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Contaminated Site Management

▪ Investigation

▪ Risk assessment

▪ Feasibility study

▪ Implementation design

▪ Remediation activities

▪ Supervision

▪ Post-Remediation monitoring
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Investigation

 Site reconnaissance (history, operations, 
ownership, approach, surrounding areas etc.)  

 Documentation review (maps, reports, 
authority decisions etc.)

 Geological and hydrogeological survey

 Identification of soil / groundwater 
contamination (priority contaminants, extend 
and level of contamination, source / plum zones)

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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Risk Assessment

 Identification of risk scenarios resulting 
from the real or potential negative impact 
of contamination on  public health or on 
the environment

 Determination of adequate risk 
management measures (e,g, maximum 
acceptable soil and groundwater 
contamination levels „Target limits“, 
„Threshold values“, „Intervention 
limits“)

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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Feasibility Study  Implementation Design

Feasibility study on the site remediation

 Selection of the most suitable remediation approach

 Selection of the most suitable remediation method (technology)

Implementation design

 Detailed technical design of the selected remediation approach and method implementation 
(must respect the site-specific conditions, applicable legal requirements and technical standards, 
client´s requirements etc.)

 Approval of elaborated Implementation design

 Obtaining all permits, licences and approvals necessary for implementation of the designed 
activities in accordance with applicable legal requirements and decisions of local authorities

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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Remediation 

 Acquiring and mobilization of equipment and machinery and personnel

 Installation and commissioning of technological equipment 

 Implementation of remediation activities in accordance with the approved Implementation design

 Remediation monitoring (environmental, quality, hygiene etc.)

 Project management and reporting

 Verification  (validation) sampling

 Handover of the remediated site to the client

Supervision

 Independent control of implemented remediation activities (material, time, financial performance)

Remediation  Supervision

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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 Primarily concerned with residual contamination at a site

 Verification of long-term sustainability of implemented remediation measures 

 Demonstrates that the objectives of the remedy are being met and that the risks to human 
health and the environment remain low and acceptable in the long term.

 Most often is associated with groundwater contamination ((because it is often impractical to 
completely remove contamination from groundwater)

 A separate presentation is devoted to this topic.

Post-Remediation Monitoring

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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▪ Determination of the remediation objective(s)

▪ Evaluation of general response scenarios 

▪ Set-up and evaluation of response approaches 

▪ Identification and screening of remediation methods

▪ Assembly of remediation alternatives

▪ Evaluation of remediation alternatives

▪ Selection of the optimum remediation alternative

Methodology of Feasibility Study
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▪ Goals which have to be achieved by implementation of specific remediation measures.

▪ Clear definition of the objectives is necessary for subsequent evaluation of the possibility to achieve
the objectives by application of pre-selected remediation alternatives

▪ Remedial action objectives aimed at protecting human health and the environment should specify:

- Contaminants of concern

- Exposure routes and receptors

- Acceptable contaminant levels for each exposure route

▪ Recommended tool for determination of Remediation objectives: Risk Assessment (Risk
Management Recommendations)

Determination of Remediation Objectives

▪ Remediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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▪ “No action” scenario: No active remediation measures are applied under this scenario. It is a baseline
for comparison of other potential response scenarios.

▪ Institutional control scenario: Application of legal or administrative measures or actions to prevent
exposure of public to existing contamination - such as administrative closure of the site for public,
relocation of local inhabitants to another area etc.

▪ Engineering control scenario - Application of technical measures to minimize risks related to exposure
of public to existing contamination - such as containment (capping), connection to a public drinking
water network etc.

▪ Treatment scenario - Response scenario based on reduction of the site contamination by application
of one or more soil and/or groundwater treatment methods.

Evaluation of General Response Scenarios

▪ Rmediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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▪ Rmediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative

No ActionInstitutional ControlEngineering ControlTreatment Scenario
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• Selection of the scenario(s) fulfilling the relevant remediation goals

• Combination of several response scenarios can be applied at a site

• Example:  Industrial and residential area  Soil and groundwater contaminated with POPs and other

contaminants  Remediation goals: (i) Protection of groundwater resources and (ii) Reduction of

public health risks to acceptable level  Exposure routes: (i) Contaminated groundwater

o Response Approach 1: Treatment Scenario only (Soil and groundwater remediation)

o Response Approach 2: Combination of Engineering Scenario (Containment of the source

zone), Institutional Scenario (ban on groundwater use), Treatment Scenario: Groundwater

pumping and treatment inside containment

Evaluation of Response Approaches

▪ Remediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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Information Summary:

• Former blind arm of the river Maly Dunaj

• From 1966 till 1979 officially used as a landfill for disposal of waste from chemical plant CHZJD /
Istrochem (pesticide production)

• Area: 46 500 m2

• Thickness of deposited waste layer: 1,5 - 2,5 m.

• Quantity of deposited waste: 90 000 m3

• Rehabilitation of the landfill: 1980 (just covering with 2-3 m of clean soil)

• Priority contaminants: Chlorinated pesticides (Hexachlorobenzene, Hexachlorocyclohexane
isomers), Herbicides, Chlorinated benzenes (chlorobenzene, dichlorobenzenes), PCBs, PAHs, BTEX,
TPHs, Heavy metals
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Potential risks:

• Workers in workshops and warehouses constructed on the landfill area
(Northern part)

• Homeless people in an emergency accommodation facility (Northern part)

• Random visitors of freely accessible areas (dogs walking)

• Residents of several houses and garden owners in the area adjacent to the Southern part of the
landfill

• Residents of the nearby Bratislava districts Vrakuňa and Podunajské Biskupice due to the use of
contaminated groundwater

• Residents in villages downstream groundwater flow potentially at risk of pollution migrating from
the landfill area

• Malý Dunaj river Southeast of the landfill



This Project is co-financed by

the European Union and the Republic of Turkey.

1

Mathematical Model:

• Contaminants
from the landfill
can migrate deep
into the central
area of the Žitný
ostrov area, which
is an important
groundwater
reservoir.
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Risk Management Measures:

• Reduce the concentration of priority contaminants in the unsaturated zone or take adequate
protective measures to prevent possible contact of persons with contaminated soil and further
deterioration of groundwater quality.

• Reduce the level of groundwater contamination or take adequate protective measures so that
pollution does not migrate to the residential areas of Bratislava Vrakuňa and Podunajské Biskupce
and further to the Žitný ostrov area.

• Do not use water from wells in Vrakuna for drinking, bathing (pools), washing and garden watering.

• Prevent new construction activities at the landfill area.

• Restrict free access to the landfill area (eg by its fencing).
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• Do not increase groundwater pumping downstream groundwater flow.

• Monitor development of groundwater pollution both at the landfill area and downstream
groundwater flow and further at Žitný ostrov reservoir.

Threshold limmits:

• For soi in zones A and B

• For groundwater in zones A and B.
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Remediation Approaches:

• “No action” scenario: All the identified risks will endanger public health and the environment for a
very long time.

• Institutional control scenario: The main identified risks will endanger public health and the
environment for a very long time.

• Engineering control scenario - Application of technical measures aimed at minimizing the contact
with the contaminated environment and elimination of further migration of pollution. It does not
remove or reduce the level of contamination in the area of interest.

Technical solution:

- Construction of an underground slurry wall around the entire landfill area (total length 2,050 m)

- Capping of the landfill area with impermeable surfaces

- Pumping and treatment groundwater from the area surrounded by an underground slurry wall
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- Implementation time: 18 months

- Estimated investment costs: EUR 14 600 000

- Estimated operational costs (groundwater
pumping, maintenance, monitoring:
EUR 240 000 / year

• Treatment scenario - Technical solution:

- Ex situ remediation of source area

- Enhanced attenuation of plume zone

- Implementation time: 59 months

- Estimated costs: EUR 113 130 000
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• Once the preferred response approaches have been selected, engineering and/or treatment

methods potentially suitable for technical implementation of the approaches should be identified

and screened.

• Those remediation methods that are clearly not feasible (e.g. not effective or implementable or are

substantially more costly than other technologies for a selected response approach ) should be

eliminated from further consideration.

• Following aspect should be considered when screening the remediation methods: (i) Efficiency in

removing existing contamination, (ii) Technical feasibility under the project conditions, (iii) Duration

of remediation, (iv) Legislative aspects and permitting, (iv) Limitations and risks, (vi) Costs

Screening of Remediation Methods

▪ Remediation objectives
▪ General response scenarios  
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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a) According to principle 
of applied technology:

▪ Physical

▪ Chemical 

▪ Biotechnological

▪ Other

Classification of Remediation Methods

▪ Remediation objectives
▪ General response scenarios  
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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b) According to applied strategy:

▪ Extraction of contaminants (pump&treat etc.)

▪ Destruction or transformation of contaminants (bioremediation etc.)

▪ Immobilization of contaminants (insulation etc.)

▪ Monitoring of existing contamination 

▪ Institutional measures (e.g. closure of the site for public)

c) According to the location where decontamination process takes place:

▪ In Situ

▪ Ex Situ (On-site, Off-site)

Classification of Remediation Methods

▪ Remediation objectives
▪ General response scenarios  
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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▪ Remediation objectives
▪ General response scenarios  
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative

c) According to location where 
decontamination process takes place:

▪ „In situ“ - directly inside contaminated 
saturated zone

▪ „Ex situ“ - after extraction of 
contaminated groundwater

- „On-site“ - treatment at the 
remediated site

- „Off-site“ - treatment outside the 
cleaned-up area, in a permitted 
facility (landfill etc.)



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Oerview of Remediation Methods
Complex overview of today applied methods for soil and groundwater remediation:

• see US EPA: Remediation Technologies Screening Matrix and Reference Guide

• Content: 

1 Introduction

2 Contaminant perspectives

3 Treatment perspectives

4 Treatment technology profiles (59 methods)

5 References

http://www.frtr.gov/matrix2/

▪ Remediation objectives
▪ General response scenarios  
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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Methods X
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Assembly of Remediation Alternatives

▪ Remediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative

Response
Approach 1

Remediation Alternative 1

Remediation Alternative 2

....

Remediation Alternative x

Remediation Alternative y

Remediation Alternative z

Response
Approach X

....

In this step, the selected 
remediation methods 
are assembled to the 
preferred response 
approaches and 
particular remediation 
alternatives are created.



This Project is co-financed by

the European Union and the Republic of Turkey.

1

5

▪ Multi-criteria expert evaluation is used to evaluate the created remediation alternatives.

▪ Especially the following aspects of particular remediation alternatives are the subject of evaluation:

o Compliance with legal (and other obligatory) requirements – Clean-up action has to be in 
compliance with all applicable legislation, relevant documents issued by authorities (such as 
decisions specifying target limits for the site remediation etc.) and obligatory technical 
standards (e.g. the technical standard for construction of ecological landfills and impermeable 
capping systems). 

o Compliance with the project-specific requirements – Site-specific limitations and Client´s 
requirements must be respected (e.g. on-site operating activities, fire / explosion risk 
environment, etc.)

Evaluation of Remediation Alternatives

▪ Remediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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o Effectiveness – Remediation objectives have to be achievable by application of particular 
remediation alternatives. Implementation of laboratory and pilot-scale treatability tests is 
recommended to verify effectiveness of a proposed remediation methods.

o Long-term reliability – Once the remediation objectives are achieved, they should be 
sustainable for a long-term period. For example, there must be no continuing migration of 
pollution from the remediated source zone to groundwater.

o Implementation risks – Public health, environmental, occupational safety, fire and explosion, 
technological and other risks related to implementation of each remediation alternative should 
be evaluated. 

Evaluation of Remediation Alternatives

▪ Remediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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o Remediation cost – Total costs related to implementation of the remediation alternative should 
be estimated (capital costs, operation costs, maintenance cots, costs for disposal of all waste 
streams generated during remediation etc.)

o Duration of remediation

▪ Expert evaluation is applied to compare individual remediation alternatives using the multi-criteria 
analysis. A scoring system is usually used to evaluate how the alternative meets the individual 
evaluation criteria (for example the scoring scale from 1 - worst alternative to 5 - best alternative). 

Evaluation of Remediation Alternatives

▪ Remediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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Treatability tests – Laboratory scale

▪ Remediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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Treatability tests – Pilot scale

▪ Remediation objectives
▪ General response scenarios 
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of the optimum alternative
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Case Study – Teccuci site, Romania
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Neither “No action scenario” nor “Institutional control scenario” nor „Engineering control scenario” meet
the requirements issuing from the Romanian legislation for the Tecuci site. Considering the available
investigation data application of the “Treatment scenario” is recommended for remediation of soil
contaminated by petroleum hydrocarbons at the site..

The “Treatment scenario” can be implemented by application one of the following three basic technologies
or their combination:

• „Ex situ” remediation of contaminated soil (excavation with subsequent disposal / treatment)

• „In situ” remediation of contaminated soil

• Natural or enhanced attenuation
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The recommended approach to subsoil remediation combines „Ex situ” and „In situ” technologies the 
following way:

• „Ex situ” technology: Excavation of 6 000 m3 most contaminated soil at the identified hotspot areas, 
treatment of contaminated soil and backfilling of excavations.

• „In situ” technology: In situ bioremediation will be applied for remediation of les contaminated clayey  
soil (slightly above the intervention limit). The soil will be treated without removal by application of 
biopreparation and nutrient solution, humidification and by aeration to the necessary depth.

The “In situ” remediation will comprise the following main activities:

- Mobilization and installation of equipment for In situ remediation

- Operation and monitoring of In situ remediation technology

- Removal of floating phase of petroleum hydrocarbons from groundwater table

The “Ex situ “ soil remediation technology will comprise the following main activities:

- Removal of non-contaminated soil overlaying the areas with soil contaminated in deeper horizons and
shipment of the excavated soil to an on-site deposit
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- Excavation of heavy contaminated soil

- Shipment contaminated soil to a treatment facility

- Treatment / disposal of the excavated soil (on-site or off-site)

• On-site treatment:

- Construction of an on-site treatment facility with sufficient capacity

- On-site treatment of excavated soil to achieve the remediation limits

- Loading treated soil and shipment for backfilling of excavations

• Off-site treatment:

- Treatment / disposal of excavated soil in off-site facility

- Purchasing, loading and shipment inert soil for backfilling of excavations

- Backfilling of excavations with soil meeting the remediation limits
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• Alternative 1:

- Excavation of non-contaminated soil overlaying contaminated soil horizons and temporary
depositing of excavated soil at the site

- Excavation the most contaminated soil using dozers and dredgers

- Shipment of excavated soil by trucks for off-site treatment/disposal

- Off-site treatment / disposal of heavy contaminated soil

- Installation of system for enhanced attenuation (to decrease residual contamination after heavy
contaminated soil excavation)

- Backfilling of excavations , compacting backfilled material, surface levelling



This Project is co-financed by

the European Union and the Republic of Turkey.

1

5

• Alternative 2:

- Construction a facility for on-site treatment of contaminated soil

- Excavation of non-contaminated soil overlaying contaminated soil horizons and temporary
depositing of excavated soil at the site

- Excavation the most contaminated soil using dozers and dredgers

- Shipment of excavated soil by trucks to the developed on-site treatment facility

- On-site treatment of heavy contaminated soil

- Operation In situ bioremediation technology (to decrease residual contamination after heavy
contaminated soil excavation)

- Backfilling of excavations , compacting backfilled material, surface levelling

• Alternative 3:
- “No action” scenario
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▪ Based on the multi-criteria expert evaluation of individual remediation alternatives, the best one (e.g. 
the alternative with the highest score) is recommended for implementation.

▪ Detailed description of the recommended remediation alternative (Preliminary design) should be 
prepared and presented to all stakeholders (client, authorities etc.). 

▪ After the Preliminary design is accepted, detailed Implementation design  needs to be elaborated and 
approved.

Selection of Optimum Alternative

▪ Remediation objectives
▪ General response scenarios  
▪ Evaluation of response approaches 
▪ Screening of remediation methods
▪ Assembly of remediation alternatives
▪ Evaluation of remediation alternatives
▪ Selection of optimum alternative
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Implementation Design

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring

▪ Complete design documentation, which to the necessary extent describes all activities that will be 
carried out at a specific site during the implementation of remediation measures.

▪ Primarily, the design must comply with all requirements of applicable legislation, including law 
related to: (i) environmental protection and water management (soil contamination, water 
protection, waste management, air protection, etc.), (ii) construction and demolition works; (iii) fire 
protection and occupational safety and (iv) freight transport (transport of dangerous goods).

▪ In addition, the remediation project must comply with:

- Decisions of the relevant state and local government authorities concerning the contaminated site 
(requirement for remediation, monitoring etc.)
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- Binding national technical standards (e.g. a standard for rehabilitation of former landfill sites)

- Applicable methodological guidelines

▪ Unlike other (e.g. construction) designs, a remediation design is usually burdened by a certain 
inaccuracy of the initial information on the basis of which the remediation measures were proposed 
(contamination data, geological / hydrogeological conditions etc.). Therefore, it is necessary that the 
design includes remediation monitoring, which will enable ongoing evaluation of the effectiveness of 
the implemented measures.

▪ Due to the potential impacts of a remediation project on various components of the environment, its 
approval may be more complicated than for other projects (involvement of river basin management, 
public etc.)

▪ Environmental impact assessment may be required to implement the designed remediation 
measures.
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1. Introduction 

- Project background and objectives 

- Document organization 

2. Site description and background information

- Site description and location 

- Site history 

- Summary of previous investigations and findings 

- Site characterization investigations 

- Human health risk assessment 

- Cleanup levels 

- Feasibility study

Implementation Design - Content

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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3. Implementation of selected remediation alternative

- Preparatory activities (electric power connection, construction of service roads and facilities for 
contaminated materials handling etc.)

- Mobilization

- Removal of waste and contaminated equipment

- Demolition works 

- Handling with contaminated debris

- Soil remediation - Ex situ 

- Soil remediation - In situ 

- Groundwater remediation

- Demobilization and handover of the site

Implementation Design - Content

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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4. Remediation Monitoring

- Soil excavation monitoring

- Construction waste monitoring

- Groundwater monitoring 

- Material quantity monitoring

- Air quality monitoring at work areas

- Noise monitoring 

- Technological monitoring

- Air emission (dust and odor) monitoring

- Meteorological Monitoring

Implementation Design - Content

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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5. Waste management

- Overview of generated waste streams (waste codes and quantities)

- Waste characterization

- Excavation of contaminated soil 

- Handling with generated waste streams

- On-site facilities for temporary storage of generated waste

- Waste transportation

- Final disposal of hazardous waste streams

- handling and disposal of generated non-hazardous waste

- Waste management records (quality, transportation, disposal etc.)

Implementation Design - Content

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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6. Permitting requirements 

- Construction permit 

- Demolition and asbestos handling / disposal permit

- Waste management permit

- Water management permit

- Electric power connection permit

etc.

7. Health and safety measures

8. Project organization roles and responsibilities 

9. Reporting

Implementation Design - Content

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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10. Supporting plans and documentation 

- Health and safety plan 

- Excavation plan

- Backfilling plan

- Stormwater pollution prevention plan 

- Construction traffic management plan and haul route plan 

- Emergency response plan 

- Post-excavation documentary sampling plan 

- Surface containment and soil management plan 

- Validation sampling plan 

- Long-term monitoring plan 

Implementation Design - Content

▪ Investigation
▪ Risk Assessment
▪ Feasibility Study
▪ Implementation Design
▪ Remediation  Supervision
▪ Post-Remediation 

Monitoring
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