is, in international units: 

 Maximum nominal stone diameter: 0.71 meters 

 Maximum weight required: 500 kilograms. 
It would be recommendable to spread the riprap layer 20 meters along 
the Salobral channel from the spillway 1 toe. 
Spillway 2 
This secondary spillway is designed to discharge the overflow associated 
to large periods of return that the bottom outlets and the spillway 1 
cannot evacuate. Main characteristics of this spillway are: 

 It becomes operational when the reservoir elevation reaches 
757.0 meters. 

 The maximum spillway height is 13.25 meters in the lowest point, 
and 3 meters in one of the right dam extreme, looking to downstream. 

 The total spillway length is 700 meters. 

 The maximum peak flow associated to the designed period of 
return is 188.24 m3/s. 

 For periods of return equal or less than 100 years, the flow 
regime will be nappe flow with fully developed hydraulic jump. 

 For periods of return higher than 100 years, the flow regime will 
be still nappe flow, but the hydraulic jump generated will be partially 
developed. 
In general, it can be said that the spillway behavior will be always 
operational in nappe flow regime because of its large crest length and the 
high discharged flows for small depths. This is the main advantage of 
this spillway. As in the other spillway, the rest of hydraulic data analyzed 
for each period of return, that determines the global spillways 2 
performance, are shown below on the Table 4. 
The unique design measure to avoid possible erosion and stability 
problem downstream dam is the collocation of a riprap layer as proposed 
for the spillway 1. As the flow velocity at the spillway toe in this case is 
lower than of previous spillway, it is proposed to use a different riprap 
lighter. 
The optimum maximum riprap size to be placed downstream the 
spillway 2 toe is, in international units: 

 Maximum nominal stone diameter: 0.30 meters 

 Maximum weight required: 40 kilograms. 
Finally, with all these hydraulic conditions analyzed and shown, it is 
possible to guarantee the stability and well performance of the spillway 2 
for large periods of return. It would be recommendable to spread the 
riprap layer along 20 meters along the Escartana bed course from the 
spillway 2 toe. 
As can be seen on the maps shown, due to the small dam height, it is 
impossible to build a bridge over the spillway with the objective of 
allowing the vehicle traffic over the dam during maintenance and 
vigilance works. However, anyway, this action has to be allowed as the 



Alfonso Navarro Lérida                                                           TRITA LWR Degree Project EX-11-32 

 

 24

regulations recommend. Therefore, the alternative proposed, as can be 
observed below (Fig. 27), is to give continuity to the crest length using 
small transition slope between the cross sections of the dam with 
different heights. On this way, a total continuity along the whole crest 
length of the dam is achieved. The slope designed has been 12 %. Note 
that the vertical and horizontal scales are out of phase by 10, that is, a 
horizontal meter is graphically equal to ten vertical meters. 

3.1.3. Environmental Impact of the dam 
In the Environmental Impact Assessment (EIA) of a dam construction, 
aspects like the dam location and its surrounding areas have to be taken 
into account.  
The development of the project depends on the previous approval of the 
EIA associated to the project construction by the Government, in order 
to allow the execution of the projected works. This approval has to be 
obtained compulsory before the start of the works, or inclusive in some 
cases, before the project is developed, to estimate the viability from an 
environmental point of view. 
Due to the importance of this step inside the project cycle, it is supposed 
that the project has the necessary approvals to be built by the competent 
administration, the Autonomous Government of Castilla La Mancha, as 
this point exceeds the scope of this project. 
In this case, an environmental report only summarizes the most 
important aspects, actions, effects, risks and also some corrective 
measures for each activity that to take part in and affects the 
environmental conditions. 
 

Table 4: Hydraulic performance of the spillway 2 for each considered period of return. 
Period of return 

(years) 
Peak Outflow 

(m3/s) 
dc (m) D  (m) dinc point (m) dtoe (m) Uw (m/s) hw (m) 

(∆H/Hmax) 
(%) 

T = 50 There is not flow over the spillway 2 in this situation 

T = 100 23.40 0.048 0.150 0.028 0.027 1.243 0.038 92.0 

T = 500 154.53 0.171 0.678 0.085 0.095 2.332 0.133 85.7 

T = 1000 188.24 0.195 0.794 0.095 0.108 2.490 0.151 84.8 

T = 5000 300.82 0.266 1.155 0.126 0.148 2.911 0.207 82.4 
 

 

Figure 27: Placing of small slopes at the transition points between dam body and 
spillways. 
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The conclusions about the reservoir effect and the correct measures to 
be taken into account from an environmental point of view should be 
useful to improve the dam construction and use. Some of the possible 
corrective measures proposed in this environmental report are: 

 Deforestation of reservoir surface (to minimize the risk of 
eutrophication in the reservoir area). 

 Measures to avoid the reservoir sedimentation (to allow the 
sediment entrainment through the bottom outlets) 

 Landscape improvement (placing of riprap layers to minimize the 
visual impact) 

3.2. Channel towards the Salobral Lagoon 
The projected channel will have the following features (Fig. 28): 

 A width about 60 meters on the channel base. 

 A length approximately equal to 13 220 meters (Fig. 29).  

 It evacuates the drained water from the bottom outlets and 
spillway 1 toward the Salobral Lagoon. 

 The cross section proposed is trapezoidal with bank slope really 
smooth, about 1V:5H, with the objective of minimizing as much as 
possible its visual impact and it will be according to the environmental 
slope of the region. 

 The total volume of excavations to get the desired cross section is 
about 714 000 m3. 

 The value of Manning coefficient taken into account for the 
channel is 0.038. 

 The average channel slope is 0.408 %. This value corresponds to 
the recommended one to natural channels with straight banks, uniform 
bed, some vegetation and enough water depth.  

 To save the different intersected roads by the channel route, a 
series of small masonry works to allow for the pass of the channel under 
the different structures as the secondary roads A-3 and CM-3202 
(proposed but not calculated because it excesses the scope of this 
project). 
Due to its huge dimensions, the infiltration rate will be considerable so it 
has to be taken into account as commented in the flooding lamination 
study. 
 

 
Figure 28: Some examples of cross sections proposed at 20 and 
2000 m downstream of the dam. 
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Figure 29: Projected channel route towards Salobral Lagoon. 

3.3. Spillway at the exit of the Salobral Lagoon towards the Salobral 
channel 

Taking into advantage the existence of an endorheic area, Salobral 
Lagoon (Fig. 30) at 13 220 meters downstream of the dam, it is proposed 
to use its reservoir capacity to laminate as much as possible the inflow 
coming from the projected channel. As commented in the flooding 
lamination study, this lagoon is connected hydraulically to the natural 
Salobral channel, one of the several existent channel in the region with 
the target of draining the water stored in the different endorheic areas 
close to Albacete city toward the Maria Cristina channel, the main one 
which evacuates the majority water that is drained toward Albacete. 
The current total Salobral Lagoon capacity is about 4.25 Hm3 and the 
maximum possible elevation to be reached by the stored water is        
695 meters. 
With the objective of improving the lamination effect caused by the 
Salobral lagoon, a specified spillway has been designed (Fig. 31). The 
criterion followed has been to obtain a maximum outflow value close to 
5 m3/s for floods associated to small and medium periods of return 
(smaller than 250 years) (Table 5). 

 
Figure 30: Location of Salobral Lagoon. Flooded area (maximum 
possible capacity). 
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Figure 31: Cross section of the Spillway located at the exit of the Salobral Lagoon 
towards Salobral channel. 

 

Table 5: Maximum peak flow discharged towards Salobral 
channel. 

Period of return 
Peak Outflow spillway 

(m3/s) 
Max. Reservoir elevation 

(m) 

T = 50 years 2.53 694.08 

T = 100 years 2.82 694.13 

T = 500 years 7.10 694.80 

T = 1000 years 8.61 695.00 

T = 5000 years -* 

* For this extreme period of return, the current reservoir capacity of the Salobral Lagoon 
would not be enough. It would be necessary to carry out earthworks on the reservoir to 
increase artificially its capacity. As commented in the flooding lamination study, an 
increase about 1.15 Hm3 in the Salobral Lagoon capacity would be sufficient to allow 
the correct flow lamination of this extreme flow without exhausting the total lagoon 
capacity and to avoid uncontrolled overflow. 
 

The spillway cross section proposed is a traditional smooth superficial 
spillway with a slope of 0.75. Unlike other lamination structures analyzed 
before, the use of a traditional stilling basin downstream spillway is 
recommended in this case. The resultant spillway cross section that 
causes those flow values to each reservoir elevation has a base of       
1.80 meters and vertical lateral slopes, placed at 693.25 elevation meters. 
Note that the type of stilling basin considered to be built is the basin II 
with 4 meters long. 
Finally, an additional measure to avoid possible erosion and stability 
problem downstream of the stilling basin is the collocation of a riprap 
layer as it has been proposed for the rest of outlet structures designed. 
The optimum maximum riprap size to be placed downstream of the 
Salobral spillway toe is, in international units: 

 Maximum nominal stone diameter: 0.30 meters 

 Maximum weight required: 40 kilograms. 
This riprap layer is the same as the one that we will be put downstream 
of the dam spillway 2 toe, and it would be also recommendable to spread 
the riprap layer 15 meters along the natural Salobral channel from the 
lagoon spillway toe. With those hydraulic configurations, the flows 
drained for each period of return over the Salobral Lagoon spillway are 
shown in table 5. 



Alfonso Navarro Lérida                                                           TRITA LWR Degree Project EX-11-32 

 

 28

4. FLOODING LAMINATION RESULTS OBTAINED FROM ALL 

THE HYDRAULIC STRUCTURES PROPOSED 

The estimation of flooding lamination has been made by using the 
software HEC-HMS. The calculation method used by the program is 
based on the balance of water volume for small time intervals. When the 
input hydrograph and the initial water volume stored in the reservoir are 
known, the equality between the contributed water volume and the water 
quantity drained by the bottom outlets and spillways is established, plus 
the increase of reservoir volume. 
In each interval, the input flow towards the reservoir is determined by 
the input hydrograph estimated previously. This flow, in an interval 
considered, supposes an increase of the reservoir volume and thus, an 
elevation increase. When the reservoir elevation increases and reaches 
the spillways elevation, the surplus water that the reservoir cannot store 
is spilled, causing a volume of water drained, and therefore, a new 
volume stored and a new reservoir elevation. The time interval chosen to 
discretize the lamination process has been 5 minutes. 

4.1. Flooding lamination obtained due to the dam construction 
In all proposed hypotheses, the initial reservoir elevation considered has 
been null, at 744 meters of elevation, due to the rainfall nature and its 
temporal distribution (one important storm per Cold Drop 
phenomenon), and also to the dam performance (hole dam, has always 
its bottom outlets open). 

4.1.1. Low periods of return (T ≤100 years) 
T = 50 years 

 
Figure 32: Lamination flooding associated to T = 50 years. 

 

Table 6: Summary of main lamination features obtained for           
T = 50 years. 

T = 50 years 

Peak Inflow 161.53 m³ Peak Flow Bottom Outlets 12.24 m³/s 

Max. Storage 10.11 hm³ Peak Flow Spillway 1 0.00 m³/s 

Max. Elevation 756.28 m Peak Outflow to channel 12.24 m³/s 

Lamination 
Period 

368 hr (≈15 
days) 

Peak Flow Spillway 2 0.00 m³/s 
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Analyzing the results obtained (Fig. 32 and Table 6), it can be seeing that 
for small periods of return the dam is able to drain all the input flow 
through the bottom outlets. This water is drained towards the Salobral 
Lagoon through the projected channel. 
 

T = 100 years 
When the rainfall caused is associated to periods of return greater than 
50 years (Fig, 33, 34 and 35), the capacity of the bottom outlets is not 
enough to drain all the input water stored in the reservoir and the 
elevation produced is higher than the spillways elevation, becoming 
operational both superficial drainage structures (Table 7). 
 

 
Figure 33: Lamination flooding associated to T = 100 years. 
Table 7: Summary of main lamination features obtained for           
T = 100 years. 

T = 100 years 

Peak Inflow 209.46 m³ Peak Flow Bottom Outlets 12.80 m³/s 

Max. Storage 11.90 hm³ Peak Flow Spillway 1 38.34 m³/s 

Max. Elevation 757.07 m Peak Outflow to channel 51.14 m³/s 

Lamination 
Period 

392 hr (≈16 
days) 

Peak Flow Spillway 2 23.40 m³/s 

 

 
Figure 34: Elevation-storage curves of T = 1000 years. 
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Figure 35: Lamination flooding associated to T = 1000 years. 
 

Table 8: Summary of main lamination features obtained for            
T = 1000 years. 

T = 1000 years 

Peak Inflow 393.80 m³ Peak Flow Bottom Outlets 12.93 m³/s 

Max. Storage 12.35 hm³ Peak Flow Spillway 1 66.59 m³/s 

Max. Elevation 757.25 m Peak Outflow to channel 79.52 m³/s 

Lamination 
Period 

396 hr (≈17 
days) 

Peak Flow Spillway 2 188.24 m³/s 
 

4.1.2. Design period of return (T = 1000 years) 
This period of return is considered the design period of dam, as the 
regulation recommends for category A dams. 
The flows (Table 8) derived from this hypothesis are essential, because 
the dimensions of the superficial spillways have been defined on base of 
that, as required by regulations. 

4.2. Flooding lamination obtained downstream the dam’s location 
4.2.1. Channel towards Salobral Lagoon 

This channel has to be built to collect the water coming from the dam 
through the bottom outlets and the spillway 1, and is drained towards 
the Salobral lagoon with the objective of laminating as much as possible 
the peak flow before water turns back to the Salobral channel. It drains 
its water to the main channel, called Maria Cristina channel (Fig. 36), 
which evacuates all the water that is drained to Albacete and the water 
coming from the sewer system of the city. 
As has been commented on several occasions in the whole report, due to 
the large length of this channel and the high permeability of the region 
that is crossed, the percent of infiltrated water will be really huge and this 
loss has to be taken into account. Also, there is going to be a delay 
between the water input and output. 
The loss has been estimated supposing an average value to the 
permeability. This value has been 1.25·10-5 m/s. If the surface occupied 
by the mass of water in the channel is 66.10 Ha (13 220·60 m2), and 
multiplying by the permeability value, a maximum infiltration peak flow 
is obtained, whose value is about 9.9 m3/s when the channel will become 
operational at full capacity. 
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Other important parameters that intervene in the Salobral channel 
hydraulic characteristics are the average slope 0.41 % and the time 
required by the flow to cross along the total channel length (the lag time) 
146 min. Taking all these aspects into account, the results for each 
period of return and flow volume are shown (Fig. 37, 38 and 39). 
 

 
Figure 36: Current drainage network of Albacete city which is 
going to be connected to the projected channel. 
 

 
Figure 37: Inflow & outflow curves of the channel for T = 50 years. 
 

 
Figure 38: Inflow & outflow curves of the channel for T = 100 
years. 
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Figure 39: Inflow & outflow curves of the channel for T=1000 
years. 

4.2.2. At the exit of the Salobral Lagoon 
The input flow coming from the projected channel will fill the Salobral 
Lagoon. The water capacity of this natural endorheic area is 
approximately 4.25 Hm3, without the necessity to make earthworks to 
increase this capacity. This value is huge, thus a priori, the lamination 
effect obtained will be enough to guarantee the water restitution to the 
Salobral channel in good conditions, allowing its drainage properly 
through the drainage network of Albacete. As in the previous structures, 
the estimation of flooding lamination has been made by using the 
software HEC-HMS (Fig. 40, 41 and 42). 

 
Figure 40: Inflow & outflow curves of the Salobral Lagoon for        
T = 50 years. 

 
Figure 41: Inflow & outflow curves of the Salobral Lagoon for 
T=100 years. 
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Figure 42: Inflow & outflow curves of the Salobral Lagoon for 
T=1000 years. 
Table 9: Comparison of peak flow before and after building the 
dam. 

Period of return 
Peak flow without dam 

toward Albacete 
Peak flow with dam towards 

Albacete (spillway 2) 

T = 50 161.53 - 

T = 100 209.46 23.4 

T = 500 334.90 154.53 

T = 1000 393.80 188.24 

T = 5000 538.24 300.82 
 

4.2.3. Natural Escartana bed course (flow drained by the spillway 2) 
The current Escartana bed course downstream the dam will drain the 
water coming from the spillway 2. Therefore, the flow will follow this 
direction only when the rainfall happened will be higher than the one 
associated to the period of return equal to 75 years. 
When the dam is built, the lamination effect will be huge. Comparing the 
peaks flows between the input flow to the dam and the overflow 
discharged by the spillway 2 towards the natural Escartana bed course 
(Table 9). 

4.3. Summary of the flooding lamination effect 
In summary, the global hydraulic performance of the flooding lamination 
effect obtained for each period of return analyzed is shown on Table 10. 
With all these hydraulic conditions analyzed and shown, it is possible to 
guarantee the stability and well performance of all the designed 
lamination structures of the dam for large periods of return. 

Table 10: Summary of lamination effect obtained with hydraulic structures projected. 
RCC Dam Channel to Salobral Salobral Lagoon 

Return 
period 

Elev. 
(m) 

In flow 
(m3/s) 

Outlets 
(m3/s) 

Spill 1 
(m3/s) 

Spill 2 
(m3/s) 

In flow 
(m3/s) 

 Out flow 
(m3/s) 

Elev. 
(m) 

Out flow 
(m3/s) 

50 756.34 161.53 12.24 - - 12.24 5.07 694.08 2.53 

100 757.07 209.46 12.80 38.34 23.4 51.14 37.11 694.13 2.82 

500 757.22 334.9 12.91 61.81 154.53 74.72 58.34 694.80 7.10 

1000 757.25 393.8 12.93 66.59 188.24 79.52 62.66 695.00 8.61 

5000 757.33 538.24 12.99 82.23 300.82 95.22 76.78 It needs earthworks 
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Table 11: Required compulsory purchase of the project. 
Compulsory purchases 

Structure Affected area (ha) Cost (€) 

Dam body 3.59     7 172.40 

Channel towards Salobral Lagoon 79.22 558 734.05 

Total cost 565 906.45 
 

5. ECONOMIC ASPECTS ASSOCIATED TO THE PROJECT 

5.1. Affected services and compulsory purchases 
The final chosen location to place the dam (alternative A, commented 
above) avoids the possible affectation to public services like public 
electric lines of medium and high tension, phone lines, and possible 
pipelines. Therefore, this is a huge advantage, because it minimizes the 
total cost of the project. 
Concerning compulsory purchases, the minimum areas, which are going 
to be acquired by compulsory purchase, will be located on the Escartana 
dam and the channel towards the Salobral Lagoon. However, the areas 
located below the reservoir will not be expropriated. The landowners will 
be able to maintain the ownership of these zones only for cropping, not 
allowing the constructions of any building or structure for cattle or 
country houses for their safety. Thus, each time an important rainfall 
happens, the dam reservoir will fill up and these plots will be flooded, 
and the landowners will be compensated economically by the possible 
damages and loss of crops caused during the period of time their land 
will be flooded. 
Since there are not cadastral values associated to the affected lands, an 
approximated value has been estimated taking into account the ground 
characteristics and the affected crops. These compulsory purchases are 
estimated at 2000 €/ha for unirrigated crops, and 12 000 €/ha for 
irrigated areas. 
A summary table which includes the main surface acquired by 
compulsory purchase is shown on table 11. Therefore, the required 
budget to carry out the necessary compulsory purchases is estimated at 
approximately 565 906.45 €.  
(Five hundred sixty-five thousand nine hundred and six Euros with 
forty-five cents). 

5.2. Works and execution period 
In order to summarize all works carried out in the project, they have 
been grouped in more global activities such as setting-out, excavations, 
concrete placing…etc.  
According to this objective, a bar diagram, with the most representatives 
activities that compose the work, is shown (Fig. 43). 
The total work period is estimated to be 6.5 months. This result is 
obtained from the bar diagram where the duration of each activity has 
been considered as an average performance associated to that kind of 
work.  
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Figure 43: Bar diagram of the global works carried out in the project with their 
duration and the time when they can be developed. 

 

The different work periods of each built structure will be: 

 Escartana dam: 25 weeks 
- Earthworks: 4 weeks 
- Concrete placing: 19 weeks 
- Bottom outlets: 0.5 week 
- Stilling basin: 1 week 
- Riprap layer downstream of the dam: 3 weeks 

 Channel towards the Salobral Lagoon: 15 weeks 

 Spillway on the exit of the Salobral Lagoon towards the Salobral 
channel: 2.5 weeks 

5.3. Contractor classification 
According to the regulation, the resultant classification demanded in 
function of the work type, execution period, and budget will be: 

Group E: Hydraulic Structures 

Subgroup 2: Dams 

Category F: Because it exceeds 2 400 000.00 €. 

5.4. Budget for Administration knowledge 
The budget associated to the project developed along the working period 
is summarized below: 
Total budget of material execution…………………………………. 7 407 017.16 € 

13% General expenses………………………………………………    962 912.23 € 

6% Industrial profit…………………………………………………….    444 421.03 € 

Sum……………………………………………………………………. 8 814 350.42 € 
 

18% VAT……………………………………………………………....   1 586 583.08 € 

Sum……………………………………………………………………. 10 400 933.50 € 
  

Global budget of bidding conditions…………………………….. 10 400 933.50 € 
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The current global budget of bidding conditions amounts to ten million 
four hundred thousand nine hundred and thirty-three Euros with fifty 
cents. The compulsory purchase budget is estimated at 565 906.45 €. 
Therefore, the total budget for Administration Knowledge is 
approximately 10 966 839.95 €.  

(Ten million nine hundred and sixty-six thousand eight hundred and 
thirty-nine Euros with ninety-five cents). 

6. CONCLUSIONS AND DECLARATION OF COMPLETE WORK 

This report contains a description of all the projected hydraulic 
structures and their main features. In this current document, the adopted 
solution to control the flooding coming from the Escartana gully over 
Albacete and its surrounding areas is defined, fulfilling all the fixed 
objectives and developing a constructive project, viable from a technical, 
economic and operational point of view, always fulfilling the normative 
currently in force. 
Also, according to the results shown above (Table 10), for the design 
period of return considered (T = 1000 years), it is possible to verify the 
huge increase of safety. The reduction of peak flow downstream the dam 
is considerable. Observing the collected data, the dam performance 
allows to increase 10 times the safety conditions of Albacete and 
surroundings, because the overflow developed for a period of return 
equal to 100 years without the dam consideration is very similar to the 
one produced for 1000 years if the dam project were developed (Fig. 44). 
Thus, the alternative proposed in this project reduces significantly the 
potential damages associated to high flows from the Escartana gully. 
 

 
Figure 44: Flooded areas for a rainfall associated to 1000 years of 
period of return after building the dam. 
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7. FUTURE WORKS 

A complementary solution, which would allow to increase the safety 
level for periods of return higher than 1000 years, could be proposed. It 
would consist of the construction of artificial endorheic areas. These 
areas could be located, one at northeast of Dehesa de Los Llanos, other 
one at south of Dehesa de Los Llanos and the last one close to Albacete, 
near the La Pulgosa Park. In fact, analyzing the depth maps shown 
previously, it is possible to realize the existence of small endorheic areas 
in those places (Fig. 45). 
A way to minimize the flow over important industrial areas close to 
Albacete and surrounding urban areas is to increase artificially the 
reservoir capacity of these zones by making small earthworks on them. 
However, due to the extreme flatness of the lands in this region, it would 
be necessary to use a hydrological model more sophisticated than the 
one that has been used in this project. 
The main advantage of these additional lamination areas is to control the 
uncontrolled overflows coming from the spillway 2 downstream. These 
flows are captured on these areas before causing affections to high 
vulnerable elements such as surrounding urban areas, Albacete city and 
its airport and industrial areas. Therefore, this possibility to minimize 
significant affections to important technologic areas of Albacete and also 
the own city and surroundings is only mentioned, because the calculation 
of flow dissipation, infiltration and flow depth in this area excesses the 
scope of this project. 

 
Figure 45: Other possible endorheic areas likely to be used as 
natural lamination structures. 
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