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PUBLISHABLE EXECUTIVE SUMMARY

Project Summary

Soil pollution with harmful substances (heavy metals, PCB, chlorinated hydrocarbons, etc) is a global
problem nowadays. Soil pollution most often results in pollution of groundwater and this in turn in harmful
consequences for human, animal and plant health. If in the EU 1.5 million polluted sites have been
estimated, it is agreed that in the NIS the number is at least comparable, including former military sites,
airports, fuel stations, machinery repair stations and industrial production sites.

Today, the most generally used method to address land pollutants is to excavate and remove the polluted
land, which is then treated or transported to a landfill at another location. As a rule, this is a costly method
that results in a heavy environmental load, due to long transport distances, among other factors. Moreover,
in many cases the excavation is not an option due to financial or technical reasons. The development of
new technologies for the removal of pollutants from the soil has thus become a priority.

The CLEANSOIL project aims to develop and promote a very simple and cost-efficient alternative to enable
the on-site, in-situ treatment of hazardous substances, especially targeted for large areas of polluted land
and causing minimum site disturbance. Therefore, the system is applicable to the remediation of soil below
buildings, roads, pipelines, railroads, etc, for both local and/or diffuse contamination, and even for
preventive applications.

The method consists on the insertion of several chords connecting a multitude of sorbent material
containing sockets inside the same number of parallel horizontal holes drilled in the ground. The sorbents
can then absorb the pollutants. After a period of time sufficient to attain the desired remediation effect, the
system is removed and the sorbent regenerated for further application.

The present project will study the application of this new method for a wide range of contaminated soils by
making the necessary adaptations and by testing the performance of different sorbent materials in order to
establish selective systems for each kind of pollutant.

Project Objectives
The main technical objectives targeted within the CLEANSOIL project are:

- 1o develop and to test an innovative, simple, easy to handle, applicable under existing
infrastructures and cost-effective on-site and in-situ soil remediation method able to achieve a
degree of soil remediation that allows its reutilisation for different purposes,

- to find the suitable types, amounts and characteristics for sorbent materials or bacteria able to
remove chlorinated solvents, petroleum hydrocarbons, heavy metals etc.,

- 1o establish soil and hydrological conditions in the system (borings, pipes and absorption system)
good enough to allow the application of the CLEANSOIL method to very different soil conditions.

From the environmental point of view, the proposed project aims:

- 1o contribute to the development of methods for the remediation of contaminated soils up to the
restoration of its vital functions, applicable both in the EU and the NIS

- 1o contribute to the development of methods able to avoid groundwater contamination and the
spread of pollution from leaching.

The project also has social objectives:

- 1o raise awareness about the environmental/health/economic problems linked to soil pollution, and
to inform and involve other relevant actors and stakeholders beyond the consortium.

- 1o strengthen the exchange of knowledge between EU and NIS scientists.
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Contractors List

- - - . Date Date
Participant | Participant | Participant Partici Participant .
articipant name Country enter exist
Role type number short name project | project
Verein zur Férderung des Tz
co RTD 1 Technologie Transfers an der BIONORD Germany 1 36
Hochschule Bremerhaven e.V.
CR RTD 2 M.V. Lomonosov Moscow State MSU Russian 1 36
University Federation
Institute for Nature Management
CR RTD 3 Problems and Ecology, National INMPE Ukraine 1 36
Academy of Sciences of Ukraine
CR SME 4 Globe Water AB GLOBE Sweden 1 36
CR RTD 6 Ugra State University usu Russian 1 36
Federation
CR SME 7 Bioazul S.L. BIOAZUL Spain 1 36
CR RTD 8 Politech_nika _Warszawska (Warsaw PW-WUT Poland 1 36
University of Technology)
Institute of North Industrial Ecology Russian
CR RTD 9 Problems, Russian Academy of INEP , 3 36
Federation

Science

) INEP assumed the tasks assigned to the former partner PAGBI from month 2 up to the end of the project.

Table D36-1: Contractors list

Contact details of the co-ordinator

Mr. Mirko Hénel
Technologie-Transfer-Zentrum Bremerhaven - BIONORD

Fischkai 1

D-27572 Bremerhaven

Phone: +49-471-48 32-180
Fax: +49-471-48 32-129
E-mail: mhaenel@ttz-bremerhaven.de

Work Performed, Results Achieved So Far and Expected End Results

The aim of the CLEANSOIL project is to develop, test and promote a very simple and cost-efficient
alternative to enable the on-site/in-situ treatment of hazardous substances able to achieve a degree of soil
remediation that allows its reutilisation for different purposes causing minimum site disturbance. The system
is especially targeted for large areas of polluted land, and it is applicable to the remediation of soil below
buildings, roads, pipelines, railroads, etc, for both local and/or diffuse contamination, and even for
preventive applications. This new method is proposed to be tested for a wide range of contaminated soils
by making the necessary adaptations and by using different sorbent materials in order to establish selective

systems for each kind of pollutants in three testing sites, two in Russia and one in Ukraine.

In order to achieve the above mentioned objectives, the work has been organised in the following eight
work packages as stated in the Description of Work (DoW) document:

e WP 1. General problem specification and parameters definition
e WP 2. Field survey and remediation targets definition
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e WP 3. Sorbents identification and lab-scale tests

e WP 4. CLEANSOIL system and test programme design
e WP 5. CLEANSOIL construction and operation

e WP 6. CLEANSOIL performance evaluation

e WP 7. Exploitation and know-how dissemination

e WP 8. Project Management

During the first 12 months of the project duration, reporting period from May 1% 2005 until April 30" 2006, a
better definition of the problem in its environmental, social and economic dimensions was performed,
including the study of legislation in the NIS and the current policies at European level. Besides, it was
necessary the review the remediation technologies currently applied and the analysis of CLEANSOIL
applicability. After this, measurable and verifiable parameters were identified and the most suitable
sampling, analytical and statistical methods to be used during the whole project were chosen. The final
agreement of the definitive testing sites was reached. All these tasks belonging to WP1 were completed
according to the time frame schedule.

Based on the knowledge acquired in WP1, the main aim of WP2 was to determine in detail the specific
situation of the CLEANSOIL system testing areas. Thus, limit values of pollutants were evaluated on
legislative framework and according to ecotoxic and health terms. In addition, a detailed soll
characterisation was carried out, as well as a description of groundwater pollutants and remediation targets.
Knowing the kind of soils and the range of existing pollutants, batch adsorption experiments were executed
in order to determine their adsorption isotherms for the identified pollutants in these three different sites.
Taking this into account together with further studies about pollutants degradation by endogenous
microorganismes, a list of potentially applicable sorbents was elaborated.

As an example, some pictures are included in order to show the work performed in these months,
concretely taken during the field work in the selected site in Kola Peninsula, Russian Federation.

Figure D36-4: Monoliths
extraction

Figure D36-6: Pollutants identification, rhizon

Figure D36-5: Soil solution sampling soil moisture samples
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According to the WP3, after having compiled the potentially applicable sorbents in the testing sites, the
most suitable and promising ones were selected and its performance tested according to their specific
pollutant by means of lab-scale tests.

The work continued during the second year of the project, reporting from May 1% 2006 until April 30" 2007.
During that year, the sorbents identification and lab-scale tests were completed (WP3). A range of
potentially applicable sorbents for the system was identified, being chosen the most suitable and promising
ones for the different pollutants under study. This choice was done after characterising the sorbents,
determining their adsorption isotherms and studying their colonisation by microorganisms. Additionally, lab-
scale tests with column samples were done. A small scale CLEANSOIL system with drillings and sockets
was integrated in the columns, which were washed with solutions simulating real conditions, i.e., loads of
pollutants, and therefore allowing the study of some factors such as amount of sorbent material used and
distance between the holders, influence of the moisture of the soil and time of operation necessary to reach
a certain remediation level.

Fig. D36-7: Excavation of Fig. D36-8: Lab-scale soil column Fig. D36-9: Lab-scale soil column experiments
undisturbed soil columns in the field experiments

Fig. D36-10: Sorbent C-verad used Fig. D36-11: Sorbent sunflower Fig. D36-12: Sorbent “Irvelen” used by USU
by INEP husks used by INMPE

After this, once the sorbents to be used were characterised and selected, the CLEANSOIL system and the
test programme were designed and dimensioned for the different testing sites (WP4), including the number
of horizontal holes for the introduction of the system, their diameter and the distance between them
(depending on the amount and type of contaminants), the distance between sorbent holders connected to
the same wire and in contiguous wires, the type and amount of sorbent/reactive agent, etc. In addition, a
complete test programme was developed, indicating the frequency of the analysis to be carried out, how
and where.

Page 6 of 11



CLEANSOIL - Final Activity Report

Site layout and drilling plan for the testing sites (3D CAD)
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Fig. D36-13: 3D CAD for USU site Fig. D36-14: 3D CAD for INMPE site Fig. D36-15: 3D CAD for INEP site

The next step was the installation and operation of the CLEANSOIL system in the testing areas (WP5).
Thus, in this WP the main work was the construction of the system on the three selected test sites
according to the specifications laid down in WP4 and later on its operation and monitoring according to the
procedures defined in WP4.

Within the third year of the project, reporting from May 1% 2007 to April 30" 2008, all remaining tasks were
successfully fulfiled. Some details were still to be defined for the Kola Peninsula test site regarding the
system design (WP4), and these particularities were finally stated at the very beginning of this reporting
period.

On the other hand, drilling took place following the agreed drilling design at each site and the sockets were
manufactured specifically for the different test sites and then introduced in the holes (WP5). In addition to
this, bioreactor for bacteria cultivation was transported and installed in the Khanty-Mansyisk test site, and
the bacteria suspension was used for the colonisation of the sorbent. The system was operated following
the program instructions and the test sites were monitored according to the test program developed,
including the periodical sampling and analysis of the soil, the groundwater and the soil solution water.
Besides the work planned in the Technical Annex, the program developed by MSU for the Kola Peninsula
test site included additional irrigation of plots with water, diluted (0.01 M) hydrochloric and citric acids in
order to mobilise heavy metals fixed in topsoil and bring them to sorbent placed in subsoil. Periodical
sampling of soils and soil solutions both for chemical and microbiological purposes was done for each test
site after each monitoring period.

&:S

Fig. D36-16: Drilling procedure Fig. D36-17: Introduction of sorbents Fig. D36-18: System installed
into the sockets
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Fig. D36-19: Irrigation of plots with water Fig. D36-20: Bioreactor for bacteria Fig. D36-21: Bacteria suspension
cultivation

The performance of the CLEANSOIL system was assessed within WP6 according to the indicators selected
in WP1. This evaluation included the study of the degree of adsorption reached by the sorbents and their
residual capacity, whether the sorbents underwent a certain degradation process and to what extent and
the remediation achievements. Microbiological monitoring of soil and toxicity tests were developed. An
empirical model describing the process was elaborated as well. After this, the system was finally removed
from the test sites and the soil reconditioned by refilling the holes.

In addition to this, an analysis on the technical/economic feasibility of regenerating the sorbents, and even
on recovering some of the adsorbed substances, was carried out. Parameters like drilling, sorbents and
hoses, regeneration of sorbents and regeneration of the soil extracted with the drillings were taken into
account when calculating the economical impact of a concrete remediation system application. Therefore,
pollutants disposal methodologies for sorbents and soil regeneration were assessed according to the
particular conditions of the project test sites and the range of pollutants extracted with the CLEANSOIL
system. The alternatives for disposal of the extracted pollutants in an environmentally friendly way were
also analysed according to pollutant categories firstly (heavy metals, organic compound and pesticides)
and, later on, to the specific conditions of the CLEANSOIL project.

Finally, and based on the results of the previous tasks, a feasibility study comprising technical,
environmental, practical and economical aspects was carried out for Russia, Ukraine, Poland, Spain and
Sweden. Thus, after testing it in three different locations and extracting the results and conclusions of its
performance, the elaboration of this study revealed the system practicability in the countries addressed in
the consortium to the partners. With this aim, issues like needs, economics, technical requirements and
market trends for the different countries were taken into account.

Strong dissemination activities were carried out within WP7 since the beginning of the project in order to
widespread to a major public the main outcomes of the project.

One of the main tools for the wide dissemination of the project and its results was the development during
the first year of the official project website http://www.cleansoilproject.info, launched in October 2005. It
consists on a public access site containing a short description of the project, information about the
objectives, partnership and progress of the CLEANSOIL project, and a restricted access site for the
consortium partners in which all important information, project deliverables and other documents are hung
down. The website was updated during the whole duration of the project.

Some partners prepared other CLEANSOIL websites as well, like the English/Russian website
(http://soil.msu.ru/projects/cleansoil) or the Polish one (http:/www.is.pw.edu.pl/cleansoil). Moreover,
the partners gradually introduced references about the CLEANSOIL project in their own websites.

In addition, an official logo of the project was developed and included in all websites and dissemination
materials produced in the CLEANSOIL project:

eanso)

Fig. D36-22: CLEANSOIL project logo
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Apart from those explained above, other important dissemination activities were carried out. The most
important one was the preparation of the official project seminars. One of these seminars was organised by
PW-WUT and took place at their facilities in Warsaw. Another one was organised by MSU in parallel with
the final meeting of the project, and it took place at their facilities in Moscow. These two seminars, carried
out in Polish and Russian languages respectively, brought together local governments representatives,
consulting companies and companies offering services in the field of environmental protection, amongst
others. Press releases about CLEANSOIL have been done by many partners in order to generate a
widespread knowledge about the objectives of the project and to disseminate it, and dissemination material
on the CLEANSOIL project were distributed among partners contacts at conferences, workshops, seminars,
etc, where they also presented CLEANSOIL.

Partnerzy konsorcjum projektu

 Vereins zur Foerderung des Technologietransfers an der
Hochschule Bremerhaven e V. (Niemcy)

* M.V. Lomonosov Moscow State University (Federacja
Rosyiska)

= Insiitute for Nature Management Problems and Ecalogy,
Narodowa Akademia Nauk Ukrainy (Ukraina)

+ Globe Water AB (Szwecja)

+ 00O Driling Engineering Research and Communication
Installation (Federacja Rosyjska)

* Ugra State University (Federacja Rosyjska)

« BIOAZULSL (Hiszpania)

« Politechnika Warszawska (Polska)

» Polar Alpine Botanical Garden-Institute (Federacia

An innovate method for the on-site remediation
of polluted soil under existing infrastructures
(CLEANSOIL)

Rosyjska)
« Institute of North Industrial Ecology Problems, Rosyjska yjna metoda d] y
Akademia Nauk ¢ Federacja Rosyjska) gruntow on-site pod istniejaca infrastruktura.
(CLEANSOIL)

drinz. Adam Muszyiiski - kierownik projekeu
a

Celem projektu _An innovate method for the on-site
remediation of poliuted soil under existing infrastructures
(CLEANSOIL)"  (Jnnowacyjna  mefoda  remediacji
zanieczyszczonych  gruniéw  on-site  pod istniejaca
infrastruktura (CLEANSOILY) jest opracowanie nowej
technologil  oczyszczania  guntéw  z  zanieczyszezefi
chemicznych wystepujacych na  ograniczonym  obszarze
I pochedzacych ze $cisle okresionych zrode

Mefoda CLEANSOIL jest nowoczesna, prosta
I ekonemiczna technologia usuwania z gruntu zanieczyszczefi
chemicznych,  takich  jak  weglowodory  alifatyczne
iaromatyczne oraz ich chlorowcopochodne, metale ciezkie
iine. Moze miet takie zastosowanie jako Srodek

przed sie
zanieczyszczenia z wodami gruntowymi

Mefoda polega na wprowadzeniu do  otworow
wywiierconyeh poziome w Zanieczyszczenym gruncie sorbentu
umieszczonego W péiprzepuszezalnym - materiale
Worzypadku substancii ulegajacych biodegradacii, proces
oczyszezania gty jest  wspomagany  metodami
biologicznymi. Po czasie wystarczajacym do  uzyskania

Zastosowanie technologii CLEANSOIL, ze wzgledu na
stosunkowo duZe koszty wiercen, jest celowe jedynie
w przypadku, gdy nie jest mozliwe zastosowanie innych metod
oczyszczania gruntéw, tzn. na terenach zurbanizowanych pod
istnieiacymi budynkami

Projekt speinia wymogi polityki Unii Europejskiej
w zakresie ochrony s$rodowiska, tworzac nowa i prosta
technologie w zakresie ochrony | oczyszczania gleb, mozlia
do zasiosowania zarwno w krajach UE, jak i w krajach bylego
Zwiazku Radzieckiego. Cele, metodyka i zalety projekiu
2 takze wyniki prowadzonych prac prezentowane sa na stronie
intemetowe projektu: ww cleansoiproject info

3

Projelkt finansowany przez Komisje Unii Europejskicj

ramach 6 Programu Ramowego (FP6)
INCO-CT-2005-013420

pozadanego efektu dekontaminacii gruntu sorbent jest
usuwany i moze byé regenerowany.

Fig. D36-23: CLEANSOIL brochure for the Polish seminar

Other dissemination activities, i.e. preparation and presentation of diffusion material like different kinds of
brochures, posters and papers were carried out by all partners, as well as press releases, attendance to
conferences and meetings, and the introduction of the project to relevant stakeholders and authorities.

CLEANSOIL

An Innovate Method for the
On-Site Remediation

of Polluted Sail Under
Existing Infrastructures

CLEANSOIL

An Innovate Method for the
On-Site Remediation

of Polluted Soil Under
Existing Infrasteuctures

THE CLEANSOIL PROJECT SUPPORTED BY THE EURDPEAN THE CLEANSONL PROJECT
co 18 FOTUSED GN THE comMMISSI

Fig. D36-24: CLEANSOIL project official brochure
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CLEANSOIL

AN INNOVATIVE METHOD FOR THE ON-SITE REMEDIATION OF

POLLUTED SOIL UNDER EXISTING INFRASTRUCTURES

Dr. Gerhard Sch anel, Ms Raquel del Prado (ttz Bremerhaven e.V.)
Ms. Antonia Lore

INTRODUCTION

Soil is @ vilal nanenoweble fesouice perfarming 8 hige
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| vital for ffe, bt with potentisy rapic cegradation rates. and
eitremaly slow EgENeration processas

In seaton, puiuled stes ceanup & lnked 1o high operation
casts. varyng from 59 b 109 ELRO

OBJECTIVES

@ Develop and test an imovative, simpl e =nd in-sau s of soi pofuted by hazardous substances, specially targeted for (arge
dreds of polluted tand, when sl removal i not practicabie (under buildings. reads. railroads. efc.)

@ Actieve remediallon aigel degres which allows S0l FEsiorlion of £ Vital 1Unelions and Teusisatian for cthes Glerent pulposes

@ v grourdwaler contamination and the spread of pollition frorm leaching

about the prablems inked o

TECHNOLOGY

o The CLEANSOIL method i based for the h

@It consists of the inserion of several chords connecing @ muittude of sorbent t
sockets inside the same number of paraliel honzental holes drilled in the ground. The sorbents are feft in
the sail for @ certain time penod n order o BbsorD the Contaminants, Afler tnal the system s removed
and the somant regenerated for furiher uss.

© Contralled ling val ensuse m iage.

MAIN OUTCOMES

@ Stidy the applicalion of the CLEANSOIL method for a wide fange of cortaminated sois n Russé (Kola
Pennsuls a0 and Uiaine

@ Study of the performance of severa sorbents or bacteria for specic pollutant source removal and
selection of the most suitable ones.

@ To establsh soil and nycrologeal coNdNoNs in the system (borings, pipes and absorplion system) for
differant applizations of GLEANSOIL
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Fig. D36-25: CLEANSOIL project official poster

In addition, the possibilities of integrating the project results in the development of new ecological legislation
in Russia and Ukraine were also analysed. In order to achieve this, the modern Russian and Ukrainian
legislations in the sphere of environmental protection, management of natural resources, soil conservation
and rehabilitation were reviewed. The possibilities of integrating the project activities and results with
regular education activities at the participating universities and institutes were also discussed.

A more detailed explanation of the dissemination activities carried out, as well as several routes for the
exploitation actions agreed to date regarding the results, are available in the “Plan for Using and
Disseminating the Knowledge”.

The management of the project (WP8) has been carried out in parallel to the research activities during all
this time, ensuring the correct coordination, communication and cooperation between the partners.

The CLEANSOIL project officially started on May 1%, 2005, and launched during the Kick-Off Meeting in
May 30" - 31%!, 2005, held at the scientific co-coordinator’s facilities in Lomonosov Moscow State University,
Moscow, Russian Federation. Since then, the project has been managed by the three coordinators, TTZ
(being the general and financial coordinator), MSU (the scientific coordinator) and BIOAZUL (the
administrative coordinator), as it was expected without problems with a strong highly efficient team work
that has ensured a fluent communication and information transfer within the consortium.

In addition to daily management activities, several extraordinary activities were carried out during the first
year of the project. A periodic report on the distribution of the EC’s contribution was submitted due to the
first distribution of the advance payment among the partners, as well as a supplementary report (six months
report presented in October 2005).

Two of the initial project partners BIIKS and PAGBI withdrew the project in June 15", 2006; whereas the
new partner INEP was included in the consortium to carry out the tasks allocated for PAGBI, those tasks of
BIIKS were distributed among the consortium. An amendment of the contract with all these changes was
prepared and approved by the EC in January 2006, as well as a new Consortium agreement agreed by all
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partners. In addition, the electronic versions and hard version copies of the interim reporting questionnaire
on workforce statistics and the interim socio-economic reporting questionnaire (completed by all partners),
together with the interim science and society reporting questionnaire (completed only by the coordinator),
were submitted.

The first year meeting was held in May 18" - 19", 2006 at the general co-ordinator’s facilities in the

Technologie-Transfer-Zentrum Bremerhaven — BIONORD (TTZ), Bremerhaven, Germany. During that

meeting the activities carried out within the first year were discussed and further reported to the EC. These

activities were described exhaustively in the first periodic reports which were submltted to the EC on June
12", 2006. Additionally, a mid-term review report was submitted on December 15", 2006.

Once more, several extraordinary activities were carried out during the first months of the second year of
the project. After finishing the first reporting period, the 70% of the advanced payment provided by the
Commission at the beginning of the project was not spent, therefore the consortium did not receive a
second payment. This caused an important lack of funds and, therefore, of the work to be done. That is why
it was decided to request to all partners their additional cost statements and submit them to the Commission
in January 15" 2007, when the 70% of the advanced payment had been already spent. These cost
statements covered the first seven months of the second reporting period, i.e., since May1®, 2006 until
November 30", 2006.

The second year meeting was held in June, 4" - 5™ 2007 at USU facilities in Ugra State University, Khanty-
Mansiysk, Russian Federation. A visit to the test site of this region was scheduled in this meeting.
Additionally, a technical meeting was held on June 7" 2008 in Dnepropetrovsk between the general co-
ordinator, TTZ-BIONORD, and the local partner. W|th|n the second year meeting, the work performed
during that year was dlscussed and further reported to the EC. The second periodic reports were submitted
to the EC on May 31, 2007.

As explalned previously, two important seminars were held in Warsaw (March, 14" 2008) and Moscow
(April, 16™ 2008), being the last one scheduled together with the third year and final meeting. This final
meeting was held again at the scientific co- ordmators facilities in Lomonosov Moscow State University,
Moscow, Russian Federation by April 17" - 18", 2008. The activities corresponding to the third year of the
project and the final project results were dlscussed within this meeting and further submitted to the EC in
the third periodic reports and the final project reports.

The following table summarises the workpackages in which the consortium has worked during the project:

WP - Lead-contractor Start End Deliver-

no. I E R i Short name month month able No S

WP1 General problem spec.ifi'c.ation and INMPE 0 4 D01-D05

parameters definition v

WP2 Field survey and .re.r.nediation targets MSU 4 8 D06-D11 v
definition

wp3 | Sorbents identifit(;e;tti;)n and lab-scale TTZ-BIONORD 7 20 D12-D14 v

WP4 CLEANSOIL system and test TTZ-BIONORD 13 26 D15-D18 v

programme design

WP5 CLEANSOIL construction and USU 14 25.99 D19-D21 v
operation

WP6 CLEANSOIL pgrformance MSU 23 35 D22-D26 v
evaluation

WP? Exploitation and know-how MSU 0 36 D27-D32 | v

dissemination
WP8 Project Management TTZ-BIONORD 0 36 D33-D36 v

Table D36-2: Workpackages list of the CLEANSOIL project

The partners of the consortium have been working on the tasks foreseen and the results have been
achieved as expected. The work carried in the CLEANSOIL project should not stop now; it should be the
basis for the other activities in the future.
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