LIFE+ PROJECT - SEKRET
LIFE12 ENV/IT/000442
"Sediment ElectroKinetic REmediation Technology for heavy metal pollution
removal"

DELIVERABLE ACTION B5
“Final best practice report”

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 2 of 47

Index
List of abbreviations .................................................................................................................................... 6
1

Summary ............................................................................................................................................... 7

2

Legal and policy framework on dredged sediments ....................................................................... 8

3

2.1

International and regional conventions .................................................................................... 8

2.2

European policy framework..................................................................................................... 10

2.3

National policy framework ....................................................................................................... 14

2.4

Guidelines ................................................................................................................................... 16

Technologies and solutions for management of contaminated sediments ............................... 17
3.1

Dredging ..................................................................................................................................... 17

3.2

Transport .................................................................................................................................... 18

3.3

Treatment.................................................................................................................................... 18

3.4

Final location: beneficial use or disposal ................................................................................ 19

4
Electrokinetic remediation of marine sediments contaminated by heavy metals: the
SEKRET project ........................................................................................................................................ 20

5

4.1

Sediment characterization......................................................................................................... 20

4.2

Dredging ..................................................................................................................................... 20

4.3

Transport .................................................................................................................................... 20

4.4

Treatment.................................................................................................................................... 21

4.5

Final location .............................................................................................................................. 23

Market Analysis Results.................................................................................................................... 23
5.1

Overview ..................................................................................................................................... 23

5.2

Opportunity ................................................................................................................................ 24

5.3

Product Description .................................................................................................................. 24

5.4

Market Description.................................................................................................................... 24

5.5

Main Findings at a glance ......................................................................................................... 24

The remediation market ................................................................................................................... 24
The dredging market ......................................................................................................................... 25
Dredging activities and sediments contamination ........................................................................ 25
Sekret market estimate...................................................................................................................... 26
Survey results ..................................................................................................................................... 27
5.6
6

Sekret market alternatives and conclusion ............................................................................. 27

LCA Results ....................................................................................................................................... 28
6.1

Comparison between SEKRET remediation and disposal in the landfill ......................... 30

6.2
7

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 3 of 47

Conclusion and advice .............................................................................................................. 33

SEKRET manual and permit .......................................................................................................... 35
7.1

Permits ........................................................................................................................................ 35

Extraction permit/notification........................................................................................................ 35
Discharge permit/notification......................................................................................................... 35
Permit for water discharge into sewer ............................................................................................ 36
Special ruling ...................................................................................................................................... 36
Permit for storage of sediments ...................................................................................................... 36
Permit for transport facilities/access ............................................................................................. 36
Storage of equipment in public areas ............................................................................................. 36
7.2

Best practise on Monitoring of process parameters ............................................................. 36

Monitoring plan ................................................................................................................................. 36
7.3

Process parameters in the container ....................................................................................... 38

Power supply ...................................................................................................................................... 38
Circulation system ............................................................................................................................. 38
7.4

Process parameters in the field ................................................................................................ 39

7.5

Best practice on sampling ......................................................................................................... 39

Influent samples ................................................................................................................................ 40
Effluent samples ................................................................................................................................ 40
Analysis parameters........................................................................................................................... 40
7.6

Malfunctions and problems ..................................................................................................... 41

7.7

Environmental technology problems ..................................................................................... 45

7.8

Climatological problems ........................................................................................................... 45

7.9

Problems with the purification system ................................................................................... 46

References ................................................................................................................................................... 47

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 4 of 47

Index of tables
Table 1 International and Regional Conventions .................................................................................... 8
Table 2Italian legislation on dredging for SINs ..................................................................................... 16
Table 3 Physicochemical properties of the sediments. pH, particle size distribution and chemical
analysis were applied to three replicate samples. ................................................................................... 21
Table 4: LCA landfill results ..................................................................................................................... 31
Table 5: Compare SEKRET - LANDFILL ........................................................................................... 33

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 5 of 47

Index of figures
Figure 1 Synthesis view of EU regulations on dredging material and disposal (taken from Wik et
al., 2011) ....................................................................................................................................................... 11
Figure 2 Overview of sediments handling operations (taken from SMOCs, 2013) ......................... 17
Figure 3 Simplified diagram of the SEKRET plant .............................................................................. 23
Figure 4: Schematization of the process on a real scale........................................................................ 29
Figure 5: Results LCA of the SEKRET .................................................................................................. 30
Figure 6: LCA Landfill results .................................................................................................................. 32

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 6 of 47

LIST OF ABBREVIATIONS
DMAF

Dredged Material Assessment Framework

EC

European Commission

EQS

Environmental Quality Standards

LC

London Convention

LCA

Life Cycle Assessment

LP

London Protocol

MAP

Mediterranean Action Plan

MSFD

Marine Strategy Framework Directive

SIN

Site of National Interest

UNEP

United Nations Environment Programme

WFD

Water Framework Directive

1

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 7 of 47

SUMMARY

This deliverable product named “Final best practice report” is associated with Action B.5
“Development of policy-oriented recommendations.
This action started in the third quarter of 2015 as originally planned but it gained a slight delay for
two main reasons:
1. the results of the first part of plant operation performed in action B.4 were controversial (as
explained in the progress report) and required some revision prior of taking results to be
included in the foreseen policy-oriented recommendations;
2. the foreseen responsible of this action, TuscanyReg, faced some problems related to
acquisition of external personnel and the displacement of internal personnel (due to
Governmental measures released to contain the expenses of public institutions).
The latter problem was solved by moving from TuscanyReg to UniPi the responsibility and most
of the activity required to perform Action B5. The task of TuscanyReg is only to provide support
to UniPi for normative issues and acquisition of the necessary contacts.
The extension of this action up to the new completion date of the project (end of October 2017)
was approved by EC through the request of amendment. Consequently, the date of release of the
final report was delayed to 31 of October 2016 and the release of the final reports was delayed to
31 of October 2017.
The aim of the Action B.5is to prepare an operative protocol and a set of guidelines to be used as
a base for an updated legislative framework on polluted sediment handling and treatment.The
protocol could be adopted as a simple set of best-practice procedures, of a set ofguidelines, or even
a base for the production of an integrated legislative framework on sediment handling.
In the paragraph 2 of this report the policy framework at different levels (national, European,
international, etc.) will be reported; in the paragraph 3 will be given a short description of the
management procedure of dredged sediments and in the paragraph 4 will be described the different
phases for the SEKRET plant implementation.
The market analysis and LCA results are summarized resplectively in paragraph 5 and 6.
In the paragraph 7, the SEKRET manual and permit are reported.

2
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LEGAL AND POLICY FRAMEWORK ON DREDGED SEDIMENTS

The dredging and disposal of marine sediments (also called dredged material), whether
contaminated or clean, isregulated by a number of local, regional and nationalframeworks that
differ depending upon location, but whichare bounded by international treaties, directives and
conventions.
An overview of the main regulations and guidelines will be described in the following paragraphs.

2.1 International and regional conventions
The International Conventions are agreements between sovereign nations; each nation decides
independently whether or not to ratify a particular Convention. When a certain number of
countries have ratified a Convention, it can become an international law. As the ratification is done
by sovereign states, the European Union as a supranational body does not play a role.
Consequently, International Conventions have priority over EU law. As will become evident, this
may lead to friction between the rules at the international and supranational levels (Mink et al.,
2006).
Anyway the most important international and regional conventions concerning the dredged
sediments management are mainly focused on the marine pollution issues and only marginally
focussed on the dredging of polluted sediments (Adorni, 2010; Mumelter et al., 2012).
A list of the main international and regional conventions is reported in Table 1.
Table 1 International and Regional Conventions
Conventions

Description

London Convention (1972) and London Prevention of Marine Pollution by Dumping of Wastes and Other Matter
Protocol (1996)
Oslo-Paris (OSPAR) Convention (1992)

Protection of the Marine Environment of the North - East Atlantic

Helsinki (HELCOM) Convention (1992) Protection of the Marine Environment of the Baltic Sea
Barcelona Convention (1976) Dumping Protection of the Mediterranean Sea against pollution.
protocol (1994)
Basel Convention (1994)

Control of trans-boundary movement of hazardous waste and their
disposal

Stockholm Convention (2001)

Persistent Organic Pollutants

Ramsar Convention (1971)

Wetlands of International Importance

The most relevant international and regional regulations for the Mediterranean Sea Area are:
(1) London Convention (LC) and London Protocol (LP), and
(2) Barcelona Convention and some of its protocols.
The Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter
1972 - the London Convention for short - is one of the first global conventions to protect the
marine environment from human activities. It has been in force since 1975 and it is the most widely
applicable international regulatory instrument. Some 90 States are parties to this Convention. In
1996, the LP was agreed to further modernize the Convention and, eventually, replace it. Under
the Protocol all dumping is prohibited, except for possibly acceptable wastes on the so-called
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"reverse list". The Protocol entered into force on 24 March 2006 and there are currently 47 Parties
to the Protocol.
The objective of both the LC and its protocol is to promote the effective control of all sources of
marine pollution and to take all practicable steps to prevent pollution of the sea by dumping of
wastes and other matter. In compliance with articles I and II of the Convention and article 2 of the
Protocol contracting parties should take effective measures to prevent pollution of the marine
environment caused by dumping at sea.
As for the LC black- and grey-list approach is applied for wastes, which can be considered for disposal
at sea according to the hazard they present to the environment. For the black list items dumping
is prohibited. Dumping of the grey-listed materials requires a special permit from a designated
national authority under strict control and provided certain conditions are met. All other materials
or substances can be dumped after a general permit has been issued.
On the other hand, the Protocol is more restrictive. A reverse list approach is adopted, which implies
that all dumping is prohibited unless explicitly permitted:
▪
▪

incineration of wastes at sea is prohibited;
export of wastes for the purpose of dumping or incineration at sea is prohibited.

Extended compliance procedures and technical assistance provisions have been included, while a
transitional period allows new Contracting Parties to phase in compliance with the Protocol over
a period of five years, provided certain conditions are met (IMO).
In compliance with Annex 1 of the LP dredged material may be considered for dumping (when no
radioactive matter is present) but requires a permit. In LC (article 11 of the Annex 1) dredged
material is not considered an industrial waste (defined like waste materials generated by
manufacturing or processing operations). The article 1.2 of the Dredged Material Assessment
Framework (DMAF) states that dredged material can be managed separately from waste materials.
As for the management of dredged material the DMAF gives the possibility to define national
action levels (upper and lower levels) for evaluation of suitability for dumping of dredged material
(Mumelter et al., 2012).
The Barcelona Convention for the Protection of the Marine Environment and the Coastal
Region of the Mediterranean was adopted in 1995. Already in 1975, 16 Mediterranean countries
and the European Community adopted the Mediterranean Action Plan (MAP), the first-ever
Regional Seas Programme under UNEP's umbrella. In 1995, the Action Plan for the Protection of
the Marine Environment and the Sustainable Development of the Coastal Areas of the
Mediterranean (MAP Phase II) was adopted by the Contracting Parties to replace the
Mediterranean Action Plan of 1975 (EC, 2016).
Today the Contracting Parties are 22. The Convention's main objectives are (EC, 2016):
▪
▪
▪
▪

to assess and control marine pollution;
to ensure sustainable management of natural marine and coastal resources;
to integrate the environment in social and economic development;
to protect the marine environment and coastal zones through prevention and reduction of
pollution, and as far as possible, elimination of pollution, whether land or sea-based;

▪
▪
▪
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to protect the natural and cultural heritage;
to strengthen solidarity among Mediterranean coastal States;
to contribute to improvement of the quality of life.

The Barcelona Convention has given rise to seven Protocols addressing specific aspects of
Mediterranean environmental conservation (EC, 2016):
▪
▪
▪
▪
▪
▪
▪

Dumping Protocol (from ships and aircraft);
Prevention and Emergency Protocol (pollution from ships and emergency situations);
Land-based Sources and Activities Protocol;
Specially Protected Areas and Biological Diversity Protocol;
Offshore Protocol (pollution from exploration and exploitation);
Hazardous Wastes Protocol;
Protocol on Integrated Coastal Zone Management (ICZM).

As for dredged material the article 4.2 of Dumping Protocol states that the dumping is possible
but it requires a prior special permit, after careful consideration of several factors (e.g.: physical,
chemical, biochemical, biological characteristics, toxicity, persistence, accumulation and
biotransformation , etc.). The species living on or in the sediment are of course particularly
vulnerable to sediment quality. For this reason the contracting Parties has to carry out measures to
ensure the conservation of endangered or threatened species of flora and fauna or their habitats
(article 11.2 of the Protocol concerning Specially Protected Areas and Biological Diversity
Protocol) and eliminate pollution to the fullest possible extent (article 4 of Barcelona Convention).
Furthermore, projects and activities that could significantly affect protected areas and species and
their habitatshave to be evaluated and taken into account (article 17 the Protocol concerning
Specially Protected Areas and Biological Diversity Protocol) (Mumelter et al., 2012).

2.2 European policy framework
EU law essentially consists of three types ofinstruments (Mink et al., 2006):
▪
▪

▪

Framework Directive: they define a general approach which sets a number of boundary
conditions and constraints and have to be implemented by each member state in
accordance with its specificcircumstances.
Directives: they are equivalent to laws and are binding on the member states, except for
the fact that they first have to be “transposed” into national law. This poses a particular
problem: some member states have a tendency to transpose (environmental) EU law in a
very strict and stringent manner, while others tend to follow the minimumrequirements of
the Directive.
Regulations are legal decisions taken at European level that are binding as such for the
member states and do not needtransposition. They usually concern moretechnical details.

EU law does not deal specifically with dredged material. Nevertheless, a number of EUDirectives
have an impact on themanagement of dredged material, eitherdirectly or indirectly (Mink et al.,
2006). Figure 1 presents anoverview of the structure of the relevantregulations and the relationship
betweenthe various Directives.
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Figure 1 Synthesis view of EU regulations on dredging material and disposal (taken from Wik et al., 2011)

The Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000,
known as Water Framework Directive (WFD), aims to establish a framework for the protection of
inland surface waters, transitional waters, coastal waters and ground waters in Europe. It applies to
all water bodies, including rivers, estuaries, coastal waters out to a minimum of one nautical mile,
and artificial water bodies such as docks and canals. The WFD provides for a “combined approach”
of emission limit values and quality standards by setting out an overall objective of good status for
all waters as well as providing for source controls.
The WFD does not specifically deal with sediment although sediments are a natural and essential
part of the aquatic environment. The WFD provides a list with priority hazardous substances, of
which many have the preference to adhere to sediment. Although sediment fluxes are not explicitly
included,it is clear that sediment and water quality are closely linked. Thuscontaminated sediment
fluxes significantly impact water quality. Article 16(1) of the WFD requires the adoption of specific
measures to progressively reduce discharges, emissions and losses of priority substances, and to
cease or phase out discharges, emissions and losses of priority hazardous substances. Furthermore
in compliance with article 16(7) the Commission shall submitproposals for qualitystandards 1
applicable to the concentrations of the prioritysubstances in surface water, sediments or biota.

“Environmental quality standard” means the concentration of a particular pollutant or group of pollutants in water,
sediment or biota which should not be exceeded in order to protect human health and the environment (article 2.35).
1
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The European Community has fulfilled the task set in Art. 16(7) for surface water only with the
adoption of Directive “Daughter” 2008/105/EC on environmental quality standards. In
compliance of article 3.2 of this Directive, Member States may opt to apply EQS for sediment
and/orbiota instead of those laid down for surface water in some cases and under specific
requirements (e.g.: EQS for sediments and/or biota have to offer at least the same level of
protection as the EQS for water set out in Part A of Annex I).
In addition to the WFD the handling of dredged material especially in marine environment is
touched on as part of EU environmental policy through theMarine Strategy Framework
Directive - MSFD (2008/56/EC). It came into force on 15 July 2008 and has a strong focus on
the development of a coherent, co-ordinated and integrated approach to the marine.The MSFD
establishes a framework within which Member States shall take the necessary measures to achieve
or maintain good environmental status in the marine environment by the year 2020 at the latest
(article 1.1), to protect and preserve the marine environment, or, where practicable, restore marine
ecosystems in areas where they have been adversely affected (article 1.2.a). Marine strategies shall
apply an ecosystem-based approach to the management of human activities, ensuring that the
collective pressure of such activities is kept within levels compatible with the achievement of good
environmental status 2 and that the capacity of marine ecosystems is not compromised, while
enabling the sustainable use of marine goods and services by present and future generations (article
1.3).
As for the WFD also the MSFD does not specifically deal with sediment. The management of
sediment could be related to the qualitative descriptors number 6 and number 8. They respectively
set that “sea-floor integrity is at a level that ensures that the structure and functions of the
ecosystems are safeguarded and benthic ecosystems, in particular, are not adversely affected” and
that “concentrations of contaminants are at levels not giving rise to pollution effects”. Sediment
contamination is also mentioned in Table 1 of Annex III as part of “other features”. In this table
an indicative list of characteristics to be taken into account in order to assess the environmental
status is given (physical and chemical features, habitat types, biological features, hydro-morphology,
other features).
Dredged sediments are also connected to the Waste Framework Directive (2008/98/EC) which
defines as waste any substance or object which the holder discards or intends or is required to
discards (article 3.1). Article 2.3 of the Waste Directive implicates the exclusion of non-hazardous
sediments, where hazardous waste is defined as that waste which displays one or more of the
hazardous properties listed in Annex III (article 3.2). In compliance with article 4 of the Directive
a hierarchy for waste management is:
a)
b)
c)
d)
e)

prevention;
preparing for re-use;
recycling;
other recovery (e.g. energy recovery);
disposal.

All five options have to be part of an integrated sediment management (Wik et al., 2011).
Good environmental status has to be determined at the level of the marine region or subregion (article 4), on the
basis of the 11 qualitative descriptors listed in Annex I.
2
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The European Waste Catalogue (2000/532/EC) lists categories of material, substances and objects
that could end up as waste. It includes as entries:
▪
▪

170505 - Dredging spoil containing dangerous substances
170506 - Dredging spoil other than those mentioned in 170505

It is clear that the most important thing is to understand if the dredged material is a waste or a
resource and when a dredged sediment could become a waste.
By definition, a material is not a waste if it isre-used(article 3.13), although processing for re-use
may require an end-of-waste designation (article 3.16). Indeed when a material is recycled it is a
waste (article 3.17).
Technically, dredged material can be beneficially re-used, with or without treatment, on land or
seathough the range of options may be limited by sediment contaminationand various regulations
and policies. If the dredged material is processed then it becomes a waste (Mumelter et al., 2012).
Some examples of the re-useddredged material could be: beach nourishment, shoreline protection,
coastal defence structures, capping of contaminated dredged material placed in open sea sites or
confined aquatic disposal facilities, environmental enhancement (wildlife habitats such as islands
for birds, fishery habitats (e.g. provision of refuge habitats for fish), wetland restoration).Placement
of dredged material in environmental compliance (the disposal of dredged material at suitable
disposal locations, in such a manner that it helps maintain sediment balance without posing risks
to human health or the environment) can also be considered a re-use (Apitz, 2010).
Dredged material is recycled, rather than re-used, if it is in a form other than its original
one.Construction materials including bricks, aggregates, and other materials made from processed
dredged material can be classified as recycled materials.
Most uses of materials made from recycled contaminated dredged material will be on land. Some
examples of the recycling of dredged material could be: reclamation and land formation, agricultural
use (e.g. for non-food crops), forestry,horticulture (Apitz, 2010).
The recovery of biomass or energy from the dredged material management process is classified as
recovery in the waste hierarchy. There are currently very few examples of energy or biomass
recovery in contaminated dredged material management(Apitz, 2010).
Disposal should be the last option.Disposal, both at land and at sea, is subject to extensive control,
driven both by international policies and directives and national, regional, and localpractices,
policies, and regulations. Whilst the aquatic or on-land containmentof contaminated dredged
material is a common technique, this option may be limited by space requirements, and the
potential release of remaining pollutantsmay impose ongoing monitoring and/or liability
costs(Apitz, 2010).
Under the umbrella of the Waste Framework Directive it is important to mention the European
Landfill Directive (1999/31/EC). Its objective is to prevent or reduce as far as possible negative
effects on the environment from the land filling of waste, by introducing stringent technical
requirements for waste and landfills.It does not apply to:

▪
▪
▪
▪
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the spreading on the soil of sludge (including sewage sludge and sludge resulting from
dredging operations);
the deposit of unpolluted soil or of non-hazardous inert waste resulting from prospecting
and extraction, treatment and storage of mineral resources as well as from the operation of
quarries;
the deposit of non-hazardous dredging sludge alongside small waterways from which they
have been dredged;
the deposit of non-hazardous sludge in surface water, including the bed and its subsoil.

As for dredged material the Landfill Directive could be applied if the sediment has to be disposed
on land. Sub-aquatic disposal sites are not covered by specific EUrules and must be regulated at
the nationallevel.
As for protected areas legislation it will be mentioned Birds (2009/147/EEC) and Habitats
(97/62/EC) Directives which are the main means for protecting (1) wild birds and sites of
importance for the maintenance of populations of wild birds, and(2) natural habitats, wild fauna
and flora.The main aim of Habitats Directive is to promote the maintenance of biodiversity, taking
into account of economic, social, cultural and regional requirements. The directive states that the
Member States can designate “special areas of conservation” (SACs) on the basis of scientific
reason. The Birds Directive recognises that habitat loss and degradation are the most serious threats
to the conservation of wild birds. It therefore places great emphasis on the protection of habitats
for endangered as well as migratory species (listed in Annex I), especially through the establishment
of a coherent network of Special Protection Areas (SPAs) comprising all the most suitable
territories for these species. Both SACs than SPAs form an integral part of the Natura 2000
ecological network. In NATURA 2000 habitats in open sea and tidal areas (such as estuaries, coastal
lagoons and reefs) and Mediterranean salt marshes and meadows have mentioned in the list of
Natural Habitats Types (Annex 1).
In case coastal ports and harbours are located at, near or adjacent to Natura 2000 areas dredging
and disposal are likely to have impacts and to disturb habitat and species. This could lead to
restrictions in dredging permits for work in their vicinity(port expansion, port infrastructural
dredging, infrastructure development along valuable stretches of coastline, etc.) and therefore
delays, increased monitoring efforts, increased project costs (Mumelter et al., 2012).On the other
side, dumping of the dredged material in or close to a protected area might have negative impacts
on its habitats and protected species and cannot be easily justified: dumping would therefore be
surely prohibited (Mumelter et al., 2012).

2.3 National policy framework
The national legislative framework is quite complex because two procedures about sediments
dredging exist: the general one is adopted in each coastal areas where a dredging activity will be
performed; the more specific one concerns all that sites that have been identified as SIN (Caserta
and Sabatelli, 2016).
The Law 28th January 1994, n. 84 (Reorganization of the port legislation), represents the reference
text for dredging issues. In particular articles 5 and 5bis deal with the dredging and the dredged
sediments management in areas included and not included in SINs.
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Article 109 of the Legislative Decree 3rd April 2006, n. 152 states that the authorization for sea
dumping of material dredged from marine or brackish-water beds or coastal terrains can be
obtained only when it is demonstrated that it cannot be used, due to technical or economic reasons,
for beach nourishment, or recovered or otherwise disposed. This authorization is given from
Regions who are the competent authorities (article 21 of the Law 179/2002). On 15th July 2016 the
Ministry for Environment, Land and Sea issued the Decree n. 173 concerning methods and criteria
for sea dumping of dredged material and the authorization issue in compliance with article 109 of
Legislative Decree 152/2006.
As for SINs, they can be defined like areas characterized by a strong and ancient contamination
where the dredging operations are tightly linked to the remediation of the dredged material.
According to article 252 of Legislative Decree 3rd April 2006, n. 152, SINs are defined according
to (a) the site features, (b) the concentration and dangerousness of the polluted compounds, (c)
theenvironmental impact in terms of ecological and health risks, (d) the harm for cultural and
environmental goods.As a consequence of theintroduction of SINs in Legislative Decree
152/2006, a series of legislations followed one after another in order to give a clear regulation on
dredging for SINs.
The first regulation concerning dredging procedures within SINs was the Law 27th December 2006,
n. 296 through the paragraph 996 of the article 1. It introduced five new paragraphs, from 11bis to
11sexies, to the paragraph 11 of the article 5 of the Law 84/1994. In compliance with this discipline,
the Ministry for Environment, Land and Sea issued in 2008 the Decree 7th November 2008
concerning the “Discipline of dredging operations in sites of reclamation of national interest”. This
decree introduced two important annexes concerning the chemical analysis to be carried out on
dredged material and the values to be complied, the storage and the final disposal of dredged
material in containment structures and the remediation of the containment structures, the check
of the dredged seabeds.
In 2012 the discipline on dredging changed completely through the article 48 of the Law 24th March
2012, n. 27. It repealed the five paragraphs introduced in 2006 and added the article 5bis in the
Law 84/1994. The article 5bis, named Regulation on dredging, led to a new discipline on dredging
for SINs and coastal areas not included in SINs.
The article 5bis was later modified by the Law 9th August 2013, n. 98 and by the Law 28th December
2015, n. 221.
In compliance with the paragraph 6 of the article 5bis of the Law 84/1994, the Ministry for
Environment, Land and Sea issued in 2016 the Decree 15th July 2016, n. 172 concerning the
“Discipline of dredging operations in SINs”. This Decree defines:
▪
▪
▪
▪

how to choose the dredging technologies following certain criteria,
how to transport and reuse the dredged material,
the mitigation measures about any environmental impacts due to dredging projects,
the design and the fulfillment of the environmental monitoring plan that describes the
entire dredge management process (from the dredging to the final disposal (or reuse) of
dredged material and its components).
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In the same day the Ministry for Environment, Land and Sea issued the Decree 15th July 2016, n.
173 concerning the “Discipline for the authorization to dip the dredged seabeds in the sea”.As for
SINs, the Decree regulates the management outside SINs of materials dredged in these sites.
Table 2shows a scheme of the Italian policy framework about dredging on SINs.
Table 2Italian legislation on dredging for SINs
Policy number

Notes

D. Lgs. 152/2006 – art. 252

The remediation procedure for SIN is attributed to the competence of the
Ministry for the Environment, Land and Sea.

Law 296/2006 – art. 1 – paragraph 996 Introduction of 5 paragraphs to paragraph 11 of the article 5 of the Law
84/1994 (Reorganization of the port legislation).
Decree 7/11/2008

Discipline of dredging operations in sites of reclamation of national interest.

Law 27/2012 – art. 48

Repealing of the five paragraphs introduced in 2006.
Introduction of article 5bis (Regulation on dredging) included in the Law
84/1994.

Law 98/2013

Modification of the paragraphs 1, 2 (letter a) and 6 of the article 5bis of the
Law 84/1994.

Law 221/2015

Modification of the paragraph 2, letters c and d, of the article 5bis of the
Law 84/1994.

Decree 172/2016

Technical regulation of dredging operations in ports and coastal sites felt
into SINs.

Decree 173/2016

Discipline for the authorization to dip the dredged seabeds in the sea.

2.4 Guidelines
The guidelines concerning dredged material management are mainly the result of the most
importantinternational conventions like LC, OSPAR, Helsinki and Barcelona Conventions. Those
conventions give some suggestions about the best techniques to be used for the coast and
environmental protection. The suggested methods are based on physical-chemical and biological
properties of dredged material, and on the different techniques for the sediment management.
As above described the regulations on dredged material are very fragmented and there is not an
exhaustive and heterogeneous policy framework with univocal principles to go on.
An useful and immediate support for the dredged material management is characterized by specific
guidelines concerning the handling and the reuse of these materials. At the European and national
level the following guidelines are used:
▪
▪
▪

the DMAF for assessment of dredged material;
the UNEP guidelines (2000) for the management of dredged material on Mediterranean
sea area;
the manual of marine sediments handling (ICRAM-APAT, 2007), that provides criteria for
the whole sediment dredging process, from the characterization (based on an integrated
physical, chemical and ecotoxicological approach) to the final sediment destination.

3
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TECHNOLOGIES AND SOLUTIONS FOR MANAGEMENT OF
CONTAMINATED SEDIMENTS

The need of sediments dredging is due to: (1) seabeds maintenance for accessibility of ports
(maintenance dredging), (2) to deepen the seabeds in order to receive bigger ships (capital dredging)
and(3)for remediation (clean-up dredging).
The management of dredged sediments consists of:
-

Dredging,
Transport
Treatment
Location

All treatment and handlingsteps require energy, water, time, and space and have thepotential to
generate either short-term exposure pathways orwaste streams requiring further management.
In Figure 2 an overview of the management of dredged sediments is reported.

▪ Beach nourishment and
coastal protection
▪ Port construction/extension
▪ Land improvement
▪ Habitat creation
▪ Others

Dredging

▪ Mechanical dredgers
▪ Hydraulic dredgers
▪ Special dredgers

Transport

▪ Land
▪ Sea

Treatment

▪
▪
▪
▪
▪

Benificial use

Disposal

Dewatering
Particle saparation
Contaminant destruction
Immobilization
Stabilization/Solidification

▪ Confined sea disposal
▪ Land disposal

Figure 2 Overview of sediments handling operations (taken from SMOCs, 2013)

3.1 Dredging
Dredging is the relocation of underwater sediments. The sediments dredging is carried out for
construction or remediation purposes. There is a wide range of commercially available equipment
applicable on hard and soft sediment and varying depths. Effectiveness of dredging is site specific
and it depends on dredging method and equipment availability, volume to be dredged, site
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conditions, physical and chemical characteristics of the sediment, disposal site location, disposal
and treatment methods.
Dredging equipment can be classified and grouped into three main categories according tothe
methods of excavation and operation:
▪
▪
▪

Mechanical dredgers(e.g. bucked dredger, grab hopper dredger, backhoe dredger);
Hydraulic dredgers(e.g. stationary suction dredger, cutter suction dredger);
Special dredgers(e.g. pneumatic dredger, freeze dredging).

3.2 Transport
After dredging the sediments will be transported. The transportscan be performed by barge, by
truck or by pumping. The choice will mainly depend on thedredging method used and on what
kind of treatment method that will be used later on.During transporting, several things have to be
considered depending on the consistency ofthe sediments, e.g. risk for separation, spill from the
trucks, smell, noise, dust etc.

3.3 Treatment
If the dredged material is going to be treated, the priority should be to reduce the volumeof the
dredged material. The treatment can be classified in in-situ and ex-situ.
The main advantage of in-situ treatment is that it allows soil and sediment to be treated without
being excavated and transported, resulting in potentially significant cost savings. The disadvantages
are the longer time process period and the uncertainty about the uniformity of treatment.
Unlike in-situ treatmentsex situ treatment generally requires shorter time periods and there is more
certainty about the uniformity of treatment because of the ability to homogenize, screen, and
continuously mix the soil. However, ex situ treatment requires excavation of soils, leading to
increased costs and engineering for equipment, possible permitting, and material handling/worker
exposure considerations.
The general categories are:
▪

Dewatering:
-

natural, e.g. lagooning, i.e. the sediment is placed in a lagoon where it willsediment
with time

-

mechanical

-

thermal, drying by temperature increase

-

thermal, by freezing and thawing giving a freeze-drying effect

-

electro-dewatering

▪

Particle separation, mainly of contaminated material including sorting and washingmethods

▪

Contaminant destruction:
-

thermal – to volatize and remove organic contaminants
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-

physical/chemical – by the use of chemicals to achieve sorption, oxidation orreduction
and chemical ion exchange of organics and metals

-

biological – use of microorganisms to degrade organic compounds

▪

Immobilization – e.g. by using binders to prevent leaching of contaminants

▪

Stabilization/solidification – increase strength, reduce compressibility,
lowpermeability (hydraulic conductivity) and immobilize contaminants

give

Depending upon the option selected, contaminated dredged material may undergoone or more
treatment processes before disposal, containment,or for beneficial re-use or recycling (Apitz,
2010).

3.4 Final location: beneficial use or disposal
Although much contaminated dredged material is disposed of even after treatment,there is a
growing impetus for putting contaminated sediments to beneficial useboth without and following
treatment and increasingly suchmaterial is considered a resource rather than a waste. Such re-use
or recycling is consistent with theEuropean Waste Hierarchy, and reduces the quantity ofmaterial
disposed of and thus the use of valuable disposalspace (Apitz, 2010).
There are several criteria that must beevaluated when considering the potential beneficial
useoptions for treated CDM, including sediment, contaminantand site characteristics, technical
feasibility,
environmentalacceptability,
cost/benefit
analysis,
and
legal
and
regulatoryconsiderations.
There are numerous potential beneficial uses of treated contaminated dredged material:
▪

Engineering (beach nourishment, shoreline protection, coastal defense structures;
reclamation and land formation; capping of dredged material placed in open sea sites or in
confined aquatic disposal (CAD) facilities;construction materials including bricks and
aggregate);

▪

Environmental enhancement(wildlife habitats such as islands for birds; fishery habitats
such as provision of refuge habitats for fish; wetland restoration);

▪

Agricultural use (agriculture e.g. for non-food crops, forestry,horticulture).

In terms of the waste hierarchy, disposal should be anoption of last resort. Disposal, both at land
and at sea, issubject to extensive control, driven both by internationaltreaties and directives and
national, regional, and localpractices, policies, and regulations.
Disposal categories include:
▪

uncontrolled ocean disposal (not an option for most contaminated dredged material);

▪

confined disposal facilities (CDF);

▪

contained aquatic disposal (CAD);

▪

level bottom disposal at sea with capping (placement of dredged material directly on the
seabed followed by capping withclean sediment);

4
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▪

disposal in geotextile bags or other containment;

▪

landfill/upland disposal (engineered impermeablebasins above the groundwater).

ELECTROKINETIC REMEDIATION OF MARINE SEDIMENTS
CONTAMINATED BY HEAVY METALS: THE SEKRET PROJECT

4.1 Sediment characterization
In 2003, a large area of the port of Livorno was classified as a Site of NationalInterest (SIN) due
to the presence of pollutants in seabed sediments.The site has been subjected to a series of indepth analyses and characterizationsover time. The seabed sediments were analysed by ICRAM
(CentralInstitute for Scientific and Technological Research Applied to the Sea) andthe
characterisation was carried out over an area of 14 million m2 within theport seabed (ICRAM,
2006). Chemical-physical and microbiological investigations, ecotoxicological analyses of the
seabottom, characterisation of the stratigraphy and morphologythrough geophysical techniques
such as Sub Bottom Profiler (SBP)and Side Scan Sonar (SSS) were carried out, which produced a
highly detailedmapping of the seabed. The characterization surveys have shown thatmany areas of
the harbour were affected by extremely high contaminationlevel. Indeed inside certain areas of the
SIN, concentrations of metals (Cd, Cr, Cu, Ni, Pb, Zn) exceeding the standards of column B, Table
1, Annex 5 to Part IV of the Legislative Decree 152/06 have been observed.
The ICRAM report and data-base was examined and an area was identified within which metal
concentrations exceed 90% of legislation limits (column B) and the main composition of sediments
is silty-clayish. This analysis led to the selection of this area as the optimal testing site for the
SEKRET main action. Hence, such area was selected as the sediment sampling site for the project.
So the dredged material to be treated by electrokinetic process was characterized.The physicochemical properties of the sediments are reported inTable 3.
A detailed description of sediment characterization is reported in the deliverable to action A.1
named “Characterization of polluted site”.

4.2 Dredging
The sediment was dredged from an area in the harbour classified ashighly polluted by heavy metals,
after the in-depth analysis and controlsperformed by ICRAM between 2003 and 2005. However,
the material dredgedfor the pilot EK treatment (collected in early 2013) ended up to be
lowlycontaminated, as reported in Table 3. All measured levels are below thethreshold
concentrations set by the Italian regulations for industrial and residentialreuse of soils and
sediments (D.Lgs 152/2006).

4.3 Transport
The 150 m3 sedimentsdredged for field-scale treatment were collected with a large grab dredgeable
to reach depths higher than those reached with the manual sampler.
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Table 3 Physicochemical properties of the sediments. pH, particle size distribution and chemical analysis
were applied to three replicate samples.

4.4 Treatment
Planning and permitting
The SEKRET full-scale plant is a research and demonstrative plant. As such it is mandatory the
release of the authorization from the competent Region for its construction and operation as stated
in article 211 of the Legislative Decree 152/2006.
As first step the preliminary design of the electrokinetic plant was started long before the formal
start-up of the SEKRET project as it was necessary for obtaining the required permission for
demonstrative plant construction and operation. It was based on literature data, taking into account
the sediment characteristics derived from the ICRAM characterization report. The location of the
building plant was located after long negotiations among the Livorno Port Authority (SEKRET
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beneficiary) and the local government and control institutions. The preliminary design is included
as annex to the Inception report, as part of the Plant permit application.
On 21stMarch 2014 the complete documentation for plant permit request, constituted by 10
reports, for a total of 250 A4 pages in addition to the previously described preliminary design, was
sent to the Tuscany Region.
On 6th August 2014 the Tuscany Region authorized the University of Pisa to the implementation
and operation of the SEKRET full-scale plant through the Decree number 3417. The authorization
lasted two years, from 12th January 2015 to 11th January 2017. All plant permit documents are
included as annexes to the inception report.
On 2nd September 2016 the University of Pisa sent the authorization renewal to the Tuscany
Region. On 17th October 2016 the Region approved the authorization renewal through the Decree
number 10270. The authorization lasts one year up to the project conclusion dated 31st October
2017.
Electrokinetic plant
The ex-situ electrokinetic treatment facility was built in a dedicated area in the Port of Livorno.
The pollutants targeted by the remediation process are Cd, Cr, Pb, Ni, Zn, As and Cu. The project
goal is to decontaminate the sediments in order to make them compliant with the levels established
by the Italian regulations (Legislative Decree 152/2006) for their reuse or recycle.
The plant consists of the following parts:
▪
▪
▪
▪
▪
▪

treatment basin containing the sediments, with a system of wells and pipes for electrode
installation and electrolyte circulation. The basin is equipped with a cover to avoid gas
emission to atmosphere and rainfall seepage;
electrical units for the application of the electric field to the sediment;
electrolyte management system for catholyte and anolyte pH control;
gas scrubber system for the treatment of the gas phase in the anolyte circulation circuit for
the removal of chlorine gas;
reverse osmosis (RO) section for the control of the salinity of the electrolytes with solar
drying of brine;
monitoring and control system.

The simplified diagram of the plant is reported in Figure 3.
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Figure 3 Simplified diagram of the SEKRET plant

A detailed description of the implementation steps, from the area preparation to the assembling of
the full-scale plant, is reported in Deliverable B3 named “Validation report on installed plant”.

4.5 Final location
The sediments must be disposed in landfill at the end of the demonstration (no disposal in the
disposal facility of the Livorno Port is accepted) independently of the final achieved quality of the
sediment, due to strict legislative rules concerning prototype plant for waste handling, treatment
and disposal.
This decision increases the costs of final disposal and reduces the direct environmental benefit of
the project. However, the treated sediments (150 m3), although large, is negligible if compared with
the annually generated sediments from dredging (around 150000 m3/year for just Livorno Port)
and the direct environmental benefit of the project is minor compared tothe indirect environmental
benefit due to the follow-up of larger applications.

5

MARKET ANALYSIS RESULTS

5.1 Overview
In Europe (6.500 km of coast) there are around 70 large commercial ports and 465 tourist ports.
Rivers and port docks are dredged on a regular basis to provide shipping traffic efficiency,
producing large volumes of contaminated sediments (about 80 millions of tons each year).
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In this chapter we analyse the market for the remediation of these contaminated sediments, trying
to estimate the maximum potential turnover in European market for the sub-sector of the
remediation of dredged spoils contaminated by heavy metals.

5.2 Opportunity
Unlike organic constituents, metals cannot be degraded or readily detoxified. The presence of
metals among sediments pose long-term environmental and health hazards. The current
alternatives and technologies are becoming more and more expensive. End users seek a cost
effective technology to remove heavy metals from sediments and an increased choice in
technology.
Each year, we estimate that in Europe various organisation spend approximately € 210 millions for
the treatment of sediments contaminated by heavy metals in order to meet legal requirements. The
confined disposal of dredged sediment is the most commonly adopted solution in many countries,
but the high costs of this kind of treatments often hinder or prevent the dredging activity with
heavy damages to the port activity.
Sekret technology could be applied to remediate the dredging material contaminated by heavy
metals, reducing the costs associated to the treatment and the disposal of the dredged spoils and
also encouraging the beneficial reuse of the dredged material.

5.3 Product Description
Sekret utilizes elecrokinetic technology to remove heavy metals from contaminated dredged
sediments. The technology developed and tested in SEKRET Project is considered one of the most
suitable technology for removing heavy metals from fine-grained dredged marine sediments. With
some adaptation this technology could be used also for removing heavy metals from other
contaminated soils.

5.4 Market Description
Sekret technology is positioned within a sub-sectors of the annual €66,6 billions “Remediation
industry”: the “Site remediation services” sector. These sectors represent a $23 billion annual
market and have a projected 10-year growth rate of 30%. Sekret technology could be applied to
two sub-sector in site remediation industry: soil remediation (brownfield) and dredged sediments.
The EU market remediation of heavy metals from contaminated soils and sediments could be
estimated € 2 billion and Sekret will initially target the €200 million dredged sediments niche.
Industry growth is being driven by three trends: stricter European and national regulations, the
growing needs for harbour dredging and Port Authorities desire to avoid environnement impact
and reuse sediments.

5.5 Main Findings at a glance
The remediation market
The reference sector for Sekret technology is the “remediation and other waste management
services sector”, as covered by NACE (Statistical Classification of Economic Activities in the
European Community) Rev. 2 Division 39 and NAICS (North American Industrial Classification
System) code 562910, a sub-sector of the “environnemental services” sector.
Already large at the beginning of this century, the global market for environmental services has
continued to expand. Total revenues in the global environmental services market rose by about 41
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percent between 2000 and 2010 and by 130% between 2010 and 2017, reaching € 965 billions in
2017.
The largest market for environmental services is the United States, which accounted for 38 percent
of global environmental services revenues in 2017. Western Europe accounted for 28 percent of
the global market, and Japan for 11 percent.
Global environmental remediation market revenue was valued at around € 67 billion in 2017. After
a decline between 2008 and 2010, due to the global economic crisis, is expected to reach
approximately € 102 billion in 2022, growing at a CAGR of slightly above 7.5% between 2017 and
2022.
The United States was the largest market for remediation services, accounting for 33 percent of
global revenues, followed by Western Europe (24 percent) and Japan (13 percent).
Although the remediation services industry has been generally characterized as mature, the market
remains highly competitive and fragmented, since firms that provide such services vary markedly
in terms of size and degree of specialization.
Most of the larger firms providing remediation services offer them as part of a wider portfolio of
activities in addition to their primary businesses.
Entry barriers in this industry are high, as large remediation services firms are willing to face
significant financial and operating risks in order to compete for the highest-value contracts.
The European remediation market is largely driven by strong environmental regulations and
policies, increasing demand for land, and public awareness that contamination issues can be
successfully addressed. Thus, Government spending is an important demand driver for
remediation services. The main concerns driving the market is the soil contamination. Ernst &
Young (2013) estimated that about 4,5 million sites were potentially contaminated in the EU in
2013.
The dredging market
Despite the limited growth in the world’s economy, the dredging industry’s turnover – excluding
closed markets – in 2016 was estimated at € 5,0 billion in comparison to € 7,1 billion in 2015.
European market for dredging is estimated in 2016 around € 1,3 billion.
Six drivers are key to charting progress in the dredging industry: population growth (demographics
and urban development), coastal protection, world trade, growing demands for energy, waterrelated tourism, and environment.
These factors is driving the dredging market to a great increase in the next years. According to the
recent report of Future Market Insights, the global dredging market is slated to touch a value of
nearly € 14,2 billion in the year 2022.
Dredging activities and sediments contamination
There’s a lack of comprehensive data about the volume of dredging activities in Europe. The
volume of dredged material Europe-wide is very roughly estimated at 200-250 million tonnes/year
for marine dredging and 50-60 million tonnes/year for inland dredging.
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In Italy, from 1994 to 2012, 17,8 millions m3 of relict sand was dredged in Italy. The Italian Port
Authorities foresee almost 64 million cubic meters of sediment to be dredged in the next years.
Most part of dredged material is still dumped at sea. The amount of material used beneficially, is
estimated at roughly 63 million tons/years, but there’s a strong increase in recent years.
The contaminated sediments are an industrial heritage of the past. The quality of the sediments has
improved in the last years by the reduction of industrial sources of pollution. Contaminant
concentrations, having been on a gradual decline since 1990, appear to have stabilised in recent
years.
The amount of material containing one or more contaminants exceeding the upper national action
level accounts for less than 10% of the total amount of dredged material.
In the last ten years, in Europe the amount of sediments classified as waste to be disposed or
treated (dredged spoils) increased from 48 millions of tonnes in 2004 to 80 millions in 2014
(Eurostat).
The sediments contaminated by dangerous substances amount to about 1 million tonnes (1.3%).
Most of the dredged spoils in Europe are non-hazardous sediments (code 17.05.06).
The Netherlands (75%) and UK (16%) produce the highest percentage of dredging spoils, but this
statistic is strongly influenced by national regulations.
The most part of dredging spoils (approximately 86%, 69 millions of tonnes in 2014) receive land
treatment and is released into water bodies, disposed in subaquatic confined disposal sites (CDFs).
The percentage of recovered sediments reaches about 10%, while the landfilling is around 4/5%.
Sekret market estimate
The main target market of the Sekret technology is “the remediation of dredged sediments
contaminated by heavy metals over the regulation limits”, a niche of the € 23,3 billions “site
remediation service”, a sub-sector, representing 35% of remediation global industry.
The remediation services sub-sector today is mainly dominated by the soil (brownfield land), air
and water remediation.
Dredged sediments remediation is an emerging market, due to changements in the management
process of dredging activities, the stricter regulation context and increasing costs of the main
solutions adopted until now (disposal in landfill facilities).
Annual Global Potential Market (GPM) for heavy metals remediation for EU-28 could be
estimated in € 210 millions (with a range between € 87 millions and € 400 millions).
For the next three years we estimate a potential market growth between 10% and 20% per year up
to a global market that in 2020 can be estimated at around € 326 million.
The strong market growth is influenced by the hypothesis that dredging in Italy resumes at a
sustained rate, especially in contaminated sites, which could lead the Italian market for Sekret
technology to a global value of around 25 million euros by 2020;
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This evolutionary scenario leads us to hypothesise (very conservatively) a growth in the quantity of
sediments contaminated by the 8 thousand tons recorded by Eurostat in 2014, 104 thousand tonnes
in 2018, 143 thousand tons in 2019 and 197 thousand tons in 2020.
Survey results
The direct survey we conducted, although not statistically significant (only 27 replies), confirms the
market opportunities for Sekret, especially in reference to the Italian market. It is confirmed that
the dredging operations are carried out with a lot of variability (only 20% of the AP who have
replied to do them regularly), thus making the market trend difficult to plan and foresee.
¾ respondents say that in the past in his port there have been problems with heavy metal
contamination; in these cases, the prevailing solution was the placement in situ in confined disposal
facilities or ex-situ in landfill. Although the solutions adopted to manage the contamination were
in most cases satisfactory (82%), about 18% was not satisfied and 55% is still interested in other
solutions. It is also important to note that more than half of respondents say they have to deal with
heavy metal contamination problems for dredging scheduled in the coming years and that only
half have already identified a solution.
The most frequent identified solution is the technological one: in 40% of cases it is thought to use
a technology for decontamination; however, a 26% remains that continues to see the solution of
contamination in landfilling; finally, 87% of respondents (21 subjects) say they are interested in
evaluating the technology developed in Sekret.

5.6 Sekret market alternatives and conclusion
The main alternative for heavy metals remediation is the disposal in landfill and in CDA (Confined
Disposal Facilities);
However, both solutions are being overcome, both for environmental reasons and for the strong
growth of costs, due to the more stringent regulation and the exhaustion of existing landfills.
The technology alternative options appear at present overall less effective in reducing the content
of heavy metals from sediments and economically more expensive than Sekret, which operational
cost (a part investments) have been evaluated around 62 /m3.
However, there is a need to evaluate the configuration of the full-scale plant with greater attention,
identifying the variables that affect investment costs and investment costs.
For more details, see the complete “Market Analysis document” attached.

6
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LCA RESULTS

The object of the study is the application of LCA to electrokinetic remediation SEKRET of
contaminated marine sediments and the comparison with ordinary disposal in landfill. The "Life
Cycle Analysis" method is a standardized procedure that allows to record, quantify and assess the
environmental damage associated with a product, a process or a service, in a very specific context,
which must be defined in advance. The LCA structure is described in UNI EN ISO 14040 and the
following. First of all the purpose and scope of the investigation must be defined. The second step
is the construction of the so-called "inventory analysis": in this phase the functional unit must be
defined and the material and energy flows of the different stages of the procedure in question are
noted, according to precise rules. In a third step, after completing all budgets, the assessment can
be started: this estimate is used to identify and quantify the potential environmental effects of the
examined systems and provides essential information for subsequent interpretations, which are
realized in the fourth passage. At this point, the results of the mass and energy balance and the risk
assessment are summarized, discussed and evaluated in relation to the objective previously set.

The LCA analysis was designed to help the final decision-maker, in this case the Livorno Port
Authority, in choosing the most suitable treatment for decontamination, from the point of view of
environmental impact, human health and economic impact. This methodology, widely used for
commercial products, has been applied in an innovative way, to the electrokinetic remediation
treatment. The analysis was established following the instructions contained in the ISO 14040 and
14044 standards developed by the Joint Research Center, the European life cycle assessment
platform (§4 - LCA Approach and OpenLCA).
Starting from the considerations emerged on the pilot site, a hypothetical model of application of
the large-scale electrokinetic remediation was constructed. The LCA approach for the reclamation
of a part of the marine sediments located in the catchment tanks of the port of Livorno will be
analyzed in detail below.

The analysis conducted provided for the comparison in terms of environmental impacts of the
electrokinetic reclamation process (SEKRET) with the ordinary disposal of contaminated
sediments in landfills. The initial data were retrieved from the pilot site and were modulated on a
large scale to simulate the decontamination of 27,000 m3 of dredged sediments heavily
contaminated by heavy metals.
The functional unit is the unit to which all input and output data refer. In the specific case, it was
decided to relate the process to a volume of 27,000 m³ relocated in two areas inside the large
sediment tanks existing inside the port; each tank has an area of 4,500 square meters (100 m x 45
m) with an average depth of 3 m.

The system boundary represents the framework in which to work. The diagram shown in figure 4
shows the system with the internal subsystems:
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Figure 4: Schematization of the process on a real scale.

The model has been adapted trying to replicate at best the results obtained at the pilot site. Within
the "system boundaries", the treatment tank, the treatment with the electrolytes and all the
necessary equipment, the component for the treatment of the gaseous effluent and the treatment
with reverse osmosis for the saturated electrolyte, have been included. Outside the “system
boundary” we find the gas produced and released into the atmosphere and the reclaimed sediments,
which will remain on the site. To reduce the load of the electrolyte, a double reverse osmosis cycle
was introduced (with respect to only one prototype cycle), so as to minimize the maximum
percentage of water present in it. The dehydration treatment compared to the pilot case was
excluded from the LCA analysis and placed outside the system as it goes beyond the actual
remediation techniques, but rather concerns the post-process management of the saturated
electrolyte of polluting substances. The port of Livorno is part of a highly industrialized area
characterized by multiple activities, so it was hypothesized, for the purpose of a correct simulation
of the whole process, the sending of the super-concentrate out of the double osmosis cycle, in one
of these plants to eliminate the remaining water, using thermal cycles deriving from industrial
processes. Once obtained a suitable consistency, the material, now reduced in salts, can be managed
in total safety and transferred to suitable storage sites. In our case, the chosen reference landfill is
that of Scapigliato in the province of Livorno, about 25 km from the city.
The following bar chart (Figure 5) summarizes the LCA analysis for the entire SEKRET process.
In the "Natural land transformation" category there is a negative percentage of the "Treatment
facility", because at the end of the reclamation process the instrumentation will be removed, so in
terms of LCA analysis it is evaluated as a negative value as it is indeed beneficial for the
environment.
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LCA of the SECRET main processes
Impact weight
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Figure 5: Results LCA of the SEKRET

6.1 Comparison between SEKRET remediation and disposal in the landfill
After the application of LCA modeling to SEKRET technology hypothesizing a real-scale Plant,
the subsequent step of the study is the application to landfill disposal of the same volumes of
contaminated sediments.
To model the landfill disposal it is assumed that the sludge obtained by the from dredging is placed
in the two large filling tanks for a suitable period of time, estimated in 10 days, in order to lose
most of the water by gravity and solar radiation . The next step was to calculate the number of
heavy vehicles needed to transport the volume of contaminated sediments obtained. The landfill
of Scapigliato has been selected as the suitable site to take this type of waste. The landfill is located
in Livorno province, about 30 km from the port.
Once the model has been built with the hypotheses above described, the input dataset has been
loaded in the OpenLCA program and it has been processed. The ReCiPe method is selected for
the impact assessment (LCIA) in the LCA, in order to compare these results with ones obtained in
reclamation process previously analyzed. Then, also in this case, the analysis was conducted at the
"midpoint" level (18 midpoint indicators).
In Errore. L'origine riferimento non è stata trovata. and Errore. L'origine riferimento non
è stata trovata. the results of the LCA analysis conducted for ordinary disposal of contaminated
marine sediments in landfills are showed.
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Results show that:
-

The Human Toxicity category prevails sharply over all others with a value of 2.18E+06 kg
1,4-DCB-Eq

-

Other categories with significant impacts are Climate Change and Terrestrial Ecotoxicity,
and then Fossil Depletion, Freshwater Ecotoxicity and Marine Ecotoxicity

-

Ozone Depletion(1.99E-02 kg CFC-11-Eq), Freshwater Eutrophication (1.11E+01 kg PEq) and Natural Land Transformation (4.14E+01 m2) are the three categories with the
lowest impacts

The greatest impacts, which was to be expected, are connected to development of toxicity for
people (Human toxicity) and for all the environmental compartments (Terrestrial, Freshwater and
Marine), and to Climate Change due to the releases of CO2 and CH4 in atmosphere.

Table 4: LCA landfill results
Impact category

Disposal landfill

Unit

Agricultural land occupation - ALOP

4.32E+02

m2a

Climate change - GWP20

1.30E+05

kg CO2-Eq

Fossil depletion - FDP

4.63E+04

kg oil-Eq

Freshwater ecotoxicity - FETP100

2.09E+04

kg 1,4-DCB-Eq

Freshwater eutrophication - FEP

1.11E+01

kg P-Eq

Human toxicity - HTP100

2.18E+06

kg 1,4-DCB-Eq

Ionising radiation - IRP_I

7.04E+03

kg U235-Eq

Marine ecotoxicity - METP100

1.90E+04

kg 1,4-DCB-Eq

Marine eutrophication - MEP

3.42E+02

kg N-Eq

Metal depletion - MDP

6.16E+03

kg Fe-Eq

Natural land transformation - NLTP

4.14E+01

m2

Ozone depletion - ODPinf

1.99E-02

kg CFC-11-Eq

Particulate matter formation - PMFP

2.72E+02

kg PM10-Eq

Photochemical oxidant formation - POFP

1.05E+03

kg NMVOC

Terrestrial acidification - TAP20

5.60E+02

kg SO2-Eq

Terrestrial ecotoxicity - TETP100

2.01E+05

kg 1,4-DCB-Eq

Urban land occupation - ULOP

1.03E+03

m2a

Water depletion - WDP

1.36E+02

m3
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Figure 6: LCA Landfill results

The conclusive phase of the study is the comparison between the results of LCA SEKRET with
those obtaining by the disposal of the same volumes of contaminated sediments in a landfill.
In Errore. L'origine riferimento non è stata trovata. for each impact category at midpoint level,
the results of .LCA application to SEKRET technology and to landfill disposal are showed.
The landfill disposal shows higher impacts respect SEKRET technology only in Human Toxicity
category, while in the categories of Freshwater Ecotoxicity and Marine Ecotoxicity the impacts
have the same magnitude. For what concern the other impact categories the landfill disposal shows
lower values
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Table 5: Compare SEKRET - LANDFILL
Impact category

Landfill disposal

SEKRET

Unit

Agricultural land occupation - ALOP

4.32E+02

7.45E+05

m2a

Climate change - GWP20

1.30E+05

1.19E+07

kg CO2-Eq

Fossil depletion - FDP

4.63E+04

2.91E+06

kg oil-Eq

Freshwater ecotoxicity - FETP100

2.09E+04

5.40E+04

kg 1,4-DCB-Eq

Freshwater eutrophication - FEP

1.11E+01

2.61E+03

kg P-Eq

Human toxicity - HTP100

2.18E+06

4.82E+05

kg 1,4-DCB-Eq

Ionising radiation - IRP_I

7.04E+03

8.12E+05

kg U235-Eq

Marine ecotoxicity - METP100

1.90E+04

4.29E+04

kg 1,4-DCB-Eq

Marine eutrophication - MEP

3.42E+02

9.54E+03

kg N-Eq

Metal depletion - MDP

6.16E+03

9.73E+05

kg Fe-Eq

Natural land transformation - NLTP

4.14E+01

9.10E+02

m2

Ozone depletion - ODPinf

1.99E-02

1.62E+00

kg CFC-11-Eq

Particulate matter formation - PMFP

2.72E+02

1.33E+04

kg PM10-Eq

Photochemical oxidant formation - POFP

1.05E+03

2.87E+04

kg NMVOC

Terrestrial acidification - TAP20

5.60E+02

4.32E+04

kg SO2-Eq

Terrestrial ecotoxicity - TETP100

2.01E+05

4.46E+02

kg 1,4-DCB-Eq

Urban land occupation - ULOP

1.03E+03

4.39E+04

m2a

Water depletion - WDP

1.36E+02

2.15E+04

m3

6.2 Conclusion and advice
Analyzing the results of the LCA study, applied to the electrocinetic remediation process, it is clear
that the energy component assumes a relevant rate relative to pollution in the broad sense. In 12
impact categories out of 18 analyzed, electricity production holds the highest score in terms of
damage. Other items of considerable importance are the instruments used in the reclamation,
which even if in a minor way, also affect almost all 18 categories.
It should be noted that the Natural land transformation category has a negative component relating
to the treatment facility. This is actually an environmental benefit, in fact it has been hypothesized
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that this instrumentation at the end of the reclamation cycle will be reused in another contaminated
site, thus leaving a resurfaced soil

There are 3 major aspects on which the final decision maker and the research groups should reflect:
•

Improve the energy component, reducing at best the energy losses on the site;

•

Use less quantities of chemical reagents and/or substances that have less impact on
the environment.

•

Evaluate the real benefits between landfilling or electrokinetic reclamation process,
all linked to a cost analysis.

The results obtained shows that for some categories the SEKRET is very advantageous, while for
others it is potentially harmful for the environment. There is therefore no clear prevalence of one
method over another in terms of LCA. The negative factors that severely penalize the electrokinetic
remediation process are the high consumption of electricity, therefore all the pollutant loads
connected to the production of electricity and the use of chemical substances highly harmful to the
ecosystem. The management of the saturated electrolyte could be indicated as an object of study
for future studies. This is an element that a large-scale application should be well defined. Once
the electrolyte that has been removed has been removed from the treatment cycle, it cannot be
sent to the landfill, so it is necessary to eliminate the greater quantity of water inside it until a
"palatable" state is reached, in accordance with the current national regulations on transposition of
substances into landfills.

The electrokinetic reclamation process therefore proposes itself as a valid instrument for the
reclamation of marine sediments contaminated by heavy metals. Future in-depth research aimed at
solving the problems emerging from this study could give a big incentive for other large-scale real
applications.

7
7.1
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SEKRET MANUAL AND PERMIT
Permits

Various permits need to be acquired or notifications given before soil remediation can be carried
out. We list these below and give a short explanation. Not all of these permits will be required in
every case and there may also be major differences in procedure depending on the particular site.
Extraction permit/notification
A permit is required from the authorities if groundwater is to be extracted on a large scale; for
small-scale extraction, notification is sufficient.
Discharge permit/notification
The prior consent of the body responsible for managing the sewerage system is required when
groundwater that has been abstracted is to be discharged. If the groundwater is to be discharged
into the sewers, consultation is necessary with the body managing the sewerage system (usually the
municipality). It is also possible to discharge the groundwater into surface waters; doing so is
subject to different requirements.
Discharging groundwater is subject to various requirements as to quantity, sampling, and the
concentration of contaminants that is permitted to remain in the water. As a rule of thumb, the
concentration of contaminants in the discharge water must comply with the following
requirements:

Table 6: Permitted discharge levels for contaminated groundwater

Substance

Level

Chromium, copper, lead, nickel, zinc, tin: per component

500 µg/l

Mineral oil

10 mg/l

Aromatics (BTEX)

100 µg/l

Naphthalene

40 µg/l

Undissolved components

30 mg/l

Tetrachloroethylene

10 µg/l

Trichloroethylene

10 µg/l

Polycyclic Aromatic Hydrocarbons (total of PAH 10)

50 µg/l
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Permit for water discharge into sewer
Discharge of the water into the sewer is either via the existing sewer connection or a new one. For
a new connection, a permit is always necessary; this is granted by the body managing the sewerage
system (usually the municipality). It is in any case always necessary to inform the municipality about
any discharge because of the requirements that must be met.
Special ruling
The remediation plan or the plan specifying the approach to be taken is subject to approval by the
relevant authority. In the case of large-scale remediation projects, a specific ruling by the province
is necessary. For small-scale projects, it is the municipality that grants approval.
Permit for storage of sediments
Sometimes the dredged sediment cannot be put into the basin directly and has to be stored
temporarily on the site. In that case a permit is necessary for temporarily storage. This is normally
granted by the municipality, which also decides where the sediments may be stored.
Permit for transport facilities/access
Installing materials and equipment sometimes requires special transport, for example using cranes.
It may well be necessary to make special arrangements with respect to traffic. A permit is in any
case necessary if roads need to be closed. The competent authority in such cases is the municipality.
Consideration needs to be given not only to access for equipment but also for the emergency
services (fire, police, ambulance).
Storage of equipment in public areas
A permit is required to install equipment on land belonging to the municipality or to lay cables or
piping that run through such land. This is not usually any problem when the remediation project
involves land belonging to the municipality itself.

7.2 Best practise on Monitoring of process parameters
The process parameters are monitored during remediation. This is primarily in order to track the
remediation process and if necessary make changes to it. The secondary intention is to determine
whether the end result is being achieved. This section will first indicate the general method for
collecting data and then discuss how monitoring is planned and the various different monitoring
parameters.
Most of the process data are automatically collected and digitally stored to be processed in a
spreadsheet. The program automatically converts the main data into tables and graphs. The
advantage of this is that the environmental technician immediately gets information on how the
process is going and can take any measures necessary. He passes the spreadsheet on to the process
controller via a network. The soil samples are collected by hand and sent to a laboratory, where
they are analysed using a computer program. The results are sent back to the process controller,
who processes them.
Monitoring plan
The intention of the monitoring plan is to make clear to the environmental technician which
process parameters need to be collected and sampled and with what frequency. The monitoring
plan needs to be updated regularly so as to ensure that monitoring is effective.
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The plan usually consists of a block diagram setting out the action to be taken and the time. The
standard unit of time is one week. Both the number of the week and the date of the first day
(Monday) are given.
The plan covers the following items:
General: Indication of the processes that are taking place: current in the soil, functioning of
electrolyte managing system, odour management (chlorine gas). Starting date and planned finishing
date.
Power supply: Measurement of the current strength through the electrodes and the voltage across
them. Reading of power level. Checking of overall operation of power supply. These parameters
are basically checked and noted during every visit to the site.
Circulation system: Check circulation of cathode and anode electrolytes and operation of pumps.
These parameters are basically checked and noted during every visit to the site.
Electrolyte management system: Clean and calibrate measurement electrodes. Collect data on pH, EC,
Eh, and temperature of cathode and anode electrolytes that flow into and out of the water
management system. Check operation of pumps, alarms, valves, and shut-off devices. Check and
if necessary top up acid and/or alkali supply. These parameters are basically checked and noted
during every visit to the site.
Field measurements: Determination of groundwater levels, pH, and perhaps also soil temperature
and/or weather conditions. The frequency depends on the duration of the remediation project.
When remediation is taking place with the material in store, weekly monitoring may be desirable.
In the case of long-term projects, monitoring may take place once a month.
Influent: Sampling of the cathode and anode electrolyte. The frequency of sampling and the number
of samples taken depend on the duration of the project and on what the client has requested. The
plan also indicates what features are to be analysed and the type of sample bottles to be used.
Effluent: The discharge permit requires that regular sampling of the effluent be carried out. Where
effluent is discharged into the sewerage system, the schedule involves sampling on days set in the
permit. It may be possible, in consultation with the sewage treatment authority, to reduce the
frequency to only once a month or even less. The plan also indicates the features to be analysed
and the type of sample bottles to be used.
Dredging/sludge: samples need to be taken during most remediation projects. The most significant
factors are the locations the samples are taken from and the depth. The plan also indicates the
features to be analysed and the type of sample pots to be used. Samples are usually taken according
to a pre-set scheme..
Reports: Regular reports on the situation must be provided during the course of the remediation
project. The frequency of reporting depends on the duration of the project and the client’s
requirements. A report is generally provided after the equipment has been installed. In the case of
short-duration projects, reports are then provided once every quarter; for longer projects, the
frequency is every six months or every year. Information is usually provided to the sewage
treatment board and/or the water board every month or every quarter.
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7.3 Process parameters in the container
Power supply
A kWh meter is fitted in the electricity box or the installation panel. This is easy to read for
connections up to 100 kW. In the case of other connections, the kW level is also read remotely by
the power company. Both daytime and night-time electricity can be read. The purpose of this
measurement is to record how much power is used during remediation.
The readings on the meter are given in kWh. The reading must often be multiplied by a particular
factor in order to get the actual level. This factor is indicated on the meter.
The installation panel often has an ammeter for each phase. This makes it possible to measure the
total current strength for each phase. The ammeters allow one to quickly check whether the current
is distributed equally to the electrodes and whether they are regulating or not.
In order to determine the current strength to each electrode, it is not sufficient to simply divide the
total current strength by the number of electrodes. Some electrodes will deliver more electricity
than others. A current regulator is used to limit the current strength. The current strength is usually
measured with a DC ammeter (a clamp-on current probe, An electrode may sometimes be
regulating actively, meaning that it is not possible to take the reading clearly.
The voltage across the electrodes is basically dependent on the type of connection to the
transformer and is therefore not always measured. It can however be measured with a multimeter.
Circulation system
The circulation and effluent flow rates during remediation are measured using flow rate meters.
The effluent flow rate meter is installed in the effluent pipe and indicates the number of m³ that
are ultimately discharged. This type of meter is usually mechanical and is fairly reliable.
In order to measure the flow rates for each line, a flow rate meter can be used but a sight glass is
used more frequently. However, using a sight glass does not allow one to determine the flow rate
but only to see whether or not the electrolyte is actually flowing. A flow rate meter can be installed
in order to determine the overall circulation flow rate of the cathode and anode electrolytes. It is
possible to use mechanical flow rate meters with an electrical pulse output so that these can be read
out via the PLC or PC and so that the data can be logged.
A sight glass can be used to check the circulation in a pipe. It consists of a transparent section of
PVC tubing. Sight glasses are often used in all the draw pipes and discharge pipes for cathode and
anode electrolytes to and from the electrode wells. In combination with shut-off devices, they make
it possible to check the circulation through each pipe and to adjust it if necessary.
A pressure sensor is used to measure the under-pressure in the pipe between the pump and the
shut-off devices. The overpressure is measured in the pipe running to the pump. Analogue reading
is possible, or one can use an electrical pulse signal, making it possible to read out data via the PLC
or PC.
Sensors are located in the circulation system for measuring and checking the electrolytes. The
cathode system is basically the same as the anode system. All the sensors need to be regularly
cleaned and calibrated. The sensors are connected to a measurement amplifier with readout. The
measurement amplifier transmits data to the PLC via an optical link. It is powered by batteries.

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 39 of 47

The acidity (pH, no unit of measure) is measured so as to determine how acidic the incoming and
outgoing electrolytes are and to adjust the acidity accordingly by adding acid or alkali. The pH
electrode has a plastic housing because this is sturdy and easy to clean.
The redox potential (Eh, in (m)V) is measured so as to check the redox state of the electrolyte. The
redox electrode also has a plastic housing (filled with gel)
The conductivity (EC, in (m)S) of the electrolyte is used to indicate the number of ions in solution.
The conductivity electrode also has a plastic housing.
The temperature (T, in oC) of the incoming electrolytes is measured by means of a sensor so as to
be able to automatically correct the temperature for the pH meters.
Air can be extracted from the electrode wells and the containers if necessary. The under-pressure
in a pump is determined mechanically by means of an under-pressure sensor. The concentrations
of chlorine gas or hydrocyanic acid gas, for example, can be measured with a substance-specific
meter.

7.4 Process parameters in the field
The temperature in the field can be measured if required using temperature sensors in monitoring
wells. This is done by means of a sensor connected to a cable.
Monitoring wells are used to measure the acidity (pH) in the field and thus to determine the acidity
of the soil. This is done by abstracting water from the monitoring wells and then testing it above
ground using a pH meter or litmus paper. It is also possible to lower a pH sensor into the
monitoring well. (Before doing this it is necessary to cut the power supply to the field so as to
prevent electromagnetic interference.)
The current strength and voltage can be measured either in the energy container or in the field (if
the electrodes are accessible in the field). The current strength is measured using a DC clamp-on
current probe (ammeter). The voltage can be determined by means of a multimeter. The voltage
drop across the soil can be measured across the electrodes in the field or across iron metering pins.
The voltage drop in the soil determines the ion mobility.
During some projects, the weather conditions (for example precipitation and temperature) are
specifically recorded. Precipitation can be measured using a special precipitation gauge with a
funnel. The temperature is measured with a thermometer. It is also a good idea to record special
weather events or circumstances so as to help explain any deviations or malfunctions in the
remediation system. This may involve such things as storms (with resulting damage), frost,
flooding, hail, etc.

7.5 Best practice on sampling
Soil samples are taken periodically to check the progress of the remediation project. Each sample
is taken by drilling down manually to the required depth. A bore profile is then constructed, with
a bore record. If possible, an indication is given of where the contamination is located and how it
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has been determined. The depth from which the sample was taken is also indicated. The samples
are then analysed by a certified laboratory. The sediment samples are used to analyse the
concentration of contaminants in the soil.

Influent samples
Sampling the influent is intended to provide information on the concentration of heavy metals or
cyanides in the cathode or anode electrolytes. The samples can also be used for load calculations.
A sample can be taken from the cathode and anode buffer tanks. The samples can also be analysed
at the site if necessary using special measurement equipment for heavy metals or cyanides.
Effluent samples
The purpose of effluent sampling is to determine whether the water that is discharged complies
with the permitted discharge requirements. The parameters to be analysed are determined by the
water board or sewage treatment board. This generally involves the contaminant and undissolved
components. Section 4 indicates the relevant requirements. Sampling is carried out after
purification, preferably as close as possible to the connection to the sewerage system.
Analysis parameters
A standard analysis package for heavy metals covers As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn (in the
version supplied by Alcontrol Laboratories). However, one may also decide that only the
contaminant metals will be measured at a particular site. Besides the metals listed above, one can
also measure other metals, for example calcium and magnesium, in connection with ion
displacement. Depending on the requirements of the laboratory, the samples may need to be
welled.
In the case of other contaminants, a decision needs to be taken on the parameters that should be
analysed. What side-contamination can be expected?
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7.6 Malfunctions and problems
No.

Problem

Cause

Solution

1.1

Little or no current is passing Defective electrode (dissolved or Replace the electrode.
through
an burnt out).
electrode/electrodes, but it is
live.
The conductivity of the soil has been Check the circulation system.
greatly reduced or a high pH is
leading to the formation of hydroxyl Increase the voltage across the electrodes and
prevent hydroxyl ions transport in the soil
deposits in the soil.
through the circulation system and acid dosing.
Perhaps reduce pH or current strength.
Deposits have formed on the Scrape the electrodes clean.
electrode, so that no more current
Pump concentrated acid (pH =1) round for a
flows due to the high resistance.
short time, but beware of corrosion.

1.2

No current is running through Broken cable
the electrode, and it is not live.

Replace or repair the cable.

Bad connection of the electricity Disconnect the contact, remove corrosion and
cable.
reconnect.
There is no voltage from the current Check the power supply.
regulation unit.

No.

Problem

Cause

Solution

1.3

The current strength to the
electrodes is being regulated
too actively so that the fuses
blow.

Regulating the current to the Lower the voltage across the electrodes.
electrodes causes current peaks. If the
load on the fuses is too high, they will
blow.

1.4

Electrolyte loss is occurring Electrolyte loss is occurring at the Top up the water via the mains.
in the circulation system.
electrodes, possibly due to the
presence of highly porous sand layers. If a lot of water is being lost, replace the wells.
Electrolyte loss is occurring at the Reinstall the electrode wells.
electrodes, possibly due to wrongly
installed wells.
Electrolyte losses are taking place in Check the circulation system for leaks and repair
both circulation circuits.
it if necessary.
Check drilling records; it is possible that water loss
is occurring in highly porous sand layers.

1.5

The electrolyte volume at the Osmotic transport normally takes
cathode is not increasing.
place to the cathode; now loss is
occurring in the soil or somewhere
else.

Determine the cause of the absence of osmotic
transport, for example by shutting off the water
supply, turning on-off the circulation system for
electrodes or electrode series.

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 42 of 47

No.

Problem

Cause

Solution

1.6

The circulation system is not
operating properly. Current
strength is a measure for acid
or OH- production and must
be correct because otherwise
there will be no circulation at
one or more wells.

Defective pumps.

Check the pumps and repair them if necessary.

Leakage in the piping.

Check the piping and connections and repair
them if necessary.

Level sensors not operating correctly.

Check operation of sensors and first clean them.

Blockages in the piping due to Flush piping out with extra acid and at a high rate
deposits.
of flow.
The circulation system does not Top up the water via the mains.
contain enough water.
Shut-off devices not open far enough. Check the shut-off devices and readjust them.

1.7

The shut-off devices are not In the case of electrical shut-off Check the power supply and the PLC control.
operating.
devices, no current or control.
In the case of pneumatic valves, no Check the power supply, the compressed air
current, control or air pressure.
pressure, and the PLC control.
Debris (sand, plastic etc.) in the shut- Clean the shut-off device.
off device.
The membrane of the pneumatic valve Replace the membrane.
is leaking.

1.8

The pH is not changing as The circulation system is pumping too Increase the circulation rate.
expected at the anode.
slowly, meaning that mixing is not
taking place properly.
In the case of alkali dosing: too much Check the pH setting of the alkali dosing pump,
or too little alkali is being added at the the alkali supply tank, and the operation of the
anode.
dosing pump.
pH meter not operating correctly.

Clean the pH meter and re-calibrate it.

Cause

Solution

No.

Problem

1.9

The pH is not changing as The circulation system is pumping too Increase the circulation rate.
expected at the cathode.
slowly, meaning that mixing is not
taking place properly.
In the case of acid dosing: too little or Check the pH setting of the acid dosing pump,
too much acid is being added at the the acid supply tank, and the operation of the
cathode. (Current strength + quantity dosing pump.
of acid + circulation speed + capacity
circulation system)
pH meter not operating correctly.

Clean the pH meter and re-calibrate it.

1.10

The redox potential is rising Possibility that chlorine gas and Remove some of the electrolyte and replace it
to above 700 to 800 mV at hypochlorite may be formed if chloride with clean mains water.
the anode.
concentration is high.
Alkali can also be added.

1.11

The
conductivity
increasing to almost
mS/cm.

is Increase in ions in the electrolyte Remove some of the electrolyte and replace with
20 solutions.
clean mains water.

1.12
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Acid or alkali dosing not pH sensors not operating properly.
operating
(or
not
sufficiently).

Clean the pH meter and re-calibrate it.

Pump not operating properly or Check operation and repair if necessary.
defective.
Acid or alkali used up.

Fill the supply tank with enough acid or alkali.

Piping blocked or broken.

Check piping and replace it if necessary.
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No.

Problem

Cause

1.13

The measuring sensors are Deposits on the sensors.
not operating correctly.
Power supply not operating correctly.

Solution
Clean the sensors and recalibrate them.
Check the battery power supply.

Damp or deposits on (pH, Eh) Check the connections, remove any corrosion,
electrode connections.
and clean thoroughly with ethanol. Then dry
properly.
Signal transfer not operating correctly. Check the input signals against the output signals
at the PLC.
1.14

The pH in the field is not Not enough current is being supplied.
changing as expected in
relation to the current The soil contains a lot of calcium and
strength and buffer capacity. the buffering capacity means that the
soil is not becoming acid.

Increase the current strength.
Determine the C.E.C. again by means of a
laboratory test and determine how much acid will
be necessary to make the soil acidic.

There is too little compensation for the Reset the acid dosage at the cathode.
hydroxyl ions that are formed.
There is not enough compensation for Reset the alkali dosage at the anode.
the proton ions that are being formed.

No.

Problem

Cause

1.15

Hardly any contaminant is The ideal pH at which the contaminant
found in the electrolyte. No is mobile has not yet been reached
contaminant
is
being throughout the whole body of soil.
transported to the electrode
well.

Solution
Determine how much acid or alkali is necessary to
make the whole body of soil acid.
Measure the pH between the cathode and the
anode and determine the acid front. Check
whether ions can find their way into the electrode
well on the basis of the pH around the well.
Analyse soil or groundwater samples taken
between the anode and the cathode and
determine to what extent ions are being
transported in the soil.

Contaminated substance is present as Ensure that the substance is charged.
uncharged complex.
1.16

An electrode well cap has Formation of detonating gas in the Ensure that there is sufficient ventilation and
been blown off the well.
cathode electrode well and if there is a check any extraction system installed.
faulty contact with the electricity cable
Clean the contacts and reconnect them.
there is a risk of sparks.

LIFE 12 ENV/IT/000442 “SEKRET”

2016

FINAL BEST PRACTICE REPORT

Page 45 of 47

7.7 Environmental technology problems
No.

Problem

Cause

2.1

Settling and subsidence are The fact that the soil is being Reduce the power supply to the field so that less
taking place.
heated means that it may shrink.
heat is developed.

No.

Problem

2.2

The container is a visual
intrusion.

Cause

Solution

Solution
Install the container underground.
Paint the container an acceptable colour.
Install wooden shielding around the container
or construct it of wood.
Grow plants around the container.

2.3

The container is causing In particular monotonous humming Adjust the rotation speed of the pump with a
noise pollution.
due to continuously running pumps. frequency regulator.
Install sound insulation around the pumps or
in front of the ventilation openings (but in such
a way as not to hinder ventilation).
Perhaps only turn on noisy pumps during the
day.

2.4

Odours in a container.

Odours due to the release of Reduce the redox potential at the anode to less
chlorine gas, hypochlorite and other than 700 mV.
vapours.
Check whether the ventilation system is
operating effectively.

2.5

Odours in the surroundings. Odours due to release of gasses Determine where the odours are coming from
from the container.
and which substances are causing them and
treat the gasses using a (water) gas purification
system.

2.6

Corrosion in the container

Release of acidic vapours.

Ensure that there is sufficient ventilation over
the buffer tanks of the circulation system.

7.8 Climatological problems
No.

Cause

Problem

Solution

3.1

Too much precipitation.

Increase in the electrolyte volume, Ensure that extra water is removed from the
meaning that high-water sensors electrolyte circulation system.
cause the system to shut off.
Cover the basin with sheeting.

3.2

Not enough precipitation.

Lowering of the water level to below Add extra water to the body of sediment that
the level of the electrodes.
is to be remediated or turn off the system.

3.3

External temperature falls to If heating is being carried out, the Keep close track of the weather forecast (for
below freezing.
system will continue to operate. example for low temperatures and wind).
However, if an alarm causes the
system to shut down, it may freeze. Insulate all cables and piping that have been
installed above ground and insulate the
discharge point.
Install a heater in the container.
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In the case of a hard frost (or if a hard frost is
forecast), shut down the system and drain off
the water.
3.4

External temperature very When the external temperature is
high.
very high, the container may be
unable to cool down properly if the
ventilation is ineffective, with the
risk that equipment will shut down
due to overheating.

Ensure that there is enough ventilation and
circulation and perhaps install an airconditioning system.
Perhaps spray water onto the roof.

High temperatures of groundwater Allow the water in the buffer tanks to cool
that is extracted, meaning for down.
example that the efficiency of
activated carbon is reduced.

7.9 Problems with the purification system
No.

Problem

Cause

4.1

Discharge standard for the Purification system not operating Depending on the contaminant, the purification
contaminant not achieved.
effectively.
system needs to be extended or adapted, or the
circulation speed reduced. For details, see section
6.

4.2

The well press is not Well press shuts down if there is too Ensure that the effluent can flow away freely.
operating or is not operating much water in the neutralisation tank.
effectively.
There is no supply of electrolyte.

Solution

Check the supply of electrolyte. Perhaps install
buffer tanks to guarantee a constant supply.

The supply of electrolyte is greater Install buffer tanks or use a well press with a
than calculated, meaning that the higher operating capacity.
pressure in the well press is insufficient
and can slowly fall.
4.3

The EnViroCell is not The EnViroCell is not live or no Check the power supply.
operating or is not operating current is flowing.
Check for deposits on the electrode plates and
effectively.
clean them by reversing the polarity, adding acid,
or scraping them clean.
The EnViroCell has become clogged.

Suck the graphite out of the EnViroCell. Wash
and sieve it so that it can be reused.
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