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 Kutschera, W., 2005. The role of isotopes in environmental and climate studies, Nuclear Physics A, 645-648.
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Geodynamic Processes in the Earth’s Lithosphere and Mantle

More attention should be devoted to the pre-earthquake and volcanic eruption studies of 
geodynamic processes, especially on characteristics of fluids filling the fractures before the main 
shock and eruption. Uranium in groundwater has been tested as a potential indicator of pre-
earthquake processes as it may be associated with geodynamics of preparation phases of 
earthquakes. 

Another possible physical process during the pre- and post-phases of the earthquake could be 
investigated: the first stage seems to be characterized by U variations in groundwater that can 
modulate the radon concentration, the second one (after the main shock) do not show any U 
anomalies, justifying the different radon patterns before and after the main shock.
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Ulomov, V.I., Mavashev, B.Z., 1967. A precursor of a strong tectonic earthquake. Doklady Akademii Sciences SSSR, Earth Sciences Sections 
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Radium decay involves the release of the excess 
energy which is shared between the α particle 
which forms (98.1%), and the new radon atom

The emanating power of rocks is defined as the 
ratio between the amount of radon escaping 
from the solid matrix and that produced by 
radioactive decay

© United States Geological Survey
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•  Neutrino Physics (OPERA, BOREXINO, ICARUS, 
LVD, GERDA, CUORE,COBRA) 

•  Dark Matter (DAMA/LIBRA, WARP, XENON, CRESST) 

•  Nuclear Astrophysics (LUNA) 

•  Earth and Environmental Physics, 
Biology (ERMES, GIGS, PULEX2, CRIORAD) 

Researchers 2007= 297 (Italy) + 468 = 765 

Gran Sasso National Laboratory
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Plastino, W., Bella, F., 2001. Radon groundwater monitoring at underground laboratories of Gran Sasso(Italy). Geophysical Research Letters, 
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Plastino, W., 2006. Monitoring of geochemical and geophysical parameters in the Gran Sasso aquifer, Radionuclides in the Environment, 
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Geophys. J. Int. (2004) 158, 385–396 doi: 10.1111/j.1365-246X.2004.02290.x
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Diffusion in porous layers with memory

Michele Caputo1 and Wolfango Plastino2
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S U M M A R Y
The process of diffusion of fluid in porous media and biological membranes has usually been
modelled with Darcy’s constitutive equation, which states that the flux is proportional to the
pressure gradient. However, when the permeability of the matrix changes during the process,
solution of the equations governing the diffusion presents severe analytical difficulties because
the variation of permeability is not known a priori.

A diverse formulation of the constitutive law of diffusion is therefore needed and many
authors have studied this problem using various methods and solutions. In this paper Darcy’s
constitutive equation is modified with the introduction of a memory formalism. We have also
modified the second constitutive equation of diffusion which relates the density variations in
the fluid to the pressure, introducing rheology in the fluid represented by memory formalisms
operating on pressure variations as well as on density variations. The memory formalisms are
then specified as derivatives of fractional order, solving the problem in the case of a porous
layer when constant pressures are applied to its sides.

For technical reasons many studies of diffusion are devoted to the flux rather than to the
pressure; in this work we shall devote our attention to studying the pressure and compute the
Green’s function of the pressure in the layer when a constant pressure is applied to the boundary
(Case A) for which we have found closed-form formulae. The described problem has already
been considered for a half space (Caputo 2000); however, the results for a half space are mostly
qualitative since in most practical problems the diffusion occurs in layers.

The solution is also readily extended to the case when a periodic pressure is applied to one
of the boundary planes while on the other the pressure is constant (Case B) which mimics the
effect of the tides on sea coasts. In this case we have found a skin effect for the flux which limits
the flux to a surface layer whose thickness decreases with increasing frequency. Regarding the
effect of pressure due to tidal waters on the coast, it has been observed that when the medium
is sand and the fluid is water, for a sinusoidal pressure of 2 × 104 Pa and a period of 24 hr
at one of the boundaries and zero pressure at the other boundary, the flux is sinusoidal with
the same period and amplitude decaying exponentially with distance to become negligible at
a distance of a few hundred metres.

A brief discussion is given concerning the mode of determination of the parameters of
memory formalisms governing the diffusion using the observed pressure at several frequencies.
We shall also see that, as in the classic case of pure Darcy’s law behaviour, the equation
governing the flux resulting in the diffusion through porous media with memory is the same
as that governing the pressure.

Key words: Darcy, diffusion, filtering, flux, memory, porous media.
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Radon gamma-ray spectrometry with YAP:Ce scintillator

Wolfango Plastinoa,b,*, Pierino De Felicec, Francesco de Notaristefania,b
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Abstract

The detection properties of a YAP:Ce scintillator (YAlO3:Ce crystal) optically coupled to a Hamamatsu H5784
photomultiplier with standard bialkali photocathode have been analyzed. In particular, the application to radon and
radon-daughters gamma-ray spectrometry was investigated. The crystal response has been studied under severe extreme
conditions to simulate environments of geophysical interest, particularly those found in geothermal and volcanic areas.
Tests in water up to a temperature of 1001C and in acids solutions such as HCl (37%), H2SO4 (48%) and HNO3 (65%)
have been performed. The measurements with standard radon sources provided by the National Institute for Metrology
of Ionizing Radiations (ENEA) have emphasized the non-hygroscopic properties of the scintillator and a small
dependence of the light yield on temperature and HNO3. The data collected in this first step of our research have
pointed out that the YAP:Ce scintillator can allow high response stability for radon gamma-ray spectrometry in
environments with large temperature gradients and high acid concentrations. r 2002 Elsevier Science B.V. All rights
reserved.

PACS: 07.85.!m; 07.89.+b; 23.60.+e; 29.30.Kv; 29.40.Mc; 93.85.+q

Keywords: Radon; Radon daughters; Gamma-ray spectrometry; Geophysics; YAP:Ce

1. Introduction

The YAP:Ce monocrystal has been emphasized
as a good detector for gamma-ray spectrometry
[1,2]. The properties of YAP:Ce can be summar-
ized as follows [3–6]:

* high light output of 40–50% relative to NaI(Tl);
* density of 5.37 g/cm3;
* short decay time constant of 27 ns;

* average Z of 39;
* broad spectrum emission peaking at 370 nm;
* very good mechanical and chemical properties;

and
* light yield almost independent of the energy

deposited by gamma rays in the crystal and
negligible afterglow.

The properties of YAP:Ce monocrystal and
particularly its emission peak are well coupled with
the sensitivity curve of typical photomultipliers
and make this detector a useful tool for potential
applications in gamma-ray spectrometry in geo-
physical research.

*Corresponding author. Department of Physics, University
of Roma Tre, via della Vasca Navale 84, I-00146 Roma, Italy.
Tel.: +39-06-55177-277; fax: +39-06-5579-303.

E-mail address: plastino@fis.uniroma3.it (W. Plastino).

0168-9002/02/$ - see front matter r 2002 Elsevier Science B.V. All rights reserved.
PII: S 0 1 6 8 - 9 0 0 2 ( 0 2 ) 0 0 6 9 2 - 7
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Lavecchia, G. et al. 1999. Analisi delle relazioni tra sismicita` e strutture tettoniche in Umbria–Marche–Abruzzo finalizzata alla realizzazione 
della mappa delle zone sismogenetiche. Progetto 5.1.1 — PE 98 (CNR-GNDT): Mappa delle zone sismogenetiche e probabilita` degli 
eventi associati, http://emidius.itim.mi.cnr.it/GNDT/P511/UNI_CHI/rel990703.html
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Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy), Journal of Environmental 
Radioactivity, 101, 45-50.
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Plastino, W., et al. 2009. Environmental radioactivity in the ground water at the Gran Sasso National Laboratory (Italy): a possible  
contribution to the variation of the neutron flux background, Journal of Radioanalytical and Nuclear Chemistry, 282, 809-813.

Wulandari, H. et al., 2004. Neutron flux at the Gran Sasso 
underground laboratory revisited. Astroparticle Physics, doi:
10.1016/j.astropartphys.2004.07.005 
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Langmuir, Geoch. Cosmoch. Acta, 1978

© J. Eikenberg, Paul Scherrer Institute
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Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy), 
Journal of Environmental Radioactivity, 101, 45-50.

!

13th June 2011, Rome, Italy

Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security

http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728
http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728


Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy), Journal of Environmental 
Radioactivity, 101, 45-50.

!

13th June 2011, Rome, Italy

Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security

http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728
http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728


!"!!!#

!"$!!#

%"!!!#

%"$!!#

&"!!!#

&"$!!#

'"!!!#

!%()*+(!,# !&(-*.(!,# !'(/01(!,# !2(340(!,# !2(546(!7# !8(-9:(!7# !,()*+(!7# !7(-*.(!7# %!(/01(!7# %%(340(!7# %%(546(%!# %2(-9:(%!#

!
"#
$
%
&'
"(
)(
*"

+,-."

;%#
;'#
;'<=#
;2#

%"!!;>%$#

%"!!;>%?#

%"!!;>%8#

%"!!;>%,#

/.
,0
-
,1
"2
3-

.4
5"
#6
"-
*"

@AB#

-# C#

Plastino, W. et al., 2011. Uranium groundwater anomalies and active normal faulting, Journal of Radioanalytical and Nuclear Chemistry, 288, 
101-107.
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Plastino, W. et al., 2011. Uranium groundwater anomalies and active normal faulting, Journal of Radioanalytical and Nuclear Chemistry, 288, 
101-107.
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Hydrological Cycle and Water Resources

Development of an integrated view of the water resource management, bridging the evaluation of 
the water resources area with the study of the large and basin-scale hydrological cycle

Development of effective, internationally shared tools for public and private institutions for the 
correct management of the water resources as well as for planning future development

Development of set of standards for the collection, evaluation, storage and interpretation of the 
hydro-meteorological data, with particular regard to extreme events of great potential impact on the 
welfare of the population and on the state of the environment
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[..] Il corpo della Terra, a similitudine de’ corpi de li animali, è tessuto di ramificazione di vene, le quali son tutte insieme congiunte, e son 
costituite a nutrimento e vivificazione d’essa Terra e de’ suoi creati, e si partano dalle profondità del mare, e a quelle dopo molta revoluzione, 
ànno a tornare per li fiumi creati dalle altre rotture d’esse vene. [..] (Leonardo Da Vinci, 1508 -1510)
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27th May 2010, La Biodola-Isola d’Elba, Italy

Incontri di Fisica Applicata

Radiocarbon

© IAEA

!

13th June 2011, Rome, Italy

Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security

http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728
http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728


Tritium
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...the best result around the World!
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Most of the major floodings occurred in central-eastern Europe are due to a typical Mediterranean 
meteorological pattern, the Genoa cyclone 
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Oceanographic Processes in the Benthic Boundary Layer

The Benthic Boundary Layer is the dynamic interface between litosphere (seafloor) and ocean 
(seawater) where many physical, geochemical and biological processes occur playing an important 
role in environmental global change

Geohazards, carbon cycle, heat flow, life generation, climatic oceanography, are only some examples 
of local or global processes whose comprehension is today limited

Earthquakes produce short-term effects (landslides and tsunamis) that threaten the lives and 
economy of coastal communities, while outgassing  of greenhouse gases impact long-term global 
climates
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Plastino, W. et al., 2004, The Benthic Boundary Layer, IAEA

Key point:!
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Sketch of the oscillating water mass interface in the BBL.  EOW: Eastern Overflow 
Water; WW: Western Water; bnl: benthic nepheloyd layer ; inl: intermediate nepheloyd layer. 
GEOSTAR detected WW for most of the time and events of EOW cascading, as suggested by T/S 
peaks, lower gas and  radiogenic helium contents and lower radionuclide activities 

Plastino, W. et al., 2004, The Benthic Boundary Layer, IAEA
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Atmospheric Transport Modeling

Lagrangian particle models compute trajectories of a large number of so-called particles to describe 
the transport and diffusion of tracers in the atmosphere

The models simulate the long-range and mesoscale transport diffusion, dry and wet deposition, and 
radioactive decay of tracers released from point, line, area and volume sources

The models can be used backward in time to determine the potential source contributions for given 
receptors, or forward in time to simulate the dispersion of tracers from their sources 

The most suitable resolution of the input data is equivalent to the characteristic scales in space and 
time (scale: typical orders of magnitude) considered to be relevant for the ATM output
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Figure XXVI. Number of tests and fission yields for different atmospheric layers for each nuclear test site

(a) Number of tests at each test site

(b) Fission yield at each test site
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Test site Number of tests Yield (Mt) Partitioned fission yield (Mt)

Fission Fusion Total Local and regional Troposphere Stratosphere

Former Soviet Union

Semipalatinsk 116 3.74 2.85 6.59 0.097 1.23 2.41

Novaya Zemlya 91 80.8 158.8 239.6 0.036 2.93 77.8

Totsk, Aralsk 2 0.04 0 0.04 0.000 15 0.037 0.003

Kapustin Yar 10 0.68 0.3 0.98 0 0.078 0.61

Total 219 85.3 162 247.2 0.13 4.28 80.8

All countries

Total 502 189 251 440 29 15 145

Table 33. Number and total yield of weapons tests and other events by country [B16, U3]

Type United
States

Former 
Soviet Union

United 
Kingdom

France China India Pakistan Democratic 
People’s 

Republic of 
Korea

Total

Atmospheric nuclear tests

Airburst 13 8 9 0 0 0 0 0 30

Air drop 52 174 1 3 16 0 0 0 246

Balloon 24 0 1 34 0 0 0 0 59

Tower/surface 66 34 10 4 6 0 0 0 120

Barge 35 0 0 4 0 0 0 0 39

Underwater 5 3 0 0 0 0 0 0 8

Total 195 219 21 45 22 0 0 0 502

Fission (Mt) 82 85 4 6 12 0 0 0 189

Fusion (Mt) 72 162 4 4 9 0 0 0 251

Underground nuclear tests

Number of tests 908 750 24 160 22 6 6 1 1 877

Yield (Mt) 46 38 2 3 1    90

Total atmospheric and underground tests

Number of tests 1 103 969 45 205 44 6 6 1 2 379

Yield (Mt) 200 285 10 13 22    530

Other events with nuclear weapons

Safety trials 22 0 12 5 0 0 0 0 39

Operational 2 0 0 0 0 0 0 0 2
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During fission of uranium or plutonium in a nuclear reactor, thermal (slow) neutrons are used, 
whereas during a nuclear explosion the fission is induced by fast neutrons. The full fission 
sequence in a device is finished within a microsecond.

There is little time for complex activation build-up in a nuclear explosion, whereas there is 
sufficient time for production of many activation products in a nuclear reactor

These differences produce different radionuclide abundances. Since a nuclear blast produces 
different radionuclide abundances, nuclide ratios may be used for source identification
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Fission yield in % for several nuclear explosion relevant nuclides
(Fission yield is a function of the fissioning nuclide and the incident neutron energy)

Fission induced by high 
energy neutrons (14.7 MeV)Fission induced by thermal 

(fission spectrum) neutrons
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Cumulative fission yields in % for six fission modes relevant to nuclear explosions, induced by 
fission spectrum neutrons (f) and high energy neutrons (14.7 MeV) (he)

133Xe has high production rates and a not too short half-life. Therefore this xenon isotope is the 
one most observed in environmental samples

Fission Product! Half-life! Time unit! 235Uf!
235Uhe!

238Uf!
238Uhe!

239Puf!
239Puhe!

131mXe! 11.934! d! 0.05! 0.06! 0.05! 0.06! 0.05! 0.07!
133mXe! 2.19! d! 0.19! 0.29! 0.19! 0.18! 0.24! 0.42!
133Xe! 5.243! d! 6.72! 5.53! 6.76! 6.02! 6.97! 4.86!
135Xe! 9.14! h! 6.6! 5.67! 6.97! 5.84! 7.54! 6.18!
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Atmospheric Nuclear Tests

- Infrasonic  waves

- Radionuclides: particulates & gases

- Possible seismic/hydro-acoustic 
coupling

- Noise sources: natural and cultural 
background, meteors, volcanoes, 
weather, air/spacecraft

Underground Nuclear Tests

- Seismic  waves

- Radionuclides: vented gases

- Possible hydro-acoustic/infra-sound 
coupling

- Noise sources: natural and cultural 
background, earthquakes, volcanoes, 
chemical explosions 

Underwater Nuclear Tests

- Hydroacoustic waves

- Radionuclides: vented gases

- Possible seismic/infra-sound coupling

- Noise sources: natural and cultural 
background, earthquakes, volcanoes, 
chemical explosions, whales
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Yellowknife 
(CAX16) 

Chalk River 
Laboratory 

DPRK 

Field of Regard for the 21 October sample in Yellowknife referring to a ground level atmospheric 
injection of 133Xe between 00 and 03 UTC on 9 October, 2006

The scale gives the dilution factor such that an emission of 1015 Bq in for example a green-blue 
area is consistent with a detection in Yellowknife of 0.1 – 1 mBq/m3.

This shows that Yellowknife is very sensitive towards East Asia including the DPRK, but not 
towards a potential alternate 133Xe source, the Chalk River Laboratory in Ontario, Canada
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Radioxenon Time Series and Meteorological Pattern Analysis for CTBT Event Categorisation

WOLFANGO PLASTINO,1,2 ROMANO PLENTEDA,3 GEORGE AZZARI,1 ANDREAS BECKER,3 PAUL R. J. SAEY,3

and GERHARD WOTAWA
3

Abstract—Understanding radioxenon time series and being

able to distinguish anthropogenic from nuclear explosion signals
are fundamental issues for the technical verification of the Com-

prehensive Nuclear-Test-Ban Treaty. Every radioxenon event

categorisation methodology must take into account the background

at each monitoring site to uncover anomalies that may be related to
nuclear explosions. Feedback induced by local meteorological

patterns on the equipment and on the sampling procedures has been

included in the analysis to improve a possible event categorisation
scheme. The occurrence probability of radioxenon outliers has been

estimated with a time series approach characterising and avoiding

the influence of local meteorological patterns. A power spectrum

estimator for radioxenon and meteorological time series was
selected; the randomness of the radioxenon residual time series has

been tested for white noise by Kolmogorov–Smirnov and Ljung–

Box tests. This methodological approach was applied to radioxenon

data collected at two monitoring sites located at St. John’s, Canada
and Charlottesville, USA, equipped with two different noble gas

systems. It shows different feedback with local meteorological

patterns and randomness for the radioxenon data recorded at the

selected sites of St. John’s and Charlottesville as well as a different
occurrence probability of the outliers in the normalized radioxenon

original and residual time series.

Key words: Radioxenon, Time Series, CTBT

event categorisation.

1. Introduction

The International Monitoring System (IMS) is a

verification component of the Comprehensive

Nuclear-Test-Ban Treaty (CTBT). It includes, beside

three-waveform technologies (seismic, hydro-acoustic

and infrasound), two radionuclide technologies: glo-

bal monitoring of radioactive aerosols and of

radioactive noble gases. Atmospheric transport mod-

elling is part of the system to establish a source geo-

location capability.

The knowledge of the activity concentration and

isotopic composition of radioactive noble gases in the

atmosphere indicates the nuclear processes governing

their formation. Furthermore, by use of atmospheric

transport modelling (ATM), knowledge of possible

source characteristics, points of origination and

potential contamination from other sources in the

area of the sampling point can be established.

The noble gas-monitoring technology is a funda-

mental and highly sensitive technique for the

detection of nuclear explosions (PERKINS and CASEY,

1996; BOWYER et al., 2002; SAEY and DE GEER, 2005;

SAEY, 2007). It is the only technique, together with

radionuclide particulate monitoring, that has the

potential to provide unambiguous proof as to whether

an explosion was nuclear or not (DE GEER, 1996;

SCHULZE et al., 2000).
In this framework, the International Noble Gas

Experiment (INGE) of the Provisional Technical

Secretariat (PTS) for the CTBT Organization

(CTBTO) was established to develop and test suitable

radioxenon monitoring systems (AUER et al., 2004;
SAEY and DE GEER, 2005; SAEY et al., 2007). In order

to ensure the quality and accuracy of the IMS noble

gas measurement capabilities, it is of eminent

importance to characterise the noble gas background

(BOWYER et al., 1997; WEISS et al., 1997; IGARASHI
et al., 2000; STOCKI et al., 2005; KALINOWSKI and

PISTNER, 2006; SAEY et al., 2006; KALINOWSKI et al.,
2008; SAEY, 2009). It is important for the assessment
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! 2009 Birkhäuser Verlag, Basel/Switzerland

DOI 10.1007/s00024-009-0030-3 Pure and Applied Geophysics

!

13th June 2011, Rome, Italy

Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security

http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728
http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728


!

13th June 2011, Rome, Italy

Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security

© UNSCEAR

394 UNSCEAR 2008 REPORT: VOLUME I 

Figure XXIII. Normalized noble gas releases for different periods and types of reactor

Figure XXIV. Number of nuclear fuel transports in Germany, including irradiated and  non-irradiated fuel and waste, by road, 
rail, sea and air [B48]
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Abstract - As a consequence of the accident at the Fukushima 
Dai-ichi nuclear power plant on March 2011, it is important to 
characterize radioactivity release into the environment. 
Several isotopes, amongst others caesium-137 and iodine-131, 
are monitored at multiple stations throughout the world by the 
International Monitoring System of the Comprehensive 
Nuclear Test Ban Treaty Organization. In this paper it is 
demonstrated how a worst case estimation of the radioactive 
release would contribute to the IMS signal. The sensitivity 
between source and receptor was determined using the 
Atmospheric Transport Modeling (ATM), running on the 
GRID computing facility of the Italian National Institute of 
Nuclear Physics (INFN) - Roma Tre. The simulations were 
compared with actual measurements.  
 
Keywords-atmospheric transport modeling; caesium; iodine; 
nuclear power plant. 
 

I. INTRODUCTION 

   The 2011 T!hoku earthquake and tsunami caused severe 
damage to Japanese infrastructure. Especially the 
Fukushima Dai-ichi nuclear power plant (NPP) has been 
presented in the media as a threat not only to its local 
environment, but also as an impact to the global ecosystem. 
Therefore, more information on the radioactive emissions 
has to be gathered, but it is a difficult task to determine the 
actual release of radioactive material. The isotopes caesium-
137 and iodine-131 play a significant role here, since both 
are solely anthropogenic and usually only produced during 
nuclear weapon tests and nuclear accidents.  

   The Comprehensive Nuclear Test Ban Treaty 
Organization (CTBTO) has built up an International 
Monitoring System (IMS), including 80 stations to measure 
the atmospheric radioactivity. From these daily sampling 
activities the radioactive concentration (Bq/m3) of caesium-
137 and iodine-131 at the monitoring stations can be 
determined. Compared with other stations in the IMS 
network the station JPP38 in the city of Gunma, Japan, has 
continuously measured the highest concentration of both 
isotopes. As a second station for comparison USP79 on 
Hawaii, USA, has been selected.  

   Then Atmospheric Transport Modeling (ATM) can be 
used to estimate the radioactive source term at the 
Fukushima Dai-ichi NPP (37.42 N, 141.03 E) that is 
supposed to be mainly responsible for the signal received at 
the stations JPP38 in Gunma (36.31 N, 139.00 E) and 
USP79 (21.52 N, 157.99 W). The station JPP38 is in the 
southwest of Fukushima and with a distance of about 250 
km it is also the closest IMS station to the assumed source, 
and therefore the majority of the atmospheric transport can 
be assumed to be over land. The second station, USP79, on 
the other hand, has a distance of 6,200 km to the assumed 
source, while the transport is mainly over the sea. 

II. BACKGROUND 

A. Atmospheric Transport Modeling 

   The relation between a source, which emits particles into 
the atmosphere, and the concentration at a receptor can be 
explained with a source-receptor sensitivity matrix. The 
concentration c (Bq/m3) at any given receptor can be 
expressed as the product of a spatio-temporal source field S 
(Bq) and a corresponding source-receptor sensitivity field M 
(m-3) at discrete locations (i,j) and time intervals n: 

 
! ! !!"#!!"# .   (1) 

 

   The field S is a multidimensional array of sources, which 
is transformed by the multidimensional array of 
multiplicators M into the concentration c that is measured at 
the receptor [1]. Here M presents the sensitivity between 
source and receptor and has the dimension of m-3, whereas 
the inverse element of M can be depicted as a dilution 
volume. Atmospheric Transport Modeling has been proven 
to be a valid tool for determining Source-Receptor 
Sensitivity (SRS) matrices. However, while the underlying 
calculations are naturally three-dimensional, the SRS matrix 
M is only two-dimensional. The calculations in this work 
have been accomplished by using the Lagrangian type 
model Flexpart [2]. Also the CTBTO has utilized ATM to 
monitor emissions from nuclear weapon tests by using 
Flexpart [1]. Flexpart is capable of doing forward as well as 

backward modeling, where both methods have advantages 
and disadvantages. Both, source and receptor locations, are 
known in the case of the Fukushima Dai-ichi accident in 
March 2011 and the IMS measurements at the stations 
JPP38 and USP79. Forward modeling is usually more 
efficient when the number of known sources is limited and 
the receptors are undefined. Backward modeling is usually 
more efficient when the number of receptors is limited and 
the sources are unknown. However, both possibilities can be 
used in this case to determine the sensitivity between source 
and receptor. In the frame of the presented results Flexpart 
has been used in the backward mode.  

   B. Parallel computing 

   In context with this research it is desirable to run multiple 
Flexpart jobs in order to calculate SRS fields for a number 
of different sources and receptors. Since the Flexpart source 
code is highly linear it is not efficient to parallelize it. 
Nevertheless, a user-defined number of Flexpart runs, 
normally carried out in series, can be sent as a job to a 
cluster (or grid) computer for parallel execution. Flexpart 
has been ported to a local cluster computer at the Grid Lab 
of INFN and Department of Physics of University of Roma 
Tre (Rome, Italy) in order to be able to do multiple parallel 
runs with minimum time delay [3]. The porting on the Grid 
Infrastructure is in progress and will allow running the 
program on the geographically distributed nodes of the 
EUMEDGRID-Support Grid Infrastructure. 

   As mentioned, the isotopes caesium-137 and iodine-131 
play an important role for the estimation of the Fukushima 
Dai-ichi source term. The measurements of both isotopes at 

the IMS stations JPP38 and USP79 have been published on 
the website of the German Federal Office for Radiation 
Protection [4]. In this work the concentration measurements 
from 15 March 2011 until 16 April 2011 are presented and 
used as a basis for the following comparison with the 
Flexpart simulations of this worst case scenario estimation. 

III. RESULTS AND DISCUSSION 

   The situation at the damaged reactors of the Fukushima 
Dai-ichi power plant is difficult to assess directly. 
Therefore, a worst case estimation of the source term is used 
as input data. The presented simulations assume the whole 
NPP as one single source, which releases radioactive 
particles in form of caesium-137 and iodine-131 as follows:  

1. From 12 March 2011 - the day of the first explosion in 
a reactor building, a continuous emission of 1019 
Bq/day per isotope has been assumed. This is a 
simplifying assumption that does not take into account 
the temporal variation caused by the fact that the 
number of damaged nuclear facilities increased during 
the first week. Three units and possibly a fuel storage 
pool have been damaged with different delays [5]. 
However, this estimated release is probably higher than 
a real situation at NPP.  

2. Before 12 March 2011 - it has been estimated that no 
radioactive release took place. This assumption is 
significant, since releases prior to the first measurement 
could contribute through longer atmospheric 
trajectories to the measurement signal. 

   The sensitivities between the source and the receptor are 

!
Figure 3: Comparison of concentration measurement and simulation of 
caesium-137 at IMS station USP79.!

!!!!
Figure 4: Comparison of concentration measurement and simulation of 
iodine-131 at IMS station USP79. 

Figure 1: Comparison of concentration measurement and simulation of 
caesium-137 at IMS station JPP38. 

!
Figure 2: Comparison of concentration measurement and simulation of 
iodine-131 at IMS station JPP38. 

calculated, including overlapping contributions from 
different time intervals. For the meteorological data a 
resolution of 1°x1° in terms of longitude and latitude has 
been used. The Flexpart simulation includes radioactive 
decay for both isotopes, i.e. a half-life of 30.17 years for 
caesium-137, and 8.02 days for iodine-131. It does not 
include any isotope-specific wet deposition in the 
atmosphere. Finally the results are summed up for each day 
and compared to the IMS signal. In Fig. 1 and 2 (Fig. 3 and 
4) the results for caesium-137 and iodine-131 are presented 
and compared to the actual measurement at the IMS station 
JPP38 (station USP79). It is seen that the simulation depicts 
the common characteristics of the IMS signal. 

   Nevertheless, the concentrations time series is highly 
dependent not only from the source term, but also from the 
atmospheric conditions, e.g. wind direction, rain, vertical 
movement of air masses etc. Therefore, similar 
characteristics of both signals, i.e. local maxima and 
minima, can be explained with corresponding 
meteorological effects; whereas, differences in the 
characteristics are rather caused by a time dependent source 
term. However, for the station JPP38 the simulated signal is 
generally higher than the measured concentration, but also 
gives estimations in the right order of magnitude. At the 
USP79 station the simulation is also higher than the 
measurement, but in fact constantly by four to six orders of 
magnitude. 

   Noted reasons for the difference are gathered in order to 
improve the estimation: 

- due to the limited resolution of meteorological data 
it is clear that ATM cannot fully simulate the 
global atmosphere and produce straight forward 
results. Absolute calculations involving ATM 
usually have an uncertainty of one order of 
magnitude. It has also been discussed in recent 
literature [6] that local atmospheric patterns that 
are not resolved by the simulation can lead to 
altered signals; 

- the conducted simulations have been done without 
an isotope-specific consideration of wet deposition 
in the atmosphere. Due to repeated rainfall in the 
regarded area and the regarded period a certain 
fraction of the radioactive particles has been 
washed out and not been sampled by the IMS 
station. It has been estimated by the author of [1] 
that for the JPP38 station this can lead to a signal 
lowered by about one order of magnitude, which 
would result in a one order of magnitude higher 
estimation of the source term. For longer 
trajectories, like for the USP79 station, the effect is 
naturally increasing; 

- the basic assumption for the analysis has been a 
continuous and constant emission of 1019 Bq/day, 
whereas the real source term can be imagined to be 
strongly time dependent due to the course of events 
at the NPP site [5]. The increasing numbers of 
damaged/emitting reactors and storage pools, the 
explosions, and the cooling attempts have most 
certainly produced a time dependent source term. 

   As a final point of the discussion a scaling factor is 
introduced for both isotopes. It simply expresses the ratio of 
the signal measurement to the signal simulation. A value of 
one would mean that the signal has been estimated 
correctly, a value smaller (higher) than one would signify 
that the simulation has produced a higher (smaller) signal. 
However, this factor cannot be used as the correction factor 
for the source term, i.e. it is not equal to the ratio of the real 
source term to the estimated source term. This is not the 
case due to the possibility of atmospheric trajectories from 
different source times can reach the detector at the same 
day, and vice versa. The scaling factors for both isotopes 
and both stations are presented in Fig. 5 and 6. For the 
JPP38 station the scaling factor of iodine-131 is generally 
higher than of caesium-137; up to two orders of magnitude 
are observed, while the calculated point-to-point average 
suggests the factor two for the iodine-131 source term over 
the caesium-137. For the USP79 station caesium-137 has a 
generally higher scaling factor, which would lead to an 
estimation of a stronger caesium-137 source term. However, 
the missing wet deposition in the simulation makes the 
estimation less reliable.  

   It is also noticeable, that the scaling factors show a time 
dependent behavior: for the JPP38 station three time periods 
can be distinguished, denoted A, B and C in Fig.5. The 
period A shows a scattering of both scaling factors, while B 
(and C) shows elevated (and lowered) clustering. For the 

Figure 5: Scaling factors at JPP38 for caesium-137 and iodine-131, 
i.e. the ratios of experimental measurement and Flexpart simulation.!

!
Figure 6: Scaling factors at USP79 for caesium-137 and iodine-131, 
i.e. the ratios of experimental measurement and Flexpart simulation. 
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Conclusions

….. there are a lot of demands impossible to solve using an 
unilateral approach

The synergy solves a lot of complex problems in theoretical 
and experimental Physics……although it can produces a lot of 
more complex numerical problems…..it is a beatiful way to 
realize a cooperative approach in order to increase 
communications and cooperations between scientific 
communities
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