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Resumen 

Después de la dramática inundación ocurrida en septiembre de 2019, queda constancia 

de que en Los Alcázares hace falta un plan de gestión para el riesgo de inundaciones, 

este proyecto pretende encontrar la forma de proteger el área de la mejor manera. Se 

comienza con una simulación real del suceso ocurrido; sin embargo, debido a la falta de 

datos no se puede hacer una calibración en condiciones, se opta entonces por hacer 

una calibración basándonos en la estimación de daños, pero sin olvidar que estos suelen 

tener una incertidumbre asociada muy alta. 

La cuenca vertiente a Los Alcázares tiene una extensión muy grande (175km), lo que 

tiene como consecuencia, que no sea posible simular todo el modelo con un software 

en 2D. Para solucionarlo, se propone un acoplamiento de un modelo 1D con un modelo 

2D; para el 1D se eligió PCSWMM y para el 2D se decidió probar con PDWave y con 

Iber. PDWave es un software, que con ayuda de unas librerías externas consigue ser 

acoplado con PCSWMM, haciendo que sea muy cómodo simular con ambos softwares 

ensamblados; Iber sin embargo no tiene estás opciones desarrolladas y el proceso de 

acoplamiento debe hacerse manualmente, introduciendo las salidas de PCSWMM como 

entradas de Iber. 

Se proponen cuatro estructuras de modelo basadas en estos programas informáticos; 

tres de ellas consistirán en el acoplamiento PCSMM/PDWave pero con diferencias en 

las condiciones de contorno entre los modelos 1D/2D, estas serán externas, internas o 

mixtas. La cuarta estructura modelo consistirá en un proceso PCSWMM/Iber. 

Una vez completadas las simulaciones, se estimarán los daños usando Matlab que 

analiza los datos de altura de agua a una distancia de un metro alrededor del edificio, 

después calcula la profundidad media y mediante una curva altura de agua-daño, 

calcula el porcentaje de daño del edificio. Teniendo en cuenta la superficie del edificio y 

el precio por metro cuadrado, se calcula el daño económico para cada edificio, proceso 

que, si se repite, permite obtener el impacto económico total de la inundación. 

Con la comparación de daños, se elige el modelo que mejor representa la inundación y 

a partir de aquí se puede empezar a trabajar en él para diseñar un sistema de protección 

contra avenidas. Se plantean 4 escenarios: el escenario 0 que representaría la situación 

actual; el escenario 1 que implica pocas infraestructuras, pero con alta capacidad; el 

escenario 2 que implica más infraestructuras, pero con menos capacidad; y el escenario 

3 que implica solo medidas de dry floodproofing, además los escenarios 1 y 2 también 

serán combinados con estas últimas medidas. 

Además, para calcular el riesgo asociado a cada escenario, estos serán modelados bajo 

lluvias de diferentes periodos de retorno (5, 10, 25, 50, 100 y 500 años); obteniendo de 

esta manera las curvas de riesgo y el daño anual esperado. Si también se calcula el 

coste económico de cada medida, surge la posibilidad de realizar un análisis de riesgo 

al completo. 

Para realizar este último paso se debe calcular el VAN asociado tanto a costes como a 

riesgos y a partir de ahí se puede hacer un análisis coste-beneficio que ayude a decidir 

cuál es la mejor opción considerando la estrategia de riesgo seguida. Por último, se 

realizará un análisis de sensibilidad de la altura de protección de las dry floodproofing, 

para hacer un inciso en cómo se deben usar estas medidas de protección.  



 

 

Abstract 

After the dramatic event occurred on September 19 in Los Alcázares Murcia, a flood 

management strategy has become necessary. This project aims to find the best flood 

protection scenario for this area. To accomplish this, the project starts with a simulation 

of the flood, but due to the lack of data and records of the occurrence, there is no 

alternative other than making decisions based on the damage estimation, despite the 

high uncertainty associated to this estimates. 

To simulate this flood, different tools and model structures are suggested, besides, the 

wide extension of the catchment area (175 km2) makes performing the whole simulation 

in a 2D software impossible. To solve this problem a coupling model with a 1D software 

and 2D software is proposed. The 1D model used in this project is PCSWMM and the 

2D models are PDWave and Iber. PDWave is a model which can be assembled on-line 

with PCSWMM by adding some libraries; however, Iber does not have this kind of 

function developed and the assembling process must be done off-line, meaning that the 

outputs of PCSWMM must be introduced in Iber as inputs. 

Four model structures are proposed based on these software; three of them will consist 

of the same on-line process but with differences in the boundaries between the models 

1D/2D,  these boundaries will be external, internal, or mixed. The fourth model structure 

will consist of an off-line process with external boundaries. 

Once the simulations are completed, the damages will be estimated, to perform this 

damage estimation the data from the simulations is processed by Matlab; Matlab reads 

the depths data 1 meter around each building, then the depth average is calculated and 

compared in a damage curve which relates the depth of water to the percentage of 

damage to a building. Considering the area of the building and the price per square metre 

as well, the economic damage for each building is calculated, if this process is repeated 

for every building, the total economic impact of the flood can be obtained. 

This previous process allows one to choose the most suitable model structure to simulate 

the event. The next step is then to design a flood protection scenario which protects the 

city from potential occurrences. In this Master’s Thesis, four alternative scenarios are 

proposed: the scenario 0 Current situation will consist in not applying any measures, the 

scenario 1 Centralized that will consist of a few measures but with high effectiveness 

combined with dry floodproofing, the scenario 2 that will consist of more environmentally 

friendly performances on the catchment, cheaper but less effective, and combined with 

dry floodproofing as well; and finally Scenario 3 Dry floodproofing that will consist of dry 

floodproofing measures only. 

These scenarios are pre-designed, and their measures implemented in the models, then 

the previous damage assessment is accomplished. Also, to calculate the risk, the storms 

associated with return periods of 5, 10, 25, 50, 100, and 500 years are used to simulate 

the four scenarios. Thus, the risk curve associated to each scenario and the expected 

annual damaged are known. If the cost of each scenario is also calculated, the possibility 

of performing a complete flood risk assessment and making decisions arises. 

To accomplish this last step, the calculus of the NPV and a cost-benefit analysis have 

been used; they allow one to decide which one is the most adequate scenario based on 

the risk strategy followed. Finally, a sensitivity assessment regarding the water depth 

protection in dry floodproofing measures have been performed, giving a clue about how 

these measures must be implemented. 
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1. Introduction 

Floods are the natural disaster that most damages causes in Spain according to CCS 

and IGME (MITECO). These damages are estimated in an average of 800 million euros 

per year. On the other hand, floods caused 44% of the incidents registered in the CCS 

and they required 62% of compensations with an average of 130 million per year. 

 

The defence against floods is responsibility of several administrations in Spain (national, 

regional, and local). In 2007 the European Commission approved the Directive 2007/60 

which leads the assessment and management of floods; this Directive was applied in 

Spain in 2010 through the Royal Decree 903/2010. This law classified the areas at risk 

as ARPIs (Significant Potential Risk of Flooding) and they were followed by PGRIs (Flood 

Risk Management Plan), it entails significant improvements in the management of fluvial 

and coastal floods; however, those improvements don´t apply to flash floods, in spite of 

their impacts in damages.  

 

After the serious storm happened between the 11th and 14th of September 2019 in the 

Spanish Mediterranean coast -the heaviest rain since 1987 (Table 111 and Table 112)-, 

the region of Murcia and part of Alicante suffered serious disaster flash floods, the 

municipality of Los Alcázares had some of the worst consequences. 

 

Los Alcázares is a place that has been damaged several times due to severe flash floods 

in the last five years. It is acknowledged that the eastern coast of Spain has a high 

torrentiality reaching in some cases the annual average rain in just one event; however, 

the mentioned city has experienced a significant increment of occurrences in the last 

years compared with other regions. 

 

Some signs point to the climate change, the agricultural and urban settlements over the 

reverie areas, or the lack of proper infrastructures as main factors. In any case, what is 

clear is that this is leading to a dramatic situation; the inhabitants are frightened of having 

another event, the value of the land has been reduced and the “Minor Sea”, a coastal 

saltwater lagoon downstream of Los Alcázares, is suffering a plunge in its water quality 

due to the sediment and particles washed by the torrents. 

 

This project aims to study the current situation and then offer different scenarios to solve 

the flood problems in the city. The catchment area that drains towards Los Alcázares 

has a total of 175 km2, which makes it impossible to simulate the whole area with a 2D 

software and with enough resolution such for a correct flood damage analysis. Therefore, 

the solution involves using 1D software at least in part of the catchment. 

 

As it is known, there are multiple possible applications that could be used to perform a 

correct representation of the flood, but also several approaches to set the correct model 

structure. Consequently, the first step of this study is finding the appropriate structure 

model to represent the reality of the area. To do this task PCSWMM as a 1D model will 

be used and then it will be used in uncoupled models combined with Iber (2D), and in 

coupled models combined with PDWave (2D). 
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Unfortunately, there is not enough data to do a correct calibration and validation of the 

model, therefore, to choose the most proper configuration, the damage analysis could 

be a useful reference.  

 

After selecting the most representative model, the next step must be to analyse the flood 

and to propose flood measures for protection. These different scenarios must be tested 

to prove which of them would be the most appropriate regarding benefit and cost. Hence, 

the procedure would be as follows. First, the area must be analysed to conclude what 

flood protection measures could be more adequate, where they should be placed, and 

how they should behaviour when flooding; these measures must be though to be 

combined among them creating different scenarios of flood protection. Then, this 

infrastructure or measures must be designed according to technical criteria; the event 

used for the design would be the storm that happened the last September, nevertheless, 

the effect of these measures in rains of different return periods must be considered. After 

designing the scenarios, they must be included and run in the model; it must be 

considered that the functioning of the measures in the model may differ slightly from the 

one in design, this depends on the equations used by the model, so some few changes 

may be necessary to have the estimated result.  

 

Once these scenarios are working in the model correctly, comes the moment of 

analysing the flood, this task will be accomplished by measuring the average depth 

around each building and obtaining the cost of the damage in euros. Performing the 

damage analysis for all the scenarios makes it possible to compare them to observe the 

effectiveness of each of them. The other important aspect of the scenarios is the 

economic cost of each measure, it must be reasonable, and thus it will be computed 

according to prices in the market.  

 

Finally, after obtaining the damage and cost of each scenario, it is possible to do a risk 

analysis and a cost-benefit analysis. The risk analysis will be computed by calculating 

each scenario under rains of different return periods (10, 25, 50, 100 and, 500 years). 

Once calculated the risk and cost associated with each scenario, it will be possible to do 

a complete cost-benefit analysis, which would indicate the best scenario.  
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2. Area of study 

2.1. Location and environment 

Los Alcázares is a coastal municipality belonging to Campo de Cartagena in Murcia 

which can be found in the southeast of Spain. It has 16000 inhabitants with a density of 

774 inhabitants per square kilometre, but in summer it experiences an increase in 

population. 

 

It is in the riverie of the Minor Sea; a hypersaline coastal lagoon with no more than 7 

meters of depth and an average of 3.6 metres, a surface of 170 km2 and a length of 

70km. It is separate of the Mediterranean Sea by La Manga, a sandbar of 22km of length 

and a width between 100 and 900 metres. It is connected with the Mediterranean Sea 

through only four inlets (1 of them manmade), that is why the Minor Sea is warmer and 

with a high salinity. 

 

Its special features made it a place with high ecological value, being preserved as a 

natural park by the administration, also it is recognized as a Special Protection Area for 

Birds (SPAB) within Natura 2000. (Perez-Ruzafa. A., et al., 2005) 

 

Unfortunately, the ecosystem has been deteriorating over the last 40 years; the 

anthropologic pressure has developed along the coast, and the intensive farming has 

extended inland. The water quality has plummeted due to the presences of nutrients and 

recurring flooding events, the dragging effect of the water leads to eutrophication or even 

anoxia phenomena. (Ruiz. J. M., et al. 2020) In fact, the event of study in this Master’s 

Thesis (rainfall in September 2019) provoked a serious impact in the aquatic life. 

 

 
Figure 1. (Right) Ortophoto of the area of study and location of the Minor Sea. (Left) Municipality of Los 

Alcázares in the riverine of the Minor Sea. 
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2.2. Topography  

It is located at an altitude of 6 m.a.s.l; moreover, it is placed in an extensive alluvial plain 

crossed by several torrents or wadis. These torrents drain from the northwest, located in 

which are the “Sierra de los Villares” mountains and the “Sierra de la Cresta del Gallo” 

which reach from 300 to 600 m.a.s.l. 

 

The topography is almost completely flat, so the streams blur and branch in small furrows 

provoking diffusive runoff; and in some cases, they even disappear forming endorheic or 

difficult-to-drain areas, favouring floods when heavy rainfall episodes occur. These 

characteristics are sometimes favoured by the human action and aggravated due to the 

meteorological features in the area. (D.G. Protección Civil, 2007) 

2.3. Meteorology 

The average average precipitation per year is 340mm (Table 111), however the rainfall 

is irregular and it can change significantly from one year to another; in some cases, long 

drought periods have finish with torrential rainfalls that reach the annual average rainfall 

in only 24 hours (Marco Ortega. V, 2018 et al.) 

 

These phenomena are mainly explained because of the geographical location of Murcia 

in combination with the DANA effect. (Marco Ortega. V, 2018 et al.) (Castejón Porcel. G, 

2014). The DANA is a meteorological phenomenon caused by a fluctuation and isolation 

of a single cold air mass which travels at high altitude; when this cold air mass meets 

with warm and humid air, a sudden raising of moist air is created and as a consequence 

a rapid saturation of the air, leading to heavy rains. If this phenomenon occurs in the 

Mediterranean Sea, which is usually warm, the process can occur in only hours and the 

consequences are devastating. This combination is known in Spain as “Gota fría” which 

comes from the German word “Kaltlufttropfen” (Llasat, M., et al., 2007). 

 

The rainfall event studied in this Mater’s Thesis that occurred last September was an 

extraordinary event that broke several records in the region. (AEMET 2019) 

 
Figure 2. Map of accumulated precipitation in the region of “Comarca del Bajo Segura” in the bottom 

appear the Minor Sea and Los Alcázares. (Obtained from AEMET) 
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2.4. Hydrology 

Regarding the hydrology, this region is a complex area. As it was said before, the 

topography and meteorology cause an apparent dry area, that when heavy rains occur, 

switch into an extensive flooded area in which the main streams are not well defined. 

Instead of that, the main river divides in several flow paths composed by a mix of water 

and dragged sediments due to the high energy of the water. 

It could be said that in total there are four creeks that drains to Los Alcázares, and the 

first and the second one join just before reaching the urban area (Figure 3). The storm 

occurred in September 2019 caused the flows and rain plotted in Figure 4. Water flow 

and intensity of rain produced in the event occurred in September 2019.Figure 4 

 
 

Figure 3. Main water courses draining to Los Alcázares. 

 
Figure 4. Water flow and intensity of rain produced in the event occurred in September 2019. 
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2.5. Historic flooding and land use change 

Murcia is a region that has always suffered serious flooding events due to all the aspects 

commented above. Most of the floods have been related to Guadalentín and Segura 

River, and the first recorded event is dated in the year 1259. Until 1923, there is barely 

any information about floods close Los Alcázares, since it was a small town whereas in 

Murcia there are a lot of recorded events; on the 30th of October of this year, an overflow 

in its surroundings (Torrepacheco) was recorded. Along the XX century the number of 

occurrences increased, some of them with catastrophic consequences (100,000 

evacuated in one of them, 200 deaths in another), however the information is unclear. 

After that, these are the flooding produced in Los Alcázares (CHS, 2020): 

• The 17th of September of 2009, heavy rains and an overflow are registered in La 

Maraña, the main water course in Los Alcázares. 

• Between the 15th and 19th of December of 2016, 150mm of precipitation are 

measurement in Los Alcázares, La Maraña overflows bringing a high amount of 

sediments, and 1 person dies in Los Alcázares. 

• Between the 11th and 14th of September (The event used in this Master’s Thesis), 

one of the most devastating events in Spain occurred. It was extraordinary 

referring to its extension and duration; and caused 8 deaths and thousand 

evacuated. In Los Alcázares more than 300mm were measured and in some 

regions 520 mm were reached. 

• The 3rd of December of 2019, intensive precipitation, including hail, caused 

evacuation in Los Alcázares. 

• Between the 21st and 22nd of January of 2019, Los Alcázares registered between 

86 and 142mm. 

With this information it wants to be put on the record that this area has been always 

exposed to serious floods, however in the last years these events have happened more 

frequently. This could be because of the wealth increment or the impact of the climate 

change, however there are evidences that attributes the increment of flooding in Campo 

de Cartagena to the sealing of soil with the growth of the urban settlements. (Diaz. A, et 

al. 2014) 

 

If orthophotos taken the last 70 years are observed, the zone has change notably; not 

only the urban settlements have expanded, but also, the farming areas are different now. 

Originally there was some farming areas, but the wadis were recognizable from the air, 

maybe some orchard occupied some water course, what would cause the razing of this 

part; nowadays it is hard to guess where is the water course, and a high number of 

farmland have been replaced by greenhouses, which have an impact on the water 

course. Figure 6 

 

Regarding the urban areas, they have widened, there are more impervious areas, and 

in some towns in the upperpart of the catchment area, the channelization of part of the 

stream to avoid a stagnant of water may has transferred the flooding problem 

downstream, aggravating the situation of Los Alcázares and the Minor Sea  

 

In the city of Los Alcázares the original water courses has been totally blurred, in fact, 

the three mouths of the current streams are placed where there were no water courses 

in the past, flooding these urban areas instead. 
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Figure 5. Comparison of the catchment area in 1956 and in 2016. The water courses could be easily 
recognizable in the past 

  

Figure 6. Comparison in 1956 and in 2016. Nowadays, the greenhouses have replaced several farmlands, 
also, it is appreciable the growth of that urban settlement crossed by a torrent. 

  

Figure 7. Comparison in 1956 and in 2016 of Los Alcázares. In the picture on the left it is seen clearly a 

torrent that drains in the Minor Sea 
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2.6. Flood protection background 

To face the flooding problems, several measures have been taken along the years. The 

information about these infrastructures were not easily available and trying to obtain it 

and mapping it was outside the project limits. To compensate the lack of information a 

procedure is explained in the pre-processing of rain data section. 

2.7. Building area 

The Master’s Thesis will assess the urban centre of Los Alcázares, and not the rest of 

the municipality, in Figure 8, the area of study and the buildings that will be used for the 

risk analysis are plotted. This area has around 13ha. 

 

 
Figure 8. City of Los Alcázares with the buildings that will be used in the risk analysis. 
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3. Methodology 

This section explains how the project has been performed from the data mining to the 

post-process. 

 

The digital elevation model, roughness, buildings and streets, and rain data have been 

obtained from the Spanish statal and regional administrations. Then, this data must be 

processed to correct possible mistakes and to be implemented in the models. 

 

Understanding the mathematics behind the used software is the next point in this 

chapter. This project is being performed in collaboration and under the supervision of 

two universities, UPM and TUM, due to this reason it was decided to simulate the model 

with two different programs, Iber and PDWave, approaching the project with methods 

from both universities. 

 

Iber and PDWave are both hydraulics software that work in 2D, this feature is really 

interesting when an urban area is studied, however, the catchment area of the streams 

coming to Los Alcázares has a total area of 170 km2, which makes impossible to include 

it in the 2D analysis due to the high required computational time. That is why it was 

decided to perform the upper part of the watershed with a 1D software. 

 

The chosen software is PCSWMM, developed by CHI and which uses the open software 

SWMM, developed by the US. EPA. The two models will be coupled representing the 1D 

model an area of approximately 156 km2, and the 2D model the city of Los Alcázares 

with an area of 13 km2. 

 

Then, different model structures will be proposed to find the most reliable. The proposed 

configurations are: 

• Model structure 1. Consisting of a coupled model composed by PCSWMM 

and PDWave. The model is run on-line, that means, both sections together; 

and the joint has a clear boundary, meaning that water is simply discharged 

in the border of the 2D model. This configuration was named: Model 

structure 1. On-line. External boundaries. 

• Model structure 2. Consisting of a coupled model composed by PCSWMM 

and PDWave. The model is also run at once, but the difference regarding the 

previous configuration is that in this case, the PCSWMM model is introduced 

in the 2D model throughout theoretical channels connected in several points 

along their paths. These channels follow the natural watercourse. This 

configuration will be named: Model structure 2. On-line. Internal 

boundaries  

• Model structure 3. This configuration was proposed after observing the 

results of “Configuration 1. On-line. External boundaries” and “Configuration 

2. On-line. Internal boundaries”. The idea was to obtain a model that would 

give results in-between both configurations. This configuration will be named: 

Model structure 3. On-line. Mixed boundaries 

• Model structure 4. Consisting of a coupled model composed by PCSWMM 

and Iber. In this case, the model is run separately, meaning that first the 
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PCSWMM must be run, and then its outputs must be inputs in Iber. This 

configuration will be named: Model structure 4. Off-line.  

 

Considering the outputs obtained in these configurations, the most reliable will be chosen 

to apply the flood protection measures. Different measures structural and non-structural 

will be combined (all scenarios except Scenario 0 include flood proofing buildings), 

composing different scenarios which are: 

• Scenario 0. This scenario consists of not applying any measures. It will be 

named Scenario 0. Current situation. 

• Scenario 1. This scenario consists of two channels in the south and the north 

of Los Alcazares, both channels will be covered by concrete, getting this way 

a great capacity of discharge. These channels are not able to drain all the 

water, that is why it will be also necessary to build a couple of temporal 

retention basin close to the city. In the north there is no space available to 

build a temporal retention basin, thus instead of that, the Golf Club La Roda 

will be adapted to work as a flood relief dam. This scenario will be named 

Scenario 1. Centralized measures. 

• Scenario 2. This scenario consists of the same two channels as in scenario 

1, the difference here is that they will be bare, meaning a more 

environmentally friendly measure, but significantly reducing the capacity of 

the channels. Consequently, this measure must be combined with more 

effective measures; it was proposed a series of small flood relief dams in the 

upper part of the catchment area. And an adaptation of the highway A-7, to 

be able of retaining slightly part of the water without compromising the 

highway and city security. This scenario will be named Scenario 2. 

Decentralized measures. 

• Scenario 3. This scenario consists of just applying wet/dry proofing 

measures. It will be named Scenario 3. Flood proofing buildings. 

 

After finishing the simulation,, the outputs obtained from the 2D software could be directly 

plotted in ArcGIS, however, there is much more information that could be obtained from 

these outputs. Much of this project focuses on the damage assessment, which will be 

performed supported in Matlab. 

 

The foundation of the damage assessment is based on the average of the water 

surrounding each building. This value will be taken to a table which will indicate the 

percentage of the damage produced. Once known, this percentage will be multiplied with 

the building area and the price per square meter of the house, obtaining the total 

economic damage. 

 

Calculating the economic cost of each scenario would be the next step, to compute this 

amount, the whole investment must be considered: construction costs, maintenance, 

and additional cost not covered there. Furthermore, this cost must be calculated in the 

present, meaning the NPV.  

 

And finally, the risk analysis and cost benefit analysis are performed. By computing the 

risk analysis, it would be easy performing a cost-benefit analysis which would indicate 

which scenario is the most cost-effective. 
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3.1. Data mining 

Most of the data has been easily obtained from public administration. The IGN (national 

geographic institute) is one the most important institution regarding geographical data in 

Spain. There, information about topography, buildings, roads, land use, floodable areas, 

geology, geotechnical, infrastructure, protected natural areas, etc can be found; 

moreover, they can be obtained in several formats: ASCII, TIFF, Shapefile, DWG, etc. 

For an easier search, Spain is divided in imaginary rectangles or sheets which contain 

the geographical information. The area of study is found among the sheets 0934,0935, 

0955 and 0956, each of these sheets has a size of 30km by 20km. 

3.1.1. Digital elevation model  

The DEM were obtained from CNIG, the database of IGN (national geographic institute). 

It was requested the sheets 0934,0935, 0955 and 0956, with a raster resolution of 5x5 

metres. 

 

 
Figure 9. Joint of DEMs corresponding to sheets 0934, 0935, 0955, and 0956.  

 

3.1.2. Roughness and land cover  

Roughness data can be also obtained from this database. There are two possibilities, 

the SIOSE or the CORINE data. CORINE is a European project, which pretends to map 

all the environment data referred to land in Europe, whereas SIOSE is a Spanish 

information system of land occupation. In SIOSE information about land use and about 

land cover is found, it is important to set a roughness number for the land cover, called 

CODIIGE. 



 

12 
Doc Nº1 PROJECT REPORT 

 
Figure 10. Roughness data of the area. CODIIGE classification, obtained from the SIOSE. 

3.1.3. Building and streets 

This information has been obtained from the BTN files. BTN contains all the topographic 

information classified in the following groups: Administration units, orography, 

hydrography, crop fields, settlements, transport, transmission, toponymy, production 

units and geodesic signals. 

 

The main features used from BTN are buildings, greenhouses and streets, which will be 

burnt in the DEM, however there are also other features that have helped to understand 

the study area. 

 
Figure 11. Los Alcázares with buildings (red), greenhouses (green), and streets (black). Data from BTN. 
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3.1.4. Rain Data  

The rain data to represent the event of September 2019 has been obtained from the rain 

gauge data belonging to SAIH Segura. SAIH is an automatic net of measurements 

gauges that collect the hydrographic information of Spain. SAIH Segura is the SAIH net 

within the Segura watershed and its data can be download on the website of the CHS. 

 

Those rain gauges that could have influenced in the watershed of the study area have 

been selected to collect their data (Figure 12). The rainfall given in September 2019 has 

two main parts; first a medium intensity precipitation which started the 11th of September 

around 22:45 and fluctuates for 24 hours, then a much more intense and continuous 

second period started, which finished the 13th of September around 10:00. To perform 

the project, the precipitation in the rain gauges that affected the watershed has been 

requested, between the 11th of September of 2019 at 22:00 and the 13th of September 

at 12:00. 

 
Figure 12. Rain gauges which could affect the area of study (red points). Obtained from the SAIH. 

 

 
Figure 13. Rainfall in mm measures in the influential rain gauges. 
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To obtain the data corresponding the different return periods, the document CEDEX et 

al. 1999 has been used; this document seeks to apply a distribution function to deal with 

the maximum rains for different return periods, to do this, it applies the function SQRT-

ET max.  

 

In this document two values spatially distributed in Spain can be found, one of them is 

the average of the maximum annual daily rainfall (it means the average for all years of 

the maximum rain accumulated in only one day), the second value is the coefficient of 

variation; they are shown in Figure 93. 

 

The coefficient of variation has an associated quantile Yt for each return period (2, 5, 10, 

25, 50, 100 and 500 years), which multiplied with the maximum annual daily rainfall 

results in the maximum daily rainfall for those return periods. 

3.2. Pre-processing 

3.2.1. Correcting the DEM  

Once the DEMs have been downloaded, there are still some tasks to do. The DEM is a 

representation of the relief, that does not consider the elevation of buildings but considers 

the elevation of infrastructures. The problem is there are several main roads crossing 

the area of study; but their culverts are not covered by the DEM, provoking small 

embankments that do not represent the reality. 

 

That is why it is necessary to do an exhaustive research of those culverts that would 

allow the water flow; and then they must be included in the DEM. To do this inclusion the 

raster calculator has been used. An example can be observed in Figure 14, and in 121 

all the corrections are shown. 

  

Figure 14. Correction of the DEM. 
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3.2.2. Roughness 

Roughness values are important for all the software that are going to be used, moreover, 

they have an important impact in the run-off, a correct election of the manning number 

is essential to set a reliable model. 

 

After obtaining the land cover map, each colour has been interpreted according to 

(SIOSE 2018). Then the Manning’s value for each land cover has been chosen 

accordingly (Chow, 1959) and the database of IBER. These values and its land use are 

presented in Table 116. To use this data, they have been converted to ASCII or .txt files.  

3.2.3. Burning the DEM 

To include buildings in flood analysis there are several possibilities: increasing the 

roughness, deleting, or blocking the buildings, or increasing the elevation where the 

footprints are (Mollá. I, 2020). Each of these methods has advantages and 

disadvantages; to do this project it was decided to increase the elevation. In this case it 

was decided to increase buildings in 5 metres and greenhouses in 3 metres, because 

both can cause diversion and modification of the watercourse. Also, the elevation has 

been decreased in 0.1 metres when there were streets, this way it can be represented 

the effect of flow channelization that actually occurs with streets. These changes have 

been made with the raster calculator. This data is introduced in the software as ASCII 

file or TIF file 

3.2.4. Watershed definition 

The definition of the watershed is one of the first steps in any project related to hydrology 

and it is critical because it will define the area of study. It is usually something clear and 

there are no doubts about its contours. However, in this case, it is different. The drainage 

is not well defined, and there is not a clear hierarchy of streams, but most of them are 

primary or secondary streams. The topography is quite flat, meaning that a small change 

in roughness or elevation could provoke a huge impact in the water courses, changing 

the area of study; moreover, there is complex net of channels trying to avoid flooding in 

cities downstream and multiple infrastructures that cross the area. Apart from these 

characteristics, the landscape has developed drastically with new settlements, sealing 

of soils and occupation of the riverbanks. Consequently, the study of the watershed 

contour is complex and there are possibilities of it changing within a short period. 

 

Once the correction and inclusion of the culverts in the DEM have been made, the 

watershed is delineated.  

 

It could be said that the hydrology of the catchment consists in four main water courses 

which come from the high part of the catchment 
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Figure 15. DEM of the watershed 

As it was said, the catchment is too large (175 km2) to be simulated in a 2D software, 

that is why, it must be divided in two areas. The city of Los Alcázares is where most of 

the buildings are concentrated, and were the floods take place; thus, the city must be 

simulated in 2D. The rest of the watershed must be simulated in 1D. 

 

  

Figure 16. Watershed divided in 1D model and 2D model. 
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3.2.5. Rain data management 

To obtain the rainfall in the event of September 2019 it is necessary to consider the 

spatial distribution, in this project, Thiessen Polygons are used.  

 
Figure 17. Thiessen Polygons in the catchment. 

 

 
Figure 18. Precipitation fall in the event in September 2019. Intensity displayed in 5 minutes intervals. 
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Regarding the data corresponding to different return periods, first, the ARF (areal 

reduction factor) should be applied, that considers the simultaneity of precipitation, in 

other words, the larger the basin, the less likely it is that the same rain will fall 

simultaneously. 

 

Then it must be calculated the IDF curves of the rain, to perform this it is used Norma 

5.2-IC Drenaje Superficial, 2016, which provides the equation (1). 

 𝑭𝒂 = (
𝑰𝟏

𝑰𝒅
)
𝟑.𝟓𝟐𝟖𝟕 − 𝟐.𝟓𝟐𝟖𝟕   𝒕𝟎.𝟏

 (1) 

 

• Factor to compute IDF curves. It must be multiplied with the daily intensity. 

• I1/Id: Torrentiality index. It represents the precipitation intensity in one hour 

divided by the average daily intensity. It is given by Figure 94. 

• t: Rainfall duration. 

 

In Table 115 and Figure 95 the result can be observed. Then, these values have been 

introduced in the Design Storm Creator of PCSWMM, and one hyetograph for each 

return period has been obtained.   

 

These hyetographs could be used directly to simulate the floods, however in this project 

the sewer network is not being considered, therefore if these hyetographs are directly 

used, the damage will be overestimated. A usual procedure when absence of sewer 

network data is to suppose that the network is well design and that it will absorb the 

rainfall corresponding to the return period design. 

 

In this particular case, it is known that the sewer network does not work as it should, 

because floods are frequent, that is why it was decided to subtract the hyetograph 

corresponding to the 2 years return period to each hyetograph; the results are in Figure 

19. 

 
Figure 19. Hyetograph for Tr 5, 10, 25, 50, 100 and 500. Obtained from PCSWMM and reduced with Tr 2. 
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3.3. Inputs data 

3.3.1. PCSWMM 

In PCSWMM, the DEM information was introduced using a .TIF file, the DEM has been 

modified to include the buildings and street as was described in 3.2.3. 

 

The roughness in PCSWMM must be introduced manually and is the same for the whole 

subcatchment differencing a number for the impervious area and a number for the 

pervious area. For the streams, the number was decided after trying and obtaining 

reasonable outputs; the final chosen value was 0.07, which actually makes a lot of sense, 

the streams use to have farming lands in their beds and when heavy rain occurs and 

they overflow, the terrain is even more irregular and rough going through buildings, 

infrastructures, greenhouses, etc. 

 

The rain data are introduced by copying them in a table or by using a .dat file. The rain 

was the obtained in 3.2.5, in Figure 20, are plotted the inputs rain data for PCSWMM 

corresponding to the event of September and to the rain of return period100 years. 

  

Figure 20: Input rain data for PCSWMM. Left rain intensity corresponding to 11th-14th of September 2019. 
Right rain associated to 100 years of return period. 

The boundary conditions of PCSWMM would be the outfalls, these allow the water 

flowing free at the 2D model or out of the system. The initial depth was set up to zero 

manually in all the catchment. 

 
Table 1. Inputs data for PCSWMM. 

 Software  Input data Format 

PCSWMM 

DEM TIF 

Roughness Manually 
Rain data DAT/Manually 

Boundary conditions  Manually 
Initial depth  Manually 
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3.3.2. PDWave  

The DEM is introduced in PDWave through and ASCII file, this file consists in a head 

which contains the coordinates, location, and cell size data; and a matrix that associates 

an elevation value to each cell. 

 

The roughness is also an ASCII file with the same structure as above, the difference is 

that, in this case, instead of elevation, the matrix gives the manning’s number. An 

example of the used roughness for PDWave is in Figure 104. 

 

The rain data are introduced in a txt file which contains a first number that gives the size 

of the file, and then a matrix with two columns, the first one is the time in seconds and 

the other one indicates the intensity in millimetres per hour at those moment. 

 

The boundary conditions file follows the same structures as the DEM and roughness, 

but the matrix gives the information about boundaries in the cell. A zero means that this 

cells is in the inner and water can travels any other cell, a 30 indicates the border of the 

catchment but allowing the water flowing out of the system, if there was a -9999 the 

software would interpret as a close boundary. For this project all the borders are opened 

 

And by last the initial depth file follows the same structure, in this case the matrix gives 

the value of the initial depth, which was set up to zero in all the map. 

 
Table 2. Inputs data for PDWave 

Software  Input data Format 

PDWave 

DEM ASCII/TXT 

Roughness ASCII/TXT 
Rain data TXT 

Boundary conditions  ASCII/TXT 
Initial depth  ASCII/TXT 

 

3.3.3. Iber 

Iber offers several possibilities to include a DEM in the model, in this case it was used 

the RTIN option, it means, an ASCII file is imported and a RTIN (Right Triangulated 

Irregular Network) is created after it. It is necessary gives a value for the maximum 

tolerance, to do this project, 0.1 was chosen. 

 

The roughness can be introduced manually or automatically by an ASCII file or by a 

XYdbase file, to this project the last option was chosen. It needs two files, the ASCII file 

that gives a code for each cell, and the second file that associate each code with the 

name of the land use, then Iber has a database that contains information about different 

land uses and their manning’s numbers. In case of including land uses not contained in 

the database, this one can be modified.  
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Table 3. Manning’s number used for the city of Los Alcázares. 

Id  Class Name Roughness 

1 Residential 0.15 
2 Woody crops 0.12 

3 Vegetables  0.05 

4  Sand /clay 0.04 

5  Bare soil 0.023- 

6 Roads 0.018 

 

 
Figure 21. A detail of the roughness introduced in Iber in the city of Los Alcázares. 

The rain data is introduced manually by pasting the data in a table. The required data 

are the time in seconds and the intensity in millimetres per hour. 

 

The boundary conditions are also introduced manually, the process is tedious and 

requires time. Three kind of boundary conditions have been introduced in this project.  

• 2D inlet condition. The flows coming from the upper part of the catchment area 

are introduced as a critical/subcritical flow. These flows are obtained from 

PCSWMM and are the same plotted in Figure 4, but the creek 4 is divided in two 

inlets 

• 2D outlets condition. Discharge at a constant level. Used for the Minor Sea 

• 2D outlets condition. Free discharge, used for the rest of the border, in those cells 

the water can flow freely. 

 

The initial conditions can be introduced as water level or as elevation, however, they can 

not be introduced automatically through an ASCII file or a XY dbase file, but the cells 

must be selected in the map and then the water depth must be written. 

 

Software  Input data Format 

Iber 

DEM ASCII/RTIN 

Roughness ASCII/TXT 
Rain data Manually 

Boundary conditions  Manually 
Initial depth  Manually 
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3.4. Uncoupled models 

This section examines those models that have been used without coupling in this project: 

PCSWMM, and Iber. It is explained the methods follows for each software and the 

equation in which they are based on.  

3.4.1. PCSWMM 

PCSWMM is a commercial software created by CHI and based on the open-free software 

EPA SWMM created by USDAEPA. EPA SWMM is a dynamic rainfall-runoff model used 

mainly for urban areas being very useful for delineating the overland flow paths and for 

representing the sewer network functioning. (Rossman, 2015) (CHI, 2020). 

 

PCSWMM is divided in a hydrology process where the runoff is generated, and in a 

hydraulic process where the flow is routed. 

 

The hydrological process starts converting the precipitation into runoff inside each 

subcatchment but considering infiltration and evapotranspiration, this water balance 

follows the next conservation mass equation (Rossmann and Huber 2016): 

 
𝝏𝒅

𝝏𝒕
= 𝒊 − 𝒆 − 𝒇 − 𝒒  (2) 

Where  

• d is the depth in m 

• t the time in s 

• i the rate of rainfall or snowmelt in m/s 

• e, f, and q; the rates of evapotranspiration, infiltration, and runoff.in m/s 

The evapotranspiration is not included in the model but for infiltration SWMM offer 4 

different models; Horton, Modified Horton Green-Ampt and Curve Number, in this project 

Horton has been chosen. Horton is a method developed in 1933 that follows the 

equation: 

 𝒇(𝒕) = 𝒇𝒄 + (𝒇𝟎 − 𝒇𝒄)𝒆
−𝒌𝒕  (3) 

Where 

• 𝑓 is the infiltration capacity into the soil in mm/s 

• 𝒇𝒄 the minimum infiltration capacity when there is an equilibrium in mm/s 

• 𝒇𝟎 the maximum or initial infiltration in mm/s 

• k the decay coefficient in 𝒔−𝟏 

• t time in s. 

 

SWMM uses the integrated form (Rossmann and Huber 2016). SWMM also allows to 

define the percentage of impervious and zero impervious area in each watershed. 

 

The hydraulic process can follow three different methods: steady flow, kinematic wave, 

and dynamic wave for modelling the flow in channels and pipes (Rossmann 2017). In 

this project it has been chosen the dynamic wave model since it represents theoretically 
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most accurate results, in addition, it can consider channel storage, backwater effects, 

entrance/exit losses, flow reversal, and pressurized flow. The three methods are based 

on conservation of mass and momentum equation, but dynamic wave is the method 

which solve the complete form of these equations: 

 
𝝏𝑨

𝝏𝒕
+

𝝏𝑸

𝝏𝒙
= 𝟎 (4) 

 
𝝏𝑸

𝝏𝒕
+

𝝏(𝑸𝟐 𝑨⁄ )

𝝏𝒙
+ 𝒈𝑨

𝝏𝑯

𝝏𝒙
+ 𝒈𝑨𝑺𝒇 = 𝟎 (5) 

Where 

• 𝑥 the distance of the conduit in m 

• 𝑨 the flow cross sectional area in m2 

• 𝑸 the conduit flow in m3/s 

• t time in s. 

• H the hydraulic head of water in the conduit (Z+Y) in m 

• 𝑆𝑓 the friction slope (-). Expressed later in terms of the Manning equation 

• g the gravity 

Both equations are combined in: 

 
𝝏𝑸

𝝏𝒕
= 𝟐𝑼

𝝏𝑨

𝝏𝒕
+ 𝑼𝟐

𝝏𝑨

𝝏𝒙
− 𝒈𝑨

𝝏𝑯

𝝏𝒙
− 𝒈𝑨𝑺𝒇 = 𝟎 (6) 

Where 

• U is the flow velocity in m/s and Q/A 

The values U and A are calculated as the average value in the end of the conduit at a 

time t. The water elevation at the nodes is provided by the next equation. 

 
𝝏𝑽

𝝏𝒕
=

𝝏𝑽

𝝏𝑯

𝝏𝑯

𝝏𝒕
= 𝑨𝒔

𝝏𝑯

𝝏𝒕
= 𝚺𝐐 (7) 

 
𝝏𝑯

𝝏𝒕
=

∑𝑸

𝑨𝑺𝑵 + ∑𝑨𝑺𝑳
 (8) 

Where 

• 𝑉 is the node assembly volume in m3 

• 𝑨𝒔 is the node assembly surface in m2 

• 𝚺𝐐 the net flow in the assembly node (inflow-outflow). 

• 𝐴𝑆𝑁 the node assembly storage plus the surface area contributed by half of the 

connected links. 

• ∑𝐴𝑆𝐿 is the surface area contributed by a connecting link 

 

Then, SWMM use a discretization and a certain ΔT to solve these equations using an 

implicit backwards Euler method to provide stability. 
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A node surcharging means that the water level exceeds the crown of the highest conduit 

connected to it. This would imply that there is no available volume to absorb the 

difference between inflow and outflow in the node; and the continuity equation would not 

have solution. To solve it, an adjustment is done, with the balance equal to: 

 𝚫𝑯 =
−∑𝑸

∑𝝏𝑸 𝝏𝑯⁄
 (9) 

Also, each node which is not an outfall has a maximum head defined by the user, when 

this value is reached, flooding occurs; unless a node is allowed to pond, the water is lost 

of the system. The flow follows the next equation. 

 𝑸𝒐𝒗𝒇𝒍 = 𝟎. 𝟓 (∑𝑸𝒕 + ∑𝑸𝒕+∆𝒕) (10) 

Regarding the numerical stability, ΔT is limited to the time it takes to the wave to 

propagate the whole length of the pipe, it means, the Courant-Friedrichs Number 

Where 

• 𝑭𝒓  is the Froude number 

• 𝒄𝒓 is the Courant number 

For more details the following articles can be useful: (Rossman, 2015) for questions 

about the software, (Rossmann and Huber 2016) for questions related to the hydrologic 

process, and (Rossmann, 2017) for questions related to the hydraulic process. 

3.4.2. PDWave 

PDWave is a 2D parallel diffusive wave model developed by J. Leandro, A.S. Chen, and 

A. Schumann. It is a 2D model with a variable time step and which requires a low 

computational effort.  

It is based on the Shallow Water Equations (SWE), the continuity and momentum 

equation (Leandro. J. et al, 2014): 

 
𝒅𝒉

𝒅𝒕
= 𝜵(𝒖𝒉) = 𝑹 (12) 

 
𝒅𝒖

𝒅𝒕
+ (𝒖𝜵)𝒖 +

𝒗𝒕

𝒉
(𝒉𝜵𝒖) + 𝒈𝜵(𝒉 + 𝒛) = 𝒈𝑺𝒇 (13) 

Where 

• ℎ is the water depth in m 

• 𝑢 is the depth-average velocity vector 𝑢 =  [𝑢𝑥      𝑢𝑦]𝑇 

• 𝑅 is the source/sink term  

• 𝑣𝑡  is the turbulent viscosity  

 𝜟𝒕 ≤
𝑳

|�̅�|
(

𝑭𝒓

𝟏 + 𝑭𝒓
)𝒄𝒓 (11) 
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• z is the bed elevation 

• 𝑆𝑓 is the bed friction vector 𝑆𝑓 = [𝑆𝑓𝑥      𝑆𝑓𝑦]𝑇 

Diffusive wave models neglect all the forces in the momentum except for the gravity term 

and the bed friction, thus in equation (13) the three first terms disappear. 

Also, the bed friction can be approximated with manning: 

 [
𝑺𝒇𝒙

𝑺𝒇𝒚
] =

[
 
 
 
 
𝒏𝟐|𝒖|𝒖𝒙

𝒉𝟒 𝟑⁄

𝒏𝟐|𝒖|𝒖𝒚

𝒉𝟒 𝟑⁄ ]
 
 
 
 

 (14) 

Where: 

• n is the manning’s number 

• 𝑆𝑓𝑥  𝑎𝑛𝑑 𝑆𝑓𝑦 the components of 𝑆𝑓 

On the other side, the water-level surface - gradient is: 

 𝛁(𝒉 + 𝒛) =  [𝑺𝒘𝒙     𝑺𝒘𝒚]
𝑻      ;         𝑺𝒘𝒙 = 

𝒅(𝒉 + 𝒛)

𝒅𝒙
 (15) 

And the modulus of the depth-average flow velocity vector is: 

 |𝒖| =
𝒉𝟐 𝟑⁄ √𝑰𝒎

𝒏
       𝐚𝐧𝐝      𝑰𝒎

𝟐 = 𝑺𝒘𝒙
𝟐 + 𝑺𝒘𝒚

𝟐   (16) 

The equation (12) is solved explicitly using a first order finite volume discretization on a 

regular grid: 

 
𝒉𝒊

𝒕+𝟏 − 𝒉𝒊
𝒕

∆𝒕
+

𝟏

𝑨𝒊
∑𝒉𝒊𝒋𝒖𝒊𝒋𝑳𝒊𝒋  =  𝑹

𝟒

𝒋=𝟏

 (17) 

Where 

• 𝑨𝒊 is the cell area 

• 𝑳𝒊𝒋 is the contact face between cells 

• 𝒉𝒊𝒋 𝒂𝒏𝒅 𝒖𝒊𝒋 are the water depth and flow velocity to each of the four cell faces. 

These two values are calculated after: 

 𝒉𝒊𝒋 =
𝒉𝒊 + 𝒉𝒋

𝟐
   𝐚𝐧𝐝   𝒖𝒊𝒋 =

𝒉𝒊𝒋
𝟑 𝟒⁄

𝒏𝒊𝒋
𝟐 |𝒖𝒊𝒋|

𝑰𝒏,𝒊𝒋     (18) 

Where 

• 𝒖𝒊𝒋 is the velocity in the direction perpendicular to each cell face. 

• 𝐼𝑛,𝑖𝑗 = (𝑆𝑤𝑥ñ𝑥  + 𝑆𝑤𝑦ñ𝑦) is the water-level surface-gradient vector multiplied 

with the face unit normal vector ñ =  [ñ𝑥      ñ𝑦]𝑇 
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To ensure stability, the time step of explicit schemes must have the time step limited, 

that is why, the equation (17) must be written again, R was set to zero in order to simplify. 

To a correct stability all the coefficient must be positive. (Leandro. J. et al, 2014) 

 𝒉𝒊
𝒕+𝟏 = 𝒉𝒊

𝒕 (𝟏 −
∆𝒕

𝟐𝑨𝒊
∑𝒂𝒊𝒋

𝟒

𝒋=𝟏

 ) +
∆𝒕

𝟐𝑨𝒊
∑𝒂𝒊𝒋𝒉𝒋

𝒕

𝟒

𝒋=𝟏

 (19) 

Where  𝒂𝒊𝒋 = 𝒖𝒊𝒋𝑳𝒊𝒋; and replacing  𝒖𝒊𝒋 

 𝒂𝒊𝒋 =
𝒉𝒊𝒋

𝟐 𝟑⁄

𝒏𝒊𝒋

𝑰𝒏,𝒊𝒋

√𝑰𝒎,𝒊𝒋

𝑳𝒊𝒋 (20) 

Also, it is important that during a flood, some cells can switch from dry to wet and vice-

versa, meaning that is necessary leading with movable boundary conditions. To solve it 

a new parameter called 𝝋𝒋 is introduced: 

 
𝒉𝒊

𝒕+𝟏 − 𝒉𝒊
𝒕

∆𝒕
+

𝟏

𝑨𝒊
∑𝝋𝒋𝒉𝒊𝒋𝒖𝒊𝒋𝑳𝒊𝒋  =  𝑹

𝟒

𝒋=𝟏

 (21) 

𝝋𝒋 is a parameter which is equal to 1 if the water depths is greater than 0 in the next time 

step, but it takes values between 0 and 1 on the contrary, in order to prevent from 

negative water depths values. For mor details, please refers to (Leandro. J. et al, 2014) 

 

3.4.3. Iber 

Iber is a 2D hydraulic model created for the simulation of free surface flow in rivers and 

estuaries, currently, Iber has several modules and it can solve hydrodynamics, 

turbulence, sediment transport, water quality processes and habitat of fishes. (Iberaula, 

2020).  

 

It was initially developed as the result of a collaboration between the Centre for 

Hydrographic Studies (CEDEX), the environmental Engineering Group, Flumen Institute, 

and the international Centre for Numerical Methods in Engineering (CIMNE). The 

preliminary version was created within the RAMFLOOD European project (Bladé. E. et 

al, 2009), integrating a hydraulic numerical model (CARPA) in a friendly interface (GiD). 

Later it was included another hydraulic numerical model (TURBILLON) in 2010. 

 

In this project only the hydrodynamic module and the hydrological aspects of Iber will be 

used. Its boundary and internal conditions are interesting when modelling 

 

Iber also solves the SWE equations but including the effects of the turbulence and wind 

tangential friction (Bladé. E. et al 2014) to solve them it offers three numerical scheme a 

first order scheme, a second order scheme, and a DHD (Decoupled Hydrological 
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Discretizacion); this third scheme is the most adequate for involving surface runoff in 

rural and urban basins.  

 

The key of a DHD is that the three equations of the 2D SWE are discretized 

independently from each other, and then the system is decoupled in a mathematical 

sense. This made it simpler to code and reduce the computational cost per time step. 

 

 

3.5. Coupled models 

This section is about those coupled models used. Iber and PCSWMM have been used 

together to obtain results, however they do not work as a coupled model, it means, they 

work off-line, it is necessary to copy the output from PCSWMM to introduced as an input 

in Iber. Thus, only PCSWMM/PDWave works as a couple model, in this case, both 

models will run at the same time because of the Dynamic Link Libraries (DLL). 

3.5.1. PCSWMM/PDWave 

SWMM structure is written in C++ which make possible to introduce it as a function inside 

the DLL. This allows linking the model without change the code, simply it is necessary 

add some functions which provide the ability of communicating with the 2D model. 

(Leandro and Martins, 2016). These functions communicate: SWMM-Link, SWMM-to-

2D, and 2D-to-SWMM. SWMM-link makes possible to extract the ID, crest, elevation, 

simulation time, and time step of the linked nodes. SWMM-to-2D extracts the water level 

at each time step and takes node ID indices to exchange the discharge flow. And finally, 

the 2D-to-SWMM function exchanges the discharge between both models based on the 

1D/2D link discharges subroutine from the 2D overland flow model. (Leandro and 

Martins, 2016) 

Discharge are based on the water level ate the surface and the hydraulic head plus the 

ground surface elevation in the manhole; and follows the next equations: 

If the water level in 1D is under the water level 2D and it has not reached the surface, 

then the discharge follows a weir equation. 

 
𝑸 = 𝒄𝒘𝒘𝒉𝟐𝑫√𝟐𝒈𝒉𝟐𝑫 (22) 

Where: 

• 𝑄 is the flow in m/s 

• 𝑤 is the weir crest width in m 

• 𝑐𝑤 is the weir discharge coefficient 

• ℎ2𝐷 height in the 2D model in m 

 

If the water level in 1D is below water level in 2D but has reached the surface, then the 

discharge follows an orifice equation. 
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𝑸 =  𝒄𝟎𝑨𝒎𝒉√𝟐𝒈(𝒉𝟐𝑫 + 𝒁𝟐𝑫 − 𝒉𝟏𝑫) (23) 

Where: 

• 𝐴𝑚ℎ is the manhole area in m2 

• 𝑐0 is the orifice discharge coefficient 

• ℎ1𝐷 is height in the 1D model 

• 𝑍2𝐷 is the grounf surface elevation. 

 

If the water level in 1D is under water level in 2D, then the discharge follows an orifice 

equation. 

 
𝑸 = −𝒄𝟎𝑨𝒎𝒉√𝟐𝒈(𝒉𝟏𝑫 − 𝒁𝟐𝑫 − 𝒉𝟐𝑫) (24) 

 

There is a second subroutine which is used to synchronize the time steps of the two 

models, because time step in SWMM is always larger than in PDWave.Thus, the run 

time of SWMM is used as synchronization time (𝑇𝑠𝑦𝑛𝑐); and the PDWave timestep is 

adjusted when the 2D model run time should exceed this time. Also, it would be possible 

to set the time step in SWMM equal to time step in PDWave, nevertheless the model 

would stop of being so low computational effort due to the high level of communication. 

 ∆𝒕𝟐𝑫 =  𝒎𝒊𝒏 {(𝑻𝒔𝒚𝒏𝒄 + ∆𝒕𝟏𝑫 − ∑∆𝒕𝟐𝑫) , ∆𝒕𝟐𝑫} (25) 

Where: 

• ∆𝑡2𝐷 is the time step in 2D 

• ∆𝑡1𝐷 is the time step in 1D 

• 𝑇𝑠𝑦𝑛𝑐 is the synchronication time 

In Leandro and Martins, 2016; more details are given. 
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3.6. Model structures 

This section explains the model configuration proposed for the simulations, the target of 

trying with different model structures is to find the one which represent the real flooding 

most reliability. A huge problem related to this flooding event is that there is no 

information about the flood extension and depths, or at least, it is not easily available. 

 

To face this problem the choice of the most fit model structure is done based on two 

data, the real damage measures after the flooding, and the water depth information that 

is possible to obtain from the videos and pictures made by the people. Of course, the 

problem of this last resource is that the date of these videos and pictures are not usually 

known, thus, this data is able to check if the maximum water depth obtained  

3.6.1. Model structure 1 On-line. External Boundaries 

The first model structured proposed is the most intuitive one, it consists in take the whole 

catchment area and cut the streams just before arriving the city.  

 

This way most of the hydrology process is generated rapidly by PCSWMM (1D), and 

only the city area, where really it would be important obtaining results in two dimensions 

is run by PDWave (2D).  

 

The water is simply discharged on the upper part of the 2D model and it is possible to 

observe its interaction with the urban elements. 

The time of run is then decrease drastically.  

 
Figure 22. Model Structure 1 On-line with external boundaries. Simulated with PCSWMM and PDWave. 



 

30 
Doc Nº1 PROJECT REPORT 

3.6.2. Model structure 2 On-line. Internal Boundaries 

The second model structure stem from the reasoning about the behaviour of the water 

in an urban area, normally the water is diverted by the buildings and channelized by the 

streets. (Mollá. I, 2020). 

 

Keeping this idea in mind, the next model structures hold the original water paths 

obtained from PCSWMM but connect them along its route with the 2D model (PDWave).  

The connections were made in singular points, always before and after the highway (re-

dimensioning the section to the real transversal drainage works), and also in those points 

where due to the topography or the shape of the path were susceptible of surcharging 

(wide streets, sharp twists, low altitude areas, etc). 

 
Figure 23. Model Structure 2. On-line with Internal boundaries. Simulated with PCSWMM and PDWave. 

3.6.3. Model structure 3 On-line. Mixed Boundaries 

This model structure was though after observing the results obtained from the previous 

model structures, the idea was to mix both concepts of the structures and to have 

intermediate results.  

Then, the original water course has been cut in several tails. The functioning is as follows, 

the water is routed until an outfall, where all the water is poured and entries in the 2D 

model, once in the 2D model, the water will expand until it find a manhole where is 

absorbed and introduced in the 1D model again and the process is repeated. Also these 

cuts were made in singular points; just before the highway and having the opportunity of 

adapting the conduit to the real section of the transversal work, or in a wide area where 

the water would expand it, etc). 
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Figure 24. Model Structure 3. On-line with mixed boundaries. Simulated with PCSWMM and PDWave. 

3.6.4. Model structure 4 Off-line. External Boundaries 

This structure is thought to try the functioning of Iber. The main difference with this 

structure regarding the previous is that the simulation is done off-line, meaning that it 

does not exist a couple possibility of both software. Thus, the PCSWMM model must be 

run, and then the outputs in the outfalls (Flow), must be introduced as an input in the 2D 

model. Iber allows input data only in the border that is why the model structures 1 and 2 

cannot be replicated in Iber. 

 
Figure 25. Model Structure 4. Off-line with External boundaries. Simulated with PCSWMM and Iber 
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3.7. Flood protection measures 

This project consists in the pre-dimensioning of flood protection measures, that is why 

the design of the infrastructure is made roughly. In a first step, it has been calculated 

according to theoretical knowledge and equations, and then it has been adjusted under 

the model results. 

3.7.1. Channel 

Two types of channel have been planned in the project; concrete covered or bare ground. 

Concrete covered channels have a flow capacity significantly more effective than bare 

ground channel; however, these last are a more environmentally friendly alternative. 

Thus, if bare ground channel is used, other measures must compensate the lack of 

capacity. To do the design, the manning equation has been used: 

 𝑰 =
𝒏𝟐 𝒗𝟐

𝑹𝒉
𝟒

𝟑⁄
    𝒗 =

𝑰
𝟏

𝟐⁄  𝑹𝒉
𝟐

𝒏
        (26) 

 

Where  

• V is velocity 

• n is the manning number 

• I is the slope  

• Rh is the hydraulic radius. Area divided by perimeter 

 𝑸 =
𝑰
𝟏

𝟐⁄   𝑺 𝟓
𝟑⁄

𝒏   𝑷
𝟐

𝟑⁄
 (27) 

The idea is draining as much water as possible using reasonable sections. It must be 

considered that in case of concrete covered channels, it will be necessary to reinforce it 

with steel bars.  

3.7.2. Detention ponds in the city 

A detention pond is an infrastructure which retains water temporally in case of flooding 

but remains dry in any other case. In this project, they will be located downstream the 

channels, so in a normal situation they will be never flooded. It could be considered that 

is placed outside the water course, since the presence of water will be a rare 

phenomenon. When this event occurs the land upstream are flooded and the injured 

must be compensated.  

They must be count with pipes that must be doubled to drain the water in case of flooding, 

and with a spillway for security. 

The pipes are designed according to the equation Darcy-Weisbach. 

 𝑰 =
𝒇

𝟒𝑹𝒉

𝒗𝟐

𝟐𝒈
 (28) 
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Where  

• V is velocity 

• g is the gravity  

• I is the slope  

• Rh is the hydraulic radius. Area divided by perimeter 

• f is the Darcy-Weissbach friction factor, which is calculated according Colebrook: 

  (29) 

Where  

• RR is the relative rugosity. Absolut rugosity divided by the pipe diameter. 

 

It counts with a spillway, but the dike is design to never be overflowed, that is why the 

spillway have not been drafted. 

The dam could be made of concrete (gravity dam), earth dam or some intermediate 

solution such as CSG (Cemented, Sand and Gravel), FSHD (Faced Symmetrical Hardfill 

Dam), and CMD (Cemented Material Dams). Defined in Lopez de Lucas, M. M., 2016 

and Sakamoto et al, 2007. For the economic assessment, it is going to be assumed that 

the earth dam is chosen. 

3.7.3. Detention ponds outside the city 

A detention pond will be designed to retain water temporarily. This is not a constructive 

project, so it has not been engineered just roughly drafted. For this, it is necessary to 

obtain the capacity curve of the reservoir, that is, the one that relates the height to the 

volume (obtained from ArcGIS). Then, the bottom outlet will be designed according to 

Darcy-Weisbach; and the spillway must be design according to the next equation (Design 

of Small Dams, 1987): 

 𝑸 = 𝑪 𝑳 𝑯
𝟐

𝟑⁄  (30) 

Where  

• C is the coefficient of discharge 

• L is the length of the spillway 

• H is the height over the crest 

 

It is necessary doing an estimation of the behaviour of the dam under different return 

period events to assess the functioning of the dam and to check that none of the 

boundary conditions are unsatisfied (a limit in the height due to the presence of buildings 

in the upstream, a limit in the outflow due to the risk of buildings in the downstream or 

the risk of overflow).  

The dam is an earth fill typology, as in the previous measure. 

3.7.4. Dry dams 

Dry dams are thought to be constructed in the upper part of the catchment area (Sumi, 

T.; 2010). There is not a main river or a proper topography for a large dam, that is why 
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the idea is to build several small dams. The concept is a group of followed small dams 

which will retain water and solids with a double target, to reduce lightly the peak of the 

flood and to avoid the dragging of soils and other materials, consolidating the riverbed. 

These dams will allow the water flowing as long as a certain limit is not exceeded; 

however, if the flow is greater the opening will not be able to drain all the water, and it 

will be dammed, until it reaches the weir, where it can flow freely.  

Two different concepts of dams are been mixed here: dry dams like the Huffman Dam in 

USA protecting the of Dayton, Ohio. (Miami, 2020); and check dams like the used in the 

mountain regions in the south of Germany which are designed according to DIN 19663 

(Figure 108). 

Another interesting solution that could be applied here would be the gabions dams, which 

are widely used in some countries of South America specially Mexico, however this study 

has not been done in this project because it was out of the limits of the Master Thesis. 

(Asael, E.; 2015) (López, R., Oropeza J.L., 2009)  

To this project it is going to be supposed a gravity dam, it is more adequate than an earth 

dam since the spillway has a significant important in the dam design. 

3.7.5. Floodwalls  

Floodwalls are an effective measure for protecting specific areas, such a key 

infrastructure (a hospital) or a neighbourhood. They can be movable or fixed. In this 

project it has been decided to use fixed floodwalls and they have been designed in 

concrete. The wall must be engineered to support the water force. (FEMA; 2013) 

3.7.6. Flood proofing buildings 

Flood proofing measures are resilience measures, meaning that they do not work in 

reducing the probability or avoiding the occurrence, but they work on reducing the 

vulnerability. Until certain limit, the damages will be minimum or negligible, but once 

exceeded that limit, the damage curve will be the same as before. 

Flood proofing measures are applied to buildings and can be classified in dry proofing 

measures or wet proofing measures.  

Dry proofing buildings are those that have protection to avoid the water to enter in the 

inner of the building, a solid wall surrounding the house, or the elevation of windows 

would be dry proofing measures; whereas the adaptation of the floor to a certain height 

of water without causing damages would be wet proofing measures, by elevating 

household facilities or moving them to the next floor. (FEMA, 2013). 

In this project are going to be applied fry proofing measures, this kind of measure have 

a limitation of water depth over which should not be used under risk of collapse. 
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3.8. Flood protection scenarios 

The proposed flood protection measures have been combined to create different 

scenarios; the combination has been made according to technical criteria.  

It was decided to set up 4 scenarios:  

• Scenario 0. Current scenario. No measures are applied. 

• Scenario 1. Centralized scenario. It tries to solve the flooding problems with as 

few elements as possible, it means, using efficient infrastructures without 

considering the environmental impact. It consists in two channels, one in the 

south and one in the north of the city which drain the water and take it surrounding 

the city until it reaches the coast, for a better operation they are covered with 

concrete; the water that cannot be drained, is retained by two dykes that protect 

the urban zone, then the water storage back these dykes is alleviated through 

their bottom outlets. In the north part, where there is no available land to build a 

dyke in the urban area after the channel, a retention basin has been planned 

before the channel, in a Golf Club area. Finally, flood proofing measures will be 

applied in the exposed buildings. 

• Scenario 2. Decentralized scenario. It uses less effective infrastructure but 

causing lower impact, consequently, it needs additional measures. It consists in 

the same both channels described above, but without concrete, therefore the 

channels are significantly reduced in capacity. To compensate this lack of 

capacity, several dry dams have been designed in the upper part of the 

catchment. Then, the water that could not be alleviated would be storage in a 

wider area (wider than the detention ponds in the city) farther on the city by 

adapting the highway AP7. Also, additional channels would be designed 

downstream the highway detention ponds if it is necessary drain too much outflow 

water. Finally, as in scenario 1 centralized, flood proofing measures will be 

applied in the exposed buildings. 

• Scenario 3 Flood proofing scenario. Only flood proofing measures are applied 
Table 4. Summary of measures in each scenario. 

 Scenario 0  
Current 

Scenario 1 
Centralized 

Scenario 2 
Decentralized 

Scenario 3 
FProofM 

Channels X 2 3 X 

Detention ponds (urban 
area) 

X 2 X X 

Detention ponds (non-
urban area) 

X 1 2 X 

Dry dams X X 8 X 

Flood Proofing Measures X ok ok ok 

 

3.8.1. Scenario 0: Current Scenario 

The scenario 0 consists in the current scenario, without applying measures 
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3.8.2. Scenario 1: Centralized  

Above is observed and scheme of the scenario 1. Centralized, consisted in channels in 

the north and south, the two detention ponds in the city with their respective outlets, and 

the detention ponds outside the city in the north. 

 
Figure 26. Scenario 1. It can be observed the two channels and the two detention basins in the city with 

their respective bottom outlets and spillways. Also, in the north part is found the detention basin. 

3.8.3. Scenario 2: Decentralized  

Above is observed a scheme of Scenario 2, formed by 3 channels, two detention ponds 

outside the city, and 8 dry dams. 

  

Figure 27. Scenario 2. It can be observed three channels, two detention basins upstream the highway with 
their respective spillways, bottoms, and channels to diverse the water. In the left are represented the eight 

dry dams. 

3.8.4. Scenario 3: Flood proofing buildings 

Scenario 3 Flood proofing buildings does not have infrastructures. 
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3.9. Flood risk analysis 

In this section is explained how the risk analysis has been done. The input data to 

perform it are the flood map obtained from the different used software, to do it, it is 

necessary to convert the data to ASCII files.  

The complete procedure to do the risk analysis starts with a risk assessment of the city, 

to do it, the damage produced in each building is sum, once this task is realized the 

procedure must be repeated with different storms associated to other probabilities, when 

the total damage is known for enough probabilities, the total risk of the city can be 

computed.  

In this project, several scenarios of flood protection are proposed, to analyse the 

suitability of them the next step would be to compute the economic cost.  

Finally, by comparing risk and cost, a comprehensive risk analysis can be performed.  

3.9.1. Expected annual damage  

All the process is based on the measurement of the flooding depth 1 metre around the 

building. 

3.9.1.1. Data management. 

This part has been performed with ArcGIS. The first step was to eliminate the holes 

between buildings, which can be produced by existing inner courtyard or by closeness 

to other buildings, the solution consisted in filling this holes by merging the buildings; this 

step was achieved by converting the polygons in polylines and then in raster. 2664 

buildings were obtained. (The increment of the building area will be considered later). 

The next step would consist in using the buffer tool to obtain a contour of each building 

to cross this information with the maximum depth flood maps. 

 
Figure 28. Procedure to obtain the maximum flooding depth around each building. 

Then, a MATLAB program made by me is used to read all the information associated to 

each building (identification number, area, depths) 

 

3.9.1.2. Damage curve 

To compute the damage is necessary using a damage curve, that relates the depth with 

a certain percentage or value of damage. This curve used to be obtained empirically and 

depends on the type of building, the land use, the economic zone, and more factors. 
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To perform this project a vulnerability curve from (CHJ, 2013) has been used. This 

damage curve represents the damage produced in a house in the ground floor. To do an 

accurate damage assessment each land use must have an associated curve, however, 

this task would be too laborious, so it was decided to assume that all the buildings have 

houses in the ground floor.  

On the other hand, this curve has been performed using data from the county Marina 

Alta, which belongs to another region, but geographically is close to Los Alcázares. 

 
Figure 29. Vulnerability curve for residential use in the ground floor. Source: CHJ 2013. 

This vulnerability curve relates each depth with a percentage of damage, henceforth, to 

obtain the economic damage the percentage must be multiplicated with the house value, 

and the house value is obtained by multiplying the price per square metre and the living 

area. To this project the house price per square metre is 1229.44 €/m2 (Habitaclia 2020). 

To obtain the percentage in the curve, the average depth is used. 

 𝑫𝒂𝒎𝒂𝒈𝒆 =  𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 (𝑪𝒖𝒓𝒗𝒆 𝒗𝒂𝒍𝒖𝒆) ∗ 𝑨𝒓𝒆𝒂 𝒐𝒇 𝒃𝒖𝒍𝒅𝒊𝒏𝒈 ∗ 𝟏𝟐𝟐𝟗. 𝟒𝟒 (31) 

Once the economic damage of each building is computed, the total amount is calculated, 

then, the final number must be multiplied with a reduction factor which relates the real 

area with the area of buildings in ArcGIS. The reduction factor is 0.937 

So far it will be enough in case the target is simply to compare total damage. 

 

3.9.1.3. Total risk 

The damage assessment should be perform for as much return period as reasonable 

possible to obtain an accurate value of the total risk, in this project the simulation has 

been made for the return periods: 5, 10, 25, 50, 100, and 500 years, meaning 

probabilities of 0.2, 0.1, 0.04, 0.02, 0.01 and 0.002; according to the equation below. 

 𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒐𝒇 𝒆𝒙𝒄𝒆𝒆𝒅𝒂𝒏𝒄𝒆 =
𝟏

𝑻
  (32) 
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The exactly total risk would be the area under the curve damage-exceedance probability. 

In this project only 6 points of this curve are known, the part of the curve associated with 

probabilities lower than 0.2 can be neglected since it is considered that the sewer 

network would absorb storms of return periods between 2 and 5 years. Thus, the general 

trapezoidal method for N scenarios would be the most proper to match the real value. 

 
Figure 30. Slide from the lesson Risk Quantification. Subject: Flood Risk and Flood Management. 

Leandro., J. 2019. 

3.9.1.4. Uncertainty  

In this process, several assumptions have been taken, also involving several 

uncertainties, however, they are not been considered. That is why, it was decided to 

compute the maximum and minimum damage for each scenario, to do it the same 

methodology is followed but obtaining in the vulnerability curve the percentage 

corresponding to the maximum or minimum value instead of the average. This way, an 

area of uncertainty can be defined. 

 

 

3.9.2. Economic costs 

This section explains the methodology followed to assess the economic cost of each 

measure, and consequently the cost of each scenario.  

To perform this task, the units of each of the elements which form a scenario are 

measurement, then based on an existing project, a price per unit of work is given 

considering the whole process: Materials, salaries and indirect costs. 

 

3.9.2.1. Channels 

Two different channels have been planned for the scenarios, trapezoidal shaped and 

rectangular shaped. Then, these channels have been designed to be covered by 

concrete or to remain in bare soil. To dig the channel have been defined to prices.  

• A price of 2.19 €/m3 of soil in case of excavating in slope, using a bulldozer or 

another hydraulic excavator, including salaries and transport to a landfill. (Typsa 

2019). 
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• A price of 7.22 €/m3 of soil in case of digging in trench, in all kind of soils, 

including the trench shoring, a hydraulic excavator, a pump to drain the water, 

salaries, and the transport to landfill. (Typsa 2019). 

Channels without concrete have no more costs, channels covered by concrete can be 

with reinforced concrete or with mass concrete. According to (Blazquez. F., 2007), both 

should have a concrete thickness between 0.1 and 0.20 cm (to this project 15 cm has 

been chosen). In case of mass concrete, the concrete has better performance, in case 

of reinforced concrete, each channel has one layer of steel mesh with longitudinal bars 

of 20mm and transversal bars of 12mm diameter, both types of bars are separated each 

20 cm. (Molla. I., 2017). 

 

• A price of 125.63 €/m3 of concrete in case of mass concrete for ditch in slope, 

including formwork, salaries, joints, and finish. (Typsa 2019). 

• A price of 96.51 €/m3 of concrete in case of reinforced concrete HA-30, including 

vibrators, electricity generator, concrete pump, salaries, joints, and finish. (Typsa 

2019). 

• A price of 1.4 €/kg of corrugated steel bars for reinforced concrete, including, 

bending, cutting, preparation, and salaries (Typsa 2019). 

 

3.9.2.2. Dams or levees 

The dykes can be earth fill dam or gravity dams, they will be made in mass concrete, but 

they will have reinforced concrete in the most exposed zones (the spillway). 

• A price of 30 €/m3 of loose material for an earth fill dam. To simplify, it has been 

supposed a homogeneous earth fill dam. (Lopez de Lucas, M.M., 2016). 

• A price of 88.12 €/m3 of mass concrete for a gravity dam, including formwork, 

salaries, joints, and finish. (Typsa 2019). 

• A price of 1.4 €/kg of corrugated steel bars, including, bending, cutting, 

preparation, and salaries (Typsa 2019). 

 

3.9.2.3. Spillway 

A spillway as a separate element are thought to earth dams, in gravity dams the 

downstream slope serves as a spillway. 

• A price of 88.12 €/m3 of mass concrete for the spillway support, including 

formwork, salaries, joints, and finish. (Typsa 2019). 

• A price of 100.87 €/m3 of concrete in case of reinforced concrete HA-30 for piers, 

pillars, slabs, and walls, including vibrators, electricity generator, concrete pump, 

salaries, joints, and finish. (Typsa 2019). 

• A price of 1.4 €/kg of corrugated steel bars, including, bending, cutting, 

preparation, and salaries (Typsa 2019). 

 

3.9.2.4. Pipes 

Only the reinforced concrete pipes for the city dikes are considered here, since cause a 

considerable impact on the final budget. In the case of the dry dams, the detention ponds 

in the Golf Club and the highway adaptation are not considered 

• A price of 7.22 €/m3 of soil in case of digging in trench, in all kind of soils, 

including the trench shoring, a hydraulic excavator, a pump to drain the water, 

salaries, and the transport to landfill. (Typsa 2019). 
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• A price of 533.57 €/ml of reinforced concrete pipe with a nominal diameter of 

2000 mm, a break load of 135 kN/m2 and resistance against sulphates, made by 

vibro-compression. Including vibrators, transportation, colocation, salaries, and 

joints; but not excavation. (Generador de precios. Espacios Urbanos. España). 

• A price of 816.31 €/ml of reinforced concrete pipe with a nominal diameter of 

2000 mm, a break load of 135 kN/m2 and resistance against sulphates, made by 

vibro-compression. Including vibrators, transportation, colocation, salaries, and 

joints; but not excavation. (Generador de precios. Espacios Urbanos. España). 

 

3.9.2.5. Floodwalls and levees 

Floodwalls are used in those places where a protection barrier for houses is needed. 

These protection barriers could be a floodwall or a levee, depending on the 

characteristics. The prices are the following: 

• A price of 253.56 €/ml of concrete floodwall of 0.61 metres ($92/foot for 2 feet 

height wall), including the whole process (FEMA 551) 

• A price of 385.85 €/ml of concrete floodwall of 1.22 metres ($140/foot for 4 feet 

height wall), including the whole process (FEMA 551) 

• A price of 537.43 €/ml of concrete floodwall of 1.83 metres ($195/foot for 6 feet 

height wall), including the whole process (FEMA 551) 

 

• A price of 165.36 €/ml of berm/levee of 0.61 metres ($60/foot for 2 feet height 

wall), including the whole process (FEMA 551) 

• A price of 292.14 €/ml of berm/levee of 1.22 metres ($106/foot for 4 feet height 

wall), including the whole process (FEMA 551) 

• A price of 468.53 €/ml of berm/levee of 1.83 metres ($170/foot for 6 feet height 

wall), including the whole process (FEMA 551) 

 

3.9.2.6. Flood proofing measures 

It has been assumed that dry floodproofing are applied to every house instead of 

studying each case to determine if wet floodproofing are better. Between the most typical 

dry flood proofing measures, it has been chosen the next one: 

• A price of 31.65 €/m2 ($ 3.5/ square foot) of concrete block or brick-faced wall 

that is waterproofed by applying a polyethylene sheet or other impervious 

material and covering with a facing material such as brick. (FEMA 551) 

 

Waterproofing wall is effective reducing the damages in buildings, but it needs some 

additional measures such as reinforcing walls, floor slabs or backflow valve preventing 

from elevations in the sewer system. It should never exceed 1 metre of height and the 

impervious layer has a useful life of 30 years (FEMA 2015) 

• A price of 2000€ per building block, used for reinforcing walls, adapting doors to 

be waterproof, rising low windows, etc. 

 

3.9.2.7. Indemnities. 

In case of extreme event, the injured claimants due to the detention ponds, must be 

compensated. For the owners of the Golf Club it was estimated in: 
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• A price of 500000€ for adapting the golf club to be a detention pond that will be 

paid the first time, and when the water reached a depth of more than 6 metres of 

water (Aymerich, F. and Anabitarte, J.; 2016) 

• A price of 50000€ when the golf club suffers a flooded of more than 4.5 meters 

of water (Aymerich, F. and Anabitarte, J.; 2016) 

For the farmers of the detention pond in the city area, upstream the highway and in the 

upper part of the catchment area: 

• A price of 9000 €/ ha for compensating the farmers that have been suffered 

flooding in their lands. In PCSWMM is considered flooding when the water 

remains more than 3 hours in their farms. In PDWave will be evaluated visually. 

(ECREA, 2016 (1)) (ECREA, 2016 (2)). 

 

3.9.2.8. Uncertainty 

The uncertainty in the cost is going to be considered a percentage of the total cost, it 

has been supposed an uncertainty of ±15%. 

 

 

3.9.3. Decision making  

3.9.3.1. NPV  

It is important to compute the NPV of both, risk and cost; in fact, the value calculated in 

3.9.1.3 corresponds to the total risk per year, but it must be considered the risk 

accumulated in each year. To do it the next formula has to be used, also a discount rate 

of 10% and a total useful life of 50 years has been supposed. 

 𝑵𝑷𝑽(𝒊,𝑵)  =  ∑
𝑹𝒕

(𝟏 + 𝒊)𝒕

𝑵

𝒕=𝟎

 (33) 

Where  

• i is the discount rate. 

• t is the year. 

• Rt is the value corresponds to the year t. 

• N is the total of years. 

 

For the costs, a spent of the 0.05% of the total budget (without considering dry 

floodproofing measures) will be assumed as operation and maintenance costs, also, at 

30 years after applied, the waterproofed sheets protecting the walls, must be replaced 

costing the same as the first time. 

 

3.9.3.2. CBA 

The CBA analysis consist in a graph where costs are represented in x-axis and risks in 

the y-axis, to a better visualization of the data, the risk and cost can be normalized with 

the same value. In this graph is easy to observe the line risk=cost, the optimal solution, 

the risk aversion solution, and the risk seeking solution. 

 

3.9.3.3. Uncertainty  
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Uncertainty can be also considered in this CBA analysis, being displayed as a range in 

the graph. To this uncertainty are assumed the values calculated in the previous sections 

 

3.9.3.4. Sensibility 

A sensitivity analysis is a good choice for finding the optimal level of protection within a 

specific solution with a variable measure. In this project this have been realized in the 

most efficient scenario by varying the dry floodproofing measure height. 
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4. Results 

4.1. Comparison of model configurations 

Figure 31, Figure 32, Figure 33, and Figure 34 shows the maximum depth of the event 

produced between the 11th and 14th of September for each model structure  

 
Figure 31.Model Structure 1. On-line with External boundaries. Maximum depth Event September 2019. 

 
Figure 32 Model Structure 2. On-line with Internal boundaries. Maximum depth Event September 2019. 
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Figure 33. Model Structure 3. On-line with Mixed boundaries. Maximum depth Event September 2019. 

 
Figure 34. Model Structure 4. Off-line with External boundaries. Maximum depth Event September 2019. 
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Calculating the damages for each scenario and their uncertainty ranges, the following 

values are obtained. 

 
Table 5. Estimate damage for each model structure including a range of uncertainty for each of them. 

 
 Minimum damage Estimated damage Maximum damage 

M.Struct 1. Online Ext.      98,566,463 €     363,438,640 €         704,597,899 €  
M.Struct 2. Online Int.      18,862,800 €     122,045,804 €         390,138,029 €  
M.Struct 3. Online Mix.    216,390,166 €     563,700,792 €         929,164,147 €  
M.Struct 4. Offline Ext.    284,469,587 €     800,190,425 €     1,395,978,810 €  

 

The real damages produced are unknown because the CCS is still compensating the 

families, but according to several newspaper they are estimated between 100 and 400 

million of euros. 

The 17th of September of 2019, the townhall estimated the produced damages in 100 

million of euros, according to La Opinión (La Opinión, 2019). 

The 25th of September of 2019, the regional government estimated the produced 

damages in 400 million of euros, according to Onda Regional (Onda Regional, 2019). 

And the 17th of February of 2020, the townhall modified the first number and quantified 

the damage produced in 200 million of euros (El Diario, 2020). This article talks also 

about the drama of people that want sell their houses but do not found buyers.  

 

 
Figure 35 Damage estimation by the simulations for each scenario and their calculated uncertainty plotted 

together the estimated damages by different administrations. The maximum value of Mod Struct 4 is 
outside the range the y-axis in order to a better visualization of the estimated damages. 

To help in the analysis about the most appropriate model structure, a study in detail of 

the bridge are has been done. A video found in youtube from the 13th of September in 

some hour with daily light shows different points where the water depth can be roughly 

measure. 
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Figure 36. Detail of the flood in the torrent bridge. A box points to a singular building in each flood map. 

  

Figure 37. In the left, the Online_External simulation is plotted with a real ortophoto. In the right it can be 

observed the water depth on the box somewhen at 13th September, the water reaches almost 2 metres. 
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Figure 38. Photos from the points 1, 2 and 3 pointed above. This photos have been obtained from a 
youtube video. 

 

4.2. Scenarios measures 

4.2.1. Scenario 0. Current situation 

There is no information about scenario 0 since there are no measures. 

4.2.2. Scenario 1: Centralized  

Channels 

The first channel is located in the south of the city, where a previous but not useful 

channel already existed, is called Channel_D7 and is designed to drain the water which 

comes from the first water course with a peak of more than 550 m3/s and a total of water 

of 14 hm3. The channel has a trapezoidal section as the shown below, and a theorical 

capacity of 285 m3/s. Calculated according to (27).  

 

 

Height 3 m 

Width 8 m 

Lateral slope 2.5 m/m 

Length 1365 m 

Slope 0.0022 - 

Roughness 0.012 - 
 

Figure 39. Channel D7 characteristics. Scenario 1: Centralized 

1 2 3 

Almost 2 m ≈ 2.5 m 

> 3 m 

≈ 1.5 m 
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Figure 40. Capacity of channel D7. Scenario 1: Centralized 

There is a second channel in the north of the catchment. This channel is located just 

downstream a detention pond and is called channel_north; it is formed by two different 

sections: a rectangular section of 512 metres which occupies less land and a trapezoidal 

section of 1994 metres. It is placed just downstream the detention ponds located in the 

north of Los Alcázares and is designed to absorb all the water that cannot be retained. 

Both parts have a capacity of 160 m3/s. 

 

 

Height 4 m 

Width 6 m 

Lateral slope 0 m/m 

Length 512 m 

Slope 0.0031 - 

Roughness 0.012 - 
 

Figure 41. Channel North part 1 Characteristics. Scenario 1: Centralized 
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Height 2.2 m 

Width 6 m 

Lateral slope 2.5 m/m 

Length 1993 m 

Slope 0.0042 - 

Roughness 0.012 - 
 

Figure 42. Channel North part 2 characteristics. Scenario 1: Centralized 

  

Figure 43. Capacity curve of channel north. In the left capacity of the rectangular section. In the right 
capacity of the trapezoidal section. Scenario 1: Centralized 

Detention pond in non-urban area 

The detention pond “Golf club” is the next flood measure. It is located just upstream the 

Channel North, and it leads with the fourth water course which bring 470 m3/s and a total 

of 10 hm3. In this area there is a Golf Club which has been flooded in the past. The idea 

is adapting the Golf Club, blocking the outlets it has for water and modifying slightly the 

hills close to the border to do them impervious. This way the golf club works as a retention 

basin for extreme events. The owners of course must be injured in case of damaged, but 

the city downstream keeps safe.  

Also, it must be ensured that the houses in the golf club do not suffer damages. 
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Figure 44. Golf club which will work as a detention pond. Left in ArcGIS Right real aspect.  

To design the dam elements, it is necessary doing a study of how the reservoir would 

behaviour with the flooding, in other words, it must be calculated step by step how much 

water comes into and how much goes out. The element that have influence are the 

spillway (its length and altitude) and the bottom outlet (its diameter), modifying this values 

it must be found the best values to reduce the peak of the flood without affecting the 

houses upstream which are located at an altitude of 17 m.a.s.l. 

The storage curve is essential to do this analysis, it has been obtained with ArcGIS. 

 
Figure 45. Storage curve for the detention pond. "Golf club reservoir". Scenario 1: Centralized 

The water flow through the spillway and the bottom outlet was calculated with an Excel 

sheet, such that it was easy to vary the numbers and observe the performance of the 

reservoir. Finally, it was chosen a spillway of 10 metres of length which is located at 14.5 

m.a.s.l., and a bottom outlet of diameter of 3 metres and two barrels. Calculated 
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according to (28) and (29) In the next figure it can be observed the performance of the 

reservoir. 

 
Figure 46. Reservoir "Golf club" when designed flood. In blue and orange are plotted the inflow and outflow 

(left axis). In grey is plotted the altitude (right axis). 

As it can be observed, the dimensions elected make possible to reach a compromise 

point where the flooding peak is halved, and the altitude remains close to 17. The outflow 

will be almost completely drained through the Channel North and the rest of the water 

will not cause damages due to the flood proofing measures. According Table 120, the 

water reaches 17.3 in the reservoir.  

 

Detention ponds in urban area 

Two ponds have been designed to be placed over agricultural land just upstream the 

city. These land areas can be used for farming, and only in extraordinary events, when 

the channels and the retention pond were unable of relief the water will be used as a 

detention pond, and in this case, the owners will be economically compensated.  

They consist in two earth dykes that reach 11.5 m.a.s.l, (the lowest point of the land is at 

7.3 and 7.4 m.a.s.l.). In addition, each of them counts with a doubled net of drainage 

pipes to alleviate the water, these pipes are made in concrete and drive the water to the 

sea. And lastly, each of them counts with a spillway of 10 metres of width which start to 

dump water at 10 m.a.s.l. 

  

Figure 47. Location of the detention ponds in urban area. 
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These dikes will have the following storage curves: 

 
Figure 48. Storage capacity of the detention ponds in urban areas. 

Table 6. Main Characteristics of the detention ponds in the city area. 

 Detention pond 1 Detention pond 2 

Height  3m 3m 
Max Stored Volume 807324 m3 143146m3 
Max flooded area 733664 m2 361644 m2 
Tr of flooding 50 50 

 

It was decided 10 metres above sea level was considered the Maximum Operation Level 

(MOL), although this is a detention pond and in normal conditions there will not be water; 

however, this name is used to compared with the different norms. Considering their 

height and volume of stored water, these dikes are classified as small dams according 

to the Spanish norm (BOE nº78, 1996) (Technical Guides on Dam Safety. Nº1, 2005); 

however, they are classified as medium reservoir according to the German norm 

(Bettzieche, V. et al., 20….) (DIN19700). Bettzieche, V. et al., 20…. recommends values 

of freeboard only for the cases of small and very small dams, in this case it would be 

0.80 metres for both dikes, BOE nº78, 1996 recommends values of at least 2 meters in 

case of earth fill dams. In the absence of a deeper technical study of wind and seismic 

considerations, it has been estimated to give a height between the dam crest and the 

spillway crest of 1.5 m. Thus, the maximum height of the dykes will be 11.5 m.a.s.l 

 

According to the Spanish norm, an earth fill dam never can be overflowed. In these dikes, 

in case of a flood greater than the one of design, the land in the extremes is located at 

an altitude below the spillway; thus, the spillway very rarely will be in use. That is the 

reason why the spillways have not been technically engineered but they were estimated 

with a width of 10 metres. The water proceeding from these spillways is collected by 

small channels designed to have the same width than the bottom outlet that are located 

just below them.  

 

The bottom outlets were calculated according to the equations (28) and (29). A double 

pipe was chosen for both detention ponds, for the first one with a diameter of 2.5 metres, 

having a capacity of 39.51 m3·/s and for the second one with a diameter of 2 metres 
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having a capacity of 25.94 m3/s. The diameters were elected according to market 

criteria, and space available in the urban area. They can drain almost all the flood of the 

design storm; the exceeding water would cause neglecting damages due to the flood 

proofing measures. 

 
Figure 49. Draft of channel and pipe laying for the dikes in the city. 

In the next picture it can be observed the two dikes burnt in the DEM to be run in the 

PDWave and the additional elements to be run in the PCSWMM 

 

 

 Dyke 1 Dyke 2 

Crest altitude  11.5masl 11.5masl 

Levee length 2083 m 1236 

Pipe length 1450m 1140m 
Pipe diameter  2.5 m 2 m 

Pipe slope 0.007 0.005 

Pipe roughness 0.01 0.01 

Spillway altitude 10 10 

Spillway width 10 m 10 m 
Channel length  1500 m 1113 m 

Channel width 2.5 m 2 m 
Channel depth 2 m 1.5 m 

Channel slope 0.007 0.005 
Channel rough. 0.012 0.012 

 

Figure 50. Dikes for the detention pond in the city. 
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Floodwalls and levees 

According to the estimations done for the detention pond outside the urban area, the 

reservoir would reach a head of 17.3 m.a.s.l. Consequently, it would be necessary to 

build a floodwall and two levees to protect certain areas. It was thought to design the 

floodwall parallel to the street to avoid the water scaping from the Golf Club Reservoir. 

To protect the houses in the tail of the reservoir, two levees have been designed. 

The floodwall is plotted in red in the figure below and has a total length of 514 metres 

and a height of 1.83 metres.  

The levees consist in two part of 130 and 365 metres and both will have a height of 0.61 

metres. They are plotted in yellow in the figure below. 
Table 7. Floodwalls an levees needed for applying scenario 1. 

 Length Height  

Floodwall 514 m 1.83 m 

Levee 365 m 0.63 m 
Levee 130 m 0.63 m 

 

 
Figure 51. Scheme of the floodwall and levees needed to build the detention pond outside the city. 

 

 

 

4.2.3. Scenario 2. Decentralized 

Dry dams 

The dry dams are divided in three groups, the group of dams 1 is located in the East of 

the catchment acting on creek 4 and is composed by two dry dams, the group of dams 

2 is located in the centre of the catchment also acting on creek 4 and is composed by 

three dams, and the last one is the group 3 located on the West of the catchment and 

composed by three dams that act on creek 1. 

The following tables show an overview of their technical characteristics on the left, and 

an overview of their behaviour with the event of September. 
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Table 8. Dry dam 1.2. (Left) Technical characteristics. (Right) Behaviour under the storm occurred in 

September 2019. 

Dry dam 1.2 

Foundation elevation 157.5 masl  First flooding (Tr) 50 

Top elevation 162 masl  Max elevation water 161.68 masl 
Spillway elevation 160 masl  Max flow spillway 141065 l/s 

Length Spillway 20 m  Max flow bottom out. 41700 l/s 
Bottom outlet radius 0.75 m x 2  Max flow in total 165900 l/s 

Length  214 m  Max inflow 177900 l/s 
Max flooded area 98814 m2  Max stored volume 173778 m3 

 

 
Table 9 Dry dam 1.1. (Left) Technical characteristics. (Right) Behaviour under the storm occurred in 
September 2019. 

Dry dam 1.1 

Foundation elevation 139 masl  First flooding (Tr) 50 
Top elevation 144 masl  Max elevation water 143.77 masl 

Spillway elevation 142.5 masl  Max flow spillway 119404 l/s 
Length Spillway 25 m  Max flow bottom out. 49600 l/s 

Bottom outlet radius 0.75 m x 2  Max flow in total 149600 l/s 
Length  222 m  Max inflow 179400 l/s 

Max flooded area 186206 m2  Max stored volume 391506 m3 
 

 
Table 10. Dry dam 2.3. (Left) Technical characteristics. (Right) Behaviour under the storm occurred in 
September 2019. 

Dry dam 2.3 

Foundation elevation 154 masl  First flooding (Tr) 25 

Top elevation 159 masl  Max elevation water 158.7 masl 
Spillway elevation 157.5 masl  Max flow spillway 92035 l/s 

Length Spillway 21 m  Max flow bottom out. 41829 l/s 
Bottom outlet radius 0.75 m x 2  Max flow in total 126600 l/s 

Length  371 m  Max inflow 131500 l/s 
Max flooded area 65885 m2  Max stored volume 100208 m3 

 

 
Table 11. Dry dam 2.2. (Left) Technical characteristics. (Right) Behaviour under the storm occurred in 
September 2019. 

Dry dam 2.2 

Foundation elevation 148 masl  First flooding (Tr) 50 
Top elevation 153 masl  Max elevation water 152.26 masl 

Spillway elevation 151 masl  Max flow spillway 93885 l/s 
Length Spillway 20 m  Max flow bottom out. 37927 l/s 

Bottom outlet radius 0.75 m x 2  Max flow in total 123200 l/s 
Length  316 m  Max inflow 126500 l/s 

Max flooded area 76012 m2  Max stored volume 166725 m3 
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Table 12. Dry dam 2.1. (Left) Technical characteristics. (Right) Behaviour under the storm occurred in 

September 2019. 

Dry dam 2.1 

Foundation elevation 145 masl  First flooding (Tr) 50 

Top elevation 150 masl  Max elevation water 149.22 masl 
Spillway elevation 148 masl  Max flow spillway 89678 l/s 

Length Spillway 20 m  Max flow bottom out. 39819 l/s 
Bottom outlet radius 0.75 m x 2  Max flow in total 120800 l/s 

Length  209 m  Max inflow 122900 l/s 
Max flooded area 48703 m2  Max stored volume 89896 m3 

 

 
Table 13. Dry dam 3.3. (Left) Technical characteristics. (Right) Behaviour under the storm occurred in 
September 2019. 

Dry dam 3.3 

Foundation elevation 149.8 masl  First flooding (Tr) 50  
Top elevation 155 masl  Max elevation water 154.83 masl 

Spillway elevation 153 masl  Max flow spillway 164481 l/s 
Length Spillway 20 m  Max flow bottom out. 132975 l/s 

Bottom outlet radius 1 m x 2  Max flow in total 242400 l/s 
Length  223 m  Max inflow 255000 l/s 

Max flooded area 80177m2  Max stored volume 176598 m3 
 

 
Table 14. Dry dam 3.2. (Left) Technical characteristics. (Right) Behaviour under the storm occurred in 
September 2019. 

Dry dam 3.2 

Foundation elevation 145 masl  First flooding (Tr) 50 

Top elevation 150.5 masl  Max elevation water 150.24 masl 
Spillway elevation 148 masl  Max flow spillway 165713 l/s 

Length Spillway 15 m  Max flow bottom out. 128049 l/s 
Bottom outlet radius 1 m x 2  Max flow in total 231900 l/s 

Length  196 m  Max inflow 241100 l/s 
Max flooded area 85820 m2  Max stored volume 156884 m3 

 

 
Table 15. Dry dam 3.1. (Left) Technical characteristics. (Right) Behaviour under the storm occurred in 
September 2019. 

Dry dam 3.1 

Foundation elevation 140.25 masl  First flooding (Tr) 50 
Top elevation 145.75 masl  Max elevation water 145.74 masl 

Spillway elevation 143.75 masl  Max flow spillway 129010 l/s 
Length Spillway 10 m  Max flow bottom out. 114275 l/s 

Bottom outlet radius 1 m x 2  Max flow in total 201700 l/s 
Length  245 m  Max inflow 231500 l/s 

Max flooded area 193017m2  Max stored volume 457410 m3 
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Channels 

Channel D7 is the same as in scenario 1 centralized, the route is the same, but the 

section changes, and as was already described, the channel is in bare soil.  

 

 

Height 3.5 m 

Width 10 m 

Lateral slope 2.5 m/m 

Length 1365 m 

Slope 0.0022 - 

Roughness 0.025 - 
 

Figure 52. Channel D7 characteristics. Scenario 2: Decentralized 

 
Figure 53. Capacity curves of channel D7 (Blue) and of the channel North 1 and 2, and channel South 

(Green). Scenario 2: Decentralized 

The channel North is divided in 9 parts. 1 and 2 have a different section from the rest. 

Channel South is divided in 6 parts but works symmetrical to Channel North, thus the 

capacities are the same and that information is not repeated here. South channel has 

3852 metres of length. 
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Height 3 m 

Width 10 m 

Lateral slope 2.5 m/m 

Length 2505 m 

Slope 0.0029 - 

Roughness 0.025 - 
 

Figure 54. Channel North 1 and 2 characteristics. Scenario 2: Decentralized 

 

 

Height 3 m 

Width 6 m 

Lateral slope 2.5 m/m 

Length 506 m 

Slope 0.0045 - 

Roughness 0.025 - 
 

Figure 55. Channel North 3 characteristics. Scenario 2: Decentralized 

 

 

Height 3 m 

Width 6 m 

Lateral slope 2.5 m/m 

Length 1783.2 m 

Slope 0.0023 - 

Roughness 0.025 - 
 

Figure 56 Channel North 3-9 characteristics. Scenario 2: Decentralized 
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Figure 57. Capacity curves of channel North from 3 to 9. Scenario 2: Decentralized 

Channel_North from 3 to 9 collect the water coming from the spillways and bottom outlets 

of highway basin 2, channel 2 and 1 are design to collect the water from this last ones 

and bring it to the Minor Sea or a future wastewater treatment plant. 

 

Highway basins 

There are two basins consisting on an adaptation of the area upstream the highway. 

  

Figure 58. Detention basin Highway_2. In the left is showed the DEM elevation and selected the contour 
level17 masl; in yellow the needed levees, in red the floodwalls and in brown the earth dam. In the right an 

orthophoto of the area is observed. 
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The basin highway 2 is shown above and the basin highway 1 below; their reservoir 

capacities are plotted in the table below. Figure above shows also the contour line that 

defines the elevation 17 masl, that is the maximum level that water would reach with the 

rainstorm of September 2019; the impoundment area is stopped in the north because of 

the confluence of the contour line and the highway, in the south it will be finish in an earth 

dike that have to protect the houses and street in the other side. The detention pond 

counts with 3 spillways, two of them pouring water at level 14, and the third one pours at 

level 15 masl.  

 

Figure below points the contour level 14 masl, the maximum water level reached in this 

case; in the north the detention pond finishes in a street and a short floodwall, in the 

south the same. It counts with four spillways, that pour water at level 11.5 masl. 

  

Figure 59. Detention basin Highway_1. In the left is showed the DEM elevation and selected the contour 
level14 masl; also, the needed floodwalls (red) and the earth dam (brown). In the right an orthophoto. 

 
Figure 60. Reservoir capacities for the highway ponds. 
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A table now shows the main features of the respective earth dams 
Table 16 Overview of the main characteristics of the earth dams. 

Highway 1  Highway 2 

Length  1836 m  Length  3140 m 

Top elevation 14 masl  Top elevation 17 masl 
Average height 3 m  Average height 5 m 

Slope 3 (-)  Slope 3 (-) 
Max stored volume  1305992 m3  Max stored volume  4818089 m3 

Max flooded area 106.69ha  Max flooded area 182.95ha 
Tr of flooding  100  Tr of flooding 100 

Number of spillways 4  Number of spillways 3 
 

Floodwalls and levees 

The floodwalls and levees needed to apply this measure can be observed in figures 

above respectively. 

 

For the Highway_1 detention pond, two floodwalls are needed, a short one in the north 

to protect part of a road, and other one longer in the south, to protect a road and the 

electric substation. Its main characteristics are: 

 
Table 17. Floodwalls needed to adequate the subcatchment upstream the highway_1. 

Highway_1 

 Length Height  
Floodwall (north) 115 m 1.21 m 
Floodwall (electric substation) 482 m 1.21 m 

 

For the Highway_2 detention pond, one floodwall and three levees are needed, the 

floodwall is the same needed for scenario 1, but in this case, it must protect the road 

from both sides, so it is double length. The two levees in the Golf club have the same 

dimension as in scenario 1. The last levee is in the south of the watershed, it protects a 

group of houses behind it, and it continues the earth dam path. 

 
Table 18. Floodwall and levees needed to adequate the subcatchment upstream the highway_2. 

Highway_2 

 Length Height  
Floodwall (road protection Golf Club X2) 1028 m 1.83 m 

Levee (houses in Golf Club) 365 m 0.63 m 
Levee (houses in Golf Club) 130 m 0.63 m 

Levee (houses in the South) 235 m 1.83 m 
 

4.2.4. Scenario 3. Flood proofing measures 

Scenario 3 does not have any structural measure, only buildings will be dry floodproofed. 

To assess the measure, it has been considered that there is a total of 2664 building 

blocks, and that they have a perimeter of 351155 metres around each block. 
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4.3. Damage assessment 

This section shows the results obtained from the damage assessment, this is, the 

flooding maps and the damages tables. Every scenario is analysed here, first the flooding 

maps that would result with the rainfall of the event of last September are presented, 

then the flooding map that would result from the different return period, and finally the 

damage produced including it uncertainty. The last point is a comparison of every 

scenarios together and the calculate of the total risk 

4.3.1. Scenario 0. Current situation 

Below is displayed the scenario 0 current situation applying the rain of the September 

event. 

 
Figure 61. “Scenario 0 Current situation” applying the rain of the September event. 

 

Now are presented the flooding maps of the scenario 0 for each return period 

contemplated in the project, the six maps are presented below all together for an easy 

comparison, if one wants to observed more detailly, they are found in the Appendixes.  
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Figure 62. “Scenario 0 Current situation” applying the reduced return periods (5, 10, 25, 50, 100, and 500) 
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Table 19. Damages produced in “scenario 0 current situation” for every rainfall. 

 Minimum Damage Mean Damage Maximum Damage 

Tr 5  350,076 €   15,102,876 €   124,797,299 €  

Tr 10  3,916,301 €   53,350,007 €   237,829,396 €  

Tr 25  16,245,806 €   116,276,150 €   368,300,475 €  

Tr 50  26,474,725 €   155,677,734 €   437,319,805 €  

Tr 100  40,346,402 €   198,859,335 €   505,529,992 €  

Tr 500  55,050,343 €   239,124,977 €   564,411,916 €  

Event September   105,204,719 €   363,046,752 €   728,429,607 €  

 

 

 
Figure 63. Damages for each probability for “Scenario 0 Current situation” including the uncertainty. 

 

4.3.2. Scenario 1. Centralized 

Results from Scenario 1. Centralized are presented below, the damages have been 

calculated for several water depth of dry proofing but here are shown only those 

corresponding to a water depth of 0.52 metres. This vale was chosen because is the 

needed to reduce the damage to a 10% percent of produced with the current situation. 
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Figure 64. “Scenario 1 Centralized” applying the rain of the September event. 
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Figure 65. “Scenario 1 Centralized” applying the reduced return periods (5, 10, 25, 50, 100, and 500) 

 
Table 20. Damages produced in “Scenario 1 Centralized” for every rainfall. 

Tr Minimum Damage Mean Damage Maximum Damage 

5  -   €   29,904 €   24,327,304 €  

10  -   €   35,797 €   39,439,737 €  

25  -   €   40,974 €   72,299,374 €  

50  -   €   450,354 €   102,815,512 €  

100  -   €   1,583,433 €   131,911,431 €  

500  96,758 €   4,664,139 €   178,515,204 €  

Event September  1,988,279 €   36,950,080 €   314,040,563 €  
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Figure 66. Damages for each probability for “Scenario 1 Centralized” including the uncertainty. 

 

4.3.3. Scenario 2. Decentralized 

In the case of Scenario 2 Decentralized the water depth protection level to reduce the 

damage to a 10% of the original is 0.2 metres. 

 
Figure 67. “Scenario 2 Decentralized” applying the rain of the September event. 
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Figure 68. “Scenario 2 Decentralized” applying the reduced return periods (5, 10, 25, 50, 100, and 500) 
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Table 21. Damages produced in “Scenario 2 Decentralized” for every rainfall. 

Tr Minimum Damage Mean Damage Maximum Damage 

5  -     -     32,966,685 €  

10  8,260 €   282,092 €   68,381,475 €  

25  19,330 €   1,480,467 €   102,554,634 €  

50  40,651 €   3,915,626 €   127,942,040 €  

100  61,641 €   6,813,036 €   150,948,511 €  

500  76,601 €   11,165,338 €   177,641,444 €  

Event September  1,108,782 €   36,242,407 €   254,782,797 €  

 

 

 
Figure 69. Damages for each probability for “Scenario 2 Decentralized” including the uncertainty. 

4.3.4. Scenario 3. Flood proofing measures 

To reduce the damages until a 10% of the original, in this case is necessary to apply a 

water depth proofing of 1.44 metres; as it was commented before, overpassing 1 metre 

of depth in dry proofing measures could lead to collapse or extra cost in reinforcing walls, 

however this decision was made to unifies criteria of comparison. The flooding maps are 

not plotted because are the same as in Scenario 0. 

 
Table 22. Damages produced in “Scenario 3 Dry floodproofing measures” for every rainfall 

Tr Minimum Damage Mean Damage Maximum Damage 

5 - -  15,084,392 €  

10 - -  23,304,586 €  

25 - -  39,029,001 €  

50 -  339,440 €   66,149,894 €  

100  145,412 €   929,379 €   98,067,110 €  

500  151,369 €   7,884,746 €   144,763,641 €  

Event September  813,393 €   38,681,881 €   299,469,070 €  
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Figure 70. Damages for each probability for “Scenario 3 Dry floodproofing” including the uncertainty. 

4.3.5. Expected annual damage 

The total risk was calculated as explained in the methodology, the damages values used 

to obtain it are the same as the described above, it means, using the water depth 

floodproofing commented for each scenario. 

First is presented a table in which the values showed in the previous tables are written 

but put them all together to an easy comparison. 

 
Table 23. Damage for each rainfall and scenario with water protection depth of 0.52m, 0.2m and 1.44m. 

Tr Scenario 0. Scenario 1  Scenario 2  Scenario 3  

5  15,102,876 €   29,904 €   -   €   -   €  

10  53,350,007 €   35,797 €   282,092 €   -   €  

25  116,276,150 €   40,974 €   1,480,467 €   -   €  

50  155,677,734 €   450,354 €   3,915,626 €   339,440 €  

100  198,859,335 €   1,583,433 €   6,813,036 €   929,379 €  

500  239,124,977 €   4,664,139 €   11,165,338 €   7,884,746 €  

Event 09  363,046,752 €   36,950,080 €   36,242,407 €   38,681,881 €  

 

The next table shows the values of risk associated to each range of probability and the 

total risk, the expected annual damage (EAD). 

 
Table 24. Risk for each rainfall and scenario with water protection depth of 0.52m, 0.2m and 1.44m. 

Tr Scenario 0. Scenario 1  Scenario 2  Scenario 3  

0.2  10,267,932 €   9,855 €   42,314 €   -   €  

0.1  11,873,831 €   5,374 €   123,379 €   -   €  

0.04  8,158,617 €   14,740 €   161,883 €   10,183 €  

0.02  5,318,056 €   30,507 €   160,930 €   19,032 €  

0.01  2,627,906 €   37,485 €   107,870 €   52,885 €  

0.002  478,250 €   9,328 €   22,331 €   15,769 €  

EAD  38,724,592 €   107,289 €   618,707 €   97,870 €  
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Figure 71. Damage against probability for every scenario. Using dry proofing for depths of 0.52m, 0.2m, 

and 1.44m for scenarios 1, 2 and 3. 

 
Figure 72. Risk against probability for every scenario. Using dry proofing for depths of 0.52m, 0.2m, and 

1.44m for scenarios 1, 2 and 3. 

The uncertainty has been also considered, the tables analogous to Table 23 and Table 

24 for the maximum and minimum damages have been also calculated, however 

hereunder only the EAD are presented, the rest is found in the appendix. 
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Table 25. Expected annual damage for each scenario, considering the uncertainty and with water depth 

protection values of 0.52m, 0.2m and 1.44m. 

 Scenario 0. Scenario 1  Scenario 2  Scenario 3  

Minimum EAD  5,017,718 €   774 €   7,487 €   4,265 €  

Expected EAD  38,724,592 €   107,289 €   618,707 €   97,870 €  

Maximum EAD  142,682,926 €   28,380,735 €   40,592,833 €   17,486,832 €  

 

Case 2: Water protection depths: 0m, 0m and 1m. 

To compare how would work each scenario apart from the dry floodproofing measures, 

it is going to be plotted the damage and risk in case of depth dry proofing protection of 

0m, 0m, and 1m for scenarios 1, 2, and 3. 

 
Figure 73. Damage against probability for every scenario. Using dry proofing for depths of 0m, 0m, and 1m  

 
Figure 74. Riske against probability for every scenario. Using dry proofing for depths of 0m, 0m, and 1m. 
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Table 26. Expected annual damage for each scenario, considering the uncertainty and with water depth 

protection values of 0m, 0m and 1.m. 

 Scenario 0. Scenario 1  Scenario 2  Scenario 3  

Minimum EAD  5,017,718 €   59,954 €   10,367 €   122,399 €  

Expected EAD  38,724,592 €   3,907,941 €   1,471,051 €   3,851,730 €  

Maximum EAD  142,682,926 €   59,077,544 €   45,086,344 €   52,114,901 €  

 

To a better comparison of the case 1 and 2, the damage-probability and the risk-

probability have seen plotted without the scenario 0. Current situation. 

 
Figure 75. Damage-Probability curve for the case 1 without the data of Scenario 0. 

 
Figure 76. Damage-Probability curve for the case 2 without the data of Scenario 0. 
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Figure 77. Risk-Probability curve for the case 1 without the data of Scenario 0. Water depths: 0.52,0.2,1.44 

 
Figure 78. Risk-Probability curve for the case 2 without the data of Scenario 0. Water depths: 0., 0 and 1m. 
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4.4. Economic costs 

In this section is shown the cost associated to each scenario is assessed and quantified  

4.4.1. Scenario 0. Current situation 

Scenario 0. Current situation has not associated costs 

4.4.2. Scenario 1. Centralized  

Channels  

In this scenario there are two channels as main measures, and two channels to collect 

the water from the detention ponds close to the city.  

The first two are the channel D7 and the channel North, both channels are covered by 

concrete. 

 
Table 27. Dimensions and measured units of Channel_D7 

CHANNEL D7 

Width (base) 
in m 

8  Area in m2 46.50   Total excavated 
volume in m3 

63472.50 

Slope (-) 2.5   Perimeter in m 15.81  Total area in m2 21580.99 

Depth in m 3  Distance in m 
between bars 

0.20  Total concrete 
volume in m3 

3237.15 

Length in m 1365  Diameter in mm 
longitudinal, 

20.00  Kg/ml 
longitudinal bar 192.26 

Thickness in 
m 

0.15  Diameter in mm 
transversal 

12.00  Kg/ml 
transversal bar 69.26 

 
Table 28. Estimated budget for Channel_D7. 

Channel D7 

Task Dimensions Price per unit   Total   

Digging 63472.50 m3 2.19 €/m3  139,004.78 €  
Concreting 3237.15 m3 96.51 €/m3 312,417.21 € 
Steel bars 356978 kg 1.4 €/kg  499,768.67 €  

    951,190.66 € 

 

Channel_North is divided in two parts, a first part of rectangular section and a second 

part of trapezoidal section. 

 
Table 29. Dimensions and measured units of Channel_North 

CHANNEL NORTH 1 

Width (base) 
in m 6 

 Area in m2 46.50   Total excavated 
volume in m3 12288.00 

Slope (-) 

0 

 Perimeter in m 15.81  Total area in m2 

7168.00 
Depth in m 

4 

 Distance in m 
between bars 

0.20  Total concrete 
volume in m3 1075.20 
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Length in m 

512 

 Diameter in mm 
longitudinal, 

20.00  Kg/ml 
longitudinal bar 170.08 

Thickness in 
m 0.15 

 Diameter in mm 
transversal 

12.00  Kg/ml 
transversal bar 61.23 

CHANNEL NORTH 2 

Width (base) 
in m 6 

 Area in m2 

25.30 

 Total excavated 
volume in m3 50422.90 

Slope (-) 

2.5 

 Perimeter in m 

12.66 

 Total area in m2 

25232.04 
Depth in m 

2.2 

 Distance in m 
between bars 

0.20  Total concrete 
volume in m3 3784.81 

Length in m 

1993 

 Diameter in mm 
longitudinal, 

20.00  Kg/ml 
longitudinal bar 152.82 

Thickness in 
m 0.15 

 Diameter in mm 
transversal 

12.00  Kg/ml 
transversal bar 55.28 

 
Table 30. Estimated budget for Channel_North. 

CHANNEL 
NORTH 1 

Task Dimensions Price per unit   Total   

Digging 12288.00 m3 7.22 €/m3 88,719.36 €  
Concreting 1075.20 m3 96.51 €/m3  103,767.55 € 
Steel bars 118428.78 kg 1.4 €/kg 165,800.29 € 

CHANNEL 
NORTH 2 

Digging 50422.9 m3 2.19 €/m3 110,426.15 €  

Concreting 3784.81 m3 96.51 €/m3 365,271.60 €  
Steel bars 414759.33 kg 1.4 €/kg 580,663.06 €  

    1,414,648.02 € 
 

 

Then, the channels corresponding to the two detention ponds in the city. 

 
Table 31. Dimensions and measured units of the City Detention pond 1 channel 

CHANNEL CITY 1.1 

Width (base) in m 2.5  Area in m2 12.50 
Slope (-) 0  Perimeter in m 12.50 
Depth in m 5  Total excavated volume in m3 12375.00 
Length in m 990  Total area in m2 12375.00 
Thickness in m 0.15  Total concrete volume in m3 1856.25 

CHANNEL CITY 1.2 

Width (base) in m 4  Area in m2 18.00 
Slope (-) 2.5  Perimeter in m 10.40 
Depth in m 2  Total excavated volume in m3 11070.00 
Length in m 615  Total area in m2 6397.92 
Thickness in m 0.15  Total concrete volume in m3 959.69 

 

 

 



 

78 
Doc Nº1 PROJECT REPORT 

Table 32. Estimated budget for City Detention pond 1 channel 

Channel city 
1.1 

Task Dimensions Price per unit   Total   

Digging 12375.00 m3 7.22 €/m3 89,347.50 €  
Concreting 1856.25 m3 125.63 €/m3 233,200.69 €  

Channel city 
1.2 

Digging 11070.00 m3 2.19 €/m3 24,243.30 €  
Concreting 959.69 m3 125.63 €/m3 120,565.63 €  

    467,357.12 € 
 
Table 33. Dimensions and measured units of the City Detention pond 2 channel 

CHANNEL CITY 2 

Width (base) in m 2  Area in m2 8.00 
Slope (-) 0  Perimeter in m 10.00 
Depth in m 4  Total excavated volume in m3 8904.00 
Length in m 1113  Total area in m2 11130.00 
Thickness in m 0.15  Total concrete volume in m3 1669.50 

 
Table 34. Estimated budget for City Detention pond 2 channel 

CHANNEL 
CITY 2 

Task Dimensions Price per unit   Total   

Digging 8904.00 m3 7.22 €/m3 64,286.88 €  
Concreting 1669.50 m3 125.63 €/m3 209,739.29 € 

    274,026.17 € 
 

Dams 

Below the economic cost of the dam Golf Club and the two city dikes. 

 
Table 35. Dimensions and measured units of the Golf Club dam 

DAM GOLF CLUB 

Crest width in m 4  Length in m 600.00 

Slope (-) 3  Area in m2 279.00 

Height in m 9  Total loose material in m3 167400.00 

 
Table 36. Estimated budget for Golf Club dam 

Dam Golf 
Club 

Task Dimensions Price per unit   Total   

Loose material 167400.00 m3 30 €/m3 5,022,000.00 €  
 

 

 
Table 37. Dimensions and measured units of the City dike 1 

DIKE CITY 1 

Crest width in m 2  Length in m 2083.00 

Slope (-) 3  Area in m2 16.00 

Height in m 2  Total loose material in m3 33328.00 
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Table 38. Estimated budget for City dike 1 

City dike 1 
Task Dimensions Price per unit   Total   

Loose material 33328.00 m3 30 €/m3 999,840.00 €  
 
Table 39. Dimensions and measured units of the City dike 1 

DIKE CITY 2 

Crest width in m 2  Length in m 1236.00 

Slope (-) 3  Area in m2 16.00 

Height in m 2  Total loose material in m3 19776.00 

 
Table 40. Estimated budget for City dike 2 

City dike 2 
Task Dimensions Price per unit   Total   

Loose material 19776.00 m3 30 €/m3 593,280.00 €  
 

 

Spillways 

Below the economic cost of the three spillways. 

 
Table 41. Dimensions and measured units of the Golf Club spillway 

SPILLWAY GOLF CLUB 

Height  9  
Spillway length 

29.09  Total mass 
concrete m3 

1269.60 

Slope 3  
Walls height 

5  Total reinforced 
concrete m3 

124.37 

Width dam 4  
Area slab 

330.93  (wall) Kg/ml spw 
longitudinal bar 

492.98 

Length 10  m3/ml Concrete 
volume wall 

2.00  (wall) Kg/ml spw 
transversal bar 

236.63 

Thickness 
slab 

0.2  
Diameter in mm  

20.00  (slab) Kg/ml spw 
longitudinal bar 

120.78 

Area 126.96  Distance between 
bars 

0.20  (slab) Kg/ml spw 
transversal bar 

120.78 

 
Table 42. Estimated budget for Golf Club spillway 

Spillway Golf 
Club 

Task Dimensions Price per unit   Total   

Concreting 1269.60 m3 88.12 €/m3 111,877.15 €  
Concreting HA 124.37 m3 100.87 €/m3 12,545.39 €  
Steel bars 32138.90 kg 1.4 €/kg 44,994.47 €  

    169,417.00 €  
Table 43. Dimensions and measured units of the City dike 1 spillway 

SPILLWAY CITY 1 

Height  3  
Spillway length 

10.12  Total mass 
concrete m3 

153.60 

Slope 3  
Walls height 

1  Total reinforced 
concrete m3 

30.29 
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Width dam 3  
Area slab 

131.19  (wall) Kg/ml spw 
longitudinal bar 

98.60 

Length 10  m3/ml Concrete 
volume wall 

0.40  (wall) Kg/ml spw 
transversal bar 

39.44 

Thickness 
slab 

0.2  
Diameter in mm  

20.00  (slab) Kg/ml spw 
longitudinal bar 

120.78 

Area 15.36  Distance between 
bars 

0.20  (slab) Kg/ml spw 
transversal bar 

120.78 

 
Table 44. Estimated budget for City dike 1 spillway 

Spillway City 
1 

Task Dimensions Price per unit   Total   

Concreting 1269.60 m3 88.12 €/m3 13,535.23 €  
Concreting HA 124.37 m3 100.87 €/m3 3,054.98 €  
Steel bars 32138.90 kg 1.4 €/kg 6,972.02 €  

    23,562.23 €  

 
Table 45. Dimensions and measured units of the City dike 2 spillway 

SPILLWAY CITY 2 

Height  3  
Spillway length 

10.12  Total mass 
concrete m3 

153.60 

Slope 3  
Walls height 

1  Total reinforced 
concrete m3 

30.29 

Width dam 3  
Area slab 

131.19  (wall) Kg/ml spw 
longitudinal bar 

98.60 

Length 10  m3/ml Concrete 
volume wall 

0.40  (wall) Kg/ml spw 
transversal bar 

39.44 

Thickness 
slab 

0.2  
Diameter in mm  

20.00  (slab) Kg/ml spw 
longitudinal bar 

120.78 

Area 15.36  Distance between 
bars 

0.20  (slab) Kg/ml spw 
transversal bar 

120.78 

 
Table 46 Estimated budget for City dike 2 spillway 

Spillway City 
2 

Task Dimensions Price per unit   Total   

Concreting 1269.60 m3 88.12 €/m3 13,535.23 €  
Concreting HA 124.37 m3 100.87 €/m3 3,054.98 €  
Steel bars 32138.90 kg 1.4 €/kg 6,972.02 €  

    23,562.23 €  

 

 

 

Pipes: Bottom outlets 

For the bottom outlets it is necessary digging and then collocating the pipe, however, all 

the task referring to the pipe are including in the price and for the ditch the channel 

digging task was taken in advantage  
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Table 47. Estimated budget for City dike 1 bottom outlet 

Pipe City dike 
1 

Task Dimensions Price per unit   Total   

Whole process pipe 1452 m 816.31 €/m3 1,185,282.12 €  
 
Table 48. Estimated budget for City dike 2 bottom outlet 

Pipe City dike 
2 

Task Dimensions Price per unit   Total   

Whole process pipe 1139 m 816.31 €/m3 607,736.23 €  
 

 

Floodwalls and levees 

 
Table 49. Estimated budget for the floodwall that avoid water flowing out the Golf Club 

Floodwall 
Golf Club. 6’ 

Task Dimensions Price per unit   Total   

Whole floodwall 6’ 514 m 537.43 €/m 276,239.02 € 
 
Table 50. Estimated budget for the levee that protects the houses upstream the Golf Club dam. 

Levee Golf 
Club 2’ 

Task Dimensions Price per unit   Total   

Whole levee 2’ 495 m 156.36 €/m 81,853.20 € 
 

 

Dry floodproofing measures 

Two different dry floodproofing measures are applied, the one for the water depth 

protection 0.52 and the one for the water depth 0. The water depth 0, costs 0€. 

 
Table 51. Dimensions and measured units of the dry floodproofing measures. 

DRY FLOODPROOFING CASE 1 

Number of blocks 2664  Water depth protection (m) 0.52 

Perimeter in m of blocks 351155  Total m2 Waterproofed (+0.5) 358177.62 

 
Table 52. Estimated budget for the dry floodproofing measures for the Scenario1, case 1. 

Dry 
Floodproofing 

case 1 

Task Dimensions Price per unit   Total   

Doors, windows,etc 2664 blocks 2000 €/block 5,328,000.00 €  
Waterproofing walls 358177.62 m2 31.65 €/m2 11,336,321.87 €  

    16,664,321.87 €  
 

Re-structuration Golf Club 

 
Table 53. Golf Club restructuration. 

Golf club re-
structuration 

Task Dimensions Price per unit   Total   

Re-structurate - 5000000 € 500,000 € 
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Total budget for scenario 1 

 
Table 54. Total budget for the scenario 1, case1. 

Measure Task Dimensions Price per unit   Total   

Channel D7 
Digging 63472.50 m3 2.19 €/m3 139,004.78 €  
Concreting 3237.15 m3 96.51 €/m3 312,417.21 € 
Steel bars 356978 kg 1.4 €/kg 499,768.67 €  

 951,190.66 € 

Channel North 
1 

Digging 12288.00 m3 7.22 €/m3 88,719.36 € 
Concreting 1075.20 m3 96.51 €/m3  103,767.55 € 
Steel bars 118428.78 kg 1.4 €/kg 165,800.29 € 

Channel North 
2 

Digging 50422.9 m3 2.19 €/m3 110,426.15 €  
Concreting 3784.81 m3 96.51 €/m3 365,271.60 €  

Steel bars 414759.33 kg 1.4 €/kg 580,663.06 €  
 1,414,648.02 € 

Dam Golf Club Loose material 167400.00 m3 30 €/m3 5,022,000.00 €  

Spillway Golf 
Club 

Concreting 1269.60 m3 88.12 €/m3 111,877.15 €  
Concreting HA 124.37 m3 100.87 €/m3 12,545.39 €  
Steel bars 32138.90 kg 1.4 €/kg 44,994.47 €  

Golf club Re-
structuration 

Restructure - 5000000 € 500,000 € 

Floodwall Golf 
Club 

Whole 
floodwall 6’ 

514 m 537.43 €/m 276,239.02 € 

Levee Golf Club Whole levee 2’ 495 m 156.36 €/m 81,853.20 € 

 6,049509.22 € 

Dike 1 City 
detention pond 

Loose material 33328.00 m3 30 €/m3 999,840.00 €  

Spillway 1 City 
detention pond 

Concreting 1269.60 m3 88.12 €/m3 13,535.23 €  
Concreting HA 124.37 m3 100.87 €/m3 3,054.98 €  
Steel bars 32138.90 kg 1.4 €/kg 6,972.02 €  

Channel city 1.1 
Digging 12375.00 m3 7.22 €/m3 89,347.50 €  
Concreting 1856.25 m3 125.63 €/m3 233,200.69 €  

Channel city 1.2 
Digging 11070.00 m3 2.19 €/m3 24,243.30 €  
Concreting 959.69 m3 125.63 €/m3 120,565.63 €  

Pipe city dike 1 Collocating  1452 m 816.31 €/m3 1,185,282.12 €  
 2,676,041.46 € 

Dike 2 City 
detention pond 

Loose material 33328.00 m3 30 €/m3 999,840.00 €  

Spillway 2 city 
detention pond 

Concreting 1269.60 m3 88.12 €/m3 13,535.23 €  
Concreting HA 124.37 m3 100.87 €/m3 3,054.98 €  
Steel bars 32138.90 kg 1.4 €/kg 6,972.02 €  

Channel city 2 
Digging 12375.00 m3 7.22 €/m3 89,347.50 €  
Concreting 1856.25 m3 125.63 €/m3 233,200.69 €  

Pipe city dike 2 Collocating  1452 m 816.31 €/m3 1,185,282.12 €  
 1,498,604.62 € 

Dry 
Floodproofing 

Fixed costs 2664 blocks 2000 €/block 5,328,000.00 €  
Waterproofing  358177.62 31.65 €/m3 11,336,321.87 €  

 16,664,321.87 €  

Total budget for the Scenario 1 Centralized, case 1 29,245,315.86€ 
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Table 55. Total budget for the scenario 1, case2. 

Measure Task Dimensions Price per unit   Total   

Channel D7 
Digging 63472.50 m3 2.19 €/m3 139,004.78 €  
Concreting 3237.15 m3 96.51 €/m3 312,417.21 € 
Steel bars 356978 kg 1.4 €/kg 499,768.67 €  

 951,190.66 € 

Channel North 
1 

Digging 12288.00 m3 7.22 €/m3 88,719.36 € 
Concreting 1075.20 m3 96.51 €/m3  103,767.55 € 
Steel bars 118428.78 kg 1.4 €/kg 165,800.29 € 

Channel North 
2 

Digging 50422.9 m3 2.19 €/m3 110,426.15 €  
Concreting 3784.81 m3 96.51 €/m3 365,271.60 €  

Steel bars 414759.33 kg 1.4 €/kg 580,663.06 €  
 1,414,648.02 € 

Dam Golf Club Loose material 167400.00 m3 30 €/m3 5,022,000.00 €  

Spillway Golf 
Club 

Concreting 1269.60 m3 88.12 €/m3 111,877.15 €  
Concreting HA 124.37 m3 100.87 €/m3 12,545.39 €  
Steel bars 32138.90 kg 1.4 €/kg 44,994.47 €  

Golf club Re-
structuration 

Restructure - 5000000 € 500,000 € 

Floodwall Golf 
Club 

Whole 
floodwall 6’ 

514 m 537.43 €/m 276,239.02 € 

Levee Golf Club Whole levee 2’ 495 m 156.36 €/m 81,853.20 € 

 6,049509.22 € 

Dike 1 City 
detention pond 

Loose material 33328.00 m3 30 €/m3 999,840.00 €  

Spillway 1 City 
detention pond 

Concreting 1269.60 m3 88.12 €/m3 13,535.23 €  
Concreting HA 124.37 m3 100.87 €/m3 3,054.98 €  
Steel bars 32138.90 kg 1.4 €/kg 6,972.02 €  

Channel city 1.1 
Digging 12375.00 m3 7.22 €/m3 89,347.50 €  
Concreting 1856.25 m3 125.63 €/m3 233,200.69 €  

Channel city 1.2 
Digging 11070.00 m3 2.19 €/m3 24,243.30 €  
Concreting 959.69 m3 125.63 €/m3 120,565.63 €  

Pipe city dike 1 Collocating  1452 m 816.31 €/m3 1,185,282.12 €  
 2,676,041.46 € 

Dike 2 City 
detention pond 

Loose material 33328.00 m3 30 €/m3 999,840.00 €  

Spillway 2 city 
detention pond 

Concreting 1269.60 m3 88.12 €/m3 13,535.23 €  
Concreting HA 124.37 m3 100.87 €/m3 3,054.98 €  
Steel bars 32138.90 kg 1.4 €/kg 6,972.02 €  

Channel city 2 
Digging 12375.00 m3 7.22 €/m3 89,347.50 €  
Concreting 1856.25 m3 125.63 €/m3 233,200.69 €  

Pipe city dike 2 Collocating  1452 m 816.31 €/m3 1,185,282.12 €  
 1,498,604.62 € 

Dry 
Floodproofing 

Fixed costs 2664 blocks 2000 €/block 0 €  
Waterproofing  386269.99 31.65 €/m2 0 €  

 0 €  

Total budget for the Scenario 1 Centralized, case 2 12,589,993.99€ 
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These two tables corresponding to the initial inversion that must be done to build the 

flood protection scenarios; however, the risk of new damages and the costs of operation 

and maintenance cannot be forgiven. 

For the operation and maintenance, a 5% of the initial inversion will be spent annually, 

for the compensations, the EAD must be calculated. 

 
Table 56. Costs for compensations, Scenario 1 Centralized. 

Tr Damage subject Area (ha) Damages Exceed. Prob EAD 

500 Golf (Struct damage) 89.21 500,000€  0.002 
1,900.00 € 

50 Golf (Minor damage) 89.21 50,000€  0.02 

50 Detention pond 1  73.37 660,298 €  0.02 13,205.95 €  

25 Detention pond 2 36.16 325,480 €  0.04 13,019.18 €  

     28,125.14 € 

 

Once the expected annual damages are calculated, the next tables present the costs 

that must be added each year in the NPV, the first table corresponds to the case 1 (water 

depth protection 0.52m) the second one to the case 2 (water depth protection 0 m): 

 
Table 57. Other values that must be added to the NPV. Scenario 1 case 1 

Reason Amount Frequency  

Compensation 28,125.14 € Annually  

Operation and maintenance 629,499.70 €  Annually 

Waterproof replacement 16,664,321.87 €  Each 30 years 

 
Table 58. Other values that must be added to the NPV. Scenario 1 case 2 

Reason Amount Frequency  

Compensation 28,125.14 € Annually  

Operation and maintenance 629,499.70 €  Annually 

Waterproof replacement - € Each 30 years 
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4.4.3. Scenario 2. Decentralized 

Now, the costs of the scenario 2. Decentralized are presented. 

 

Channels 

The channels are the D7, North and South.  

 
Table 59. Dimensions and measured units of Channel D7. Scenario 2 

CHANNEL D7 

Base width in m 10  Length in m 1365 

Slope (-) 2.5  Area in m2 65.63 

Depth in m 3.5  Total excavated in m3 89578.13 

 
Table 60. Total budget of channel D7. Scenario 2  

Channel D7 
Task Dimensions Price per unit   Total   

Digging 89578.13 m3 2.19 €/m3 196,176.09 €  
 
Table 61. Dimensions and measured units of Channel North. Scenario 2 

CHANNEL NORTH 1 AND 2 

Base width in m 10  Length in m 2505 

Slope (-) 2.5  Area in m2 52.50 

Depth in m 3.5  Total excavated in m3 131512.50 

CHANNEL NORTH 3 

Base width in m 6  Length in m 506 

Slope (-) 2.5  Area in m2 40.50 

Depth in m 3  Total excavated in m3 20493.00 

CHANNEL NORTH 4 T0 9 

Base width in m 6  Length in m 1993 

Slope (-) 2.5  Area in m2 40.50 

Depth in m 3  Total excavated in m3 80716.5 

 
Table 62. Total budget of channel North. Scenario 2  

Channel North 
1 and 2 

Task Dimensions Price per unit   Total   

Digging 131512.50 m3 2.19 €/m3 288,012.38 €  
Channel 3 Digging 20493.00 m3 2.19 €/m3 44,879.67 €  
Channel 4 to 9 Digging 80716.50 m3 2.19 €/m3 176,769.14 €  

 
Table 63. Dimensions and measured units of Channel South. Scenario 2 

CHANNEL SOUTH 

Base width in m 10  Length in m 3852 

Slope (-) 2.5  Area in m2 52.50 

Depth in m 3  Total excavated in m3 202230.00 
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Table 64. Total budget of Channel South. Scenario 2 

Channel 
South 

Task Dimensions Price per unit   Total   

Digging 202230.00 m3 2.19 €/m3 442,883.70 €  
 

Dry Dams  

In this scenario there are two types of dams, dry dam made of concrete such as the 

presented in the table above and earth dams such as the one in Table 81. There is a 

total of 8 dry dams and 2 earth dams. 

 
Table 65. Dimensions and measured units of Dry Dam 1.2. 

DRY DAM 1.2 

Height  4.50  
Spillway length 

7.07  Kg/m 
longitudinal bar 

70.99 

Slope 1.00  
Walls height 

2.00  Kg/m 
transversal bar 

31.95 

Width dam 0.75  
Walls width 

0.40  Total excavated 
in m3 

535.00 

Length 214.00  m3/ml Concrete 
volume wall 

0.80  Total mass 
concrete m3 

2675.00 

Foundation 0.50  Diameter in mm 
of steel bars 

12.00  Total reinforced 
concrete m3 

5.66 

Area 12.50  Distance between 
bars 

0.20  Total kg of steel 
bars 

727.85 

 
Table 66. Total budget of Dry Dam 1.1 

Dry dam 1.2 

Task Dimensions Price per unit   Total   

Digging 5350.0 m3 2.19 €/m3 1,171.65 €  
Concreting 2675.00 m3 88.12 €/m3 235,721.00 €  
Concreting HA 5.66 m3 100.87 €/m3 570.61 €  
Steel bars 727.85 kg 1.4 €/kg 1,019.00 €  

    238,482.25 € 
 
Table 67. Dimensions and measured units of Dry Dam 1.1 

DRY DAM 1.1 

Height  
5 

 
Spillway length 10.12 

 Kg/m 
longitudinal bar 

70.99 

Slope 
1 

 
Walls height 1.5 

 Kg/m 
transversal bar 

31.95 

Width dam 
0.75 

 
Walls width 131.19 

 Total excavated 
in m3 

535.00 

Length 
222 

 m3/ml Concrete 
volume wall 

0.60 
 Total mass 

concrete m3 
2675.00 

Foundation 
0.5 

 Diameter in mm 
of steel bars 

12.00 
 Total reinforced 

concrete m3 
4.67 

Area 15.13 
 

 Distance between 
bars 

0.20 
 Total kg of steel 

bars 
607382.00 
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Table 68. Total budget Dry dam 1.1 

Dry dam 1.1 

Task Dimensions Price per unit   Total   

Digging 610.50 m3 2.19 €/m3  1,337.00 €  
Concreting 3357.75 m3 88.12 €/m3  295,884.93 €  
Concreting HA 4.67 m3 100.87 €/m3  470.75 €  
Steel bars 607.382 kg 1.4 €/kg  850.34 €  

    298,543.01 € 
 
Table 69 Dimensions and measured units of Dry Dam 2.3 

DRY DAM 2.3 

Height  5.00  
Spillway length 

7.78  Kg/m 
longitudinal bar 

53.24 

Slope 1.00  
Walls height 

1.50  Kg/m 
transversal bar 

24.85 

Width dam 0.75  
Walls width 

0.40  Total excavated 
in m3 

1020.25 

Length 371.00  m3/ml Concrete 
volume wall 

0.60  Total mass 
concrete m3 

5611.38 

Foundation 0.50  Diameter in mm 
of steel bars 

12.00  Total reinforced 
concrete m3 

4.67 

Area 15.13  Distance between 
bars 

0.20  Total kg of steel 
bars 

607.38 

 
Table 70. Total budget Dry dam 2.3 

Dry dam 2.3 

Task Dimensions Price per unit   Total   

Digging 1020.25 m3 2.19 €/m3 2,234.35 €  
Concreting 5611.38 m3 88.12 €/m3 494,474.37 €  
Concreting HA 4.67 m3 100.87 €/m3 470.75 €  
Steel bars 607.382 kg 1.4 €/kg 850.34 €  

    498,029.80 € 
 
Table 71. Dimensions and measured units of Dry Dam 2.2 

DRY DAM 2.2 

Height  5.00  
Spillway length 

7.78  Kg/m 
longitudinal bar 

70.99 

Slope 1.00  
Walls height 

1.50  Kg/m 
transversal bar 

31.95 

Width dam 0.75  
Walls width 

0.40  Total excavated 
in m3 

594.00 

Length 216.00  m3/ml Concrete 
volume wall 

0.60  Total mass 
concrete m3 

3267.00 

Foundation 0.50  Diameter in mm 
of steel bars 

12.00  Total reinforced 
concrete m3 

6.22 

Area 15.13  Distance between 
bars 

0.20  Total kg of steel 
bars 

800.64 
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Table 72. Total budget Dry dam 2.2 

Dry dam 2.2 

Task Dimensions Price per unit   Total   

Digging 594.00 m3 2.19 €/m3 1,300.86 €  
Concreting 3267.00 m3 88.12 €/m3 287,888.04 €  
Concreting HA 6.22 m3 100.87 €/m3 627.67 €  
Steel bars 800.64 kg 1.4 €/kg 1,120.90 €  

    290,937.46 €  
 
Table 73. Dimensions and measured units of Dry Dam 2.1 

DRY DAM 2.1 

Height  5.00  
Spillway length 

7.78  Kg/m 
longitudinal bar 

70.99 

Slope 1.00  
Walls height 

1.50  Kg/m 
transversal bar 

31.95 

Width dam 0.75  
Walls width 

0.40  Total excavated 
in m3 

594.00 

Length 216.00  m3/ml Concrete 
volume wall 

0.60  Total mass 
concrete m3 

3267.00 

Foundation 0.50  Diameter in mm 
of steel bars 

12.00  Total reinforced 
concrete m3 

6.22 

Area 15.13  Distance between 
bars 

0.20  Total kg of steel 
bars 

800.64 

 
Table 74. Total budget Dry dam 2.1 

Dry dam 2.1 

Task Dimensions Price per unit   Total   

Digging 594.00 m3 2.19 €/m3 1,300.86 €  
Concreting 3267.00 m3 88.12 €/m3 287,888.04 €  
Concreting HA 6.22 m3 100.87 €/m3 627.67 €  
Steel bars 800.64 kg 1.4 €/kg 1,120.90 €  

    290,937.46 €  
 
Table 75. Dimensions and measured units of Dry Dam 3.3 

DRY DAM 3.3 

Height  5.20  
Spillway length 

8.06  Kg/m 
longitudinal bar 

70.99 

Slope 1.00  
Walls height 

2.00  Kg/m 
transversal bar 

31.95 

Width dam 0.75  
Walls width 

0.40  Total excavated 
in m3 

635.55 

Length 223.00  m3/ml Concrete 
volume wall 

0.80  Total mass 
concrete m3 

3622.64 

Foundation 0.50  Diameter in mm 
of steel bars 

12.00  Total reinforced 
concrete m3 

6.45 

Area 16.25  Distance between 
bars 

0.20  Total kg of steel 
bars 

829.75 
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Table 76. Total budget Dry dam 3.3 

Dry dam 3.3 

Task Dimensions Price per unit   Total   

Digging 635.55 m3 2.19 €/m3 1,391.85 €  
Concreting 3622.64 m3 88.12 €/m3 319,226.60 €  
Concreting HA 6.45 m3 100.87 €/m3 650.49 €  
Steel bars 829.75 kg 1.4 €/kg 1,161.66 €  

    322,430.60 €  
 
Table 77. Dimensions and measured units of Dry Dam 3.2 

DRY DAM 3.2 

Height  5.50  
Spillway length 

8.49  Kg/m 
longitudinal bar 

88.74 

Slope 1.00  
Walls height 

2.50  Kg/m 
transversal bar 

42.59 

Width dam 0.75  
Walls width 

0.40  Total excavated 
in m3 

588.00 

Length 196.00  m3/ml Concrete 
volume wall 

1.00  Total mass 
concrete m3 

3528.00 

Foundation 0.50  Diameter in mm 
of steel bars 

12.00  Total reinforced 
concrete m3 

8.49 

Area 18.00  Distance between 
bars 

0.20  Total kg of steel 
bars 

1114.37 

 
Table 78. Total budget Dry dam 3.2 

Dry dam 3.2 

Task Dimensions Price per unit   Total   

Digging 588.00 m3 2.19 €/m3 1,287.72 €  
Concreting 3528.00 m3 88.12 €/m3 310,887.36 €  
Concreting HA 8.49 m3 100.87 €/m3 855.91 €  
Steel bars 1114.37 kg 1.4 €/kg 1,560.12 €  

    314,591.11 €  
 
Table 79. Dimensions and measured units of Dry Dam 3.1 

DRY DAM 3.1 

Height  5.70  
Spillway length 

8.77  Kg/m 
longitudinal bar 

88.74 

Slope 1.00  
Walls height 

2.50  Kg/m 
transversal bar 

42.59 

Width dam 0.75  
Walls width 

0.40  Total excavated 
in m3 

759.50 

Length 245.00  m3/ml Concrete 
volume wall 

1.00  Total mass 
concrete m3 

4708.90 

Foundation 0.50  Diameter in mm 
of steel bars 

12.00  Total reinforced 
concrete m3 

8.77 

Area 19.22  Distance between 
bars 

0.20  Total kg of steel 
bars 

1151.52 
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Table 80. Total budget Dry dam 3.1 

Dry dam 3.1 

Task Dimensions Price per unit   Total   

Digging 759.50 m3 2.19 €/m3 1,663.31 €  
Concreting 4708.90 m3 88.12 €/m3 414,948.27 €  
Concreting HA 8.77 m3 100.87 €/m3 884.44 €  
Steel bars 1151.52 kg 1.4 €/kg 1,612.12 €  

    419,108.14 €  
 

Levees 

 
Table 81. Dimensions and measured units of Dam Golf Club/Highway detention pond 2 

DAM GOLF CLUB/HIGHWAY DETENTION POND 2 

Crest width in m 2  Length in m 3140.00 

Slope (-) 3  Area in m2 120.00 

Height in m 6  Total loose material in m3 376800.00 

 
Table 82. Total budget of Dam Golf Club/Highway detention pond 2 

Dam Golf Club/ 
Highway. 2 

Task Dimensions Price per unit   Total   

Loose material 376800.00 m3 30 €/m3 11,304,000.00 €  
 
Table 83. Dimensions and measured units of Dam Highway detention pond 1 

DAM HIGHWAY DETENTION POND 1 

Crest width in m 2  Length in m 1836.00 

Slope (-) 3  Area in m2 33.00 

Height in m 3  Total loose material in m3 60588.00 

 
Table 84. Total budget of Dam Highway detention pond1 

Highway. 1 
Task Dimensions Price per unit   Total   

Loose material 376800.00 m3 30 €/m3 11,304,000.00 €  
 

Spillways 

In total there are 7 spillways, three for Highway pond 2, and 4 for Highway pond 1 

 
Table 85. Dimensions and measured units of Spillway 1.1 

SPILLWAY 1.1 

Height  3  
Spillway length 

10.12  Total mass 
concrete m3 

153.60 

Slope 3  
Walls height 

2  Total reinforced 
concrete m3 

36.33 

Width dam 4  
Area slab 

141.19  (wall) Kg/ml spw 
longitudinal bar 

197.19 

Length 10  m3/ml Concrete 
volume wall 

0.80  (wall) Kg/ml spw 
transversal bar 

88.74 

Thickness 
slab 

0.2  
Diameter in mm  

20.00  (slab) Kg/ml spw 
longitudinal bar 

120.78 
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Area 15.36  Distance between 
bars 

0.20  (slab) Kg/ml spw 
transversal bar 

120.78 

 
Table 86. Total budget of spillway 1.1 

Spillway 1.1 

Task Dimensions Price per unit   Total   

Concreting 153.60 m3 88.12 €/m3  13,535.23 €  
Concreting HA 36.33 m3 100.87 €/m3  3,665.01 €  
Steel bars 7447.76 kg 1.4 €/kg  10,426.87 €  

 
Table 87. Dimensions and measured units of Spillway 1.2, 1.3, and 1.4. 

SPILLWAY 1.2, 1,3 and 1.4 

Height  3  
Spillway length 

10.12  Total mass 
concrete m3 

153.60 

Slope 3  
Walls height 

1  Total reinforced 
concrete m3 

32.29 

Width dam 4  
Area slab 

141.19  (wall) Kg/ml spw 
longitudinal bar 

98.60 

Length 10  m3/ml Concrete 
volume wall 

0.40  (wall) Kg/ml spw 
transversal bar 

39.44 

Thickness 
slab 

0.2  
Diameter in mm  

20.00  (slab) Kg/ml spw 
longitudinal bar 

120.78 

Area 15.36  Distance between 
bars 

0.20  (slab) Kg/ml spw 
transversal bar 

120.78 

 
Table 88. Total budget of spillway 1.2, 1.3, and 1.4 

Spillway 1.2, 
1.3 and 1.4 

Task Dimensions Price per unit   Total   

Concreting 153.60 m3 88.12 €/m3 13,535.23 €  
Concreting HA 32.29 m3 100.87 €/m3 3,256.72 €  
Steel bars 5359.61 kg 1.4 €/kg 7,503.45 €  

 
Table 89. Dimensions and measured units of Spillway 2.1 

SPILLWAY 2.1 

Height  9  
Spillway length 

29.09  Total mass 
concrete m3 

1523.52 

Slope 3  
Walls height 

5  Total reinforced 
concrete m3 

137.61 

Width dam 4  
Area slab 

397.12  (wall) Kg/ml spw 
longitudinal bar 

492.98 

Length 12  m3/ml Concrete 
volume wall 

2.00  (wall) Kg/ml spw 
transversal bar 

236.63 

Thickness 
slab 

0.2  
Diameter in mm  

20.00  (slab) Kg/ml spw 
longitudinal bar 

145.43 

Area 126.96  Distance between 
bars 

0.20  (slab) Kg/ml spw 
transversal bar 

145.43 
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Table 90. Total budget of spillway 2.1 

Spillway 2.1 

Task Dimensions Price per unit   Total   

Concreting 1523.52 m3 88.12 €/m3 134,252.58 €  
Concreting HA 137.61 m3 100.87 €/m3 13,880.62 €  
Steel bars 33770.32 kg 1.4 €/kg 47,278.45 €  

 
Table 91. Dimensions and measured units of Spillway 2.2 and 2.3 

SPILLWAY 2.2 and 2.3 

Height  
9 

 
Spillway length 

29.09  Total mass 
concrete m3 

634.80 

Slope 
3 

 
Walls height 

5  Total reinforced 
concrete m3 

91.28 

Width dam 
4 

 
Area slab 

165.46  (wall) Kg/ml spw 
longitudinal bar 

492.98 

Length 
5 

 m3/ml Concrete 
volume wall 

2.00  (wall) Kg/ml spw 
transversal bar 

236.63 

Thickness 
slab 

0.2 
 

Diameter in mm  
20.00  (slab) Kg/ml spw 

longitudinal bar 

59.16 

Area 
126.96 

 Distance between 
bars 

0.20  (slab) Kg/ml spw 
transversal bar 

59.16 

 
Table 92. Total budget of spillway 2.2 and 2.3 

Spillway 2.2 
and 2.3 

Task Dimensions Price per unit   Total   

Concreting 634.80 m3 88.12 €/m3 55,938.58 €  
Concreting HA 91.28 m3 100.87 €/m3 9,207.30 €  
Steel bars 28060.36 kg 1.4 €/kg 39,284.51 €  

 
Table 93. Dimensions and measured units of the dry floodproofing measures. Scenario2, case 1. 

DRY FLOODPROOFING CASE 1 

Number of blocks 2664  Water depth protection (m) 0.2 

Perimeter in m of blocks 351155  Total m2 Waterproofed (+0.5) 245808.17 

 
Table 94. Estimated budget for the dry floodproofing measures for the Scenario 2, case 1. 

Dry 
Floodproofing 

case 1 

Task Dimensions Price per unit   Total   

Doors, windows,etc 2664 blocks 2000 €/block 5,328,000.00 €  
Waterproofing walls 245808.17 m2 31.65 €/m2 7,779,828.74 €  

    13,107,828.74 €  
 

 

And now, the total budget for scenario 2 is presented, only is shown the budget of 

scenario2. Case 1, the other one is the same but removing the dry flood proofing cost. 
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Table 95. Total budget scenario 2 

Measure Task Dimensions Price per unit Total 

Dry dam 1.2 

Digging 535.00 2.19 €/m3     1,171.65 €  

Concreting 2675.00 88.12 €/m3  235,721.00 €  

Concreting HA 5.66 100.87 €/m3   570.61 €  

Steel bars 727.855 1.4 €/kg   1,019.00 €  
   238,482.25 €  

Dry dam 1.1 

Digging 610.50 2.19 €/m3     1,337.00 €  

Concreting 3357.75 88.12 €/m3   295,884.93 €  

Concreting HA 4.67 100.87 €/m3 470.75 €  

Steel bars 607.382 1.4 €/kg 850.34 €  
 298,543.01 €  

Dry dam 2.3 

Digging 1020.25 2.19 €/m3     2,234.35 €  

Concreting 5611.375 88.12 €/m3 494,474.37 €  

Concreting HA 4.67 100.87 €/m3 470.75 €  

Steel bars 607.382 1.4 €/kg 850.34 €  
 498,029.80 €  

Dry dam 2.2 

Digging 594.00 2.19 €/m3 1,300.86 €  

Concreting 3267.00 88.12 €/m3 287,888.04 €  

Concreting HA 6.22 100.87 €/m3 627.67 €  

Steel bars 800.640 1.4 €/kg 1,120.90 €  
 290,937.46 €  

Dry dam 2.1 

Digging 574.75 2.19 €/m3 1,258.70 €  

Concreting 3161.13 88.12 €/m3 278,558.34 €  

Concreting HA 6.22 100.87 €/m3 627.67 €  

Steel bars 800.640 1.4 €/kg 1,120.90 €  
 281,565.60 €  

Dry dam 3.3 

Digging 635.55 2.19 €/m3 1,391.85 €  

Concreting 3622.64 88.12 €/m3 319,226.60 €  

Concreting HA 6.45 100.87 €/m3 650.49 €  

Steel bars 829.755 1.4 €/kg 1,161.66 €  
 322,430.60 €  

Dry dam 3.2 

Digging 588.00 2.19 €/m3 1,287.72 €  

Concreting 3528.00 88.12 €/m3 310,887.36 €  

Concreting HA 8.49 100.87 €/m3 855.91 €  

Steel bars 1114.371 1.4 €/kg 1,560.12 €  
 314,591.11 €  

Dry dam 3.1 

Digging 759.50 2.19 €/m3 1,663.31 €  

Concreting 4708.90 88.12 €/m3 414,948.27 €  

Concreting HA 8.77 100.87 €/m3 884.44 €  
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Steel bars 1151.517 1.4 €/kg 1,612.12 €  
 419,108.14 €  

Channel North 1&2 Digging 131512.50 2.19 €/m3 288,012.38 €  

Channel North 3 Digging 20493.00 2.19 €/m3 44,879.67 €  

Channel North 5 to 9 Digging 80716.50 2.19 €/m3 176,769.14 €  
 509,661.18 €  

Channel South Digging 202230.00 2.19 €/m3 442,883.70 €  
 442,883.70 €  

Channel D7 Digging 89578.13 2.19 €/m3 196,176.09 €  
 196,176.09 €  

Levee   376800.00 30 €/m3 11,304,000.00 €  

Spillway 1.1 

Concreting 1523.52 88.12 €/m3 134,252.58 €  

Concreting HA 137.61 100.87 €/m3 13,880.62 €  

Steel bars 33770.32 1.40 €/kg 47,278.45 €  

Spillway 1.2 

Concreting 634.80 88.12 55,938.58 €  

Concreting HA 91.28 100.87 9,207.30 €  

Steel bars 28060.36 1.40 39,284.51 €  

Spillway 1.3 

Concreting 634.80 88.12 55,938.58 €  

Concreting HA 91.28 100.87 9,207.30 €  

Steel bars 28060.36 1.40 39,284.51 €  

Golf club reestr.   1 500000 500,000.00 €  
 12,208,272.42 €  

Levee   60588.00 30 1,817,640.00 €  

Spillway 2.1 

Concreting 153.60 88.12 13,535.23 €  

Concreting HA 36.33 100.87 3,665.01 €  

Steel bars 7447.76 1.40 10,426.87 €  

Spillway 2.2 

Concreting 153.60 88.12 13,535.23 €  

Concreting HA 32.29 100.87 3,256.72 €  

Steel bars 5359.61 1.40 7,503.45 €  

Spillway 2.3 

Concreting 153.60 88.12 13,535.23 €  

Concreting HA 32.29 100.87 3,256.72 €  

Steel bars 5359.61 1.40 7,503.45 €  

Spillway 2.4 

Concreting 153.60 88.12 13,535.23 €  

Concreting HA 32.29 100.87 3,256.72 €  

Steel bars 5359.61 1.40 7,503.45 €  
 1,918,153.31 €  

Dry floodproofing 
Fixed costs 2664 2000 5,328,000.00 €  

Waterproofing  245808.17 31.65 7,779,828.74 €  
 13,107,828.74 €  

 31,465,771.55 €  
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Now the compensation costs and the operation and maintenance costs are presented 

 
Table 96. Costs for compensations, Scenario 2 Decentralized. 

Tr Damage subject Area (ha) Damages Exceed. Prob EAD 

500 Golf (Struct damage) 89.21 500,000€  0.002 
1,900.00 € 

50 Golf (Minor damage) 89.21 50,000€  0.02 

100 Highway 1 106.6857  960,171 €  0.01  9,601.71 €  

100 Highway 2 182.9429  843,638 €  0.01  16,464.86 €  

Tr 50 Dry dams 1.1 18.62  167,585 €  0.02  3,351.71 €  

Tr 50 Dry dams 1.2 9.88  88,933 €  0.02  1,778.65 €  

Tr 50 Dry dams 2.1 4.87  43,833 €  0.02  876.65 €  

Tr 50 Dry dams 2.2 7.60  68,411 €  0.02  1,368.22 €  

Tr 25 Dry dams 2.3 6.59  59,297 €  0.04  2,371.86 €  

Tr 50 Dry dams 3.1 19.30  173,715 €  0.02  3,474.31 €  

Tr 50 Dry dams 3.2 8.58  77,238 €  0.02  1,544.76 €  

Tr 50 Dry dams 3.3 8.02  72,159 €  0.02  1,443.19 €  

     44,175.92 € 

 

Once the expected annual damages are calculated, the next tables present the costs 

that must be added each year in the NPV, the first table corresponds to the case 1 (water 

depth protection 0.52m) the second one to the case 2 (water depth protection 0 m): 

 
Table 97. Other values that must be added to the NPV. Scenario 2 case 1 

Reason Amount Frequency  

Compensation 44,175.92 € Annually  

Operation and maintenance 917,897.14 €  Annually 

Waterproof replacement 13,107,828.74 €  Each 30 years 

 
Table 98. Other values that must be added to the NPV. Scenario 2 case 2 

Reason Amount Frequency  

Compensation 44,175.92 € Annually  

Operation and maintenance 917,897.14 €  Annually 

Waterproof replacement - € Each 30 years 

 

4.4.4. Scenario 3. Flood proofing scenario 

Scenario 3, only have dry flood proofing measures 

 
Table 99. Total budget of Scenario 3. Case 1 

Measure Task Dimensions Price per unit Total 

Dry Floodproofing 
Fixed costs 2664 blocks 2000 €/block 5,328,000.00 €  

Waterproofing  245808.17 m2 31.65 €/m2 21,561,239.64 €  
 26,889,239.64 €  
 26,889,239.64 € 
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Table 100. Total budget of Scenario 3. Case 2 

Measure Task Dimensions Price per unit Total 

Dry Floodproofing 
Fixed costs 2664 blocks 2000 €/block 5,328,000.00 €  

Waterproofing  526731.80 m2 31.65 €/m2 16,671,061.58 €  
 21,999,061.58 €  
 21,999,061.58 € 

 

In this case the only operation and maintenance cost is that one related to the wall 

waterproofing. 

 
Table 101. Other values that must be added to the NPV. Scenario 3 case 1 

Reason Amount Frequency  

Waterproof replacement 21,561,239.64 € Each 30 years 

 
Table 102. Other values that must be added to the NPV. Scenario 3 case 2 

Reason Amount Frequency  

Waterproof replacement 16,671,061.58 € Each 30 years 

 

 

4.4.5. Uncertainty 

The uncertainty of costs is always a 15% of the total budget. 

 
Table 103. Total budget of each scenario and its uncertainty for the case 1 

 
 Minimum Estimated Maximum 

Scenario 1. Case 1 24,858,518 € 29,245,315.86 € 33,632,113 € 

Scenario 2. Case 1 26,745,906 € 31,465,771.55 € 36,185,637 € 

Scenario 3. Case 1 22,855,854 € 26,889,239.64 € 30,922,626 € 

 
Table 104. Total budget of each scenario and its uncertainty for the case 2 

 
 Minimum Estimated Maximum 

Scenario 1. Case 2 10,701,495 € 12,589,993.99 € 14,478,493 € 

Scenario 2. Case 2 15,604,251 € 18,357,942.81 €  21,111,634 € 

Scenario 3. Case 2 18,699,202 € 21,999,061.58 € 25,298,921 € 
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4.5. Decision making 

This section shows the results obtained from comparing the risks and the costs, it is 

worth remembering that in section 4.3 the EAD was obtained and in section 4.4 the 

inversion necessary for each scenario was obtained; however this value does not 

represent the total risk and the total cost, but it represents the values for the first year. 

To a proper analysis, the risk and cost accumulated in the useful life must be compared. 

And that is why NPV is the first step. 

4.5.1. NPV 

Risk 

First the risk is calculated, to do it, it must be remembered that the formula described in 

(33) is used. Also, the number introduced in the upper part of the formula, Rt, is the 

corresponding EAD, which depends on the scenario, and on the water depth protection 

(case). The EAD are found in Table 25, and Table 26 (Expected EAD) for case 1 and 2 

respectively. 

 
Table 105. NPV of the risk for each scenario.  

 
Scenario 0 Scenario 1 Scenario 2 Scenario 3 

NPV Case1 422,671,735.85 € 1,171,044.58 € 6,753,068.05 € 1,068,230.00 € 

NPV Case 2 422,671,735.85 € 42,654,449.12 € 16,056,243.72 € 42,040,918.13 € 

 

Costs 

Before calculating the NPV of the cost, it must be considered the indirect costs; in other 

words; the compensation that must be paid to the injured claimants, the operation and 

maintenance costs, and the waterproof sheet replacements, they are observed in Table 

58. 

 

The NPV for the cost are presented in the next table: 

 
Table 106. NPV of the cost for each scenario. 

 
Scenario 0 Scenario 1 Scenario 2 Scenario 3 

NPV Case 1 0 36,729,552.29 € 41,755,738.13€  28,430,223.06 €  

NPV Case 2 0 9,110,222.24 €  27,896,718.69€  23,259,795.97 €  

 

4.5.2. Cost-benefit analysis 

Once, the NPV for risk and cost is calculated, the comparison of the results is possible. 

Below is found the cost-benefit graphic for scenario 1 and 2. The y-axis sows the risks 

and the x-axis the values, the numbers are not normalized, but they have the same scale 

and range to an easier comparison, drawing diagonals. All the values are multiplied must 

be multiplied by one hundred thousand, 100,000: 

For a better observation, the graphics have been repeated without scenario 0. 



 

98 
Doc Nº1 PROJECT REPORT 

 
Figure 79. Cost-benefit graphic for case 1. Water depths of 0.52, 0.2 and 1.44 for Scenarios 1, 2 and 3. 

 

 
Figure 80. Cost-benefit graphic for case 2. Water depths of 0, 0, and 1. for Scenarios 1, 2 and 3. 
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Figure 81. Cost-benefit graphic for case 1, removing Scenario 0 from the area. Water depths of 0.52, 0.2 

and 1.44 for Scenarios 1, 2 and 3. 

 
Figure 82 Cost-benefit graphic for case 2, removing scenario 0 from the area. Water depths of 0, 0, and 1. 

for Scenarios 1, 2 and 3. 
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4.5.3. Uncertainty 

For the uncertainty analysis, the same graphic will be plotted but considering this time 

the range of uncertainty calculates. The next table shows the NPV’s. 

 
Table 107. NPV’s for risks and their range of uncertainty. Case 1, water depths 0.52, 0.2, and 1.44m  

 
RISK 

Scenario 0 Scenario 1 Scenario 2 Scenario 3 

Max NPV 1,557,357,666.12€ 309,770,454.89€ 443,063,239.46€ 190,865,523.33€ 

Average NPV 422,671,735.85€  1,171,044.58€  6,753,068.05€  1,068,230.00€  

Min NPV  54,767,461.48€   8,448.80€  81,716.03€   46,547.45€ 

 
Table 108. NPV’s for costs and their range of uncertainty. Case 1, water depths 0.52, 0.2, and 1.44m  

 
COST 

Scenario 0 Scenario 1 Scenario 2 Scenario 3 

Max NPV - €  42,238,985.13 €  48,019,098.85 €  32,694,756.52 €  

Average NPV - €  36,729,552.29 €  41,755,738.13 €  28,430,223.06 €  

Min NPV - €  31,220,119.44 €  35,492,377.41 €  24,165,689.60 €  

 
Table 109 NPV’s for risks and their range of uncertainty. Case 2, water depths 0, 0, and 1m. 

 
RISK 

Scenario 0 Scenario 1 Scenario 2 Scenario 3 

Max NPV 1,557,357,666.12€  644,820,431.47€  492,109,080.63€   568,824,477.20€  

Average NPV 422,671,735.85€ 42,654,449.12€ 16,056,243.72€ 42,040,918.13€ 

Min NPV 54,767,461.48€  654,388.89€  113,149.57€  1,335,962.08€  

 
Table 110. NPV’s for costs and their range of uncertainty. Case 2, water depths 0, 0, and 1m. 

 
COST 

Scenario 0 Scenario 1 Scenario 2 Scenario 3 

Max NPV - €  21,976,755.57 €  32,081,226.49 €  26,748,765.37 €  

Average NPV - €  19,110,222.24 €  27,896,718.69 €  23,259,795.97 €  

Min NPV - €  16,243,688.90 €  23,712,210.89 €  19,770,826.57 €  

 

Then their values are plot in the following figures, first the case 1 and then the case 2. 

The variation of risk values has been plotted against it respective fixed cost and then the 

variation of cost values against their fixed risk; this way it is possible to see the whole 

range in both dimension. 

In this case, for convenience in the visualization of the data, they have been normalized 

dividing all values between 170,000,000 € 
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Figure 83. Uncertainty impact in the risk and cost for each scenario. Case 1. Water depths 0.52, 0.2, 1.44. 

 
Figure 84. Uncertainty impact in the risk and cost for each scenario. Case 2. Water depths 0., 0, and 1m. 
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4.5.4. Sensitivity 

For the sensitivity analysis, the paths followed by the points when changing the water 

depth protection in the cost-risk graph have been plotted. First the whole  

 
Figure 85. Variation of position in the cost-risk graph of each scenario when varying water depth 

protection. 

 
Figure 86. Variation of position in the cost-risk graph of each scenario when varying water depth 

protection. Zoom. Theorical maximum water depth pointed. 
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And finally, is plotted a sensibility analysis for scenario 1, in this case the risk, cost, and 

“total cost” (risk + cost) is plotted. 

 

 
Figure 87. Optimization point of water depth protection in the scenario 1. 
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5. Discussion 

5.1. Comparison of model structures 

The results of the September event in the different model structures are shown in Figure 

31, Figure 32, Figure 33, and Figure 34; for the model structures, 1 On-line with external 

boundaries, 2 On-line with internal boundaries, On-line with mixed boundaries and Off-

lines with external boundaries, respectively.  

 

Unfortunately, there is not much information about the maximum water depth 

measurements, in a flash flood event like this where the water flows out of the ordinary 

streams it is complicated to obtain them. That is why this project focuses on the analysis 

and comparison of the damages to assess the suitability of the different model structures. 

 

Observing the figures mentioned before, it can be briefly observed that the fourth model 

structure is the one that causes a major impact in the city, next comes the model structure 

3, the model structure 1 and finally the model structure 2. This enouncement can be 

verified in Table 5. This table also presents a range of uncertainty in which the values 

can move. The first thing deduced from this table is that the higher the estimated value, 

the wider the uncertainty range, which is totally logical; also, that model structure 2 and 

model structure 3 are the two that are found in the average of the four damage 

estimations. And finally if the data is slightly managed, it is striking that the model 

structure 2 is the only one in which its estimated damaged is deviated from half of the 

range; that could occur because in model structure 2 low depths abound around building, 

if this happens, the average value is closer to the lowest value.  

 

According to three different newspaper, the estimated damages by different 

administrations is 100, 200, and 400 millions of euros; also the number of 200 was given 

by the same administration as the number of 100 but 5 months later, what would lead to 

think that the amount of 100 million of euros is less reliable. Figure 35 displays the 

estimated damages by this project and their uncertainty, and the range of values given 

by the administrations. Considering this data, the model structure 1. Online with external 

boundaries looks as the strongest model to simulate the flood. 

 

On the other hand, to support the choice, a video recorded the 13th of September has 

been used to analyse the area of the torrent bridge (Puente de la Rambla). In this video, 

the water depth can be guessed in three easily recognizable spots:  

1. A building in the corner of the square that has a water depth close to 2 metres,  

2. Before overcoming the bridge the water must have more than 3 metres in depth 

because it overflows the bridge (the bridge has a height of 3 metres), after the bridge the 

water level is reduced roughly the same lenght as the height of the fence ,it means a 

water depth circa 2.5 metres.  

3. A low building in the middle of the square would indicate that the water around it 

reaches 1.5 metres of depth. These pictures are exhibited in Figure 38, in Figure 36 a 

detail of the simulation in the area can be studied for each model structure, and finally, 

Figure 37 helps to locate the spots in the flooding maps of the model structures.  
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In spot 1, the model structures 3 and 4 clearly overestimate the damages whereas model 

1 fits and model 2 may underestimate them. In spot 2, before the bridge the four models 

give reasonable outputs, but after it, model 4 gives a depth much deeper than reality, 

whereas model 2 does not reach the measured depth. In spot 3, once again time model 

structure 1 fits the most. 

 

From all the data reflected in this section, it can be confirmed that Model structure 2 On-

line with external boundaries offers the best performance. 

 

5.2. Scenarios measures 

5.2.1. Scenario 0. Current situation 

There are no measures in Scenario 0. Current situation. 

5.2.2. Scenario 1. Centralized 

Figure 39 shows a scheme of the Channel_D7, drafted for scenario 1; this channel has 

a huge capacity of drainage due to it notably great section and specially to it concrete 

cover. Even so, its capacity only reaches half of the discharge peak of the flood occurred 

last September. Figure 41 and Figure 42 shows the section of the channel North, which 

also has a considerable size and capacity. Both channels D7 and North would suffer high 

strains and that is why the concrete must perform well. 

 

Figure 44 and Figure 45 show the solution of the detention pond outside the city area, in 

a Golf Club; this solution may look a little extreme, however this creek discharged 10 

hm3 of water last September, the channel North can only drain 160 m3/s from the 470 

m3/s, and there is not much available space in the city. That is why it was decided that 

flooding the Golf Club and paying a compensation to the owners would be a better option. 

Figure 46 displays the functioning of the reservoir if the storm of September occured, the 

graph shows a little instability due to the high step chosen however it is useful to have 

an idea of how high the water would reach. 

 

The detention pond in the urban area could also look like an extreme solution (Figure 

47), because it would involve storing water just upstream from the city, however 

considering that the water depth would reach 2 metres or slightly deeper and that this 

depth was already reached in the event of last September, it is not so extreme (Table 6). 

The dikes would not reach the contour level 10masl (spillways height)(Figure 48), which 

makes the risk of overtopping unlikely; in addition, they will count with emergency 

spillways and with 1.5 metre of freeboard, fulfilling the technical criteria of dam designs 

in Spain. The detention ponds also count with a double pipe, each of them with a high 

capacity, so they are not designed to storage water but to control the flood and allow the 

water to flow in secure conditions. 

 

Once the flood overwhelms the system, the water will reach the houses, however, the 

flood resilience measures and the dry floodproofing measures, play an important roll in 

protecting the houses from a storm that overcomes the infrastructures designed. 
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5.2.3. Scenario 2. Decentralized 

Scenario 2. Decentralized starts by affecting the upperpart of the catchment area with 

the dry dams (Table 8, Table 9, Table 10, Table 11, Table 12, Table 13, Table 14, and 

Table 15) present the technical characteristics of the dry dams. They all reduce the peak 

of the flooding without affecting the water course when return periods of 25 or 50 are not 

reached, which was the target. In addition, the boundary conditions were considered in 

the 8 dams and they never flood houses or infrastructures, only small paths, and farming 

lands. 

 

The channel D7 is not covered by concrete, which significantly reduces the capacity but 

allows water infiltrating in the soil and is quite cheaper; to compensate the lack of 

concrete, its section is widening and finally a capacity of around 200m3/s is reached 

which is a considerable amount. Channel North and South are divided in several parts 

that collect the water coming from the two detention ponds and then 1 main channel for 

each of them that drives the water to the ocean or a future wastewater treatment plant. 

Each of them can drain around 160 m3/s of water an example of their location is shown 

in Figure 54, Figure 55, and Figure 56; and in Figure 53 and Figure 57 and plotted their 

capacity curves. 

 

The other main infrastructure of the scenario 2 decentralized is the detention pond 

behind the highway, this one can seem a risky option as well, however the highway 

functioning is not endangered, in fact, a new dyke following the highway is proposed. 

The storm that would flood the highway detention ponds has a low probability (Tr100). 

The problem of this measure is that a lot of floodwalls and levees are needed to protect 

houses upstream. 

 

As in scenario 1. Centralized, the dry floodproofing measures will be an important 

complement for this scenario. 

 

5.2.4. Scenario 3. Flood proofing measures 

This scenario has not infrastructures. 

5.3. Damage assessment 

5.3.1. Scenario 0. Current situation 

The flooding map caused by the September event is displayed in Figure 61, also the 

flooding maps caused by the different return periods are displayed in Figure 62. The 

presence of dangerous depths at small return periods draw attention and it is clear that 

events of high return periods such as 100 or 500 years will cause damages but observing 

the flooding maps even the return period 10 can cause potential damages. Table 19 

confirms that high probability events have no negligible damages as a consequence. 

Also, it should be highlighted that the event of last September caused more damages 

that associated to the 500 years return period. Figure 63 explains the high uncertainty 

associated with the damage estimation. 
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5.3.2. Scenario 1. Centralized 

In Figure 64 and Figure 65, the flooding maps of the September event and the different 

return period rainfalls in Scenario 1 are plotted. It is seen that the north of the city, where 

there are no detention ponds has the deeper area, however most of the maximum water 

depths, even in September 19, are yellow, this is between 0.5 and 1 metre; which could 

be protected with dry proofing measures. In fact, to do the damage analysis, 0.52 metres 

was chosen as depth of protection. 

 

shows the estimated damage for this scenario. As it was said, the water depth protection 

of 0.52 metres was chosen because it was the height necessary to reduce the damages 

in September by 90%. In Figure 66 the effectiveness of the scenario in reducing the risk 

is demonstrated. 

5.3.3. Scenario 2. Decentralized 

For scenario 2. Decentralized, the water level protection that reduces the damages by 

90% is 0.2 metres. Figure 67 and Figure 68 show the flooding maps for this scenario. 

The first thing one can realize when observing these flooding maps is that Scenario 2 

Decentralized is highly effective in reducing the depths (Most of the areas are in blue, 

which indicates water depth from 0 to 0.5 metres), even more than scenario 1. In fact, 

that is the reason why it only needs 0.2 metres of water depth protection to remains at 

10% of the damages. 

 

Table 21 shows the estimated damages for the different rainfalls in this scenario. The 

damage caused by different probabilities reduces significantly compared to Table 19, but 

are higher than in Table 20 even though the damage in the September event is lower. 

That could be explained because of the water depth protection, which is notably shorter 

in scenario 2, thus gives less protection against low depths (from 0.2m to 0.52m houses 

are unprotected in Scenario 2 and protected in Scenario1). Figure 69 shows the 

effectiveness of Scenario 2 in reducing the risks. 

5.3.4. Scenario 3. Flood proofing measures 

Scenario 3 Dry floodproofing measures have no flooding maps, because they are the 

same as in Scenario 0. Current situation. To reduce the damages to 10% it needs a 

water depth proofing measure of 1.44 metres, investigating its effect has been 

considered as a theoretical possibility, but it is something that could involve extra- costs 

and may not be technically feasible. 

 

Figure 70 and Table 22 display the estimated damages for the different rainfalls. The 

steeped slope and the values close to 0 in the low return periods support the idea 

commented before. High dry floodproofing depths have a huge impact in the low return 

period events. 
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5.3.5.  Expected annual damage 

This section is quite interesting because the different impact of the measures can be 

studied. As it was commented, the floodproofing water height was set up in each 

scenario aiming to reduce the damages in the September event to 10%; which have 

supposed heights of 0.52m, 0.2m, and 1.44m for the scenarios 1, 2, and 3.  

 

Table 23 and Table 24 support the idea again, the three scenarios reduce the damages 

in September at the same percentage, to 10%, however Scenario 2 reduces the 

expected annual damage to 60%, Scenario 1 reduces it  360times over and Scenario 3 

400 times (from 38.7M to 0.62M, to 0.11M and to 0.10M). 

 

Figure 71 and Figure 72 display the damages and risk against probability; in the first one 

it can be appreciated that Scenario 2 is the worst at reducing the risk and Scenario 3 is 

the best, already checked in the previous paragraph. From the second Figure a key data 

is obtained, without any measures, the low return period floods are the events that cause 

the most risk to the EAD. This is a key piece of data because if you know which part of 

the curve contributes more, you know what the most effective action is to reduce the risk. 

 

So far, the risk of reducing effectiveness of each scenario has been analysed, however, 

the choice of the protection depths can mask the effectiveness of the scenarios or at 

least make them more complex in comparison. That is why case two was set up, in which 

the water protection depth was set up to 0m, 0m, and 1 for scenarios 1, 2, and 3. 

 

Figure 73 and Figure 74, analogous to Figure 71 and Figure 72, presents the damage 

and risk against probability with this new water protection level. Now is observed that 

without the dry floodproofing measures (excepting Scenario 3) the risk-reduction 

effectiveness changes radically. The most effective one is scenario 2, and then Scenario 

1 and 3 whose results are almost equal. Table 26 

 

This analysis comparing case 1 (Protection depths: 0.52, 0.2 and 1.44) and case 2 

(Protection depths: 0, 0 and 1) is really interesting and that is why the previous graphs 

of risk and damage have been plotted again but removing scenario 0, for better 

comprehension. 

 

Figure 75 and Figure 76 for the damages, and Figure 77 and Figure 78 for the risk give 

a clue of how these scenarios behave with different protection depths. In Figure 75 

Scenario is the less effective at reducing the risk and in Figure 77 it is observed that the 

medium low return periods are the ones that mostly contribute to the EAD for scenario 

2; nevertheless scenario 1 and 3 have their most significant contribution to their EAD in 

the high return periods; their water protection depth is probably the responsible of this 

effect. 

 

Figure 76 shows that without dry floodproofing measures, Scenario 2 is the most 

effective and Figure 78 that without them Scenario 1 has an important problem with low 

return periods. 
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5.4. Economical costs 

5.4.1. Scenario 0. Current situation 

Scenario 0 has no cost. 

5.4.2. Scenario 1. Centralized 

For this section, the most important part is the final budget for the two cases of scenario 

1. Centralized, which are reflected in Table 54 and Table 55. The channels are the 

cheapest infrastructures and they have a great impact, the detention ponds have a 

reasonable price as well, the Golf Club detention pond has a moderate price, but is 

necessary to complement the Channel North. The point that draws the most attention is 

that the dry floodproofing measures have a huge impact on the final budget, more than 

a 50% in case one, in addition, they have a fixed cost of 5M of euros. 

5.4.3. Scenario 2. Decentralized 

These results are shown in (Table 63). From them it is deduced that the dry dams and 

the channels are comparably cheap infrastructures; the dams cost 2.6M euros and the 

channels only 1.4M euros. The highway pond 1 is not that much more expensive (1.9M), 

however the highway pond costs 12.2M, and most of its cost comes from the length and 

height of the earth dam. The floodproofing measures are again the part that has more 

impact on the final budget with a percentage of 42% even though the water protection 

depth is only 0.2 metres. 

5.4.4. Scenario 3. Flood proofing measures 

The total budget is found in (Table 64).it is deduced from it that waterproofing walls is a 

measure only worth applying on as big of a surface as possible, for example in a house, 

if not, it is better not applying it at all due to it requiring a high initial investment and thus 

the ratio investment-effectiveness is really low in low water protection depths. 

 

Looking at all scenarios, it is clear that compensating farmers or of private properties 

owners, such as the Golf Club, instead of paying the damages in the houses, is worth 

the risk and investment. 

 

 

5.5. Decision making 

This one is the most important and interesting part of the master thesis, where the 

general performance of each measure and scenario can be analysed. 
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5.5.1. NPV 

The NPV’s are calculated for cost and risk of each scenario in Table 105 and Table 106. 

Also, they are calculated for the two cases already explained (those which depended on 

the water depth protection). The most important conclusion obtained from this tables is 

that in Los Alcázares investment in any measure to avoid or mitigate flooding worth 

totally, because the EAD due to floods is one or even two order of magnitude bigger than 

the cost NPV. 

5.5.2. Cost-Benefit analysis 

In Figure 79 and Figure 80 are plotted the risk-cost graph, both of them show that costs 

are significantly smaller than risks. Figure 81 and Figure 82 are a zoomed picture of the 

previous figures in which the position of the scenarios is seen clearly. In the case one 

the scenario 3 is clearly the most adequate, the optimal pareto curve would be defined 

by the scenario 0 and scenario 3, and thus optimum solution would be the scenario 3. 

 

In the case two, the pareto optimal curve would be defined by the scenarios 0, 1 and 2; 

being the scenario 3 the only dominated solution. Considering this, the most appropriate 

solution would depend on the kind of strategy followed but assuming a neutral position, 

the optimal solution in this case would be the scenario 2 (if the strategy is of risk seeking, 

the scenario 1 would be a better option). 

5.5.3. Uncertainty 

Table 107, Table 108, Table 109, and Table 110, show the uncertainty ranges in costs 

and risks; it is important because can changes the taken choice. Sometimes is preferable 

to choose a scenario with less performance but also less uncertainty. To a better 

visualization of the data, they were plotted in two graphs for the case 1 and 2; they are 

Figure 83 and Figure 84. 

 

These figures have been plotted normalizing the axis for a better visualization, this allows 

one to see how are distributed and how large are the uncertainties, however, to check if 

this effect could change a choice is complicated. 

5.5.4. Sensitivity analysis 

To do check how the scenarios change when varying the water depth protection, their 

cost and risk have been calculated from 0 to 1.5, with a step of 0.1m each time. The 

figure obtained is Figure 85, and a zoom of it Figure 86. In the second one is also pointed 

the maximum water protection depth in which the analysis could change (1m). 

 

From these two figures, interesting conclusion are obtained. First, the shape of the 

curves is curious, the reason is that at 0m of water depth protection the cost is 0, when 

the value increases to 0.1 the cost also increases significantly but the risk remains, 

because under 0.1 metres is considered that the water does not entry in the houses. 

 

The second one is the effectiveness of the floodproofing measures, due to their high 

initial investment they are worth when applying more than certain height, but they have 
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a limit problem when they reach the metre of height. On the other hand, they are more 

effective when no more measures are taken, this way scenario 3 they reduce significantly 

the risk and totally worth, whereas in scenario 2 is more effective not applying them. In 

Scenario 1, the best performance is close to the point 0.5. 

 

Then, the dry floodproofing are not interesting in Scenario 2, and in Scenario 3 would be 

perfect if there was not a limit, but they have an optimal point in Scenario 1. This leads 

to plot a cost-water protection height graph to find the optimal point. This one is Figure 

87, and it shows that the optimal height for scenario 1 is 0.5. 
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6. Conclusion  

Whatever the flood protection scenario chosen for Los Alcázares, it will be worth it 

because of the highly expected annual damage due to flooding. Murcia is an area that 

has always been affected by serious floods in the past, and that recently is experimenting 

an increase in the frequency and the intensity of these events. In the particular case of 

Los Alcázares, this effect is also leading to a serious deterioration in the Minor Sea, 

which is already affected by contamination. Also, this area, due to the torrentiality of its 

precipitation and other conditions described in the thesis, is especially vulnerable to 

events associated with events of high probability, which contribute to the expected 

annual damage the most. 

 

A novelty of this project is the decision-making aspect, based on the damage estimation, 

this is useful in a situation of scarce data, however the damage assessment is a process 

which entails a significant uncertainty. Therefore, having the possibility of using 

measured data to calibrate and validate the model is always the best choice. Sometimes 

this data can appear from unsuspected sources like a video, or a stain in a wall. 

 

Regarding the model structures, model structure 1 has the best performance, also the 

friendly use of PCSWMM and the possibility of being assembled with PDWave offers a 

power tool able to work in 1D and 2D, considerably reducing the computation time. 

However, Iber, the other possibility, requires data to be introduced manually, which 

reduces its practicality. 

 

Both, Scenario 1 Centralized and Scenario 2 Decentralized are well designed and have 

good complementation of the measures. In addition, PCSWMM and PDWave compose 

a great tool when implementing flood protection measures in the model.  

 

In this project the scenarios 1 and 2, were designed keeping in mind the flood occurred 

last September, however designing a scenario that reduces the damages of this specific 

event better than other scenarios does not ensure that it will reduce the risk any better 

than the other scenarios , and this has been noted in this project. For a proper reduction, 

the risk curve must be known, this way, the scenario can focus on these areas of the 

curve that contribute the most to the risk, so it can reduce it. 

 

Combining different structural flood protection measures with floodproofing measures is 

an excellent idea, however, the design of both must be done considering the functioning 

of the other parts. Otherwise scenario 2’s problems can occur, a well-designed scenario 

with a great performance has problems because it cannot be combined with 

floodproofing measures. Whereas scenario 1, having a worse performance combines 

with the floodproofing measures, which makes it the most eligible. 

 

Dry floodproofing measures can be really effective in high probability events, but they 

must be combined with other measures to improve performance and to solve their main 

problem, the height limit. In addition, they are highly effective when applied at large 

heights. Another conclusion obtained from this project is that, applying the floodproofing 

measures in only some areas and based on flood risk maps, and not in all the houses 

could be the best idea.  
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Also, some measures that work in the low return period events, and that are cheap such 

as ploughing according to the contour levels or applying SUDS or LIDs could be the 

perfect combination for scenario 1 or scenario 2.  

 

The best cost-benefit rate would be reached combining the scenario 1 with a dry 

floodproofing with a height of 0.5metres. 

 

Before concluding, this project is focused on assessing the damage to private houses, 

however the situation in Murcia and the Minor Sea requires a comprehensive plan that 

also considers the environmental problems damaging this valuable ecosystem. To also 

achieve a solution to the environmental problems caused in the Minor Sea by the floods, 

these scenarios should be combined with some kind of water treatment plant to dispose 

of the waste nutrients before reaching the sea. 

 

To conclude, these scenarios, even in their cheapest form, are vital for the long-term 

sustainability of this region of Murcia. It is important to take away from this research the 

fact that the most damaging events to strike this area are those of frequent occurrence 

(5 and 10 year return periods), which, when summed cause greater damages that the 

singular most threatening event (500 year return period). The reason why Scenario 1 

has been chosen as the optimal solution is a combination of the effectiveness of the dry 

floodproofing measures against the frequent events and the large infrastructure placed 

against the low frequency events. This research also shows that it is not effective or 

necessary to spend large amounts of money to prevent flood damages, but rather study 

the effects of the specific events to manage spending more efficiently.   
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Appendixes 

Appendix 1. Area of Study 

 
Figure 88. Death fishes due to the anoxia effect after the flooding event in September 2019. 

 

 

 

Figure 89. This figure shows the impact of greenhouses on the water paths (left), and also how the gullies 
made by the torrents are harder of recognition 
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Figure 90. Channel in Los Alcázares 

 
Figure 91. Sewer pipe at the enf of the channel. Diameter 1.80 metres 
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Appendix 2. Precipitation analysis 

Table 111 Average precipitation in Los Alcazares for each month and anually. Data obtained from the 
AEMET visor. 

 
 
Table 112 Maximum rainfall values in one day an in one month in the risky months. Data measures in San 

Javier Airport. And obtained from AEMET. 

 September October November December January Annual 

Max Prec 1 
day (l/m2) 
date 

204.7 
12.09.2019 

172.9 
17.10.1972 

330.0 
04.11.1987 

102.0 
02.12.2019 

117.0 
04.01.1956 

330.0 
04.11.1987 

Max Prec 1 
month (l/m2) 
date 

254.4 
09.2019 

316.2 
10.1972 

336.2  
11-1987 

277.4 
12.2016 

203.0 
01.1991 

336.2  
11-1987 

 

 
Figure 92. Rain gauges belonging to SAIH in the Segura watershed. 

http://agroclimap.aemet.es/
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Figure 93. Page 4-5 CEDEX 1999. Pmax, day and Cv Los Alcázares. 
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Table 113. Quantiles Yt of SWRT-ET max. CEDEX 1999 

 
 
Table 114. Percentage of influence for each rain gage. 

ID Rain gage  Name Area (ha) Percentage (%) 

794 M.C.PUERTAS DE MURCIA 464 2.5 

668 MURCIA 871 4.8 

1259 AF.C.P.C.CARTAGENA 713 3.9 

807 TORRE PACHECO 14887 81.5 

932 E.LA PEDRERA 54 0.3 
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Figure 94. Torrentiality Index in Spain. Source: Instrucción 5.2 - IC. Drenaje superficial. 

Table 115. Intensity for each interval. IDF 

Tr 
years 

P max 
(mm) 

Daily 5min 
 

10min 15min 30min 1h 2h 3h 6h 12h 24h 

2 41.30 1.72095 71.87 51.19 41.50 28.41 18.93 12.25 9.36 5.76 3.42 1.96 

5 60.85 2.53562 105.90 75.42 61.15 41.86 27.89 18.05 13.79 8.49 5.04 2.89 

10 76.01 3.16709 132.27 94.20 76.37 52.29 34.84 22.54 17.23 10.60 6.30 3.60 

25 96.73 4.03049 168.33 119.88 97.19 66.54 44.34 28.69 21.93 13.49 8.01 4.59 

50 113.85 4.74382 198.12 141.09 114.40 78.32 52.18 33.77 25.81 15.88 9.43 5.40 

100 131.67 5.48638 229.13 163.18 132.30 90.58 60.35 39.05 29.85 18.36 10.91 6.24 

200 150.62 6.27572 262.10 186.66 151.34 103.61 69.03 44.67 34.14 21.00 12.48 7.14 

500 177.70 7.40418 309.23 220.22 178.55 122.24 81.45 52.71 40.28 24.78 14.72 8.43 

 
Figure 95. IDF curves. Logarithmic scale 
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Appendix 2. Corrections made in the DEM 

The corrections have been done by infrastructures to an easy procedure: Channel 

“Campo de Cartagena”, the road “RM 19”, the highway “AP-7” and the highway   just 

upstream the city. 

In the Channel Campo de Cartagena are found 9 missing culverts, one of them is 

crossed by the torrent La Maraña. 

 

 
Figure 96 DEM modifications due to a channel 

 

 
Figure 97. DEM modification due to a channel 
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In the road RM 19, are found 9 culverts as well; one of them is essential because it lack 

change completely the watershed contour. 

 

 
Figure 98. DEM modification due to a road 

In the highway AP-7 the density of culverts is enormous, and the dimensions change in 

each one, that is why it was done a more exhaustive study. 

 
Figure 99. DEM modification due to the highway AP7 
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Figure 100. Existing culvert in the Highway A7 that is not included in the DEM 

  
Figure 101. Existing culvert in the Highway A7 that is not included in the DEM (2) 

And finally, the highway AP7 upstream Los Alcázares. 

 
Figure 102. DEM Modified as in reality 
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Appendix 3. Roughness values 

Table 116 Roughness value applied according to Chow and Iber database 

Given colour CODIIGE code CODIIGE name Cover land Manning 

Orange 340 Combinación 
vegetación 

Mixed vegetation  0.12 

Blue 260 Combinación de 
cultivos con 
vegetación 

Crop field and 
vegetation 

0.12 

Violeta 234 Olivar Olive gorve 0.12 
Forest green 312 Bosque de 

Coníferas 
Coniferous forest 0.12 

Brown red 514 Lámina de agua 
superficial 

Water 0.04 

Purple grey 232 Frutal no cítrico Fruit tree 0.12 
Blue Grey 236 Combinación de 

cultivos leñosos 
Combination 
Grove 

0.12 

Red Grey 250 Combinación de 
cultivos 

Combination Crop 
fiedls 

0.05 

Yellow Grey 210 Cultivao herbáceo Arable crops 0.05 
Light blue 220 Invernadero Greenhouses 0.018 
Green 161 Red viaria o 

ferroviaria 

Roads or railway 0.018 

Purple  320 Pastizal o herbazal Pasture 0.05 
Ochre 231 Frutal cítrico Citric furit tree 0.12 
Dark blue 130 Industrial Industrial 0.15 
Brown  140 Servicio 

dotacional 
Dotacional public 0.15 

Pale green 172 Infraestructura de 
residuos 

Waste 
infrastructure 

0.023 

Olive green 354 Suelo desnudo Bare soil 0.023 
Turquoise blue 150 Asentamiento 

agrícola y huerta 

Agricultural 
settlement 

0.12 

Green 113 Discontinuo Bare soil 0.023 
Red 121 Instalación 

agricola o 
ganadera 

Agricultural 
facilities 

0.12 

Grey   111 Casco Urban settlement 0.15 
Intense blue 313 Bosque Mixto Mixed forest 0.12 
Flesh colour 171 Infraestructura de 

suministro 

Infrastructure 0.018 

Green grey 330 Matorral Bushes 0.05 
Morado 112 Ensanche Settlements 0.15 
Yellow  114 Zona verde urbana Urban green area 0.05 
Mauve 351 Playa duna o 

arenal 
Sand 0.023 

Toasted 515 Embalse Water 0.04 
White 162 Puerto Harbour  0.04 
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Figure 103. Roughness values used for the catchment area. 

 
Figure 104. Roughness values used for the city of Los Alcázares. 
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Appendix 4. Burnt DEM 

 
Figure 105 Burnt DEM of Los Alcázares 

Appendix 5. Watershed delineation  

 
Figure 106. Water delineation and hydrography in Los Alcázares 
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Appendix 6. Flood measures 

 

  

Figure 107. Huffman Dam. Example of Dry Dam in Ohio. 

 

 
Figure 108. Example of Check Dams in Klammgraben. Picture obtained from the slides of Dr A. Rimböck. 

Subject “Alpine Hazards: Protective Water Management in Mountain Regions” in TUM 
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Appendix 7. Flood protection scenarios. 

Scenario 1 

 
Table 117. Curve capacity of channel D7. 

Depth Capactiy in (m3/s) 

0.1 0.67899263 

0.2 2.17511566 

0.3 4.31780346 

0.4 7.048677 

0.5 10.3393821 

0.6 14.1755533 

0.7 18.5506732 

0.8 23.4630957 

0.9 28.9143985 

1 34.9083866 

1.1 41.4504542 

1.2 48.5471548 

1.3 56.2059026 

1.4 64.4347594 

1.5 73.2422774 

1.6 82.6373836 

1.7 92.629291 

1.8 103.227431 

1.9 114.4414 

2 126.280921 

2.1 138.755807 

2.2 151.875938 

2.3 165.651239 

2.4 180.091663 

2.5 195.207179 

2.6 211.007759 

2.7 227.50337 

2.8 244.703967 

2.9 262.619486 

3 281.259842 

3.1 300.63492 

3.2 320.754576 

3.3 341.628633 

3.4 363.266879 

3.5 385.679065 

 



 

129 
Doc Nº1 PROJECT REPORT - Appendixes 

Table 118. Curve capacity of channel north 

Depth Capactiy in (m3/s) 

0.1 0.5877463 
0.2 1.82689832 
0.3 3.51795678 
0.4 5.57029774 
0.5 7.92505612 
0.6 10.5393733 
0.7 13.3801183 
0.8 16.4207107 
0.9 19.6392763 

1 23.0174765 
1.1 26.5397161 
1.2 30.1925818 
1.3 33.9644291 
1.4 37.8450698 
1.5 41.8255305 
1.6 45.8978616 
1.7 50.0549846 
1.8 54.290568 
1.9 58.5989252 

2 62.9749298 
2.1 67.413945 
2.2 71.9117638 
2.3 76.464558 
2.4 81.0688349 
2.5 85.7214003 
2.6 90.4193257 
2.7 95.1599208 
2.8 99.9407088 
2.9 104.759405 

3 109.613899 
3.1 114.502236 
3.2 119.422605 
3.3 124.373322 
3.4 129.352824 
3.5 134.359652 
3.6 139.392448 
3.7 144.449943 
3.8 149.530948 
3.9 154.634355 

4 159.75912 
4.1 164.904269 
4.2 170.068881 
4.3 175.252096 
4.4 180.453101 

 

 

Depth Capactiy in (m3/s) 

0.1 0.70733019 
0.2 2.27411848 
0.3 4.53296672 
0.4 7.43285315 
0.5 10.9535725 
0.6 15.0889922 
0.7 19.8406657 
0.8 25.214767 
0.9 31.2204173 

1 37.8686923 
1.1 45.1719984 
1.2 53.1436622 
1.3 61.7976527 
1.4 71.1483864 
1.5 81.2105894 
1.6 91.9991972 
1.7 103.529281 
1.8 115.815992 
1.9 128.874521 

2 142.720069 
2.1 157.367821 
2.2 172.832926 
2.3 189.130491 
2.4 206.275563 
2.5 224.283123 
2.6 243.168083 
2.7 262.945279 
2.8 283.629466 
2.9 305.23532 

3 327.777436 
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Table 119. Flow through spillway (left) and bottom outlet (right) 

 

Altitude (masl) Flow (m3/s) 

14.5 0.0 

14.6 1.1 

14.7 3.0 

14.8 5.5 

14.9 8.4 

15 11.8 

15.1 15.5 

15.2 19.5 

15.3 23.8 

15.4 28.4 

15.5 33.3 

15.6 38.4 

15.7 43.8 

15.8 49.4 

15.9 55.2 

16 61.2 

16.1 67.4 

16.2 73.8 

16.3 80.4 

16.4 87.2 

16.5 94.2 

16.6 101.3 

16.7 108.7 

16.8 116.2 

16.9 123.8 

17 131.6 

17.1 139.6 

17.2 147.7 

17.3 156.0 

17.4 164.5 

17.5 173.0 

17.6 181.8 

17.7 190.6 

17.8 199.6 

17.9 208.8 

18 218.0 

 

Altitude (masl) Flow (m3/s) 

10 0.86 

10.4 17.13 

10.8 24.21 

11.2 29.65 

11.6 34.23 

12 38.27 

12.4 41.92 

12.8 45.27 

13.2 48.40 

13.6 51.33 

14 54.11 

14.4 56.75 

14.8 59.27 

15.2 61.69 

15.6 64.02 

16 66.27 

16.4 68.44 

16.8 70.55 

17.2 72.59 

17.6 74.58 

18 76.52 
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Table 120. Behaviour of the detention pond “Golf Club” when the designed rain.  

INFLOW(m3/s) 
INFLOW 

(m3) 

OUTFLOW 
DRAINAGE 

(m3/s) 

OUTFLOW 
WEIR 

(m3/s) 

OUTFLOW 
VOLUME 

(m3) 
STORAGE 

(m3) 
Altitude 
(m.a.s.l.) 

TOTAL 
OUTFLOW 

(m3/s) 

0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 

0.0 9.2 0.0 0.0 0.0 9.2 10.5 0.0 

0.1 23.1 17.1 0.0 5139.0 0.0 10.0 17.1 

0.1 20.9 0.9 0.0 256.6 0.0 10.0 0.9 

0.3 87.1 0.9 0.0 256.6 0.0 10.0 0.9 

0.2 50.0 0.9 0.0 256.6 0.0 10.0 0.9 

0.1 28.9 0.9 0.0 256.6 0.0 10.0 0.9 

0.2 57.9 0.9 0.0 256.6 0.0 10.0 0.9 

0.5 147.3 0.9 0.0 256.6 0.0 10.0 0.9 

0.6 166.7 0.9 0.0 256.6 0.0 10.0 0.9 

0.4 120.1 0.9 0.0 256.6 0.0 10.0 0.9 

0.5 153.0 0.9 0.0 256.6 0.0 10.0 0.9 

0.6 173.9 0.9 0.0 256.6 0.0 10.0 0.9 

0.5 139.1 0.9 0.0 256.6 0.0 10.0 0.9 

0.6 194.9 0.9 0.0 256.6 0.0 10.0 0.9 

0.8 253.8 0.9 0.0 256.6 0.0 10.0 0.9 

1.0 298.1 0.9 0.0 256.6 40.6 11.1 0.9 

1.2 354.6 27.1 0.0 8119.4 0.0 10.0 27.1 

1.7 498.3 0.9 0.0 256.6 240.8 11.9 0.9 

1.7 503.9 36.3 0.0 10890.8 0.0 10.0 36.3 

1.9 584.9 0.9 0.0 256.6 327.4 12.0 0.9 

2.0 590.9 38.3 0.0 11479.6 0.0 10.0 38.3 

2.2 649.5 0.9 0.0 256.6 392.0 12.1 0.9 

2.3 702.6 39.2 0.0 11763.0 0.0 10.0 39.2 

2.7 801.2 0.9 0.0 256.6 543.7 12.3 0.9 

3.1 917.1 40.1 0.0 12039.7 0.0 10.0 40.1 

3.5 1045.6 0.9 0.0 256.6 788.1 12.5 0.9 

4.0 1210.2 41.9 0.0 12574.8 0.0 10.0 41.9 

6.5 1950.9 0.9 0.0 256.6 1693.4 12.9 0.9 

8.1 2440.9 45.3 0.0 13581.9 0.0 10.0 45.3 

9.8 2932.9 0.9 0.0 256.6 2675.5 13.1 0.9 

12.3 3679.4 46.9 0.0 14058.5 0.0 10.0 46.9 

17.2 5153.3 0.9 0.0 256.6 4895.8 13.4 0.9 

19.5 5844.4 49.9 0.0 14966.1 0.0 10.0 49.9 

21.7 6513.5 0.9 0.0 256.6 6256.0 13.5 0.9 

24.4 7313.8 50.6 0.0 15184.5 0.0 10.0 50.6 

27.7 8295.4 0.9 0.0 256.6 8037.9 13.7 0.9 

33.9 10172.5 50.6 0.0 15184.5 2975.2 13.1 50.6 

39.9 11962.2 47.6 0.0 14290.8 599.0 12.3 47.6 
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44.9 13457.9 41.0 0.0 12310.1 1705.8 12.9 41.0 

50.8 15234.3 45.3 0.0 13581.9 3312.9 13.2 45.3 

56.2 16870.2 48.4 0.0 14519.4 5615.4 13.5 48.4 

63.0 18893.9 49.9 0.0 14966.1 9493.3 13.8 49.9 

68.8 20633.8 50.6 0.0 15184.5 14892.0 14.0 50.6 

74.2 22268.2 50.6 0.0 15184.5 21925.1 14.2 50.6 

81.1 24337.8 50.6 0.0 15184.5 31027.8 14.4 50.6 

87.9 26363.2 50.6 0.0 15184.5 42155.9 14.6 50.6 

95.3 28592.7 50.6 1.1 15500.4 55197.5 14.8 51.7 

103.9 31157.5 50.6 3.0 16078.0 70226.3 14.9 53.6 

114.6 34380.7 50.6 8.4 17711.8 86844.6 15.0 59.0 

127.0 38101.1 50.6 11.8 18716.5 106178.6 15.2 62.4 

143.1 42935.4 50.6 15.5 19827.4 129235.9 15.3 66.1 

164.7 49418.5 50.6 19.5 21035.3 157568.5 15.4 70.1 

191.0 57290.7 50.6 23.8 22332.8 192475.8 15.5 74.4 

220.4 66127.7 50.6 33.3 25174.5 233378.4 15.6 83.9 

254.7 76404.5 50.6 38.4 26709.9 283022.4 15.8 89.0 

291.2 87372.3 50.6 43.8 28316.7 342027.4 15.9 94.4 

327.3 98185.2 50.6 49.4 29992.0 410170.0 16.0 100.0 

362.3 108704.7 50.6 55.2 31733.0 487091.1 16.1 105.8 

390.6 117172.5 50.6 61.2 33537.3 570675.7 16.2 111.8 

415.9 124756.5 50.6 67.4 35402.9 659978.8 16.3 118.0 

436.9 131082.6 50.6 73.8 37327.6 753683.1 16.4 124.4 

452.6 135772.7 50.6 80.4 39309.9 850095.3 16.5 131.0 

462.8 138851.5 50.6 87.2 41348.0 947548.2 16.5 137.8 

467.7 140298.5 50.6 94.2 43440.5 1044355.6 16.6 144.8 

464.5 139340.9 50.6 94.2 43440.5 1140205.4 16.6 144.8 

458.7 137602.1 50.6 101.3 45586.0 1232171.0 16.7 152.0 

450.0 134986.4 50.6 101.3 45586.0 1321520.8 16.7 152.0 

439.6 131872.4 50.6 108.7 47783.2 1405559.5 16.8 159.3 

427.9 128365.4 50.6 108.7 47783.2 1486091.1 16.8 159.3 

415.6 124690.1 50.6 116.2 50030.9 1560699.7 16.9 166.8 

403.1 120938.6 50.6 116.2 50030.9 1631556.8 16.9 166.8 

390.6 117166.3 50.6 116.2 50030.9 1698641.7 16.9 166.8 

378.0 113410.2 50.6 123.8 52328.0 1759673.3 16.9 174.4 

365.5 109654.6 50.6 123.8 52328.0 1816949.3 17.0 174.4 

353.3 105980.4 50.6 123.8 52328.0 1870551.1 17.0 174.4 

342.0 102588.1 50.6 123.8 52328.0 1920760.6 17.0 174.4 

330.9 99284.4 50.6 123.8 52328.0 1967666.4 17.0 174.4 

320.6 96174.3 50.6 131.6 54673.5 2009116.6 17.0 182.2 

310.3 93085.4 50.6 131.6 54673.5 2047477.9 17.0 182.2 

300.1 90034.6 50.6 131.6 54673.5 2082788.5 17.1 182.2 

290.8 87236.8 50.6 131.6 54673.5 2115301.2 17.1 182.2 

282.2 84663.4 50.6 131.6 54673.5 2145240.6 17.1 182.2 

273.5 82056.5 50.6 131.6 54673.5 2172573.0 17.1 182.2 
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265.5 79653.1 50.6 131.6 54673.5 2197502.0 17.1 182.2 

258.0 77392.0 50.6 131.6 54673.5 2220169.9 17.1 182.2 

251.6 75474.5 50.6 131.6 54673.5 2240920.3 17.1 182.2 

246.1 73832.0 50.6 139.6 57066.3 2257635.4 17.1 190.2 

241.3 72402.2 50.6 139.6 57066.3 2272920.6 17.1 190.2 

239.9 71966.9 50.6 139.6 57066.3 2287770.6 17.1 190.2 

238.9 71684.6 50.6 139.6 57066.3 2302338.2 17.1 190.2 

238.6 71578.7 50.6 139.6 57066.3 2316799.9 17.1 190.2 

239.3 71803.6 50.6 139.6 57066.3 2331486.6 17.1 190.2 

239.6 71877.7 50.6 139.6 57066.3 2346247.3 17.1 190.2 

242.0 72586.9 50.6 139.6 57066.3 2361717.2 17.1 190.2 

240.7 72215.0 50.6 139.6 57066.3 2376815.3 17.1 190.2 

240.9 72275.0 50.6 139.6 57066.3 2391973.4 17.1 190.2 

241.4 72434.8 50.6 139.6 57066.3 2407291.2 17.1 190.2 

243.4 73034.3 50.6 139.6 57066.3 2423208.6 17.2 190.2 

244.0 73190.0 50.6 139.6 57066.3 2439281.6 17.2 190.2 

244.7 73400.1 50.6 139.6 57066.3 2455564.7 17.2 190.2 

245.3 73601.3 50.6 139.6 57066.3 2472049.1 17.2 190.2 

246.3 73884.9 50.6 139.6 57066.3 2488817.1 17.2 190.2 

247.9 74384.0 50.6 139.6 57066.3 2506084.1 17.2 190.2 

249.8 74950.0 50.6 139.6 57066.3 2523917.1 17.2 190.2 

251.9 75557.1 50.6 139.6 57066.3 2542357.3 17.2 190.2 

254.4 76334.6 50.6 139.6 57066.3 2561575.0 17.2 190.2 

257.7 77301.9 50.6 139.6 57066.3 2581759.9 17.2 190.2 

261.5 78450.5 50.6 139.6 57066.3 2603093.4 17.2 190.2 

265.8 79751.5 50.6 147.7 59505.7 2623288.6 17.2 198.4 

270.8 81234.7 50.6 147.7 59505.7 2644967.0 17.2 198.4 

276.2 82873.1 50.6 147.7 59505.7 2668283.9 17.2 198.4 

282.0 84604.6 50.6 147.7 59505.7 2693332.2 17.2 198.4 

287.9 86373.1 50.6 147.7 59505.7 2720149.0 17.2 198.4 

293.5 88044.9 50.6 147.7 59505.7 2748637.5 17.2 198.4 

298.7 89623.8 50.6 147.7 59505.7 2778705.1 17.2 198.4 

303.2 90969.7 50.6 147.7 59505.7 2810118.5 17.3 198.4 

306.7 91999.9 50.6 147.7 59505.7 2842562.0 17.3 198.4 

308.9 92665.1 50.6 147.7 59505.7 2875670.8 17.3 198.4 

309.8 92927.0 50.6 147.7 59505.7 2909041.5 17.3 198.4 

309.2 92758.9 50.6 147.7 59505.7 2942244.1 17.3 198.4 

307.2 92157.9 50.6 147.7 59505.7 2974845.7 17.3 198.4 

303.7 91106.5 50.6 147.7 59505.7 3006395.9 17.3 198.4 

298.9 89675.7 50.6 156.0 61990.6 3034030.4 17.3 206.6 

293.1 87933.3 50.6 156.0 61990.6 3059922.5 17.3 206.6 

286.5 85963.1 50.6 156.0 61990.6 3083844.3 17.3 206.6 

279.3 83795.4 50.6 156.0 61990.6 3105598.5 17.3 206.6 

271.7 81510.3 50.6 156.0 61990.6 3125067.6 17.3 206.6 

263.9 79169.7 50.6 156.0 61990.6 3142196.0 17.3 206.6 
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256.0 76800.6 50.6 156.0 61990.6 3156955.4 17.3 206.6 

247.8 74350.1 50.6 156.0 61990.6 3169264.3 17.3 206.6 

239.7 71901.1 50.6 156.0 61990.6 3179124.1 17.3 206.6 

231.6 69479.8 50.6 156.0 61990.6 3186562.7 17.3 206.6 

223.7 67103.1 50.6 156.0 61990.6 3191624.6 17.3 206.6 

216.0 64805.5 50.6 156.0 61990.6 3194388.8 17.3 206.6 

208.5 62561.9 50.6 156.0 61990.6 3194909.5 17.3 206.6 

201.1 60335.8 50.6 156.0 61990.6 3193204.1 17.3 206.6 

193.9 58176.3 50.6 156.0 61990.6 3189339.1 17.3 206.6 

187.0 56089.4 50.6 156.0 61990.6 3183387.2 17.3 206.6 

180.3 54078.4 50.6 156.0 61990.6 3175424.4 17.3 206.6 

173.8 52141.7 50.6 156.0 61990.6 3165524.8 17.3 206.6 

167.6 50280.7 50.6 156.0 61990.6 3153764.2 17.3 206.6 

161.6 48494.9 50.6 156.0 61990.6 3140217.8 17.3 206.6 

155.9 46782.9 50.6 156.0 61990.6 3124959.5 17.3 206.6 

150.5 45145.6 50.6 156.0 61990.6 3108063.9 17.3 206.6 

145.3 43580.7 50.6 156.0 61990.6 3089603.3 17.3 206.6 

140.3 42079.7 50.6 156.0 61990.6 3069641.7 17.3 206.6 

135.5 40643.3 50.6 156.0 61990.6 3048243.8 17.3 206.6 

130.9 39269.2 50.6 156.0 61990.6 3025471.8 17.3 206.6 

126.5 37954.4 50.6 156.0 61990.6 3001385.0 17.3 206.6 

122.3 36697.1 50.6 147.7 59505.7 2978525.8 17.3 198.4 

118.3 35493.2 50.6 147.7 59505.7 2954462.7 17.3 198.4 

114.5 34340.9 50.6 147.7 59505.7 2929247.3 17.3 198.4 

110.8 33237.0 50.6 147.7 59505.7 2902928.0 17.3 198.4 

107.3 32179.8 50.6 147.7 59505.7 2875551.5 17.3 198.4 

103.9 31166.0 50.6 147.7 59505.7 2847161.2 17.3 198.4 

100.6 30193.6 50.6 147.7 59505.7 2817798.5 17.3 198.4 

97.5 29260.4 50.6 147.7 59505.7 2787502.6 17.2 198.4 

94.5 28364.5 50.6 147.7 59505.7 2756310.8 17.2 198.4 

91.7 27503.9 50.6 147.7 59505.7 2724258.4 17.2 198.4 

88.9 26676.8 50.6 147.7 59505.7 2691378.9 17.2 198.4 

86.3 25881.4 50.6 147.7 59505.7 2657704.0 17.2 198.4 

83.7 25116.3 50.6 147.7 59505.7 2623264.0 17.2 198.4 

81.3 24379.7 50.6 147.7 59505.7 2588087.4 17.2 198.4 

78.9 23670.5 50.6 139.6 57066.3 2554640.9 17.2 190.2 

76.6 22987.1 50.6 139.6 57066.3 2520511.1 17.2 190.2 

74.4 22328.4 50.6 139.6 57066.3 2485722.6 17.2 190.2 

72.3 21693.3 50.6 139.6 57066.3 2450299.0 17.2 190.2 

70.3 21080.5 50.6 139.6 57066.3 2414262.5 17.2 190.2 

68.3 20489.1 50.6 139.6 57066.3 2377634.7 17.1 190.2 

66.4 19918.2 50.6 139.6 57066.3 2340435.9 17.1 190.2 

64.6 19366.7 50.6 139.6 57066.3 2302685.7 17.1 190.2 

62.8 18833.9 50.6 139.6 57066.3 2264402.7 17.1 190.2 

61.1 18319.0 50.6 139.6 57066.3 2225604.8 17.1 190.2 
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59.4 17821.2 50.6 131.6 54673.5 2188701.9 17.1 182.2 

57.8 17339.8 50.6 131.6 54673.5 2151317.6 17.1 182.2 

56.2 16874.1 50.6 131.6 54673.5 2113467.7 17.1 182.2 

54.7 16423.5 50.6 131.6 54673.5 2075167.1 17.0 182.2 

53.3 15987.4 50.6 131.6 54673.5 2036430.5 17.0 182.2 

51.9 15565.3 50.6 131.6 54673.5 1997271.7 17.0 182.2 

50.5 15156.5 50.6 131.6 54673.5 1957704.2 17.0 182.2 

49.2 14760.7 50.6 131.6 54673.5 1917740.8 17.0 182.2 

47.9 14377.2 50.6 123.8 52328.0 1879739.4 17.0 174.4 

46.7 14005.7 50.6 123.8 52328.0 1841366.4 17.0 174.4 

45.5 13645.6 50.6 123.8 52328.0 1802633.5 17.0 174.4 

44.3 13296.7 50.6 123.8 52328.0 1763551.6 16.9 174.4 

43.2 12958.5 50.6 123.8 52328.0 1724131.5 16.9 174.4 

42.1 12630.6 50.6 123.8 52328.0 1684383.5 16.9 174.4 

41.0 12312.6 50.6 123.8 52328.0 1644317.4 16.9 174.4 

40.0 12004.2 50.6 116.2 50030.9 1606240.2 16.9 166.8 

39.0 11705.1 50.6 116.2 50030.9 1567863.8 16.9 166.8 

38.0 11414.9 50.6 116.2 50030.9 1529197.2 16.8 166.8 

37.1 11133.4 50.6 116.2 50030.9 1490249.1 16.8 166.8 

36.2 10860.2 50.6 116.2 50030.9 1451027.8 16.8 166.8 

35.3 10595.1 50.6 116.2 50030.9 1411541.4 16.8 166.8 

34.5 10337.7 50.6 108.7 47783.2 1374045.3 16.8 159.3 

33.6 10087.9 50.6 108.7 47783.2 1336299.5 16.8 159.3 

32.8 9845.4 50.6 108.7 47783.2 1298311.2 16.7 159.3 

32.0 9609.9 50.6 108.7 47783.2 1260087.3 16.7 159.3 

31.3 9381.3 50.6 108.7 47783.2 1221634.8 16.7 159.3 

30.5 9159.2 50.6 101.3 45586.0 1185157.4 16.7 152.0 

29.8 8943.4 50.6 101.3 45586.0 1148464.2 16.7 152.0 

29.1 8733.9 50.6 101.3 45586.0 1111561.5 16.6 152.0 

28.4 8530.3 50.6 101.3 45586.0 1074455.2 16.6 152.0 

27.8 8332.4 50.6 101.3 45586.0 1037151.0 16.6 152.0 

27.1 8140.1 50.6 94.2 43440.5 1001800.0 16.6 144.8 

26.5 7953.3 50.6 94.2 43440.5 966262.2 16.5 144.8 

25.9 7771.6 50.6 94.2 43440.5 930542.7 16.5 144.8 

25.3 7595.1 50.6 94.2 43440.5 894646.7 16.5 144.8 

24.7 7423.4 50.6 87.2 41348.0 860671.4 16.5 137.8 

24.2 7256.5 50.6 87.2 41348.0 826529.2 16.4 137.8 

23.6 7094.1 50.6 87.2 41348.0 792224.7 16.4 137.8 

23.1 6936.2 50.6 87.2 41348.0 757762.4 16.4 137.8 

22.6 6782.7 50.6 80.4 39309.9 725184.5 16.4 131.0 

22.1 6633.3 50.6 80.4 39309.9 692457.3 16.3 131.0 

21.6 6488.0 50.6 80.4 39309.9 659584.8 16.3 131.0 

21.2 6346.7 50.6 73.8 37327.6 628553.3 16.3 124.4 

20.7 6209.1 50.6 73.8 37327.6 597384.1 16.2 124.4 

20.3 6075.2 50.6 73.8 37327.6 566081.1 16.2 124.4 
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Figure 109. Residential Levee for the detention pond. (FEMA P-1037, 2015) 

 

 
Figure 110. Example of floodwall working. Lourdes Hospital in Birghamton. (FEMA) 

 

 
Figure 111. Floodwalls. Picture from (FEMA P-936, 2013) 
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Appendix 8. Results Scenarios 

 
Figure 112. Curve capacity dry dam 1.1 

 

 

 
Figure 113. Curve capacity dry dam 1.2 
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Figure 114. Curve capacity dry dam 2.1 

 
Figure 115. Curve capacity dry dam 2.2 

 
Figure 116. Curve capacity dry dam 2.3 
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Figure 117. Curve capacity dry dam 3.1 

 
Figure 118. Curve capacity dry dam 3.2 

 
Figure 119. Curve capacity dry dam 3.3
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Study of health and safety. Doc Nº1 Report 

To accomplish the best flood protection scenario. Scenario 1 with a height of 0.5 metres. 

This appendix pretends assessing the health and safety conditions to have a proper 

development of the workings in the area, according to the Consolidated Text of the law 

on Public Contracts. Art. 123. 

1. Aiming of the appendix

Following what is stipulated in the Royal Decree 1627/1997, this study considers: 

• The preservation of the integrity of the workers and of all the people in the

environment.

• The execution of the works with the means that the progress of the technique has

put at our disposal.

• The organization of work so that the risk is minimal.

• The facilities and tools necessary for collective protection in cases where the

work organization cannot eliminate risks.

• The facilities and tools necessary for individual protection when collective

protections cannot eliminate risks.

• Ensure that the performance of the operators and auxiliary resources is as

expected.

• The definition of the enclosure and signaling of the work.

• The definition of the facilities for the hygiene and well-being of the workers.

• The establishment of the norms of use of the security elements.

• And finally, provide a normative guide so that workers can acquire the necessary

knowledge for the correct and safe use of the tools and machinery that are in

their charge.

2. General data

First an overview of the data is necessary. 

Table 121 

Name of the project 
Centralized workings for flood protection in 
Los Alcázares. 

Author Ignacio Mollá Carcaño 
Location Los Alcázares. Región de Murcia 
Budget for administration (Total project) 29,103,833.96 € 
Number of operators From 15 to 20. 
Term for the execution of the work 10 months 
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3. Description of the works

The chosen alternative for protecting the city of Los Alcázares from potential floods is 

Scenario 1. Centralized. This scenario consists in three main workings: 

• Channel D7 and North construction

• City detention ponds

• Golf club detention pond

And for each of these working the next tasks must be accomplished. 

For the channel D7: 

• A dragging of a section of 46.5 m2 (maximum 3 metres of height) along 1365

metres. In this project, the layout is not detailed described, but both dragging and

filling are expected.

• Collocating a steel mesh made of corrugated bars B500s with a diameter of

20mm and 12mm for longitudinal and transversal bars.

• Concreting the channel with HA-30.

For the channel North first part: 

• A dragging of a section of 24 m2 (maximum 4 metres of height) along 512 metres.

In this project, the layout is not detailed described, but both dragging and filling

are expected.

• Shoring the walls with wood sheets.

• Collocating a steel mesh made of corrugated bars B500s with a diameter of

20mm and 12mm for longitudinal and transversal bars.

• Concreting the channel with HA-30.

For the channel North second part: 

• A dragging of a section of 25.3 m2 (maximum 2.5 metres of height) along 1993

metres. In this project, the layout is not detailed described, but both dragging and

filling are expected.

• Collocating a steel mesh made of corrugated bars B500s with a diameter of

20mm and 12mm for longitudinal and transversal bars.

• Concreting the channel with HA-30.

For the channel corresponding to the city detention pond 1, the first part: 

• A dragging of a section of 12.5 m2 (maximum 5 metres of height) along 990

metres. In this project, the layout is not detailed described, but both dragging and

filling are expected.

• Shoring the walls with wood sheets.

• Concreting the channel with HA-30.

For the channel corresponding to the city detention pond 1, the second part: 

• A dragging of a section of 18 m2 (maximum 2.5 metres of height) along 615

metres. In this project, the layout is not detailed described, but both dragging and

filling are expected.

• Concreting the channel with HA-30.
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For the channel corresponding to the city detention pond 2: 

• A dragging of a section of 8 m2 (maximum 4 metres of height) along 1113 metres.

In this project, the layout is not detailed described, but both dragging and filling

are expected.

• Shoring the walls with wood sheets.

• Concreting the channel with HA-30.

For the bottom outlet of the city detention pond 1: 

• Filling 0.10 metres with sand.

• Collocating the concrete pipe with a crane along 990 metres

For the bottom outlet of the city detention pond 2: 

• Filling 0.10 metres with sand.

• Collocating the concrete pipe with a crane along 1113 metres

For the dike of the city detention pond 1: 

• Dragging the first 0.5 metres of vegetal soil.

• Classifying the loose material according its diameter to collocate it in the correct

position

• Stockpiling the material

• Collocating in an embankment with a section of 16 m2, a height of 2 metres,

along 2083 metres.

For the dike of the city detention pond 2: 

• Dragging the first 0.5 metres of vegetal soil.

• Classifying the loose material according its diameter to collocate it in the correct

position

• Stockpiling the material

• Collocating in an embankment with a section of 16 m2, a height of 2 metres,

along 1236 metres.

For the dike of the golf club detention pond 

• Adapting those areas of the club hills that can be used as a dike.

• Dragging the first 0.5 metres of vegetal soil.

• Classifying the loose material according its diameter to collocate it in the correct

position

• Stockpiling the material

• Collocating in an embankment with a section of 279 m2, a height of 2 metres,

along 600 metres.

For the spillway: 

• Concreting with mass concrete in heights

• Collocating the steel bars B500s with diameter of 20 mm

• Concreting with HA 30 in heights

Several topographic works and signalization of the area 
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4. Working units

The previous works could be divided in the next working units: 

• Topographic and signalization works

• Removing vegetal topsoil an excavating

• Embankments

• Concreting and reinforcing

5. Machinery

• Bulldozer.

• Backhoe.

• Dump trucks.

• Motor grader.

• Compactors.

• Concrete pump.

• Concrete trucks.

• Self-propelled crane.

• Compressor.

• Generator set.

• Welding group.

• Machine tools.

6. Facilities

• Offices.

• Changing rooms, toilets, and dining rooms.

• Warehouse

7. Organization of prevention

The work will have a Head of the Prevention Service and a Safety Technician dedicated 

to preventive activities. They will report directly to the Site Manager. The Head of the 

Service and the designated technician will have the qualification of Technical Engineer 

or Senior Engineer and accreditation to perform functions of a higher level in Security, at 

least. 

Each security technician will have a Security brigade formed by a variable number of 

workers, for the work of signalling and maintaining the protections. There will be also a 

responsible person contacted in the closest healthcare facility which will be informed in 

case of positive cases in Covid-19. 

From the first month of work, a Prevention and Coordination Commission will be set up, 

which will be chaired by the Site Manager. Regardless, a Work Prevention Commission 

will be set up, which will meet at least three times a year. If Prevention Delegates are 
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elected, the Health and Safety Committee will be set up, which will be governed by the 

provisions of the Occupational Risk Prevention Law. If this Committee exists, the 

Prevention Commissions will not be necessary, except in the best judgment of the Site 

Manager. 

Periodic Controls of the Working Conditions of all the pits in operation will be made, with 

the periodicity established in the Prevention and Coordination Commission or 

established by the Site Manager, with a minimum of one control before each meeting. 

Regardless of the above, weekly partial controls will be made of the pits that have 

worsened in the last control. 

All workers, before joining the work, will undergo a medical examination. Periodic 

examinations will be carried out according to the norm. 

Regarding ambulances and assistance centres for the care of possible accidents, they 

must be arranged in the most important towns and closest to the working location in 

progress. 

At the time of their entry into the work, all personnel will receive information on the 

general risks of the work and on those specific to their trade or function to be performed. 

After this delivery, a meeting will be held with the team to discuss the standards 

delivered, the content of the Safety Plan and the protections provided. This training will 

be given by the Site Safety Technician and the Manager or Foreman. 

Before starting specific jobs like; earth working, concreting, reinforcing, etc., instructions 

will be given to the people who intervene in them about the risks and the foreseen 

protections. A first aid and first aid course will be given to have, strategically distributed 

throughout the work, trained people so that they can attend to any possible accident in 

the first instance. Staff who, if necessary, must use fire extinguishers, will receive 

sufficient theoretical and practical information to be able to successfully deal with any 

outbreak of fire. 

8. Identification of risk and measures of protection.

In compliance with the provisions of Royal Decree 1627/1997, of October 24, annex 11, 

the jobs that involve special risks for the safety and health of workers are: 

• Burial and subsidence in excavations when a certain depth is reached, especially

in trenches. Also, in the process of collocation of embankments

• Falls from height in the execution of structural parts

• Works that require assembling heavy elements or using machinery.

• Work exposed to high voltage power lines

• Works exposed to burns

In this project, there are units work associated to earthworks and structures, but not to 

high voltage or burns. Each working unit will be related to their possible risks above 
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mentioned; then protection or prevention measures will be proposed. This working units 

are: 

• Topographic and signalization works

• Earthworks: Excavating and filling embankments

• Concreting and reinforcing

8.1. Topographic works 

8.1.1. Associated risks 

• Falls to same level

• Falls at different level.

• Pedestrian collision.

• Adverse weather conditions.

• Animal bites

8.1.2. Preventive measures 

Before the beginning of the field work, a tour will be carried out in order to indicate the 

places of observation and the routes to be carried out, detecting possible dangers 

(unevenness, wells, etc.) and how to avoid or eliminate them. 

Likewise, a surveyor will go over the layout, the service roads and access to the work 

and will point out any obstacles that he may encounter on a floor plan. 

If it is necessary to consider a gauge for a structure or overhead line for the passage of 

trucks to the work or inside it, the height of the largest truck with the tipper raised or 

another possible machine that must pass through there will be investigated 

8.1.3. Individual protection measures 

• Helmet.

• Safety footwear that supports the ankle well.

• Gloves

• Workwear.

• Signalling milestone.

8.1.4. Collective protection measures 

Any major accident on the terrain will be signalled and marked, warning the team to act 

in that area. 
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8.2. Excavating and removing topsoil 

8.2.1. Associated risks 

• Landslides.

• Accidents by machines and vehicles.

• Rollovers and falls down embankments.

• Collisions

• Falls to level and height.

• Falling of materials from trucks.

• Dust.

8.2.2. Preventive measures 

After the geological study of the lands that are crossed, the movement of workers in the 

vicinity of slopes will be specially taken care of. 

The machinery used will be handled by operators who prove their suitability, whether it 

is their own staff or if it is subcontracted. 

The machines and vehicles will have the braking systems, lighting, steering, tires, etc. in 

perfect condition. They will have a fire extinguisher. When they work on roads with traffic, 

they will have a beacon. 

It will be ensured that there are no people on foot in action of the machines and trucks. 

Excavations, trenches and wells will be marked with an orange mesh on right feet of 

rebar or beacon cord. In transit areas they will be protected with railings and at night 

they will have luminous beacons. 

The quality control or surveying personnel that carry out work in areas with movement 

of machines and / or trucks, which will be punctual, will signal their situation with poles 

nailed next to them. 

Lanes and service roads will be watered to remove dust. 

Truck exits to highways in service will be marked in accordance with standard 8.3-IC. If 

the exit of trucks to paved public roads produces dirt that may affect the user, it will be 

cleaned on a regular basis. 

Materials will not be collected at the edge of the excavations, which could compromise 

the stability of the slopes. 

The limits of the truck body will not be exceeded with the loads, to avoid falling materials 

during transport. 

Earth-moving machines (motor graders, bulldozers, loaders, rollers, etc.) will be fitted 

with acoustic reversing warnings 
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8.2.3. Individual protection measures 

• Crash helmet.

• Workwear.

• Security shoes.

• Gloves

• Anti-vibration belt for machine operators

8.2.4. Collective protection measures 

• Beacon cord.

• Orange mesh

• Railings

• Horn for the reverse.

• Irrigation.

• Road marking with traffic.

• Internal security signage.

8.3. Embankments 

8.3.1. Associated risks 

• Pedestrian collision

• Collisions and rollovers.

• Entrapments

• Falls to level.

• Fires.

• Burns.

8.3.2. Preventive measures 

Before starting the work on the platform with traffic, the traffic signs will be placed, 

according to the Standard 8.3-IC. 

The machinery used will be handled by qualified operators. 

The presence of people in the agglomerate compaction areas shall be prohibited. The 

essential personnel of the paver will be in the spreading pit of hot bituminous mixtures, 

who will never be between the truck and the dump hopper of the machine. 

The movement of the machines will be organized so that there is no interference, to 

avoid collisions. All the machinery of the work will have fire extinguishers. 

Truck reversing maneuvers will be directed by an operator. 
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In any case, the personnel working in the vicinity of mobile machinery will be informed 

of the risks involved in working in the vicinity of said machinery. 

 

At crossings with aereal power lines, trucks for transporting materials will not be allowed 

to tilt. This prohibition will be notified to the person in charge of transport and the drivers 

themselves. 

 

8.3.3. Individual protection measures 

• Safety helmet. 

• Workwear. 

• Security shoes. 

• Gloves 

• Glasses. 

• Reflective vest. 

 

8.3.4. Collective protection measures 

• Traffic signs. 

• Illuminated beacons on machines. 

• Reverse warning in compacted. 

• Fire extinguisher. 

 

8.4. Concreting and reinforcing 

8.4.1. Associated risks 

• Falls from height of people. Falls to 

• the same level. 

• Falls from suspended loads. Falling of materials 

• and tools. Risks inherent to automobile cranes. 

• Rollovers. 

• Accidents- collisions. 

• Cuts and wounds on the hands. 

• Punctures. 

• Electrocutions. 

• Foreign bodies in eyes. 

• Over-efforts. 

 

8.4.2. Preventive measures  

The excavations for the spillways will be protected around their perimeter and will be 

marked in order to keep the circulation of machines and trucks away. 
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The rebar of walls and spillways during their execution will be protected with caps or 

wooden boards to avoid injuries due to falling on them. In addition, to circulate through 

the rebar, boards will be placed. 

The wooden and metal formwork will be stored in the pits on a horizontal and stable base 
in a horizontal position, not exceeding 2m in height. 

The wooden formwork will be free of nails and stored away from the passageways. 

The disk saw to cut wood, will have permanent protection of the disk and will be handled 

by official formworkers. 

For the execution of spillways in the height, there will be an accompanying metal scaffold 

with a working platform of a minimum width of 60 cm protected with a handrail at 90 cm, 

baseboard, and intermediate bar. 

For the placement of the formwork plates, the workers will use a safety harness attached 

to a securing cable. 

Before placing the concreting pump, check whether there are overhead power lines in 

the sweep area of the pump arm. 

8.4.3. Individual protection measures 

• Safety helmet.

• Security shoes.

• Gloves

• Workwear.

• Seat belt.

• Anti-particulate glasses.

8.4.4. Collective protection measures

• Networks.

• Railings

• Fencing or marking of excavations.

• Access stairs.

• Electrical protection: differential and grounding strap.

• Work platforms.

• Signalling.

• Safety cables (lifeline).
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9. Signalization of roads with traffic 

On site, the Standard for Signage Examples taken from the Examples Manual of the 

Ministry of Public Works will be available for application in the different situations that 

arise during the development of the works. 

 

The following measures will be applied: 

 

• No activity will be carried out on the road or its vicinity without having previously 

placed the fixed or mobile signs indicated in Standard 8.3-IC. 

• In the work there will be a brigade with the necessary means for the placement, 

maintenance and removal of the signs. 

• The workers employed in this activity will receive clear instructions from the 

Construction Manager on the methodology to be used for correct signalling. 

• The signallers will have a driving license, will be trained in their role and their 

actions will be controlled daily. They will be equipped with yellow overalls, 

reflective vest, yellow helmet and signalling paddle. 

• A surveillance service will be established for the control and maintenance of the 

signage outside working hours. 

• In the event of complicated or conflictive traffic situations, the collaboration of 

the Civil Traffic Guard will be requested. 

• When the invasion by a vehicle of the area closed to traffic can have serious 

consequences (collapse of a scaffold, ladder, run over a work team, etc.), New 

Jersey concrete barriers or metal safety barriers will be installed. 

 

10. Machinery. Risk and measures of protection 

All machines will have the regulatory documentation. The operators of the machines will 

have the experience and training required, leaving a written and signed record of their 

qualification by their Employer authorizing them to handle the corresponding machines. 

Each operator will be given the Safety Regulations corresponding to their machine. 

 

Machines will not be used to transport people. 

11. Facilities. Risk and measures of protection 

It is necessary to identify the risks during the assembly of the installations to be placed 

on site and the prevention to be carried out. The operators of these facilities will be given 

the corresponding Safety Regulations. 

 

Before the start-up of each of the facilities, the Work Safety Technician will check that all 

the Safety conditions are met and will issue a report that will be submitted to the 

Coordinator for approval. 

 

The facilities that will collaborate in the work, although not exclusively, are the concrete 

plant and the quarries in the area. 
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On the other hand, a series of facilities will be implemented on site, such as a warehouse, 

construction booths, changing rooms, toilets and a dining room. 

12. Hygiene and wellness facilities  

Considering the planned number of workers on site, the facilities of changing rooms, 

toilets and dining room will be set up. These facilities can be centralized in the places to 

be determined. In this case, they are in the location of the future city detention pond, 

close to the highway A7. 

 

The changing room will be equipped with 1 locker for each individual who will use it, 

wooden benches and will have lighting, ventilation and heating. The toilets, preferably, 

will be attached to the changing room and will be equipped to serve the number of 

workers who must use it. For reference will be installed: 

• 1 sink with hot and cold water, for every 5 workers. 

• 1 WC with cistern, for every 10 workers. 

• 1 Individual shower with hot and cold water, for every 5 workers. 

 

When the workers eat their meals on site, a booth-dining room equipped with tables, 

chairs, a microwave, and a sink with running water will be installed. The dining rooms 

will be independent from the other facilities. 

 

The hygiene and wellness facilities will be cleaned four times per day with a proper 

disinfectant and antiseptic solution to reduce the risk of Coivd-19 infections 

13. Covid-19. Measures and protocol  

Due to the current pandemic some extra measures will be applied to avoid infections and 

a protocol would be activated in case of a cluster (more than 3 cases). 

 

The worker will abide always the law dictated by the responsible administration that will 

have to be explained to all the workers by the Head of the Prevention Service. Apart from 

this. Every worker should take. Apart from that, each worker must wear two surgical 

masks that will be collected at the central office. They will be obliged to wear the mask 

continuously, with the sole exception of the canteen at lunch times. 

 

Workers must always maintain a safety distance of two metres between them unless this 

is not possible. In these cases, workers must be careful not to touch what is not 

necessary. Always use the hydroalcoholic gel in case of not having gloves. The machine 

operators must disinfect the controls of these whenever they finish their shift. Several 

hydroalcoholic gel dispensers will be placed in the central offices, and the hygiene and 

welfare facilities. 

 

Finally, if any worker develops symptoms, PCR will be performed on all personnel who 

have been in contact with the infected worker. Those infected will be sent home for 14 

days and will only return to the site in the event of a negative PCR. If there are more than 

three positives, the whole site will be stopped for 14 days and PCR will be done on their 

return.  
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Annex 1. Study of health and safety.  

Doc Nº2 Plans 
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Study of health and safety. Doc Nº3 Technical specifications 

1. Legal provision of application 

The provisions contained in: 

• Status of workers. 

• Law of prevention of labor risks. (L-31 / 1.995). 

• RD 39/97. Regulation of prevention services. 

• Health and Safety Signage in Work Centers (RD 485 / 1.997). 

• RD 486/97. Workplaces. 

• RD 487/97. Manual handling of loads. 

• Minimum Health and Safety provisions, relative to the use, by workers, of 

Personal Protective Equipment. (RD773/1997). 

• Minimum Health and Safety provisions for the use, by workers, of Work Teams 

(Ro 1.215 / 1.997). 

• Minimum Health and Safety Provisions in Construction Works. (RD1,627 / 

1,997). 

• Provincial Collective Agreement for Construction. 

• Safety regulations on machines. RD 1,435 / 1,986. Road Standard8.3-IC, on 

signaling of works. 

• Regulation of Basic Mining Safety Standards (if explosives have to be used). 

General Ordinance on Safetyand Hygiene at Work, only Chapter 6, on 

Electricity. 

• Construction Labor Ordinance - Chapter XVI, less sections 1 and 2. Electrical 

low voltage regulation. (OM 20-09-73. BOE 09-10-73). 

 

2. Conditions of the protection measures 

All personal protective garments or elements of collective protection will have a set 

period of useful life, being discarded at the end. 

 

When, due to the circumstances of the work, there is a faster deterioration in a certain 

garment or equipment, it will be replaced, regardless of the expected duration or delivery 

date. 

 

Any garment or protective equipment that has undergone limit treatment, that is, the 

maximum for which it was designed (for example, due to an accident) will be discarded 

and replaced at the time. 

 

Those garments that due to their use have acquired slacker or tolerances than those 

allowed by the manufacturer, will be replaced immediately. 

 

The use of a protective garment or equipment will never represent a risk. 
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2.1. Personal protective equipment (EPI) 

All personal protective equipment shall comply with the provisions of RD 1.407 / 1.992 

on legal conditions for design, manufacture and certification that EPls and RD773 / 1.997 

must comply with, which sets the minimum Health and Safety provisions relating to use, 

for the workers, of the Personal Protective Equipment. 

In the work warehouse there will be a sufficient Stock of these protections to guarantee 

the corresponding supply to all personnel including visits. 

When a PPE is given to any worker, instructions for use will be given and explained to 

them, if necessary. 

2.1.1. Individual protection elements 

In addition to the normal work equipment (helmet and overalls), before starting the work, 

the staff will be provided with the specific protection for the Covid-19 and the specific 

protection elements for each activity, and these elements must be considered as one 

more work tool.  

Individual protection does not exempt, in any case, from the obligation to use collective 

protections. 

2.1.2. Face and eye protection 

Protective screens, anti-particulate glasses, anti-dust goggles, hydroalcoholic gel and 

surgical masks will be used to protect against: 

• Action of powders and fumes.

• Projections

• Splashing

• Radiation

• Gaseous Substances

• Virus infections

2.1.3. Hearing protection

When the noise level in a workplace is higher than the established safety margin, the 

use of hearing protection elements will be mandatory. 

2.1.4. Head protection 

The helmets used by the operators will be Class N, helmets for normal use, insulators 

for low voltage (1,000 V). 

The helmet will consist of a cap, which defines the general shape of the helmet and this, 

in turn, of the upper part or cup, a higher part of the cup, and the edge that is understood 

along the contour of the base of the cup. The part of the brim located above the face 

may be wider, constituting the visor. 

The helmets will be manufactured with non-combustible materials and resistant to 

grease, salts and atmospheric elements. 
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The parts that are in contact with the user's head will not affect the skin and will be made 

of rigid, waterproof material that is easy to clean and disinfect. 

 

The cap will have a smooth surface, with or without ribs, rounded edges and will be free 

from dangerous edges and projections, both externally and internally. It will not present 

roughness and neither the joint areas nor the harness itself will cause damage or exert 

uncomfortable pressure on the user's head. 

2.1.5. Feet and leg protection 

In all jobs with risk of foot accidents, shoes with a reinforced toe will be used. Given the 

risk of sharp elements, anti-nail templates will be used. 

 

In work with electrical danger, insulating footwear will be used, without metallic elements. 
In front of the water and humidity, high rubber boots will be used. In the face of chemical 
risks, corrosive media, etc., rubber or neoprene footwear will be used. When handling 
substances at high temperatures, shoes with insulating soles will be worn. In addition to 
footwear, foot covers and / or gaiters will be used depending on the case. 

2.1.6. Arm and hand protection 

The protection of hands, forearms, and arms, will be done by means of gloves, sleeves 

and mittens with adequate characteristics to the specific risks, to prevent being made of 

fabric, leather, rubber, polyvinyl, etc. 

 

Dielectric gloves will be indelibly marked with the maximum voltage for which they can 

be used, and the absence of breaks or pores should be checked periodically. 

 

In addition to gloves and sleeves, protective cream will be used when appropriate. 

2.1.7. Protection of the respiratory system 

The surgical mask will be used all the time. Even when there is no staff in the near  

2.1.8.  Safety cables (Lifeline) 

The restraint belt will be used to prevent the operator from avoiding the fall. When there 

is a risk of falling, the crash belt with shock absorber will be used. 

2.1.9. Miscellaneous protecion 

Raincoats: For work on rainy days, high humidity environments or in water. 

 

Reflective clothing (vests, sleeves, gaiters): In night work, signalling and in general when 

an individual position has to be detected. 

 

It will be used to protect the trunk against vibrations, efforts, sudden movements, etc. 

by drivers, machinists, etc.). 
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2.2. Collective protection equipment (EPC) 

2.2.1. Railings 

The uprights will be mortise or sergeant type, in general any commercialized support can 

be valid. The use of rebar nailed to the concrete is not allowed 

 

The railing and intermediate bar will be formed by commercialized tubular fragments or 

by wood and the diameter will depend on the separation of the supports. 

 

If there is no risk of objects falling onto people, the placement of a skirting board may 

be omitted, otherwise, a skirting board will be placed. 

2.2.2. Networks 

The nets to be used for falls from heights of people will comply with the UNE-EN 1.263-

1 Standard, labeled N-CE by AENOR. 

 

The net cloths will be woven to the rhombus, 10x10cm maximum and with perimeter 

rope with similar characteristics as the net. 

2.2.3. Circulation, beacon, and safety signs 

They will comply with the provisions of standard 8.3. IC signalling of work (Order 31-08-

87) (BOE 1009- 87) and other provisions in force. 

 

The flashing beacons used on site will be xenon - flash. 

 

They will be provided and placed in accordance with Royal Decree 485/97 on minimum 

requirements for Health and Safety signs at work. 

2.2.4. Work platforms and scaffolding 

They will be at least 60 cm. wide and those located more than 2 meters from the 

ground will be equipped with a railing, intermediate slat, and skirting board. 

2.2.5. Differential switches  

The minimum sensitivity of the differential switches will be for lighting of 30 mA and for 

force of 300 mA. The resistance of the earth connections will not be higher than that 

which guarantees, according to the sensitivity of the differential switch, a maximum 

voltage of 24 V. 

2.2.6. Extinguisher  

They will be adequate in extinguishing agent and size to the foreseeable type of fire and 

will be reviewed every 6 months at most. 

2.2.7. Auxiliary measures of topography 

These means such as tapes, poles, sights, etc., will be dielectric, when there is a risk of 

electrocution by the electric and catenary lines of the railway. 
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2.2.8. Auxiliary measures of machinery 

Any mobile element that can catch, puncture, cut, etc., and that is less than 2 m. from 

the ground, it will be protected with housings. 

2.2.9. Auxiliary means 

All these means will have the characteristics, will have the protections, and will be used, 

in accordance with the provisions established by current legislation. 

2.2.10. Cleaning of the working area 

The pits must be clean to avoid falls, punctures, blows, etc 

2.2.11. Delimitation of stocks  

Stockpiles that may cause falls, punctures, etc. will be delimited. with a beacon cord 

within the construction site. 

2.2.12. Electrical installations 

Work electrical installations will be reviewed to prevent possible electrocutions. 

2.2.13. Conservation of machinery 

The maintenance, repair and cleaning operations of the machinery will be carried out 

with the motors and moving parts stopped. There must be a record, in a maintenance 

book, of the periodic reviews carried out. 

 

3. Hygiene and wellness facilities 

There will be changing rooms, toilets, and a dining room, duly equipped. The changing 

room will have individual lockers, with key, seats and heating. The hygienic services will 

have a sink and a shower with hot and cold water for every 5 workers and a WC for every 

10 workers, having a heating. 

 

The dining room will have tables and seats with backrest, dishwasher basins, food 

warmers, heating and a container for waste. 

 

Several hydroalcoholic gel dispensers. 

 

4. Health and security plan 

In application of this Health and Safety Study, the Contractor will draw up a Health and 

Safety Plan in which the provisions contained in the Study are analyzed, studied, 

developed, and complemented based on its own work execution system. 

 

The Health and Safety Plan must be approved, before the start of the work, by the Health 

and Safety Coordinator during the execution of the work. 
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The Health and Safety Plan may be modified by the Contractor depending on the process 

of execution of the work, the evolution of the work and the possible incidents or 

modifications that may arise throughout the work, but always with prior approval of the 

Health and safety coordinator. 

 

Those who intervene in the execution of the work, as well as the persons or bodies with 

responsibility for prevention in the companies involved in it and the representatives of 

the workers, may present, in writing and in a reasoned manner, the suggestions and 

alternatives that deem appropriate. For this purpose, the Health and Safety Plan will be 

permanently available to them on site. 

 

Before the start of a new pit or work unit, the Safety Technician with the Head of the Pit, 

will verify that the content of the Plan in that part is adjusted to what is going to be 

executed and will organize what is necessary to have collective protections and the 

EPls when they are needed. They will also plan the training to be given to the team. 

 

If the content of the Plan does not meet the needs of the work to be carried out or does 

not contemplate it, the collective protections, the EPls and the training that are decided 

will be reflected in a document that will be approved by the Coordinator and that will be 

annexed to the Plan. 

 

The work should always abide the regulations regarding the Covid 19. 
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Study of health and security. Doc Nº4 Budget 

1. Measurements and detailed budget

Table 122. Measurements and detailed budget 

Code Unit Description Units Price Total 
price 

INDIVIDUAL PROTECTIONS 

01.0001 Anti-impact screen 
ud Polyvalent anti-impact safety 

glasses, usable on top of 
prescription glasses, with 
universal frame, with transparent 
visor and anti-dust treatment 
fogging, ultraviolet, scratching 
and antistatic, homologated 15 

6.55€ 

98.25€ 

01.0002 Safety helmet 
ud Safety helmet with adaptation 

harness in impact resistant 
material with CE marking 

15 

3.50€ 

175.00€ 

01.0003 Water boots 
ud Rectified leather moisture-

resistant safety boots, with 
padded ankle strap, anti-slip and 
anti-static sole, shock-absorbing 
heel wedge, quick release gusset 
tongue with metal toe cap 

10 

23.00€ 

230.00€ 

01.0004 Safety boots 
ud Moisture-resistant, rectified 

leather, chrome-plated, welder's 
industrial safety boots with 
padded ankle strap, quick-
release stain tongue, metal toe 
cap, non-slip sole, shock-
absorbing wedge impact on the 
heel and without metal insole, 
homologated 10 

38.00€ 

380.00€ 

01.0005 Dust respirator mask 
ud Dust respirator mask 

15 

10.00€ 

150.00€ 

01.0006 Filter for dust mask 
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ud Filter for dust mask 

10 

1.00€ 

10.00€ 

01.0007 Safety gloves 
ud Pair of protective gloves against 

common construction level 
mechanical hazards 

10 

7.50€ 

75.00€ 
01.0008 Safety cable 

ud Class A adjustable fastening 
safety belt in polyester and 
stamped hardware, with safety 
rope equipped with metal 
thimbles and steel carabiner 

10 

47.00€ 

470.00€ 

01.0009 Hearing protectors 
Head-attached headset hearing 
protector with anti-noise 
headgear and earmuffs  

10 

61.33€ 

613.30€ 
01.0010 Screen for welder 

Electric welding face shield with 
hand folding frame and 135 mm 
thick vulcanized fiberglass 
reinforced polyester support, with 
visor inactinic semi-dark with DIN 
12 protection 5 

8.27€ 

41.35€ 
01.0011 Suit for welder 

Leather apron for welding work 

5 

12.24€ 

61.12€ 

01.0012 Sleeves for welder 
Soldering iron sleeves 

5 

3.57€ 

17.85€ 
01.0013 Anti-vibration belt 

Adjustable anti-vibration belt 
made of breathable fabric 

15 

6.50€ 

97.50€ 

Total Individual protections 2,296.95 € 
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COLLECTIVE PROTECTIONS 
02.0001 m Metal railings 

Metal railing, extendable to 
250cm long and 100cm high, 
yellow colour, amortizable in 5 
uses, including installation and 
removal. 

1836 

26.85€ 

49,296.60€ 

02.0002 Anchor net 
Net anchoring 

8 

2.36€ 

18.88€ 
02.0003 m Work platform 

1 m wide metal platform with 
base and plinth made of 
embossed steel plate, steel 
angle reinforcements, crossbars 
made of IPN 100 steel profiles 
and 1 m high metal railings with 
upper and intermediate 
crossbars, for 10 

50 

9.81€ 

490.50€ 
02.0004 Crane locking 

Crane hook with locking device 

2 

97.16€ 

194.32€ 

02.0005 m2 Yellow metal sign 
Yellow signage poster in 1.8mm 
sheet galvanized continuously 
with slats 175 mm high, finished 
in level 2 reflective sheet, 
including proportional part of 
anchors and fastening elements, 
made up of IPN profiles 
galvanized and foundation, fully 
finished 

4 

389.24€ 

1,556.96€ 
02.0006 Warning signals 

Several warning signals 

50 

18.25€ 

912.50€ 
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02.0007 Bonding signals 
Several Bonding signals 

40 

22.00€ 

880.00€ 
02.0008 Traffic signals and beacons 

Beacons and warning signals 

70 

3.50€ 

245.00€ 

02.0009 m Band for signaling 
Two-colour red - white band for 
signalling 

2320 

1€ 

2320.00€ 
02.0010 New Jersey barriers 

New Jersey type sand or water 
refillable plastic barrier 

14 

80€ 

1120.00€ 
Total collective protections 57,034.76 € 

EXTINGUISHER 
03.0001 BCE dry powder extinguisher 

6kg 
BCE 6 kg dry powder 
extinguisher (55B efficiency) 
loaded 

1 

60.52€ 

60.52€ 
03.0002 BCE dry powder extinguisher 

12kg 
12 kg BCE dry powder 
extinguisher (efficiency 89B) 
loaded 

1 

81.28€ 

81.28€ 
Total extinguisher protection 141.80 € 

ELECTRICAL PROTECTION 
04.0001 Earthing by copper 

Ground connection by means of 
a copper rod with a diameter of 
14 mm and a length of 2 m 

5 

31.33€ 

156.65€ 
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04.0002 Isolated surface and basket 
Insulating handle and protective 
basket of 5 m of cable with plastic 
clip adjustable in all positions for 
portable hand lamp, redeemable 
in 3 uses 

5 

10.18€ 

50.90€ 
04.0003 Differential switch at 380 

Differential switch for 380 V, 300 
mA installation sensitivity, 40 
amps nominal current, 
amortizable in 1 use, fully 
installed 

8 

114.00€ 

912.00€ 

Total electrical protections 1,119.55 € 
HYGIENE AND WELLNESS FACILITIES 

05.0001 months Toilet box rental 
Month of rent of prefabricated hut 
with 3 toilets with 6.00x2.45 m. 
toilet and washbasin and 
showers, with structure metal by 
means of cold-formed profiles 
and enclosure ribbed and 
galvanised sheet metal with paint 
finish pre-lacquered. 10 

230.00€ 

2300.00€ 
05.0002 months Warehouse rental 

Month of rent of prefabricated 
shed for changing rooms of work 
of 6x2.35 m., with metal structure 
by means of profiles cold-formed 
and ribbed sheet and galvanised 
with a pre-lacquered paint finish. 10 

185.00€ 

1850.00€ 
05.0003 months Canteen rental 

Month of rental of prefabricated 
building site canteen of 6x2.35 
m., with a metal structure by 
means of profiles cold-formed 
and ribbed sheet and galvanised 
with a pre-lacquered paint finish. 10 

200.00€ 

2000.00€ 

05.0004 Soap dish 
Industrial soap dish, 1 litre 
capacity, placed in building site 
toilets, with soap dispenser, 
depreciable in 3 uses, placed. 

5 

40.50 

202.50€ 
05.0005 m Hydroalcoholic gel dish 

Industrial size hydroalcoholic gel 
dispenser. 5 litres 

10 

20.90€ 

209.00€ 
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05.0006 Packs Surgical mask 
100 units. Hypoallergenic 3-layer 
mask with high filtration capacity 
of 95%. Filter thickness = 10 
microns. 3 layers (1 paper / 1 
filter / 1 TNT) 
Bacterial filtration capacity 95%. 
Latex free. One size adjustable 
nose. 90 

15.40€ 

1,386.00€ 
Total hygiene and wellness facilities 6,561.50 € 

TRAINING AND FIRST AIDS 
06.0001 h Health and security comitee 

Health and safety committee 
made up of a technician in the 
security material with the 
category of manager, two 
workers with the category of 2nd 
officer, an assistant and a 
security guard with the category 
of 1st officer, considering at least 
one meeting per month 20 

120.00€ 

2,400.00€ 
06.0002 Mandatory medical examination 

Mandatory medical examination 

15 

113.44€ 

1,701.60€ 

06.0003 Emergency medicine kit 
Emergency medicine kit with 
minimum mandatory contents 

2 

121.38€ 

121.38€ 
06.0004 Training in health and security 

Training in health and security 

15 

20€ 

300.00€ 

Total training and first aid 4,644.36 € 

71,798.92 € 



184 
Doc Nº1 PROJECT REPORT - Annex Health and Safety 

2. Total budget

Chapter Amount 

Individual protections 2,296.95 € 
Collective protections 57,034.76 € 

Fire protection 141.80 € 
Electrical protection 1,119.55 € 
Hygiene and wellness facilities 6,561.50 € 

Training and first aid 4,644.36 € 

Total health and security budget 71,798.92 € 
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Material execution budget 

Total budget considering of the chosen scenario: Scenario 1 with a dry floodproofing 

protection of 0.5m. 

Description Amount (€) 

Channel D7 
 951,190.66 € 

Channel North 
 1,414,648.02 € 

Golf club detention pond 
 6,049,509.22 € 

City detention pond 1 
 2,676,041.46 € 

City detention pond 2 
 1,498,604.62 € 

Dry floodproofing measures (0.5m) 
 16,442,041.05 € 

Health and safety budget 
 71,798.92 € 

EXECUTION MATERIAL BUDGET 
 29,103,833.96 € 

The total budget for the administration is: Twenty-nine million, one hundred

and three thousand eight hundred and thirty-three with ninety-six euros.

In Madrid, 11th of September of 2020 

The project engineer: 

Ignacio Mollá Carcaño 
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Execution budget by contract 

Description Amount (€) 

Total execution material budget 29,103,833.96 € 

13% General expenses  3,783,498.42 € 

6 %Profit  1,746,230.04 € 

Total sum  34,633,562.41 € 

21% VAT  7,273,048.11 € 

TOTAL BASE BID BUDGET    41,906,610.52 € 

The total budget for the administration is: Forty-one million, nein hundred and 

six thousand six hundred and teen with fifty-two euros. 

In Madrid, 11th of September of 2020 

The project engineer: 

Ignacio Mollá Carcaño 
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Budget for the administration 

Description Amount (€) 

Total execution budget by contract 
   41,906,610.52 € 

4% Drafting costs  1,676,264.42 € 

Total execution material budget 29,103,833.96 € 

1 % Historical heritage  291,038.34 € 

Suppression of services 
- €

Quality supervision 
- €

Expropriations 
- €

TOTAL BASE BID BUDGET    43,873,913.28 € 

The total budget for the administration is: Forty-three million, eight hundred and 

seventy-three thousand nine hundred and thirteen with twenty-eight euros. 

In Madrid, 11th of September of 2020 

The project engineer: 

Ignacio Mollá Carcaño 
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