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Abstract 

For the sustainable reclamation of an old industrial area the basic principles of 
project and risk management, were applied. This article summarizes the project 
and risk management of a reclamation project, in Lavrion, Greece. In Thorikos 
bay disposal of mining and metallurgical wastes in the past, resulted in the 
contamination with heavy metals and Acid Mine Drainage.  The objective of this 
reclamation project was to return this coastal zone from a contaminated site to an 
area suitable for recreation purposes. For the identification of hazards data 
available from comprehensive studies, as well as field data, provided the basis to 
determine the relevant risk for environmental contamination. For treating 
environmental risk, isolation and minimization of risk option was selected, and a 
reclamation scheme was selected based on environmental criteria, and comprised 
the in-situ neutralization, stabilization and cover of the potentially acid 
generating wastes and contaminated soils with low permeability geochemical 
barrier technique. Additional measures were specifically applied in the areas 
where highly sulphidic wastes consisted active acid generation sources, 
including the encapsulation of wastes in HDPE liners, installed on clay layers.  
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1 Introduction 

The Thoricos Bay is located in Lavrion, S-E of Athens, Greece, see Figure 1.  
Centuries of intensive mining exploitation and metallurgical treatment of lead-
silver deposits in the Lavrion area, starting in the classical era, and continuing 
with intervals till the 1980s, resulted in the production of significant waste 
stockpiles deposited in the area [1,2]. Above mine and processing wastes present 
elevated concentrations of heavy metals, toxic elements, and in certain areas, 
such as the Thoricos bay, they contain acid generating sulphidic materials that 
constitute the active sources of contamination for water resources and soils [1,2].  
To improve the environmental status of the Thoricos bay, the Prefecture of 
Attica within the EPPER Program awarded to a team of Greek consulting 
companies and Greek and international experts, in April 2005, the design of an 
integrated full scale project for the reclamation of acid generating wastes and 
contaminated soils in an area of 10 ha in the Thorikos bay. 
 

 

 
 

Figure 1: Thoricos bay Project area. 

The objective of the reclamation project (which establishes the context of the 
Risk Management) was, within budget limitation constraints, to return this 
coastal zone from a contaminated site to an area suitable for recreation purposes, 
as dictated from the prevailing land planning regulations for the Lavrio area. 
From the beginning there was involvement of the decision makers for risk 
management and analysis. Defining the purpose of the assessment, the scope of 
analysis and products needed, agreeing on participants-roles-responsibilities, 
agreeing on the depth of the approach and the resources-schedule were some 
general initial planning and scoping steps. 

At a first stage, and for the development of the reclamation strategy, for the 



identification of environmental risks, the environmental characteristics of the 
wastes and contaminated soils encountered in Thoricos bay were examined and 
the level of human and environmental risk was assessed. For the development of 
a reclamation strategy, the available state–of–the-art techniques for the 
stabilization and control of potentially acid generating mine wastes, containing 
increased levels of heavy metals, such as Pb, Zn, Cd and toxic elements, As, 
under actual field conditions were evaluated. Since the area to be reclaimed 
extends to the coastal zone, the reclamation scheme also included measures for 
the protection of the rehabilitated area against the sea waves and surface run-off 
erosion, including the design of a rock-fill coastal embankment and delineated 
drainage channels. 
 

2 Planning stage of the project 

The Planning stage of the Thoricos bay reclamation project,, was required and 
approved by the Prefecture of Attica, and included the following series of 
deliverables: 
 
1. Site Recognition 
• Geotechnical Study 
• Topographical survey 
• Coastal and seashore 

Engineering Study 
• Evaluation of the 

Environmental Status 
• Risk Assessment 

 
2. Design of Reclamation 

scheme (Initial and 
Detailed) 

3. Permitting stage 
• Preliminary Environmental Evaluation  
• Environmental Impact Assessment Study 

 
4. Invitation to Tenders 
• Preparation of the Invitation to Tenders for the 

Project implementation 
• Health and Safety Study 

 

For the implementation of the above project, tasks were assigned to the different 
members of the Project team.. 

At the present stage and following the completion of the Design stage of the 
Reclamation Scheme, the Environmental permitting of the project is in progress 
[3,4]. 
 



3 Assessment of existing status 

3.1 Site Description 

The site under study is a coastal zone, 1km long with an average width of 100m, 
i.e cover a total area of 10 ha. The site is physically divided into three sub-areas 
by three existing creeks: The "Bodosakis" creek at the SE, that represent a 
physical boundary of the Project area, a creek at the central area and a creek at 
the NW of the area (see Figure 2). 
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Figure 2: Thoricos Bay Project area 
 

3.2 Identification of Environmental Risks- Wastes Types. 

The site under study was used during the last decades for the uncontrolled 
disposal of mine wastes. To determine wastes distribution across the area, the 
results of previous studies and research projects conducted in the area were 
initially assessed [1,2] 

To further specify waste types and quantities as well as the extend of 
contamination in the study area; an additional sampling campaign was 
implemented within the current project including Geotechnical drilling and soil 
sampling [3,4]. Geotechnical drilling results indicated that the average depth of 
waste deposits was extended to 6-7 m, of which only 1.0-1,5m above the sea 
level, [3,4], and environmental characterization tests were conducted on the 
geotechnical drill core and soil samples collected. 



 
Based on published data, [1,2] and field data [7,8], it was confirmed that the 
following types of wastes have been disposed of in the Project area: 
• Sulphidic tailings in the Bodosakis area in the SE section of the project. 

They are characterized by high sulphur content, 14%-22% S, and they 
constitute active sources of acid drainage generation as documented by 
soils, surface waters and seawater analyses [2, 7]. The Characteristic sub-
yellow color jarositic sediments are found on these wastes due to the 
accumulation of sulphide oxidation products.   

• Sulphidic tailings of the former French Company, containing 4%-10% S 
covering the N-W and the central part of the area. Their color is dark grey 
to black color and they locally present increased neutralizing potential. No 
active acid generation was recorded at these wastes. 

• Metallurgical slags. These wastes are black and appear on the surface, 
between the central and the southern part of the study area, or below the 
sulphidic tailings. They have similar characteristics with the fine slags 
disposed in various locations in the wider Lavrion area.  

• Construction and backfilling wastes were identified in the central study 
area, close to the surface, as determined from the drillholes.  

 
Digital Terrain Model along with the Drill hole and surface sampling results 
were used to quantify the wastes disposed above the seal level, and based on the 
additional soil sampling campaign conducted within this project, the 
identification of hazards based on the wastes encountered in the study area lead 
in two main categories: those actively producing acid mine drainage (Bodosakis 
pyrites), located in an area of 0,8 ha and those which are not currently producing 
AMD, but present lower potential for acid generation.   
 

3.3 Analysis of Environmental Risks- Contamination Assessment 

For the analysis of environmental risks the main sources of risks were identified, 
the exposure pathways were determined,  the receptors were set up, and a 
corresponding risk analysis of every pathway was curried out. The source-
pathways-receptors scheme is depicted at following figure 3. 
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Figure 3: Sources, pathways and receptors for the environmental 

risk analysis. 
 
Based on this analysis the potentially important sources-pathways-receptors are 
assessed. The wastes to be reclaimed consist the volumes of all types of wastes 
above the sea level, since they are the only deposits that might constitute in the 
future sources of acid generation and environmental contamination. Based on 
risk analysis, the highest contamination risk was identified in the Bodosakis area 
where the active sources of acid generation were located. 

4. Treating risks and reclamation scheme 

4.1 Treating Risk Alternatives Examined 

To ensure that risks controls are implemented in a systematic way, the two main 
alternatives for treating risks and for the reclamation of the Thoricos bay were 
examined: 

• Isolation and Minimization of risk option. In situ reclamation, 
neutralization, stabilization and cover of the disposed mining wastes 
and contaminated soils with the application of low permeability 
geochemical barrier. Additional sealing measures to be employed in the 
high risk Bodosakis area. This scheme also includes the construction of 
a rock fill embankment along the coastal line and drainage channels for 
the protection of the reclaimed area from the sea waves and surface 
runoff erosion. 

• Elimination (removing the hazard) of risk option. Excavation of the 
mining wastes and contaminated soils, transfer and disposal in a 
specially constructed landfill, taking into account the environmental 
properties of the disposed wastes. 

 



The evaluation and comparison of the above alternatives was exclusively based 
on environmental criteria, including reclamation project land take, time 
requirements for the implementation of the reclamation scheme, potential 
Impacts on water resources, on Acoustic and Atmospheric Environment, on 
soils, on flora and fauna, on the cultural environment and Visual Impacts. 
 
Based on this multi-criteria analysis, it was clearly deduced that the first 
alternative of the in-situ neutralization, stabilization and cover of the 
contaminated wastes and soils is the preferable option for the reclamation of the 
Thoricos bay. This option results in reduced land take, shorter reclamation 
period, less potential impacts on water resources, atmospheric and acoustic 
environment and thus reducing the environmental risk.   
 

4.2 Treating Risk and Reclamation Scheme Design 

For the efficient prevention of the acid generation and stabilization of the mining 
wastes disposed at Thoricos bay, the development and application of the low 
permeability geochemical barrier at the sulfidic tailings surface was selected as 
the reclamation technique. This type of barrier, where the sulphidic wastes mixed 
with alkaline and other clay and/or pozolanic materials, are used in the 
construction of a low permeability, dry cover was evaluated in a number of 
research projects, and pilot-plant studies, recently conducted in for the 
reclamation of sulphidic mine wastes [5-9]. A similar technique was also 
successfully employed in the 1990’s by NTUA for the reclamation of the old 
flotation sulphidic tailings pond in the Technological Park of Lavrion [10,11].  
 
The geochemical barrier proposed in the current project for the Thorikos site 
consists of the sulphidic tailings mixed with limestone to ensure the 
neutralization of sulfidic wastes, while at the same time develop a 0.5m layer of 
low permeability. For the overall reclamation of the project area the design of the 
above barrier was combined with the required drainage layers with inert material 
of proper grain size and soil materials covers suitable for the protection of the 
low permeability layer and the support of the area revegetation, where required. 
This scheme was enhanced with additional measures in Bodosakis area, given 
the highly acidic properties of the wastes disposed there and the recorded on 
going, self catalytic acid generation reactions. The measures included the 
encapsulation of the acid generating wastes in a HDPE liner placed on a 
compacted clay layer.  
 
For the engineering design of the reclamation scheme, the topography of the 
Project area was surveyed, as well as the hydrological and coastal features of the 
Thoricos bay. Parameters considered included: (a) area and morphology of the 
intervention and the adjacent areas, (b) volumes of the mining wastes to be 
reclaimed, (c) quantities and specifications of the materials in the reclamation 
works, such as limestone, clay, geomembrane, geotextile, top soil etc., (d) 



specifications of the rockfill dam, (e) drainage channels for the protection of the 
reclaimed area. 
 
Based on the above, the reclamation scheme of the Project area is to be 
implemented in the following sequence: 

1. Remediation of sulfidic wastes of Bodosakis area, of 5.277 m2. In-situ 
neutralization of the sulfidic wastes with 20% w/w of limestone, their 
excavation and transfer to the adjacent area, lining of their disposal area 
with geomembrane 1,5 mm HDPE, placed over compacted low 
permeability clay liner. The HDPE liner, fully encapsulating this highly 
acid generating sulphidic material will be covered by geotextile, a 
drainage layer of 30cm and then by soil and topsoil cover.   

2. Construction of cement channels for a flood event with a 1:50 years 
return period, for the drainage of the surface runoff from the upstream 
and project areas. Thus, the whole area that will be unified, allowing the 
safe movement of earthwork vehicles. 

3. Construction of Rock fill embankment of a height 2.70 m.a.s.l. The 
embankment will be constructed 11m from shoreline and will be 
founded at level -1 m.a.s.l. 

4. Leveling of the area to be reclaimed wastes movements from areas 2 
and 3 to area 1. 

5. Preparation of low permeability geochemical barrier of 50cm on the 
surface of wastes mixed with limestone (20% w/w) and clay (10% 
w/w). This barrier will be applied in intervention area, after the 
completion of the remediation works at Bodosakis area.  

6. Construction of a 30-cm gravel drainage layer.  
7. Coverage of the whole intervention area with a 30 cm soil cover and a 

20 cm top-soil layer. 
8. Fitting works among intervention areas. 
 

Figure 4 presents the layout and typical sections of the Project area after 
reclamation works. 
 



 
 

Figure 4: Project area after reclamation works 
 

6. Conclusions 

For the sustainable reclamation of an old mine waste disposal area, covering an 
area of 10 ha at the Thoricos bay, in Lavrion, the basic principles of Risk 
Management and Project Design were implemented.  

For the identification of hazards (risk characterization) data available from the 
comprehensive studies and research programs conducted in the Lavrion area in 
the past, as well as field surveys and analyses, completed within the current 
Project provided the basis to determine the waste types deposited in the study 
area, their quantities, their spatial distribution and the relevant risk they present 
for environmental contamination. 

For treating environmental risk, isolation and minimization of risk alternative 
was selected, and the corresponding reclamation scheme was selected based on 
strictly environmental criteria, and comprised the in-situ neutralization, 
stabilization and cover of the potentially acid generating wastes and 
contaminated soils with low permeability geochemical barrier technique. 
Additional measures were specifically applied in the areas where highly 



sulphidic wastes consisted active acid generation sources, including the 
encapsulation of wastes in HDPE liners, installed on clay layers. This integrated 
reclamation scheme also includes the construction of a rock fill embankment 
along the coastal line and drainage channels for the protection of the reclaimed 
area from the sea waves and surface runoff erosion. 

For the design of this risk management scheme the expertise of a 
multidisciplinary team comprised by Geologists, Hydrologists, Mining, 
Chemical, Civil, Survey, Marine and Environmental Engineers, Acid Mine 
Drainage experts and Ecologists was constructively employed. 

The different stages of the Project were carefully designed, so as to allow its 
timely implementation within the scope of the environmental risk management 
and the determined time and budget. 

The Thoricos bay reclamation project, once completed, will consist one of the 
challenging environmental projects conducted by the Greek public sector, for the 
rehabilitation of a historic mine site.  
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