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PREFACE
Transferring know how from Nuclear Technology to other areas of great importance to the Greek society, such as
energy, environmental and health technologies, development of methods and decision tools for safe and secure
industrial and infrastructure systems, as well as, advanced materials, cultural heritage and medical applications has
been a success story for the Institute of Nuclear Technology – Radiation Protection over the last decades. This is
demonstrated by the ability of its researchers to attract significant funding for their activities from European and
National Competitive Research programs and International organizations, by the large number of scientific publications in prestigious international journals and the number of their citations. Furthermore, the Institute and its
staff have provided the Greek Society with a number of specialized and technologically advanced services. Although the Nuclear Research Reactor formed the basis of the Institute when it was founded in 1985, today the Institute has expanded beyond nuclear technology into six additional laboratories performing R&D in various specific
topics in the fields of Nuclear Technology, Energy Technology, Environmental Technology and Safety & Security.
Research and Development activities based on the Nuclear Research Reactor form the nucleus of the Nuclear
Research Reactor Laboratory (NRRL). An ambitious refurbishment /upgrading program of the reactor systems is
being implemented. Modernization of the reactor will allow its safe and continuous operation and exploitation
for the development and characterization of advanced materials for aerospace, fusion and fission applications
and the production of medical isotopes transforming part of the NRRL to a Centre of Excellence in Neutron Science. The Nuclear Research Reactor constitutes a large national infrastructure which will contribute to the development of the necessary nuclear safety culture and technological scientific know-how for the eventual
introduction in our country of the emerging new nuclear energy technology, if and when this is decided.
Assessment of the impact of ionizing radiation on several types of ecosystems, atmospheric aerosol and heavy
metal pollution of environment and routine monitoring of environmental radioactivity in Greece is the focus of
the R&D activities of the Environmental Radioactivity Laboratory (ERL).
Research in air quality and dispersion of pollutants, nanomaterials and their use in energy and environmental issues, hydrogen safety and storage are the main areas of work of the Environmental Research Laboratory (EREL).
System analysis focused on reliability of large technological systems, quantification of uncertainties, development
of decision support systems, optimization techniques and assessment and management of technological and natural risks form the basis of work of the System Reliability and Industrial Safety Laboratory (SRISL).
Solar thermal energy utilization and energy savings, with emphasis on the development of new products, methods and analytical tools constitute the fields of expertise of the Thermal Energy Systems Laboratory (TESL).
Biological dosimetry and cancer cytogenetics for the evaluation of radiation sensitivity, cancer proneness,
myelodysplastic and leukemic diseases are the R&D activities of the Health Physics & Environmental Health Laboratory (HPEHL).
Thermal-hydraulics and multiphase-flow, areas of longstanding experience in the INT-RP, are applied in new
R&D applications requiring similar scientific know-how, like aerosol medicine, nanotoxicology, industrial hygiene, environmental health, and particle-biofluid mechanics by the Thermal–Hydraulics and Multiphase Flows
Laboratory (THEMLAB).
2009 has been a relatively successful year for the Institute. A contract for consulting services for the replacement
of Primary Cooling System has been awarded to the Korean Power and Engineering Company (KOPEC), a worldwide Known Architect Engineer for Nuclear Power Plants, and was signed by the President of the Board of
Directors of “Demokritos” and the CEO of KOPEC in May 2009. The design of the new PCS is expected to be
completed in 2010, and the new PCS installed in 2011. Publications in international peer-reviewed scientific
journals has increased to 84 (15% over 2008) while publications in peer-reviewed full proceedings of international conferences decreased to 85 (15% below 2008). Personnel increased to 129 (5% over 2008) mainly owing
to a large number of new Ph.D candidates in 2009. Funding from external sources (beyond and above the regular budget of the Greek government) increased by 5% over 2008 to 2.2MECU.
Looking into the future, the Institute of Nuclear Technology & Radiation Protection will keep expanding the
scope of its research activities in the energy, environment safety and health sectors in accordance to its multiannual Business Plan, which forms an integral part the NCSR DEMOKRITOS Business Plan.

Dr. I. A. Papazoglou
Director of INT-RP
Member of the Board of Directors of NCSR Demokritos
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1. ACTIVITY REPORT
Research and Development activities
of the Institute of Nuclear Technology – Radiation Protection (INT-RP)
are performed in seven laboratories
and cover the following fields:

I. Nuclear Technology &
Radiation Protection
(NT&RP)
The INT-RP is the only centre in the
country encompassing integrated
know how on Nuclear Technology
and Radiation Protection and operates and exploits a unique infrastructure for the benefit of the Greek
research community and society.
The INT-RP
• owns, operates and exploits the
only Experimental Nuclear Reactor
in Greece (5MW). Through the reactor operation, expertise in the
field of nuclear reactor technology
is maintained and it is transferred
to the new generation of engineers
and scientists. Experimental facilities for research and technology
have been developed around the
reactor. Among the application
areas of this infrastructure are materials science and nano-technology, health, environment and
cultural heritage. Access to these
facilities is open to researchers
form all over Greece, neighbouring and other European countries.
These large scale facilities, utilizing the reactor produced neutrons,
are unique in the Balkan and East
Mediterranean region and render
the Greek Research Reactor a
Large Scale Facility in the European Research Area. INT-RP also
represents Greece in European
and International fora on Nuclear
Research Reactors, Neutron Scattering, Nuclear Analytical Techniques, Reactor Safety (Severe
Accidents) and on fission and fusion and supports in a large number of relevant activities the Greek
Atomic Energy Commission and
the Greek State.
• is the only Institution in Greece

carrying out research and development in Fusion Technology for
the European Fusion Program and
the study of advanced materials
for fusion and fission applications.
It is also the co-ordinator of the
Greek Fusion Program.
• constitutes an integrated radiation
protection capability in Greece, a
significant fact, considering the existence of a wide range of ionising
radiation applications in industry
and medicine in the country. The
importance of the NT&RP expertise became obvious following the
Chernobyl accident, whereby the
contribution of the INT-RP for
tackling the after-effects of the accident proved decisive. The INTRP supports – both technically and
scientifically - a large number of
the activities of the Greek Atomic
Energy Commission (GAEC). It is
also noteworthy that the national
radiological emergency plan
XENOKRATES as well as the
greater part of Greek radiation
protection safety regulations were
developed by the personnel of the
INT-RP. The majority of the scientific committee members of the
XENOKRATES plan come from the
personnel of INT-RP.
• is the sole centre in Greece with
expertise and equipment for handling radioactive waste, thus constituting the only unit in the
country capable of providing and
implementing solutions to the
waste handling problem.
• encompasses the only integrated
Laboratory of Environmental Radioactivity in Greece, with an extensive
network
of
sampling/measuring/monitoring
stations covering the entire country.
• the Laboratory of Health Physics
and Environmental Health constitutes the sole Greek Laboratory
with expertise in the field of overexposure to ionising radiation
using biodosimetry methodolo-

gies. It is the reference laboratory
for Greek Atomic Energy Commission (GAEC) and it constitutes one
of the Laboratories selected by the
International Atomic Energy
Agency (IAEA) for prototyping the
methodology of biological dosimetry.
• through specific activities in the
Laboratories of Environmental Research and System Reliability and
Industrial Safety INT-RP represents the sole capability in Greece
for Quantitative Risk Assessment
in nuclear installations and Emergency Response Planning Following a nuclear accident.

II. Environmental
Technology
Activities in this area, involve a large
(larger than the critical mass) number of researchers and specialized
technical personnel of the INT-RP.
More specifically, the INT-RP has the
ability of an integrated R&D approach to environmental matters
combining the fields of diagnosis,
prognosis, impact and pollution
technology.
• The ensemble of activities of the
Environmental Radioactivity Laboratory concerns environmental
technology in terms of both research and environmental quality
evaluation studies. While research
on radioecology has ranked the
ERL among the best in this domain, recently research on
aerosols has become a subject of
increased interest.
• The same is true of the largest part
of activities of the Laboratory of
Environmental Research, with its
personnel specialising in the simulation of (conventional and radioactive) pollutant dispersion and
air pollutant measurements.
• The Laboratory of Thermalhydraulics and Multiphase
Flows is active in investigating possible health implica-
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tions from environmental exposures or occupational exposures
(in emerging technologies like
nanotechnology).
• The System Reliability and Industrial Safety Laboratory (SRISL) is
mainly concerned with R&D in
matters of risk assessment and
management of large technological systems including the effects of
large industrial accidents in the Environment. A great number of
Greek industrial installations have
been analyzed with respect to the
effects of large industrial accidents
in the frame work of the
“SEVESO” directive.
• The Laboratory of the Experimental Nuclear Reactor has the potential
of
detecting/identifying
environmental contaminants (with
a resolution capability of ppm)
employing environmental sample
neutron activation.
As a result of these activities the INTRP constitutes one of the most experienced and reliable consultants of
the Greek public and private sectors
in matters of environmental protection.

III. Energy Technology
• Selected topics in both fission and
fusion technology fall into the
more general area of energy technology.
• The Solar & other Energy Systems
Laboratory (SESL) receives considerable external funding and pursues applied research and
technology development in the
fields of Solar Thermal Energy Utilization & Energy Savings Systems.
It is accredited according to the EN
ISO/IEC 17025 standard and is
equipped with excellent experimental facilities. Along with experimental techniques, it uses as
basic analytical tools the metrology of energy quantities and numerical simulation of flow and
heat/mass transfer phenomena.
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• The laboratory of Environmental
Research has developed significant
research activity in the areas of hydrogen technologies (the emphasis being on issues of safety and
storage), energy efficient separations (the emphasis being on nonporous media characterization and
applications) and enhanced hydrocarbon recovery from underground reservoirs (the emphasis
being on the simulation of fluid
flow and dispersion processes).
• The SRISL is also concerned with
R&D in matters of risk assessment
and management of large technological systems including energyrelated systems. A number of risk
assessments performed by SRISL
involved oil-refineries LPG and
LNG installations.

IV. Health Technology
• Biological tissue disinfection/sterilisation (bones, skin, tendons) is
performed in the Experimental
Nuclear Reactor; these tissues are,
subsequently, used in transplant
operations.
• The Health Physics & Environmental Hygiene Laboratory gives
proper and continuous recognition
to problems related to all potential
radiation induced health hazards.
Specifically, the Laboratory provides operational health physics
services related to the Radiation
Protection Program in NCSR
“Demokritos” and the evaluation
of radiation overexposures and radiation accidents in general, by
means of biological dosimetry
methods. Its research activities involve the use of radiation cytogenetic, molecular genetics and
radioisotope methodologies to
study questions of basic and applied research in radiation protection, radiobiology. In addition, the
Laboratory based on its expertise
in radiation protection, radiation
biology and cancer cytogenetic,
offers specialized services for the
calibration of radiation survey me-

ters, for the development of individualized protocols for radiotherapy treatment, as well as for the
diagnosis of preleukemic and
leukemic diseases. Advanced cytogenetic and molecular genetic
technologies are also used to evaluate the pathogenetic correlations
between genetic changes and
leukemogenesis.
• Nuclear analysis techniques are
under development for the in vivo
and in vitro study of the composition of the human body.
• Mathematical modelling techniques are under development for
the “in silico” study of the interaction between particles and biofluids.

V. Safety and Security
• The System Reliability and Industrial Safety Laboratory (SRISL) is
active in the area of management
of technological risks. SRISL has
developed methodologies and associated tools for supporting decisions on the management of risks
from technological accidents and
extreme natural phenomena. It
contains a unique capability in
Greece to perform integrated risk
studies that assess the consequences of major accidents on
public health, the worker’s health
and the environment while at the
same time it assesses the relative
likelihood of these accidents and
consequences. The Laboratory
performs research and development in the areas of dynamic system reliability, quantification of
uncertainties, human reliability
and optimisation under uncertainty and multiple objectives. It
also performs risk and safety studies for a variety of industrial installations. During the last six years
SRISL has extended its activities in
the area of occupational risk in collaboration with the ministry of
Labour and Affairs of the Netherlands. The SRISL is a Technical Advisor to the Greek ministries of: a)
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Development; b) Environmental
and Physical Planning and Public
Works; and c) Employment and
Social Affairs on the evaluation and
technical assessment of the risk
studies of the Greek Industrial Installations subject to the “Seveso
Directive” of the European Union.

1.1. Scientific
Achievements in 2010
Thirty seven projects were active
during 2010 and performed by the
staff of the seven laboratories. Details of these projects are given in the
sections describing the activities of
the laboratories. The main scientific
achievements are listed here:
1. Refurbishment of the Research Reactor (Conceptual and Preliminary
desin of ne Primary Cooling System
and removal and safe temporary
storage of the reactor pool internals)
2. Νuclear Analytical Techniques
(Development and applications of a
Large Sample Neutron Activation
Analysis technique for inhomogeneous bulk archaeological samples
and large object)
3. Radiation detection and measurement (Development of computational models for HPGe detectors;
Testing efficiency transfer codes for
equivalence)
4. Radiation Protection (Development of methods for nuclear reactor
occupational radiation exposure contro)
5. Radiological evaluation of materials for fusion technology (In-situ
gamma-ray spectrometry for characterization of components of a future
fusion power plant)
6. Decommissioning of nuclear facilities and radioactive waste management(Characterization by in-situ
gamma spectroscopy, Characterization by sampling, Decontamination
technique, Radioactive Waste Management)

7. Fusion Materials Technology
a. Structural & Magnetic properties of Iron-Chromium alloys
b. Radiation Damage in Iron –
Chromium model alloys
8. New Materials for Extreme Environment
9. Fusion Energy Materials Science
10. Applications of Neutron Scattering techniques
a. Neutron reflectivity measurements on magnetic multilayers
b. Small-Angle neutron scattering
investigation of porosity and agglomeration phenomena
c. Inelastic neutron scattering
techniques for proton dynamics at
high energy transfers
11. Materials and Nanotechnology
a. Magnetic layered structures
b. Charge trapping memories with
atomic layer deposited high-k dielectrics capping layers
12. Computational Nuclear Technology

a. Climate change use of radionuclide kinetic as a tool for the carbon cycle research
b. Comparative effects of radionuclides and conventional pollutants
using sensitive tools.
c. Use of bio-indicators for the environmental quality assessment in
the Mediterranean sea.
d. Modelling and assessment of
pollutants impact on marine
ecosystems
e. Partisciapation to IAEA TC programs
16. Investigation of Artic Aerosol
Properties with emphasis on the formation and mixing state of cloud
condensation nuclei
17. The DEM-Athens Urban background Monitoring station for
Aerosol properties
18. Development of A Cost Efficient
Policy Tool for reduction of particulate matter in AIR (ACEPT-AIR)
19. Energy Technologies and Environmental Impact

a. Application of advanced neutronic codes for reactor core calculations

20. Computational modelling in the
areas of meteorology, atmospheric
pollution, global warming, emergency response and security

b. Modification/improvement of
existing codes for use in neutronic
calculations

21. Characterization of and Transport in Porous and Composite Media

c. Development of new codes for
applications in Nuclear Technology
13. Nuclear Reactor Safety
a. analyzing the thermal-hydraulic
behavior of small scale facilities
and extrapolating the results to
the actual plant size
b. employing established codes
that accurately model the physical
phenomena taking place in the
system

22. Chemical analysis of environmental pollutants
23. Occupational Risk Management
24. Virtual Reality and Human Factors (VIRTHUALIS)
25. Early Recognition, Monitoring,
and Integrated Management of
Emerging, New Technology Related
Risk (iNTeg-Risk)
26. Multi-Objective Optimization
27. Bayesian Analysis of Industrial Incidents

14. Environmental Radioactivity
Monitoring

28. International Conference
ESREL 2010

15. Radioecology

29. Provision of Specialized
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Scientific and Technical Services in
the Renewable Energy Source Sector
30. Quality Assurance in solar thermal heating and cooling technology keeping track with recent and upcoming developments (QAiST)
31. Targeted Research and Development on Thermal Solar Collectors,
Solar Systems and Thermal Storage
Devices
32. Participation in the Health and
Environment Network
33. Development of a methodology
to assess the toxicological profile of
nanoparticles used in medical diagnostics, based on alternative testing
strategies
34. Europe-wide Cooperation and
Coordination in the Study of the
Health and Environmental Impact of
Nanomaterials
35. Simulation of bio-fluids flows
36. Effect of individual radiosensitivity on absorbed dose and risk estimation
37. Karyotyping, molecular cytogenetics and genotyping in hematological neoplasms

1.2. Perspective and
Mid Term Objectives
Work in 2011 is expected to continue in the same basic areas described in the previous section. In
particular,
• A Strategic Planning for upgrading,
full operation and exploitation of
the Nuclear Research Reactor foreseeing the start of operation in
2011 is implemented.
• Full renovation and upgrading of
the Nuclear Research Reactor operation facilities are planned.
Study of the replacement and the
actual replacement of the PCS will
continue.
• Training of young engineers in the
field of Nuclear Technology and
Radiation Protection.
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• The suggestion of the international
scientific jury of the “Centre of Excellence Programme” (which is in
agreement with the policy of the
INT-RP) of giving priority to the
neutron diffractometer and the development of new neutron scattering facilities will be fully
implemented. For this the installation of a TOF reflectometer, SANS
and USANS facilities are being implemented.
• The development for the European
Fusion programme of a new experimental facility for resistivity
measurements after irradiation.
• Emphasis will be given in the application of nuclear analytical techniques in industrial, environmental
and medical studies.
• The development of a methodology for the evaluation of environmental quality, as related to
conventional and radioactive pollution and their synergistic action,
is in progress at the ERL, based on
the analysis of cytogenetic aberrations in natural aquatic populations.
Development
of
methodology for source identification and apportionment of atmospheric pollutants, by means of
elemental and radioactive aerosol
tracers.
• SRISL will continue to work on
methodologies and applications
for the optimisation of occupational risk. It will also continue R
&D in risk assessment and management methodology and application on new and emerging risks
(e.g. nanotechnology) and assessment of the integrity of vital infrastructures. It will also develop
models for integrating human factors in safety analysis of complex
technological systems and continue work on Soft Computing.
• The THEMLAB will develop quite
versatile, common physical methods and tools for the numerical
simulation of dispersed, particleladen multiphase flows, with the

help of computational fluid dynamics (CFD). The scientific problems
are
concerned
with
applications in the areas of energy
and environment and pertaining to
human health implication issues.
It will also operate a CFD platform
(on THALES), which, besides inhouse developed tools, will be
also equipped with state-of-the-art
commercial software. A particular
aim is to be connected to the grid
(by means of the grid site GR-05Demokritos).
• In the field of interest of SESL, emphasis will be given in the development of technologies for the
optimal utilization of solar thermal
energy (4th generation solar collectors and systems) extending
also to higher temperatures which
allow electric power generation,
along with related applications
(thermal distillation-desalination,
solar-assisted drying and air-conditioning), thermal storage systems encompassing technologies
for high temperatures as well,
methodologies and tools for assessment of energy performance
and metrology of energy quantities.
• Continuous emphasis is also
placed on energy technologies and
their interaction with the environment. The necessary infrastructure
for climatic change studies (downscaling from global to regional
level) is currently established at
EREL and the Laboratory aims at
providing integrated R&D services
on issues related to hydrogen storage technology and safety of the
relevant mobile and stationary applications.
• HPEHL is in the process of being
accredited according to the EN
ISO/IEC 15189:2007 for karyotyping and molecular cytogenetics,
the ISO 19238:2004 and ISO
21243:2008 for radiation protection – biological dosimetry.
Finally it should be noted that the im-
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portance – for the country, the protection of the environment and the
health of the population - of maintaining a critical mass of researchers
working in the area of NT&RP is self
evident. Consequently, special emphasis has been given, and will continue to be given, in this direction.

1.3. Facts and Figures
Emphasis has been placed on: (a)
publishing the results of the research
in international peer reviewed journals; (b) winning R&D projects; and
(c) providing advanced tecnhology
services.
Research and development performance is reflected in the number and
quality of publications and externally
financed programs (mainly from the
European Commission).
• The number of publications in international peer-reviewed scientific journals and in peer-reviewed
international conferences continued at the same high levels of the
recent years (see Figure 1), while
the quality of the 2010 publications is among the highest in the
engineering fields (see Table 1). A
detailed list of the publications is
given at the end of this report. As
of 2008 the number of publications reported in Table 1 and Figure 1 has been corrected so that
publications that appear as “in
press” in one year do not appear
again in the next year.

Greece. INT-RP remains, nevertheless, in a position to self-finance significant building and
scientific equipment infrastructures. Furthermore a significant
part of INT-RP funding is directed
in the employment of “fixed-term”
scientific, technical and administrative personnel, necessary for
the successful completion of the
research projects.
• In addition to the amount shown
in Table 2 under “Matching
Funds” which has been given directly to the projects of the laboratories an additional amount of
175.000 has been directed centrally to INT-RP. This amount has
been spent in support of various
needs of the institute and the laboratories as shown in Table 4.
• Staff-power in INT-RP over the last
ten years is given in tabular form
in Table 3 and schematically in Figure 3. Employment has remained
at the same level of 2009 slightly
elevated (4%) in the last three
years of the decade. It is noteworthy that about 25% are “fixedterm” temporal employees.

• INT-RP continues to be financially
healthy. Funding in 2010
amounted to almost 2 Mecu.
However, a trend of diminishing
external financing observed in the
overall research sector in Greece
and in Demokritos affected our Institute too. Special effort will be
devoted to increase the number of
the externally financed research
development projects. This external financing will play an ever increasing role in view of the
decreasing state financing owing
to the general economic crisis of
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Table 1. Publications and Impact Factor in 2010
LABORATORY

PUBLICATIONS
Papers
(in refereed Scientific
Journals)

IN PRESS

IMPACT FACTOR

Papers
(in Conference
Proceedings)

Nuclear Research Reactor

10

10

1

14.303

Environmental
Radioactivity

7

12

2

7.428

Health Physics &
Environmental Health

7

22

5

33.291

Environmental Research

46

29

6

86.043

System Reliability &
Industrial Safety

6

13

0

8.228

Solar & Other Energy Systems

10

2

0

16.098

Thermal-Hydraulic & Multiphase Flow

3

2

3

4.491

Total

89

90

17

Figure 1: Temporal variation of INT-RP publications
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Table 2. Funding 2010
Laboratories

Funding (in Euro)
International
Competitive
Programs

National
Competitive
Programs

Provision of
Services

Matching Funds

Total

Nuclear Research Reactor

171.937

0

0

59.998

231.935

Environmental
Radioactivity

27.494

14.890

41.616

0

84.000

0

5.007

287.611

0

292.618

Environmental Research

691.409

1.470

82.172

45.705

820.756

System Reliability &
Industrial Safety

131.940

0

0

5.828

137.768

Solar & Other Energy
Systems

19.539

23.798

54.638

1.453

99.428

Thermal-Hydraulic &
Multiphase Flow

165.600

0

0

5.049

170.649

0

0

0

214.589

214.589

1.207.919,00

45.164,00

466.037,00

332.622,03

2.051.743,03

Health Physics &
Environmental Health

INT-RP
Total

Figure 2: Temporal variation in INT-RP external funding
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Table 3. PERSONNEL OVER THE LAST TEN YEARS
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Researchers (A, B, C) and
Specialised Scientific Personnel

25

24

24

26

22

22

24

31

32

32

32

Post - Doctoral Researchers
(in 2009 post doctoral researchers
under long term contract were
added to this category)

5

3

4

2

2

2

4

7

3

20

24

Scientific Technical Personnel

6

5

15

15

11

11

14

15

14

15

17

Technical Personnel

23

23

25

25

27

28

30

32

27

31

30

Administrative

6

4

2

2

2

2

3

2

2

7

7

Ph-D Students
(personnel under fixed duration
scholarship, temporal personnel or
without payment)

11

8

11

11

8

9

14

14

13

24

23

Scientific Personnel Under
Fixed-Term contracts
(*in 2009, the personnel of this
category was distributed to the categories above according to their
qualifications)

33

38

31

30

38

38

22

23

32

*

*

Total

109

105

112

111

110

112

111

124

123

129

134

Figure 3: Temporal variation in INT-RP personnel
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0€
0€
0€
6.414 €
0€
0€
12.603 €

0€
0€
0€
0€
50.273 €
3.000 €
0€
53.273 €

System Reliability & Industrial Safety
Laboratory)

Thermal Hydraulics & Multiphase
Flow Laboratory

Environmental Research Laboratory

Health Physics & Environmental
Health Laboratory

Nuclear Research Reactor Laboratory

Environmental Radioactivity Laboratory

Solar & other Energy Systems Laboratory

General Total

5.498 €

0€

INT-RP (General)
691 €

TRAVEL

EMPLOYMENT
ON FIXED TERM
CONTRACTS

25.659 €

693 €

3.548 €

4.756 €

0€

4.904 €

36 €

119 €

11.603 €

CONSUMABLES

24.119 €

0€

191 €

8.988 €

0€

0€

0€

31.465 €

0€

6.717 €

6.134 €

0€

1.457 €

305 €

119 €

16.733 €

13.240 €
3.730 €

OTHER
EXPENSES

EQUIPMENT

Table 4. INSTITUTE ACCOUNT-EXPENDITURE 2010

28.000 €

7.000 €

3.000 €

0€

5.000 €

5.000 €

2.000 €

6.000 €

0€

DIRECT
TRANSFER TO
LABORATORIES

175.118 €

7.693 €

16.456 €

74.535 €

5.000 €

11.360 €

2.341 €

10.659 €

47.074 €

TOTAL
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Overview
The activities of the Nuclear Research Reactor Laboratory (NRRL)
evolve around the operation and exploitation of the Greek Research Reactor (GRR-1) and the development
of expertise in nuclear technology
and safety. Reactor Physics calculations are being performed through
the use/modification of existing neutronic codes while new codes in the
field of nuclear technology are also
developed. Safety and thermohydraulic calculations of the GRR-1 are
being performed using computer
codes for the analysis of the GRR-1
reactor, as well as, of nuclear power
plants.
Successful exploitation of the reactor
facility is achieved through the development and utilization of experimental facilities and methods aiming
to apply neutron techniques in research and technology and carry out
interdisciplinary research in the areas
of material science, nanotechnology,
condensed matter physics, applied
nuclear physics and radioisotope
production, health, environment and
cultural heritage studies.
Available experimental techniques
include neutron diffraction, neutron
reflectivity, irradiation rigs, and neutron activation analysis including capabilities for non-destructive analysis
of large volume samples. In addition
to the reactor based techniques,
complementary techniques are available including prompt-gamma neutron activation using isotopic
neutron sources, small angle X-ray
scattering, X-ray reflectivity and X-ray
diffraction.
The laboratory participates in GSRT,
EU, and IAEA research programs and
moreover, provides services on environmental, health and material sciences
issues.
Collaborative
agreements and links with European
and International research centers

have been established. Members of
the laboratory participate in International fora and provide support to the
Government, public bodies and the
industry.
In 2010, NRRL became a member of
the Mediterrannean Research Reactor
Network
(http://wwwnaweb.iaea.org/napc/physics/researc
h_reactors/networks/mrrn/mrrn.html
). The MRRN combines regional expertise in research reactors and other
nuclear research devices and techniques of institutions of twelve member states which have recognized
common interests and services, with
a focus on: nuclear education and
training, neutron activation analysis
(NAA), and neutron radiography and
tomography.

Summary of R&D Activities
The R&D activities during 2010 can
be summarized as following:
Refurbishment of the Research Reactor
Νuclear Analytical Techniques
Radiation detection and measurement
Radiation Protection
Radiological evaluation of materials for fusion technology
Decommissioning of nuclear facilities and radioactive waste management
Fusion Materials Technology
• Structural & Magnetic properties of Iron-Chromium alloys
• Radiation Damage in Iron –
Chromium model alloys
New Materials for Extreme Environment
Fusion Energy Materials Science
Applications

of

Neutron
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Scattering techniques
• Neutron reflectivity measurements on magnetic multilayers
• Small-Angle neutron scattering
investigation of porosity and agglomeration phenomena
• Inelastic neutron scattering
techniques for proton dynamics
at high energy transfers
Materials and Nanotechnology
• Magnetic layered structures
• Charge trapping memories with
atomic layer deposited high-k
dielectrics capping layers
Computational Nuclear Technology
• Application of advanced neutronic codes for reactor core
calculations
• Modification/improvement of
existing codes for use in neutronic calculations
• Development of new codes for
applications in Nuclear Technology
Nuclear Reactor Safety

R & D Activities

and upgrade of the Primary Cooling
System and Safety Analysis of the
proposed design, for which a project
was initiated on May 2009 with the
signing of a contract between NCSR
Demokritos and Korean Energy
Power Company (KEPCO) Inc. (ex.
KOPEC Inc.) to provide the engineering services. Within this context
several important milestones were
reached.
(i) Completion of the GRR-1 Conceptual Design
(ii) Finalization of the new reactor
core configuration and its thermal
hydraulic and neutronic characteristics. The new core will be utilizing
exclusively Low Enrinchment Uranium fuel. Safety analysis performed
in accordance with the latest international safety requirements showed
that the core integrity is not compromised in any of the design basis accidents.

(iv) Pool lining inspections performed by an external engineering
company. Inspection results showed
that the pool lining integrity was excellent and needed no repairs
(v) Radiological characterization of
the pool and old PCS
(vi) Preparation of the old PCS Decommissioning Plan.
Work in progress includes finalization of the new PCS design, procurement and installation of a new core
grid plate and plenum, decommissioning of the old primary cooling
system to allow installation of the
new, procurement of systems and
installation of the new PCS, preparation of the updated Safety Analysis
Report and preparation of the reactor recommissioning programme.
These activities are expected to be
completed by the end of 2011.

(iii) Dismantling of in-pool active
components, such as the core support grid plate, beryllium reflector elements and control rods. All active
components were transferred at interim shielded positions away from
the pool to remain for the duration
of the PCS replacement works.

1) Refurbishment of the Research
Reactor
The research reactor refurbishment
project comprises the reviewing of
all reactor systems with respect to
safety; renovating the reactor building and supporting electromechanical systems; replacing the primarily
cooling system; updating the reactor
control system and improving research infrastructure. The project
was based on the financial contribution from the Greek State, review
from the Reactor Safety Committee,
approval from the Greek Atomic Energy Commission and expert and
technical assistance from the International Atomic Energy Agency in
order to finalize the technical requirements. During 2010, the activities were focused on the renovation
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2) Nuclear analytical techniques
Development and applications of a
Large Sample Neutron Activation
Analysis technique for inhomogeneous bulk archaeological samples
and large objects
Authenticity and provenance studies
often require elemental analysis of
artefacts and other findings. Instrumental Neutron Activation Analysis
(INAA) is an established technique
allowing such analysis to be performed. The technique is based on
neutron irradiation of samples obtained from the object of interest and
measurement of the emitted gamma
rays using a gamma spectrometer
system. The mass of analyzed samples is in the range from milligrams
to grams, representing a small portion of the bulk material. Nevertheless, there are applications (i.e.
precious museum items) where representative sampling from the bulk
material cannot be performed since
the object cannot be damaged for
sampling purposes. Large Sample
Neutron Activation Analysis (LSNAA)
enables non-destructive analysis of
bulk samples and objects, up to several liters in volume, as a whole and
therefore is a suitable technique for
analysis of such objects.
In LSNAA the sample is irradiated at
a research reactor graphite thermal
neutron column and transferred to a
gamma ray spectrometry system to
be counted either as a whole or
using a scanning geometry counting
configuration. Corrections are required for self-shielding of the activating neutrons, self-absorption of
gamma rays, heterogeneity of the
sample and geometric factor during
gamma counting.
LSNAA was applied to perform nondestructive elemental analysis of a
ceramic vase representing a museum
item. Appropriate item specific calibration factors were derived using
the Monte Carlo method. The results
of LSNAA were compared against
conventional INAA results and a sat-

isfactory agreement between the two
methods was found. Estimation of
the induced activity decay with time
showed that the vase could be released from regulatory control at
about 3 months post-irradiation. The
experimental procedures were performed at the facilities of Reactor Institute Delft, Delft University of
Technology (The Netherlands).

3) Radiation detection and measurement
An accurate determination of radiation detector efficiency and related
uncertainties is essential to improve
the estimation of the combined
measurement uncertainty and the
quality of analytical data. NRRL is actively involved in research on HPGe
gamma ray detector modeling for efficiency characterization purposes
and detector response studies within
the framework of the IAEA Coordinated Research Program on “Benchmarking Calibration for Low-Level
Gamma Spectrometric Measurements of Environmental Samples”
(2007-2010).

LSNAA gamma counting facility

HPGe model (3-d representation of
MCNP input geometry)

Development of computational models for HPGe detectors
The vase positioned at the LSNAA irradiation device of HOR reactor

This work provided a novel analytical method for bulk sample analysis
of precious and archaeological objects that need to be preserved intact
and cannot be damaged for sampling
purposes.
The project has been supported by
the European Commission under the
sixth
Framework
Programme
through the Key Action: Strengthening the European Research Area, Research Infrastructures, contract no.
RII3-CT-2003-505925 and the IAEA
through Coordinated Rersearch Program “Application of Large Sample
Neutron Activation Analysis for Inhomogeneous Bulk Archaeological
Samples and Bulk objects” (CRP1499).

A detailed three dimensional Monte
Carlo model for absolute efficiency
calibration of HPGe detector in the
photon energy range of 60 to 1836
keV was developed. MCNP code was
used to simulate the measurement
geometry (source, detector and
shielding) for a variety of counting
configurations. Emphasis was given
in studying the effect of various parameters, such as germanium crystal
inactive layer, on the calculated efficiency. The increase of the germanium ‘dead’ layer with time
associated with a decrease of the detector efficiency was also studied.
The outcome of the study was an experimentally verified detector
model for cases of point and
extended source geometry.
The model enables HPGe detector efficiency characteriza-
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tion for complex sample geometry
descriptions and contributes to limitation of uncertainties met in experimental efficiency calibration due to
discrepancies in the physical characteristics (such as density) between
analyzed samples and activity standards. Moreover, since it requires
utilization of only a small number of
radioactivity standards and experimental measurements, it presents a
cost effective technology for detector efficiency calibration contributing
to limitation of experimental time,
personnel exposure and radioactive
waste.
Testing efficiency transfer codes for
equivalence
The Efficiency Transfer (ET) method
is widely used for detector efficiency
determination in gamma-ray spectrometry. However, limited information exist on the compatibility of the
different ET codes with each other.
Within the context of the above mentioned IAEA organized CRP, NRRL
participated in an ET codes intercomparison collaborative project
(GEANT, PENELOPE, MCNP, EGS4,
ANGLE, DETEFF, ETNA, EFFTRAN,
GESPECOR). The computational
tools used by NRRL were MC codes
MCNP and PENELOPE. It was
demonstrated that for the purpose of
environmental measurements the
most widely used general MC packages and the specialized software for
efficiency calculations can all be considered equivalent when used to realise the ET method. Within the
statistical uncertainties of the results
(1%), no systematic difference was
found between the codes that base
the ET calculation on FEPE and those
that utilize (virtual) total efficiencies.
The exercise helped in establishing
general guidelines for stating the part
of the uncertainty attributable to this
calculation method stemming from
the inherent differences between its
various implementations.
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4) Radiation Protection
Development of methods for nuclear
reactor occupational radiation exposure control
GRR-1 refurbishment project included in-pool inspections and replacement of the primary cooling
system. It was therefore required to
remove all in-pool radioactive components in order to facilitate the access of the personnel performing the
inspection and repair jobs. The removal operations involved components of large dimensions and
complex geometries that could not
be accommodated by regular transfer casks. In addition, all dismantling
procedures had to be non-destructive in order to allow for the possible
re-use of the components. Careful
planning based on advanced prediction of radiation levels and control of
individual exposures was essential
for the successful occupational exposure management in accordance
with the ALARA principle.
A computational method for the radiological characterization of the
GRR-1 core components and evaluation of dose was developed. The
main components studied were the
grid plate assembly supporting the
core, the five reactor control rods
and the beryllium neutron reflector
blocks. These items were subject to
a high neutron fluence rate during reactor operation and therefore were
highly activated. For example, the
maximum dose rate measured was
found to be 18 Sv/h at contact with a
control rod. The method comprised
of prediction of the source term, the
design of special shielding structures, the estimation of ambient dose
equivalent rates and occupational
dose assessment taking into consideration the planned work activities.
The spatial distribution of activating
neutron fluxes was derived using an
implicit MCNP reactor core model.
The radionuclide inventory was estimated using the FISPACT code. The
calculated source term was used as
input in a detailed MCNP model of
each of the activated reactor components deriving the resulting gamma

dose rates. Shielded transfer containers were designed and the ambient equivalent dose rates were
estimated. Assessment of the expected occupational exposure was
based on the predicted ambient dose
rates and operational experience on
exposure time, distance from source
and number of workers required.
The calculations were verified by
measurements during the actual dismantling and transfer works using
lithium fluoride whole body and extremity
thermoluminescence
dosimeters. A good agreement between predicted and measured occupational exposure was found.
The discussed method provided a
useful tool for work planning during
reactor renovation and decommissioning activities where highly activated materials are often involved
and in situ measurements cannot be
readily performed.

Positioning of a Beryllium reflector component withing a transfer container

Transfer of the reactor grid plate at a
shielded interim storage position
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6) Decommissioning of nuclear facilities and radioactive waste management

5) Radiological evaluation of materials for fusion technology
Evaluation of the radioactivity levels
of activated structural components of
a future fusion plant is important in
order to plan work procedures and
minimize collective doses received
by personnel during maintenance activities. Moreover, accurate radiological characterisation of the plant
materials will allow for the development of cost effective material recycling strategies and techniques.
Within the framework of the European Fusion Development Agreement NRRL has performed advanced
predictions of iduced activity,
gamma ray emission spectra and
gamma dose rate levels for ceramics
and alloys considered as candidate
structural materials of a fusion power
plant.

Decommissioning:

Schematic representation of the
detector and test source model

In-situ gamma-ray spectrometry for
characterization of components of a
future fusion power plant.
In 2010, NRRL continued the task to
develop the conceptual design of a
gamma spectrometer capable to perform in-situ radiological characterization of activated structural
components of a future fusion power
plant. Monte Carlo code MCNP was
used to predict HPGe detector Full
Energy Peak (FEP) efficiency for a
range of source and detector-collimator configurations. Aim of the
study was the evaluation of the effects of collimator characteristics on
the detector response as well as the
determination of the optimum detector-collimator configuration in
order to develop a collimated scanning device which best fits the purpose of analysis in the photon energy
range up to 1.5 MeV.

Collimated scanning results of activity
distribution within the test source

The work was based on combined
optimization of the detector efficiency response and spatial resolution of detection. Sets of calculations
were performed to predict the FEP
efficiency of the detector over the
photon energy range of interest, for
point and volume source configurations, different collimator apertures
and detector-collimator-source configurations. Moreover, the detection
of inhomogeneities in activity distribution was examined. For the requirements of the study the
optimum configuration was found to
be that of a parallel collimator aperture of 10 cm in lentgth and 2 cm in
diameter. This work is under development and experimental verification of the computational results is in
progress.

The main obligation during 2010 was
the preparation the Primary Cooling
System (PCS) decommissioning
plan. For this purpose all the relevant
technical reports were prepared by
the personnel of the GRR-1. The plan
was reviewed by the Reactor Safety
Committee and submitted to the regulatory body (Greek Atomic Energy
Commission) for approval. Four
member of the personnel participated in IAEA events held at BUTE
(Hungary), ANL (USA), KIT (Germany), SCK-CEN (Belgium), RISO
(Denmark) through the TC project
RER3009 and transferred to the GRR1 know-how relevant to decommissioning of nuclear facilities. In the
framework of this TC project, the
laboratory of the GRR-1 hosted a scientific mission from the INRNE centre, Bulgaria. During the four days
meeting, experience was exchanged
between the two laboratories on research reactor decommissioning and
moreover possibilities for future cooperation were discussed.
Three milestone work assignments
were performed during this year and
the results were included in the decommissioning plan: (i) non destructive radiological characterization of
the PCS heat exchangers and delay
tanks was carried out by the in-situ
gamma spectroscopy, (ii) characterization of the PCS by sampling and
laboratory analyses (iii) study of the
decontamination performance of a
novel technique in order to be considered for PCS pipe decontamination.
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Characterization by in-situ gamma
spectroscopy:
The presence of gamma emitters as
well as the level of surface contamination inside the heat exchangers
and delay tanks was determined by
the adaption of the in-situ gamma
spectroscopy technique that was developed a year before for PCS piping,
to the geometry of these components.

Radioactive Waste Management:
A Regional Technical Cooperation
project concept concerning integrated radioactive waste management for countries having only
research reactors or other small nuclear instalations was prepared and
submitted to IAEA for consideration.
Besides NCSR Demokritos, eleven
institutes from ten other countries
expressed their interest to participate. The concept was supported by
ANL (USA), KIT (Germany), TUEV
(Germany) and CEA/DADN (France).
7) Fusion Materials Technology

Characterization by sampling:
Representative smear and metal
scratch samples were collected from
the internal surfaces of the PCS. The
smear samples were analyzed by
gross beta, gross alpha and gamma
spectroscopy. For the analyses of
scratch samples besides the gamma
spectroscopy, some samples were
sent to a specialized laboratory
abroad for radiochemical analyses
based on chemical separation. The
results of this work were in accordance to the results of the in-situ
gamma spectroscopy.
Decontamination technique :
The performance of a decontamination technique based on the application of a commercial strippable
coating (DeconGelTM 1101) on aluminum surfaces of the Primary Cooling System was examined. By
analyzing wipes, before and after the
application of the coating as well as
the decontamination material using
the gamma spectroscopy, the technique was proved suitable for decontamination of the GRR-1 PCS in order
to achieve the general clearance criterion. The selected technique offers
significant advantages since it is easy
to use and cost effective and significantly reduces the probability of radioactivity dispersion during the
decontamination activities.
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NRRL is actively involved in materials research and development for fusion applications within the
framework of the European Fusion
Development Agreement (EFDA).
NRRL studies the physical properties
of iron-chromium alloys and their
changes under different irradiation
conditions with the aim of developing new steels for the fusion energy
production (www.efda.org). The experimental results of these activities
are presented in biannual meetings
organized by EFDA.
(a) Radiation Damage in Iron –
Chromium model alloys.
An experimental facility has been recently installed at the “Demokritos”
TANDEM accelerator, in collaboration with the Institute of Nuclear
Physics, in order to study the effects
of ion irradiation in fusion related
materials. One of the first problems
to be addressed is the nature and behavior of defects produced in ironchromium alloys by proton and
deuteron irradiation. Experimental
results will be compared with recent
theoretical modeling calculations.
In 2010 the first irradiation experiments have been successfully conducted using 5 MeV protons.
Samples of a Fe – 10% alloy were irradiated at a temperature of 50 K. At
these cryogenic temperatures the
damage created to the lattice by the
energetic ions is “frozen-in”, i.e., lattice atoms are permanently dis-

placed from their initial positions.
This causes an increase of the electrical resistivity of the sample, which
is measured in-situ during the irradiation and provides information on
the level of lattice damage. Immediately after irradiation the sample
temperature is increased in a precisely controlled manner and the lattice is allowed to recover by the
thermal movement of the displaced
atoms. During this recovery the electrical resistivity decreases towards its
initial value prior to irradiation. The
recovery proceeds in stages as the
activation temperature of different
recovery mechanisms is reached.
Curves of resistivity versus post-irradiation annealing temperature provide information on the recovery
mechanisms of Fe-Cr alloys.

Electrical resistivity increase due to radiation damage as a function of ion fluence. Fe-10%Cr alloy irradiated by 5
MeV protons at a temperature of 50 K.

Recovery of the radiation induced resistivity during post-irradiation isochronal
annealing. Left axis: Fractional recovery
vs. annealing temperature. Right axis:
Recovery rate. Peaks in the rate curve
correspond to different recovery stages
labeled with roman numerals.
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(b) Structural & Magnetic properties
of Iron-Chromium alloys
Magnetism of FeCr alloys, as recent
theoretical models and calculations
demonstrate, plays an important role
not only on structural phase transformations but also on mechanical
properties and radiation resistance of
these alloys and consequently of
steels used for fusion reactors. Large
scale molecular dynamics calculations and recent experimental results
indicate that the coupling of the
short range order structural and
magnetic correlations has to be
taken into account in addition to the
long range order for the explanation
of mechanical properties and radiation damage.
In this framework NRRL carries out
work for the determination of the
short and long range order structural
and magnetic correlations using scattering techniques, Mössbauer spectroscopy
and
magnetometry
measurements, in collaboration with
the Institute of Materials Science.
Small-Angle Neutron Scattering
(SANS) measurements performed at
European Large Scale Facilities (see
§10b) are utilized to determine agglomeration phenomena after thermal ageing of model FeCr alloys and
are combined with Mössbauer spectroscopy measurements. The magnetic
properties
have
been
determined from room temperature
up to 1400 K and the results have
been compared with theoretical calculations carried out at UK Atomic
Energy Authority.
8) New Materials for Extreme Environment
NRRL, since December 2004, has
been participating in the EU FP6
funded Integrated Project “New Materials for Extreme Environment” (ExtreMat, http://www.extremat.eu/).
ExtreMat targets to the creation of
new multifunctional materials being
beyond reach with conventional incremental material development
tools. Based on an integrated ap-

proach, ExtreMat pushes forward the
limits in materials technology and
provides and industrializes new
knowledge-based materials and
compounds for top-end and new applications in extreme environments
in energy, aerospace and electronics.

“Nanostructure characterization of
SP1 materials”. Within this WP NRRL
uses neutron and X-ray scattering
techniques to characterize materials
developed in ExtreMat. Specifically
the following studies have been carried out:
a) Residual stress measurements on
heat sink materials (such as
Mo/Cu and W/Cu brazed tiles)
using the neutron diffraction technique.
Collaboration
with
ANSALDO Energia spa, Materials
and Technological Processes Laboratory, Genova, Italy.

ExtreMat activities are organized in
four Subprojects (SPs) and each of
them contains a number of workpackages (WPs). NRRL carries out research in three WPs referring to
development of protection materials,
joining for aerospace applications
and applying neutron and X-ray scattering techniques in the study of advanced materials.
SP1 “Self-passivating Protection Materials” aims at developing in a
phased approach radically new protection materials with self-passivating effect under physico-chemically
aggressive media, able to withstand
at the same time high thermal and
mechanical loads, and with passive
stability (surface regeneration) under
off-normal conditions. NRRL has carried out research on the development of SiC based protective
coatings and HfO2 coatings deposited on ceramic composite materials. The coatings are structurally
characterised and then they are
thermo-mechanically tested under
thermal oxidization and re-entry conditions which permit the evaluation
of their performance. Collaboration
with AIT Austrian Institute of Technology GmbH, Division of Materials
and Production Engineering, Seibersdorf, Austria.
In addition, NRRL carries out research for the work-package entitled

b) Porosity measurements in doped
graphites using small-angle neutron scattering measurements.
Collaboration with the Institute of
Physical Chemistry of NCSR
“Demokritos”, CEIT and University of Alicante, Spain.
c) Neutron and X-ray reflectivity
measurements in order to determine the structure of coatings.
Collaboration with the Institute of
Plasma Physics, Max-Planck Institute, Germany.
The objective of SP2 “Heat Sink Materials” is to develop novel heat sink
composites and to test their performance under extreme loading
conditions. The SP3 “Radiation Resistant Materials” aims at developing radiation resistant materials for
protective and heat flux applications
under very intense irradiation.
Where possible these materials
should be of tailored low activation
composition.
The objective of SP4 “ExtreMat
Compounds” is to act as the technological and systems engineering
bracket and to provide optimum interfacial technologies to combine the
highly functionalised materials of the
SPs 1 to 3 into multi-functional compounds and components, furnished
with added functionalities for
operation in extreme environments.
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presently not yet part of the fusion programme, as well as institutions which are already
integrated in the EURATOM
frame.
• Encourage bi- and multilateral
collaborative activities.

SEM image of the cross-section of
Graphite/Nimonic sample at the joint
region. The image shows a crack-free
joint which was mechanically tested
and proved successful

NRRL’s work, within SP4, aims at the
development of routes for metal ceramic joining and particularly for
joining Cf/SiC and Cf/C composites
to Nimonic superalloys or similar for
aerospace applications. The development of these structures has been
realized in collaboration with TECNALIA (Spain) using sputtering deposition and brazing bonding
techniques.
9) Fusion Energy Materials Science
(FEMaS-CA)
NRRL participates in the FEMaS-CA
FP7 Coordination Action (20082011) and co-ordinates the Workpackage entitled “Neutron-based
characterization methods”. The
major objective of this project is the
creation of a European research environment in which fusion materials
science for the realization of fusion
power can be carried out with optimum effect.
To enforce this objective, the goals
of the project are
• Strengthen the application of
advanced materials characterization methods which is an essential ingredient for the
successful development of fusion reactor materials in Europe.
• Form a strong European network involving institutions and
large-scale facilities which are
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• Contribute, together with EFDA
activities, to the formation of a
lasting and efficient European
structure for fusion materials
science and development.

magnetic random access memories
to ultra high density recording hard
disk media.
On this subject there is an on-going
collaboration with
a) The Department of Materials
Science and Engineering of the
University of Ioannina for the
study of magnetic multilayered
structures such as Ru/Ni.
b) The Institute of Materials Science for the development of
high magnetic storage materials.
The measurements are performed
mainly at Laboratoire Leon-Brillouin,
Saclay, France at PRISM instrument.

Neutron radiography of CuCrZr tube
brazed to W tile, showing a crack.

NRRL organized the 2nd Workshop
on «Fusion Energy Materials Science», which took place at the National Center for Scientific Research
“Demokritos” from the 13th to the
15th January 2010, in order to discuss collaborative activities regarding
materials that are required for the
production of fusion energy. Also in
2010 a number of neutron based experiments were carried out at Large
Scale Facilities, (CEA-Saclay, JCNSFRMII, TUM-FRMII) for the characterization of fusion related materials.
10) Applications of neutron scattering techniques
(a) Investigation of magnetism in
magnetic multilayers using polarised
neutron reflectivity measurements
Polarized neutron reflectivity (PNR)
is a powerful technique for measuring the in-plane magnetic structure
of thin films and multilayered structures. Magnetic layered structures
are interesting for both technological
applications and fundamental research. The technological applications vary from spin valves and

Polarized neutron reflectivity spectra
data for [Ru(1.5 nm)/Ni(4.5 nm)]×8. Experimental data: ○ for R+ (spin up) and
● for R- (spin down). The solid lines represent the least-square fits to the data.
The analysis showed that about 1nm of
Ni on the top of Ru is of hexagonal
structure irrespectively of the deposited
Ni thickness. The rest of the deposited
Ni layer is of the equilibrium fcc structure. The hcp Ni is ferromagnetic but
has a magnetic moment much lower
than that expected from ab initio calculations. The magnetic moment of fcc Ni
increases with Ni layer thickness tending
to the bulk value.
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(b) Small-Angle neutron scattering
investigation of agglomeration phenomena

(c) Inelastic neutron scattering techniques for proton dynamics at high
energy transfers

The Small Angle Neutron Scattering
(SANS) technique is used in the
study of inhomogeneities in materials, in the size range 1.0 to 100 nm
approximately, such as pores and
precipitates.

Neutron Compton scattering (NCS)
involves very high energy transfers in
the range of 1 – 10 eV. In this region,
due to the extremely short interaction time, neutrons probe actually
the kinetics of single atoms. Recent
NCS experiments on various hydrogen containing materials have revealed a striking anomalous deficit in
the intensity of the hydrogen recoil
peak of the order of 20% to 50%. The
physical origin of this puzzling phenomenon is still unclear and questions have been raised regarding the
correctness of the results and their
data analysis. On this subject there
is on-going collaboration with the
Technical University of Berlin, Germany and Rutherford Appleton Laboratory, UK. Neutron scattering
experiments have been performed at
the ISIS spallation neutron source,
UK on ZrH2, ZrD2, LiH and LiD materials. Effort has been devoted towards an improved data analysis
procedure, which includes several
corrections to the measured scattering cross-sections, e.g., sample selfshielding and multiple scattering.

SANS scattering on a 2-dimensional detector from Fe-10wt%Cr alloy aged at
500oC for 9 days. The anisotropic scattering indicates the presence of clustering in the alloy having a mean magnetic
moment different from that of the alloy
matrix.

Demixing of FeCr alloys is investigated after thermal ageing in order to
evaluate Monte Carlo theoretical calculations. These calculations predict
different degrees of agglomeration
and comparison of these predictions
with SANS results can be used for
the validation of the theoretical
atomic potentials. This is very important as these atomic potentials
are used in Monte Carlo techniques
for the calculation of the radiation
damage in the FeCr alloys.
The SANS measurements have been
carried out at European Large Scale
Neutron Scattering Facilities, namely
a) Jülich Centre for Neutron Scattering, FRMII reactor, Germany and b)
Laboratoire Leon-Brillouin, Saclay,
France.

Scattering function S(Q,ω) of LiD as a
function of transferred energy and momentum, corrected for the effects of
sample self-shielding and multiple
scattering.

applications from spin valves to ultra
high density recording hard disk
media. In several applications as laminated recording media, flux concentrators, and various synthetic
ferrimagnetic and anti-ferromagnetic
structures, ruthenium is a usual
choice as an interlayer material providing anti-ferromagnetic coupling
between magnetic layers. Recently,
it has been demonstrated that the incorporation of lattice mismatched or
structurally incoherent layers between soft magnetic layers can lead
to a significant reduction in saturation and coercive fields due to suppression of stripe domains.
Work has been carried out in
i) Collaboration with the Department of Materials Science and
Engineering of the University of
Ioannina, on Ru/Ni multilayers
with different Ni thickness, in
order to determine the structure
and magnetism of these multilayers and investigate possible
applications. The structure of
the multilayers has been determined by grazing incidence Xray diffraction (GIXRD) and
X-ray reflectivity (XRR) and their
magnetic properties by magnetization and polarized neutron
reflectivity measurements. It has
been shown that the presence
of Ru leads to the formation of a
hexagonal Ni structure within
interfacial layer ~1 nm above
each Ru layer, while the rest of
the Ni layer relaxes to the equilibrium fcc structure. The hcp Ni
interfacial layer has a substantially increased cell volume and
is ferromagnetic with an atomic
magnetic moment that increases with Ni layer thickness
but remains lower than the
value predicted from ab initio
calculations.

11) Materials and Nanotechnology
(a) Magnetic layered structures
Layered magnetic structures are now
the basis for several technological
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hafnium oxide precursors which,
however, do not seem to influence
drastically the electrical conduction
properties.
12) Application of advanced codes
for reactor core calculations

Hysteresis loops of Si/Ru(9
nm)/[Ru(1.5nm)/Ni(t nm)]8 multilayers
with t=4.5 nm (open circles), t=3 nm
(solid circles), t=1.5 nm (open triangles), t=0.8 nm (solid triangles).The
measurements were performed with the
applied field in the film plane.
There is a striking reduction in saturation and coercive fields by interlayering
with Ru.

ii) Collaboration with the Institute of
Materials Science at NCSR
“Demokritos”, on structurally gradient layered graded hard/soft film
structures obtained by heat-treatment of magnetron sputter deposited FePt(20 nm)/CoPt(x nm)
bilayers. The magnetic properties
can be tuned by adjustment of the
CoPt layer thicknesses and taking
advantage of the different heattreatment temperatures required
for the ordering of the L10 phase
between FePt and CoPt.
(b) Charge trapping memories with
atomic layer deposited high-k dielectrics capping layers
Collaborative research activities were
performed with the Institute of Microelectronics at NCSR “Demokritos” on SiO2/Si3N4/ZrO2 and
SiO2/Si3N4/HfO2 non-volatile gate
memory stacks. The influence of two
different precursors, used in the fabrication procedure, on the structural
properties of the materials was investigated by NRRL using GIXRD and
XRR measurements. In the case of
SiO2/Si3N4/ZrO2 stacks similar
structural and electrical characteristics were revealed. On the contrary,
the structural characterization of
SiO2/Si3N4/HfO2 stacks showed
significant differences between the
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The Computational Nuclear Technology (CNT) Group was founded at the
end of 90s with main objective the
use of large scale codes for nuclear
technology calculations as well as
the development of new codes for
core analysis or the improvement/modification of already existing
ones.
The contribution has been achieved
through the participation in numerous scientific projects partially or totally funded by third party sources
including the framework programs of
the European Commission, other international funding organizations,
Greek ministries and Greek companies. In these projects, the CNT
Group has collaborated with leading
European organizations such as the
Commissariat à l’Energie Atomique
(CEA, Fr), the Centre National de la
Recherche Scientifique (CNRS, Fr),
the Université de Paris – VI etc.
Core neutronic calculations are important for
• Analyzing reactors’ normal operation (fuel burnup, control
rods worth)
• Studying modifications in the
reactors’ core vicinity (addition
or removal of materials, i.e. reflector, dismantling and recomposition of the reactor
core)
• Analyzing reactor experiments
(flux for material irradiation,
flux perturbation due to the use
of experimental setups, thermal
power absorption from irradiated materials)
• Optimizing reactor experiments
The CNT Group uses mainly the
SCALE/CITATION neutronic codes
system for conduction of determin-

istic neutronic calculations and the
Monte Carlo code TRIPOLI for stochastic neutronic calculations.
During 2010,
• Extended research has been conducted on the optimum utilization
of deterministic cell and core
analysis code systems, regarding
the significant physical assumptions which must be made by the
User, if correct results are to be
obtained. For comparison purposes, corresponding reactivity results have been obtained by
detailed geometry / high statistics
Monte Carlo calculations. This
work is published in Annals of Nuclear Energy, can be found online
at:
http://dx.doi.org/10.1016/j.anucen
e.2010.11.010
• The two code systems were used
for the determination of the rods
worth dependence on the fuel
burnup level and the Xe concentration level in a conceptual, symmetric reactor core, fuelled with
the MTR fuel assemblies used in
the Greek Research Reactor (GRR1). This work was presented in the
“ENC 2010 European Nuclear
Conference” in Spain [B.1]. (Varvayanni et al., 2010a).
• The two code systems were used
to study the improvement of a research reactor performance without increasing its power. The
study showed that appropriate positioning and/or rearrangements or
even removal of fuel assemblies
results to higher thermal neutron
fluxes locally. This work was presented in the “ENC 2010 European Nuclear Conference” in
Spain [B.2]. (Varvayanni et al.,
2010b).
• The TRIPOLI code is being used
for the analysis of the Benchmark
on the Three-dimensional VENUS2 MOX Core Measurements. The
Benchmark analysis in being performed within the framework of
the collaboration of the CNT group
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with the NURISP Collaborative
Project, the objective of which is
to make new and significant steps
towards a European Reference
Simulation Platform for applications relevant to present PWR and
BWR and to future reactors. The
roadmap of this Simulation Platform is part of the Strategic Research Agenda of the European
Sustainable Nuclear Energy Technology Platform (SNE-TP). The first
results of the Benchmark analysis
were presented in the “SP1 Third
Meeting (NURISP Collaboration)”
in Bulgaria [C.1]. (Savva et al.,
2010).
13) Modification/improvement of
existing codes for use in neutronic
calculations
Motivation: Need of a new code, capable of simulating Accelerator
Driven Systems (ADS). An ADS combines two subsystems traditionally

simulated by two codes, i.e. an accelerator, simulated by a High Energy Physics (HEP) code and a
nuclear reactor, simulated by a neutronics code.
The CNT Group is working on the
modification of the HEP code GEANT
for use in ADS systems.
The GEANT code
process comprises:

modification

• Addition of the neutron kinematics and the elastic neutron
scattering
• Production of neutrons and
photons due to fission
• Simple Burn-up calculations
• Criticality calculations
The progress of the code modification was presented is the “Nuclear
Energy for New Europe 2010” International Conference in Slovenia (Catsaros et al., 2010).

14) Development of new codes for
applications in Nuclear Technology
Cross section calculation at various
temperatures
In most neutronic code systems, the
point wise neutron cross sections are
pre-tabulated at some temperature
levels (e.g. 300, 600, 900 and 1200
oC). Therefore, the cross section at
any desired temperature is obtained
by interpolation between the tabulated values. The method is not very
accurate, especially in the region of
resonances. Further, the Doppler
broadening is calculated either by the
quasi-analytical method based on the
PSI-CHI functions (in the case of the
Breit-Wigner approximation) or by
numerical convolution (in the case of
more exact multilevel-multichannel
theories such as Reich-Moore). In
any case, the calculations always start
from a tabulation of the cross section
at 0 K; the cross sections are measured at higher-than-0K temperatures
and then collapsed to 0 K following
adequate manipulations, in order for
the convolution methods to apply.
This “collapse” to 0 K introduces additional approximations.
The CNT Group continues the work
of the previous year on the development of a new methodology for neutronic cross section calculation at
any temperature, if the cross section
at a lower temperature is already
known. The great advantage of this
process is that if a cross section is
measured at any temperature then it
can be calculated at any other
(greater) temperature without artificial “collapse” to 0 K a procedure
that increases inaccuracy.

Global architecture of the proposed time dependent Monte Carlo code coupled
with thermal hydraulic feedback: Blue color: main loops existing in the GEANT
code; Green color: transformations already incorporated in GEANT; Red color: procedures and data planned to be added

Note: The development of a code for
determining the gamma heating of
samples irradiated in a research reactor core has been achieved in the previous years. During 2010, the
bibliographic review supporting this
activity has been published
(Zissis et al 2010).

33

nuclear research reactor laboratory

15) Nuclear Reactor Safety (NRS)
Events related to nuclear reactor
safety may be studied with numerical simulations that are safer and less
costly than physical experiments.
State-of-the-art
computational
means support the exploration of
open issues that is hard to investigate experimentally. On the other
hand, accurate numerical models
may provide guidelines for designing
safety related experiments. In this
framework, nuclear reactor safety activities take advantage of the sustained evolution in information
technology to develop realistic models of the complex physical phenomena taking place in nuclear reactor
facilities with the intention to improve the overall system safe-ty and
performance.
Cooperation with international organizations (e.g., U.S.NRC) have provided LWR codes (i.e., RELAP5,
TRACE, PARET), experimental data
from the NEA Data Bank, and participation in IAEA Coordinated Research Projects. Team exposure in
the nuclear safety discipline has
brought international collaboration
with established academic institutions such as Purdue University
(USA) and McMaster University
(Canada).
According to the Strategic Research
Agenda (SRA) elaborated by the EU
Sustainable Nuclear Energy Technology Platform (SNETP) modeling and
simulation activities significantly
con-tribute in all phases of a nuclear
reactor lifecycle i.e., its design, safety
assessment, licensing, and issue resolution during operation. In this
framework it has become industry
practice to estimate the thermal-hydraulic behavior of a nuclear reactor
by:
(a) analyzing the thermal-hydraulic
behavior of small scale facilities
and extrapolating the results to
the actual plant size
(b) employing established codes that
accurately model the physical
phenomena taking place in the
system
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The Nuclear Research Reactor Laboratory that hosts GRR-1 is a suitable
environment to fos-ter nuclear reactor safety activities since it may accommodate both approaches listed
above. Experiments are symbiotic
with numerical computations and
the performance of a computa-tional
tool needs to be verified and validated against experimental data.
Thus, successful GRR-1 upgrade will
render the facility available to support the developments in nuclear
engi-neering modeling and simulation. Data availability will accommodate analysis and validation of
computational tools. Along this line,
GRR-1 best-estimate models have already been de-veloped to simulate
the system response under various
transient conditions.
The SNETP Deployment Strategy in
2010 has identified key R&D topics
for Gen III reactors in the areas of upgraded human system interfaces and
simplified operation of reactor systems, while for Gen IV it embraces
improved safety as well as advanced
instrumentation and in-service inspection capabilities. Thus, development of physical models using
energy, momen-tum and mass balance equations has been a motivation
for the NRS Group activities to expand into the realm of data modeling.

In this area, empirical data sets are
used to estimate the underlying system function with little or no knowledge of the function form. So
common is the problem that it is
listed under dif-ferent names in different disciplines (e.g., system identification, function approximation,
non-parametric regression). Applying sophisticated machine learning
algorithms in a nuclear fa-cility, data
modeling has been proven a powerful tool for monitoring, diagnostics
and control tasks. NRS Group has
been developing advanced computational tools - known as soft com-puting – in the areas of:
• identifying non-linear system dynamics
• predicting rapidly evolving transients
• signal validation
• enhanced man-machine interfaces
• plant-wide monitoring
In light of the latest advances in the
area of nuclear engineering, nuclear
reactor safety activi-ties are oriented
towards Gen IV designs as well as
SMRs. These novel reactor architectures require that the current models
are revised and extended to fully
cover the phenomena fore-seen to
take place in their operating regimes.

GRR-1 pool and core nodalization
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16) Education
Supervision of post-graduate and
graduate students

9th School and Workshop on Fusion
Physics and Technology, Volos,
Greece, 19 - 23 April 2010

PhD Theses
D. Lafatzis, "Oxidation study of SiC
coatings", PhD Thesis, Aristotle University of Thessaloniki, Physics Department (to be completed in 2011)
T. Vasilopoulou, "Neutron Activation
Analysis Method for Large Volume
Samples", PhD Thesis, National
Technical University of Athens,
School of Applied Mathematical and
Physical Sciences (in progress)
Diploma Thesis
P. Chatzispyroglou, “Monte Carlo
method for efficiency characterization of HPGe gamma ray detectors”,
National Technical University of
Athens, School of Applied Mathematical and Physical Sciences
Th. Xenophontos, “Criticality calculations for a reactor core using the
Monte Carlo method”. National
Technical University of Athens,
School of Applied Mathematical and
Physical Sciences
N. Chrysanthopoulou, “Simulation of
the thermal neutron flux variations in
a nuclear reactor”. National and
Kapodestrian University of Athens,
School of Physics (in progress)
Undergraduate Strudents Training
K. Mitilinaiou, “Analysis of X-ray reflectivity data for the structural investigation of thin films”, National
Technical University of Athens,
School of Applied Mathematical and
Physical Science
Participation in the teaching activities
of national and international Post
Graduate courses
IAEA Post Graduate Educational
Course on Radiation Protection and
Safe Use of Radiation Sources, Organized by GAEC
Inter – University Postgraduate
Course in Medical - Radiation
Physics (IPCMRP)
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Head: Dr. P. Kritidiss

Personnel
Researchers
4
Dr. Panagiotis Kritidis
(Research Director)
Dr Eleni Florou (Research Director)
Dr Konstantinos Eleftheriadis
(Research Director)
Ms. Christina Chaloulou
(Specialised Scientific Personnel)
Post Doc Researchers
1
Dr Evangelia Diapouli
Scientific Technical Personnel 1
Mr Stergios Vratolis
Technical Personnel
2
Ms. Diamando Zafeiropoulou
Ms. Chrisoula Psomiadou
PhD Students
4
Ms Maria Gini
Mr Nicolaos Evangeliou (Msc, PhD)
Ms. Aikaterini Maroudi-Elikonida
Ms. Maria Sotiropoulou (MSc)

ENVIRONMENTAL RADIOACTIVITY
LABORATORY (ERL)
General description
The scientific subject of ERL is the
environmental radioactivity (soil radioactivity, indoor radon, marine radioactivity, aerosol radioactivity),
radioecology and aerosol research,
oriented either to man and/or with
ecocentric approach. This relates to
both natural and artificial radioactivity.
ERL operates a network of 25 sampling and measuring stations across
the country, which is a key part of
the National routine network. ERL is
also engaged with radiological certification of imported and exported
foods and materials as well as, provision of services in radiation protection of man and environment issue.
ERL is involved in the last-decade research for the development of a similar, like man system, for radiological
protection of wildlife. Such system is
required to address emerging legislation, in some countries, from the
conservation perspective. ERL is also
involved in the new trends in radioecology regarding model simulation
and adaptation (CED, ERICA,
RESRAD), radiological impact assessment of non-human habitats using
cytogenetic tools and remote sensing techniques, contributing to the
innovation in this area of research.
ERL provides consultation and expertise in national and international
level on radiation protection of man
and environment and participates in
large scale networks e.g. «High
Power Laser Energy Research Facility
/HiPER», COmmunity heavy-PAyload
Long endurance Instrumented Aircraft for Tropospheric Research in
Environmental
and
GeoSciences/COPAL and also coordinates TC IAEA projects (RER/2/005)
as national representative of Greece.
The Laboratory has maintained National accreditation under the terms
of the ELOT EN ISO/IEC 17025:2005
Standard for specific atmospheric

aerosol measurements in order to
satisfy the European standard
EN12341 (Accreditation Cert. No
447). Through structural programs
and together with other laboratories,
ERL carries out a substantial investment in novel state of the art instrumentation for the characterization of
the atmospheric aerosol physicochemical properties, which is part of
a Large Scale Environmental Research Infrastructure within NCSR
“Demokritos”. This has resulted in
the development of a State of the Art
Urban Background Aerosol Monitoring station within the grounds of
NCSR “Demokritos”, for real time
measurements of physical and other
properties of atmospheric aerosol
and was put into continuous operation since 2008. During 2010 the station has continued to be part of the
Global Atmosphere Watch program
and is listed in the GAWSIS web system (Fig1.) data are submitted at the
EBAS Global database (Fig. 2) Operation is supported by equivalent calibration
and
analytical
lab
infrastructure.
ERL is also one of the NCSRD Laboratories, which provides advanced
scientific services in the field of “radiation protection of man and the environment” and the “aerosols”.
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R & D ACTIVITIES
1) Environmental Radioactivity
Monitoring
ERL operates a network of 25 sampling and measuring stations across
the country, which is a key part of
the National routine network. The locations of the sampling and measuring stations of the ERL network are
shown in below:

Locations of the sampling and measuring stations of the ERL network. The
code letters refer to the following type of sampling or measurement:
A – air sampling, W – surface or tap water sampling, D – radioactive deposition sampling, M – milk and mixed diet sampling, G – gamma-intensity
measurement

The samples are further analyzed by
use of total beta counting, gammaspectrometry or radiochemical
methods.
In the case of emergency, the sampling network can be expanded, depending on the existing information
about the primary regional pollution
and mainly with regard to agricultural product samples.
The red dots in the map indicate stations, which were out of operation
during 2010. This is due to the retirement of technical personnel,
which was not replaced.
Besides, ERL performs case studies
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(e.g. visiting areas of nuclear vessels)
and carries out radioactivity measurements and analyses on case demand.
2) Radioecology
Climate Change: Use of radionuclide
kinetic as a tool for the carbon cycle
research
Fluxes of particulate organic carbon
(POC) from the surface ocean to the
deep sea are central processes in the
regulation of atmospheric CO2 and
climatic changes, since they are considered as one of the largest sinks of
atmospheric carbon dioxide. Considering that a lot of discussion has
been made for global warming and
climate change, it remains a challenge to accurately estimate this important component of the global
carbon cycle. Knowing the mechanisms that lead the flux of carbon to
the deep sea is an important demand
for understanding the marine carbon
cycle and thus the potential impacts
of rising atmospheric CO2 concentrations. In addition, land-sea exchanges in coastal areas influence
biogeochemical cycles to an extent
much more than their coverage
might imply. Processes that occur
disproportionately in coastal environments, such as organic matter decomposition and burial, mineral
formation, and denitrification affect
the oceanic balances of many elements. Because of the proximity of
sediments to the euphotic zone,
these environments are unique in the
sense that sedimentary processes
can influence pelagic processes
The estimates of POC and particulate
TM export fluxes are carried out
using the 234Th – 238U disequilibrium approach. The natural radionuclide 234Th has been widely used as
an indicator for particle export flux
from the euphotic zone. Its particle
reactive and short live (t1/2 = 24.1
d) nature, in contrast to the conservative and long live (t1/2 = 4.5 x 109
y) ones of its parent 238U can be
used to trace processes occurring
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over timescales of days to weeks.
Using an “one dimensional box
model” it can be established secular
equilibrium between these radionuclides. Deficit of 234Th with respect
to 238U clearly indicates export of
particles to greater depths, whereas
excess denotes presence of complicate processes, such as resuspension, remineralization, advection,
diffusion and so on. Despite the wide
application of 234Th, studies using
234Th/238U disequilibrium techniques on particle dynamics are still
very limited, largely because of the
demanding sampling and analyses.
The Positive Matrix Factorization
(variant factor analysis) is to use to
extract structural information on elemental sources, associations and
processes that control the composition of the sea at the selected sampling site. PMF offers information
about the underlying data structure
and element interrelationships that is
based upon objective, quantitative
analysis of multidimensional data
‘‘clouds” rather than examination of
correlations among a few variables.
PMF is widely utilized in atmospheric chemistry for source apportionment and clearly has promise for
expanded application to oceanographic studies.

Comparative effects of radionuclides
and conventional pollutants and by
use of sensitive tools
The effects of ionizing radiation can
be viewed at all levels of biological
organization, ranging from the molecular to ecosystem level. Effects on
organisms can be traced to molecular and cellular responses, as radiation impact does not necessarily lead
to observable effects on specimens,
population, community or ecosystem. This is because the measurable
attributes of the levels differ, despite
the fact that all levels are interrelated.
The cytogenetic effects of radioactive
and conventional pollution as they
are recorded in organisms of natural
ecosystem and the apportionment of
causes to each kind of pollutants is a
relative new field in radioecological
research. There is limited evidence
on field observations in international
literature; even there is a lot of evidence in concerning laboratory experiments.
The study of in situ effects of ionizing
radiation in the cytogenetic level is
the key for determining the radiological status of the ecosystem considered, based on the concept mode:
concentration of pollutant in abiotic
components and/or bioaccumulation

dose rate effect on organism at
the cellular level.
The environmental assessment of an
ecosystem with regards to ionizing
radiation in comparison to effects of
chemical pollutants is based on determining the distribution frequency
of chromosomal aberrations induced
in cells of natural populations.
The use of bio-indicators for environmental quality assessment in the
Mediterranean
The CIESM Mediterranean Mussel
Watch Program deals with a largescale survey of radioactive and
emerging contaminants in the
Mediterranean Black Seas. The primary concern is the public health.
The program was originally conceived by CIESM in 2002 with the
main objective to document reliable
baseline levels of radionuclides in the
Mediterranean and Black Sea coastal
waters, using the mussel, Mytilus
galloprovincialis as a unique bioindicator.

The ERL-INTRP large volume pump for seawater sample elaboration
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Modelliing and assessment of pollutants impact on marine ecosystems
Mathematical modelling is a very important and useful tool of the prediction of the behaviour of pollutants in
relation to the local ecosystem features, and their impact on the marine
environment.A three-dimensional
general deterministic model, developed to simulate and study the timedependent behavior of 137Cs and
heavy metals (especially Cu, Ni, Mn)
in the marine environment. The
model solves the full Navier-Stokes
equations of transient, three-dimensional turbulent flow, heat and mass
transfer. The model capabilities are
demonstrated by applying it at a region near the Greek island Lemnos,
in the Northeast Aegean Sea, as this
area is influenced by the Black Sea
water masses entering through the
Dardanelles channels.
IAEA-TC Programs (national representative)
RER/7/003: Marine Environmental
Assessment of the Mediterranean
Region
Objectives: To identify priority issues
for the sustainable environmental
management of the Mediterranean
Sea that can be addressed by nuclear
analytical and tracer techniques and
support implementation of those
techniques
RER7005: Providing Technical Support for Implementing Modern Approaches and Tools for the
Assessment of Radiation Impact on
Terrestrial and Freshwater Environments
Objectives: To improve regulatory
instruments used for environmental
assessments through harmonization
and implementation of modern approaches and tools for evaluation of
radiation impact on terrestrial and
freshwater ecosystems.
IAEA EMRAS II Programme (national
participation)
Environmental Modeling for Radiation Safety: Intercomparison and
Harmonization
Project,
WG5
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“Wildlife Transfer Coefficient”, WG8
“Environmental Sensitivity”
Provisional of Services: Technical
studies and measurements on demand of third parts
There are two programs under the
frame of which, radioactivity measurements and radiological studies
are carried out as:
1. Measurements of radionuclides in
consuming products and other materials (certificates of radiological
quality assessment under EU legislation and directives)
2. Elaboration and evaluation of environmental studies (Contracts with
private sectors etc)
3) Investigation of Arctic Aerosol
Properties with emphasis on the
formation and mixing state of
cloud condensation nuclei
The aim of the project is to combine
physical and chemical measurements of key arctic aerosol parameters, in order to:
i) Contribute a well characterised
aerosol parameter dataset targeting
the state of mixing of fine and ultrafine aerosol particles
ii) Provide simultaneous observation
of the ultrafine aerosol number concentration across the nucleation
Aitken and accumulation modes and
a limited chemical characterisation of
these modes derived from their
volatility.
iii) Perform a closure study on the
derived refractory volume distributions and the independent observations of refractory mass calculated
from available chemical composition
data.
iv) To explore the existence of nonvolatile particle cores or particles in
the 5-25 nm range.
The measurement project has ended
in July 2010 and the equipment was
shipped back to NCSR Demokritos
except the AE-31 aethalometer
which continues the long term monitoring for Black carbon and light absorption in the arctic aerosol.
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During 2010 the results from the
2008-2010 measurement campaign
have been analyzed.
The volatility of particles having diameter 18, 40, 150 and 200 nm was
measured using a VTDMA fig 1.1.
Particles having diameter 18 nm
showed significantly higher volatilities, when they were processed at
temperatures of 230 C. Their behaviour corresponds to ammonium
sulphate or bisulphate. In the absence of any evidence suggesting direct anthropogenic pollution, one
could propose that these were naturally formed particles resulting from
the cycle of DMS release in the arctic atmosphere during summer.
There are certain issues which may
have to be cross checked in connection with other Zeppelin measurements in order to consolidate these
conclusions.
G. Biskos, S. Vratolis, J. Ondrácek,
A.A. Karanasiou, and K. Eleftheriadis,
(2009), Volatility of nuclei mode arctic aerosol particles during summer
European Aerosol Conference 2009,
Karlsruhe.

4) The DEM-Athens Urban background Monitoring station for
Aerosol properties
The DEM-Athens Urban background
Monitoring station for Aerosol properties has been established at the
grounds of the National Centre for
Scientific Research "Demokritos"
since 2007. It lies in the ERL field site
away from direct emission sources in
a vegetated area (pine). The area lies
in the North East corner of the
Greater Athens Metropolitan Area
and at an altitude of 270 m.a.s.l on
the hillside of Hemetus mountain.
The site is partly influenced by the
Urban area and partly by incoming
air from the North East representative of Regional atmospheric aerosol
conditions. The Instrumentation and
monitored aerosol and auxilliary parameters are listed below: Fine and
Ultrafine Number Aerosol Size distribution (ambient and dry R.H.) DryWet (90%) and thermally processed
fractions (not continuous) Scattering
Coefficient Absorption Coefficient
Fine and coarse mode mass size distribution PM2.5 mass concentration
EC/OC mass concentration (thermooptical analysis) Standard Meteorological data from a Mast at 10 m
http://gaw.empa.ch/gawsis/reports.asp?StationID=2076202728
Results are reported at the GAWEBAS worldwide Database
DEM station data in the GAW-EBAS
worldwide Database

DEM station housing and 10 m inlets

The ERL IPTA Volatility Tandem DMA
operating at the GAW Arctic Zeppelin
station
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5) Development of A Cost Efficient
Policy Tool for reduction of particulate matter in AIR (ACEPT-AIR)
NCSR “D” and ERL/IPTA is the Co-ordinating beneficiary of the LIFE+ European project ACEPT-AIR. Project
co-ordinator is K. Eleftheriadis, while
University of Thessaly, Technical
University of Crete, Aristotle University of Thessaloniki, Axon Envirogroup Ltd are the participating of
partners
together with NCSR
Demokritos .
BACKGROUND and AIMS:
Air pollution is still a major environmental problem across the European
Union, with ozone and particulate
matter (especially PM2.5) being the
pollutants of most concern. Urban
areas and some industrial regions in
Greece are among those in the E.U.
with a high number of limit values
exceedances in PM10 ambient concentrations. Policy makers are in
need of measures targeting those
emission sources responsible for the
high concentrations observed.
In this framework, the ACEPT-AIR
project aims to provide the National
Authorities at Central, Regional and
Local level with the means to control
PM2.5 and PM10 concentrations in
air. The project is targeting to unravel
the relative contribution of the different sources to the observed PM
air concentrations, with the final objective to create a policy tool that
combines control measures/changes
in emissions with concentration reductions apportioned to every accounted source.
MAIN EU POLICIES TARGETED:
As the Commission of E.C. is moving
towards the implementation of the
Thematic strategy on air Pollution,
through the most recent Directive
2008/50/EC “on ambient air quality
and cleaner air for Europe”, requirements of lower limit values for PM in
air will come in effect. At present, Directive 2008/50/EC sets for the first
time a reduction target for PM2.5 for
all Member States to be attained between 2010 and 2020. It is foreseen
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that this target will be reviewed in
2013 when more air quality monitoring information is available. The
project’s measurement and source
apportionment results, as well
“ACEPT-AIR” Policy tool, will be used
to address a number of objectives
and requirements set by Directive
2008/50/EC.
Project actions
1. Collection and quality control of
historical data, as well as execution of aerosol campaigns for
three urban centers (Athens, Thessaloniki and Volos).
2. Application of state of the art
source apportionment techniques
based on the developed databases
and receptor modeling.
3. Compilation of emission inventories for natural and anthropogenic
sources for the three areas.
4. Development of the ACEPT-AIR
policy tool, which will associate
emission trends and changes from
different sources with the corresponding PM concentrations.
5. Development and application of a
two-way direct interaction process
with stakeholders involved, enabling them to understand and be
trained in the use of the developed
policy tool.
6. Active application of the ACEPTAIR policy tool for testing and initial results
7. Dissemination activities and public mobilization on air pollution issues
Development of a set of measures
and policies for each area, in line
with the concentration reductions required by Directive 2008/50/EC

Education
PhD – Thesis in progress
Ν. Εvageliou, Chemist MSc, “Study
on the distribution and speciation of
radionuclides and trace elements in
the marine environment (KapodestrianUniversity of Athens). Finished
on 2010.
M. Gini, Physicist, “Development
and application of experimental
methods for characterization of atmospheric aerosol physical parameters (Kapodestrian University of
Athens)
A.E. Maroudi. “Models in radionuclide transfer and distribution in terrestrial ecosystems” (National
Technical University of Athens)
Maria Sotiropoulou, “Models in radionuclide transfer and distribution
in ecosystems” (Aristotles Univ. of
Thessaloniki) started on 2010.
MSc Thesis
V. Vassilatou «Long term variability
of metal tracers in the Attika atmospheric aerosol” (University of
Athens)
A. Kotzamanoglou “Correction
methods for Non Ideal behaviour of
aerosol measurement Instruments”
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Overview

Objectives

The Environmental Research Laboratory (EREL) is part of the Institute of
Nuclear Technology-Radiation Protection of the National Centre for Scientific Research “Demokritos”
(NCSRD). EREL with its over 20-years
experience and its highly specialised
scientific staff is one of the leading
environmental research laboratories
in the country with strong scientific
links to many Research and Academic Organizations worldwide. The
general aim of EREL is the production
of scientific know-how and innovative tools for research and provision
of services in the fields of environment and energy. The Laboratory is
equipped with modern facilities for
air pollution and gas sorption measurements and powerful computing
equipment and provides high-level
services in a wide range of issues related to environment and energy (air
quality and environmental impact assessment, nanoporous materials
characterization, gas storage). The
Laboratory has been awarded with
ISO 9001 for software development
in atmospheric applications and is accredited according to EN 17025 for
specific gas pollutant measurements
(particulate matter, volatile organics,
etc). EREL carries out several research
projects with substantial external
funding, in several of which it acts as
coordinator of European consortia of
universities, research institutions and
industries. In the framework of these
activities, EREL has developed a
broad range of cooperation with Public and Private Organisations both
within and outside Greece, while actively participating in international
scientific networks (e.g. ERCOFTAC,
MESAEP). The merits and prospects
of the Laboratory at the national and
regional level have been acknowledged by the EC and a RegPot Grant
has been awarded to EREL for the enhancement of its R&D potential and
infrastructure.

In line with current international
trends, EREL places emphasis on
R&D activities relevant to hydrogen
technology (storage and safety), simulation of atmospheric pollutant dispersion in realistic conditions,
diagnostic and prognostic meteorological modelling, contribution of anthropogenic and biogenic pollutants
to global warming and urban pollution, simulation of underground hydrocarbon and water reservoirs and
characterization of nanoporous materials for environmental, energy (gas
separations, storage of CO2 and H2)
and bio-medical applications (controlled release systems, transdermal
drug delivery).
In parallel, EREL continues to produce and publish original methods
and results in the wider area of computational fluid mechanics, with applications in pollutant dispersion,
influence of meteorology and pollutant sources distribution in urban
pollution, tropospheric ozone concentrations due to anthropogenic
and biogenic pollutants in the
Mediterranean area, turbulence simulation, transport phenomena in
porous media, and flow and mass
transport in multiphase systems.
The high R&D performance of EREL
is deduced from: (i) its wide experience in carrying out (not only as participating research organisation but
also as coordinator) large scale research projects and the associated
external funding attracted, (ii) the
large number of scientific publications in international journals and
conferences, (iii) the successfully accomplished contracts of service provision to Public and Private Bodies,
(iv) the organisation of international
conferences, (v) the participation in
International networks and
(vi) acting as national representative in various international organisations.
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R & D ACTIVITIES

Storage room of a hydrogen refueling station containing 35 × 250
L cylinders at 400 bar and natural
ventilation. Modelled is the transient leak from one cylinder with
leak diameter 0.8 mm. Shown is
the flammable hydrogen air cloud
16 seconds after the start of release. Release calculations with
the GAJET code. Dispersion calculations with the ADREA-HF
code
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1) Energy Technologies and Environmental Impact
Sustainable development is one of
the major issues in the energy and
environment agenda internationally.
The subject of this EREL activity puts
emphasis on a number of topics that
serve sustainable development purposes (reduction of environmental
impact of energy technologies, alternative fuel technologies, etc). These
topics are clearly pursued in the current and forthcoming EC Framework
Programs for research.
In 2010, the activities of EREL related
to Energy Technologies and their Environmental Impact have continued
with distinct short and medium to
long term objectives.
Long term Research
• Emphasis on Hydrogen technologies (storage and safety)
• CFD developments and applications in Biomedical and other systems (Lattice Boltzmann method,
Non-Newtonian fluids, Molecular
Simulations)
• Energy technology studies (hydrogen, gas separations,) using CFD
simulations and stochastic approaches
Medium term Research
• Emphasis on Hydrogen technologies (storage and safety)
• Energy technologies simulationassessment (hydrocarbons recovery, porous membranes)
• Gas storage in solid materials
(CO2, H2)
Short term (R&D services)
• Underground reservoir simulation
and characterization
• Safety assessment for hydrogen
and toxic gas installations
• Environmental impact studies (private and public sectors)
In the field of hydrogen technologies and particularly storage, emphasis has been placed on the
development and characterisation of

novel carbon structures (e.g. templated carbons, carbon foams, carbon aerogels etc.), as well as the
investigation of the spillover phenomenon (US patent filed). EREL participates in the FP7 NANOHY and
coordinates the FP6 Integrated Project NESSHY (Novel Efficient Solid
Storage for Hydrogen). The 5-year
NESSHY project congregates all current European actions on solid storage of hydrogen. Funding has also
been secured from the Department
of Energy (USA) via a subcontract
with the National Renewable Energy
Laboratory. EREL has acquired and
installed during 2010 extended infrastructure (in computational and experimental terms) for H-storage
studies in solids.
Regarding hydrogen safety, EREL has
further extended and applied its inhouse developed advanced simulation tools. Focus has been given in
advanced turbulence modelling
through LES, in hydrogen combustion simulation methodologies, in
code parallelization techniqhes and
in multiphase – multicomponent
simulations
In the frame of such activities, EREL
has developed a broad range of cooperation with the Public and Private
Sectors both in Greece and (mainly)
internationally, while it participates
actively in international scientific networks.
Finally, EREL possesses significant
project management experience
through participation in and coordination of several multinational collaborative projects.
2) Computational modelling in the
areas of meteorology, atmospheric
pollution, global warming, emergency response and security
EREL has continued its activities in
developing state-of-the-art software
for simulations of atmospheric dispersion of pollutants in complex terrains and for diagnostic and
prognostic meteorology. Additionally, activities in the area of climate
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change have been advanced by installing new global modelling software. Already existing simulation
codes in EREL have been updated
and their applications have been expanded to accommodate new needs
in the areas of air quality in regional
scale and emergency response to
long-range atmospheric dispersion
of hazardous pollutants. More
specifically:
• EREL has participated in the proposal entitled “Towards a self-sustaining European Technology
Platform (NERIS-TP) on Preparedness for Nuclear and Radiological
Emergency Response and Recovery”, which was submitted to the
FP7 of the European Atomic Energy Community and was approved for funding. The project
will commence on 1/2/2011. The
tasks of EREL concern mainly the
processing and provision of prognostic meteorological data to De-

cision Support Systems.
• The operational weather forecasting (http://www2.ipta.demokritos.gr/forecast/) system of EREL,
has been updated in 2010 and its
computational domain has been
expanded to cover spatially the entire Europe and North Africa. This
gives EREL the potential to calculate air quality from local to regional scales over Europe but also
to simulate long-range atmospheric dispersion for emergency
response purposes. Specific studies for wind shear analysis using
very high resolution of MM5 have
been performed.
• EREL has continued to perform targeted studies using the CMAQ numerical model for the region of
Attica, focusing on the impact on
shipping emissions, land use
changes and in particular the extensive application of green roofs
and determination of source im-

Daily Weather forecast from EREL operational model (snapshot for 24/1/2011)

Simulation of volcanic ash dispersion
with the EREL code DIPCOT in the
frame of the ENSEMBLE system, 3 days
after eruption start

Changes in O3 as a result of Green roofs
at 14:00 hr on August 31, 2004

Time series forecasting of the LR-Sub-M
model in Aristotelous

pacts using the adjoint version of
the model. EREL has started participating in the AQMEII (Air Quality Model Evaluation International
Initiative) and has continued participating in ENSEMBLE (System to
reconcile disparate national long
range dispersion forecasts). This
work has been supported by the
compilation of new emission inventories for Attica and the application of the SMOKE tool.
• EREL has developed advanced
modelling tools for the time series
analysis of daily PM10 data from
Attica. Novel models based on
sub-sampling of data and the application of source identification
tools, e.g. Granger causality, have
been applied.
• In the area of global modelling, the
proposal submitted to the National Strategic Reference Framework (NSRF) proposing the study
of climate change and air quality in
Greece, focusing on the assessment of their environmental and
socio-economic impacts at a local
level in the future, has been approved for funding and the project
will commence soon. Towards
that direction, two global models
(the NASA GISS Model E global climate model and the NASA Global
Modeling Initiative (GMI) chemistry and transport model) were installed
on
the
existing
computational infrastructure of
the EREL. Moreover the Climate
Data Analysis Tool (CDAT) which
is software specifically designed
for scientific calculations and
graphics with focus on the needs
of climate modellers has been installed.
• The activities in the novel area of
inverse modelling were carried out
in the following directions: data
assimilation of measurements in
atmospheric dispersion models to
improve the quality of prognoses and to evaluate the
unknown or uncertain rate
of emission of pollutants
from a source; source ap-
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portionment of particulate matter
indoors to identify and characterize sources by combining measurements and statistical methods;
inverse modelling for air quality to
evaluate the influence of air pollution sources on pollution levels
and the inter-dependency between reacting pollutants.
• Computational modelling activities
have continued for the evaluation
of exposure to hazardous atmospheric pollutants, both outdoors
and indoors, and in the area of
large eddy simulation of complex
turbulent flows.
• In the area of security, a new activity has been initiated through
the participation of EREL in the FP7
collaboration project STARTRANS,
that concerns security of interdependent and interconnected transportation networks. To that extend
a strategic risk analysis framework
has been derived, and examples
on the Attica transportation integrated
network
thoroughly
analysed.
3) Characterization of and Transport in Porous and Composite
Media
Nanotechnology and related topics
constitute one of the major scientific
and technological areas in today’s research programs internationally. The
subject of this EREL activity puts emphasis on topics that deal with
nanoporous materials and nanocomposites characterization and applications in environmental, energy and
biomedical problems.
In 2010, these activities have continued with distinct short and medium
to long term aims.
Long and Medium term Research
• Emphasis on correlating porous
structure
characteristics
to
macroscopic transport properties
of porous materials
• Nanoporous and composite material characterization
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Short term (R&D services)
• Nanoporous and composite material characterization and performance assessment

EREL specializes in the characterization of a wide range of nanostructured materials for environmental,
energy and industrial processing applications with emphasis on inorganic and hybrid porous media. The
lab has been at the forefront of experimental techniques in the field of
sorption, diffusion and (X-ray and
Neutron) scattering. In addition, it
has extended activities in multiscale
numerical simulation for the modelling of materials and processes by
molecular, mesoscopic or macroscopic techniques (Monte Carlo, molecular dynamics, Lattice-Boltzmann,
standard CFD approaches).
A fully equipped laboratory has been
developed and undergone extensive
tseting for the characterization of
nanoporous / composite materials
via gas sorption based techniques.
Pressure-Composition-Temperature
(PCT) gravimetric techniques can
measure isotherms at pre-selected
temperatures from 80 to 600 K at
pressures up to 150 bar, while monitoring the kinetics of gas adsorption
at each pressure step. In this way,
the total sorption capacities at the experimental temperature can be directly obtained as a function of
pressure, while kinetic response
analysis can generate effective diffusion coefficients (and/or reaction
constants) again as a function of
pressure. By performing a set of
isotherms at different temperatures
isosteric heats of sorption as well as

diffusion activation energies can be
calculated. Alternatively, capacity, kinetic and thermodynamic properties
can be studied through isobars (concentration at constant pressure as a
function of temperature). Finally,
Temperature Programmed Desorption (TPD) measurements provide a
simple and swift means for the determination of the gas release temperature and heats of desorption. On
the other hand, PCT volumetric techniques measure the Gibbs excess
isotherms and can in principle provide the same information as
gravimetry. The relevant instrumentation of EREL includes:
Pressure-Composition isotherms, kinetics and life cycle measurements:
– Intelligent Gravimetric Analyser
(High vacuum to 20 bar, 77-623 K)
– High-pressure multi-component
gravimetric systems (High vacuum
to 150 bar, 77-623 K).
– In-house developed volumetric
high pressure PCT apparatus (High
vacuum to 200 bar, near ambient
to 573 K).
– Automated volumetric PCT apparatus (0.01 to 170 bar, sample environment from cryogenic to 773 K).
Surface area & pore size analysis of
porous solids: Pore size analyser &
Mercury porosimeter.
Cycle-life measurements can also be
employed in order to make an overall assessment of the materials performance as gas storage media.
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4) Chemical analysis of environmental pollutants
EREL has continued its long standing
activities in air pollution research and
services provision, through R&D
projects and contracts with industry
(public and private enterprises).
More specifically, the activities of the
lab were focused on three main directions:
Indoor and outdoor Air Quality
• Airborne Particulate Matter (TSP,
PM10, PM2.5 and PM1) measurements with low and high volume samplers.
• Volatile Organic Compounds (nalkanes, aromatic H/C, aldehydes

estimate their origin.
• Inorganic compounds measurements (NOX, SO2, O3, CO) in indoor, outdoor and occupational
environment
• Meteorological measurements
(WS, WD, T, RH) in order to investigate the role of meteorology
to the recorded air pollutants’ values.
• Particle counts up to very high
concentrations (particles/litre)
and dust mass distribution in different size ranges in order to relate the results with health
symptoms of the people living or
working in a building

and quantitative assessment of
their contribution.
Photocatalysis
Laboratory and real scale applications
of innovative titanium dioxide containing materials for testing the
degradation of air pollutants in the
urban and indoor environment.
• A large number of innovative materials were tested for their ability
to degrade air pollutants. Within
a specially designed reactor, the
evaluation of the materials’ photocatalytic performance is carried
out through the calculation of certain photocatalytic and chemical

EREL provision of services

a

b

c

Selected pictures of EREL Equipment: (a) GC-FID (Agilent) (b) GC-MS (Agilent) & Ion Chromatography (DIONEX1100) (c) EREL’s
Outdoor Environmental Monitoring Station

and ketones, sulfur compounds
etc) sampling and analysis in indoor, outdoor and occupational
environment.
• Chemical analysis of particulate
matter for the detection of
OC/EC, ions and PAHs and crosscorrelation with atmospheric pollution indicators in order to

• PM personal cloud measurements with portable, small and
unobstructive exposure sampling
devices.
• Receptor modelling application
(Principal Component Analysis,
Positive Matrix Factorization,
Chemical Mass Balance, ME etc)
for the identification of sources

kinetics parameters. Additionally,
the mechanisms of the chemical
reactions taking place between
nanomaterials and gaseous pollutants were investigated.
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QA/QC
EREL is accredited by the Hellenic
Accreditation System S.A (ESYD)
under
ELOT
EN
ISO/IEC
17025:2005 Standard, to carry out
the following tests
• Sampling and determination of
PM10
• Determination of PAHs-collection
on sorbent backed filters with GCMS analysis
• Pumped sampling and analysis of
benzene by GC / TDS
The certificate is valid until July 2012
provided that the laboratory is complying with the above standard and
the ESYD criteria. Annual controls
(like the one carried out successfully
in 2010) prove the compliance of
EREL.

Education
PhD Theses
1. Saraga Dikaia (2010): '' Particulatte Matter (PM) source apportionment in indoor air''Mechanical Engineering Department, University of Western
Macedonia.
Post Graduate Theses
1. Volanis, E., (2009-2010): Assessment of individual exposure to
PM at the workplace. Collaboration with the Physics Dept, University of Athens
2. Seleventi Maria: (2010-2011)
Particulate matter chemical
analysis in the air of a residence
at the center of Athens. Collaboration with the Physics Dept,
University of Athens.
3. Stella Giannissi (2009-2010) CFD
Modelling of Liquified Natural
Gas dispersion, Master Thesis,
Collaboration with the National
Technical University of Athens
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Diploma Theses
1. Roustas F., (2009-2010): A PM
study in the greater Mesoghia
area. Fluctuations, correlation to
conventional pollutants (ΝΟΧ,
Ο3, SO2) and investigation of the
role of meteorology. Collaboration with the Physics Dept, University of Athens
2. Aggelou A., (2009-2010): Synthesis and Characterisation of Ordered Nanoporous Materials.
Collaboration with the School of
Chemical Engineering, National
Technical University of Athens
3. Karozis S, (2010) Spatial distribution of fluid phases in porous
media. Collaboration with the
School of Chemical Engineering,
National Technical University of
Athens
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SYSTEM RELIABILITY AND INDUSTRIAL
SAFETY LABORATORY (SRISL)
Overview

Objectives

The laboratory of System Reliability
and Industrial Safety (SRISL) was
founded in 1988 with initial objective
the development of an integrated capability for the quantitative risk assessment of large nuclear and
non-nuclear systems. During the last
twenty years the laboratory has contributed to the state-of-the art of system reliability, quantified risk
assessment the development of decision support systems with multiple
criteria and under uncertainty.
This contribution has been achieved
through the participation to over
thirty R&D projects partially or totally funded by third party sources
including the framework programmes of the European Commission, other international funding
organizations, Greek ministries and
Greek companies. In these projects
SRISL has collaborated with leading
European organizations such as the
Health and Safety Executive of the
UK, the ministry of Environment and
the ministry of Labour and Social
Works of the Netherlands, the Joint
Research Centre of the EC and numerous scientific and research organizations of the EU member states.
The SRISL is one of the main consultants to the Greek Government in
matters related with the safety of industrial installations having the potential to cause a major accident and
subject to the SEVESO European Directive. In this capacity the SRISL has
either reassessed or analyzed the
safety of almost the totality of the
Greek industry subject to the
SEVESO directive

Research and Development of
methodology and associated software tools in the areas of:
• Reliability of large systems with
complex stochastic behavior
• Quantitative Risk Assessment of
complex technological systems
• Health and Environmental Consequence Assessment of alternative
Electrical Power generating systems
• Assessment of human factors for
plant safety enhancement
• Natural Hazard assessment
• Quantitative Occupational Risk
Assessment
Recently research and development
has been focused on the:
• Development of quantified risk
models for occupational risks from
accidents and tools for multicriteria optimization of occupational
risk management strategies
• Optimization Algorithm development in discrete decision spaces
with multiple objectives
• Decision Support System development for risk management as well
as emergency response policy selection in major hazard accidents in
nuclear and chemical installations.
• Safety enhancement in the process
industry through the use of virtual
reality tools.
• Design of dynamic exercises for
the assessment of human reliability in industrial context with virtual
reality tools
• Development of a simulator to assess the success ratio in operations
where multiple teams undertake
the mitigation of the consequences
of a natural disaster.
• Bayesian Analysis of reported incidents in the Greek
Petrochemical Industry.
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R & D Activities
1) Occupational Risk Management
For the last seven years (2004-2010)
SRISL has been involved in a large research program commissioned by
the Dutch Ministry of Social Affairs
and Employment aiming at developing a decision support system concerning a choice among various
measures or combinations of measures aimed at reducing the risk of
employees suffering injury or death
as a consequence of job-related incidents. Two major phases of this
project can be distinguished: a) the
development of a single hazard
model and b) the development of a
multiple-hazard model and an optimization tool.
Single hazard model

Sixty three specific hazards (like fall
from a scaffold, struck by a moving
vehicle, contact with moving parts of
a machine) present at various phases
of different types of jobs have been
identified and a single hazard model
has been developed for each one of
them. The single-hazard model logically connects the working conditions and the various safety barriers
with the occurrence of an accident
resulting in death or an injury requiring hospitalization of at least three
days. SRISL was responsible for the
mathematical aspects of this model
and it has put it in the form of an influence diagram. SRISL has also de-
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veloped a software tool that facilitates the development and the quantification of such models in general.
The logical structure of the sixty
three models has been based on the
analysis of more than 10000 accident reports filled by labour inspectors investigating the causes of the
accidents. Furthermore, exposure of
the workers in the various hazards
through the exposure to conditions/activities while performing their
jobs has been assessed through extended surveys of the Dutch working
population. As a result, the quantification of the sixty three single hazard models (performed by SRISL)
provide one of more extensively supported quantification of the corresponding risk rates on a worldwide
scale.

Multiple-hazard model and Decision
Support tool

The multiple-hazard model quantifies occupational risk of a worker or
a multiple of workers, by taking into
account their various tasks, activities
and the associated hazards and the
corresponding single hazard models.
A company, consisting of several
workers with different jobs may be
also modelled. Various risk measures
are then calculated. Risks can be affected through specific measures
that can alter working conditions and
through them the risk. Each measure
is associated with a specific cost.
Given a specific “company” and a
basket of possible risk reducing
measures the question that must be
addressed is which is the optimum
combination of measures that provides the maximum risk reduction at
a given cost, or a given risk reduction
at minimum cost. SRISL has provided
the mathematical basis and the software implementation of the multiple-hazard model and an associated
multi-attribute optimisation module
based on evolutionary algorithm. In
2010 SRISL developed a new sensitivity analysis method measuring the
contribution of the various risk elements to the overall risk metric.
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2) Virtual Reality and Human Factors (VIRTHUALIS)
SRISL is among the main participants
to the EU FP6 funded European programme VIRTHUALIS, (2005 to
2010) aiming at the reduction of hazards in production plants and storage
sites by addressing end-users’ practical safety issues, such as training
control room operators, designing
proper alarm systems, training teams
to cope with emergencies, assessing
the impact of plant modifications on
operators’ reliability, and helping
managers to see the impact of their
decisions on sharp-end operators’
daily work; all this has been achieved
through the development of an innovative technology, which has merged
Human Factors (HF) knowledge and
Virtual Reality (VR) technologies. The
innovative
character
of
the
VIRTHUALIS technology has mainly
be given by the new HF knowledge,
such as the Failure Probability Estimator (FPE) tool developed mainly
by the SRISL personnel, that provided solutions to cope both with
identified safety-critical issues and
the “driving license” to profitably exploit VR technologies. The new HF
knowledge has been produced ad
hoc to cope with two specific case
studies, one at a STATOIL gas han-

dling site in Norway and a second at
a SONATRACH LPG handling site in
Algeria.
The breakthrough offered by the
VIRTHUALIS technology relates to
the opportunity of moving from
static paper-based assessments to
dynamic virtual simulations. Safety
analyses like HAZOP, FMEA, Fault
Tree (FT), Event Tree (ET), Preliminary Hazard Analysis (PHA), Task
Analysis (TA), in which critical situations are just imagined by safety analysts, are now moulded in such a
way that HF concepts can permeate
people’s mind through images. In
particular this allows safety analysts
to easily and quickly understand and
integrate HF concepts into safety
analyses. Indeed, HF issues are difficult to communicate, to understand
and to envision owing to their complex nature. By immerging sharp-end
operators, teams, safety analysts,
managers into Virtual Environments
(VEs) suitably modelled for the specific analysis to perform, it is possible
to “almost” experience safety-critical
situations amplifying people capabilities and enabling them to suitably
exploit HF concepts when performing safety analyses. Existing and new
HF knowledge, created to cope with
the above mentioned safety cases,

have been exploited to enable:
• operator’s performance tracking
and his/her reliability measuring;
• new design alternatives to be conceived and created;
• informed safety-critical decisions
to be made effectively;
• appropriate and effective training
programs to be created.
In 2010, the final year of the project,
the main thrust of the consortium
and SRISL effort was put in the actual
design and performing of experiments of the second case study in
SONATRACH, Algeria. The SRISL
personnel has additionally put much
effort to the “automation” of the FPE
tool by adding to its interface a set of
anchor points (based on expert judgment elicitation) that can facilitate
the average user in his/her exploitation of the tool.
3) Early Recognition, Monitoring,
and Integrated Management of
Emerging, New Technology Related Risk (iNTeg-Risk)
SRISL participates in Early Recognition, Monitoring, and Integrated
Management of Emerging, New
Technology Related Risk (iNTeg-Risk)
a large scale integrating research
project iNTeg-Risk commissioned by
the European Union, aimed at improving the management of emerging risks related to “new
technologies” in European Industry(2009 -2012). A research consortium of 64 different institutions is
united in order to establish a common EU approach to face the challenge of emerging risks from new
technologies such as nanotechnology, H2 technology, CO2 underground storage and new materials.
This will be achieved by building
new management paradigm for
emerging risks as a set of principles
supported by a common language,
agreed tools and methods and
Key Performance Indicators,
all integrated into a single
framework. iNTeg-Risk purpose is
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to coordinate research and development sub-projects for improving the
management of Emerging Risks related to new materials and technologies that will reduce time to-market
for the EU lead market technologies
and promote safety, security, environmental friendliness and social responsibility as a trademark of the
advanced EU technologies. The project will improve early recognition
and monitoring of emerging risks,
seek to reduce accidents caused by
them and decrease reaction times if
major accidents involving emerging
risks happen. Seventeen individual
applications are foreseen in order to
include different types of new technologies in respective number of
case studies.

risk integration.
In 2010 detailed Fault Trees and
Event Trees were constructed and
quantified leading to the determination of plant damage states and their
associated frequencies. Consequence analysis has been performed
by the SOCRATES code and individual risk contours have been estimated for both LNG terminals.
Additional 2010 contributions of
SRISL to the iNTeg-Risk project have
been: a) Emerging Risks related to interaction between natural hazards
and technologies, with emphasis to
the natural hazard of forest fire; and
b) development of models and methods for plant operators and maintenance staff.
4) Multi-Objective Optimization

A major contribution of SRISL to the
iNTeg-Risk project is the establishment and application of the quantified risk assessment methodology to
two Liquid Natural Gas regasification
facilities, namely an existing on–
shore LNG terminal and a second
offshore facility presently under design consisting of a floating storage
and regasification unit (FSRU). The
main steps for risk assessment of
LNG plants are: a) the assessment of
what can go wrong in the form of
plant damage states and the associated frequencies; b) assessment of
the consequences of the LNG release
for each plant damage state; and c)
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This work developed a new simple
and flexible Multi-Objective Optimization (MOO) algorithm based on
the original Simulated Annealing
(SA), aiming to benefit from the convergence properties of Markov
processes. Rather than assuming individual solutions tested against an
archive of non-dominated solutions,
the state of the optimization problem
considered here was itself a set of
solutions. Stochastic moves can be
applied to each problem state in the
form of perturbations on the solutions comprising the state. The generated candidate new set is
compared to the current set using
the annealing criterion, and the acceptance of a proposed modification
depends on the stochastic benefit
gained from modifying the current
set of solutions. The benefit evaluation was based here on the difference of the total “areas” between the
members of the state and the true
Pareto-optimal front. An approximation was proposed to avoid computationally intensive procedures, and
resort to a micro-scale comparison
between the current and the candidate states. The problem states are
allowed to expand at constant annealing temperature, but their size is
reduced according to dominance and
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clustering criteria when the statistical cooling occurs. The dynamic
memory demands of the proposed
stochastic search and the effort spent
on manipulating the solutions comprising the problem state are found
low, compared to other MOO algorithms.
The new SA algorithm exhibited
good convergence properties, as
demonstrated through the computational experiments for the design of a
fictitious process system using conflicting objectives. The following figure shows that, despite the intrinsic
tendency of the system towards certain solutions, the proposed algorithm was efficient in guiding the
search, and the final state covered
uniformly most of the true optimal
fronts. This is very important since
there is no proof that the convergence guarantees of the standard single-objective SA are inherited in its
extensions to treat multi-objective

problems.
The new algorithm also provided the
framework for the optimization for a
very large volume neutrino telescope
planned to be installed several thousands meters below sea level. The
telescope system employed a threedimensional grid of optical modules
to detect neutrino interactions.
These optical modules were hosted
in vertical arrangements called detection units, and a network of electro-optical cables transferred the
measured neutrino signals to an onshore base. The aim of the telescope
optimization task was to identify the
detector network layouts that optimally satisfy a given success criterion
based on a minimum number of
available optical modules. Optimization objectives in the telescope case
included the total system unavailability and cost. The search investigated designs in a range of 6000 to
12000 modules, featuring different

allocations of detection units to
branches and sectors, and considered a range of component unavailabilities. Finally, the domain of the
problem considered had over
2.9´108 feasible solutions.
The search for optimal telescope
configurations was carried out in the
new stochastic multi-objective optimization environment. A suitable set
of perturbations, tailored to the present application, were developed, for
the efficient implementation of the
annealing tool. Note that, a major advantage of SA-based algorithms is in
treating constraints by embedding
them in the problem representation
and manipulating the perturbation
strategies. So, much faster performances can be achieved by applying
intelligent perturbations, tailored to
the peculiarities of each application.
The reported results were indicative
of the robustness of the employed
optimization technology in treating
large-scale combinatorial problems
(see figure bellow).
The final solutions of this bi-objective
optimization search revealed trends
in the optimal choices of the detector
grid structure and preferences in the
range of component unavailability
values. The results clearly demonstrated the ability of the proposed
optimization framework, including
the models and search algorithms, to
generate a set of optimal performance targets and the respective system designs.
5) Bayesian Analysis of Industrial
Incidents
A Bayesian statistical analysis on real
incident data collected from the
Greek Petrochemical Industry for a
period of 6 years (1997-2003) was
performed. The analysis consisted
of:
- assessment of the incident occurrences, to support predictions of dynamically updated incident
occurrence frequencies for
two different categories of incidents,
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namely the industrial and the occupational ones.
- assessment of over 400 occupational incidents and their associated
recovery times over a multi-year period. A dynamic two stage stochastic
model was assumed to derive the
system unavailability functions. Statistical analyses using the proposed
Bayesian tools, yielded different time
loss models for each one of the considered sites. The effect of different
prior probability density functions
was also investigated. This research
is ongoing, to consider more advanced Bayesian models that integrate data collected at different sites,
and support predictions at workplaces where data availability is limited.
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6) International Conference ESREL
2010
A major activity for the SRIS laboratory for the year 2010 was the organisation of the International
Conference ESREL 2010.
ESREL (European Safety and Reliability) is an annual conference series
promoted by the European Safety
and Reliability Association (ESRA).
The conference dates back to 1989
and it has become well established
in the international community, attracting a good mix of academics and
industry participants presenting and
discussing subjects of interest and
application across various industries.
This year the theme of the Conference was “Reliability, Risk and
Safety: Back to the Future”. The Conference covered a number of topics
within reliability, risk and safety, including risk and reliability analysis
methods, maintenance optimisation,
human factors, risk management,
etc. The application areas ranged
from nuclear engineering, oil and gas
industry, electrical and civil engineering to information technology
and communication, security, transportation, health and medicine or
critical infrastructures. Significant
consideration was given also to the
societal factors influencing the use of
reliability and risk assessment methods. Integral demonstrations of the
use of risk analysis and safety assessment were provided in many
practical applications concerning
major technological systems and
structures.
The ESREL Conference came for the
second time to Greece. In 1996 the
conference was on the Island of
Crete. The island of Rhodes in
Greece has been selected as the
venue for the ESREL 2010. The return
of ESREL to Greece reflects more
than two millennia of attempts to
come to grips with the notion of
probability and risk. Already
Archimedes occupied himself with
the question of how many possibilities there were to lay out 14 pieces
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“We Athenians in our persons,
take our decisions on policy and
submit them to proper discussion. The worst thing is to rush
into action before the consequences have been properly debated. And this is another point
where we differ from other people. We are capable at the same
time of taking risks and estimating them before hand. Others
are brave out of ignorance; and
when they stop to think, they
begin to fear. But the man who
can most truly be accounted
brave is he who best knows the
meaning of what is sweet in life,
and what is terrible, and he then
goes out undeterred to meet
what is to come”.
from Pericle’s Funeral Oration in
Thucydides’
“ History of the Peloponnesian
War”

Archimedes’ Stomachion
17152 (=536x32) solutions

with

Structure
Conference General Chairman:
Ioannis Papazoglou
N.C.S.R “DEMOKRITOS”
Technical Chair:
Ben Ale , TU-Delft
Technical Vice Chair:
Enrico Zio, Politecnico di Milano

of a puzzle called “Stomachion”. It is
conjectured that this effort marked
the first attempt to theoretical foundation of combinatorics. Since then
combinatorial analysis found its way
into the analysis of probabilities and
risk from which quantified risk analysis developed. Participants of the
ESREL 2010 conference did not only
look at the latest developments, but
also searched for the meaning of the
ancestral heritage for today’s world
wide problem of managing risk.
Three hundred forty six (346) participants from 32 countries spanning
four continents attended ESREL
2010. The Conference program included 303 papers. They were presented in 86 sessions in six parallel
trails spanning four days. Originally,
about 540 abstracts were submitted.
An international Technical Programme Committee consisting of
45members reviewed the submitted
work in two stages first the abstracts
and then the full papers; 303 have
been accepted and included in Conference Proceedings.
Prof. George Apostolakis of MIT and
currently Commissioner at the US
Nuclear Regulatory Commission
gave the opening speech entitled
“Managing Uncertainties in the Regulation of Nuclear Facilities: The
issue of Unknown Unknowns”
The SRISL staff was very actively involved both with the preparation of
the Technical Program, as well as,
with the local organisation issues.
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Overview

1
1
3

1
2

Τhe Laboratory started its activities in
1980 and has ever since been pursuing applied research and technology
development in the fields of Solar
Thermal Energy Utilization & Energy
Savings Systems. It is equipped with
excellent measurement facilities and
along with experimental investigations it uses as basic analytical tools
the Metrology of Energy Quantities
and Numerical Simulation, Computational Fluid Dynamics in particular.
The aforementioned activities, financed to a great extent by third
means have had as a result a wide
field of technical accomplishments.
The Laboratory is organized and has
been accredited according to the EN
ISO/IEC 17025 standard, having developed a Quality Assurance System
for performing tests based on ISO
and EN standards. It conducts mainly
applied research and experimental
development, arising from the needs
of the productive sector, the ties with
which have been built through the
services offered by the laboratory in
a wide field of applications and over
a number of years. However, in this
effort the laboratory personnel is
often faced with the need to answer
questions that concern fundamental
physical phenomena and expand the
current knowledge, especially in the
fields of fluid flow, heat/mass transfer and thermodynamics. Therefore,
problems are often dealt with at the
basic research level, by using suitable analytical methods (modelling
and simulation) along with experimental methods.

Objectives

• Thermal distillation - desalination
• Mechanical/solar-assisted drying
processes & systems
Recently research and development
has been focused in the:
- Concentrating collectors, “4th generation” solar systems with
nanofluids as the working fluid,
heat pipes and Dewar-type evacuated tubes (with water or air as the
working fluid).
- Solar air-conditioning: cooling technologies utilizing a thermal source
(desiccant cooling systems in particular).
- In-ground storage tanks with concrete liner: experimental work and
numerical simulation, of hydrodynamic phenomena coupled with
ground heat transfer, heat losses.
- Optimal design of water inlet-outlet systems for commercial storage
tanks.
- Methods-equipment for evaluation
of the energy performance, the
measurement of thermophysical
properties of materials (with emphasis on nanofluids),
- Development-implementation of
complex measurement systems
and error propagation for complex
measuring architectures
- Design of new, more efficient desalination units based on the humidification-dehumidification
principle, use of micro-porous
membranes.
- Design optimization of hot-air mechanical dryers through the numerical simulation of flow and
heat/mass transport phenomena.
Use of solar air collectors as the
heat source.

The specific research areas of SESL
are:
• Solar collectors and systems
• Analysis & design of thermal storage systems
• Metrology of energy quantities
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R & D Activities
1) Provision of Specialized Scientific and Technical Services in the
Renewable
Energy Source Sector
SESL presents a long-standing tradition on the Provision of Specialized
Scientific Services, as a consequence
of the tight relations the Laboratory
has developed with the respective industrial sector. The Service Provision
is not considered by the Laboratory
as a sideline activity but, on the contrary, it underlines the convergence
of the research potential of the Laboratory with the need for solving
specialized problems of the productive sector, taking into consideration
the weak development of research
activities within the local industry.
The provision of specialized scientific
services to the industry represents a
realistic and strategic choice,
through which the Laboratory seeks
stimuli for research, connection to
the productive sector and funding resources, while the productive sector
anticipates effective and reliable
services. In this regard, the provision
of services supports the development of an autonomous research
strategy, while offering feedback to
the Laboratory in providing services
of advanced scientific standards.
Within this framework, the Laboratory:
• Provides accredited (according to
ΕΝ ISO/IEC 17025) services for
the performance and qualification
testing of solar collectors, performance characterization of solar
thermal systems, and determination of thermal resistance of thermal insulation materials.
• Provides specialized, non-standardized services into sectors
where the industry requirements
impose the design and implementation of measuring equipment
with special specifications (measurement of thermal-insulating
characteristics in non-typical
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geometries, measurement of optical properties, long distance measurement of energy efficiency, etc).
• Presents the infrastructure and
know-how for the provision of optimized energy design services for
solar thermal collectors and systems, through the elaboration of
experimental as well as numerical
approaches.
• Exploits the infrastructure and the
technological know-how it has acquired for the development of new
or for the optimization of existing
energy products and services, on
behalf of enterprises or institutions.
The services of the Laboratory have
benefited several enterprises and organizations in Greece, as well as
abroad (Germany, Bulgaria, Cyprus,
China, Israel, etc).
During the year 2010, the Laboratory
continued to provide high quality
services for solar thermal products
and extended its field of accreditation with new methods of testings
solar thermal systems, based on the
ISO9459-5 standard.
2) Quality Assurance in solar thermal heating and cooling technology - keeping track with recent and
upcoming developments (QAiST)
The scope of this European Project is
to elaborate solutions for the problems related to the further penetration of solar thermal energy
technologies, mainly as regards the
quality assurance and the performance of the solar thermal products
and installations. The ultimate goal
for the longer term is to improve the
confidence of potential users to the
solar thermal energy products,
through the flexible, reliable and effective characterization of the involved technologies on a qualitative
basis, as well as regarding their energy performance. The implementation of the Project is carried out by
the most significant European Laboratories, active in the field of solar
thermal energy, in collaboration with
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manufacturers and accreditation
bodies.
Main element of this effort is the
elaboration of new standards and the
improvement of the existing ones,
towards the improvement of the reliability of the test results, the integration of the most recent
technological achievements and,
mainly, the strengthening of accreditation as a tool for the objective evaluation of the products. The long term
objective of the QAiST project is to
prepare the quality assurance framework so that the European solar thermal heating and cooling industry can
sustainably contribute to the targets
agreed by the Member states (20%
of RES by 2020) and become a technological world leader.
Major expected outputs and Results
are:
• Clarification on durability and reliability requirements in the existing
European standards for solar thermal
products
• Continued assured quality of testing laboratories
• Harmonized approach on Function & Yield Control for large solar
thermal systems
• Reduced testing costs for solar domestic hot water systems being part
of a common “system family”
The ultimate goals for the longer
term are: Speeding-up of broad market penetration of solar thermal
products through the removal of
trade barriers and the general acceptance of the Solar Keymark and
increase in the share of quality products in the solar thermal market, Increase of the uptake of new
technologies and stimulation of new
collector and system designs and
materials
In 2010 the main activity of SESL
concentrated on the active involvement in the revision of European
standards for solar thermal products,
the participation to the Solar Keymark Network of laboratories and
certification bodies, the adaptation of

calculation procedures to Energy Labeling Schemes for solar systems,
the strengthening the quality assurance on laboratory tests through the
participation in inter laboratory comparisons (Round Robin Tests) and, finally, the development of guidelines
and checklists related to the performance evaluation of solar collectors and systems.
3) Targeted Research and Development on Thermal Solar Collectors,
Solar Systems and Thermal Storage
Devices
The project is in cooperation with a
manufacturing company specialized
in the construction of tanks for solar
and central-heating systems. The activities undertaken by SESL within
this project, which started in 2010
and is currenty in progress, consist
of five parts :
Design optimization and testings of
thermal solar collectors
Characterization of indirectly heated
water tanks
Performance testings of small Solar
Domestic How Water Systems
(SDHWS)
Performance testings of factorymade Central Solar Systems (CSS)
Investigation of the energetic behavior and characterization of Large
Solar Thermal Systems (LSTS)
In part (a), the focus is in the design
optimization and full energetic characterization of two types of solar
thermal collectors, in view of their
prospective labeling under Solar Keymark. The testings, for which SESL is
accredited, will be made according
to the EN 12975-2 standard. In part
(b) the testings will be based on the
EN 12897 standard: “Water supply Specification for indirectly heated
unvented (closed) storage water
heaters” and, with regard to the heat
losses from the storage tank, according to EN 12976-2: “Thermal
solar systems components.
Factory made systems. Test
methods”. The testings will
involve measurments of
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Nominal Capacity, Hot Water Capacity, Primary Heating Power or
Heat Exchanger Performance, Standing Heat Loses and losses according
to EN 12976-2.
For the systems involved in part c) a
complete series of testings according
to ΕΝ 12976-2 will be carried out, for
which SESL is accredited and in view
of subsequent certification of the
systems under Solar Keymark. Two
different types of systems (Systems
Families) will be tested, in compliance with the Solar Keymark
scheme. Part (d) concerns performance testings of the CSS based on ΕΝ
12976-2. The CSS consists of a solar
field with six collectors, each with a
surface area of 2 m2 connected to a
storage tank of 1000 lit. Two different interconnection options for the
collectors in an array will be considered, with either all of them in parallel, or two pairs of three collectors
connected in series. By using two dif-

ume of 2 m3. The tanks are connected in series and are equipped
with suitably-designed diffusers for
the water inlet-outlet. The system
will be designed as «Custom Made»
and the thermal-hydraulic behavior
of the tanks will be investigated in
the course of doctoral research work
currently in progress at SESL. More
specifically, the work will involve : a)
optimal design of the diffusers, to
minimize mixing between incomingoutgoing and stored water, by considering,
for
instance,
two
configurations such as the crossshaped and a radial diffuser, b) estimation of thermal losses, c)
determination of the temperature
distributions, based on experimental
measurements and computational
fluid dynamic (CFD) simulations. The
efficiency of storage will be assessed
by means of established, characteristic indices such as the Mix number
or the specific dimensionless exergy

ferent types of storage tanks, a total
of four different systems will thus be
investigated.
As for the LSTS of part (e), this comprises a solar field of four rows each
with 6 collectors, divided into three
pairs in series, within each of which
there is parallel connection. The total
collector surface area is thus 48 m2
and the field is connected to two hot
water storage tanks, each with a vol-

etc. d) full energetic characterization
of the system (determination of the
coefficients of the characteristic
equation) e) simulation of the system
and long-term energy output for
three Greek and five other European
cities.

Education
PhD Theses (completed)
1. George Panaras, “Theoretical and
experimental investigation of a
solar solid desiccant air conditioning system”, Aristotle University
of Thessaloniki, School of Engineering, Department of Mechanical Engineering
2. Chryssovalantoy Lamnatou, “Development and Energetic Optimization of an Autonomous
Dryer for agricultural products
using Solar Energy ”, Aristotle University of Thessaloniki, School of
Engineering, Department of Mechanical Engineering
PhD Theses in Progress
1. Kaloudis Efstathios, “Simulation of
Turbulent Flow and Heat Transfer
in Solar and other Energy Systems”, University of Patras, School
of Engineering, Department of
Mechanical and Aeronautical Engineering
2. Karathanassis Ioannis, “Development and optimization of a concentrating photovoltaic/thermal
system for combined generation
of power and heat”, National
Technical Univeristy of Athens, of
Mechanical Engineering
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THERMAL HYDRAULICS AND
MULTIPHASE FLOW LABORATORY
(THEMLAB)
Overview
THEMLAB was founded in 2006, and
since then it has produced important
scientific work in the field of Thermal-Hydraulics and Multiphase
Flows. The research that is being
conducted in the lab covers the fields
of nuclear safety, nanotechnology
and health science. With the aid of
numerical methods and the computer cluster “THALES”, we develop
tools to simulate multiphase flows.
We are primarily interested in dispersed multiphase flows, e.g.,
aerosol flows, and computational
fluid mechanics. With such “in-silico” investigations we are able to
provide scientific knowledge to a
broad range of applications such as
nuclear safety, industrial hygiene, environmental health, aerosol medicine
and bio-fluid mechanics.

Objectives
THEMLAB objectives are mainly focused on scientific computing and
cover the following topics:
• Reactor Safety
• Aerosol Flows
• Particle Deposition - Dosimetry
• Multiphase Systems
• Computational Fluid Dynamics
• Bio-fluid Mechanics
• Fluid-Structure Interaction

R & D Activities
1) Health and environment
During the previous years THEMLAB
was involved in the Health and Environment Network (HENVINET) project. The purpose of this project is to
provide information to the policy
makers for the protection of the
human health. Namely, the people
who are involved in the HENVINET
project will review, exploit and disseminate knowledge on environmental health issues based on
research and practices, for wider use
by relevant stakeholders. Furthermore, it will lead to validation of
tools and results with emphasis on
the four priority health diseases of
the European Environment and
Health Action Plan (EHAP) 20042010, and will provide structured information overview that may be used
by other actors which are relevant to
Environment and Health Strategy.
Based on previous research and policy initiatives such as AirNET, CLEAR,
PINCHE, INTARESE and SCALE,
HENVINET will collect, collate and
evaluate material and present it in a
concise manner, which will lead to
transparency and identification of
knowledge gaps.
The task of THEMLAB within HENVINET in 2009 was to identify relevant ongoing and recently completed
research projects (at national, European and international level) focused
on the realization of Decision Support Tools (DSTs) (software and
methodologies) for improving the effectiveness of policies and measures
for environment and health. Special
attention is given to the 4 priority
health diseases, as they are identified
in the European EHAP, and to identify the DSTs that are currently
used
by
the
administrations in Europe.
In addition to the HEVINET
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project, THEMLAB was also participated in the NANEX project. This was
a one year project (it ended in December 2010), and the aim of the
project was to develop a catalogue of
exposure scenarios for manufactured
nanomaterials relevant to human exposure, taking into account the entire lifecycle of these materials.
NANEX focussed on carbon nanotubes (CNTs), nano-sized titanium
dioxide (nano-TiO2) and nano-sized
silver (nano-Ag). The task of THEMLAB was twofold: Perform a literature review on occupational
exposure to nano-TiO2, and run simulations to model the uptake
(dosimetry) of CNT and TiO2
nanoparticles for a worker who is occupied in a facilitiy that produces
these particles. The data that were
used in these simulations were taken
from measurements that were conducted in the relevant facilities.
2) Develop a methodology to assess the toxicological profile of
nanoparticles used in medical diagnostics, based on alternative
testing strategies
Since 2008, THEMLAB participates in
the NanoTEST project (FP7-HEALTH2007-A, Project Number: 201335,
Starting Date: 1/04/2008, Duration:
42months).
The objectives of this project are to
develop alternative testing strategies
and efficient toxicity-testing protocols to perform a risk assessment for
the use (in vivo and in silico methods) of nanoparticles in medical diagnostics. In order to fulfill this goal,
specific tasks need to be completed:
• Define parameters describing
properties of nanoparticles, and
carry out particle characterization.
• Study specific and nonspecific interactions of nanoparticles with
molecules, cells and organs and
develop in vitro methods to identify the toxicological potential of
the particles.
• Validate the in vitro findings with
in vivo models, study the manifes-
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tation of particle effect in the animals and humans, and assess the
susceptibility of an individual to
nanoparticles.
• Perform Structure-Activity modelling and physiologically-based
pharmacokinetic (PBPK) modelling
of the nanoparticles.
• Finally, adapt the most advanced
and promising assays for highthroughput automated systems
and make preparation for validation by ECVAM.
THEMLAB contributes to the 4th
Work Package of the project both as
a coordinator and by developing
Physiologically Based Pharmacokinetic (PBPK) computational models
to study the dynamics of nanoparticles in the human system. Until now,
our efforts have been focused on the
possibility of formulating a simple
compartment-based model to describe the bio-distribution of inhaled
nanoparticles in the lung. The outcome of this study is a mathematical
tool (in the form of inter-connected
FORTRAN modules) that will correlate inhalation exposure to internally
delivered biological doses.
We have already started working on
the second stage, i.e. the employment of computational fluid-particle
dynamics to analyze the behaviour of
nanoparticles in the respiratory and
cardiovascular system.
3) Europe-wide Cooperation and
Coordination in the Study of the
Health and Environmental Impact
of Nanomaterials
THEMLAB is involved in the NanoImpactNet project (FP7-NMP-2007CSA-1, CSA Project No 218539,
Starting Date: 1/04/2008, Duration:
48months).
The objective of this project is to create a widely supported scientific
basis for the safely and responsibly
development of engineered nanoparticles and nanotechnology-based
materials and products, and to provide feedback in the definition of regulatory measures and policy making

in Europe. This framework includes
a strong two-way communication,
which will ensure efficient dissemination of information to the various
stakeholder groups (notably the European Commission, industry and
SMEs, and the general public) while
at the same time these groups will
provide feedback about their needs.
By combining excellence in research
with open communication, NanoImpactNet aims at:
• Developing a framework for the
(intermediate and final) critical
evaluation of methods, protocols
and results of research supported
by the FP5, FP6 and FP7 programs,
as well as national funding agencies.
• Developing guidelines to ensure
the compatibility among the studies with respect to particle type,
cell types and dispersion, and to
characterize protocols and appropriate testing methodologies.
• Enhancing the scientific output by
better cross-talk and coordination
between European scientists and
research projects, and identifying
knowledge gaps and propose research strategies to address them.
THEMLAB contributes to the 2nd
and 3rd Work Packages of the project. The objective of the former is to
devise protocols and strategies to investigate nanomaterial exposure,
hazard and hence risk assessment in
the environment, and to integrate
this new area of research with existing areas of established research
from which it can learn. The goal of
the 3rd Work Package is to promote
the development of a conceptual
framework for life cycle analysis, risk
assessment and an integrated impact
assessment of nanomaterials to the
environmental and human health
(primarily nanoparticles), including
the specification of the necessary
tools, indicators and information requirements. Moreover, it aims to
promote the development of methods, tools and indicators for assessing the link between source,
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exposure, dose, health effect and
policy response, taking into account
aspects, such as susceptible groups,
multiple exposures, health outcomes, and uncertainties in the assessment process. Our laboratory
team participates actively to the
workshops organized in these fields
and assist to the organization of
these events when needed.
4) Simulate bio-fluids flows
Recently, THEMLAB has been active
in the development of models to
study the dynamics of bio-fluids in
the human cardiovascular system. In
particular, we have developed tools
to study the flow field of Newtonian
and non-Newtonian fluids in various
geometries. Furthermore, we developed tools to reconstruct real geometrical shapes acquired from MRI
(Magnetic Resonance imaging) images, and to solve Fluid-Structure Interaction problems and study fluid
flows in deformable media. By combining all the aforementioned tools,
we can study cases where there is
blood flow in an abdominal aortic
aneurysm or study the dynamics of
blood flow in the human heart.

Education
Doctoral Dissertations in progress
M.Pilou, “Investigation of interactions between particles and flowing
biofluids”, PhD Thesis, School of
Mechanical Engineering, National
Technical University of Athens.
E.Makris, “Numerical Simulation of
micro-nano particle dynamics, in
inner flows in complex geometries”,
PhD Thesis, School of Mechanical
Engineering, National Technical University of Athens.
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HEALTH PHYSICS & ENVIRONMENTAL
HEALTH LABORATORY (HPEHL)
Overview
Since the early days of its foundation
in 1960, the Health Physics & Environmental
Health
Laboratory
(HPEHL) gives proper and continuous recognition to problems related
to all potential radiation induced
health hazards. Specifically, HPEHL
provides operational health physics
services related to the Radiation Protection Program in NCSR “D” and
the evaluation of radiation overexposures and radiation accidents in general, by means of biological
dosimetry methods. Research activities involve the use of radiation and
cancer cytogenetics, molecular genetics and radioisotope methodologies to study questions of basic and
applied research in radiation protection, radiobiology, cancer genetics
and radioactive waste management.
In addition, based on its expertise in
radiation protection, radiation biology and cancer cytogenetics, HPEHL
offers specialized services for the calibration of radiation survey meters,
for the development of individualized protocols for radiotherapy treatment and for the diagnostic
cytogenetic evaluation of patients
with hematological neoplasms.
HPEHL has been the reference laboratory of the Greek Atomic Energy
Commission and the International
Atomic Energy Agency (IAEA) for biological dosimetry and the evaluation of absorbed doses in cases of
radiation accident, as well as for
standardization of state of the art
methodologies applied for biodosimetry purposes. It is the National Reference Laboratory for the
cytogenetic characterization of
myelodysplastic syndromes of the
Hellenic Society of Hematology, a
full participant of the EU NoE “European LeukemiaNet” and the COST
Action BM0801 (EuGESMA).

Objectives
Research and Development
methodologies in the areas of:

• Radiobiology: Elucidation of the
mechanisms underlying the biological effects of ionizing radiation.
Genetic susceptibility to radiosensitivity and carcinogenesis.
• Biodosimetry: Development of
methodologies for absorbed dose
and radiation risk estimation using
chromosomal aberrations in human
peripheral blood lymphocytes.
• Radiation Protection: Development of cytogenetic methodologies
to
detect
increased
radiosensitivity and cancer proneness for evaluation of radiation accidents and the individualization of
radiotherapy protocols.
• Cytogenetics of hematological
neoplasms: a) Identification of
chromosome aberrations in Greek
patients; b) Exploration of genomic rearrangements to uncover
critical pathogenetic mechanisms.
• Environmental Health: a) Characterization of genetic rearrangements
following exposure to genotoxic
agents; b) Inter-individual differences in disease susceptibility.
Recent Research and Development
actions have been focused in the:
• Development of a new cytogenetic
methodology for the identification
of persons with increased radiosensitivity and genetic predisposition to cancer, as well as for the
individualization of radiation therapy protocols for cancer treatment.
• Development of a new experimental methodology based on cell fusion and premature chromosome
condensation for the investigation
of radiation-induced cytogenetic
effects in bystander non-irradiated
cells (bystander effects).
• Characterization of genomic rearrangements in hematologic neoplasms by modern molecular
cytogenetic methodologies.

of
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• Identification of polymorphisms of
detoxifying genes as predisposing
factors a) for diseases of the nervous system and b) for the formation
of certain chromosome aberrations
of hematologic malignancies (e.g.
exposure
specific).

R & D Activities
1) Effect of individual radiosensitivity on absorbed dose and risk estimation
Increased yield of chromatid breaks
obtained following in vitro G2-phase
lymphocyte irradiation has been
used as a biomarker for individual radiosensitivity assessment, and mutations of genes encoding DNA repair
pathways is generally accepted as
the main mechanism involved. However, experimental evidence suggests
that genes facilitating DNA-damage
recognition and G2-checkpoint activation after irradiation as well as
cdk1/cyclin B activity during the G2to M-phase transition are perhaps
the most important determinants of
radiosensitivity. Since it is well established that increased radiosensitivity
is
linked
to
cancer
predisposition, we ask the question
whether individual radiosensitivity
has an effect on absorbed dose and
risk estimation based on standard
calibration curves used by biodosimetry laboratories. Towards this
goal the inter-individual variation in
chromosomal radiosensitivity was

Cytogenetic endpoints used for absorbed dose (dicentric chromosomes) (A)and radiosensitivity estimation at the individual level (chromatid breaks) (B, C, D).
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measured in 70 blood donors using
the individual radiosensitivity parameter (IRP), which predicts at individual level the G2-checkpoint potential
to facilitate DNA damage recognition
and repair of radiation-induced chromosomal damage during G2- to Mphase transition.
According to the IRP values and the
experimental procedures that we reported recently, the blood donors
were classified as: highly radiosensitive, radiosensitive, normal, radioresistant and highly radioresistant.
Based on this classification, peripheral blood lymphocytes from 20
donors exhibited differences in their
intrinsic G2- chromosomal radiosensitivity and belonging, therefore, into
different radiosensitivity groups,
were irradiated at G0-phase with 0.2,
0.5, 1, 2, 3, 4 and 6 Gy. Following
standard biodosimetry procedures,
20 dose-response curves were constructed. For a given dose no statistically significant differences between
the donors in the yield of radiation
induced chromosome aberrations
(dicentric chromosomes and centric
rings) were observed.
Results demonstrate that standard
calibration curves constructed for
biodosimetry by irradiation of peripheral blood lymphocytes at G0phase are not influenced by the
variability in radiosensitivity of the
selected blood donors. Therefore, a
standard calibration curve can be
used for biological dosimetry purposes for both radiosensitive and radioresistant donors, independently
of their IRP status, in agreement with
the model proposed by Pantelias and
Terzoudi, Mutat Res, 2010, in press.
Given that chromosomal radiosensitivity is closely related to genetic predisposition to cancer, in addition to
absorbed dose estimation the evaluation of radiosensitivity of the exposed individual is of great
importance for risk estimation, triage
and medical management of radiation exposure.
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2) Karyotyping, molecular cytogenetics and genotyping in hematological neoplasms
Clonal recurrent chromosome abnormalities in hematological malignancies are the hallmark of the
disease and are routinely used in the
patient management in terms of diagnosis, prognosis, disease monitoring, and risk stratification. They are
involved in disease mechanism and
are considered as an independent
predicting factor of disease evolution
and clinical outcome. In HPEHL,
bone marrow samples of patients
with hematologic malignancies
(~3000 per year) are routinely cytogenetically analyzed for both diagnostic and follow-up evaluation. The
samples are received from all Greek
hospitals. Cytogenetic material, genomic DNA and viable cells are
anonymously classified and stored.
Moreover, cytogenetic results (karyotype description and images) and
patients’ characteristics are electronically filed. Stored material is further
used for genetic/genotypic and molecular cytogenetic (FISH) analyses
and has been proved valuable for retrospective and collaborative studies.
These studies contribute to elucidating pathogenetic processes.
Towards accreditation according to

ISO 15189 standards, HPEHL has
significantly improved technological
approaches in both its research projects and provision of services.
Models for pathogenesis of several
human cancers imply the role of cumulative genetic and xenobiotic environmental factors in genetically
predisposed individuals. The mechanisms responsible for the initiation of
multistep carcinogenesis include nuclear and mitochondrial DNA mutations by carcinogen-DNA adducts,
oxygen free radical formation and
defective DNA repair. There is increasing evidence that both DNA repair and detoxification are involved
in the initiation and maintenance of
genomic instability, resulting in premalignant and cancer lesions. As it
has been suggested, individuals with
reduced ability to metabolize carcinogens are at increased risk of cancer.
Polymorphic variants in genes encoding enzymes that metabolize environmental toxins are now studied
as potential predisposing factors for
cancer. Human glutathione S-transferase (GST) T1, M1 and P1 are a
multigene family and play an important role in the detoxification of toxic
carcinogens, such as organophosphates (including pesticides), polycyclic aromatic hydrocarbons and
pharmaceutical drugs, such as alkylating agents, anthracyclines and cyclophosphamide metabolites. The
genes coding for the GST isoforms
are polymorphic in humans with mutations conferring reduced catalytic
activity of the enzymes. The frequency of homozygous deletion
genotypes of GSTT1 and GSTM1
varies by ethnicity. GST polymorphisms have been associated with a
high risk for a variety of neoplastic
disorders, including lung, skin and
hematological cancers. Moreover,
associations between GST polymorphisms and susceptibility to
neurological diseases have
been also described. The
NADPH-quinone oxidoreductase (NQO1) is involved in
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the bioactivation of chemical carcinogens, including polycyclic aromatic hydrocarbons, and are
implicated in benzene-associated
hematotoxicity. The mutated polymorphism C609T of NQO1 variably
reduces, or even abolish, the enzymatic activity. Polymorphisms within
the GSTs and NQO1 genes can modify individual response to toxic exposures.
The
corresponding
detoxification pathways seem to play
an important role in cancer pathogenesis.
To test this hypothesis, case-control
studies on large series of Greek patients with hematological neoplasms
have been conducted, in order to
evaluate the pathogenetic potential
of the genotypes of GSTs, CYP1A1
and NQO1. Next, combined variant
polymorphisms are considered in relation to cytogenetic aberrations of
certain prognostic significance.

Education
PhD Theses in Progress
1. Georgakakos Vassileios, “Molecular
cytogenetics
of
acute
leukemias”. National & Capodistrian University of Athens, School
of Medicine.
2. Karakosta Maria, “Conventional
and molecular cytogenetics in patients with Chronic Lymphocytic
Leukemia”. National & Capodistrian University of Athens, School
of Medicine.
3. Zachaki Sophia-Urania, “Cytogenetics, genetic polymorphisms of
detoxification genes and methylation in Myelodysplastic Synndromes”.
National
&
Capodistrian University of Athens,
School of Medicine.
4. Alexoudi Athanassia, “Polymorphisms of detoxifying genes in
pathogenesis of multiple sclerosis”. National & Capodistrian University of Athens, School of
Medicine.
MSc Thesis
1. Daraki Ageliki, “Conventional and
molecular cytogenetic study of patients with de novo and secondary
acute myeloid leukemia”. National
& Capodistrian University of
Athens, School of Biology, Postgraduate Course on Biological Applications in Medicine. Presented
in September 2010.
Diploma Theses
1. Glytsou Christina, “Conventional
and molecular cytogenetic study
of patients with chronic lymphocytic leukemia”. National &
Capodistrian University of Athens
- School of Biology. Presented in
September 2010.
2. Roumelioti Marlen, “Study of
acute myeloid leukemia by conventional and molecular cytogenetic methods”. Department of
Biological Applications and Technology, University of Ioannina

68

(2010-2011).
Other Education Activities
Οι ερευνητές του εργαστηρίου
HPEHL συμμετέχουν στη διδασκαλία των ακόλουθων εθνικών μεταπτυχιακών
προγραμμάτων
σπουδών:
1. Γ. Παντελιάς, Κ. Σαμπάνη, Κ.
Μανωλά. Διατμηματικό Πρόγραμμα Μεταπτυχιακών Σπουδών μεταξύ του Τμήματος
Βιολογίας και της Ιατρικής Σχολής του Παν/μίου Αθηνών για
την απόκτηση του Μεταπτυχιακού Διπλώματος Ειδίκευσης
(ΜΔΕ) «Εφαρμογές της Βιολογίας
στην Ιατρική».
2. Γ. Παντελιάς, Κ. Σαμπάνη. Διατμηματικό Πρόγραμμα Μεταπτυχιακών Σπουδών "Κλινική
Βιοχημεία - Μοριακή Διαγνωστική" του Πανεπιστημίου Αθηνών.
3. Γ. Παντελιάς. Διαπανεπιστημιακό Πρόγραμμα Μεταπτυχιακών Σπουδών στην Ιατρική
Φυσική – Ακτινοφυσική με τη συνεργασία του Πανεπιστημίου
Αθηνών και των Ιατρικών Τμημάτων του Αριστοτελείου Πανεπιστημίου Θεσσαλονίκης, του
Πανεπιστημίου Ιωαννίνων, του
Δημοκρίτειου Πανεπιστημίου
Θράκης και του Πανεπιστημίου
Κρήτης, καθώς και με τη θεσμοθετημένη συνεργασία της Ελληνικής
Επιτροπής
Ατομικής
Ενέργειας (ΕΕΑΕ) και του ΕΚΕΦΕ
«Δημόκριτος».
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1. Nuclear Research
Reactor Laboratory
(NRRL)
1. PEER-REVIEWED
JOURNALS
1. Tzika F, Kontogeorgakos D,
Vasilopoulou T, Stamatelatos IE,
“Application of the Monte Carlo
method for the calibration of an in
situ gamma spectrometer”, Applied Radiation and Isotopes 68
(2010) 1441-1444
2. Kontogeorgakos D, Stamatelatos
IE, “Validation of the Monte Carlo
model of the Greek research reactor core”, Nuclear Technology 170
(2010) 460-464
3. Stamatelatos
IE,
Tzika
F,
Vasilopoulou T, Koster-Ammerlaan, MJJ, “Large sample neutron
activation analysis of a ceramic
vase”, Journal of Radioanalytical
and Nuclear Chemistry 283
(2010) 735-740
4. Savidou A, Stamatelatos IE., “Nondestructive technique to verify
clearance of pipes”, Nuclear Technology & Radiation Protection 25
(2010) 133-137
5. VidmarT, Çelik, N, Cornejo-Díaz
N, Dlabac A, Ewa IOB, CarrazanaGonzález JA, Hult M, Jovanovi S,
Lépy M-C, Mihaljevi N, Sima O,
Tzika F, Jurado-Vargas M,
Vasilopoulou T, Vidmar G, “Testing efficiency transfer codes for
equivalence”, Applied Radiation
and Isotopes 68 (2010) 355-359
6. Mergia K, Stefanopoulos KL,
Ordás N, García-Rosales C, “A
comparative study of the porosity
of doped graphites by small angle
neutron scattering, nitrogen adsorption and helium pycnometry”,
Journal of Microporous & Mesoporous Materials, 134 (2010) 141149
7. Alexandrakis V, Niarchos D, Mergia K, Jehyun Lee, Fidler J, Panagiotopoulos
I,
“Magnetic

Properties of Graded A1/L10 films
obtained by heat-treatment of
FePt/CoPt multilayers”, Journal of
Applied Physics 107 (2010)
013903
8. Moutis NV, Jimenez C, Azpiroz X,
Speliotis Th, Wilhelmi C, Messoloras S, Mergia K, “Brazing of
carbon-carbon composites to Nimonic alloys”, J. Mater. Sci. 45
(2010) 74–81
9. Mergia K, Tomou A, Panagiotopoulos I, Ott F, “Structural
and magnetic properties of Ru/Ni
multilayers”, J. Phys. D: Appl Phys
(to be published in December
2010).
10. Zisis A, Varvayanni M, Savva P,
Catsaros N, “Methods and Instruments for Assessing the inCore Gamma Heating of
Materials”, IEEE Trans. Nucl.. Sc.
57 (2010) 837-847

IN PRESS
1. Alamaniotis, M., Ikonomopoulos,
A., Jevremovic, T., and Tsoukalas,
L.H., “Intelligent Recognition of
Signature Patterns in NRF Spectra”, Nuclear Technology (accepted for publication 2010)

2. PEER-REVIEWED CONFERENCE PROCEEDINGS
1. Savidou A, “A Monte Carlo
Method to Evaluate the Gamma
Contamination Inside the Greek
Research Reactor Primary Cooling
System”, Decontamination, Decommissioning and Reutilization
Meeting, American Nuclear Society, Idaho Falls, Idaho USA, Aug
29 – Sept 2, 2010
2. Kontogeorgakos D, Tzika F,
Valakis S, Stamatelatos IE, “Occupational radiation exposure during
removal of radioactive components from GRR-1 pool: a task
within primary cooling system replacement project”, European
Conference on Individual Monitoring of Ionizing Radiation,
Athens, Greece, March 8-12, 2010

3. Nikolaou N, Dimitrakis P, Normand P, Giannakopoulos K, Mergia K, Ioannou-Sougleridis V, Kukli
K, Niinisto J, Ritala M and Leskela
M, “Charge trapping memories
with atomic layer deposited highk dielectrics capping layers”, in
Materials and Physics of Nonvolatile Memories, edited by C.
Bonafos, Y. Fujisaki, P. Dimitrakis,
E. Tokumitsu (Mater. Res. Soc.
Symp. Proc. Volume 1250, Warrendale, PA, 2010), 1250-G07-03
4. Maffeo D, Zavali M, Velkov J,
Misiakos K, Mergia K, Paulidou A,
Mavridis I, Yannakopoulou K,
“Real time detection of triclosan
binding to an immobilised modified cyclodextrin with white light
reflectometry”, 7th Aegean Analytical
Chemistry
Days
(AACD2010), 29 September – 3
October 2010, Lesvos, Greece
5. Alamaniotis, M., Ikonomopoulos,
A., and Tsoukalas, L.H., Distributed System for Operator Support
in Nuclear Power Plants, Proceedings of the 1st International Conference for Undergraduate and
Postgraduate Students in Computer Engineering, Informatics, related
Technologies
and
Applications, EUREKA! 2010, Patras, Greece, October 14 – 15,
2010
6. Savva P, Varvayanni M, Catsaros
N, “Control rod worth dependence on reactor core composition
evolution”, European Nuclear
Conference ENC, Barcelona,
Spain, May 30 – June 2, 2010
7. Antonopoulos-Domis M, Catsaros
N, Savva P, Varvayanni M, Xaxiri
M-I, “Enhancing research reactor
utilization without increasing
power”, European Nuclear Conference ENC 2010, Barcelona,
Spain, May 30 - June 2, 2010
8. Catsaros N, Savva P, Varvayanni
M, Gaveau B, Maurel G,
Silva J, Jaekel M, Maillard J,
“Building a Dynamic Code
to Simulate New Reactor
Concepts”, Nuclear Energy
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for New Europe International Conference, Portoro , Slovenia, September 6-9, 2010.
9. Alamaniotis, M., Tsoukalas, L. H.,
and Ikonomopoulos, A., “Gaussian Processes for Failure Prediction of Slow Degradation
Components in Nuclear Power
Plants”, in Reliability, Risk and
Safety, B.J.M. Ale, I.A. Papazoglou
and E. Zio, Eds., pp. 2096 – 2102,
Taylor & Francis Group, London,
2010
10. Alamaniotis, M., Tsoukalas, L.
H., and Ikonomopoulos, A., “Automated System for Plan Realization in Nuclear Power Plants”, in
Reliability, Risk and Safety, B.J.M.
Ale, I.A. Papazoglou and E. Zio,
Eds., pp. 2103 – 2109, Taylor &
Francis Group, London, 2010

3. WORKSHOPS
1. Stamatelatos IE, Greek Research
Reactor Activities and Future
Prospects, Workshop on Research
Reactor Coalitions and Networks:
Concerted Actions in the Mediterranean Region, RER4032 &
RAF4022, IAEA, Vienna, Austria,
September 28 - October 1, 2010
2. Valakis S, Radiation Protection Aspects of the GRR1 Decommissioning Program, IAEA Workshop
on Dose assessment and Optimization for decommissioning
purposes, SCK-CEN, Mol-Belgium,12-15 October 2010
3. Stamatelatos
IE,
Tzika
F,
Vasilopoulou T, Large Sample
Neutron Activation Analysis of
Heterogeneous Samples, Technical Meeting on Application of
Large Sample Neutron Activation
Analysis for Inhomogeneous Bulk
Archaeological Samples and Bulk
objects, IAEA, Delft, Netherlands,
May 17-21, 2010
4. Kontogeorgakos D, Tzika F, Stamatelatos IE, Neutron Activation
Study of GRR1 Core Grid Plate,
IAEA Regional Workshop on Determination of Neutron Induced
Activity for Decommissioning Pur-

72

poses, Budapest, Hungary, June 14, 2010
5. Maragkos V, IAEA Workshop on
Safety Assessment for Decommissioning of research reactors, Research Reactor Decommissioning
Demonstration Project (R2D2P),
Risø, Denmark, October 4-8,
2010
6. Stamatelatos IE, Neutron Activation Analysis of Fusion materials at
GRR1, 2nd FEMaS workshop,
NCSR “Demokritos”, Athens,
Greece, January 13-15, 2010
7. Noussiou V and Mergia K, “Preliminary measurements with
Positron
Annihilation
Spectroscopy on model FeCr alloys”,
2nd FEMaS workshop, NCSR
“Demokritos”, Athens, Greece,
January 13-15, 2010
8. Messoloras S and Mergia K,
“Small Angle Neutron Scattering
technique for the characterization
of fusion materials”, 2nd FEMaS
workshop, NCSR “Demokritos”,
Athens, Greece, January 13-15,
2010
9. Tzika F, Chatzispiroglou P, ‘Development of a Monte Carlo based
Calibration Method for Gamma
Spectrometry of Marine Samples’
IAEA Technical Meeting on Benchmarking Calibration for Low-Level
Gamma Spectrometric Measurements of Environmental Samples,
Vienna, Austria, November 28 December 3, 2010
10. Savidou A, “Radioactive Waste
Management in Greece”. Workshop on Radioactive Waste Predisposal
Technologies,
Pongorica, Montenegro, IAEA
Technical Cooperation RER3007,
26-30 July, 2010
11. Savidou A, “Decommissioning of
Nuclear Facilities in Greece”,
Practical Training Course in Nuclear Facility Decommissioning
Skills, Argonne National Laboratory, Argonne, IL, USA, IAEA
Technical Cooperation RER3009,
12-23 April, 2010

12. Savidou A, Tzika F, Valakis S,
Hanousis A, Hatzidakis S, Maragkos
V, Tsourounakis I, Kormetzas K,
Gikas I, Politis Z and Stamatelatos I,
“Planning and Preparation for Decommissioning of the GRR-1 Primary
Cooling System”. Annual Forum for
Regulators and Operators in the Field
of Decommissioning: the International Decommissioning Network
(IDN) and Other Major Decommissioning Initiatives, IAEA, Vienna, 9 11 November, 2010.
13. Savidou A, Tzika F, Valakis S,
Hanousis A, Hatzidakis S,
Maragkos V, Tsourounakis I, Kormetzas K, Gikas I, Politis Z and
Stamatelatos I, “Lessons Learned
during Planning and Preparation
for the Dismantling of the PCS at
GRR-1”. Fifth Planning Meeting
on the Decommissioning of Research Reactors, Tashkent,
Uzbekistan, IAEA Technical Cooperation RER3009, 7-9 December, 2010.
14. Chatzidakis
S.
E.
and
Ikonomopoulos, A., Steady and
Transient state thermal- hydraulic modelisation of Research
Reactors, Invited Contribution,
2nd RCM meeting on Benchmarking against Experimental
Data of the Neutronic and Thermalhydraulic
Computational
Methods and Tools for Operation and Safety Analysis for Research Reactors, IAEA, Vienna,
Austria, 14 -18 June 2010
15. Savva P, Varvayanni M, Catsaros
N, “Preliminary analysis of the
VENUS-2 MOX benchmark using
TRIPOLI-4”, SP1 Third Meeting
(NURISP Collaboration), Varna,
Bulgaria September 29th – October 1st, 2010

4. SCIENTIFIC REPORTS
1. Mergia K and Messoloras S, “Agglomeration in FeCr alloys after
ageing at high temperatures”, Laboratoire Leon-Brillouin, Saclay,
CEA, No 10029, Experimental Reports 2010
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2. K. Mergia, G. Apostolopoulos, and
S. Messoloras, “Structural characterisation of model FeCr alloys”, Fusion
RTD
Activities,
Association
EURATOM – Hellenic Republic, Annual Report 2009
3. K. Mergia, G. Apostolopoulos, E.
Devlin, and M. Gjoka, “Magnetisation and Mössbauer measurements on model FeCr alloys”,
Fusion RTD Activities, Association
EURATOM – Hellenic Republic,
Annual Report 2009
4. G. Apostolopoulos, K. Mergia, A.
Lagogiannis, and S. Messoloras,
“Preparatory work for resistivity
recovery measurements of irradiated Fe-Cr alloys”, Fusion RTD Activities, Association EURATOM –
Hellenic Republic, Annual Report
2009
5. N. Moutis, K. Mergia, and T. Speliotis, “Optimisation of SiC deposition on ODS-Eurofer steels by rf
magnetron sputtering technique”,
Fusion RTD Activities, Association
EURATOM – Hellenic Republic,
Annual Report 2009

2. Environmental
Radioactivity
Laboratory (ERL)
1. PEER-R EVIEWED
JOURNALS
1. M. Manousakas, A. Fouskas, H.
Papaefthymiou, V. Koukouliou, G.
Siavalas, P. Kritidis, Indoor radon
measurements in a Greek city located in the vicinity of lignite-fired
power plants. Radiation Measurements 45 (2010) pp: 1060-1067
2. Psaltaki M., Florou H., Trabidou
G., Markatos N. 2010. Modelling
and assessment of pollutant impact on marine environments.
ISBN ~ ISSN: 1790-5117, 978-960474-151-9 pp: 176-180.
3. Trabidou Georgia and Florou Heleny, 2010. Estimation of dose

rates to humans exposed to elevated natural through different
pathways in the island of Ikaria,
Greece. Radiation Protection
Dosimetry (2010), pp: 1-7.
4. Florou H., Nicolaou G., Evangeliou N., 2010. The concentration
of 137Cs in the surface of the
Greek Marine Environment. Journal of Environmental Radioactivity
101(2010) 654-657.
5. Trabidou G. and Florou H., 2010.
Natural radioactivity as an impact
factor in drinking water quality.
Desalination and Water Treatment
13(2010) pp: 336-339.
6. Evangeliou N., Florou H., Scoullos
M., 2010. A preliminary study of
particle dynamics in the water column of Saronikos Gulf, Greece, by
using Th-234/U-238 disequilibrium approach. Desalination and
Water Treatment 13(2010) pp:
290-302.
7. Athanasopoulou, E., Tombrou, M.,
Russell, A. G., Karanasiou, A.,
Eleftheriadis, K., & Dandou, A.
(2010). Implementation of road
and soil dust emission parameterizations in the aerosol model
CAMx: Applications over the
greater athens urban area affected
by natural sources. Journal of Geophysical Research D: Atmospheres,
115(17),
DOI:
10.1029/2009JD013207

IN PRESS
1. M.Psaltaki, H.Florou, G.Trabidou
and N.C.Markatos, 2010. Modelling and assessment of anthropogenic impacts on marine
ecosystems. Desalination and
Water Treatment (In Press).
2. dímal, V., Smolík, J., Eleftheriadis, K., Wagner, Z., Housiadas,
C., Mihalopoulos, N., Mikuška, P,
Ve e a, Z., Kopanakis, I.,
Lazaridis, M. (2011). Dynamics of
atmospheric aerosol number size
distributions in the eastern
mediterranean during the "SUBAERO" project. Water, Air and Soil
Pollution, , 1-14

2. PEER-REVIEWED CONFERENCE PROCEEDINGS
1. Florou H., Psaltaki M., Trabidou
G., Evangeliou N., Markatos N.,
2010. A preliminary study on the
use of modelling of 137Cs distribution in seawater for radiation
dose assessment to natural organisms. Proc.: Environmental Radioactivity Int. Conference New
Frontiers and Developments, Academia Nationale Dei Lincei, Rome
25-27 October, 2010.
2. Evangeliou N. and Florou H.,
2010. The dispersion of 137Cs in
a shallow Mediterranean embayment (Saronikos Gulf – Elefsis
Bay) in seasonal scale, estimated
inventories and residence times.
Proc.: Environmental Radioactivity
Int. Conference New Frontiers and
Developments, Academia Nationale Dei Lincei, Rome 25-27
October, 2010.
3. Psaltaki M., Florou H., Trabidou
G. and Markatos N.C., 2010.
Modelling and assessment of pollutant impact on marine environment. Proc.: 2nd WSEAS
International Conference on Computer Engineering and Applications
(CEA
'10),
Harvard
University, Cambridge USA, January 27-29, 2010 pp: 27-29.
4. Gini, Maria I.; Helmis, Costas;
Eleftheriadis, Konstantinos: Development of a Cascade a-impactor epiphaniometer for aerosol
surface size distribution measurements, International Aerosol Conference 2010, 29th Aug-3rd Sep.,
Helsinki, International Aerosol
Conference 2010, 29th Aug-3rd
Sep., Helsinki
5. Barbounis, Konstantinos; Vratolis,
Sterios; Eleftheriadis, Konstantinos; Biskos, George: Bipolar Diffusion Charging of Aerosol
Particles in the Transition
Regime,
International
Aerosol Conference 2010,
29th Aug-3rd Sep., Helsinki
6. Diapouli,
Evangelia;
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Karanasiou, Angeliki; Eleftheriadis,
Konstantinos; Viana, Maria;
Querol, Xavier; Alastuey, Andrés:
On the quantification of atmospheric carbonate carbon by different thermal / optical analysis
protocols, tested by means of internal standards and ambient samples,
International
Aerosol
Conference 2010, 29th Aug-3rd
Sep., Helsinki
7. Müller, Thomas; Henzing, J. S.;
Sheridan, Patrick J.; Wiedensohler,
Alfred; Virkkula, Aki; Mocnik,
Grisa; Walker, John; Fialho, Paulo;
Eleftheriadis, Konstantinos; Filep,
Agnes; de Leeuw, Gerrit: Calibration experiments for filter based
absorption photometers during
the EUSAAR-2009 photometer
workshop, International Aerosol
Conference 2010, 29th Aug-3rd
Sep., Helsinki
8. Eleftheriadis,
Konstantinos;
(2010), Diapouli, Evangelia: Indoor and outdoor PM mass concentrations at three residences in
the Athens area, International
Aerosol Conference 2010, 29th
Aug-3rd Sep., Helsinki
9. K. Eleftheriadis, E. Diapouli, M.
Gini, P. Kritidis, (2010), Radioactive tracers for long range transport of biomass burning aerosols,
Environmental radioactivity, 25th27th October, Rome

GREEK CONFERENCES
1. Maroudi A. E., Florou H., Anagnostakis M. J., 2010. Radiological
Risk Assessment in an Ecosystem
Using ERICA Assessment Tool:
Deficiencies and Improvements.
Proc.: 19th Symposium of the
Hellenic Nuclear Physics Society,
Aristotle University of Thessaloniki, 28-29 May 2010.
2. Evangeliou N., Florou H., 2010.
Vertical profiles of Caesium – 137
in 3 different regions of Eastern
Mediterranean Sea. Proc.: 19th
Symposium of the Hellenic Nuclear Physics Society, Aristotle
University of Thessaloniki, 28-29
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May 2010.
3. Psaltaki M., Florou H., G.Trabidou2, Markatos N., 2010. The contribution of models to the
enitonment and the sustainable development. Proc.: 13een Panhellenic
Congress of Physics, Physics and
Man: Research and Technology for
the improvement of life quality. Hellenic Physical Society, Patra 17-21
March 2010 p: 86

INVITED LECTURES
1. Florou H., 2010. Comparative effects of conventional pollutants
and radionuclides by use of sensitive tools. IAEA TCP 7005, Regional Training Course on
Radiation Protection of the Environment for Junior Specialists.
NCSRD, GAEC, Athens, 4-8 October 2010.
2. Kritidis P. and Florou H., 2010. Environmental radioactivity and radioactive contamination. Prc.:
Summer School, Education Office
NSSRD, NCSRD Athens 13 July
2010.
3. Kritidis P. and Florou H., 2010.
Credibility of environmental radioactivity measurements on nonintervention levels. Proc.: The
2-day Meeting of Metrology. Hellenic Air Force Calibration Service,
HAF General 251 Hospital, Athens
13-14 October 2010.
4. K. Eleftheriadis, 2010, Καπνός
αχλή και σκόνη. Ο ρόλος των
μικρο/νανο σωματιδίων στα
σύγχρονα προβλήματα της
ατμοσφαιρικής ρύπανσης και
κλιματικής αλλαγής, Department
of Planning and Regional Development University of Thessaly,
School of Engineering.
5. K. Eleftheriadis, 2010, Aerosol
properties in atmospheric science
and climate research, Department
of Chemical Engineering, Aristotle
University of Thessaloniki, School
of Engineering

3. Health Physics and Environmental Hygiene
Laboratory (HPEHL)
1. PEER-REVIEWED JOURNALS
1. Ximeri M, Galanopoulos A, Klaus
M, Parcharidou A, Giannikou K,
Psyllaki M, Symeonidis A, Pappa
V, Kartasis Z, Liapi D, Hatzimichael E, Kokoris S, Korkolopoulou P, Sambani C,
Pontikoglou C, Papadaki HA; Hellenic MDS Study Group (2010).
Effect of lenalidomide therapy on
hematopoiesis of patients with
myelodysplastic syndrome associated with chromosome 5q deletion. Haematologica 95: 406-14.
2. Terzoudi GI, Donta-Bakoyianni C,
Iliakis G, Pantelias GE. (2010) Investigation of bystander effects in
hybrid cells by means of cell fusion and premature chromosome
condensation induction. Radiat
Res 173: 789-801.
3. La Starza R, Matteucci C, Gorello
P, Brandimarte L, Pierini V,
Crescenzi B, Nofrini V, Rosati R,
Gottardi E, Saglio G, Santucci A,
Berchicci L, Arcioni F, Falini B,
Martelli MF, Sambani C, Aventin
A, Mecucci C (2010). NPM1 deletion is associated with gross chromosomal rearrangements in
leukemia. PLoS One 21;5(9):
e12855.
4. Manola KN, Karakosta M, Sambani C, Terzoudi G, Pagoni M,
Gatsa E, Papaioannou M (2010).
I s o c h r o m o s o m e
der(17)(q10)t(15;17) in acute
promyelocytic leukemia resulting
in an additional copy of the RARAPML fusion gene: report of 4 cases
and review of the literature. Acta
Haematol 123: 162-70.
5. Manola KN, Pantelidou D, Papaioannou M (2010). Plasmablastic
crisis
of
Philadelphia
chromosome-positive
chronic
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myeloid leukemia. Ann Hematol
89: 641-2.
6. Karakosta M, Voulgarelis M,
Vlachadami I, Manola KN (2010).
Traslocation t(6;13)(p21;q14) as a
rare non random cytogenetic abnormality in chronic lymphocytic
leukemia. Cancer Genet Cytogenet 198: 66-70.
7. Karakosta M, Tsakiridou A, Korantzis I, Manola KN (2010). Deletion of 5q as a rare abnormality in
chronic lymphocytic leukemia.
Cancer Genet Cytogenet 200:
175-9.

IN PRESS
1. Pantelias GE, Terzoudi GI (2010).
Functional cell-cycle chromatin
conformation changes in the presence of DNA damage result into
chromatid breaks: A new insight
in the formation of radiation-induced chromosomal aberrations
based on the direct observation of
interphase chromatin. Mutat Res
Apr 14, Epub ahead of print.
2. Hatzi
VI,
Terzoudi
GI,
Stavropoulou C, Malik SI,
Makropoulos V, Pantelias GE
(2010). Lack of association between GSTT1 polymorphism and
endogenous or benzo[a]pyreneinduced sister chromatid exchanges as analyzed in metaphase
or G2-phase lymphocytes. Mol
Biol Rep Nov 25, Epub ahead of
print.
3. Hair JM, Terzoudi GI, Hatzi VI,
Lehockey KA, Srivastava D, Wang
W, Pantelias GE, Georgakilas AG
(2010). BRCA1 role in the mitigation of radiotoxicity and chromosomal instability through repair of
clustered DNA lesions. Chem Biol
Interact, Apr 3, Epub ahead of
print.
4. Stefanidou ME, Hatzi VI, Terzoudi
GI, Loutsidou AC, Maravelias CP
(2010). Effect of cocaine and crack
on the ploidy status of Tetrahymena pyriformis: a study using
DNA image analysis. Cytotechnology, Nov 6, Epub ahead of print.

5. Terzoudi GI, Hatzi VI, DontaBakoyianni C, Pantelias GE (2010).
Chromatin dynamics during cell
cycle mediate conversion of DNA
damage into chromatid breaks
and affect formation of chromosomal aberrations: Biological and
clinical significance. Mutation Research, Dec 24 [Epub ahead of
print].

2. PEER-REVIEWED CONFERENCE PROCEEDINGS
1. Manola K, Daraki A, Sambani C,
Kalomiraki M, Karakosta M, Apostolopoulou M, Pantelias GE. A cytogenetic study of 403 adult acute
myeloid leukemia patients in
Greece. Congress of the European
Hematology Association, June 1013,
2010,
Barcelona-Spain.
Haematologica 2010; Vol. 95:
abstr. 1741, P678, June 2010.
2. Zachaki S, Stavropoulou C, Georgakakos VN, Orphanidou H,
Manola KN, Sambani C. High frequency of the NQO1 C609T homozygous mutant genotype in
patients with myelodysplastic syndrome and isolated trisomy 8.
Congress of the European Hematology Association, June 10-13,
2010, Barcelona-Spain. Haematologica 2010; Vol. 95: abstr. 325,
P130, June 2010.
3. Karakosta M, Glytsou C, Diamantopoulou P, Daraki A, Pantelias
GE, Sambani C, Manola KN. Cytogenetic profile of 451 patients
with
chronic
lymphocytic
leukemia in Greece. Congress of
the European Hematology Association,
June
10-13,
2010,
Barcelona-Spain. Haematologica
2010; Vol. 95: abstr. 1738, P677,
June 2010.
4. Georgakakos VN, Stavropoulou C,
Parcharidou A, Manola KN, Katzilakis N, Paterakis G, Polychronopoulou S, Patsiouris E,
Pantelias GE, Sambani C. A combined analysis of cytogenetic and
clinical prognostic markers in
greek patients with pediatric acute

lymphoblastic leukemia (ALL).
Congress of the European Hematology Association, June 10-13,
2010, Barcelona-Spain. Haematologica 2010; Vol. 95: abstr. 1738,
P677, June 2010.
5. Terzoudi GI, Tsogka EG, Hatzi VI,
Margaritis LH, Pantelias GE. “Effect of individual radiosensitivity
on absorbed dose and risk estimation”. EPRBiodose 2010, International Conference, October
10-14, 2010, Mandelieu-LaNapoule, France.
6. Hatzi
VI,
Terzoudi
GI,
Barszczewska K, Makropoulos V,
Pantelias GE. «Glutaraldehyde enhances in vitro G2-chromosomal
radiosensitivity of human peripheral blood lymphocytes and breast
cancer MCF7 cells». 38th Annual
Meeting of the European Radiation
Research Society Stockholm, 5-9
September 2010.
7. Georgakilas AG, Hair JM, Terzoudi
GI, Hatzi VI, Lehockey KA, Srivastava D, Wang W, Pantelias GE.
“BRCA1 role in the repair of oxidative clustered DNA damage
and chromosomal instability”.
56th Annual Meeting of Radiation
Research Society, 25-29 September, Hawai 2010.
8. Alexoudi A, Chatzi I, Zachaki S,
Stavropoulou C, Athanasouli A,
Tsolis T, Sambani C, Karageorgiou
CE. The NQO1 Inborn Gene Polymorphism and Susceptibility in
Multiple Sclerosis. 52th American
Academy of Neurology Annual
Meeting, Toronto, Canada, April
10-17, 2010. Neurology, Vol. 74,
Suppl. 2, Issue: 9, p. A243-A243
[Published: MAR 2 2010].
9. Polycarpou E, Zachaki S, Karampatsou AK, Kyriacou A, Kostalos C.
Fecal calprotectin levels in very
low birth weight infants with and
without agrinine supplementation.
XXII European congress
Perinatal
Medicine,
Granada, Spain, May 2629, 2010.
10. Karakosta M, Glytsou C,
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Daraki A, Kalomiraki M, Diamantopoulou
P,
Panagiotopoulou K, Pantelias GE,
Sambani C, Manola KN. A cytogenetic study in a large series of
patients with chronic lymphocytic leukemia. 15th World Congress on Advances in Oncology,
13th International Symposium
on Molecular Medicine, October
15-19, 2009, Loutraki, Greece.
Int J of Molecular Medicine
2010; Vol. 26: abstr. 143, page
S15.
11. Zachaki S, Stavropoulou C,
Kalomiraki M, Manola KN, Sambani C. NQO1 (C609T) polymorphism and specific types of
chromosome aberrations
in
myelodysplastic
syndromes
(MDS). New benchmarks in
Leukemia: focus on CML, AML
and MDS. European Leukemia
Net (ELN) Frontiers Meeting 2224 October 2010, Vienna, Austria, ELN NEWSLETTER, abstr.
20, page 25.
12. Terzoudi GI, Hatzi VI, DontaBakoyianni C, Pantelias GE.
Chromatin dynamics during cell
cycle mediate conversion of
DNA damage into chromatid
breaks and affect formation of
chromosomal aberrations: Biological and clinical significance.
"9th International LOWRAD Conference “The Effects of Low
Doses and Very Low Doses of
Ionizing Radiation on Human
Health and Biotopes”. 13 - 15
December 2010, Barcelona,
Spain.

GREEK CONFERENCES
1. Τερζούδη
Γ,
Χατζή
Β,
Barzczewska Κ, Μανωλά K,
Σταυροπούλου Χ, Αγγελάκης Φ,
Παντελιάς
Γ.
Μέτρηση
ευαισθησίας στις ιοντίζουσες
ακτινοβολίες για εξατομίκευση
πρωτοκόλλων ακτινοθεραπείας
και εκτίμηση προδιάθεσης στην
καρκινογένεση. 3ο Πανελλήνιο
Τακτικό
Εθνικό
Συνέδριο
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Μετρολογίας, Λάρνακα, Κύπρος,
Φεβρουάριος 5-6, 2010.
2. Τσόγκα Ε, Τερζούδη Γ, Χατζή ΒΙ,
Καραχρήστου Ι, Μαργαρίτης Λ,
Παντελιάς Γ. «Εκτίμηση δόσεων
ακτινοβολίας
με
μεθόδους
βιοδοσιμετρίας και διερεύνηση
της δράσης της διαφορετικής
ακτινοευαισθησίας μελών του
πληθυσμού
στην
προτυποποίηση της μεθόδου».
3ο Τακτικό Εθνικό Συνέδριο
Μετρολογίας, Λάρνακα, Κύπρος,
Φεβρουάριος 5-6, 2010.
3. Πολυχρονοπούλου
Σ,
Παπαδάκης Β, Τσίτσικας Κ,
Παρχαρίδου Α, Αμπατζίδου Μ,
Παπαργύρη Σ, Αυγερινού Γ,
Παπαδημητρίου ΣΙ, Πατεράκης
Γ, Σαμπάνη Κ, Μανωλά Κ,
Μπέλεση Χ, Παναγιώτου ΙΠ,
Χα{δάς Σ. Οξεία μυελογενής
λευχαιμία (ΟΜΛ) στα παιδιά. Η
εμπειρία ενός κέντρου (19972009). 10 Πανελλήνιο Συνέδριο
Παιδιατρικής
ΑιματολογίαςΟγκολογίας,
P
30,
5-6
Φεβρουαρίου 2010.
4. Μανωλά
Κ,
Δαράκη
Α,
Καρακώστα
Μ,
Αποστολοπούλου
Μ,
Διαμαντοπούλου Π, Σαμπάνη Κ,
Παντελιάς Γ. Κυτταρογενετική
ανάλυση 467 ασθενών με Οξεία
Μυελογενή Λευχαιμία. 21ο
Πανελλήνιο
Αιματολογικό
Συνέδριο, 10-12 Νοεμβρίου
2010, Θεσσαλονίκη. Haema,
Τόμος 1, τεύχος 3, abstr. 83, P91,
Οκτώβριος-Δεκέμβριος 2010.
5. Ζαχάκη Σ, Σταυροπούλου Χ,
Γεροντάρη Π, Μανωλά Κ,
Ορφανίδου Χ, Σταματόπουλος
Κ, Αθανασιάδου Α, Σαμπάνη Κ.
Ο πολυμορφισμός του γονιδίου
αποτοξικοποίησης
NQO1
(C609T) στις κυτταρογενετικές
ομάδες
των
ΜΔΣ.
21ο
Πανελλήνιο
Αιματολογικό
Συνέδριο, 10-12 Νοεμβρίου
2010, Θεσσαλονίκη. Haema,
Τόμος 1, τεύχος 3, abstr. 56, P64,
Οκτώβριος-Δεκέμβριος 2010.
6. Δαράκη Α,
Καρακώστα Μ,

Καλομοιράκη Μ, Μανωλά Κ.
Κυτταρογενετική ανάλυση 157
ασθενών με Οξεία Μυελογενή
Λευχαιμία.
50 Πανελλήνιο
Συνέδριο «Το Πειβάλλον της
Υγείας μας» της Πανελλήνιας
Ένωσης Βιοεπιστημόνων, Αθήνα
25-27 Νοεμβρίου 2010.
7. Χατζή
ΒΙ,
Τερζούδη
ΓΙ,
Θανασιάς Ε, Πολυχρονάκης Ι,
Ντουνιάς Γ, Μακρόπουλος Β.
“Εκτίμηση
της
χημικώς
επαγόμενης χρωμοσωματικής
ακτινοευαισθητοποίησης που
οφείλεται σε χημικούς και
φυσικούς
γονοτοξικούς
παράγοντες στα ακτινολογικά
εργαστήρια”. Ηυgeίa@εργασiα
1(1):151-158., [Scientific Edition
of Hellenic Society of Occupational Environmental Medicine in
association with Program of Postgraduate Studies Health and
Safety in Workplace], Αθήνα,
2010.
8. Χατζή
ΒΙ,
Τερζούδη
ΓΙ,
Μακρόπουλος Β, Παντελιάς ΓΕ.
«Χημικά επαγόμενη χρωμοσωματική ακτινοευαισθητοποίηση
ως αποτέλεσμα συνδυασμένης
έκθεσης σε χημικούς παράγοντες και ιοντίζουσα ακτινοβολία στους χώρους εργασίας». 1ο
Πανελλήνιο Συνέδριο για την
Υγεία και Ασφάλεια της Εργασίας
«Η πρόληψη συμφέρει όλους»,
29-30 Νοεμβρίου 2010, Αθήνα.
9. Τερζούδη ΓΙ, Τσόγκα Ε, Χατζή ΒΙ,
Μαργαρίτης Λ, Μακρόπουλος Β,
Παντελιάς ΓΕ. «Εξατομίκευση
ευαισθησίας στις ιοντίζουσες
ακτινοβολίες
και
εκτίμηση
απορροφημένης δόσης και
κινδύνου καρκινογένεσης σε
εκτιθέμενους εργαζόμενους». 1ο
Πανελλήνιο Συνέδριο για την
Υγεία και Ασφάλεια της Εργασίας
«Η πρόληψη συμφέρει όλους»,
29-30 Νοεμβρίου 2010, Αθήνα.
10. Χατζή ΒΙ, και Χατζής ΙΑ.
«Τριχοριζόγραμμα του κύκλου
ζωής της τρίχας: Μία νέα
προτεινόμενη
μέθοδος
τριχοριζογράμματος
υψηλής
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ευαισθησίας
και
ακρίβειας».
Δερματολογικό Συνέδριο 100
χρόνια Αντρέας Συγγρός, 26-28
Νοεμβρίου 2010, Αθήνα Ξενοδοχείο
Divani Caravel.

INVITED LECTURES
1. Μανωλά ΚΝ. «Χρωμοσωμικές
αλλοιώσεις στις λευχαιμίες &
συσχέτισή τους με έκθεση σε
γενοτοξικούς
παράγοντες».
Θερινή Ογκολογική Συνάντηση,
Νάξος 2010», υπό την Αιγίδα της
Ιατρικής Σχολής του Παν/μίου
Αθηνών,
Νάξος
3-5
Σεπτεμβρίου, 2010.
2. Μανωλά ΚΝ. «Chromosome abnormalities in chronic lymphocytic leukemia». 15th World
Congress on Advances in Oncology and 13th International Symposium on Molecular Medicine.
Λουτράκι 7-9 Οκτωβρίου, 2010.
3. Σταυροπούλου
Χρύσα.
«Η
συμβολή
της
μοριακής
κυτταρογενετικής στη διάγνωση
και την έρευνα». Δορυφορικό
Συμπόσιο «Τεχνικές Μοριακής
Βιολογίας
και
Κυτταρογενετικής», στα πλαίσια
του 5ου Πανελληνίου Συνεδρίου
της
Πανελλήνιας
Ένωσης
Βιοεπιστρημόνων (ΠΕΒ), 25-27
Νοεμβρίου
2010,
Ίδρυμα
Ιατροβιολογικών Ερευνών της
Ακαδημίας Αθηνών (ΙΙΒΕΑΑ),
Αθήνα.
4. Pantelias GE. Chromatin dynamics
during cell cycle mediate conversion of DNA damage into chromatid breaks and affect formation
of chromosomal aberrations: Biological and clinical significance.
"9th International LOWRAD Conference “The Effects of Low Doses
and Very Low Doses of Ionizing
Radiation on Human Health and
Biotopes”. 13 - 15 December
2010, Barcelona, Spain.

CHAPTERS IN BOOKS
1. Χατζή Β, Τερζούδη Γ, Παντελιάς
Γ, Μακρόπουλος Β.: “Μέθοδοι
Ελέγχου Γονοτοξικής Δράσης

Χημικών
Παραγόντων
του
Εργασιακού Περιβάλλοντος”.
Κεφάλαιο στο υπό Έκδοση
Βιβλίο: «Ιατρική Εργασίας και
Περιβάλλοντος».
Ιατρικές
Εκδόσεις Λίτσας, Αθήνα.

AWARDS
1. Award for the originality of the research “Effect of individual radiosensitivity on absorbed dose
and risk estimation”. Terzoudi
G.I., Tsogka E.G., Hatzi V.I., Margaritis L.H., Pantelias G.E. EPRBiodose
2010,
International
Conference, October 10-14,
2010,
Mandelieu-La-Napoule,
France.

4. Environmental
Research Laboratory
(EREL)
1. PEER-REVIEWED JOURNALS
1.A. Gotzias, H. Heiberg-Andersen,
M.E. Kainourgiakis, Th. Steriotis,
Grand canonical Monte Carlo simulations of hydrogen adsorption in
carbon cones, Appl. Surf. Sci. 256,
5226, 2010, (IF 1.576).
2.Papadimitriou, N.I.; Tsimpanogiannis, I.N. & Stubos, A.K.: Computational approach to study hydrogen
storage in clathrate hydrates. Colloids and Surfaces A: Physicochem. Eng. Aspects, 357, pp
67–73, 2010 (IF 1.926).
3.Yiotis, A.G.; Kainourgiakis, M.E.;
Kikkinides, E.S. & Stubos, A.K.: Application of the Lattice-Boltzmann
method to the modeling of Population Blob Dynamics in 2D Porous
Domains. Computers and Mathematics with Applications, 59, pp
2315-2325, 2010 (IF 0.997).
4. Yiotis, A.G.; Tsimpanogiannis, I.N.
& Stubos, A.K.: Three-dimensional
modeling of the evaporation of
volatile
hydrocarbons
from

anisotropic porous media. Journal
of Porous Media, 13(3), pp 209219, 2010 (IF 0.612).
5. Konstantakou, M.; Steriotis, Th.A.;
Kikkinides, E.S. & Stubos, A.K.:
Monte Carlo Simulations of CO2
Sorption in Nanoporous Carbons.
Special Topics & Reviews in
Porous Media – An International
Journal, 1(3), pp 205-213, 2010
(νέο περιοδικό).
6. Ioannidou, A.; Makridis S.S.; Zupanic, E.; Prodan, A.; Kikkinides
E.S. & Stubos A.K.: Structural and
Hydrogenation Properties of Composite Zr0.9Ti0.1Cr1.2-xV0.8Nix
(x=0,0.4) Compounds. Materials
Science Forum, vols. 636-637, pp
880-886, 2010 (IF 0.399).
7. Makridis S.S.; Ioannidou, A.; Zupanic, E.; Prodan, A.; Kikkinides
E.S. & Stubos A.K.: Effect of V Substitution on the Composite Zr-TiCr-V-Ni Intermetallic Hydrides.
Materials Science Forum, vols.
636-637, pp 887-894, 2010 (IF
0.399).
8. Yiotis, A.G.; Tsimpanogiannis, I.N.
& Stubos, A.K.: Fractal Characteristics and Scaling of the Drying
Front in Porous Media: A Pore–
Network Study. Drying Technology, 28(8), pp 981–990, 2010 (IF
1.393).
9. Papadimitriou,
N.I.;
Tsimpanogiannis, I.N. & Stubos, A.K.:
Monte Carlo Study of sI Hydrogen
Hydrates. Molecular Simulation,
36(10), pp 736-744, 2010 (IF
1.325).
10. Kainourgiakis, M.E.; Steriotis,
Th.; Charalambopoulou, G.;
Strobl, M. & Stubos, A.K.: Determination of the spatial distribution of multiple fluid phases in
porous media by ultra-smallangle neutron scattering. Appl.
Surf. Sci., 256(17), pp 53295333,
2010,
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10.1016/j.apsusc.2009.12.072
(IF 1.576).
11. Georgakilas, V.; Bourlinos, Α.;
Zboril, R.; Steriotis, Th.A.; Dallas,
P.; Stubos, A.K. & Trapalis, Ch.:
Organic functionalisation of
graphenes. Chemical Communications, 46, pp 1766–1768, 2010
(IF 5.34).
12. van Midden, H.J.P.; Prodan, A.;
Zupani , E., itko, R.; Makridis,
S.S. & Stubos, A.K.: Structural
and electronic properties of the
hydrogenated ZrCr2 Laves
phases. Journal of Physical
Chemistry C, 114 (9), pp 4221–
4227, 2010 (IF 3.396).
13. Papadimitriou,
N.I.;
Tsimpanogiannis, I.N.; Stubos, A.K.;
Martin, Á.; Rovetto, L. & Peters,
C.J.: Unexpected Behavior of Helium as Guest Gas in sII Binary
Hydrates. Journal of Physical
Chemistry Letters 1 (6), pp
1014–1017,
2010
(νέο
περιοδικό).
14. Kikkinides, E.S.; Kainourgiakis,
M.E.; Yiotis, A.G. & Stubos, A.K.:
A Lattice Boltzmann method for
Lennard Jones fluids based on
the Gradient Theory of Interfaces. Physical Review E, 82,
056705,
2010,
DOI:
10.1103/PhysRevE.82.056705
(IF 2.508).
15. Bourlinos, Α.; Karakassides, M.;
Stathi P.; Deligiannakis Y.; Zboril, R.; Dallas, P.; Steriotis, Th.A.;
Stubos, A.K. & Trapalis, Ch.: Pyrolytic formation of a functional
carbonaceous solid for heavy
metal adsorption. Journal of Material
Science,
DOI:
10.1007/s10853-010-4854-0 (IF
1.181).
16. Zboril, R.; M.; Karlicky, F.;
Bourlinos, Α.; Steriotis, Th.A.;
Stubos, A.K.; Georgakilas, V.; Safarova, K.; Jancik, D. & Trapalis,
Ch., Otyepka: Graphene Fluoride: A Stable Stoichiometric
Graphene Derivative and its
Chemical
Conversion
to
Graphene, Small, 6(24), 2885-
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2891,
2010,
DOI:10.1002/smll.201001401
(IF 6.525).
17. Coutelieris F.A., On the prediction of an average droplet size
evolution during transport in homogeneous porous media under
laminar flow conditions, Journal
of Porous Media, Volume 13,
Issue 3, 2010, pp 195-207 (IF
0.612).
18. E. Vakouftsi, G. Marnellos, C.
Athanasiou, F.A. Coutelieris, A
detailed model for transport
processes in a methane fed planar SOFC, Chem. Eng. Res. Des,
DOI:
10.1016/
j.cherd.2010.05.003 (IF 0.989).
19. S. Andronopoulos, E. Davakis,
J.G. Bartzis and I. Kovalets
(2010) “RODOS meteorological
pre-processor and atmospheric
dispersion model DIPCOT: a
model suite for radionuclides
dispersion in complex terrain”,
Radioprotection, 45, No. 5 Supplément 2010, p. S77-S84, DOI:
10.1051/radiopro/2010017
20. S. Andronopoulos and J.G.
Bartzis (2010) “Gamma radiation
dose calculation method for Lagrangian-puff atmospheric dispersion models used in real-time
emergency response systems”,
Journal of Radiological Protection
30, 747-759, doi:10.1088/09524746/30/4/008 (IF 1.169).
21. Sfetsos A., Vlachogiannis D.,
Time series forecasting of hourly
PM10 using localized linear
models, Journal of Software Engineering and Applications, 3 (4),
374-383, 2010 (νέο περιοδικό).
22. D. Hristu-Varsakelis, S. Karagianni, M. Pempetzoglou, A.
Sfetsos, Optimizing Production
with energy and GHG emission
constraints in Greece: An InputOutput Analysis, Energy Policy,
38 (3), pp. 1566-1577, 2010 (IF
1.755).
23. D.E. Saraga, T. Maggos, A. Sfetsos, E.I. Tolis, S. Andronopoulos,
J.G. Bartzis, C. Vasilakos, PAHs

sources contribution to the air
quality of an office environment:
experimental results and receptor model (PMF) application, Air
Quality, Atmosphere and Health,
3 (4), 225-234, 2010 (νέο
περιοδικό).
24. A. Sfetsos, D. Vlachogiannis, A
new methodology development
for the regulatory forecasting of
PM10. Application in the Greater
Athens Area, Greece, Atmospheric Environment, 44, (26)
3159-3172, 2010 (IF 2.89).
25. A. Sfetsos, D. Vlachogiannis, A
new approach to discovering the
causal relationship between meteorological patterns and PM10
exceedances, Atmospheric Research, 98, (2-4), 500-511, 2010
(IF 1.456).
26. Saraga, D.E., Maggos, T., Helmis,
C.G., Michopoulos, J., Bartzis,
J.G., Vasilakos, C., PM1 and
PM2.5 ionic composition and
VOCs measurements in two typical apartments in Athens,
Greece: investigation of smoking
contribution to indoor air concentrations, Environmental Monitoring and Assessment, 167,
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4. NREL Further development of
spillover based nanostructured
materials for hydrogen storage
(4/11/08-31/12/10), (E-1534)
5. FP7 STAR-TRANS Strategic Risk
Assessment and Contingency
Planning in Interconnected Transport Networks (FP7-225594)
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