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Summary 

In this project focused on the quarry “La Medina”, the creation of a pilot pond is proposed to be 

studied in its exploitation phase, as well as the adequacy of the pond system considered in the 

restoration. At the same time, It is intended to show the public the great importance of these 

ecosystems in increasing biodiversity, publicize groups of poorly known organism but of great 

interest and provide an opportunity for the scientific research of colonization and ecological 

succession in new pond systems. Thanks to the sampling done, 68 taxa have been found, with an 

increase of 65 taxa in the faunistic inventory of the quarry, highlighting the Iberian endemism 

Lissotriton boscai and the bird Aquila chrysaetos. 

 

1. Introduction 

Lentic ecosystems present great importance in increasing regional biodiversity (Oertli et al. 2002, 

Nicolet et al. 2004) and in the increased habitat heterogeneity (Biggs et al. 1994, Shieh and Chi 2010). 

One of the most outstanding features of these ecosystems is a highly productivity (Gopal and Junk 

2000), which allows the presence of complex communities of organisms linked to both aquatic and 

terrestrial ecosystem (Sancho and Lacomba 2010) and are based on microscopic beings, macrophytes 

and macroinvertebrates which form the basis of the food web. These ecosystems are highly vulnerable 

to anthropogenic impacts (Karakoç et al. 2003), but some activities such as aggregate extraction, often 

facilitate their appearance.  

Water bodies arising during operation and restoration of the quarry "La Medina" represent an 

exceptional opportunity for conservation. Its location in the foothills of the Cantabrian Mountains is 

considered a hot-spot of biodiversity (Calvo and Suárez-Seoane 2011), and its proximity to reservoirs 

of Priañes and Alfilorios makes it possible to see the connectivity of populations improved, important 

aspect in increasing biodiversity (Chester and Bodson 2013). These systems can also be momentous 

in the conservation of protected bats found in the Partial Nature Reserve of Las Caldas (Act 66/1995). 

Besides the value of the pond systems of "La Medina" for the conservation of regional biodiversity, 

it is an ideal setting to be studied, especially considering that knowledge of biodiversity in ponds 

quarries is very limited (Linton and Goulder 2000). 
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2. Objectives 

The purpose of this project is to show the importance of the lentic ecosystem in the increase of the 

biodiversity in the quarry “La Medina”. For this, the following specific objectives have been set: 

• The study of the biodiversity of the pond systems in the extractive ecosystems. 

• The design of a pilot pond for its implantation during the exploitation of the quarry and design 

an adecuation of the pond system under restoration, which contributes to increase the 

biodiversity in the quarry. 

• The establishment of a management plan which compatibilices the good state of the pond 

ecosystems with the activity of the quarry and with the activities raised in this project. 

• To complement the project with environmental educational actions focalized on different 

audiences, both remote as “in situ”. 

 

3. Background information 

The quarry “La Medina” is located nearby Oviedo (Asturias). The limestone mining activity began 

in 1964, and since 1999 is in charge of the company Hanson Hispania. 

With an extension of 295.000 m2, the operations performed in the quarry includes drilling, rock 

blasting and transporting the material, crushing, grinding and classification of the material in the 

treatment plant. 

The quarry doesn’t include in any protected area. The nearest nature reserve “Cave of Caldas” is 

home to the only breeding colony of lesser mouse-eared myotis (Myotis blythii) cataloged as sensitive 

to the alteration of its habitat in the “Regional Catalogue of Endangered Species of the Vertebrate 

Fauna of Principado de Asturias”. The cave also has other bat species cataloged of Special Interest. 

 

4. Methods 

4.1 Study of aquatic systems 

Clear and concise sampling protocols applicable to the study both of the water bodies present in the 

quarry “La Medina”, as in the aquatic systems which are going to be proposed, will be elaborate. Will 

be included in this study the taxa that form the base of the food web (phytoplankton, diatoms, 
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zooplanckton, macroinvertebrates, and macrophytes) but notes will be taken of all those organisms 

associated to the pond system which don’t belong to the mentioned groups. Also, the theoretical study 

of the colonization, ecological succession and trophic relationships will be developed. 

The information will be obtained by monitoring the actual water bodies and aquatic ecosystems posed 

by this project. That will provide an opportunity to study (i) the colonization of aquatic systems and 

(ii) ecological succession and trophic structure of systems at different stages. It is proposed that 

studies be developed by Hanson Hispania, SA - HeidelbergCement and presented in article format. 

4.2 Creation of the aquatic systems 

For the development of the project, has proposed the creation of a pilot pond during the operational 

phase. This pond will be more favorable than the current system in order to increase biodiversity. The 

pilot pond will be monitored for the realization of biodiversity studies outlined in section 4.1. This 

represents the ecological baseline to create the final pond system in the restoration phase. 

It has also raised an adequation of the pond system proposed in the plan to restore the quarry "La 

Medina". This pond systems is subject to the same studies as pilot pond. The design of the pilot pond 

and final pond system will be geared towards creating different habitats. Thus, an increased 

hydroperiod compared to the current system, a high heterogeneity of substrates and depths, different 

ranges of luminosity, the presence of refuge islands and a bigger surface area of ecotone further 

increase biodiversity will be achieved of the quarry. 

4.3 Management plan 

A management plan has been drafted in order to coordinate the activities of the quarry during the 

construction phases and the exploitation of the aquatic systems proposed. Its preparation has taken 

into account the provisions of the Law on Environmental Impact Assessment Project (RDL 1/2008, 

of 11 January), specifically those that have been laid down in Article 7 of Chapter II and propose the 

development and implementation of measures to reduce, eliminate or compensate for significant 

environmental effects, and the creation of an environmental monitoring program. 

4.4 Environmental education 

As a complement to the project, a series of activities of environmental education have been proposed, 

with the aim of educating and making aware all the population, allowing them to learn the importance 

of the pond systems derived from extractive activities. To achieve this goal, we have developed a 

program that includes various methods of environmental education: (i) an educational trail, (ii) a 
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didactic classroom (Water workshop) provided with an ornithological observatory and (iii) a website 

where find the main data from field studies and expands the information on aquatic ecosystems are 

collected. 

The environmental education program intends to cover all kinds of audiences, as the education trails 

and didactic workshop will announce the organisms and the importance of these systems at a basic 

level, while the website will contain more specific sections, aimed to a more specialized audience. 

 

5. Results 

5.1 Study of aquatic systems 

Sampling methodology proposed 

The sampling protocols developed (Annex I) include the data collection of the system morphology, 

physical and chemical variables and the collection of biological samples of phytoplankton, diatoms, 

zooplankton, macroinvertebrates and macrophytes. At the same time, the necessary protocols are 

taken to carry out the laboratory tasks: determination of chlorophyll a and nutrients and the 

preparation and identification of organisms. 

Have been established quarterly samplings which permits detect changes that occur in the community. 

It is recommended to perform them at weeks 9, 22, 35 and 48. 

Sampling of the actual system 

The study of the current aquatic ecosystem in the quarry “La Medina” through the application of the 

protocols developed, has improved the knowledge of the biodiversity without carrying out any action 

aimed at the increase. 

A total of 16 genera of diatoms have been identified, being predominant the genres Encyonopsis and 

Cymbopleura; 31 taxa of zooplankton, mostly brachiopods; and 13 taxa of macroinvertebrates, most 

notably odonata Sympetrum sanguineum, with a low abundance in the northern Spain (Mezquita 

2012) and Orthetrum coerulescens, very tolerant organism to habitat degradation (Mezquita 2012). 

Although sampling should focus on these groups, observation of the environment has allowed to 

identified other groups of organisms: 3 different amphibians have been analyzed, among which are 

included Lissotriton boscai, an Iberian endemic species (Pleguezuelos et al. 2002) which bred 

successfully in the quarry last year and 5 bird taxa among which should be highlighted the Golden 
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Eagle (Aquila chrysaetos) catalogued as “Near Threatened” in the National Catalogue and as 

“Vulnerable” in the Regional Catalogue of threatened wildlife in Asturias. The taxonomic list can be 

consulted in Annex II. 

Study of colonization, ecological succession and trophic relationship 

The expected results in the study of the colonization in the new creation systems are that the process 

starts, as indicated by Wetzel (2001), with the development of some species of plankton and 

periphyton, which will be followed by the establishment of vegetation on the banks, and submerged 

plants as sediments accumulate on the bottom. Another of the groups which is expected to proliferate 

in the initial stages and shows a high affluence, is the zooplankton (Olmo et al. 2012), as the results 

obtained show in the actual system, where the brachiopods dominate. 

The study of the ecological succession and of the trophic relationship can’t be understood as an 

isolated form. The existing community in each moment proceeds from the interaction a selection in 

a potential set of taxa, which leads to a limited set in which some species depend on others, regulating 

its population consequently. It is expected that the population changes quickly at first until it 

establishes a community that persists with few changes, that is to say, that the system self-

perpetuating itself. The procedure needs some time, the same as the emergence of species and the 

replacement by other taxa. The trophic relations in the pond systems are very complex. The primary 

producer are the phytoplankton, periphyton and the macrophytes, which are limited by light, mixture 

of water and the predation of other organism (Dobson and Frid 1998). One of the groups most 

outstanding of the phytoplankton are the diatoms (Seisdedos and Hernández 2011). Macrophytes may 

extend along the littoral zone of the pond system and sometimes across the water surface, with a 

higher richness in heterogeneous ecosystems. Among the secondary producers are especially relevant 

zooplankton and macroinvertebrates. These last ones can take benefit from the detritus that come 

from the organic material of the periphyton that develops on the substrate, filter fine particulate matter 

or prey other organisms (Wetzel 2001). The groups of organisms mentioned constitute the basis for 

the arrival of the higher levels of the food web, like the amphibians, the reptiles and the birds, which 

use this ecosystem as their feeding and shelter area. 

5.2 Creation of aquatic systems 

Creation of the pilot pond and the pond system 

The pilot pond during the exploitation phase will be settled on the current landfill, which must reach 

in a small area the level that corresponds with the “Platform-1” of the first phase of the restoration 
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plan (190 meters above sea level),  and which is now found near that level in the East part. The maps 

are available in the Annex III. 

The pond system of the restoration phase will be formed by three ponds of different sizes with a total 

maximum surface of sheet of water of 4915 m2 and a total maximum volume of the system of 5501 

m3. The disposition of these ponds is shown is the attached map in the Annex III. 

The filling of the systems will be done in a natural way with the water from the rainfall. 

Previously to the creation of the pond system proposed in the restoration phase, a drainage system 

will be made in all the surface of the quarry which collects the circulating water and sends it, through 

underground drains, to the pond system. 

The construction process of the pilot pond and the pond system is described below: 

1. Preparing the land: 

We will proceed to the cleaning of the land clearing the elements that can harm the waterproof 

sheet which will be fixed later on. Then, the land is levelled. Later, the excavation of the basin 

with a backhoe and layer of washed sand will be laid to give a bigger protection. 

2. Waterproofing and finishing of the ground: 

To waterproof the pond a geomembrane will be installed (type Atarfil LLDS or of similar 

characteristics) which meets with the technical requirements and adapts to the conditions of 

the area where the project is developed. Another layer of limestone materials of different 

granulometry will be set on the ground to give a much better naturalness to the ponds, creating 

different mesohabitats (Annex III). These materials will come from the same exploitation, 

reducing the costs of obtaining and transporting them. 

5.3 Management plan 

The management plan has been based on three basic aspects: (i) the prevention and mitigation of the 

environmental impacts, both in the physical as in the biotic way; (ii) the social action, which favors 

the communication with the different social actors; and (iii) the environmental monitoring. Also, the 

company guarantees its active role and its commitment with environmental topics. In the Annex VI 

the activities that confirm the programs and subprograms which constitute the management plan are 

detailed. 
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5.4 Environmental education 

The resources elaborated for the environmental education program are: 

1. Educational trail 

A path with two variants has been designed, a perimeter path of 3,6 kilometers and path around 

the pond system of 1,5 kilometers, accessible for disabled people. The path will include signal 

beacons and 4 panels with information of the extraction of aggregates, the pond systems and 

the organisms which live there and the food web. 

2. Website 

The web page developed has a lot of information about the organism groups which confirm 

the base of the food web. The url is http://www.biolaguralm.es. 

3. Water workshop 

The “Water workshop” is proposed as a compliment to the other resources. This, is made by 

a bird observatory and an area where to make workshops. 

During the exploitation phase, the environmental educational program will be based on the website, 

but when the restoration will be finished, the educational trail will be available to the public all year 

round, and the same will happen with the ornithological observatory. The access to the workshop area 

will be limited to the weekends with wide timetable (from 11:00 to 14:00 and from 17:00 to 20:00). 

In this area there will be an environmental teacher and a trainee, if there were one, who would be in 

charge of answering any queries during the visit. At the same time, there will be guided tours for the 

longest route at 12:00 and 18:00 during the weekends. 

The environmental educational program, the maps of the educational trails, information panels and 

workshops can be consulted in the Annex V. 

5.5 Schedule 

The established schedule (Annex VI, figure 16) includes an estimated planification of the activities 

which make this project. The information has been adjusted to the restoration project proposed by 

Hanson Hispania S.A. – HeidelbergCement. During the operational phase, this project will be worked 

on between the years 2014 and 2019, while the restoration phase tasks will be from the year 15 of the 

phase II until the year 19. 
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5.6 Budget 

The budget (Annex VII) has been calculated by differentiating the costs during the operational phase 

and during the restoration phase. The total cost of the implementation of all the proposed 

improvements amounts to 174,814.89€, making a saving of the initial restoration project of 

10,840.67€. 

 

6. Discussion 

The sampling of the present pond has permitted us to identify a series of taxa linked to the presence 

of this type of pond systems, which proves that the species affluence and the biodiversity and the 

biodiversity of the environment increase. But the effect is not only positive for the groups at the 

bottom of the food web, but is also benefits the higher levels as the numerous amphibians, mammals 

or birds, that can use the pond system as source of water, food or as a shelter.  

6.1 Study of aquatic systems 

Added value to biodiversity: A better knowledge of the lentic ecosystems, allows us to establish 

conservation measures having to do with concern taxa. 

Added value for the society: The biodiversity has an actual and future importance for the society, 

because the present and potential use of its elements are essential for the society and for its 

maintenance, which constitute the basis of human life and keeping a biosphere as a functional system. 

It is not only a merely scientific or ecological question: an improvement of knowledge forms part of 

the collective ethics. 

Added value for the company: The considered studies improve the knowledge on this type of 

ecosystems, being able to apply similar methodology in other extractive ecosystems. Also the 

accomplished actions in favour of the environment will get the recognition of the population. 

6.2 Creation of aquatic systems 

Added value to biodiversity: The development of the proposed systems improves environmental 

conditions, which will suppose a colonization of a large number of taxa that will be able to support a 

more complex food web. The scarcity of this type of habitat in several kilometers is a point in favour 

of the project, because it improves the connectivity and mainly benefits the vertebrates. 
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Added value for the society: The population nearest to the quarry “La Medina” will be improved 

environmental conditions in which they live. They will be able to enjoy of the restored area designed 

for their enjoyment. Also, the knowledge of the visitors to the ecosystem will be enriched. 

Added value for the company: The environmental improvement of the ecosystem will not only 

enhance the perception of the local population towards the company, but it will also have a positive 

character respect to the well work of itself and it could result a beneficial performance for achieving 

a new exploitations. 

6.3 Management plan 

Added value for the company: The management plan permits a correct development of the activities 

of Hanson Hispania S.A. – HeidelbergCement and prevents serious damages from happening which 

could lead to the increase of expenses associated to its activity. Also, the corporative image is 

improved both for the clients as for the local population. 

6.4 Environmental education 

Added value for the society: The environmental education program allows the public to know the 

groups of organisms in lentic systems, their trophic relationships and the importance of these 

ecosystems in increasing biodiversity. 

Added value for the company: The environmental education program will present the actions done 

by the company in favor of the environment, enhancing the positive opinions of the society about 

Hanson Hispania, SA - HeidelbergCement. 

 

7. Conclusions 

This project is original and innovative, and promotes increased biodiversity of the quarry and its 

environment during the operational phase and after completion of the restoration phase. Likewise, 

the creation of the pilot pond offers an excellent opportunity to study the colonization and succession 

of the ecosystem. Once the restoration process has been completed, the pond system will not require 

maintenance, and its evolution towards more shallow ponds or terrestrial systems, will continue to 

provide benefits for the biodiversity. In the same way, this project aims to provide a fundamental 

value to the society, notifying groups of organisms that are not sufficiently known despite having 

great importance and interest to the proper functioning of the ecosystem, and it will reveal the trophic 

relationships starting by the food web base and continuing towards superior levels. With all this it is 
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sought to publicize the company's commitment to the environment with educational and research 

institutions and the general public, showing how extractive processes are compatible with systems 

that increase biodiversity. 

To finish, it can be added that it is about a flexible project and it admits the possibility of going 

without determined parts adjusting oneself to the budget available, giving the option of being applied 

to other quarries. 
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Annex I. Monitoring protocols of the pond system 

The first step to do when sampling the pond system is to check the distribution of the different 

habitats, it is convenient to take a multihabitat sampling. As for the quarry “La Medina”, the pond 

system was divided in 3 principal environments. 

Sampling protocols 

1. Morphometry of the system 

The first step is to check the internal structure of the system, for which multiple transects 

should be done, beginning in the direction of the mayor axis of the system and performing 

perpendicular transects. In each transect, a minimum of 10 regular measures of the depth are 

taken. These transects are taken to determine the maximum depth of the water by using an 

echosounder and a measurement of the turbidity of the water is taken using a secchi disk 

(taking the measurement of depth at the point where the disk it cease to being visible). 

From the data obtained, several profiles of the basin of the pond system can be obtained, 

allowing to observe possible changes produce by the drag, sedimentation or detachment of 

materials from the adjacent areas due to adverse weather events. 

2. Physical and chemical variables 

The taking of physical and chemical variables is performed from an integrated sample of 

water: during a transect, 5 subsamples of water by at least 5 points are taken, which are 

integrated in a single sample. From that sample, dissolved oxygen and water temperature is 

measured with the necessary tools. 

The integrated sample also serves to analyze the following variables: 

o Chlorophyll a: a sample of 2 liters of water is needed to be taken in a bucket without 

letting air inside. 

o Nutrients: 0.5 liters are taken to measure other nitrogen and 0.5 liters phosphorus 

measuring system. Each of these samples were fixed with 0.5 ml of mercury (II) 

chloride. 

3. Biological data of the pond system 

a. Phytoplankton: The collection of samples for the study of phytoplankton is made 

taking about 200 ml of each environment, which are introduced into a topaz flask of 

250 ml avoiding to fill the container. These samples are immediately fixed with lugol, 

adding 1 ml per 100 ml of sample. It is also convenient to takes samples with a net in 
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deeper areas, without moving the substrate, performing the operation several times. 

The resulting 50 ml sample was fixed with 3-4 ml of 4% formaldehyde. 

To avoid the introduction of species and sample contamination, it is very important to 

wash the net with water of the same pond system, letting it dry, and later wash with 

water from the next pond without introducing it into the pond (e.g. leaving the net 

immersed in water for several minutes). 

b. Diatoms: Many samples as different environments are taken in the pond. For this, in 

each habitat, they are scratched with a toothbrush 3 rocks. In each of these elements, 

20 cm2 are scratched and the sample is put in a Falcon tube of 50 ml. 

c. Zooplankton: Multihabitat samples are taken along a transect shore-center, taking 3 

liters of water for each sample in 5 different spots, trying that samples collected are 

not near vegetation or very close to the bottom. All water samples are taken in a corer 

of 2 meters, and filtered with a filter of 25 micrometers which is fixed at one end of 

the corer to a Falcon tube. To each sample are added 20 ml of carbonated water and 2 

ml of 40% formaldehyde, obtaining a single sample composed of each habitat. Once 

in the laboratory, the samples are kept in the refrigerator until determination. 

d. Macroinvertebrates: A multihabitat sample of the littoral zone is taken, dividing itself 

in a proportional to size sampling effort (generally, about 4-5 minutes). For this 

sampling the FBA standard is followed, using the technique “kick and sweep 

sampling” (in this, the subtract is moved with the feet and then swept with a sampling 

net so as to collect the organisms). Independent samples are taken for each 

environment and samples are fixed with alcohol at 70% 

e. Macrophytes: Sampling using transects perpendicular to the line of greatest length are 

done (it is not a multihabitat sample). To set the number of transects to be performed, 

it is important to have an idea of the morphology of the pond. Each transect begins at 

the edge of the pond system, which can be located out of the water (easily recognizable 

by observing the vegetation). In case not being possible to carry out transects in a 

straight line and a boat is needed, the sampling points are located at different depths. 

Depending on the heterogeneity of vegetation, sampling units of 0.25 square meters at 

intervals of 0.5 meter, 2-5 meters or more than 5 meters, scoring depth, the type of 

substrate and vegetation cover. 

f. Other: the realization of the action of sampling involves finding occasionally 

organisms of other groups. Generally, samples of each will be taken (if possible) and 
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they would be processed in the laboratory according to protocols appropriate for each 

organism. 

Laboratory protocols 

1. Physical and chemical variables 

o Chlorophyll a: A procedure based on international standards (ISO 10260, 1992) will 

be used, and used the spectrophotometric method Standard Finland SFS 5772. 

o Nutrients: A colorimetric determination will be done for nitrogen with sulfanilamide 

and NNED, and for the phosphorus with ammonium molybdate, antimony tartrate and 

ascorbic acid at 885 nm. 

2. Biological data of the pond system 

a. Phytoplankton: Following the protocol established by the Agriculture and 

Environment Ministry, samples must be fixed with a solution of iodine. Is added 0.5 

to 1 ml of iodine per 100 ml of sample based on the amount of organic matter present 

in the sample. Because the lugol evaporates and is degraded by photo-oxidation, the 

samples must be stored in a cool and dark place. 

The taxonomic identification of phytoplankton genres will be performed 

microscopically using dichotomous keys. 

b. Diatoms: Diatoms must be kept in 70% ethanol (v / v) at 4 ± 1 ° C in Falcon tubes 

(you can also preserve them in formaldehyde). To be able to visualize adequately with 

the microscope the genres of diatoms the sample must be digested with hydrogen 

peroxide (H2O2) at 30% (v / v) using three times the volume of H2O2 than the sample 

of diatoms. To accelerate the digest of organic matter the tubes can be put on card over 

a hot plate. Subsequently, it takes a drop of the resulting suspension and placed on a 

coverslip. The drop is dried and fixed with a drop of synthetic resin Naphrax. Finally, 

the cover is mounted on the holder. 

The genera of diatoms can be identified by observing the preparations by microscopy 

at 1000 magnification and using appropriate keys and bibliography. 

c. Zooplankton: The samples require washing so as to eliminate the formaldehyde as it 

is toxic. The samples are identified by microscope with guides and dichotomous keys. 

d. Macroinvertebrates: Those traces of organic matter in samples that are not benthic 

macroinvertebrates are removed.  

Finally, we proceed with the taxonomic identification of all organisms to the most 

precise level possible. The use of an external light source is required to appreciate the 
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detail of each of the species and the use of appropriate bibliography for each of the 

groups of organism. 

e. Macrophytes: following the protocol established by the UNE-EN-14407, the 

identification of the species will be done by an expert in botany who reach the 

taxonomic level of species. These species were determined with a key for flora. 
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Annex II. Taxonomic list of sampling 

Diatoms 

Type Taxon 
Centric Cyclotella 
Araphid Fragilaria 
Monoraphid Achnanthidium 
Symmetrical biraphid Brachysira 

Gyrosigma 
Navicula 

Asymmetrical biraphid Amphora 
Cymbella 
Cembopleura 
Encyonema 
Encyonopsis 
Gomphonema 

Nitzschoide Denticula 
Grunowia 
Nitzschia 

Surirelloide Surirella 

 

Zooplankton 

Group Taxon 
Annelida Dero obtusa 
Brachiopods Acantholeberis curvirostris 

Alona costata 
Alona quadrangularis 
Alona rectangula 
Argonotholca (Notholca) foliacea 
Bosmina longirostris 
Disparalona rostrata 
Graptoleberis testudinaria 
Leydigia acanthocercoides 
Liocryptus sordidus 
Macrothrix laticornis 
Perachartha truncata 
Pseudochydorus globosus 

Ciliophora Caenomorpha lauterborni 
Pseudoprorodon niveus 

Copepoda Cryptocyclops bicolor 
Nematoda Arcella 

Monthystera similis 
Plectus 

Rhizopods Amebas 
Tecamebas 

Rotifers Cephalodelia catellina 
Linda truncata 
Monommata grandis 
Notommata cerberus 
Trichocerca bicristata 

Turbellaria Castrada armata 
Microdalyellia armigera 

Turbellaria-Nemertea Prostoma graecense 
Prorhynchus stagnalis 
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Macroinvertebrates 

Group Taxon 
Odonata Orthetrum coerulescens 

Sympetrum sanguineum 
Sympetrum striolatum 

Heteroptera Corixa sp 
Ephemeroptera Centroptilum 

Pseudocentroptilum pennulatum 
Heptagenia 
Cloëon 

Diptera Chironominae 
Orthocladiinae 
Ceratopogoninae 
Leptoconopinae 

Gastropoda Lymnaea 

 

Amphibians 

Order Taxon 
Anura Bufo bufo (Sapo común) 

Rana temporaria (Rana bermeja) 
Caudata Lissotriton boscai (Tritón ibérico) 

 

Birds 

Order Taxon 
Falconiformes Aquila chrysaetos (Águila real) 

Buteo buteo (Busardo ratonero) 
Gyps fulvus (Buitre leonado) 

Paseriformes Motacilla alba (Lavandera blanca) 
Phoenicurus ochruros (Colirrojo tizón) 
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Annex III. Creation of aquatic systems 

Maps and 3D recreations 

 

Figure 1. Map of pond system. 
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Figure 2. Map of pilot pond. 
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Figure 3. Map of the final stage of the pond systems. 
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Figure 4. Recreation of the quarry “La Medina” after the restoration process. 
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Figure 5. View from the west of the restored quarry. 

 

Figure 6. View from the south area of the restored quarry. 
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Zonation of the ponds 

• Main pond: 

o Mesohabitat I: corresponds to the perimeter zone, with the embankment the delimits 

the pond from the surface until a maximum depth of 4 meters. With a slope of 67% 

allowing its stability, it will be covered with limestone aggregates (gravel size between 

2 and 60 mm). 

o Mesohabitat II: corresponds to the deep area in the North of the pond, it has a constant 

depth of 4 meters and has a sandy substrate (0.06 to 2 mm). 

o Mesohabitat III: this environment is made spaces located between the slopes of the 

islands and the perimeter area. It will be covered with stones (60 to 250 mm) and, in 

some cases, larger block sizes (greater than 250 mm diameter). 

As to the vegetation present in the pond, it will never be interfered in any way, allowing 

the natural process of colonization thereof. 

• Smallers ponds: due to its small size, each of these ponds can be considered as just one 

environment, thus having: 

o Mesohabitat IV: corresponding to the east pond which characteristic for an 

embankment with on average slope of 65% which reaches a maximum deepness of 2 

meters with a substrate formed by stones and blocks (size superior 60 mm). 

o Mesohabitat V: corresponds to the West pond, which corresponds to an area situated 

between the perimetral slope and the isle situated in the middle. It has a maximum 

depth of 2 meters and a substrate with the size of stones and blocks (size superior 60 

mm). 
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Annex IV. Management plan 

Introduction 

This management plan aims to develop activities aimed at the rehabilitation of the ecological 

functions of the quarry "The Medina" through the creation and construction of a lagoon system, 

following proper environmental management. The participation of local people is essential for the 

development of this project. 

Objectives 

I. General objective: Prevent, reduce and mitigate the impacts produced by the construction and 

operation of the pond system. 

II.  Specific objectives: 

o Establish measures for each one of the environmental components, which allows to 

mitigate the impacts produced by the construction and operating of the pond system. 

o Involve the local population in the different phases of the achievement of the project. 

Scope 

The management plan is made by programs and subprograms as an implementation guide of actions 

which avoid the spoilage of the environment during the phase of construction and operating of the 

pond system. 

The programs established in this management plan will be of compulsory accomplishment and it will 

be applied to all the phases which comprises this project. 

Responsible 

The application of this management plan is the responsibility of Hanson Hispania, SA – 

HeidelbergCement, specially that of the Department of Prevention and Business Risks and 

Environment, who will be in charge of its direct achievement and to ensure the rules are followed by 

everybody related to the company and its activities. 

Structure 

This management plan will be structured in accordance to figure 7. 
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Figure 7. Structure of the management plan of the pilot pond and the pond system. 

 

I. Prevention and mitigation program of environmental impacts 

Contains the actions that will minimize and prevent the negative impacts on the environment, 

enhancing the positive impacts produced by the different activities which are done during the 

construction and operating of the pond system. 

The activities shown on this plan are of a strict accomplishment by Hanson Hispania SA – 

HeidelbergCement, and other people involved in the activities of the project. 

a) Program of environmental supervision of the construction of the pond system 

Elaborated to monitor the activities to be done during the phase of construction of the pond 

system; checking that these activities comply with the provisions established on the 

environmental actual rules and the same time evaluate the environmental management of the 

project. 
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• General objective: 

o Ensure the fulfilment of the current environment regulation and related to civil 

works. 

• Specific objectives: 

o Monitor the fulfilment of the management plan for the construction of the 

pond system. 

o Supervise the fulfilment of the current environmental regulation and 

applicable to the finished work. 

Table 1. Applicable measures of the program of the environment supervision of the construction of the pilot pond 
and the pond system 

   Target 
Ensure the fulfilment of the planned activities in the management plan, the same as the fulfilment of the current 
environmental regulation related to projects of cleaning the environment. 

Results 
• Prevention of social environmental affectation during the construction of the pond system. 
• Fulfilment of the proposed activities for the preservation, mitigation and compensation of potential 

environmental impacts established in the management plan. 
ID Actions 
1.1 Ensure the fulfilment of the measures of prevention and mitigation of negative environmental impacts on the 

present plan. 
1.2 Supervise, require and guarantee the fulfilment of the applicable environmental specifications and the general 

specifications for the construction of the pond system, the actual management plan, and in general, current 
regulation for civil works. 

1.3 Control the application of the measures taken in the actual plan, detect breaches and demand corrective actions 
being the case. 

1.4 Validate environmentally the working procedures so as to minimize the risks, incidents or impacts. 
1.5 Guarantee that every activity is done considering the occupational health and security and the environment care. 
1.6 Having a schedule execution of the work, stating the areas in which the work was carried out with the date of 

commencement and completion of work to anticipate the residents of the area the dates when the works will start; 
and, if there are any changes, these should be informed so as not to affect the activities of supervision and 
monitoring. 

1.7 Previously approve the execution of activities that involve the cleaning of vegetation, erosion control and all the 
measures to mitigate the environmental impacts. 

1.8 Inspect each work, prior its closure or abandonment so as to verify the fulfilment of the provided actions in the 
Restoration Plan. 

Means of verification 
• Performing schedule of the work. 
• Biotic records. 
• Monitoring records. 
• Photographic records. 

 

b) Program of Prevention and Mitigation for the Physical Environment 

• General objective: 

o Minimize the incidence of the impacts on the physical environment of the area 

of influence of the construction activities of the pond system. 
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• Specific objectives: 

o Reduce the incidence of impacts which affect the ground conditions. 

o Prevent the degradation of the superficial and underground water. 

o Minimize the alterations in the conditions of the atmosphere. 

� Subprogram of prevention and mitigation of impacts on the conditions of the ground. 

Table 2. Applicable measures to the subprogram of prevention and mitigation of impacts on the conditions of the 
ground 

   Target 
Reduce the impact incidents which affect the ground conditions. 

Results 
• Prevent erosion processes on the ground. 
• Meet management measures for the movement of earth. 
• Control the compaction of ground in the area of influence of the project. 
• Maintaining soil quality in the area of influence. 

ID Actions 
1.1 Due to the risks that can happen with the movement of the earth, the areas must be signalled where this activity 

is done to warn the workers about the existing risk and to signal the prevention measures. 
1.2 The liquid waste and oily sludges generated during the activities of maintenance of the equipment, machinery 

and vehicles must be used and removed by approved methods of final disposition approved by the environment 
authority. 

1.3 The cause of action or omission, of contamination of the soil resource from spills, wastes, leaks, storage or 
abandon of products or dangerous wastes or hydrocarbon, must have records to indicate the actions of monitoring, 
mitigation and remediation performance. 

Means of verification 
• Photographic records. 
• Actions mitigation and/or taken remeasurement records. 

 
� Subprogram of prevention and mitigation of impacts on the water conditions. 

Table 3. Applicable measures fo the subprogram of prevention and mitigation of impacts on the water conditions 
   Target 
Avoid the degradation of the superficial and underground water by the construction of the pilot pond and the pond 
system. 

Results 
• Prevent generated affectations by the inadequate use of the resource. 
• Rule changes of the resource due to uncontrolled emptiness leaks or spills, deposit of materials. 

ID Actions 
1.1 All required precautions will be adopted to prevent the contamination of the water bodies. The  waste of chemical 

products, fuels, lubricants, sediments and other harmful wastes, will not be emptied in natural or artificial 
channels that lead into these. 

1.2 Throwing of domestic, industrial or any other contaminated effluents won´t be allowed (residues of dangerous 
products- hydrocarbon derivatives) towards the near water bodies. 

1.3 In the case of any spilling, the Manager of Prevention of Occupational and Environmental Risks must be notifies 
so as to co-ordinate the actions to correct the affair. 

1.4 Once the pond system is constructed, physical and chemical analysis will be done every three months to the water 
in the pond. 

Means of verification 
• Laboratory results. 
• Photographic records. 
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c) Program of prevention and mitigation of impacts on the biological environment 

• General objective: 

o Minimize the impact incidents on the biotic environment of the area influences 

of the Project due to the construction activities of the pond system. 

• Specific objectives: 

o Decrease the effective or potential impacts on the flora and fauna. 

o Establish control mechanisms of the other factors to the natural characteristics 

of the area of the project, preserving the environmental conditions of this 

area. 

Table 4. Applicable actions to the subprogram of prevention and mitigation on the biotic environment 
   Target 
Minimize the impact incidents on the biotic medium of the area influenced of the project due to the construction 
activities of the pilot pond and the pond system. 

Results 
• Avoid or/and minimize the flora and wildlife impacts of the influenced area during the construction and 

operation activities of the pond system. 
ID Actions 
1.1 The workers are not allowed the activities of hunting or fishing and also collecting flora species, keeping animals 

in captivity and the introduction of exotic faunal species or domestic animals. Hanson Hispania, SA – 
HeidelbergCement must dictate specific provisions to its workers about this prohibition. 

1.2 The layers of specially rich topsoil, must be relocated, extended and confirmed in nearby areas with ornamental 
purposes and for the final restoration. 

1.3 In the best way possible, the noise of vehicles and machines must be minimized by guaranteeing that they are in 
good condition. 

Means of verification 
• Photographic records. 

 

II. Social action program 

The social action program, also the other programs, is structured to avoid, mitigate, minimize or 

compensate the nearby towns for the negative potential impacts that go with the project and that were 

analyzed in the respective chapter, the risks and sensibility of the population is also considered. 

• Objectives: 

o Maintain the nearby towns to the area of influence of the quarry informed about the 

scope and implications of the performance of the pond system. 

o Establish participation and cooperation relations with the population so as to avoid 

conflicts that could affect the normal development of the project. 

o Develop a program of environmental education and involving the local population. 
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a) Subprogram of information and communication 

A program of information and communication about the project will be developed, with which the 

local population will learn about the construction of the pond system, its extent, its impacts, its 

benefits in general, the management plan which will be fulfilled allowing the clear and sufficient 

knowledge of the project. 

Briefings will be promoted where apart from other aspects they will be told, the advance of the 

project, the environmental performance, also questions and concerns which can turn up will be 

answered. In these types of briefings, the behavioural patterns of the workers of Hanson Hispania, 

SA - HeidelbergCement can be socialized. 

Table 5. Applicable measures of the subprogram of information and communication 
   Target 
Avoid the adverse opinion of the population during the communication process of the pilot pond and the system pond. 

Results 
• Improvement of the public opinion. 

ID Actions 
1.1 Briefings will be promoted with the necessary advance so as to be able to correctly inform the population about 

the project. 
1.3 Do surveys to the population so as to check their opinion. 

Means of verification 
• Minutes of meeting. 
• Records of surveys done. 
• Records of complaints and claims presented. 
• Records of complaints and claims solutions presented. 
• Photographic records. 

 

b) Subprogram of environmental education 

Table 6. Applicable measures of the subprogram of environmental education 
   Target 
Establish an environmental education program which includes an educational trail, a website, offer university practices 
and the construction of the water class which includes a bird observatory 

Results 
• Strengthen the commitment that citizens have respecting the environmental issues, and responsibility of their 

environmental situation, develops actions which allow to give local solutions to problems that affect their 
community and contribute constructively to the improvement of common property. 

ID Actions 
1.1 Construction of an educational trail around the quarry and the pond system, using the machinery to transport 

the materials. 
1.2 Placing of beacons and information panels along the educational trails. 
1.3 Develop a website with information about the advances of the restoration and progress in the colonization of 

the pond system. 
1.4 Implementation of QR codes on the information panels which link with specific sections of the website. 
1.5 Construction of the “Water workshop” to the fulfilment of workshops. 
1.6 Construction of an ornithological observatory in the pond system. 
1.7 Training practices will be offered from the company for students from the field of environment. 

Means of verification 
• Photographic records. 
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• Website. 
• Record of attendance at workshops. 
• Records of the people who do training practices in the quarry. 

 

c) Subprogram of scientific research 

This program aims to develop scientific studies in the pond system of the quarry “La Medina”, which 

can make up the lack of existing knowledge on this pond ecosystem and focus the relevant measures 

for the correct management of this type of ecosystems.  

Depending on the knowledge we have of the environment, can identify not only the places where you 

should perform the activities necessary for the restoration, but to identify which and in what grade 

should the modifications to be done to allow rehabilitate the original functions of the environment. 

The constant evaluation of the knowledge of the place, is a process used to determine the convenience 

and feasibility of rehabilitation, allowing the amplification of the opportunities and minimizing the 

requirements for achieving the objective of the program. 

Hanson Hispania, SA - HeidelbergCement will be charge of implementing and monitoring this 

program. 

Table 7. Applicable measures of the subprogram of scientific investigation 
   Target 
Develop scientific studies in the pond system of the quarry “La Medina” which permits to fulfil the loss of knowledge 
of this ecosystem. 

Results 
• Enlarge the existing knowledge of the ecosystems, identify what are the best modifications that should done 

to permit the rehab the original functions of the environment.  
ID Actions 
1.1 Measurements of the physic-chemical in the water bodies will be taken. 
1.2 Samplings to check the colonization of new species will be done every three months 
1.3 Inventories to check the emergence of these new species will be done every three months. 
1.4 Studies and/or scientific articles about evolution of the pond system will be done. 

Means of verification 
• Studies about the evolution of the pond system. 

 

III.  Environmental monitoring program 

The environmental monitoring program constitutes a tool destined to verify the fulfilment of the 

management plan of the pond system. The development of this program will be in charge of Hanson 

Hispania, SA – HeidelbergCement, through the Manager of Prevention of Occupational and 

Environmental Hazards. 

This program has been designed to cover all the activities that the company does during the 

construction and operating phases of the pond system. 
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Table 8. Applicable measures of the monitoring program 
   Target 
Keep monitoring the process of construction and operation of the pond system in accordance with the provisions of the 
legislation and verify the efficiency of environmental measures adopted in the management plan. 

Results 
• Carry out a proper monitoring of the plan established. 

ID Actions 
1.1 Monitor the activities proposed in the different programs, verifying that these are fulfiled according to the 

schedule of the project. 
1.2 Realization of meetings every six months to verify the fulfilment of the proposed activities in the plan. 
1.3 Realization of an Environmental Audit of the fulfilment of the management plan. 
1.4 Realization of an annual report about the fulfilment of the project activities in this management plan. 
1.5 Delivery of an annual report to the Control Entity on compliance activities in this management plan. 

Means of verification 
• Minutes of the sessions held to verify the fulfilment of the plan. 
• Report of the audit of the environmental compliance. 
• Annual report of the activities. 
• Presented report to the Control Entity. 

 

  

  



33 

 

Annex V. Environmental education 

The education should be a continuous process during the whole life, for everybody and both inside 

and outside the education system (Organic Law 2/2006, of 3rd May, of Education. Taking this 

premise, the environmental education plan for the quarry "La Medina", is designed to receive all 

audiences and age, even with special needs. 

Among the objectives for the development of environmental education program, reflection on the 

values of the natural environment is highlighted, as well as provide knowledge about groups of 

organisms that are the basis of the ecosystem. Ecosystems resulting from extractive activities provide 

an ecological opportunity for many organisms, and therefore, seeking to impart that knowledge to the 

population. 

The addressed contents in the environmental education are divided into three groups, which should 

be treated together to reach the objectives of the educational project: 

• Conceptual contents 

It is evident the necessity that important concepts are learnt so as to be able to understand the 

relevance of the systems. Some of the necessary concepts are: environment, ecosystem, 

sustainable management, pond system, food web, biodiversity, water cycle, phytoplankton, 

diatom, zooplankton, macroinvertebrate and macrophyte. 

• Attitudinal contents 

Given the above concepts, it is intended that the attitude of the visitor is to value and enjoy 

nature, and thus create an awareness of respect. 

• Procedural contents 

It is necessary to provide the information, accurate and verified, so as to promote in visitors 

good habits when you are in nature. 

The sections, of which the environmental education plan consists, are the following: 

1. Educational trail 

It is about a path in the future restored area with two variants, a long track of 3,6 kilometers 

and a short track of 1.5 kilometers (figure 8). Along both routes wonder sign beacon will be 

used, and there will be information panels which will explain to the visitors the different topics 

related with the quarry and its restoration. The panels can be found here: 
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• Aggregate extraction (figure 9): explains the basic concepts related to the 

aggregates, its extraction and its importance in the daily life. 

• Pond systems (figure 10): provides notions about the pond systems, its 

formation and stratification of the same in different times of the year. 

• Food web and ecological succession (figure 11): short summary about the 

function of the food web and the ecological succession. 

• Inhabitants of pond system (figure 12): shows the different groups mentioned 

in this project.  

2. Website 

The website http://www.biolaguralm.es has been developed with a content management 

system, with an adaptable system for different mobiles from where you can have access (its 

contents adjust themselves to the available size to offer a correct visualization). In this website 

you can find information about the biological groups which form the basis of the food web of 

the aquatic ecosystem. There is also a paragraph included exclusively for each information 

panel of the interpretative trail which enlarges the information on them, as they are linked by 

the QR technology. The whole content is editable and expandable, in this way it allows 

flexibility for the final user. 

Another outstanding paragraph is where it is possible to see both the photographs as the 

comments made by the visitors in the social webs who use the hashtag of the quarry (#La 

Medina). In this way the visitors will be participants of the evolution of the ecosystem. 

At the same time, the instalment of cameras which are focused directly to the ecosystem “La 

Medina” are proposed, being the record accessible from the web page. Thanks to this, a follow 

up is possible of the evolution and charges that may happen. 

3. Water workshop 

This space is made up by two clearly different areas. An observatory is available, which 

consists of a corridor over a littoral zone and an ornithological observatory; next to the 

corridor there is a hut where there are workshops (figure 13). The function of the observatory 

is to give room in which any visitor can enjoy the bird wildlife without causing any harm. 

In the hut attached to this space, two tools will be installed: 

• An educational panel will be installed which will give a previous view to the 

ecosystem. In that interactive panel, there will be a series of rotating windows which 

will show which organism lives in each habitat (see figure 14). 
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• A series of three cubes of half a meter stacked on a pivot, with a total size of 1,5 

meters, will be installed. On each one of the sides of the cubes which are visible, an 

image of an organism will be exposed (see figure 15). The object of this tool is that 

the visitors relates the organisms constructing the corresponding trophic chain. 

4. Training offer 

As added to the environmental education program, training for students of Natural Science in 

offered. They will collaborate in the study of the evolution of the pond system (sample 

collection and processing, upgrading the information on the web page, etc). Thus, the pond 

systems will offer an opportunity for the students to learn about biodiversity and natural 

environment. The acquisition of knowledge and skills for the implementation of research 

projects by student will also be promoted. 

The maps of the educational trails and the Water workshop, and also the interpretative and educational 

panels are shown. 



36 

 

 

Figure 8. Map of educational trail. The black colour represents the path. 

 

 



37 

 

 

Figure 9. Information panel about aggregate extraction. 

 

Figure 10. Information panel about pond systems. 
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Figure 11. Information panel about food webs and ecological succession. 

 

Figure 12. Information panel about inhabitants of pond systems. 
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Figure 73. Map of “Water workshop”. 
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Figure 84. Educational panel. In picture 1, the rotating Windows are closed, while in picture 2 you can see the result of 
them open. 
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Figure 95.Represents the results at the cubes in one of the didactic activities. 
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Annex VI. Schedule 

 

Figure 10. Schedule of the project.  
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Annex VII. Budget 

The budget has been elaborated as part of the restoration plan existing, so the information here 

presented is modified from that plan. 

To fulfil this chapter the costs associated to this project have been separately calculated both during 

the operative phase of the quarry as during the restoration phase. Because of its special interest, an 

estimation of the reduction that could be obtained from some of the costs the proposed modifications 

was made. 

The drafting of reports of the project, both when the quarry continues the exploitation as after the 

restoration, it is proposed to go out to tender, being so they are excluded from this budget. 

Budget during the activity process of the quarry 

The budget of different components during the process of the activity of the quarry has been 

elaborated. 

SQUARED METER OF AQUATIC ECOSYSTEM 
Material 
 UNITY CONCEPT QUANTITY €/Ud AMOUNT 

m3 Layer of 15 cm of sand 0,15 0,36 0,05 
m2 Waterproof geomembrane 1,10 3,01 3,31 

Labour     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Foreman 0,02 15,03 0,30 
h First officer 0,05 12,62 0,63 
h Specialized pawn 0,16 10,82 1,73 

Maquinery     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Caterpillar loader 0,003 36,96 0,11 
Amount (Euros) 6,13 

 

ANNUAL ENVIRONMENT MONITORING 
Material 

UNITY CONCEPT QUANTITY €/Ud AMOUNT 
- Sampling equipment rent 1 300,00 300,00 
- Consumables 1 50,00 50,00 

Labour     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Environmental scientist (like biologist) 160 21,04 3.366,40 
h Analysis of samples (Expert) 4 323,00 1.292,00 

Amount (Euros) 5.008,40 
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MONTH OF WORKERS DURING THE EXPLOTATION 
Labour     

UNIT CONCEPT QUANTITY €/Ud AMOUNT 
h Biologist webmaster 5 12,00 60,00 

Amount (Euros) 60,00 
 

 

SUMMARY OF COSTS DURING THE EXPLOTATION PHASE 

ITEM CONCEPT QUANTITY €/Ud AMOUNT 

1 Aquatic ecosystem 943,60 6,13 5.784,268 

2 Environmental monitoring 5 5.008,40 25.042,00 

3 Workers 60 60,00 3.600,00 

   Total 34.426,27 

   Unexpected (15 %) 5.163,94 

   21 % VAT 8.313,94 

   Total Euros 47.904,15 

 

Budget of the restoration phase 

It has been calculated that the following components are necessary during the restoration phase. 

SQUARED METER OF AQUATIC ECOSYSTEM 
Material 
 UNITY CONCEPT QUANTITY €/Ud AMOUNT 

m3 Layer of 15 cm of sand 0,15 0,36 0,05 
m2 Waterproof geomembrane 1,10 3,01 3,31 

Labour     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Foreman 0,02 15,03 0,30 
h First officer 0,05 12,62 0,63 
h Specialized pawn 0,16 10,82 1,73 

Maquinery     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Caterpillar loader 0,003 36,96 0,11 
Amount (Euros) 6,13 

 

ANNUAL ENVIRONMENT MONITORING 
Material 

UNITY CONCEPT QUANTITY €/Ud AMOUNT 
- Sampling equipment rent 1 300,00 300,00 
- Consumables 1 50,00 50,00 

Labour     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Biologist 160 21,04 3.366,40 
h Analisys of samples (Expert) 4 323,00 1.292,00 

Amount (Euros)   5.008,40 
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KILOMETER OF EDUCATIONAL TRAIL (4 km total) 
Material 

UNITY CONCEPT QUANTITY €/Ud AMOUNT 
- Signal beacon 2 30,50 61,00 
- Educational panel 1 300 300,00 

Labour     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Foreman 3 15,03 45,09 
h First officer 3 12,62 37,86 
h Specialized pawn 3 10,82 32,40 

Machinery     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Clearing equipment 2 20,00 40,00 
Amount (Euros) 516,35 

 

WATER WORKSHOP 
Material 

UNITY CONCEPT QUANTITY €/Ud AMOUNT 
- Prefabricated hut (including foundation) 1 4758,85 4758,85 
- Prefabricated observatory 1 1051,15 1051,15 
- Interpretative panel 1 280,00 280,00 
- Set of educational cubes 1 410,00 410,00 

Labour     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Foreman 24 15,03 360,72 
h Specialized pawn 24 10,82 259,68 

Machinery     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Caterpillar loader 2 36,96 73,92 
Amount (Euros) 7194,32 

 

MONTH OF WORKERS AFTER THE RESTORATION 
Labour     

UNITY CONCEPT QUANTITY €/Ud AMOUNT 
h Environmental teacher 48 12,00 576,00 

Amount (Euros) 576,00 

 

SUMMARY OF COST AFTER RESTORATION 

ITEM CONCEPT QUANTITY €/Ud AMOUNT 

1 Aquatic ecosystem 4915,69 6,13 30.133,18 

2 Environmental monitoring 5 5.008,40 25.042,00 

3 Educational trail 4 516,35 2.065,40 

4 Water workshop 1 5.194,32 7.194,32 

5 Workers 60 576,00 34.560,00 

   Total 98.994,90 

   Unexpected (15 %) 14.849,24 

   21 % VAT 23.907,27 

   Total Euros 137.751,41 
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Final budget 

The total cost calculated both in the exploitation process as in the restoration phase amounts to 

185.655,56 €. 

Advantages to the original proposal 

The proposed modifications in this initiative, impact some an important reductions of the costs in 

draining material, topsoil and hydroseeding. Here, we proceed to calculate the total saving of this 

taken measure: 

It has been calculated how many draining material that is not going to be used in the restoration. The 

plan of restoration considered a cost of 1.024,42 €. The cost of the material which is not going to be 

used has been calculated, so the amount obtained is the amount that the company is not going to 

spend. 

HECTARE OF CONTRIBUTION AND EXTENDED DRAINAGE MATERIAL 
Material 

UNITY CONCEPT QUANTITY €/Ud AMOUNT 

m3 
Layer of 20 cm of granular material 
< 40mm (including transport) 

1.100,27 0,30 330,08 

Labour     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h First officer 2,35 12,62 29,66 
h Pawn 4,7 9,62 45,21 

Machinery     
UNITY CONCEPT QUANTITY €/Ud AMOUNT 

h Caterpillar loader 4,7 36,96 173,71 
Amount saved (Euros) 578,66 

 

The restoration plan calculates a cost of 1.080 cubic meters of topsoil, which is equivalent to a total 

54% of the total needed (the rest is obtained from the own gathering in the quarry). We have 

calculated, thanks to the instalment of the pond system, 1.100,27 cubic meters is going to be saved 

which will avoid the budget cost of 7.275,5 €. 

As to the hydroseeding, a saving of 0,49 hectares is estimated, which is equivalent as to the budget 

of the restoration plan saving of 3.565,17 € is estimated. 

Thanks to improvements in the restoration plan, a saving of 10,840.67 € is estimated, representing a 

total cost of 174.814,89€. 

Due to the predicted duration of the works, more than 20 years, it will be necessary to actualize the 

unit prices mentioned in this budget. 


