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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 and wastewater management

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

- Handling with generated waste streams

- On-site facilities for treatment and temporary storage of generated waste

- Waste transportation

- Final disposal of hazardous and non-hazardous waste streams

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

- Wastewater characterization – quantity, quality

- Wastewater treatment and disposal

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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Long-term Monitoring

Contaminated Site Management:

▪ Investigation

▪ Risk assessment

▪ Feasibility study

▪ Implementation design

▪ Remediation activities

▪ Supervision

▪ Post-Remediation monitoring (PRM)

▪ Investigation

▪ Risk assessment

▪ Feasibility study

▪ Implementation design

▪ Long-term Remedial Approach 
(Natural Monitored Attenuation, 
Reactive barriers, Encapsulation etc.)  
+ Long-term Monitoring (LTM)
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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)

 „Post-Remediation Monitoring „  vs.  „Validation Monitoring“  - utilized to demonstrate that at 
the time of completion of the remediation project, the remediation objectives were met 
(typically threshold limits were achieved). 

Post-Remediation Monitoring
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PRM vs. Effectiveness of Remediation Methods

Soil excavation + Off-site disposal 
(Landfilling, Incineration etc.)
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Soil bioremediation, Soil vapor extraction, 
Bioventing, In situ thermal desorption etc.

Soil excavation + On-site treatment (Thermal 
desorption, Soil washing,  etc.)
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PRM vs. Effectiveness of Remediation Methods
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Soil Vapor Extraction

In Situ Bioremediation

Steam Enhanced Soil Vapor Extraction – In situ 
Thermal Desorption
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In Situ Bioremediation
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Soil Vapor Extraction
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Steam Enhanced Soil Vapor Extraction – In situ Thermal Desorption
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Soil Stabilization

100

80

60

40

20

C
o

n
c

e
n

tr
a

ti
o

n
 (

%
)

Time

C
o

n
c
e

n
tr

a
ti
o
n

 i
n

 L
e

a
c
h
a

te
 (

%
)

100

80

60

40

20

C
o

n
c

e
n

tr
a

ti
o

n
 (

%
)

Time

Encapsulation

PRM vs. Effectiveness of Remediation Methods
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Chemical destruction (Oxidation, 
Reduction)

Groundwater Pump & Treat, Air sparging, 
Biological methods 
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Chemical Oxidation

Pump  Treat
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Pump  Treat
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Chemical Oxidation
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Long-term Monitoring of Containment

Capping Slurry wall
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Long-term Monitoring of PRB

Trench Boxes
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Monitored Natural Attenuation

▪ Monitored natural attenuation (MNA) relies on natural processes to decrease or “attenuate” 
concentrations of contaminants in soil and groundwater: 

o Biodegradation (naturally present microflora)

o Adsorption of contaminants to soil particles or rock surfaces. It does not destroy the 
contaminants, but it keeps them from moving deeper underground or from leaving the site with 
groundwater flow. 

o Dilution decreases the concentrations of contaminants as they move through and mix with 
clean groundwater. 

o Evaporation of volatile contaminants (like gasoline and industrial solvents)
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Monitored Natural Attenuation

o Chemical reactions with natural substances underground may change contaminants into less 
harmful forms (e.g. in a reductive environment, the toxic “Chromium VI” can be converted to a 
less toxic and mobile form called “Chromium III”).

▪ MNA is sufficiently fast and efficient only if there are favorable conditions at the site.

▪ MNA works best as the last step in the cleanup process when contaminant concentrations are low -
e.g. after the source of contamination was removed and the most highly contaminated soil and 
groundwater was treated to lower contamination levels, MNA may remove the remaining, smaller 
amount of contaminants in the soil or groundwater.

▪ Regular monitoring is necessary  to make sure that contaminants are not migrating out of the site 
and that they attenuate fast enough to meet site cleanup objectives. 

▪ MNA may take several years to decades to clean up a site. 
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Monitoring Strategy

▪ Following the identification of the need for LTM at a site an LTM strategy should be formulated. The 
strategy will be different for each site, and be dependent on: 

o Objectives of the LTM

o Site conditions

o Remediation already deployed

o Scale of the monitoring (shall correspond to the complexity of the site)

o Regulatory requirements, including orders or notices

o Sensitivity of potential receptors 

o Uncertainty (e.g. seasonal fluctuations) 
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Monitoring Frequency

▪ There are many factors that influence how frequently monitoring should occur, including: 

o Nature of the contamination

o Site characteristics

o Seasonal fluctuations in conditions;

o Regulatory requirements;

o Stakeholder perception of risk (including community perspectives). 

▪ A staged approach involves frequent monitoring in the early stages of the LTM to assist in 
characterizing seasonal or other variations, with subsequent monitoring occurring at longer intervals. 



This Project is co-financed by

the European Union and the Republic of Turkey.

1

5

Monitoring Parameters

▪ It is recommended that the monitoring parameters and analytical methods are consistent with those 
employed in the validation phase. Target parameters will include: 

o Analytes identified as contaminants of concern during the remedial phase

o Analytes identified as potential contaminants of concern based on the CSM update following 
validation

o Parameters which provide information regarding hydrogeological or geochemical conditions 
affecting the fate of identified contaminants of concern (eg oxidation/reduction potential, soil 
pH)

o Parameters which provide information regarding environmental change (e.g. groundwater 
levels, temperature)
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Long-term Monitoring Plan

▪ An example table of contents for an LTMP : 

o Introduction

o Background 

o Roles and responsibilities

o Monitoring activities

o Quality control / quality assurance

o Maintenance activities

o Contingency planning

o Reporting

o Closure

o Uncertainty 
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Long-term Monitoring Plan - Content 

▪ Background: 

» Executive summary » Site identification » Site history » Conceptual site model » Summary of 
previous investigation and remediation activities

▪ Roles and responsibilities: 

» Site owner » Site occupier » Regulator » Party responsible for ensuring that the LTM objectives 
are achieved » Details on accessing the site to conduct monitoring

▪ Monitoring activities:

» Target media » Target analytes » Monitoring locations » Monitoring frequency at each location »
Sampling (Sampling and testing methods and equipment, Calibration procedures, Number and type 
of QA/QC samples to be collected, Decontamination and preservation techniques, Sample storing 
and transport) » Laboratory analysis (Analytical methods)
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Long-term Monitoring Plan - Content 

▪ Quality assurance and quality control: 

» Field and laboratory quality assurance / quality control (QA/QC) procedures

▪ Maintenance activities: 

Due to the LTM timescales, the monitoring infrastructure may require maintenance to 
ensure its longevity and the reliability of collected data – e.g. groundwater monitoring wells 
may need redevelopment due to silting etc. 

▪ Contingency planning: 

The contingency plan should include trigger levels for the indicator parameters that are 
important in protecting human health, the environment, and the environmental values of 
the site, which if exceeded necessitate implementation of the contingency plan.
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Long-term Monitoring Plan - Content 

Such triggers may include, but are not limited to, evidence of: 

o increased contaminant concentrations

o changing contamination extent or migration 

o new contaminants being released from the source, contaminant rebound, or a new 
primary source;

o contaminant concentrations are not decreasing at a sufficient rate to achieve the 
remedial objectives within a reasonable timeframe

o changes in land, groundwater, or land resource utilisation that could adversely affect the 
remediation. 

The contingency plan should be initiated when trigger levels are exceeded.
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Long-term Monitoring Plan - Content 

▪ Reporting: 

o Following each monitoring event, a report should be prepared 

o Reporting requirements will differ between each site, depending on regulatory or 
legislative requirements, or proponent or community expectations. 

▪ Closure 

o A key part of formulating the LTM strategy is to identify whether site closure is likely to 
be achievable (e.g. the remedial objectives are forecast to be met after a period of time) 
or whether the site will require monitoring in perpetuity (e.g. a coastal containment 
cell). 
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Case Study 1
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Case Study 1
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Case Study 2
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Case Study 2
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Case Study 3
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Case Study 3



This Project is co-financed by

the European Union and the Republic of Turkey.

1

5

Case Study 4
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Case Study 4
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Case Study 5
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Case Study 5
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Case Study 6
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Case Study 6
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Case Study 7
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Case Study 7
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Case Study 8
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Case Study 8
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Case Study 9

Boyukshor Lake Rehabilitation Project - Baku, Azerbaijan

Client:   Baki Abadliq Xidmeti LLC
Address: Neftchiler ave, 24, Dalga Plaza, Baku, Azerbaijan
Contact Person: Abraham Visagie, Project Manager
Tel: + 994 55 414 66 00
Email: a.visagie@archico.az

Primary contaminants: Petroleum hydrocarbons 
Volume of stabilized waste: 724 261 m3

Implementation time: 03/2019 - 11/2021
Project costs:  Confidential information
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Case Study 9
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