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2. LIST OF KEY-WORDS AND ABBREVIATIONS

• AMD: Acid Mine Drainage, (DAM: Drenaje ácido de mina, in spanish)

• ANEFA: Asociación Nacional de Fabricantes de Áridos.

• BATs: Best Available Techniques.

• Biochar: Bioproduct generated in the LIGNOBIOLIFE project.

• CCV-Lousal: Centro de Ciência Viva do Lousal.

• CINEA: European Climate, Infrastructure and Environment Executive Agency.

• CHT: Confederación Hidrográfica del Tajo

• GEACAM: Empresa Pública de Gestión Ambiental de Castilla-La Mancha.

• GeoFluv-Natural Regrade: Method based on fluvial and slope geomorphology,

applied by using the Natural Regrade software.

• GPS: Global Positioning System.

• GVA: Generalitat Valenciana

• KPIs: Key Project-level Indicators.

• Minas-JCCM: Servicio de Minas de la Dirección General de Transición Energética

de la Junta de Comunidades de Castilla-La Mancha.

• PTEs: Potentially Toxic Elements.

• SAMCA: Grupo SAMCA, mining company

• SIBERIA: Landscape evolution model.

• Talus Royal methodology: Consists of replicating natural forms of vertical cliffs on

hard-rocks, applied so far mostly on road cutslopes

• TRAGSA: Empresa de Transformación Agraria S.A.

• UCLM: Universidad de Castilla-La Mancha.

• UCM: Universidad Complutense de Madrid.

• UPM: Universidad Politécnica de Madrid.

• VAERSA: Valenciana de Aprovechamiento Energético de Residuos, S.A.
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3. EXECUTIVE SUMMARY

RIBERMINE ended fulfilling successfully the planned activities, with these achievements: 

1) Removing, completely, the physical pollution to the Tajo fluvial system from the abandoned

mines of Peñalén (Spain), as planned. We have lowered the erosion from 353 t ha-1 yr-1 to

3-7 t ha-1 yr-1, which is baseline. Regarding SSC, the emissions from the mines had values

of 181 g l-1 in a pre-restoration stage, and they have been reduced to 1.1 g l-1 at the end of

the project. These values will be lower as time advances and vegetation thrive.

2) Lousal – Inactivate the generation of acidity of the restored mining waste, reaching pH

values in the groundwater in a range very close to neutrality (6.3 - 7) and oxidation-reduction

potential values that are very little oxidizing or slightly reducing (- 15 - 31mV). However,

the evolution of these parameters in surface waters is being slower due to the reduced

extension of the restored area in relation to other non-restored areas that may be producing

a dilution effect of the positive impact of the restoration on the quality of the surface waters.

3) We have developed the most comprehensive global display of Geomorphic Restoration

techniques, separately or combined. The proof that LIFE RIBERMINE is the most

complete geomorphic restoration project in Europe and worldwide is probed by the

following evidences: (a) it is the largest Fluvial Geomorphic Restoration (GeoFluv – Natural

Regrade) site built in Europe (12.3 ha at the Santa Engracia, path to Poveda, site); (b) first

application, in the world, of the Talus Royal method to a mine site (Peñalén); (c) first

Example in the world combining geomorphic restoration for unconsolidated materials

(GeoFluv – Natural Regrade) and hard-rocks (Talus Royal), at Peñalén; (d) first example in

Europe combining geomorphic restoration with chemical remediation for a mine site

(Lousal); (e) first scenario using Landscape Evolution Modelling (SIBERIA) for mine

restoration in Europe. Because of that, RIBERMINE has deserved its inclusion in the world-

acclaimed book 102 Things to Do with a Hole in the Ground, by Whitbread-Abrutat, P.H.

and Lowe, R. (July 2024), being the only world example of Geomorphic Restoration.

4) Beyond what we committed, we have developed new techniques of mine restoration,

such as: (a) using, for the first time in mine restoration (worldwide), a decompacting

implement, invented and patented by LIFE RIBERMINE personnel (previously of the

project); (b) introducing in mine restoration in Europe a seed bank translocation method; (c)

first application of stubble lying for reducing erosion and creating favourable conditions for

vegetation development in mine restoration (as far as we can tell).

5) LIFE RIBERMINE has catalysed securing 1.7 M€ of funding for complementing activities

such as: (a) construction of new drainages and rip-rap ditch stabilization, budget of 128,118

€; (b) removal of a sediment check-dam downstream of the restored mines, due to

RIBERMINE success, budget of 697,708 € (a and b actions funded by the funded by the

Tagus watershed administration); (c) 50,000 € funded by the Guadalajara province

administration to the Municipality of Peñalen for the construction of a parking at the

Cemetery site of Peñalén. (d) guaranteeing 820,000 € of the Next Generation funding for

restoring another mined site within the Municipality of Peñalén (Virgen de La Torre),

completed in May 2024, and enlarging the Talus Royal operation.

6) Replicating 74.5 ha of built mine restoration following LIFE RIBERMINE solutions and

designing 193.5 ha more, of near construction, 181 in other countries (Sweden, Colombia).

7) Increasing, significantly, the diffusion of the project: TRANSFER to 11 mining

organisations (from Spain, Sweden and Colombia) through training in the methodologies

applied in the LIFE RIBERMINE project. PUBLIC AWARENESS, with more than  11,800

people reached by the  LIFE RIBERMINE project; PUBLICATION of: 3 papers, 1 PhD, 8

master’s thesis, 2 end-of-course papers, 9 dissemination articles and mentioned in 1
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international book; PARTICIPATION in: 9 international and 6 national conferences and 

organization of 7 conferences and seminars; and finally, LIFE RIBERMINE has been 

awarded with a best practice award (EU Green Deal), a dissemination award, and 

outstandingly, the project received the Castile-La Mancha Environment Award, in the 

Environmental Quality category, highlighting that it is considered one of the most complete 

mine restoration projects at the European level (the latter is already in the After LIFE 

period). 

The main deviations, problems and difficulties met during the project implementation, 

and their solutions, were the following:  

- Problem - Due to internal administrative reasons, the contracting of the technical 

coordination of the project was delayed. The Consortium Agreements were signed by each 

partner in December 2019, as reflected in the proposal, except for the Agreement with 

GEACAM, which was formalised on 18th/05/2020. Due to the fact that GEACAM is an 

autonomous body within the Junta de Comunidades de Castilla-La Mancha, it involved an 

additional procedure that had to be approved by the Governing Council, thus delaying the 

formalisation of the agreement. So, the payment of the first pre-financing was on 25th/06/20. 

- Problem - Overrun of earth movement and costs due to unforeseen swell factor of mine 

wastes. Solution – the associates covered the extra cost. 

- Problem – Delay in the Peñalén restoration (annuities), due to machinery availability by 

CAOBAR. Solution – addressing the first year solving the main source of sediments to the 

fluvial system (external waste dumps). Advantages – we were able to monitor the evolution 

and advantages of restored areas, using the experience for successive years. 

- Problem – the higher degree of vegetation colonization advised eliminating geomorphic 

regrading (Hoya Grande waste dump, Santa Engracia mine). Solution – implementing 

imaginative ecosystem healing solutions: a decompacting implement, invented and patented 

by LIFE RIBERMINE personnel. 

- Problem – request of the Municipality of Peñalén for integrating a parking at the Cemetery 

mined site. Solution – modifying the initial ecologic, geomorphic-based design of this site, 

incorporating the parking but guaranteeing that the goals of the project would be intact 

(sediment yield control). 

- Problem – Delay in the Peñalén revegetation due to specialise companies’ availability. 

Solution – postpone the plantation until next appropriated date (spring). This is not a real 

problem, as plantations can be made in autumn or spring and the proposal planned to do one 

or two years after seeding. Advantages – it was possible to check that each period is correct, 

the success of revegetation depend more on soil humidity, it is to say, rainfall regime. 

LIFE RIBERMINE, after completion, has developed a powerful message to the EU, which is 

the following: the main environmental impact of mining is hydrologic, not visual. This is 

evidenced by the most solid and updated literature. This project was a typical scenario of that. 

LIFE RIBERMINE has deployed all type of existing international BAT, and has developed 

new ones, demonstrating that the hydrological impact of mining can be addressed in any 

context (AMD, unconsolidated mine wastes or hard-rock) once the appropriate solutions are 

adopted, guided by proper expertise. This applies both to abandoned and active mines. 

Actually, our solutions are better implemented in active mines, from the beginning of the 

planning phases. On this, there is a need for a revival of Europe's domestic mining, in order to 

reduce the continent's dependence on Chinese minerals (as rare earths). In this framework, the 

contribution of LIFE RIBERMINE for developing environmentally friendly mining in Europe 

can be enormous. 
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4. INTRODUCTION

• Environmental issues addressed

The LIFE RIBERMINE project is being developed in two areas affected by former mining 

operations, Alto Tajo in Spain and Lousal in Portugal. In the Alto Tajo, the problem is caused 

by the erosion and subsequent sediment yield of the former mining areas of kaolin extraction, 

which ends up polluting the nearby river system with suspended solids, altering the habitats of 

aquatic flora and fauna. In Lousal, former pyrite mining causes acid mine drainage, lowering 

the pH of the water and thus altering nearby habitats. 

• Hypotheses that the project will demonstrate

Mining activity is essential to the functioning of our society today, and will become even more 

so in a scenario of increasing green technology that will require more materials to be extracted 

from the earth. Therefore, the aim is to make mining activity more sustainable, reducing the 

environmental impacts that may occur after the cessation of the activity, especially those 

related to water, solving the problem of mining contaminated waters, by demonstrating 

techniques not used in mining restoration to date and replicating and transferring them. 

• Methodological solutions adopted

In this context, LIFE RIBERMINE aims to solve these problems by applying a battery of 

innovative techniques that allow the stabilisation of the materials that previously generated the 

emission of solids into watercourses and their encapsulation. Firstly, in Spain, through 

geomorphological restoration using the GeoFluv-Natural Regrade method, which replicates 

landforms equivalent to natural ones, which are more resistant to erosion than traditional slope-

berm solutions. We, therefore, designed and built rounded stable landforms that are then 

subjected to an innovative soil treatment, in which the aim is to create soil from inert mine 

tailings. They are covered with topsoil and a mixture of natural manure, then seeded with native 

species, and in the areas with steep slopes they are covered with local mulching protected by 

an organic mesh. At the bottom of the built channels, suitably sized rocks are placed as bedload, 

to slow down the speed of the water. Once the seeding has been effective and the soil conditions 

have improved, trees and bushes are planted, further stabilising the terrain. The new landforms 

have been modelled with SIBERIA, a landscape evolution model software, which allows: (1) 

assess the degree of fit between what the model predicts and reality, making it possible to 

calibrate SIBERIA for better subsequent use, (2) adopt corrective measures, during LIFE and 

in the after-LIFE stage, in the areas most vulnerable to erosion. 

At Lousal (Portugal), to correct and prevent acid mine drainage by chemically stabilising the 

materials that generates it, two layers soil cover (one layer is obtained mixing limestone gravel 

and clay and another layer created with organic matter and manure) has been placed on top of 

the reshaped landforms. In addition, limestone rocks were spread at the bottom of the channels 

designed, to prevent acid mine water from flowing into the watercourses down the reshaped 

area. 

At the former mine front in the Alto Tajo (Spain), to stabilise the highwall and reduce its risk, 

the Talus Royal technique has been applied, which consists of replicating natural forms of 

vertical cliffs on hard rocks by means of small blasting operations.  
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• Expected results and environmental benefits

In the approved proposal, it was expected that the techniques applied and developed in LIFE 

RIBERMINE were intended to be effective and definitive, achieving the following benefits: 

1. Restoring 30 ha in the Alto Tajo, and 1.5 ha in Lousal to improve the aquatic ecosystems

downstream.

2. Minimizing erosion in the Santa Engracia mine, currently above 300 t/ha/year, until

balancing it with the natural baseline values: 5-10 t/ha/year. Reducing the physical

pollution and improving the hydromorphological condition of the fluvial network, in

the Alto Tajo Nature 2000 site.

3. Reducing suspended sediment concentration in the Alto Tajo basin, where the NHT

3140 exists, until balancing it with the baseline values: 24 g/l. Improving water quality

and hydromorphological features of about 21,500 m of river stretches.

4. Creating a soil mosaic replicating the requested physical, chemical and biological soil

habitat characteristics.

5. Replicating the results of the Alto Tajo restoration in Lousal, by means of a pilot

project, transferring and adapting the tested techniques to a new extractive scenario:

under metallic mining impact conditions.

6. Reducing pH and dissolved metal content to acceptable values (pH 7) in polluted

surface and subsurface waters affected by AMD in Lousal.

7. Replicating and transferring the BAT of mining restoration to other mines in Spain,

Portugal and the EU by training, networking, and producing technical and

dissemination materials.

• Expected longer-term results

It is necessary to remember that the methodologies used in the LIFE RIBERMINE imply a 

definitive solution, so the direct impact is also a long-term impact, as well as with the replicas 

already in place and the future replicas that are planned to be built. 

At regional level, the modification of the Order 06/06/14, of the Regional Department of 

Development, which establishes the minimum content of certain documents of the extractive 

industry in Castile-La Mancha. The use of these techniques has also been considered in a 

regulation being prepared by the Ministry for Ecological Transition, the aim of which is to 

establish the amount of guarantees required for the approval of Restoration Plans in Spain. In 

this context, LIFE RIBERMINE was explaining at the meeting of the Committee of 

Autonomous Communities that the Ministry for Ecological Transition in February 2022. 

As will be explained in this document, restorations have already been carried out by replicating 

the techniques developed in LIFE RIBERMINE, and training courses have been held in the 

field to transfer knowledge to mining companies and operators. 
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5. ADMINISTRATIVE PART

The project has been developed without notable administrative incidents. The coordination has 

been carried out by the JCCM Mines Service, current New Energy Vectors and 

Decarbonization Service. In addition, personal of the Alto Tajo Natural Park has also worked 

at the project, which belongs to the same Department of Sustainable Development. The 

technical coordinator of the project was hired on 14/09/2020, with 100% dedication. 

Specialized external assistance was contracted on 01/06/2020 and a second contract on 

07/04/2022. 

The Project Monitoring Committee is made up of the director and all coordinators. Ten 

meetings have been held, with a periodicity of six months. In addition, informal and punctual 

meetings have been held throughout the entire project, with communication between partners 

being constant and fluid. 

The External Advisory Council was created. The project received 19 letters of support from 

organizations and professional experts, of which 12 agreed to be members of the External 

Advisory Council. The External Advisory Council is made up of entities of different character, 

such as public administrations in which are the Tajo Hydrographic Confederation, Molina de 

Aragón Geopark and the Ministry for the Ecological Transition and Demographic Challenge. 

Non-profit organizations: Fundación Tormes-EB and Asociación Nacional Micorriza. Private 

initiative: Lafarge-Holcim Spain; Plegadis, S.L; Hanson Hispania, SAU; National Association 

of Aggregate Manufacturers (ANEFA); The Spanish Confederation of Extractive Industries of 

Rocks and Industrial Minerals (COMINROC); Cobre Las Cruces, SAU; and Empresa Do 

Desemvolvimento Mineiro, S.A. in Portugal. Grupo SAMCA (the first private mining 

company of Spain) was included during the project. 

Communication with both CINEA and the monitoring team has been quick and 

straightforward. The new communication tools through the Helpdesk have been used without 

any problems. 

The grant agreement has not been modified. However, there have been personnel changes. At 

Minas-JCCM, coordinating partner, the General Director of the General Directorate of Energy 

Transition, Mr. Manuel Guirao, coinciding with the regional elections, ended his position and 

Mr. Alipio García was appointed in his place. The project coordinator, Mr. Javier de La Villa, 

retired on 03/07/3023, leaving the person hired as the project contact. GEACAM has also 

undergone personnel changes, with the current Managing Director being Mr. Miguel Peña 

García. Finally, CAOBAR has undergone a change in management, and Mr. Rafael Peris has 

ended his position and has been replaced by Mr. Pedro Iglesia. 
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6. TECHNICAL PART

6.1. Technical progress, per Action

6.1.1. ACTION A.1: Processing of permits and licenses and preparation of work 

and reforestation projects 

Foreseen start date: 09/2019 Actual start date: 09/2019 

Foreseen end date: 06/2020  Actual end date: 10/2022 

Deliverables Foreseen date Actual date 

Action A1 
Restoration Plan (PR) of the Santa Engracia Mine 30/06/2020 26/06/2020 
Restoration Plan (PR) pilot project in Lousal 30/06/2020 11/05/2021 

Milestones 

Action 
A1 

Permissions necessary for the execution of the project 30/06/2020 19/05/2022 
Restoration Plan Finished 30/06/2020 11/05/2021 

Minas-JCCM has been the responsible beneficiary of this action in Spain. CCV-Lousal has 

been the responsible to obtain the necessary permits in Lousal. 

This Action ended in October 2022. By that date, all necessary permits were obtained for the 

implementation of all activities under the project. A list of all permits obtained during the 

project is included below. 

❖ A1.1 Processing of permits and licences 

Within the framework of this sub-Action, all the necessary permits were processed in order to 

develop the project's actions in accordance with the legislation. In order to carry out the project 

in the Alto Tajo (Spain), the following procedures were carried out: 

• Apply for the expiration of the Santa Engracia mining right. The expiration resolution was

signed on 27/07/2020 and published in the Official State Gazette on 12/08/2020.

• The Santa Engracia Mine Restoration Plan, which was authorised on 20/10/2020 and is

included in Annex 1.1 - PERFORMABLE ACTION A1: Processing of permits and licences

and preparation of works and reforestation projects.

• A blasting project was authorized for the Talus Royal at the Santa Engracia mine face.

• Preventive documentation and communication of the opening of the work centre,

communication presented on 18/06/2021.

• Authorisation for the collection of vegetative material (mowing of pastures and collection

of seeds) in the Public Utility Forests (Montes de Utilidad Pública) belonging to the town

council of Poveda on 11/12/2018.

• Signing of the agreements with the owners of the land where the works have been carried

out in 2018 (during the preparation of the proposal). The agreements have a duration of 20

years, and were made with 15 private owners, the Peñalén and Poveda de la Sierra Town

Councils and the Peñalén Property Management Board.

• On 11/05/2021 an extension of authorisation was obtained from the Peñalén Board of

Owners so that the Tagus Hydrographic Confederation, in support of LIFE RIBERMINE,

could build two drains and a riprap ditch in the areas near the Santa Engracia mine. These

actions were carried out within the framework of the project: ‘PROJECT TO IMPROVE

INFRASTRUCTURES COMPLEMENTARY TO RIBERMINE LIFE IN THE SANTA

ENGRACIA MINE, PEÑALÉN (GUADALAJARA)’. It was carried out by the company
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TRAGSA and had a budget of 128,118.10 euros. The works were completed in February 

2022. 

• In order to carry out the work on the “front of the Cemetery”, given its proximity to a local

road, it was necessary to obtain authorisation from the competent road authority. The

authorisation was obtained on 19/05/2022. The works on this site were completed on

12/04/2024.

• The Santa Engracia Mine Restoration Plan was modified to adapt the designs to a new

starting point with the experience acquired in the first year of work. The modification was

authorized on 28/10/2022.

In order to carry out the work in Lousal (Portugal) the permits and authorisations needed were: 

▪ The authorisation of the landowners, the company SAPEC, which gave its authorisation on

21/12/2018.

▪ The Lousal Restoration Plan, which was drawn up in April 2021 and included in Annex

1.2 - DELIVERABLE ACTION A1: Processing of permits and licences and preparation of

works and reforestation projects.

▪ Request for authorisation to carry out the works in Lousal to the municipal authorities of

Grándola, request made on 01/02/2021

There have been some delays in obtaining some permits, as mentioned above, with respect to 

the planned date, but this has not influenced other actions and has not significantly delayed the 

achievement of the project itself. 

6.1.2. ACTION A.2: Characterization of the scenarios and design of the 

interventions (abiotic environment) 

Foreseen start date: 09/2019 Actual start date: 09/2019 

Foreseen end date: 03/2020 Actual end date: 10/2021 

Deliverables Foreseen date Actual date 

Action A2 

Report on the starting situation of the project (abiotic 
environment) in Lousal 

31/03/2020 30/03/2021 

Report on the starting situation of the project (abiotic 
environment) in the Alto Tajo 

31/03/2020 08/04/2021 

Milestones 

Action 
A2 

Abiotic characterization of the starting point of the project 31/03/2020 20/10/2021 

UCM has been the responsible beneficiary of this action in Spain and in coordination with 

CCV-Lousal in Lousal. Sub-contracting of experts was necessary for the development of the 

action, as indicated in the proposal. 

The action was completed on 20/10/2021, delayed form the foreseen date but meeting the 

planned objectives and without cost overruns. Below is a brief description of the actions carried 

out within its framework. 
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❖ A2.1 Geotechnical characterisation and designs for action on the fronts (Alto Tajo) 

Within the framework of this sub-action, various studies were carried out to describe the abiotic 

environment prior to the project's actions. Thus, Paul Royal, from the company GÉNIE 

GÉOLOGIQUE (France), creator of the Talus Royal method, analysed and characterised the 

situation of the Santa Engracia mine face, in order to subsequently design the actions of the 

Talus Royal method. This method has been applied to a total length of 130 m of the old mine 

front (highwall), most of them executed in the framework of LIFE RIBERMINE and a small 

portion extended thanks to European funding through Next Generation Funds. 

Experts from the University of Castile-La Mancha also carried out a study on the stability of 

the mine slope and the associated external dumps. The final report, dated June 2020, included 

the initial characteristics of both areas, identifying the instabilities to be taken into account in 

the restoration works. Both studies are included in DELIVERABLE A2.2 - Characterisation of 

scenarios and design of interventions (abiotic environment). 

❖ A2.2 Geomorphological designs and validation by landscape evolution models 

Under the umbrella of this sub-action, the predicted erosive evolution of the GeoFluv designs 

of the external dumps (phase 1) and also of the Santa Engracia mine shaft (phases 2,3,4 and 5) 

at the front of the path to Poveda was studied. The SIBERIA (Australia) landscape evolution 

model was applied, being the first time that it has been used in Europe. This model is widely 

used, especially in Australia, to assess the stability of mining reclamation. In turn, LIFE 

RIBERMINE is the first example of joint GeoFluv-SIBERIA use outside Australia. In 2020, 

the model was used to predict the erosional evolution of the external dumps and in 2021 to 

predict the erosional evolution of the designs in the former mine shaft. The application of this 

model has made it possible to incorporate this assessment to: (a) achieve more stable designs; 

(b) incorporate soil and vegetation reinforcement measures in the areas most vulnerable to 

water erosion. The SIBERIA modelling was compiled in two reports, the first dated 14 April 

2021 and the second in October 2021. Both reports have been prepared by Greg Hancock, 

Senior Lecturer at Newcastle University, and the world's leading expert on the SIBERIA 

model. These studies are presented as DELIVERABLE A2.3: Characterisation of scenarios 

and design of interventions (abiotic environment). 

❖ A2.3 Characterisation of Acid Mine Drainage at Lousal 

This sub-action characterised the abiotic environment of the Lousal mine. To this end, a 

geophysical prospecting study was carried out using electrical tomography at the Lousal mine 

site to identify possible groundwater flows and their route. It was carried out by the company 

Análisis y Gestión del Subsuelo, S.L. on 11/02/2020. This study made it possible, on the one 

hand, to define the surface of the substratum in the area of action based on the isobath map; 

and on the other, to identify preferential areas of underground acid drainage, associated with 

areas of greater fracture permeability in segments of the Corona fault system. With this, a 

conceptual hydrogeological model was developed, from which the locations of the monitoring 

piezometers and their design were established. This study was included in the Deliverable A2.1 

- Characterisation of scenarios and design of interventions (abiotic environment) at Lousal. 
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6.1.3.  ACTION A.3: Characterization of the scenarios and design of the 

interventions (biotic environment) 

Foreseen start date: 09/2019 Actual start date: 09/2019 

Foreseen end date: 06/2020 Actual end date: 04/2021 

Deliverables Foreseen date Actual date 

Action A2 

Report with the results of the action A3.1. Characterization 
of reference plant communities and selection of 
grasslands. Alto Tajo 

30/06/2020 30/03/2020 

Report with the results of the action A3.2. – Lousal. 
Bioacumulation study in plants 

30/06/2020 16/03/2021 

Report with the results of the action A3.2. Characterization 
of river ecosystems, hydromorphology and water quality 

30/06/2020 04/04/2021 

Milestones 

Action 
A2 

Characterization of the work base parameters (biotic 
environment) carried out 

30/06/2020 04/04/2021 

UCM has been the responsible beneficiary of this action in Spain and in coordination with 

CCV-Lousal in Lousal. As in action A2, sub-contracting of experts was necessary to achieve 

the objectives of this sub-action. 

The action A3 was completed on 04/04/2021, delayed form the foreseen date but meeting the 

planned objectives and without cost overruns. Below is a brief description of the actions carried 

out within its framework. 

❖ A3.1 Characterisation of reference plant communities and selection of grasslands 

Alto Tajo 

For this sub-action, the floristic composition and vegetation structure of various natural 

ecosystems located around the mine in different stages of plant succession were analysed, 

ranging from more stable forest and grassland ecosystems to other systems in which a plant 

community is currently being assembled. In this way, a list of species was determined 

according to their abundance, which allowed the revegetation plan to be designed. This work 

took place between 01/10/2019 and 15/02/2020 and was carried out by experts from the 

University of Alcalá, the University of Zaragoza and experts subcontracted by the UCM 

partner. This work was presented in the Deliverable 3.1 - Characterization of the scenarios and 

design of the interventions (biotic environment). 

Lousal 

On 21/05/2020, an inventory of native flora species existing in the area of Lousal surroundings 

was carried out. As well, this inventory used to design the Revegetation Plan for Lousal pilot 

project. This vegetation sampling was carried out by CCV-Lousal. 

❖ A3.2 Characterisation of river ecosystems, hydromorphology and water quality 

Alto Tajo 

In order to achieve the objectives of this sub-action, several studies were carried out and 

included in a Master's Thesis, (directed by experts from the Polytechnic University of Madrid 

under the supervision of the partner UCM, presented on 30/10/2020) and in a Final Degree 

Project (also conducted by the Polytechnic University of Madrid under the supervision of the 
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UCM, and presented in February 2021). Details of both studies are included in the Deliverable 

A3.3 - Characterization of the scenarios and design of the interventions (biotic environment). 

Lousal 

As part of the initial preparatory actions, the impact of mining activities on plants was assed. 

In particular, the bioaccumulation of Potentially Toxic Elements (PTEs) in riverbank marsh 

vegetation was studied. The study was coordinated by the UCM, in collaboration with the 

UCLM and CCV-Lousal. Samples of plant material were collected in January 2020, and the 

study of these actions was drafted on 16/03/2020, which was presented in the Deliverable A3.2 

- Characterization of the scenarios and design of the interventions (biotic environment). 

Fauna survey: an initial fauna study was carried out at the former Santa Engracia mine, even 

with not foreseen in the approved proposal. This study was carried out by the Tormes-EB 

Foundation in June 2020, and a total of 59 vertebrate species of fauna were detected. The costs 

of this activity were covered by the UCM with its own means, and were, therefore, not charged 

to LIFE. The fauna study was incorporated into the Santa Engracia Mine Restoration Plan (see 

Deliverable A3.4). 

6.1.4. ACTION B.1: Geomorphological reconstruction 

Foreseen start date: 07/2020 Actual start date: 07/2020 

Foreseen end date: 12/2021 Actual end date: 04/2024 

Deliverables Foreseen date Actual date 

Action B1 Report on the execution of topographic configurations 31/12/2021 14/05/2024 (updated) 

Milestones 

Action 

B1 

Completion of the geomorphological reconstruction front 

of the path to Poveda de La Sierra (Santa Engracia mine) 

31/10/2021 12/04/2024 

Completion of the geomorphological reconstruction in front 

of the Cemetery (Santa Engracia mine) 

31/12/2020 12/04/2024 

Completion of the geomorphological reconstruction in 

Lousal 

31/10/2021 15/10/2021 

Completion of the geomorphological reconstruction in the 

Hoya Grande dump (Santa Engracia mine) 

30/11/2021 6/07/2023  

(soil decompaction) 

Table 6.1.4.1 (from Deliverable B.1.1) synthetizes the final areas that were subject to 

geomorphic reconstruction within LIFE RIBERMINE. 

Table 6.1.4.1. Areas subject to geomorphic reconstruction within LIFE RIBERMINE 

LOCATION Horizontal area (ha) Slope area (real area) (ha) 

PEÑALÉN (SPAIN) 

Santa Engracia – path to Poveda 

GeoFluv – Natural Regrade 10.41 11.06 

- in-pit waste dump – backfilling 5.68 5.99 

- west external waste rock dump 1.70 1.82 

- east external waste rock dump 3.03 3.25 

Talus Royal 1.63 1.99 

- scree slope (transition to GeoFluv) 1.06 1.23 

- hard- rock (cliffs) 0.57 0.76 

TOTAL (Santa Engracia, path to Poveda) 12.04 13.05 

Cemetery site 1.5 1.5 

TOTAL PEÑALÉN 13.54 14.55 

LOUSAL 

GeoFluv – Natural Regrade 1.78 1.83 
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Peñalén (Alto Tajo), Spain 
 

CAOBAR has been the responsible beneficiary and coordinator of this action in Spain. The 

earthworks were carried out by Excavaciones Félix Moya S.L., subcontracted by CAOBAR. 

The partner UCM carried out the technical control during the execution of the designs in Spain 

and Portugal. These actions include the proper geomorphic (topographic) regrading as well as 

spreading the cover of soils. Preparatory works started during the last part of 2019 and the first 

months of 2020, with the elaboration of the restoration project and with a photogrammetric 

survey and aerial photographs (March 2020, by Diedro). A total amount of 304,525 m3 have 

been moved to build the projected geomorphic designs of the Santa Engracia (path to Poveda) 

location. Of this total, 60,673 m3 correspond to the external dumps and 243,852 m3 to the in-

pit area (including the Talus Royal landforming). The regrading of the Cemetery site has 

involved an earth movement of approximately 15,000 m3. 

 

The geomorphological reshaping consisted here in using the GeoFluv – Natural Regrade 

method for the waste dumps and the Talus Royal for the highwall. By using GeoFluv Natural 

Regrade, we designed truly small drainage basins, formed by small valleys and interfluve 

hillslopes, with converge in sinuous drainage lines, replicating the natural ones. Figure 6.1.4.1 

shows the starting topographic point and the GeoFluv geomorphic design for the path to Poveda 

de la Sierra site (main design). 

 

   
Figure 6.1.4.1. Left, DEM reflecting starting point. Right, DEM showing the geomorphic design. 

 

These innovative topographic designs, drawn up and set out with GPS by members of the UCM 

partner. All the necessary means and machinery have been used to do the best possible job, 

consisting of a D9 bulldozer, a D6 bulldozer, different caterpillar excavator and articulated 

mining trucks (Figure 6.1.4.2). 

 

Figure 6.1.4.2 shows the end of the natural regrading of the Santa Engracia mine, path to 

Poveda. The final regrading ended in April 2024, due to operation problems during a very wet 

winter. The final results of the reshaping of the Santa Engracia mine, at the Cemetery site, and 

of the evolution of the Hoya Grande waste dump after soil decompaction, are included in 

Deliverable B.1., and omitted here for space limitations. 
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Figure 6.1.4.2. Upper image, Santa Engracia mine (path to Poveda site) in March of 2020 (photo 

DIEDRO). Lower image, same site in May 2024, after LIFE RIBERMINE completion (photo by 

Miguel Ángel Langa) 

 

The Talus Royal landforming consisted in building an “artificially natural cliff”, replicating the 

natural ones of the Tajo canyons at the former mine highwall. The objectives were: (a) 

providing a geomorphic solution for mine highwalls; (b) linking the mesa tops with the 

GeoFluv solutions; (c) stabilizing the highwall; (d) visual integration.  

 

In order to build that, a blasting was made. Paul Royal, from France (the inventor of the 

method) visited Peñalen a total of 7 times, and members of the UCM visited equivalent 

solutions in France, in order to replicate them here. The details of the whole process are 

explained very carefully in Deliverable B1.1, and we encourage to read and see them there, 

since this action was both totally innovative, and with an outstanding result.  Figure 6.1.4.3 

shows the final result. We want to emphasize, all the time, that this is the first application of 

the Talus Royal for mine restoration, worldwide, since this was a method developed for 

roadcuts. Therefore, the contribution of LIFE RIBERMINE transferring this solution to the 

mine sector is objectively very important.  
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Figure 6.1.4.3. Final result of the Talus Royal. This is the first “artificially natural cliff”, designed 

and built following the Talus Royal method in the world. Note the details of the cliff (upper parts) and 

the scree (talus) slope covering the former silica sands. This scree slope will be revegetated in the 

After-Life. 

 

Complementary actions in Peñalén for Action B1 (geomorphic regrading) ended having an 

amount of 1.7 M€. They were: (a) construction of new drainages and rip-rap ditch stabilization, 

budget of 128,118.10 €. (b) removal of a sediment check-dam downstream of the restored 

mines, due to RIBERMINE success, budget of 697,708.08 € (a and b actions funded by the 

funded by the Tajo watershed administration). (c) 50,000 € funded by the Guadalajara province 

administration to the Municipality of Peñalen for the construction of a parking at the Cemetery 

site of Peñalén. (d) 820,000 € of Next Generation funding for restoring another mined site 

within the Municipality of Peñalén (Virgen de La Torre), completed in May 2024, and 

enlarging the Talus Royal operation. 

 

Lousal 

 

Earthworks on the Lousal mine pilot project took place from 21/09/2021 to 15/10/2021. 

Preparatory works started in August 2021 with a photogrammetric survey and aerial 

photographs. The works consisted of earthworks and topographic reshaping by using the 

GeoFluv-Natural Regrade method, following the designs drawn up by the partner UCM. As in 

Alto Tajo, undulated landforms with ‘natural’ valleys were constructed, replicating natural 

landscapes of the surroundings. At the Lousal mine, the main problem affecting the area is acid 

mine drainage, so to neutralise the terrain, a soil cover of limestone gravel and clay was spread 

on the rebuilt landforms (see Action B2). Figure 6.1.4.4 explains the design of the soil cover 

on undulated (geomorphic) topography. Also, open limestone channels were built, by filling 

the GeoFluv type channels with limestone pebbles. This is the first project, in Europe, 

combining geomorphic restoration with geochemical stabilization. The pilot character of 

Lousal (1.78 ha) has served for a large replica at the San Quintin mine (see Deliverable D3.2). 

Figure 6.1.4.5 summarizes the execution and results of the Lousal topographical reconstruction. 
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Figure 6.1.4.4. Combination of geomorphic regrading and geochemical solutions at LIFE 

RIBERMINE 

 

 

 
 

Figure 6.1.4.5. Left, evolution of earth works, and final results, of the Lousal geomorphic regrading. 

Right, detail of the building process of a limestone channel, filling a GeoFluv drainage line. 

 

6.1.5.  ACTION B.2: Activation of edaphogenesis processes: amendments and 

mulching-seeding 

 

Foreseen start date: 09/2020  Actual start date: 10/2020 

Foreseen end date: 06/2022  Actual end date: 04/2024 

 
Deliverables Foreseen date Actual date 

Action 

B2 

Explanatory report on the preparation process carried out in 

the Alto Tajo 

30/04/2021 17/05/2024  

(updated) 

Explanatory report on the preparation process carried out in 

the Lousal 

30/04/2022 09/04/2022 

Milestones 

Action 

B2 

Alto Tajo soil preparation completed 31/10/2021 
12/04/2024  

(last phase) 

Lousal soil preparation completed 31/03/2022 05/11/2021 
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GEACAM has been the responsible beneficiary of this action in Spain with the support of other 

partners, as UCM which subcontracted the experts on soil. In Lousal, CCV-Lousal was the 

responsible in coordination with UCM. 

In Spain, this action was totally completed on 12/04/2024, when the construction of last phase 

of restoration finished, as explained in B1 Action. It means a delay form the foreseen date, due 

to delays on previous B1 Action, but meeting the planned objectives and without cost overruns.  

In Portugal, this action B2 was successfully completed on 05/11/2021, anticipated from the 

foreseen date (31/03/2022). 

❖ B2.1. Soil preparation in the Alto Tajo area 

After the topographic reconstruction (B1 Action), a series of soil treatments were carried out 

to prepare the surface for the establishment of vegetation. The substrates were selected and 

managed according to the following criteria: 1) gradient slope; 2) GeoFluv morphology; 3) 

quality of the substrates; 4) signs of erosion (if generated) after completion of the GeoFluv 

reshaping tasks; and 5) quantity of materials available to carry out the application of the 

different treatments, prioritising their application in the areas most susceptible to erosion. 

 

In summary, the methodology includes the definition of two zones: zones with a slope > 30%, 

and zones whose slope is < 30%. The areas with > 30% and with poorer substrate quality were 

covered with an organic amendment, as well as mulching and seeding. In the rest of the areas 

(with slopes < 30%), due to the limitation of available materials, simplest and cheaper 

treatments were applied. 

 

In total, six soil treatments were applied. Table 6.1.5.1 shows a summary of the area occupied 

by each treatment in the path to Poveda site. It is important to highlight that this is the first time 

that the mulching-seeding treatment (Treatment 1) has been applied in mining restoration in a 

Mediterranean climate; previously it had been applied in coal mining, under more humid 

climatic conditions. Additionally, it is the first time that Treatment 6, Transplanting the seed 

bank, which had only been applied in Australia, has been applied in Spain and in Europe, as 

far as we know. The application of Treatment 6 was no planned in the project proposal, but it 

was considered an interesting technique to test due to is good results in Australia. Therefore, 

we can confirm that within the framework of LIFE RIBERMINE, the most innovative soil 

treatment techniques in the world have been used. 

 
Table 6.1.5.1 Soil treatment applied on the restored surface on the path to Poveda site (modified from 

deliverable B2.1 Explanatory report on the soil preparation process carried out in the Alto Tajo). 

 
Brief description 

Gradient 

slope 

Area 

(m2) 

Treatment 1 Organic amendment, mulching-seeding and coconut fiber grid > 30% 33734 

Treatment 2 
Organic amendment, manual seeding and 50% coconut fiber 

and 50% hay blanket 
> 30% 1284 

Treatment 3 
Manual seeding and installation of 50% coconut fiber and 

50% hay blanket 
< 30% 3507 

Treatment 4 Organic amendment and manual seeding < 30% 16395 

Treatment 5 Manual seeding < 30% 42202 

Treatment 6 Transplanting the seed bank < 30% 9154 

  Total area 106276 
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Figure 6.1.5.1 shows the location of the different soil treatments in the path to Poveda site. 

 

 
Figure 6.1.5.1. Photograph taken in May 2024 of the path to Poveda site showing the different soil 

treatments applied. (from deliverable B2.1 Explanatory report on the soil preparation process carried 

out in the Alto Tajo). 
 

In addition to the tasks described above, in July 2021, another novel task for soil protection 

was applied. It consisted on tumble the winter cereal (wheat) grown during the first months on 

the restored surface, the germination of which was a complete success. The aim of this "cereal 

topdressing", created after their tumbling work, is to protect the soil from erosion by providing 

more roughness, organic matter and space for microfauna, while at the same time leaving the 

seeds in the soil, which allows them to germinate again. This task was not initially 

contemplated in the proposal, but after monitoring the evolution of the restored surfaces and 

vegetation, it was considered a very beneficial measure to protect and favour soil formation 

processes. It was the first time for mine restoration at national level that this soil protection 

measure has been applied. 

 

In the front of the Cemetery site, given its characteristics and the fact that an area has been 

earmarked for the construction of a parking by the Peñalén Town Council, only colluvium was 

spread on a raised area next to the road and on the small perimeter slope surrounding the 

parking platform, 1.5 ha in total. On this slope, the remains of vegetative material (mulching) 

have also been spread and covered with coconut fiber grid to secure them. Finally, native tree 

species were planted on this slope (see Action B3).   

 

In the Hoya Grande dump, given its characteristics, the soil treatment consisted of the 

application of a patented tool designed to decompact and break up the sealed soils. This method 

of surface decompaction involves making isolated, point breaks in the surface soil crust, 

creating micro-depressions distributed in a mosaic pattern.  These micro-depressions produce 

point sinks for runoff, seed and nutrient traps and an improved micro-environment for 

vegetation development. The total area decompacted was 9,221.05 m2 (0.92 ha). The use of 

this tool was not contemplated in the project proposal, however is has been consider an optimal 

measure to applied in Hoya Grande, bringing a new tool to the LIFE RIBERMINE project. 
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In total, to carry out all the soil preparation actions in the Alto Tajo, the following were used: 

1,225 mulching sacks of mown pasture, 230 tonnes of sheep manure and 17 tonnes of chicken 

manure, 50,500 m2 of organic coconut netting, 7,560 m2 of organic straw blanket and 15,000 

big iron staples for anchoring. 

 

More details of soil preparation in Santa Engracia mine and Hoya Grande waste dump are 

included in the Deliverable B2.1. 

 

❖ B2.2 Soil and substrate preparation in Lousal 

 

At Lousal, soil treatments focused firstly on minimising acid mine drainage and secondly on 

favouring the growth of herbaceous vegetation cover. To this end, as explained in Action B1, 

layers of different materials were spread over the GeoFluv topography created, from bottom to 

top: 1) a mixture of clay (< 10% smectite) and limestone gravel to:  a) neutralising acidic water, 

b) facilitating the circulation of subsurface flows, and c) aiding water retention to promote plant 

growth.; and 2) a mixture of poultry manure, horse manure and topsoil forming an organic 

horizon, whose function is to provide nutrients and retain moisture for the herbaceous 

community that will subsequently be seeded (Action B3). Finally, open channels of limestone 

gravels were constructed. The substrate and soil preparation work at Lousal began on 4 October 

and continued until 5 November 2021. 

As mentioned above (B1 Action), this is the first project, in Europe, combining geomorphic 

restoration with geochemical stabilization. 

 

6.1.6.   ACTION B.3: Revegetation 

 

Foreseen start date: 09/2019  Actual start date: 10/2019 

Foreseen end date: 03/2024  Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 

B3 

Guide Application of Ecological Restoration to the 

revegetation of mining sites 
16/03/2024 16/03/2024 

Milestones 

Action 

B3 

First sowing carried out 30/04/2021 31/12/2021 

Plantations completed 30/09/2022 18/12/2023 

 

 

GEACAM is the partner responsible for this action which have had the support of experts in 

vegetation subcontracted by UCM. The last plantation campaign finished by 18/12/2023 and 

the last seeding (actually mulching-seeding) on 12/04/2024, therefore, a delay from the 

foreseen date occurs, however, there was no cost overrun. 

 

Revegetation at Santa Engracia mine, Peñalén (Spain) 

 

Revegetation at the Santa Engracia mine has been carried out in two phases. In the first phase, 

a mixture of herbaceous and chamaephytes was introduced, and in the second phase, one or 

two years later, woody plants (shrubs and trees) were planted. As the restoration of the Santa 

Engracia mine has been carried out in several consecutive years (what we have called ‘phases’), 

the revegetation has also been carried out in several years, with the last planting being 
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completed in mid-December 2023 and the last seeding (actually mulching-seeding) on 

12/04/2024. 

 

Phase 1: seeding 

Different seeding techniques were applied, and the most appropriate method had to be chosen 

for each situation. In fact, some of these techniques were carried out at the same time as the 

soil treatments, since them include the introduction of seed, for example, the mulching-seeding 

treatment and the transplanting of the seed bank. 

 

The introduced herbaceous and chamaephytes species were selected on the basis of vegetation 

inventories carried out in the reference ecosystems of the area (Action A1). The herbaceous 

species were: Anthyllis vulneraria, Brachypodium phoenicoides, Dactylis glomerata, Festuca 

rubra rubra, Festuva ovina and Onobrychis viciifolia. The chamaephytes, some facilitators and 

others soil protectors and/or generators of community structure, were: Genista scorpius, 

Lavandula latifolia, Santolina chamaecyparissus, Satureja intricata and Thymus vulgaris. 

The seeding of the herbaceous plants and the chamaephytes was done manually by hand 

sowing. On the entire area revegetated by hand sowing, a chemical N/P/K fertiliser with a 

concentration of 15/36/15 was applied. The seed density used for seeding ranged from 500 to 

1,600 viable seeds m-2. In total, 503 kg of seeds from different species and 1,625 kg of inorganic 

fertiliser, were used. 

Phase 2: plantation 

The introduction of woody species by planting is the second phase of revegetation actions. It 

was carried out either one or two years after the development of the herbaceous cover. The 

selection of the forest species to be introduced, official inventories or those of the reference 

systems designated in the territory were used (Action A1). In LIFE RIBERMINE, data from 

the National Forest Inventory 3 have been used in a 20 km radius around the village of Peñalén 

and at an altitude of 1,200-1,400 m above sea level. The requirements of Royal Decree 

286/2003 on the marketing of forest reproductive material (MFR) have to be followed. 

The woody species plantation was made by planting saplings grown in forestry containers 

following a structure of multi-species modules scattered over the whole of the restored surface 

which, in the long term, will act as a focus for further colonisation. These planting modules 

occupy 21% of the surface area. One of the original features of the project is that the 

revegetation is adjusted to the spatial distribution of humidity in the landscape generated with 

GeoFluv. For this reason, four different planting modules were designed. On the other hand, 

the design of the modules also takes into account the intense herbivory of ungulates in the Alto 

Tajo, so each module has a border of thorny shrubs. The species used in each planting module 

were: 

 

✓ Module for divides and upper slopes: Juniperus thurifera, Quercus ilex, Buxus 

sempervirens, Pinus nigra, Quercus faginea and Rosa canina. 

✓ Module for medium and low hillside areas: Quercus ilex, Buxus sempervirens, Pinus nigra, 

Quercus faginea and Rosa canina. 

✓ Module for hillside swales: Salix purpurea / eleagnos, Acer monspessulanum, Rosa canina 

and Buxus sempervirens. 

✓ Module for watercourses: Fraxinus angustifolia, Salix purpurea / eleagnos, Acer 

monspessulanum and Rosa canina. 
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Planting was carried out by mechanical and also manual hollowing. In each hole, 200-300 g of 

manure was added. As part of the collaboration with the LignoBioLife project, a biochar 

application experiment was carried out in the pits of 9 hillside modules. All the species have 

been protected with individual protectors except Juniperus thurifera and Buxus sempervirens. 

The holm oak, gall oak, ash and maple seedlings have protective tubes and the pine trees have 

black netting. In all cases, there are two bamboo stakes (see figure 6.1.6.1). 

Tilia platyphyllos, Taxus baccata, Sorbus aria and S. torminalis were used for the arboretum 

planted in the cemetery site. Soil preparation consisted of 30 × 40 cm pits opened with a 

motorised hoeing machine. 

In the Hoya Grande waste dump, additionally to the application of the patented decompacting 

tool, on 21/04/2022, the plantation of 120 gall oaks trees was made taking advantage of the 

favourable microsites generated by the presence of numerous chamaephytes, for example 

Genista scorpius, which can act as nurse plants to facilitate the establishment of the trees.  

In total, 3,522 shrubs and trees from 20 species has been planted in Peñalén. 

 

In addition, with the aim of favouring the spontaneous colonisation of species in the 

environment, a total of eight ‘perches’ were installed in autumn 2022 for birds which, through 

their defecation, provide seeds that are easier to germinate as they have passed through their 

digestive tract. This measure was not contemplated in the project proposal, so it is a further 

activity developed within the framework of LIFE RIBERMINE. 

 

 

 
Figure 6.1.6.1. Signposting of the location of the seedlings and protection with protective tubes. The 

two bamboo stakes can also be seen. 

 

A perimeter fence has also been installed around all the restored and revegetated areas in order 

to protect the areas from the herbivory. In total, 4,200 m of fencing has been installed. It will 

be uninstalled during the After LIFE period, when plants have an appropriated size. 

 

 

 

 



(Projects funded under the Call 2014 onwards must use this format) 

 24 

Revegetation at the pilot project in Lousal 

 

The revegetation in the Lousal pilot project consisted solely of the seeding of native herbaceous 

species. The seed mixture was purchased from the company Sementes de Portugal and 

consisted of a total of 20 species, including: Allium ampeloprasum L., Briza maxima L., 

Brachypodium phoenicoides (L.) Roem. & Schult., Calendula arvensis L., Chrysanthemum 

coronarium (L.) Cass. ex Spach, Cichorium intybus L., Echium plantagineum L., Erophaca 

baetica (L.) Boiss., Foeniculum vulgare Mill., Gladiolus italicus Mill., Hypericum perforatum 

L., Lavatera trimestris L., Lupinus angustifolius L., Lupinus luteus L., Papaver rhoeas L., 

Piptatherum miliaceum (L.) Coss., Raphanus raphanistrum L. subsp. Raphanistrum, Scabiosa 

atropurpurea L., Trifolium pratense subsp. pratense L., Verbascum sinuatum L. In addition, 

Quercus rotundifolia L. was also sown, in this case from acorns collected in the region. 

 

6.1.7. ACTION C.1: Monitoring and evaluation of project actions (abiotic 

environment) 

 

Foreseen start date: 04/2021  Actual start date: 03/2020 

Foreseen end date: 03/2024  Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 

C1 

Intermediate report with records of humidity, sediment 

production, rainfall, geomorphological evolution results 

and photographic catalogue (Alto Tajo). 

31/12/2022 01/05/2024 

Final report with records of humidity, sediment production, 

rainfall, geomorphological evolution results and 

photographic catalogue (Alto Tajo). 

16/03/2024 01/05/2024 

Final report with quantification of erosive forms, 

hydrochemical results, precipitation, geomorphological 

evolution results and photographic catalogue (Lousal). 

16/03/2024 10/05/2024 

Milestones 

Action 

C1 

Completion of field installation and commissioning of 

equipment for monitoring the abiotic environment after 

conservation actions. 

30/09/2021 11/05/2022 

 

UCM is the partner responsible for this action in coordination with CCV-Lousal in Portugal, 

Additionally, in Spain, the UCM have had the support of experts in soil humidity 

subcontracted.  

 

Monitoring activities still continuing in the present After LIFE period, we wanted to included 

que most updated as possible information on the reports, therefore, de actual date show a delay 

from the foreseen dates but it does not imply any cost overrun nor a “real” delay. 

 

❖ C1.1 Monitoring of the geomorphological stability of the restored areas in the Alto 

Tajo and Lousal 

In accordance with the LIFE RIBERMINE proposal, this sub-action included the photographic 

monitoring and comparison of digital elevation models (DEM) of the restored areas by means 

of photos and topography taken with drones. In total, 15 drone flights have been carried out in 

Spain and nine in Portugal, covering all the years of the project, thus providing the initial 

situation and the evolution after the different restoration phases (see table 6.1.7.1). 

 

The comparison of DEMs has only been carried out in the Alto Tajo. The aim of this 

comparison was to identify possible erosional forms, as well as to calculate sediment 
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production rates using indirect techniques that can be compared with direct measurements (see 

sub-action C1.2). However, it was found that, with the available topographic data, this 

technique was not reliable due to the sponging and subsequent settling processes suffered by 

the materials used to build the new topographies, as well as the growth of vegetation, especially 

of small size (herbaceous), which masked the results. Given that the results obtained were not 

useful for the objectives set, it was decided not to continue with the application of this technique 

and to focus on the monitoring of erosion and sediment production by means of the dams and 

field visits (see sub-action C1.2). The details and results obtained from the comparisons made 

can be found in Deliverable C1.2 - Final report with sediment production data, 

geomorphological evolution results and photographic catalogue, humidity and rainfall records 

(Alto Tajo). 

 
Table 6.1.7.1 Drone flights in Spain (Alto Tajo) and Portugal (Lousal) 

Spain (Alto Tajo) 

Date Brief description 

March 2020 In order to have images and topography prior to the actions. By DIEDRO 

October 2020 After the geomorphological reshaping of the externalwaste dumps. By DGDRONE 

November 2020 
During the mulching-seeding works, showing the spreading of the organic mesh in 

the external dumps. By Miguel Ángel Langa. 

May 2021 To update of the hollow topography, By DIEDRO. 

June 2021 New DGDRONE topography 

June 2021 By Miguel Ángel Langa 

January 2022 After the geomorphological reshaping of the second phase. By DIEDRO 

August 2022 After the geomorphological reshaping of the third phase. By Miguel Ángel Langa 

August 2022 After the geomorphological reshaping of the third phase. By DIEDRO 

June 2023 Works work on Talus Royal. By Miguel Ángel Langa 

June 2023 Works on phase fourth. By Miguel Ángel Langa 

February 2024 Works on the ampliation of Talus Royal. By Miguel Ángel Langa 

April 2024 Works on phase fifth and works on Talus Royal. By Miguel Ángel Langa 

May 2024 Works on Santa Engracia mine totally finished. By DIEDRO (topography) 

May 2024 Works on Santa Engracia mine totally finished. By Miguel Ángel Langa (photos) 

Portugal (Lousal) 

Date Brief description 

August 2021 
In order to have images and topography prior to the actions. By Topoesferica, 

Serviços topográficos, Lda 

September 2021 Works on the pilot project of Lousal. Aerial photographs by Bruno Gonçalves Visuals 

October 2021 
After the geomorphological reshaping. By Topoesferica, Serviços topográficos, Lda 

(topography) 

October 2021 
After the geomorphological reshaping. Aerial photographs by Bruno Gonçalves 

Visuals 

October 2021 
Pilot project in Lousal totally finished. Aerial photographs by Bruno Gonçalves 

Visuals 

December 2021 
Pilot project in Lousal totally finished. Aerial photographs by Bruno Gonçalves 

Visuals 

May 2022 
Pilot project evolution and monitoring campaign. Aerial photographs by Bruno 

Gonçalves Visuals 

February 2024 
During the conference held at Lousal. Aerial photographs by Bruno Gonçalves 

Visuals 

April 2024 Evolution of pilot project in Lousal. Aerial photographs by Bruno Gonçalves Visuals 
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This sub-action also included the identification of erosional processes and landforms. In Santa 

Engracia mine at some specific points, erosive forms have been detected (limited channel cut, 

small settlement scars, etc.). However, they formed the first year and have not continued 

evolving. In fact, it has been found that they do not prevent the development of vegetation. It 

can be guaranteed that the objectives of the pilot project and Santa Engracia mine in relation 

to the evolution of the topography and soils are being met. 

 

❖ C1.2 Monitoring of the erosive - sedimentary and hydromorphological behaviour of 

restored areas 

 

Alto Tajo 

 

In the Alto Tajo, the objectives of this sub-action were: 1) to calculate the specific sediment 

production, real erosion; and 2) to measure the levels of soil moisture in the constructed 

GeoFluv areas. Additionally, precipitation and temperature has been recorded. 

 

Before undertaking direct measurements, to quantify the real erosion of the restored scenarios 

of LIFE RIBERMINE at Peñalén, we modelled the forecasted erosion at the three main waste 

rock dumps (WRD) of the Santa Engracia mine (path to Poveda): East WRD, West WRD and 

in-pit, or pit WRD. Table 6.1.7.2. shows the results of such modelling and Figure 6.1.7.1 

displays a visualization of the forecasted erosion process for the West WRD. 

 
Table 6.1.7.2. Expected erosion values at the Santa Engracia mine according to the Landscape 

Evolution Model SIBERIA. 

 
 

 
Figure 6.1.7.1. Evolution of the erosion process at the West WRD of the Santa Engracia mine, 

according to SIBERIA. 

 

Outstanding achievements of the SIBERIA modelling in LIFE RIBERMINE are the following: 

(1) this is the first SIBERIA modelling for a mine restoration scenario in Europe (SIBERIA is 

commonly used for such aim in Australia). (2) The modelling has been carried out by Gregory 

R. Hancock (University of Newcastle, Australia), the best world expert in SIBERIA modelling, 

who visited LIFE RIBERMINE yearly. (3) This modelling has the exceptional result of 

producing a scientific paper, already accepted, which will be published very soon (Hancock, 

G., Martín Duque, J.F. 2024. Designing, building and assessing a geomorphically reconstructed 
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post-mining landscape: a case study of the Santa Engracia mine, Spain. Earth Surface Processes 

and Landforms, manuscript # ESP-23-0398, accepted in May 2024).  

 

To measure the erosion or sediment production of the restored areas in Peñalén, three small 

dams were installed. These dams consisted of plastic bags filled with sand and covered with a 

protective geotextile to retain the sediment carried by surface runoff while the water gradually 

seeps in (see figure 6.1.7.2).  In the filling basin of the dams, bars were installed and it length 

was periodically measured to check the accumulation of sediment. The height of the bars was 

used to generate digital elevation models and to calculate the volume of sediment retained, 

which, in relation to the density of the materials and the surface area of the watershed, it 

possible to calculate sediment production values in terms of t ha-1 yr-1.  

 

 
Figure 6.1.7.2. Photograph of the basin of dam 1. The dam itself and the bars installed in its basin 

can be seen, as well as the sediments and water retained. 

 

The results show values ranging between 3.12 and 7.4 t ha-1 yr-1, which are; (a) expected values 

according to the proposal (5-10 t ha-1 yr-1); (b) lower than what is considered a maximum 

erosion value for agricultural land being 11.2 t ha-1 yr-1 (Schmidt et al., 1982; FAO, 1988); (c) 

an order of magnitude lower than erosion rates prior to LIFE RIBERMINE (353 t ha-1 yr-1, 

Martín Moreno et al., 2018); (d) slightly lower than erosion rates predicted by SIBERIA (5.2-

15.2 t ha-1 yr-1); (e) similar to those measured in other mines restored with a geomorphological 

approach (4 t ha-1 yr-1, Zapico et al., 2018); (f) and well below erosion considered tolerable for 

mining areas (10-40 t ha-1 yr-1, see Hancock et al., 2019). The results confirm that direct 

measurement of sediment retained in the installed dams is a reliable method for calculating 

sediment production rates. 

 

In addition, the sediment that is suspended in the water when surface runoff occurs has been 

calculated (Suspended Sediment Concentration, SSC). Nine water samples with sediment have 

been analysed, three taken in unrestored areas and six in restored watershed. The results show 

that LIFE RIBERMINE has decreased the concentration of suspended sediment from 181 g l-1 

(pre-LIFE RIBERMINE) to 1.1 g l-1 (post-LIFE RIBERMINE). 

 

The monitoring of soil moisture has shown that there are no significant differences between 

the moisture of the restored areas and that of the reference ecosystem. There are also no 

significant differences between the moisture values of the different soil treatments applied, 

being the average about 24 %, the highest values have been measured on soil with presence of 

manure (27%). It is the initial properties of the colluvium, rather than the development of 

vegetation, that determine its hydrological behaviour in this initial phase. The colluviums with 
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the highest proportion of silts and fine sands have the worst hydrological conditions. Although 

it cannot be affirmed with statistical significance, due to the small amount of data in this study, 

there seems to be a flow of water from the divides and slopes towards the watercourses and 

from the upper parts to the lower parts, where the availability of water for the plants would be 

greater. In relation to the temporal distribution of soil moisture, it can be confirmed that autumn 

and winter are periods of recharge (also spring 2023) and summer of consumption. 

 

On 05/11/2020 a meteorological station was installed in Peñalén and it was uninstalled in 

autumn 2023. This station did not work properly and the recorded data had many gaps and 

errors, so finally we analysed data recorded by the station P-06-Valsalobre-Peñalén, which the 

Confederación Hidrográfica del Tajo (CHT) has very close to the town of Peñalén and whose 

register is representative for the study area. The climatic record shows that the project has been 

developed in two particularly dry and warm hydrological years. Thus, the hydrological years 

2021-2022 and 2022-2023 recorded an annual precipitation below the average of the historical 

series while their average temperature was higher than average. However, in the winter of 

2020-2021 there was an extraordinary precipitation event in the form of snow (squall 

Filomena). This event also occurred immediately after the restoration of the first phase, the 

external dumps, which could have caused a lot of damage to the bare ground, but the restored 

surfaces responded very well with hardly any signs of erosion. 

 

More details of the Monitoring of the abiotic environment in the Alto Tajo are included in 

Deliverable C1.2.  

 

Lousal 

 

The objectives of this sub-action at Lousal were: 1) to quantify erosional forms; and 2) to 

monitor the hydrochemistry of surface and subsurface waters and the mobility of pollutants. 

Additionally, precipitation and temperature has been recorded. 

 

Only the formation of small rills was detected in the first month after the end of the restoration. 

These rills were repaired and in the two years since the restoration of the Lousal pilot project 

was completed, no further erosive forms have been identified. It can therefore be confirmed 

that there has been absolutely no water erosion in the whole area. The restored surfaces have 

behaved adequately, showing a high stability without having undergone any geomorphological 

change. In addition, a high herbaceous vegetation cover of almost 100% has been achieved 

(see C2 Action). 

 

To monitor the chemistry of groundwater, two piezometers were installed on 25/10/2021 

(figure 6.1.7.3). Additionally, samples from other two piezometers, previously installed in the 

area by EDM company, were analysed. The hydrochemical characterisation of the groundwater 

shows that the area has neutral or slightly acidic pH values achieving 6.41 value, and being at 

the beginning of the project 3.9. The electrical conductivity target has been also set in the 

groundwater of the restored area, being its value 4295 uS/cm at the beginning and decreased 

to 3250 uS/cm at the end of the project. The oxidation-reduction potential parameter was also 

studied in the ground water, its value initially was 138.5 mV and 25.5 mV average in the last 

samples taken in November 2023.  
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Figure 6.1.7.3. One of the piezometers 

installed at Lousal in October 2021. 

 

Some potentially toxic elements ―Fe, Zn and Cd― dissolved in the water samples have also 

been analysed. The iron and zinc content in groundwater has decreased in the vicinity of the 

Lousal pilot project, from 3.56 mg l-1 to 0.07 mg l-1 for iron and from 4.26 mg l-1 to 2.05 mg l-

1 for zinc. Cadmium is not present in high concentrations; in fact, almost all the values analysed 

are close to the detection limit of the equipment used. Its evolution over time does not show 

significant trends, so it has not been included as an indicator in the list of KPIs. 

 

The surface water of the lagoon that collects the water of the restored area shows a poor quality 

in terms of physical-chemical and EPT content due to it also receives water from areas not 

restored. It is necessary to continue this monitoring work to assess the real effect of the mine 

rehabilitation on surface and groundwater quality, and the potential effect of the organic 

amendment on surface water. This will be done during the After LIFE period (see deliverable 

E2.1-Technical implementation After LIFE Plan).  

 

To carry out water analyses, it was necessary to buy a small equipment (Multi Platform Shaker 

50 - 450 rpm, 100 - 240V) by UCM partner. See figure 6.1.7.4. 

 

  
Figure 6.1.7.4. The Multi Platform Shaker 50 buy by UCM. 

 

It can be concluded that the restoration carried out at this site is clearly positive, although it is 

true that the effect at basin level has been limited, due to the fact that there is still untreated 

surface area that continues to produce AMD and that the settling ponds and artificial wetland 

structures installed by EDM in 2010 are degraded and dysfunctional. However, following the 

technical days held in Lousal in February 2024, EDM undertook to resolve this problem. 

 

The weather station in Lousal was installed on 14/12/2021 and still working. According to data 

registered, it appears that the year 2022 (the only year for which complete data is available) 

was dry with a precipitation record well below the average for the region (309 mm per year 
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compared to 530 mm per year). The mean annual temperature recorded does match the average 

temperature for the region, at around 17 oC. The record also shows that the driest and hottest 

months are those corresponding to the summer season (June-August) and the wettest and 

coldest are those of December and January, coinciding with the climatic characteristics of the 

region. 
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6.1.8. ACTION C.2: Monitoring and evaluation of project actions (biotic 

environment) 

 

Foreseen start date: 04/2022  Actual start date: 05/2021 (anticipated) 

        Foreseen end date: 03/2024          Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 

C2 

Report on the monitoring of the evolution of soils and 

vegetation, and of river ecosystems (Alto Tajo). 
16/03/2024 23/04/2024 

Report on the monitoring of the evolution of aquatic 

vegetation and plants in Losual 
16/03/2024 17/05/2024 

Milestones 

Action 

C2 
Start of monitoring work on the biotic environment. 01/04/2022 

01/05/2021 

(anticipated) 

 

UCM is the partner responsible for this action in coordination with CCV-Lousal in Portugal, 

Additionally, in Spain, the UCM have had the support of experts in soils, vegetation and fluvial 

ecosystems.  

 

Monitoring activities still continuing in the present After LIFE period, we wanted to included 

que most updated as possible information on the reports, therefore, de actual date show a delay 

from the foreseen dates but it does not imply any cost overrun. 

 

❖ C2.1 Monitoring of soil and vegetation evolution 

 

The objectives of this sub-action were: 1) to evaluate the edaphogenesis process, 2) to evaluate 

the survival and viability of plants, and 3) to characterise the assemblage of plant communities. 

 

https://doi.org/10.1016/j.envsoft.2018.12.003
https://doi.org/10.1002/esp.4327
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1- Soil evolution has only been studied in Peñalén, where it has been focused on the study of 

soil respiration and its physical and chemical properties, in the areas with mulching-seeding 

treatment, and the study of the seed bank present in all treatments. 

 

The study of soil respiration (IRs) in the mulching-seeding treatment provides an average value 

of 329.824,34 mg C-CO2 m
-2 d-1, higher than the values of the natural soils of the surroundings 

(140.613,29 mg C-CO2 m
-2 d-1). Results of physical and chemical properties are not included 

here due to space limitations, they can be consulted in the deliverable C2.2- Report on the 

monitoring of the evolution of soils, vegetation and aquatic ecosystems (Alto Tajo).  This study 

demonstrates that: (1) the measurement of soil respiration, together with other physical and 

chemical variables, provides relevant information for monitoring restored soils in areas 

affected by mining activity; (2) the restoration technique studied (mulching-seeding) has 

positive effects on soil respiration and other physical and chemical parameters. Soil respiration 

appears to rise sharply after the application of these amendments and then stabilises towards 

values closer to natural values; and (3) Soil respiration is directly correlated with soil moisture 

content, so rainfall patterns and periods of drought can have important consequences on IRs 

values and thus on the development of soil organisms.  

 

The results of the density of the seed bank generated in each treatment show that the 

transplanting the seed bank (treatment 6) and the mulching-seeding (treatment 1) are those with 

the highest seed density, with 21910 ± 3867 seeds m-2 and 18010 ± 10535 seeds m-2, 

respectively. To this result should be added the fact that the seeds of these treatments are also 

seeds of native species and therefore with local ecotypes and adapted to the climatic conditions 

of this environment. 

 

2- In the Alto Tajo, the vegetation monitoring tasks that was carried out included: 1) annual 

measurement of the vegetation cover in all revegetated areas; 2) sampling of the floristic 

composition of the established plant communities during the spring after each revegetation 

treatment; and 3) measurement of the survival of the planted woody species after the first year 

after planting and at the end of the project. 

 

The results show that the sowing treatments that produced the greatest cover and species 

richness were the transplanting of seed bank and the mulching-seeding treatments. The highest 

vegetation cover was observed in the mulching-seeding treatment (68.7%). With regard to the 

plantation, survival data are only available for the individuals planted in autumn 2021 in the 

external dumps, whose survival rate after the first year was 82%, with a higher mortality rate 

in willow (Salix sp.) individuals. On the other hand, the biochar trial had a general negative 

effect on the survival of the planted species. 

 

In Lousal, it can be confirmed that all herbaceous seed species in the restored area have 

managed to establish themselves and become part of the plant community, and at least one 

species established by spontaneous colonisation has been detected. The introduced woody 

species, Quercus rotundifolia L., has not managed to thrive in the restored area. Although no 

specific study has been carried out to quantify the % vegetation cover in the Lousal pilot area, 

it can be seen from the photographs taken that it has been high since the first spring and has 

been increasing until the present day, where it can be said to be 100% or very close to 100% 

(see Figure 6.1.8.1). 

 



(Projects funded under the Call 2014 onwards must use this format) 

 32 

 
Figure 6.1.8.1. Lousal pilot project in April 2024. It can be observed that the vegetation cover is very 

high, close to 100 %.  

 

3- In the Alto Tajo has been observed that, in terms of species richness, the mulching-seeding 

treatment is the one with the highest number of species (101 different species), followed by 

transplanting of seed bank treatment (79 different species). It should be noted that these species 

come from seeds from the area and are therefore species adapted to the specific climatic 

conditions of this environment. 

 

The species that have finally become established in the area occupied by the Lousal pilot 

project can be found in Deliverable C2.1- Report on the monitoring of the evolution of aquatic 

vegetation and plants in Lousal, they have not been included here due to space limitations. It 

should be noted that in Lousal an attempt has been made to control the appearance of species 

considered invasive, for which control actions were carried out through the active uprooting of 

the species in spring and autumn after planting.  

 

❖ C2.2 Monitoring the improvement of river ecosystems, hydromorphology and water 

quality 

 

Alto Tajo 

 

The monitoring of river ecosystems in the Alto Tajo has been carried out annually by experts 

from the Polytechnic University of Madrid subcontracted by the UCM. In addition, a further 

campaign will be carried out during the After LIFE period, in July 2024 and it is expected to 

be repeated every two years, depending on the funding available. 

 

The study was carried out on a 20 km section of the upper reaches of the Tajo river, including 

the section upstream and downstream of the mouth of the tributaries draining the mining area 

of Poveda de la Sierra and Peñalén. In this section, 3 study sections have been defined: 1) 

control section, located upstream of the mining areas; 2) impact section, located at the mouth 

of the streams draining the mining area and 3) recovery section downstream of the mouth of 

the river Cabrillas, an area away from the mouth of the streams draining the mining area. This 

section limits the area of impact on the biological communities. Each section has two or three 

sampling stations. At each station, the following were studied: a) substrate and aquatic 

vegetation characteristics; b) hydrological and geomorphological characteristics; c) 

macroinvertebrates; d) fish; and e) aquatic plant community.  The main conclusions regarding 

the improvements that can be attributed to the work carried out within the framework of the 

LIFE RIBERMINE project are: 
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1) Macroinvertebrates: the group most sensitive to habitat changes, an increase in 

Ephemeroptera, Heteroptera, Trichoptera and Diptera taxa has been observed, but also a 

decrease in Plecoptera and Coleoptera taxa. In addition, Plecoptera and Heteroptera are lower 

in the impact section and increase in the recovery section, albeit with lower abundances. This 

distribution of macrobenthos responds to two gradients: one related to the amount of fines and 

the other corresponding to the longitudinal continuum with changes in substrate and hydraulic 

conditions. No pattern of variation has been observed in relation to the fines affinity index 

neither in the different campaigns nor between the different control, impact and recovery 

sections. From this it could be deduced that the macroinvertebrate communities are quite 

adapted to the presence of sediments in the river. The indicators of diversity and equitability 

are the ones that have shown the greatest sensitivity to the presence of fine sediments. Thus, in 

2020 (before starting the work in the framework of the LIFE RIBERMINE project) a greater 

impact and a lower recovery has been detected than in the following years after the restoration 

measures. Both in the case of 2021 and 2022 the recovery in terms of diversity and equitability 

reaches the respective control conditions (slightly improving them). 

 

2) In relation to fish, the sequence of surveys shows an increase in the average density of the 

reaches between 2020 and 2022, from 270 to 475 individuals ha-1. However, there are no major 

differences between reaches in the average densities over the whole series of years, with 284, 

393 and 399 individuals ha-1 in the control, impact and recovery reaches, respectively. 

 

3) Aquatic plant communities showed increased richness over the years, but this was 

significantly higher in 2023, suggesting that the response of these communities to restoration 

was not immediate. An increase in diversity was also observed in 2023. On the other hand, the 

results show that the most abundant species, among them the hornbeams, have not been 

significantly impacted by the presence of sediments, as their abundance remains more or less 

constant over the years and stretches, and that the difference in richness detected is due to the 

appearance or disappearance of certain species in a rare proportion within the community.    

 

As a final conclusion, it is likely that more time will be needed to really record the effects of 

the restoration of the main sediment source (Santa Engracia mine). Aquatic communities 

require time to adapt or reorganise themselves according to the new habitat conditions. It is 

therefore expected that these indices will improve over the years. 

 

Lousal 

 

In Lousal the study regarding aquatic ecosystems was focus on the bioaccumulation of 

potentially toxic elements (PTEs) in riverbank marsh vegetation. The results show that the 

plants collected in the artificial wetland system show a low content of potentially toxic 

elements, especially in their aerial part (leaves and shoots) and roots. Of all the potentially toxic 

elements analysed, the highest concentrations recorded in the plant and rhizosphere 

corresponded to Zn, followed by Cu, As and Pb. Concerning the Cd content, the concentration 

appeared below the analytical detection limit in almost all analysed samples. See more details 

in the deliverable C2.1- Report on the monitoring of the evolution of aquatic vegetation and 

plants in Lousal, 

 

In addition to these biotic environment monitoring activities committed to in the project 

proposal and carried out during the project, fauna monitoring was also carried out at Peñalén 

by the Tormes Foundation. The costs of this action were borne by UCM and JCCM-minas. A 

total of four fauna monitoring campaigns were carried out between 2020 and 2023, and one 
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more is scheduled for the After LIFE period, with the possibility of repeating it annually 

depending on available funding. A total of 21 species were detected during these campaigns. 

A large group has been that of bats, with eigth species detected. The group with the highest 

population density is wild ungulates. A temporary change in the fauna has been observed, due 

to the presence of machinery and building work. As a remarkable result, the Shannon 

abundance index, taking the group of birds as a bioindicator, in the initial phase of the project, 

was 2.01. In the transition stage, during the execution work, the movements of earth and 

machinery caused these values to decrease and remain low until the area was stabilized. Once 

the execution was completed, this index has increased to 2.27 as a result of an increase in the 

variety of rock, steppe and forest genres. 

 

The campaign carried out this year will be important, as all the work has been completed and 

there will be no machinery present, so an increase in the use of the restored areas by the fauna 

can be expected. During this last campaign, different structures will also be installed to further 

encourage the colonisation of the space by the fauna (an action financed by the MonteMadrid 

Foundation and CaixaBank). 

 

 

6.1.9. ACTION C.3: Monitoring and evaluation of the socio-economic impact of 

the project and of the impact on ecosystem services 

 

Foreseen start date: 10/2019  Actual start date: 07/2020 

Foreseen end date: 03/2024  Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 
C3 

Interim report on the socioeconomic impact of the project 
Final report on the socioeconomic impact of the project 
Final report on ecosystem services 

09/2021 
03/2024 
03/2024 

09/2021 
04/2024 
05/2024 

Milestones 

Action 
C3 

Workshops in operation 09/2020 03/2023 
Evaluation of the socioeconomic impact and on ecosystem 
services carried out 

03/2024 05/2024 

 

This action has been carried out by Minas-JCCM with the collaboration of the rest of the 

partners. In Lousal, CCV-Lousal has coordinated the surveys. No significant delay or cost 

overruns have occurred in this action. 

 

For monitoring and evaluating the socioeconomic impact on the local population, two types of 

analysis have been carried out: population surveys and monitoring of local spending in 

financial excel sheets. In Alto Tajo, 60 surveys have been carried out among the local 

population and 35 surveys with the scientific community. In Lousal, 30 visitor surveys were 

carried out. Monitoring local spending in the financial excel shows that local spending has been 

41%. 

 

In Peñalén, eigth local people were hired for the first soil treatment campaign, which 

represented 0.30 local FTE. Non-local jobs correspond to additional personnel hired by Minas 

JCCM and UCM, which represent 1.32 FTE. 

 

For the evaluation and monitoring of ecosystem services, a workshop was held in Peñalén with 

the local population and other interest groups. This workshop was held on 31/03/2023 and had 

30 participants. Six priority ecosystem services were identified for the local population. The 
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monitoring and evaluation had been carried out in the abiotic and biotic media activities 

described above. 

 

The workshop with the local population was scheduled for 09/2020 but due to the Covid 19 

health situation, it could not take place, and the activity was adapted to a single session, in 

March 2023, as already mentioned in the previous paragraph. In Lousal, because it is a small 

area, encompassed in a much larger area with previous actions and due to the characteristics of 

the local population, which is small and aging, it was decided not to carry out this activity 

because it could not guarantee solid results. In any case, in Lousal the abiotic and biotic 

environment has been monitored as described above. 

 

 

6.1.10. ACTION C.4: Monitoring and evaluation of the LIFE efficiency 

indicators 

 

Foreseen start date: 09/2019  Actual start date: 09/2019 

Foreseen end date:  03/2024  Actual end date:  06/2024 

 
Deliverables Foreseen date Actual date 

Action 
C4 

Initial Report LIFE Key Project Level Indicators 
Final Report LIFE Key Project Level Indicators 

03/2021 
03/2024 

07/2021 
06/2024 

Milestones 

Action 
C4 

Initial LIFE Key Project Level Indicators report carried out 03/2021 07/2021 

Final Report LIFE Key Project Level Indicators 03/2024 06/2024 

 

 

Minas JCCM is responsible for this action, with the collaboration of the rest of the partners 

who provide the indicator data. The indicators were completed through the platform in March 

2021, meeting the deadlines of the approved proposal, however, the deliverable was drafted in 

July 2021, without entailing a delay in action. 

 

The indicators have been obtained from the monitoring of the actions carried out. In total, data 

from 15 indicators have been obtained. 

 

The final snapshot was completed on 26/06/2024, because KPI’S has been compiled from the 

monitoring deliverables, which have been updated to have the best possible data. 
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6.1.11. ACTION D.1: Communication and general dissemination of the project 

 

Foreseen start date: 09/2019  Actual start date: 09/2019 

Foreseen end date: 03/2024  Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 
D1 

Communication plan 
Outreach material (brochures, folders, pens, etc.) 
Informative video 
Layman report 
Report on interactive activities and outreach campaigns 

01/2020 
06/2020 
06/2020 
03/2024 
03/2024 

09/2020 
08/2020 
03/2024 
04/2024 
04/2024 

Milestones 

Action 
D1 

Social networks and website working 
Installation of information panels 

03/2020 
05/2020 

06/2020 
03/2021 

Prepared dissemination material 
Informative video produced 
Layman report distributed 
Lousal exhibition in operation 

06/2020 
06/2022 
03/2024 
09/2021 

08/2020 
03/2024 
04/2024 
05/2023 

  

 

The drafting of Communication Plan was completed in September 2020. It has been carried 

out by the partner CCV-Lousal with its own means. Deliverable D1.1 – Communication and 

general dissemination of the project. 

 

Website and social networks. The project website became operational on 01/06/2020. The 

development and maintenance of the web is carried out by the partner CCV-Lousal. The 

number of visits from 20/02/2021 to 16/03/2024 is 31,997 non-unique visits. An annual 

newsletter has been produced of which 5 editions have been published. 

 

https://liferibermine.com/es/homepage_es-2/ 

 

In addition, the project has a presence on social networks, managed by the partner CCV-Lousal 

with its own staff. At the end of the project, social networks have 889 followers on Facebook, 

with 1,200 visits, and 202 followers on Instagram, with 301 visits. 

 

https://www.facebook.com/liferibermine/ 

https://www.instagram.com/liferibermine/ 

 

 

Both social networks and the website will continue working in the After-LIFE period. 

 

Activities and informative materials. Three information panels were installed in Peñalén on 

27/08/2020. Two information panels were installed in Lousal on 29/03/2021. In the After-LIFE 

project, it is planned that a new panel will be created in Lousal, which will update the 

informative information with the results of the project. 

 

The following information material has been produced and distributed: 1) 750 information 

leaflets from the initial phase of the project; 2) 1,000 pens; 3) 500 notepads; 4) 500 folders; 

and 5) 100 informative posters. 

 

https://liferibermine.com/es/homepage_es-2/
https://www.facebook.com/liferibermine/
https://www.instagram.com/liferibermine/
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The Project proposal included producing leaflets of the final phase of the Project, in each area 

of action (500 leaflets for each area), however, it has been proven that the dissemination 

through this type of material has been ineffective, due to so it was decided not to produce them. 

 

In addition, five partial videos have been produced, and a final video has been edited, with 

parts of the previous ones and with new material. One of these videos has been awarded Second 

Prize in the category of the “XI Scientific Dissemination Contest of the Complutense 

University of Madrid” promoted by the Office of Transfer of Research Results (OTRI) of the 

UCM. 

 

Finally, a traveling exhibition has been produced, composed of three wall panels, an interactive 

television, and a sandbox with technology that allows the terrain to be reshaped with kinetic 

sand. This traveling exhibition had some delays in its production, as it was scheduled to be 

ready in September 2021. Due to material supply problems, it was delayed and was ready in 

April 2023, with its official inauguration in May 2023. However, the exhibition has received 

many visits at the Centro de Ciência Viva do Lousal since its inauguration and it is notable that 

it was at the Grândola August Fair in 2023 where it was visited by nearly 7000 people. 

Currently, it is in the Department of Sustainable Development, where it has been visited by 

administration technicians in environmental matters and visitors. 

 

The first two years of the project, due to the Covid 19 health situation, the diffusion activities 

were affected, due to the limitations imposed and above all the Centro Ciência Viva do Lousal, 

remained closed without to be able to carry out their activity normally. However, once the 

situation improved, dissemination activities have reached levels much higher than expected, 

with a total of 2 official presentations (one in each location), 65 guided tours of the project, 

adding a total of 2,150 visitors to the areas. The Project participated in 38 events, accounting 

for a total of 11,322 people who have learned about the Project. 

 

In the three months that we have been in the After LIFE period, dissemination activities have 

continued at a very good pace. On May 11, the Geolodía was held in Peñalén, with a total of 

240 attendees. 

 

6.1.12. ACTION D.2: Technical dissemination of the project 

 

Foreseen start date: 09/2019  Actual start date: 09/2019 

Foreseen end date: 03/2024  Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 
D2 

Presentations and posters at conferences 
Management code of environmental practices and actions 
in mining activities in Castilla-La Mancha 

03/2024 
 

03/2024 

03/2024 
 

06/2024 

Milestones 

Action 
D2 

Establishment of a network of contacts of specialists in 
mining restoration and habitat recovery 

12/2021 
 

09/2021 
 

Edition of the Management Code of Environmental 
Practices and Actions in Mining Activities in Castilla-La 
Mancha 

03/2024 
 

06/2024 

 

 

In the Project proposal, three articles in international magazines and another three informative 

articles in other sectors were committed. These objectives have been largely exceeded, having 
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been prepared: one doctoral thesis, three papers, nine articles. Eight Master's Final Projects and 

two Degree Final Projects have also been presented. 

 

In addition, 69 news items in local and national newspapers have reported on the project. 

 

Regarding the project's participation in conferences, the Project proposal agreed to participate 

in two international and two national conferences. Once again, these commitments have been 

greatly exceeded, the project has participated in: eight international conferences, seven national 

conferences, in addition to participating in thirteen conferences, seminars and other scientific 

dissemination events. 

 

So far in the After LIFE period, one article has been published in the Castilla-La Mancha 

Environmental Magazine, and one conference paper (for Mine Closure 2024, Australia) is 

under review. Thus, in the After LIFE period, the project is scheduled to participate in Mine 

Closure 2024. In addition, it has been also confirmed the publication of a chapter dedicated to 

LIFE RIBERMINE as an example in the prestigious book “102 Things to Do with a Hole in 

the Ground”  by Peter Whitbread-Abrutat and Robert Lowe 

(https://www.hatchards.co.uk/book/102-things-to-do-with-a-hole-in-the-ground/peter-

whitbread-abrutat/9780956221353), see figure 6.1.12.1 

 

 
Figure 6.1.12.1. First pages of LIFE RIBERMINE chapter included in the book “102 Things 

to Do with a Hole in the Ground” 

 

One of the commitments of the Project proposal was the updating of the Management Code of 

Mining Environmental Practices and Actions of Castilla-La Mancha. Due to changes in the 

coordinating partner (retirement of the head of service and change of the General Director) this 

code is in draft waiting to be processed for approval. This circumstance does not affect the 

committed deliverable, so it has been presented as a draft in the deliverable. 

 

Networking. With the LIFE TECMINE project, the following activities have been carried out: 

 

• Participation of the LIFE RIBERMINE project in the ONLINE COURSE New 

technologies applied in the restoration of mining operations 2nd edition. Organized by 

LIFETECMINE, VAERSA and the UPM. 

 

https://www.hatchards.co.uk/book/102-things-to-do-with-a-hole-in-the-ground/peter-whitbread-abrutat/9780956221353
https://www.hatchards.co.uk/book/102-things-to-do-with-a-hole-in-the-ground/peter-whitbread-abrutat/9780956221353
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• “Geomorphic Reclamation Study Trip” training activity, given from October 20 to 22, 

2021, in which technicians from Swedish mining companies will participate, with a 

total of 12 attendees. 

 

• Mine and Quarry Restoration Network. It is necessary to highlight the birth of the Mine 

and Quarry Restoration Network, which has its origin in the two LIFE projects: 

TECMINE and RIBERMINE. It is a non-profit technical organization that brings 

together professionals and scientists in the field of mining and restoration. Its main 

strength lies in connecting the four fundamental pillars of the extractive sector: public 

administration, scientific community, mining companies, and engineering and 

consulting firms. It acts as an exchange platform between these pillars, facilitating 

collaboration and multidirectional communication. It now has professionals distributed 

throughout Spain, addressing restoration challenges in a localized manner, transcending 

geographical and sectoral barriers. Its main mission is to contribute to advancing the 

improvement of mining restorations, integrating the experience of the scientific 

community, public administration, mining companies and engineering and consulting 

firms throughout the national territory. 

 

• Joint replicas of the techniques applied in both projects: San Luis (10 ha, Cuenca), El 

Cabezo-La Lampara (4 ha, Valencia). These replicas are explained in more detail in the 

deliverable D3.2 – Annex of the use of LIFE RIBERMINE BATs in other mining 

restorations. 

 

 

Other projects of the LIFE program: 

 

• LIGNOBIOLIFE. A collaboration agreement was signed in which LIGNOBIOLIFE 

made the bioproducts obtained available to the LIFE RIBERMINE project, specifically 

3,000 kg of Biochar, which were used in the revegetation tasks in Alto Tajo. The 

agreement was signed on 02/22/2021. Both projects will carry out monitoring of the 

effects of the bioproduct. 

 

• LIFE BIODISCOVERIES. “Control of Invasive Plants – Acacia sp. y chorão”, 

theoretical-practical training on the control of invasive plants, on 05/26/2021, in the 

Lousal action areas, as part of the preparatory actions of the Lousal Restoration Plan. 

 

Other projects than the LIFE program: 

 

• During the development of the project, wildlife monitoring campaigns have been 

carried out by the Tormes Foundation – EB. These monitoring campaigns were not 

initially contemplated in the proposal, but it was considered that they would be useful 

to complement the monitoring activities of the biotic environment in Peñalén. As a 

result of these monitoring campaigns, the Tormes Foundation – EB, has obtained 

financing from the Monte Madrid Foundation, to carry out fauna improvement projects. 

 

• The company SAMCA has carried out two restorations replicating the techniques 

developed by LIFE RIBERMINE, San Luis (together with TECMINE) and María Pilar 

VII. Thanks to these restorations, the company has quickly obtained authorization for 

an expansion at the Maria Pilar front, allowing the continuation of the company's 

activity in the municipality of Arguisuelas (Cuenca) 
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Regarding the holding of technical conferences, the commitment was for one one-day technical 

conference in Toledo, which was held on April 6, 2022. 

 

In addition, there were plans to hold two technical conferences of two days each, one in Lousal 

and the other in Alto Tajo. The Lousal Technical Conference was held on February 10, 2024. 

The project has held four seminars given by recognized world specialists in Mine Restoration, 

organized by the partner UCM. On April 18, period After LIFE, one more seminar took place. 

 

In the After LIFE period, in collaboration with the Mines and Quarries Restoration Network, 

the 2-day Workshop was held in Alto Tajo. On May 8, a webinar titled “Revegetation 

techniques on geomorphological restoration and slopes” was given, where the restoration 

techniques applied in the project were explained, especially the revegetation techniques and 

their results, and on May 24, a visit to the LIFE RIBERMINE areas of action in the Santa 

Engracia mine was carried out with a total of 35 attendees from different companies and 

administrations from the Spanish mining sector. Additionally, representatives of the project, 

have participated in the LIFE Platform Meeting on Soils co-organised by the LIFE NAdapta 

and LIFE IP Urban Klima 2050 projects. Finally, another visit has been conducted in Peñalén, 

on 15th May with students from the Master's Degree in Ecosystem Restoration MURE (UAH, 

UCM, UPM, URJC) and the Master's Degree in Biodiversity Conservation and Ecology 

Techniques (URJC), as well as the ecological restoration experts James Aroson and Iñaki Mola. 

Total number of participants: 30 and the second. 

 

 

 

6.1.13. ACTION D.3: Replication and transfer plan 

 

Foreseen start date: 09/2019  Actual start date: 09/2019 

Foreseen end date: 03/2024  Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 

D3 

Replication and transfer plan 29/02/2020 28/02/2020 

Modification of the Order of 06/06/2014, of the Regional 

Ministry of Development, establishing the minimum 

content of certain documents of the extractive industry of 

Castilla-La Mancha. 

31/12/2023 18/07/2022 

Annex on the use of LIFE RIBERMINE BAT in other 

mining reclamations 
16/03/2024 21/05/2024 

Milestones 

Action 

D3 

Dissemination by the Pact for the Economic Recovery of 

Castilla-La Mancha 
31/01/2024 31/01/2024 

Modification of the Order of 06/06/2014 adopted 31/12/2023 18/07/2022 

 

Minas JCCM is the coordinator of this action and, as a public administration, is responsible for 

sub-action D3.1. The field application courses and technical material (D3.2 and D3.3) have 

been carried out by the partner UCM. 

 

Transference and replication activities still continuing in the present After LIFE period, we 

wanted to included que most updated as possible information on the reports, therefore, de actual 

date show a delay from the foreseen dates but it does not imply any cost overrun, nor a ‘real’ 

delay. 
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❖ D3.1 Legal implications 

 

Order 138/2022, of July 7, of the Ministry of Sustainable Development, has been approved, 

which establishes the content minimum of certain documents of the extractive industry of 

Castilla-La Mancha and their presentation is regulated by electronic means. The Order of 

06/06/2014, of the Ministry of Development, is repealed. In Order 138/2022 includes 

references to the LIFE RIBERMINE project in the statement of reasons and in “Annex IV. 

Restoration type project”, in the section “2.3.- Description of other possible rehabilitation 

actions”. 

 

❖ D3.2 Training courses and field implementation 

 

In the development of this sub-action, a total of six different training courses have been given 

to national and international companies (VAST, Copperstone, Kjellins, LKAB (Sweden), 

Glencore (Colombia), SAMCA, HOLCIM, CINCLUS PLEGADIS, TRAGSA (Spain) and 

providing the necessary technical documentation and carrying out field training as well. The 

courses were attended by a total of 35 people from 10 different companies.  

 

Regarding field implementation, a total, 74.45 hectares of mined lands (including one example 

of a landfill) have been already geomorphically-based restored during the life span of LIFE 

RIBERMINE in Spain. A total of 12.5 hectares, also in Spain, have been designed following 

geomorphic restoration methods (GeoFluv) and will be constructed in 2024. The projects in 

Spain correspond to three categories: (a) recovery and use of bond release by the administration 

(garantías mineras); (b) EU Next Generation funding; (c) private companies that have applied 

geomorphic restoration (mining and urban development companies). The majority of the 

replicas are located in the Region of Castile – La Mancha, but they also have been transferred 

to the Regions of Valencia and Madrid. In addition, 181 hectares of mine lands have been 

designed with GeoFluv outside Spain (Sweden and Colombia). And all of them are a 

transference and replication of LIFE RIBERMINE. Table 6.1.13.1 show a summary of the 

replications. 

 
Table 6.1.13.1 LIFE RIBERMINE replicas (simplified from deliverable D3.2 Annex of the use of LIFE 

RIBERMINE BATs in other mining restorations). 

Name Funding Entity Country Construction 

year  

Area (ha) 

Humanes de Mohernando1 JCCM Spain 2021 0.56 

San Luis2 Euroarce - SAMCA Spain 2021 10 

Frente María Pilar VII2 Euroarce - SAMCA Spain 2021 7 

Illescas2 URBAN-INMOBISANRO Spain 2023 2.64 

Alpedrete3 CAM-Next Generation Spain 2023-2024 9 

Virgen de La Torre3 JCCM-Next Generation Spain 2023-2024 7.25 

San Quintín3 JCCM-Next Generation Spain 2024 38 

TOTAL HECTARES ALREADY BUILT 74.45 

Numancia de La Sagra1 JCCM Spain Autumn 2024 8.5 

El Cabezo-La Lámpara3 GVA-Next Generation Spain Autumn 2024 4 

TOTAL HECTARES TO BE BUILT IN 2024 12.5 

Cerrejón2 Glencore Colombia 2024 61 

Viscaria2 Copperstone Suecia Pending 

authorisation 

120 

TOTAL HECTARES DESIGNED FOR INTERNATIONAL COMPANIES 181 

Type of funding: 1recovery of bond release, 2private companies, 3EU Next Generation funding 
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❖ D3.3 Editing of technical materials for field application 

 

For the courses carried out in the framework of LIFE RIBERMINE, sheets for field training, 

power point presentations and other explanatory materials were edited in English. 

 

❖ D3.4 Evaluation of the Replication and Transfer Plan 

 

The evaluation of the transfer and replicability of the project considers that the objectives set 

have been more than achieved, having managed to train 35 people from 10 different companies, 

some of them, such as the company SAMCA, have opted for the techniques used in LIFE 

RIBERMINE and are developing them in their own facilities. On the other hand, the replication 

in 74.45 ha already implemented and the 12.5 more to be completed in 2024, as well as the 181 

ha already designed for implementation at international level, show a high replicability and 

transferability of the project, of which all partners are very proud. 

 

Finally, it is important to remember that, in 2022, the Geomorphological Restoration 

techniques applied on LIFE RIBERMINE were selected by the Research and Development 

Transfer Office of the UCM as one of the three initiatives in the whole University with the 

greatest transfer and commercialization potential. This implies an important framework for 

transferring the project and its potential to be developed in the mining market, although this 

leap into the commercial world has not yet been made. 

 

All replication and transfer actions will continue during the After LIFE period. 

 

 

6.1.14. ACTION E.1: Project management 

 

Foreseen start date: 09/2019  Actual start date: 09/2019 

Foreseen end date: 03/2024  Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 

E1 

Partnership Agreement 
31/12/2019 18/05/2020 

Milestones 

Action 

E1 

Appointment of the coordinators and the Management 

Bodies and first meeting of the Monitoring Committee 
30/11/2019 02/10/2019 

   

 

The project management tasks are organised by the partner Minas-JCCM as explained in more 

detail in point 5 of this document. 

 

The first coordination meeting took place on 02/10/2019, where the coordinators were 

appointed, by November 2019, meeting the deadline of the proposal. 

 

The Agreements was presented in the document Annex E1.1- Deliverable of Action E1: 

Partnership Agreement. 

 

The coordination meetings with the External Advisory Board and the external monitoring team 

are detailed in point 5 “Administrative Part”. 
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6.1.15. ACTION E.2: After LIFE Plan 

 

Foreseen start date: 10/2023  Actual start date: 10/2023 

Foreseen end date: 03/2024  Actual end date: 03/2024 

 
Deliverables Foreseen date Actual date 

Action 

E2 

After LIFE Technical Implementation Plan. 16/03/2024 20/05/2024 

After LIFE Communication Plan 16/03/2024 20/05/2024 

Milestones 

Action 

E2 
After LIFE plans drawn up 16/03/2024 20/05/2024 

 

Minas JCCM is the coordinator of this action. It started 6 months before project ending and the 

last version of the After LIFE plan has been updated in May 2024. This does not represent a 

real delay as After LIFE Plans are going to be send at the same time of this Final report. 

 

The two After LIFE plans has been elaborated according to the included in the project proposal. 

The After LIFE Technical Implementation Plan include a total of 12 after life actions that will 

continuing the majority of the project implementation and transfer and replication actions. The 

After LIFE Communication Plan includes the same three dissemination actions as those 

developed during the project. The specific objectives and target audience has been also 

described. 

 

More details in deliverables E2.1- After LIFE Technical Implementation Plan and E2.2- After 

LIFE Communication Plan 
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6.2.  Main deviations, problems and corrective actions implemented  
 

The main deviations, problems and difficulties met during the geomorphic reconstruction 

of LIFE RIBERMINE, and their solutions, were the following: 

 

- Problem - Due to internal administrative reasons, the contracting of the technical 

coordination of the project was delayed. The Consortium Agreements were signed by each 

partner in December 2019, as reflected in the proposal, except for the Agreement with 

GEACAM, which was formalised on 18/05/2020. Due to the fact that GEACAM is an 

autonomous body within the Junta de Comunidades de Castilla-La Mancha, it involved an 

additional procedure that had to be approved by the Governing Council, thus delaying the 

formalisation of the agreement. So, the payment of the first pre-financing was on 25/06/20. 

 

- Problem - Overrun of earth movement and costs due to unforeseen swell factor of mine 

wastes. Solution – the associates covered the extra cost. 

 

- Problem – Delay in the Peñalén restoration (annuities), due to machinery availability by 

CAOBAR. Solution – addressing the first year solving the main source of sediments to the 

fluvial system (external waste dumps). Advantages – we were able to monitor the evolution 

and advantages of restored areas, using the experience for successive years. 

 

- Problem – the higher degree of vegetation colonization advised eliminating geomorphic 

regrading (Hoya Grande waste dump, Santa Engracia mine). Solution – implementing 

imaginative ecosystem healing solutions: a decompacting implement, invented and patented 

by LIFE RIBERMINE personnel. 

 

- Problem – request of the Municipality of Peñalén for integrating a parking at the Cemetery 

mined site. Solution – modifying the initial ecologic, geomorphic-based design of this site, 

incorporating the parking but guaranteeing that the goals of the project would be intact 

(sediment yield control). 

 

- Problem – Delay in the Peñalén revegetation due to specialise companies’ availability. 

Solution – postpone the plantation until next appropriated date (spring). This is not a real 

problem, as plantations can be made in autumn or spring and the proposal planned to do one 

or two years after seeding. Advantages – it was possible to check that each period is correct, 

the success of revegetation depend more on soil humidity, it is to say, rainfall regime. 
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6.3.  Evaluation of Project Implementation  
 

6.3.1. Methodology applied 

 

The proposed methodologies have been applied successfully. A wide range of different 

methodologies have been applied, most of them novel and adapted to be complemented each 

other and to each specific site (Peñalén and Lousal). As explained above, the application of 

these methodologies has enabled some milestones in mine restoration to be achieved, such as: 

1) LIFE RIBERMINE it is the largest Fluvial Geomorphic Restoration (GeoFluv – Natural 

Regrade) site built in Europe (12.3 ha at the Santa Engracia, path to Poveda, site); 2) first 

application, in the world, of the Talus Royal method to a mine site (Peñalén); 3) first Example 

in the world combining geomorphic restoration for unconsolidated materials (GeoFluv – 

Natural Regrade) and hard-rocks (Talus Royal); 4) first Example in Europe combining 

geomorphic restoration with chemical remediation for a mine site restoration (Lousal); 5) is 

the first example of joint GeoFluv-SIBERIA use outside Australia and first use of SIBERIA in 

Europe; 6) is the first time that the specific tool for decomptacting the soil has been applied in 

mine restoration; 7) a new practise, pioneer in this project, consisting in lying down of the 

wheat cover, to produce a shadow effect at the soil has also applied; 8) is the first time that the 

mulching-seeding treatment has been applied in mining restoration in a Mediterranean climate; 

9) it is the first time that the transplanting of the seed bank soil/revegetation treatment has been 

applied in Spain and in Europe (it had only been applied in Australia previously); and 10 ) it is 

the first time that the plantation is adapted to the characteristics of microenvironments and 

humidity availability of the GeoFluv topography. Furthermore, the use of planting modules 

with so many species, and which are arranged among themselves and in space following 

ecological and functional criteria, is uncommon. 

 

The results show that all of these methodologies have been positively implemented, and they 

have been, in general cost-effective. Only the application of biochar has not worked as 

expected. But we consider this also a learning achievement. Additionally, the good results of 

LIFE RIBERMINE have facilitated the replication and transfer to other sceneries and 

companies, which have adopted and are replicating these methodologies. 

 

6.3.2. Comparison of results obtained 

 

The table below compares the more relevant results achieved against the expected results in 

the approved proposal with main focus on the implementation actions (B), and dissemination 

actions (D) of LIFE RIBERMINE.   
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Action Achieved Evaluation

Objectives:

1,5 ha (Lousal) 1,78 ha

13,54 ha 

(GeoFluv + 

Talus Royal)

Most of the permits were obtained in accordance with the proposal, 

although there was one permit not foreseen (neccessary for constructing 

the car park) that delayed the final date for the achievement of this action.

Completely 

achieved

Preparation of the soil and substrates to minimize erosion and 

facilitate the subsequent establishment of vegetation (in 

Peñalén) and minimize acid mine drainage and facilitate the 

establishment of herbaceous plants (in Lousal)

Objectives:

Completely 

achieved

Although the 30 hectares committed to in the proposal have not been 

reshaped in Peñalén, it is considered that the objective of this action has 

also been achieved. As explained, the reduction in the restored surface is 

due to the fact that the Hoya Grande waste dump had high 

geomorphological stability and high vegetation cover, which is why it was 

counterproductive to carry out geomorphological reshaping there. On the 

other hand, during the life-span of the project, the Virgen de la Torre mine 

(7.25 ha) has also been restored, as a replica of LIFE RIBERMINE, which 

increases the recovery of degraded areas in the municipality of Peñalén.

Both actions have gone smoothly and the necessary information for the 

design of the implementation actions was obtained before starting the 

implementation actions. Both actions have also made it possible to know the 

state of the biotic and abiotic environment before the project.

A1

A2

A3

Completely 

achieved

B3

Objectives:

Construction of the topographic designs 

following the GeoFluv and Talus Royal methods. 

B1

In Peñalén, carry out revegetation (in two phases, seeding and 

planting) adapted to the GeoFluv topography generated in 

Action B1. In Lousal, achieve herbaceous cover that protects 

the soil from erosion integrated into the surrounding 

communities.

Objectives:

Completely 

achieved

B2

Characterisation of the abiotic environment in both scenaries 

and validation of GeoFluv designs with the SIBERIA model.

Objectives:

Characterization of the biotic environment in both scenaries and 

design of revegetation actions and monitoring design of aquatic 

ecosystems.

Completely 

achieved

The objectives of both actions has been achieved without problem. This is 

demonstrated by the absence of erosive forms, the vegetation coverage 

achieved in both Lousal and Peñalén and the results shown in the 

deliverables of the monitoring actions. In addition, a pioneering soil 

treatment (trasnplanting of seed bank) has been applied at European level 

that were not foreseen in the proposal.

Foreseen in the revised proposal

Objectives:

Obtain all the necessary permits to carry out the project and 

elaborate the restoration plan

Expected results:

Getting permits in the first 9 months of the project

30 ha 

(Peñalén)
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4 drone flights     

(Peñalén + 

Lousal)

24 drone flights 

(Peñalén + 

Lousal)

Erosion 

values ​​     5-10 

t/ha/yr

Erosion values               

3.1 - 7.4 t/ha/yr

soil 

respiration 

50% of 

reference soil 

values

soil respiration 

equivalente, 

and even higher 

than reference 

soil values

Soil behaves even better than expected as well as plants community, 

therefore, it is considered that the objectives have been achivied. 

Vegetacion cover achivied in Peñalén is lower than expect, in average, but 

higher than exptected in the mulching-seeding treatment (67%). The survival 

of plants is higher than the expected. 

vegetation 

cover 40%

vegetation 

cover 31,6 % 

(average)

plantation 

survival 75%

plantation 

survival 82%

Improved river 

length 21 km 

(Peñalén)

Improved river 

length 3,3 km 

(Peñalén)

Objectives:

Surveys 
Surveys 

achieved

local spending 

tracking
Achieved

3 workshops
1 participatory 

workshop

16 kpis reported

C1

C2

Objectives:

Monitoring of the abiotic environment: the 

geomorphological stability, the erosive - 

sedimentary and hydromorphological behaviour 

and the hydrochemistry of surface and 

subsurface waters and the mobility of pollutants 

(only in Lousal). In addition, relate the results to 

the characteristics of precipitation and 

temperature.

Objectives:

Monitoring of the biotic environment: of soil and 

vegetation evolution and the improvement of 

river ecosystems, hydromorphology and water 

quality

In relation to the improvement of aquatic ecosystems, in Peñalén 3.3 km 

have already healed, it is expected that the healing of the remaining ones, up 

to 21 km will occur in medium-term, since there is a delay between the 

removal of the pollutants and the healing of the fluvial ecosystems. 

Improvements have already been detected in some aquatic monitored 

groups (see deliverable C2.2), although the positive impact is considered to 

be better observed over the years.

The monitoring of the abiotic and biotic environment has been carried out 

without problem and has provided results that demonstrate the 

effectiveness of the restorations carried out. Thus, pH and PTE values have 

been reduced in Lousal (see deliverable C1.3), erosion has been reduced 

from 353 t/ha/yr to expected values, and no signs of erosion have barely 

been identified. In addition, LIFE RIBERMINE has decreased the 

concentration of suspended sediment from 181 g l-1 (pre-LIFE RIBERMINE) 

to 1.1 g l-1 (post-LIFE RIBERMINE). The climatic record shows that the 

project has been developed in two particularly dry and warm hydrological 

years (2021-2022 and 2022-2023). However, in the winter of 2020-2021 there 

was an extraordinary precipitation event in the form of snow (squall 

C3

To study the social impact, in Alto Tajo, 60 surveys have been obtained

from the local population and 35 from the scientific community. In Lousal, 30

visitor surveys were obtained. The local project expenditure represents 41%

of the total project expenditure, while the jobs created in the local

population are 0,30 FTE. Due to Covid 19, not all the workshops for the

identification of ecosystem services could be held and the activity was

adapted to a single session held in Peñalén. In Lousal, due to the small

population, this activity was not carried out. 6 ecosystem services were

evaluated.

C4
This action has been completed and 16 kpis information on follow-up

actions has been provided.

Objectives:

Monitoring of socio-economic impact: use of 

LIFE funds in work regions and monitoring of 

social impact through surveys. Evaluate 

ecosystem services bye 3 participation workshop 

to determine ecosystem services.

Monitoring and evaluation of LIFE Key

project indicators
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Objectives:

Done

Website and social networks. 40000 visits 31997 visits

Informative panels 4 5

1) Information leaflets 2000 750

2) Pens 1000 1000

3)Notepads 500 500

4) Folders 500 500

5) Informative posters. 100 100

Production of an informative video 1 5

Interactive and experimental activities in Lousal
> 2000 

visit/year

> 7000 visists in 

4 years

Public presentations of the project. 2 2

Information meetings with the town councils of

Peñalén and Lousal.
2 2

Workshops. 3 2

Guided tours for all audiences. 30 people/year
2150 visitors in 

4 years

Layman report Done

4

D1

It is considered that the objectives of the project dissemination plan have

been achieved, both at the general and technical public levels. Although the

expected visits to the website have not been achieved, the project has been

disseminated through other more direct means, such as: guided tours,

workshops, talks, etc. A total of 5 videos have been produced, one of them

winning a prize awarded by the Office of Transfer of Research Results -

OTRI of the UCM, exceeding the objectives set in the proposal.

Others (NOT INCLUDED IN THE PROPOSAL)

Holding talks, outreach seminars for the general public

Disseminate the project, its methodologies and results to the 

general public

Specific activities/materials:

Develop a communication plan.

Divulgation material, corportive branding
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Preparation of scientific articles published in

indexed international journals.
3 3

Preparation of publications in other magazines 3 9

Participation in International Conferences 2 9

Participation in National Conferences 2 6

Organization of technical and technical

informative sessions
3 6

Carrying out excursions, with students of

subjects specialized in ecological restoration in

mining

2 7

Preparation of Master's thesis 8

Preparation of end-of-course memories 2

1

9

2

2

Transferer and replication on othe sites 74.45 ha

Training and field application courses to

national/international companies
3 and 2 4 and 6

Networking-Collaboration with other related

projects (LIFE projects and others)
6 10

 D2

The technical disclosure has been greater than expected and included in the

proposal as indicated by the numbers included here. It can be considered a

great achievement of the project.

D3
The transfer and replicability objectives of the project have also been more

than achieved, as shown in this table and as explained in section 6.1.13.

Objectives:

Disseminate the project, its methodologies and results to 

technicians, environmente related pupils and technical public

Specific activities/materials:

Specific activities/materials:

There was no 

committed 

number

Others (NOT INCLUDED IN THE PROPOSAL)

Mentions in books and other publications

Mentions-awards achieved

Preparation of doctoral theses

Participation in technical dissemination conferences, courses 

and seminars

Objectives:

Promote the transfer and replication of the techniques and 

methodologies applied in the project
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6.3.3. Visible project results 

 

The results of the ecological restoration, both in Peñalén and Lousal, are immediately visible. 

The recovery of vegetation cover and landscape healing in both scenarios are evidenced in the 

oblique and terrestrial aerial photos provided in different deliverables. The reduction of 

sediment emissions in Santa Engracia have been also fast, going from 353 t ha-1 yr-1 before the 

project to 3-7 t ha-1 yr-1 at the end of the project, which allowed removing a check dam below 

the mine. 

 

The improvement of the soils has also been demonstrated during the development of the 

project, although a greater evolution and increase in the vegetation cover, especially woody, is 

expected during the After LIFE period and in future years, without the need for any other 

intervention. The improvement of the Acid Mine Drainage in Lousal has been limited since 

only a small area has been acted upon. The results in the improvement of aquatic ecosystems, 

although it has already been detected, will be seen more clearly with the passage of time. 

 

The actions have been of such high quality that LIFE RIBERMINE has served, even within its 

development phases, to train several national and international mining companies that are 

adopting these techniques, to make numerous replicas and also to obtain the Environmental 

Award granted by the region of Castile-La Mancha. 

 

6.3.4. Project amendments 

 

In relation to the modifications made to the project, it is worth mentioning the incorporation of 

the adaptation of part of the front of the cemetery so that the Peñalén town council could build 

an environmentally friendly car park there. This modification required the application for 

specific permissions not previously contemplated and meant slightly reducing the area 

renaturalized by the project, but it is considered a good decision as the project has contributed 

to covering a need of the municipality, demonstrating the possible collaboration between 

different entities and integrating social aspects into the project. All that guaranteeing the 

reduction in sediment emissions from this area as well. Without such amendment, the social 

recognition of the project would have been lower. 

 

The actions at the Hoya Grande dump were also modified, where it was decided not to carry 

out topographic reshaping because the area was already with a high degree of vegetation cover, 

and it would be counterproductive. Specific restoration techniques were adopted in this area 

that have enabled the objectives set for Hoya Grande to be achieved and have broadened the 

range of techniques applied in LIFE RIBERMINE that have proved to be successful. If we had 

introduced the geomorphic regrading of Hoya Grande, we would have caused an ecological 

degradation of the site. 

 

Amendments such as the lying out of the wheat cover or transplanting the seed bank accelerated 

the ecological (soil and vegetation) recovery at Santa Engracia. Without them, the recovery 

would have been slower. 

 

6.3.5. Results of replications efforts 

 

Indeed, they have been more effective than expected. Methodologies applied in LIFE 

RIBERMINE have been replicated in 74.5 ha (during life span project) and designs for its 

implementation in 193.5 ha more, of near construction, have been carried out. Finally, 181 ha 
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have been designed for replication in other countries (Sweden and Colombia). As mentioned, 

even one company is applying these methodologies in its facilities, integrating them in the Life-

Of-Mine process (SAMCA). It is expected that these figures will increase in the After LIFE 

period as networking and project dissemination continues. 

 

6.3.6. Effectiveness of the dissemination activities 

 

Although dissemination activities were highly conditioned by the health situation at Covid-19, 

in the first year of the project, it is considered that the dissemination objectives have been 

largely achieved, and even significantly exceeded, as demonstrated by the figures included in 

the table in point 6.3.2. 

 

6.3.7. Policy impacts 

 

It is expected that the development of the project and the methodologies used in it will have a 

very positive impact on the recovery of mining environmental liabilities, through measures that 

are reflected in regional and national legislation and its subsequent application. Actually, the 

recovery of two mine guarantees in Castile-La Mancha already replicated LIFE RIBERMINE 

techniques. 

At the regional level, Annex IV of the Order of 06/06/14, which establishes the minimum 

content of certain documents of the extractive industry of Castilla-La Mancha and regulates 

their presentation by electronic means, has been modified to incorporate these techniques. The 

use of these techniques has also been considered in a regulation being prepared by the Ministry 

for Ecological Transition, the aim of which is to establish the amount of guarantees required 

for the approval of Restoration Plans in Spain. 

No barriers have been detected that prevent the promotion of these techniques in the regulatory 

sphere. 

With the work at Lousal, it has been demonstrated that the technique can be adapted to other 

problems such as Acid Mine Drainage. 

To date, four Spanish companies: SAMCA, LafargeHolcim, URBAN-INMOBISANDRO and 

TRAGSA have been directly involved in the project, three of them replicating the project 

techniques and the others attending the training course. In Portugal, two mining companies 

(Mina Panasquiera and Neves Corvo) attended the official presentation in Lousal, where they 

explained the techniques applied and visited the area of action. 

Regarding EU added value of the project, the partners are convinced that LIFE RIBERMINE 

has contributed enormously to advance in the field of mining restoration, applying and adapting 

innovative techniques, previously not applied in Europe, which have aroused the interest of 

companies and the administration itself. All that seeking healing fluvial ecosystems 

downstream of the mines. Furthermore, its direct dissemination in Brussels will take place in 

the After LIFE period thanks to the participation of LIFE RIBERMINE representatives with 

an invited talk, at the Annual Event Busting myths: people with nature to be held in Brussels 

on September 25, 2024. 

 

As already mentioned, after its completion LIFE RIBERMINE, has developed the following 

relevant  message to the EU: the main environmental impact of mining is hydrologic, not visual. 

And this project has been a typical example of that. LIFE RIBERMINE has deployed all type 

of existing international BAT, and has developed new ones, demonstrating that the 
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hydrological impact of mining can be addressed in any context (AMD, unconsolidated mine 

wastes or hard-rock) once the appropriate solutions are adopted, guided by proper expertise. 

This applies both to abandoned and active mines. Actually, our solutions are better 

implemented in active mines, from the beginning of the planning phases. On this, there is a 

need for a revival of Europe's domestic mining, in order to reduce the continent's dependence 

on Chinese minerals (as rare earths). In this framework, the contribution of LIFE RIBERMINE 

for developing environmental friendly mining in Europe can be enormous. 

 

It is also worth commenting that the monitoring actions have contributed to improving the 

knowledge base for the evaluation and monitoring of the factors, pressures and responses that 

affect nature and biodiversity within the EU in line with the proposed EU soil monitoring law, 

for example. On the other hand, the application of restoration BAT shows synergies with other 

European objectives and directives, such as the case of Directive 2006/21/EC, within the 

framework of which the document Best Available Techniques Reference Document for the 

Management of Waste from the Extractive Industries that includes the methodology that will 

be used during the development of the project. In short, it is important to stress that the 

application of these new techniques resulted in the recovery and improvement of the 

surrounding ecosystems, especially the aquatic ones, all in line with the objectives of the LIFE 

program, the Water Framework Directive 2000/60/EC, the EU green strategies and the latest 

regulations approved by the EU such as The Nature Restoration Law. 
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6.4.  Analysis of benefits  

6.4.1 Environmental benefits 

 

❖ Direct / quantitative environmental benefits 

 

• The project actions carried out have managed to reduce very high erosion to baseline levels 

in 13.69 ha of which, 1.78 correspond to the Lousal pilot project. 

• In addition, these actions have led to a reduction of suspended solids in the watercourses, 

as has been explained in the table above. 

• As a consequence, these actions have resulted in the improvement of 3,330 m of fluvial 

ecosystems in Spain. 

• Healing more than 30 ha of degraded ecosystems, turning them in highly biodiverse and 

visually appealing terrain. 

 

❖ Qualitative environmental benefits 

 

• Reduction of visual impact in the areas of action.  

• Increased plant biodiversity in areas where seed has already been planted. 

• Creation of soil in barren and inert areas, with the consequent future carbon sequestration. 

• Increased connectivity between terrestrial ecosystems. In this sense, in addition to 

increasing connectivity in the scenarios where the restoration actions have been carried out 

(verified during the fauna monitoring work), it is worth mentioning that the decrease in 

sediments contributed to the river network has led the Tagus Hydrographic Confederation 

to decide to remove a hydrological correction dam located downstream of the Santa 

Engracia mine, so that LIFE RIBERMINE has also contributed to improving the 

connectivity of aquatic ecosystems. 

• Reduction of acid mine drainage (Lousal). 

• Improvement of water quality in river ecosystems near the areas of action. 

• Improvement of the ecosystem as a habitat for native fauna. 

6.4.2 Economic benefits 

 

The techniques applied do not require maintenance, so once implemented, the cost of 

restoration will not exist. 

The application of the techniques involves the purchase of consumables such as manure and 

seeds, which can be a business opportunity for local companies, 137.481,86 € has been spent 

in consumables for soil preparation and revegetation.  

In subaction “B2.1 Soil preparation in Alto Tajo” carried out by the subcontracted company 

Albar Forestal, it hired 8 people from Peñalén, with 285.5 8-hour days. Over the four and a 

half years of the project, it would represent 0.30 FTE of operatives. 

1.32 FTE of graduates have been created, which are additional hires from UCM and Minas 

JCCM. 

The local spending of the project has accounted for 41% of the total spending of the project. 

The whole project has increased the visibility of Peñalén and Lousal, having a direct effect in 

the income due to the increase of visitors. 
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6.4.3  Social benefits 

 

An increase in tourist activity is expected due to the improvement of the landscape and the 

environmental quality of the site. The Alto Tajo Natural Park received nearly 100,000 people 

in 2023 (https://www.castillalamancha.es/actualidad/notasdeprensa/cerca-de-100000-

personas-visitaron-el-parque-natural-del-alto-tajo-en-2023-una-de-las-

joyas#:~:text=celebrada%20en%20Checa-

,Cerca%20de%20100.000%20personas%20visitaron%20el%20Parque%20Natural%20del%2

0Alto,naturales%20de%20Castilla%2DLa%20Mancha) 

 

LIFE RIBERMINE has contributed to increasing tourist activity in Peñalén by collaborating 

with the city council in the construction of a car park, as mentioned previously. But also, as 

previously mentioned, giving high visibility to the villages of Lousal and Peñalén. 

 

In addition, technical, academic and scientific visits to the restored areas are expected, which 

also boosts the lodging sector. So far in the project, the expenditure on travel has been 

32,611.66 €. This data includes accommodation and food expenses incurred by the project 

partners during field work in the project's areas of action. 

 

6.4.4  Replicability, transferability, cooperation 

 

The replication potential of the project is very high, since these techniques can be adapted to 

different environments, including scenarios other than mining, such as restoration after forest 

fires, in the case of mulching-seeding or translocation of the seed bank.  

 

Furthermore, its replication depends on policies, which are increasingly demanding both with 

the obligation to restore and with the results of restorations, and demand real solutions.  

 

The LIFE RIBERMINE techniques have already been applied and financed by other funds, 

such as the EU Next Generation, as detailed in the table corresponding to point D3 of section 

6.1. 

 

The benefits for the parties, as has already been mentioned in several points of this report, is 

the low maintenance of the applied techniques, which guarantee that an operator with the 

obligation to restore, has the benefits of minimal maintenance. 

6.4.5  Best practice lessons 

Peñalén 

  

1) Not a single square meter of areas subject to geomorphic landforming should remain 

not covered with proper colluvium or soil. LIFE RIBERMINE did it, and the stability 

against water erosion was a total success 

2) Not a single square meter of areas subject to geomorphic landforming should remain 

not covered, after proper colluvium or soil, with a grass cover. LIFE RIBERMINE did 

it, and the stability against water erosion was a total success 

3) Run-on areas (runoff potentially entering rehabilitated areas) should be managed 

properly, either avoiding its entrance to rehabilitated areas, by means of proper 

diversions (also by means of geomorphic rehabilitation –as it happens in the West 

External Waste Dump), either ponded (as it happens in the In-Pit area) either 

https://www.castillalamancha.es/actualidad/notasdeprensa/cerca-de-100000-personas-visitaron-el-parque-natural-del-alto-tajo-en-2023-una-de-las-joyas#:~:text=celebrada%20en%20Checa-,Cerca%20de%20100.000%20personas%20visitaron%20el%20Parque%20Natural%20del%20Alto,naturales%20de%20Castilla%2DLa%20Mancha
https://www.castillalamancha.es/actualidad/notasdeprensa/cerca-de-100000-personas-visitaron-el-parque-natural-del-alto-tajo-en-2023-una-de-las-joyas#:~:text=celebrada%20en%20Checa-,Cerca%20de%20100.000%20personas%20visitaron%20el%20Parque%20Natural%20del%20Alto,naturales%20de%20Castilla%2DLa%20Mancha
https://www.castillalamancha.es/actualidad/notasdeprensa/cerca-de-100000-personas-visitaron-el-parque-natural-del-alto-tajo-en-2023-una-de-las-joyas#:~:text=celebrada%20en%20Checa-,Cerca%20de%20100.000%20personas%20visitaron%20el%20Parque%20Natural%20del%20Alto,naturales%20de%20Castilla%2DLa%20Mancha
https://www.castillalamancha.es/actualidad/notasdeprensa/cerca-de-100000-personas-visitaron-el-parque-natural-del-alto-tajo-en-2023-una-de-las-joyas#:~:text=celebrada%20en%20Checa-,Cerca%20de%20100.000%20personas%20visitaron%20el%20Parque%20Natural%20del%20Alto,naturales%20de%20Castilla%2DLa%20Mancha
https://www.castillalamancha.es/actualidad/notasdeprensa/cerca-de-100000-personas-visitaron-el-parque-natural-del-alto-tajo-en-2023-una-de-las-joyas#:~:text=celebrada%20en%20Checa-,Cerca%20de%20100.000%20personas%20visitaron%20el%20Parque%20Natural%20del%20Alto,naturales%20de%20Castilla%2DLa%20Mancha
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channelized through an underground rock drain (as it happens in the East External 

Waste Dump). LIFE RIBERMINE adopted these measurements, and the result was a 

complete success 

4) Building the project in annual phases ended up being a best practice lesson, as it allowed 

incorporating learning experiences from one year to another 

5) The blasting –for the Talus Royal- should be made always in dry conditions. Of the 

four blastings, one was with wet conditions, and the results were not as good as with in 

dry conditions. 

6) The stripping and extension of the seed bank is a very effective revegetation technique 

in terms of plant cover and biodiversity and, at the same time, economically 

competitive.  

7) Mulching-seeding is a technique that is also effective on slopes prone to water erosion.  

8) The addition of organic amendments (manure) contributes significantly to the 

establishment of vegetation and the increase in biodiversity. 

9) Regarding the revegetation, it is necessary plan in advance with the nurseries for the 

production of plants and the seed marketing companies the delivery dates of the plant 

material ordered. It should be borne in mind that plant production involves not only the 

growing time from germination, but also the collection of seeds from the appropriate 

sources, which for each species occurs at certain times of the year. Some species must 

be grown in two saps, so planning ahead is critical. 

10) To process all the necessary permits for the mowing of meadows in the area, as well as 

for the extraction of the seed bank, so that these actions can be carried out by the end 

of the summer. The delay in these tasks can significantly reduce the efficiency of the 

sowing methods of mulching-seeding and seed bank transfer, as germination has 

already occurred and will be lost during the extraction and transfer of the material to 

the restored area. 

11) Plan for the reshaping of the relief and the spreading of the colluvium to be completed 

by the end of the summer, so that planting can be carried out before the autumn rains 

arrive. This prevents the soil from being devoid of vegetation during periods of high 

rainfall and the onset of erosion.  

   

Lousal 

12) The main best practise lesson learned during the development of LIFE RIBERMINE 

is that the soil covers for incorporating chemical stabilization for AMD upon GeoFluv 

– Natural Regrade landforms need to be mechanized (performed by machinery), and 

not by hand, since the latter –which were formerly proposed- are not efficient in terms 

of time and performance.   

  

6.4.6  Innovation and demonstration value 

 

With no risk of exaggeration, and as evidences probe, LIFE RIBERMINE is the most complete 

and innovative project in Europe regarding mine restoration practises. We keep reminding that 

LIFE RIBERMINE is the first project in the world integrating geomorphic solutions for pits or 

benches (GeoFluv – Natural Regrade) with those for hard-rock higwalls (Talus Royal). It is 

also the first mining restoration project in the whole continent of Europe which: (a) has used 

the Landscape Evolution Modelling SIBERIA tool (common method for evaluating the erosion 

potential of mine restoration solutions in Australia), and (b) integrates geomorphic restoration 

designs with chemical stabilization covers. Therefore, the transference potential is just 

enormous. The appearance at the well-acclaimed book 102 Things to Do in a Whole in the 
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Ground guarantees world visibility. And the visit by the most important mining companies of 

Northern Sweden in October 2021, to be trained on these solutions, are solid evidences. 

 

6.4.7  Policy implications 

 

Definitely, the policy implications of the aforementioned solutions are very high. We keep 

insisting that, the fact that the project has had such enormous visibility and replication, will end 

up, in the future, having a direct influence in restoration policies. 

 

The Circular Economy Strategy of Castilla-La Mancha 2030, which aims to respond to the 

challenges posed by the pioneering Law 7/2019 of Circular Economy of Castilla-La Mancha, 

is structured in axes, which are defined by lines and within the same general measures that are 

specified in the Action Plan developed by the Strategy. One of the lines of the Strategy is 

"Green, sustainable or innovative public procurement" which as a measure contemplates 

"Incorporation of sustainability criteria in public procurement".  

 

The Action Plan specifies this measure, with the implementation of a regional Green Public 

Procurement Plan, which will be drawn up within the time horizon of the Action Plan 2021-

2025. Following this line of action, in the LIFE RIBERMINE project, sustainable criteria are 

being applied, such as hiring the local population to avoid displacement in the revegetation 

tasks and the purchase of consumables from suppliers within the province. In the administrative 

field, the use of digital tools has been maximized, significantly reinforced by the incidence of 

COVID-19, in such a way that, since the health crisis, all the meetings of the Monitoring 

Commission and the External Advisory Council They are being held via video conference, thus 

minimizing travel. 
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7. KEY PROJECT-LEVEL INDICATORS 
 

The indicators provided in the approved proposal do not coincide in some cases with the 

indicators provided by the KPI webtool. The following table shows a comparison of the 

indicators provided in the approved proposal and the indicators of the final snapshot. 

 

 
 

 

 

 

Objetive Indicators Proposal End project
Proposal beyond 

5 years
Beyond 5 years Comments

Alto Tajo: 27.4 

ha
 27.96 ha 27.4 ha 35.21 ha

To the surface of 27.4 of peñalén, 0.56 

hectares of a replica in the same province 

have been added, and in the AFTER LIFE 

period the replica of Virgen de la Torre, of 

7.25 hectares.

Lousal: 1.5 ha  1.78 ha 1.5 ha 1.78 ha
The real measured surface has been 

considered

Alto Tajo: 21.5 

km
3.3 km >21.5 km 3.8 km

The actual measurement points have been 

considered in the monitoring actions of the 

biotic environment of Alto Tajo

Alto Tajo: 24 g/l 

CSS

1.1 g/l CSS    64.48 

t/year
20 g/l CSS

0.9 g/l CSS   58.03 

t/year

The reduction of suspended solids has been 

much more effective than what was 

considered in the proposal

6.41 pH 7 pH

Electrical 

conductivity: 3250 

uS/cm

Electrical 

conductivity 1000 

uS/cm

Oxidation 

reduction 

potential: 25.5 mV

Oxidation 

reduction 

potential: 10 mV

Iron and its 

compouds:     0.07 

mg/l      74.76 

kg/year

Iron and its 

compouds:     

0.04 mg/l           50 

kg/year

Zinc and its 

compouds:     2.05 

mg/l     2189.45 

kg/year

Zinc and its 

compouds:     

1.25 mg/l      2000 

kg/year

Reforested areas: 

increase in area 

under sustainable 

forest 

management

27.4 ha

This indicator was considered in the proposal 

but after a review it was considered to be 

outside the objective of the project

Soil compaction: 

0.92 ha (Alto 

Tajo)

Activity not foreseen in the proposal

Soil erosion 

27.4 ha (Alto 

Tajo)

Soil erosion 27.4 

ha (Alto Tajo)

Soil erosion 1.5 

ha (Lousal)

Soil erosion 1.5 

ha (Lousal)

Soil organic 

matter (Alto Tajo 

and Lousal): 3.4 

ha

Soil organic 

matter (Alto Tajo 

and Lousal): 

20.94 ha

Sustainable land 

use, agriculture 

and forestry

Soil surface 

improved

13.69 ha 20.94 ha
The surface where the soil and revegetation 

treatments have been carried out, including 

the replicas, have been considered. The 

details are in the deliverable.

Project area/length

Improved 

Environmental 

and Climate 

Performance 

Water 

Lousal pH 7 Lousal pH 7

In the case of waters in Lousal, it has been 

possible to provide more data than was 

considered in the proposal.
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Alto Tajo: 19 t 

(0.69 t/ha)
0.92 t/ha/year 50.7 t (1.85 t/ha) 0.1 t/ha/year

Lousal (no data 

in proposal)
0.365 t/ha/year 0.146 t/ha/year

Jobs created
number of jobs 

created 10
1.32 FTE

<10 jobs 

maintained
0 FTE

The data provided in the final snapshot has 

been the actual one calculated with the 

hours worked by the additional personnel.

Networking
5 mining 

companies
5

2 mining 

companies
6

1 mining company, 1 non-profit entity, 3 LIFE 

projects

Persons with 

improved capacity 

or knowledge due 

to project actions

27 operators 10 operators

The operators who have worked on the 

project works, since they are the ones who 

have ultimately directly received the 

practical knowledge of the techniques.

Professionals - 

experts in the field

55 operators and 

technicians

50 operators and 

technicians

6 training courses in which a total of 55 

people have participated

Governance Public body 2 1
The Tajo Hydrographic Confederation and the 

Peñalén City Council.

Number of 

entities/individual

s reached/made 

aware

6,000 people of 

general public

13,472  people of 

general public

25,000 people of 

general public

18,472 people of 

general public

The number of people reached as a result of 

the guided tours in the areas of action and 

with the dissemination events has been 

much greater than expected in the proposal. 

For 5 years from now, we have considered a 

more conservative figure than the one 

considered in the proposal.

Website 40,000 visits
31,997 (non-

unique) visits
60,000 visits

40,000 (non-

unique) visits

It has not been possible to count unique 

visits. The tool used was MonsterInsights 

from Google Analytics in the free version, 

and it does not allow obtaining previous 

data.

Behavioural 

changes

6,700 people of 

general public

9,400 people of 

general public

It has not been possible to measure the 

change in people's behavior, therefore this 

indicator has not been recorded
Number of 

different 

displayed 

information 

created

4 informative 

panels

5 informative 

panels and 4 

posters

1 informative 

panel additional 

in Lousal. 1 

poster

In total, 5 panels and 4 different posters have 

been created, 9 items in total.

Other distinct 

media products 

created 

 videos, traveling 

exhibition, 

newsletter, 

brochures, 

folders, 

notebooks and 

pens

8 8

Social networks, documentary videos, 

traveling exhibition, newsletter, brochures, 

folders, notebooks and pens. In total 8 types 

of products.

Number of 

different 

publications made 

6 23 3

3 papers, 9 articles in magazines or websites, 

7 publications in international conferences, 4 

publications in national conferences.

Number of 

events/exhibitions 

organised

2 official 

presentations, 

3 technical 

conferences

9 3

2 official presentations, 2 technical 

conferences, 1 workshop with local 

population, 4 seminars. In total 9. After 5 

years, 1 webinar, 1 revegetation day, 1 

seminar. In total 3.

Carbon sequestration

The calculations have been made based on 

the results provided by the LIFE C2M project, 

as detailed in the deliverable

Economic 

performance, 

market uptake, 

replication
150 technicians 

and operators 

from mining 

companies

60 technicians 

and operators 

from mining 

companies

Communication, 

dissemination, 

awareness rising


