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The Fukushima releases: an inverse modelling approach to assess the source term by
ing gamma dose rate observations.

Olivier Sauniet, Anne Mathied, Damien DIDIER*, Marilyne Tombetté, Denis Queld, Victor Winiarek’, Marc Boquet

Hnstitut de Radioprotection et de Surete Nucleaire (IRSN)gntre d’Enseignement et de Recherche en Environnement Atmo-
spherique (CEREA)3Institut National de Recherche en Informatique et Automatique (INRIA).

A few hour after the earthquake struck the Japan on March 11, the Technical Crisis Centre of the Institut de Radioprotectior
et de Surete Nucleaire (IRSN), was fully activated, 24/7 for the next 4 weeks to give its expertise to the French government an
to the French embassy in Tokyo.

From this experience, lots of difficulties were highlighted. Our consequences assessment capabilities had been limited by ut
certainties coming from source term assessment, meteorological data and, on smaller scale, dispersion model.

Since then, the institute has been working on improving its assessment of the atmospheric release and environmental contar
nation (Mathieu et al., 2012, Korsakissok I. et al, 2013). One of the largest sources of error is the source term estimation includin
the time evolution of the release rate and its distribution between radioisotopes. Inverse modelling methods have proved to be eff
cient to assess the source term due to accidental situation (Gudiksen, 1989, Krysta and Bocquet, 2007, Stohl et al 2011, Winiar:
et al 2012). Most existing approaches are designed to use air sampling measurements (Winiarek et al, 2012) and some of the
use also deposition measurements (Stohl et al, 2012, Winiarek et al, 2013). During the Fukushima accident, such measureme
are far less numerous and not as well distributed within Japan than the dose rate measurements. To efficiently document tl
evolution of the contamination, gamma dose rate measurements were numerous, well distributed within Japan and they offere
a high temporal frequency. However, dose rate data results from all the gamma emitters present on the ground and in the atm
sphere. A specific methodology based on invert modelling has been developed to operate efficiently dose rate data. Applied |
the Fukushima case, the emissions for the 8 main isotopes Xe-133, Cs-134, Cs-136, Cs-137, Ba-137m, 1-131, 1-132 and Te-1:
have been assessed automatically without case specific assumption or guess source term. The Daiichi power plant releases ev
were well identified and the atmospheric dispersion of the retrieved source term shows a good agreement with environment:
observations. The most important outcome of this study is that the method is perfectly suited to crisis management and wil
improve our diagnosis capabilities in case of a nuclear accident.

Keywords: Inverse modelling, Fukushima, gamma dose rate data, atmospheric dispersion
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Numerical simulation of I-131 concentration emitted from FDNPP using regional model
Masayuki Takigaw&', Haruo Tsuruta
1Japan Agency for Marine-Earth Science and Technol&4@RI, Univ. of Tokyo

Huge amount of radiunuclides has been emitted from the Fukushima Daiichi NPP after the 2011 Tohoku earthquake, but th
spacio-temporal variation of atmospheric lodine-131 is still uncertain. lodine-131 is quite important radionuclides especially for
the inhalation, so the reproduction of its spacio-temporal variation is quite useful. For this purpose, we have conducted numerice
simulation of lodine-131 using a regional chemical transport model WRF/Chem which is slightly modified to treat radionuclides’
transport, dispersion, and deposition. The emission scenario is taken from the estimation of Chino and Katata. The results shov
that the spacial distribution of accumulated concentration of lodine-131 at the lowest layer of the model is quite different from
that of accumulated deposition. The difference seems to be caused by the effect of precipitation, which is quite important removze
process from the atmosphere.

Keywords: radionuclides, atmospheric chemistry, material transport, chemical transport model
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JMA's regional ATM calculations for the WMO Task Team on the meteorological analy-
ses for Fukushima Daiichi NPP accident

Kazuo Saitd*, Toshiki Shimbori, Roland Draxlet
I'Meteorological Research InstitufNOAA Air Resources Laboratory

The World Meteorological Organization (WMO) convened a small technical task team of experts to produce a set of mete-
orological analyses that would be used to drive atmospheric transport, dispersion and deposition models (ATMs) for the UN
Scientific Committee on the Effects of Atomic Radiation’s (UNSCEAR) assessment of the Fukushima Daiichi Nuclear Power
Plant accident. The primary aim of the group is to examine how the use of meteorological analyses could improve the ATM
calculations.

The Japan Meteorological Agency'’s regional ATM (JMA RATM) for radionuclides has been developed at the Meteorologi-
cal Research Institute (MRI), based on the JMA mesoscale tracer transport model for the predictions of oxidant concentratio
and volcanic ash. The RATM shares its horizontal and vertical grid configurations with the JMA operational nonhydrostatic
mesoscale model (NHM) and the JMA operational mesoscale 4D-VAR analysis. With reference to the JMA's global environ-
mental emergency response model, dry deposition, wet scavenging, and gravitational sedimentation for light particles have be
revised.

Preliminary and revised calculations of the JMA RATM were conducted according to the task team’s agreed standard with
a horizontal resolution of 5 km using a unit source emission rate. The simulations were conducted for the period 11 througt
31 March 2011. The mesoscale analysis data of JIMA were used to drive the ATM, while the JMA's radar/rain gauge-analyzec
precipitation data were employed to evaluate the wet scavenging.

Several modifications were made to the JMA RATM. Results of the RATM calculation were verified against the observed
Cs-137 deposition pattern and the air concentration time series. The performance of the ATM was significantly improved by the
revisions, especially for the Cs-137 deposition.

Keywords: Fukushima Daiichi NPP, Meteorological analyses, WMO Task Team, regional ATM
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Diamond-NICAM-SPRINTARS: simulations on the Fukushima radiation transport

Uchida Juny&*
the University of Tokyo, Atmosphere and Ocean Research Institute

A Development of Seamless Chemical AssimiLation System and its Application for Atmospheric Environmental Materials
(SALSA) project is focused on creating a regional (local) scale assimilation system that can accurately recreate and predict
transport of carbon dioxide and other air pollutants. In this study, a regional model of the next generation global cloud-resolving
model NICAM (Non-hydrostatic ICosahedral Atmospheric Model) (Tomita and Satoh, 2004) is developed, which is called a
Diamond-NICAM, and ran together with a transport model SPRINTARS (Spectral Radiation Transport Model for Aerosol
Species) (Takemura et al, 2000) to simulate aerosols across urban cities (over a Kanto region including metropolitan Tokyo)
This enables us to see the effects of warming, pollutants and urbanization to the change in a local climate.

However, for this presentation, we will shift the focus to simulations on the Fukushima radiation transport, recreating a map of
radiation spread by analyzing a sulfate transport on the same models(Fig.1). What we are hoping to achieve here is to verify &
accuracy of running a finer resolution Diamond-NICAM-SPRINTARS model on transporting an aerosols, as the model is rather
new and has not been tested in such occasion. Also, looking at a use of sulfate transport when simulating a radiation transpc
will be mentioned.

Finally, we will look at and compare a difference between Diamond-NICAM-SPRINTARS and global NICAM-SPRINTARS,
and discuss advantages and shortcomings of the models, especially on the accuracy and the time constraints when a finer rest
tion is applied; also effects of boundary conditions in a regional model is discussed.

Keywords: Diamond-NICAM, Regional model simulations
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The time series analysis of the radionuclide emissions from Fukushima Daiichi nucleal
power plant by inverse model

Takashi Makl*, Taichu Tanakh Mizuo Kajino', Thomas Sekiyanma Yasuhito Igarashi Masao Mikami
I'Meteorological Research Institute

The accident of the Fukushima Daiichi nuclear power plant that occurred in March 2011 emitted a large amount of radionu-
clide. The important feature of this accident was that the source position was evidently clear, however, time and vertical emissiol
variations were unknown (in this case, it was also known that the height of emission was not so high in altitude). In such a case
the technique of inverse model was a powerful tool to gain answers to questions; high resolution and more precise analysis &
using prior emission information with relatively low computational cost are expected to be obtainable. Tagged simulation results
by global aerosol model named MASINGAR (Tanaka et al., 2005) were used; the horizontal resolution was TL319 (about 60
km). Tagged tracers (Cs137) from lowest model layer (surface to 100m) were released every three hours with 1Tg/hr which acct
mulated daily mean. 50 sites’ daily observation data in the world (CTBTO, Ro5, Berkeley, Hoffmann and Taiwan) were collected.
The analysis period was 40 days, from 11 March to 19 April. We tested two prior emissions information. The first information
was JAEA posterior emission (Chino et al., 2011) and the second was NILU prior emission (not posterior) (Stohl et al., 2012) as
our observation data were almost similar to their study. Due to consideration for observation error and space representation erre
the observation error was set as 20%. Several sensitivity tests were examined by changing prior emission flux uncertainties. £
a result, the prior flux error was set to 100% and JAEA posterior emission flux is used for our analysis. The Cs137 estimatec
the total emission amount from 11 March to 19 April as 18.5PBq with the uncertainty of 3.6PBq. Moreover, the maximum radio
nuclei emission occurred during 15 March, which was larger than JAEA prior information. The results of this study are available
for modification of many processes of aerosol transport models. In the future, the combination of regional chemistry transpor
model and higher time resolution observation data in order to obtain robust emission time series of radionuclide is being plannec

Keywords: Fukushima Daiichi Nuclear Power Plant, Radionuclide, Radionuclide Emissions, Inverse model, Global aerosol
model
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Size distributions of airborne radionuclides derived from the Fukushima nuclear acciden
at several places in Europe

Olivier Masson*, Wolfgang Ringet, Helena Mal3, Petr Rulik, Magdalena Dlugosz-Lisiecka

I'Nuclear Safety and Radioprotection Institute IRSNustrian Agency for Health and Food Safety AGESIational Radiation
Protection Institute (NRPI-SURO}|nstitute of Applied Radiation Chemistry

Segregation and radioactive level analysis of aerosols according to their aerodynamic size were performed in France, Austri
Czech Republic, and Poland after the arrival of contaminated air masses following the nuclear accident at the Fukushima Daiicl
nuclear power plant (FDNPP). Sampling was performed from 23rd of March to 23th of April 2011. Whatever the location, the
higher activity levels correspond to the finest particle fraction available through Andersen impactors or high volume impactors.
As a general pattern, the highest contributions to the 137Cs and 134Cs ambient activity level were supported by the finest siz
range investigated (aerodynamic diamete®.49 micrometre). The Activity Median Aerodynamic Diameter (AMAD) ranged
from 0.27 to 0.71 micrometre and an average of 0.45 micrometre for cesium isotopes whereas lower values were obtained ft
1311 (0.4 micrometre on average). In addition, geometric standard deviation appears to be larger for iodine than for cesiun
isotopes; probably as a result of gaseous transfer onto ambient particles of all sizes during transport. Contribution from resu:
pension of formerly deposited 137Cs was assessed for the coarse particle fractions. AMAD values obtained for natural occurrin
radionuclides such as 7Be and 210Pb ranged from 0.4 to 0.5 micrometre; and 0.3 to 0.4 micrometre, respectively. Larger AMAL
values were obtained for 234Th (3.3 micrometre) and 228Ac (3.6 micrometre), both radionuclides coming from the resuspensiol
of coarse particles induced by wind erosion of soil surfaces. For the Fukushima-derived fission products, highest weighted ac
tivity levels were not found onto the finest particles .49 micrometre) but in the upper size fraction [0.49 ? 0.95 micrometre]
with specific activity levels of about 22 Bg/g for 1311 and around 5 Bg/g for both cesium isotopes. This study also provides a
spatial and temporal analysis at the European scale of AMAD values of anthropogenic radionuclides found at significant level
(134Cs, 137Cs, 131I) as well as for radionuclides of natural origin (7Be). 137Cs and 134Cs AMAD values at the European scal
show spatial homogeneity whereas they gradually decrease from the arrival date to the end of the studied period. This pattern
also observed for 7Be but with a less pronounced decrease. A specific time trend can be noticed for particulate 1311 (see fig.
Increasing 1311 AMAD values can support the idea of a progressive transfer of gaseous iodine onto ambient aerosols as propos
by Uematsu et al (1988) after the Chernobyl accident or also recently suggested by Mala & Rulik (2013) or Dlugosz-Lisiecka &
Bem (2012) after the FDNPP accident.

Figure: Time variation of the AMAD value of Fukushima-labelled aerosols (134Cs, 137Cs, 1311 and 7Be) in Europe after the
arrival of the contaminated air masses (mean values from several sampling sites in Europe).

References:

- Dlugosz-Lisiecka M., Bem H., 2012. J. Environ. Monit., 2012, 14, 1483.
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The effect of possible time shift of emission from FINPP on spatial deposition pattern of
137Cs

Hiroaki Kondd*
INational Institute of Advanced Industrial Science and Technology

Spatial deposition patterns of 137Cs in east Japan hind-casted by some numerical models so far reported are not always agre
with the monitoring results by the MEXT. There are many unknown processes from the release of radionuclides at the powe
plant to deposition in the field. In this paper, the source emission estimated by Chino et al. (2011) and by Katata et al. (2012
are shifted at most two hours before and after from the original emission data and results are discussed. The used numeric
model is AIST-MM (Kondo et al., 2001), which is a hydrostatic dry-model. The precipitation intensity was introduced with
radar-AMeDAS analysis; however, it was not well calibrated due to the destruction of in-situ stations by the earthquake.

The calculated results suggested the earlier release of huge amount of radionuclides in the morning on 15th gave better resul

Reference
Chino, M. et al. 2011, J. Nuclear Sci. Tech., 48, 1129-1134.

Katata, G. et al., 2012, J. Environ. Radioactivity, 109, 103-113.
Kondo, H. et al., 2001, J. Meteor. Soc. Japan, 79, 11-21.
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Evaluation of radioactivity resuspension by mineral dust particles from ground surface
using a 1-D vertical model

Masabhide Ishizuks, Masao Mikamt, Taichu Tanak® Yasuhito IgarasRi
IKagawa University?Meteorological Research Institute

Radioactive materials released into the atmosphere by the Fukushima Daiichi Nuclear Power Plant Accident on March 201
deposited onto various areas such as forest, paddy fields, and so on. The secondary emission of the radioactive materials by strt
winds is not elucidated scientifically. This study focuses on the resuspension of the radioactive materials that had adsorbed wif
mineral dusts from the ground surface, and evaluates the atmospheric radioactivity concentration due to the re-suspended mine
aerosols at the school ground, where was heavily contaminated by the accident, using a 1-D vertical model. The model evaluatic
was conducted under different soil textures such as sand, loamy soil, silty clay loam and clay. The results were compared wit
the observation data of the continuously monitored radioactive aerosols at the Tsushima area in Namie town, Fukushima, whic
evaluated the parameters of the model.

Keywords: the Fukushima Accident, Radioactive aerosol, 1-D model, Resuspension, Mineral dust, Dust emission
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Hourly atmospheric Cs-134 and Cs-137 at SPM monitoring stations in and south of
Fukushima after the FD1NPP accident

Haruo Tsuruts®, OURA, Yasuijt, EBIHARA, Mitsuru?, OHARA, Toshimasd, NAKAJIMA, Teruyuki!

LAtmosphere and Ocean Research Institute, the University of Tokyakyo Metropolitan University?National Institute for
Environmental Studies

No data has been found of continuous monitoring of radioactive materials in the atmosphere in Fukushima area after th
Fukushima Daiichi Nuclear Power Plant (FD1NPP) accident on March 11, 2011, although it greatly contributes to accurate eval
uation of the internal exposure dose, to reconstruction of emission time series of released radionuclides, and to validation c
numerical simulations by atmospheric transport models. Then, we have challenged to retrieve the radioactivity in atmospheri
aerosols collected every hour on a filter tape of Suspended Particulate Matter (SPM) monitoring system with beta ray attenuatio
method used at air pollution monitoring stations in east Japan. A test measurement for hourly atmospheric concentrations
Cs-134 and Cs-137 was successfully performed with a Ge detector for the used filter tapes during March 15-23, 2011, at thre
stations in Fukushima City 60 km northwest of the FDINPP and four stations in southwest Ibaraki prefecture 170 km southwes
of the FDINPP. The data in Fukushima City revealed high Cs-137 concentrations of 10-30 Bq m-3 from the afternoon of March
15 to the early morning of March 16, when a large amount of radioactive materials was simultaneously deposited by precipitatior
on the land surface according to the measurement of radiation dose rate. Higher Cs-137 concentrations of 10-50 Bq m-3 wel
also found from the afternoon of March 20 to the morning of March 21, and which could not be detected by the radiation dose
rate due to no precipitation. In contrast, much higher concentrations with the maximum of 300 Bq m-3 in southwest Ibaraki than
in Fukushima City were found on the morning of March 15 and 21 under a strong temperature inversion layer near the surface
The polluted air masses with high radioactive materials were passed away within a few hours as a plume in southwest Ibarak
while the high Cs-137 concentrations lasted for 10-16 hours in Fukushima City where the polluted air masses after their transpo
across Abukuma Mountains from the FD1NPP were trapped in the Fukushima basin during the midnight with calm condition.
This significant difference in the magnitude of high Cs-137 concentrations and its duration between the two areas was controlle
mainly by meso-scale meteorological conditions coupled with topography.

Keywords: Atmospheric Cs-137, Fukushima city, Meteorology, Topography, Time series
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Re-suspension processes of radioactive cesium emitted by the FNDPP accident

Kazuyuki Kita'*, Misako Tanak, Takeshi Kinask Hiroyuki Demiz(?, Yasuhito IgarasRi Masao Mikamt, Naohiro Yoshidé,
Sakae Toyodj Keita Yamadd, Atsushi Shinohara Hiroto Kawashimé, Yuichi Ondd

LFaculty of Science, Ibaraki UniversifFaculty of Engneering, Ibaraki UniversifiMeteorology Research Institutdnterdisciplinary
Graduate School of Science and Engineering, Tokyo Institute of Techndi@ggduate school of Science, Osaka University,
6 Akita Prefectural University,Center for Research in Isotopes and Environmental Dynamics, Tsukiba University

Radionuclides emitted in the Fukushima dai-ichi nuclear power plant (FNDPP) accident have been deposited on the soil, ocee
and vegetation. Re-suspension of radioactive cesium from the soil and vegetation to the atmosphere may be one of significa
path in the diffusion of radionuclides after the accident.

We have measured the concentration of atmospheric Cs-134/137 radioactivity at several sites in Fukushima region, whel
deposition amount of Cs-134/137 is relatively high. Atmospheric suspended particle are collected with high/low-volume air
samplers mounted at these sites, and gamma-ray emission from them were measured with Ge detector. The measured concer
tion of atmospheric Cs-134/137 was positively correlated with the wind speed highest during the atmospheric particle sampling
period since November 2011, indicating that Cs-134/137 is mainly supplied to the atmosphere by re-suspention with the winc
blow. However, contribution of the dispersion of soil particle by the wind is probably limited because variation of atmospheric
Cs-134/137 radioactivity concentration mainly occurs in fine particle (diarre@# micro meter). Assuming that atmospheric
Cs-134/137 radioactivity concentration is determined to balance the re-suspension from the surface and the deposition to tt
surface, we estimated the efficiency coefficients of re-suspension and deposition. We will show factors affecting re-suspensio
efficiency, and will discuss processes involved in the re-suspension to the atmosphere.

Keywords: Fukushima daiichi nuclear plant accident, environmental radioactivity, re-suspension
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Raidoactive strontium measurement in air dusts using solid-phase extraction

zi jian zhang*, Kakitani shunsukg Ninomiya kazuhiké, Takahashi naruto Yamaguchi yoshiakj Yoshimu takasHi, Saito
takasht, Kita kazuyukt, Tsuruta harut, Higaki shog8, Shinohara atsushi

IGraduate School of Science, Osaka UnivergiRadioisotope Research Center, Osaka Univer&gfiokei Gakuin University,
4Ibaraki University? Atmosphere and Ocean Research Institute, the University of T6Raio Isotope Center , the University
of Tokyo

On March 12, 2011, a large amount of radioactive nuclides (I-131,Cs-134,Cs-137,Sr-90,etc) have been released into the e
vironment by the nuclear accident at the Fukushima Daiichi Nuclear Power Station. There are many radioactivity measuremer
results of 1-131, Cs-134, Cs-137 and the other radio nuclides from air dust collected using high-volume air sampler by germa
nium semiconductor detector soon after the accident. Activity of these radioactive nuclides in air is important for estimation of
internal exposure. However, in these nuclides, some pure beta emitter nuclides have not been measurement sufficiently becau
of the difficult on chemical isolation for beta ray counting. Strontium-90 is considered one of the harmful radioactive nuclides.
Biological half-life of Sr-90 is about 50 years for accumulating in born and the high energy beta rays are emitted from Sr-90 and
its daughter nuclide Y-90. Therefore, measurement of Sr-90 is important for calculating exposure. We developed a new strontiur
isolation technique using solid-phase extraction for determination Sr-90 by liquid scintillation counter (LSC). The technique is
simply and quickly for isolating Sr with high-yield.

In this study, we used 3M Empdr&’ Strontium Rad Disk to extract strontium ion from acid solution. However, Pb2+ ion
is also extracted by the disk and Pb-210 interference in radioactive Sr identification. To separate Pb-210, cation exchange
used. 0.02 M EDTA solution can elute Sr ion from the disk. HNO3 was added to the EDTA solution and passed through cation
exchange column with 5% EDTA solution (pH5) to separate Pb. Strontium was eluted by (1+3) HCI. The time of chemical oper-
ation for this technique is 3-4 hours without acid treatment and the yield is about 90 %. To determine Sr-90, Cherenkov light of
Y-90 has been measured by LSC. With sequential measurement, the growth curve of Y-90 was described to determinate activi
of Sr-90.

We measured Sr-90 in air dust samples of Hitachi, Kawasaki and Osaka. The result of Hitachi is shown in Fig.1. In Hitachi,
the Sr-90 activity concentration in air is decreased with time and the ratio of Sr-90/Cs-137 is abaut ipossible that after
April, Sr-90 has been the same behavior of Cs-137. We will discuss about time variation of radionuclides activity of Sr-90 and
proportion of Sr-90 to Cs-137.

Sampling date  [**Sr Bg/m®  error % 2 By ¥0s Bg eror %
2011 /4.9 1:5E-03 2.5% 1 6GE-03 10.3%
20115418 3. TE04 2.4% 1 1E-03 10.3%
2011 /5,21 6 305 4 7% 3. TE-03 11 0%

Fig1. The results of Hitachi air dust samples
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Atmospheric-Terrestrial Interactions in Radioactive Pollution by the Fukushima Accident

Yasuhito Igarashi, Kazuyuki Kite?, Naohiro Yoshida, Keita Yamada, Masao Mikami, Kouji Adachit, Thomas Sekiyanta
Takashi Maki, Taichu Tanakh, Yuiji Zaizen', Masahide Ishizukq Takehiko Satomura Izumi Nakaf, Yoshiya Abé&, Kohei
Nishiguchf, Keisuke Utarfi, Hiroto Kawashim3, Yutaka Yamad® Yuko Hatan8, Hiroshi Okocht®

IMeteorological Research Institutdparaki University,>Tokyo Institute of Techonology Kagawa University?Kyoto Univer-
sity, 6J-Science’ Akita Prefectural University) RIKEN, ?University of Tsukuba!®Wased University!! Nagoya University

Our Grants-in-aids Scientific Research Group have been established to elucidate the physico-chemical state of the radioacti
aerosols that were released into the atmosphere by the Fukushima accident (primary emission), improve transport model t
which better emission inventory is made, and understand better the atmospheric-terrestrial interactions in the radioactive pollt
tion. While aiming at providing basic data on the estimation of the inhalation exposure, as well as the establishment of simulatior
model for radionuclides transfer among atmosphere-terrestrial-hydrosphere, the final goal in the project is to contribute and er
sure the safety as well as security of the people by providing relevant information on the internal exposure due to atmospheri
radioactivity. This project promotes the state-of-the art methodologies from various research fields to be integrated with the com
prehensive research methods/frameworks, and has specific sets of topics as listed below.

1) Monitor continuously radioactive aerosols and gases in the atmosphere around the Fukushima Daiichi Nuclear Power Plar
particularly at the greatly contaminated regions with higher radiation dose rate, to examine temporal change in concentration.

2) Analyze samples that have been collected soon after the accident in order to understand the physico-chemical properties
the radioactive aerosols, detailed radionuclide composition, particle chemical composition and particle size distribution, as wel
as correlation with specific stable isotopes.

3) Observe the atmospheric radioactivity concentration under various conditions, as well as the suspension of soil particles ar
the aerosol particles along with meteorological elements such as soil water content, by making an observation field in the pollute
area mentioned above. Furthermore, perform a necessary controlled experiment and better understand the re-suspension prot
(secondary emission) of the radioactive material from the soil. Apply the up-to-date mass spectrometry on this occasion, witt
measuring directly radionuclides and elements in atmospheric aerosols to clarify their relations with meteorological parameters

4) Quantify the emission flux of radionuclides, which is supplied by eco-processes such as the suspension of Japanese cec
pollen and wax-like substance on the plant surface (secondary emission).

5) Verify the present assumption of the simulation model concerning wet deposition process of radionuclide by comparing
observation results of the radioactivity in air and in the precipitation.

6) Validate the simulation results by comparison with those of each observation activity as well as improve the quantification in
transport, diffusion and deposition in the atmospheric models, finally to develop resuspension model to quantify the atmosphere
terrestrial interactions.

In this presentation, the briefing of the project is given with expecting active discussion among attendees; what kind of atmo-

spheric science should be indispensable.

Keywords: the Fukushima Accident, Radioactive aerosol, Primary emission, Secondary emission, Resuspension
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Depositions of radioactive dust in the atmosphere
Tomoo Aoyamé&*, Yasutaka Wakazukj Ryoko Ohmuré, Yuichi Onda
LCenter for research in isotope and environment dymanics, University of Tsukuba

Introduction:

A monitoring post around the nuclear power plant measured ambient dose rate and rainfall until March 16, 16:44 under nc
power supply. The records were recovered at July 20, 2012; where, movements of radioactive isotopes in the environment, i.e
decay of the sedimentation and the energy spectrum is stored. By analyzing meanings of the records, and constructing models
simulate radioactive environment; it is an effective way to approach the truth of accident.

Theory:

The ambient dose rate is detections of radiations from grounds and sky with no-separation of the source. We try to separat
them under following suppositions;

1. There are time zones that are negligible radioactive substance in the atmosphere.

2. The decay expressions in the environment can be determined for the period exactly.

3. There are observations for the rainfall in the period.

We believe in the suppositions are enable near the nuclear power plant.

We determine deposition-ratio under the conditions at first, and by using the ratio and an iterative sedimentation-equation. W
separate ambient dose rate into 2 parts for ground and space. We write the deposition equation;

Bk(t+1)=expg{ A(t+1) }/exp{A(t) }[BKk(t)+{Dose(t)-Bk(t)-Bg} Dp], (1)

This is an iteration that is, Dose(t) is observed ambient dose-rate. Bk(t) is dose rate on the ground for a target plume. Bg i:
back-ground dose-rate caused by pre-deposition step, usually it is a constant.

Dp is a parameter, and deposition-rate, which is determined in the iteration (1).

To solve the iteration, you define a target plume, and set the start and terminal time. We write thetartead tend.
Two equations,

Bk(t_start)=Dose(sstart), Bk(tend)=Dose(end), (2)

are restrictions to determine the Dp.

The decay function A(t) is determined from observations of the ambient dose rateexfi:time.

We select an experimental function,

exp(At2+Bt+C), abs(Ax <abs(B), A>0, B<0. (3)

The determination constant R2 is required over 0.999.

Thus; we get an approximate ground dose rate func{iBR(t)}, t_starkt<t_end, and Dp parameter.

We apply the approach to 4 plumes on Ohno pdi8¥.41N, 140.98FE The sampling rate is 2 min.
And, we get, deposition coefficients are 1/109, 1/28071/195, 1/21.4 for dry, rain-detection, 0.5mme-rain. Figures and details ar
listed in URL of reference [1].

Apprication;

Using them, as a kind of the inverse problem, we simulate the radioactive contamination in Nakadori district in Fukushima.
Outline is;

1. simulated time: 3/15, 0h™3/16, 23h.

2. The atmospheric layer is 10, the maximum is 529m.

3. On each layer, the sedimentation (SK) is fall to the ground. Relations between Sk and rainfall are;

Sk=D«Radix(r+0.1}*0.79, D=1/280 (i.e., drizzle case at Ohno point), the exponent 0.79 is quoted from reference [2]. Bias
0.1 is a fitting parameter. The variable r is,

r=6000xr_org (r_org is RAW data of rain simulation).

Radi is a tracer-density, simulated as Cs-137. So, the ground sedimentation is got from 10 layer sum of Sks.
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Thus, we get simulated dose rates for Fukushima, Koriyama, Shirakawa, Tamura-Funehiki cities,
2.93,0.96, 1.73, 1.12 micro Sv/h. Observed ones are 2.92, 0.98, 1.41, 1.03, respectively.

Results:

We determine deposition ratio in case of rain, based on the ambient dose rate.

We simulate intensity of radioactive dose rate on Nakadori in Fukushima prefecture at the time that short-term radioisotope:
are negligible and radiations from the ground become stable. It is after 15 hours from the first sedimentation. The simulations ar
reasonable.

Reference:

[1] Analysis of Ohno-point in Fukushima: OhnoPoint.doc

in http://suspendedparticulatematter.web.fc2.com/

[2] B. Sportisse, A review of parameterizations for modelling dry deposition and scavenging of radionuclides, Atmospheric
Environment 41(2007), pp. 2683-2698.

Keywords: radioactive SPM, deposition, ambient dose rate
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Evaluation of fluctuation in the concentrations of radioactive aerosols as a stochastic prc
cess

Hiroyuki Ichige!*
IGraduate School of Systems and Information Engineering, University of Tsukuba

It is an important task to estimate the future state of the polluted site near the

Fukushima plant.

The major method for predicting the future concentration of radioactive aerosols is,

as well known, the computer simulations that are based on the numerical fluid dynamics. Those
simulations are an effective and powerful, but we propose a different approach.

In the present study we deal with a phenomenological model that considers stochastic
processes.

At the Fukushima accident, a lot of radionuclides have released into the atmosphere.

The diffusion process of such nuclides is complicated and is not described in the

usual diffusion equation. Furthermore, the measured aerosol concentration varies a lot day by day,
depending on the meteorological condition. On a day of high concentration, the risk,

especially the internal exposure risk, becomes large.

This research aims at developing a new model that can evaluate the magnitude of

fluctuations in the concentration of radioactive aerosols. In our previous studies, we derived a

formula C(t) ~ exp(-at) t"(-b)

which reproduce the long-term, averaged concentration of aerosols. In the present study, we make a model to reproduce tl
day-by-day fluctuations and thereby evaluate the deviations from the averaged behavior.

We assume that the logarithm of the day-by-day concentration changes as the Brownian

motion. We found that the log-concentration can be well approximated by the

Ornstein-Uhlenbeck process, one of the stochastic processes.

We solved a stochastic differential equation of the process and obtained the

analytical solution.The solution shows that the increments between observations follow the log-normal
distribution. Both the mean and the variance of the distribution do not depend on time;

both of them serve as fixed values.

Finally, we make a figure (below) in which the long-term concentrations together

with the range of their fluctuations every standard deviation.

Keywords: predicting the future, fluctuations in the concentration of radioactive aerosols, stochastic processes, Ornstein-Uhlenb
process, log-normal distribution
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Long term and wide prediction of radioactive diffusion by means of levy flight model
Yuki Shiga*
LGraduate School of Systems and Information Engineering, University of Tsukuba

We applied the Levy-flight model for estimating the special distribution of surface
radioactivity in Fukushima. The reason why we use the Levy-flight model is that the
data, measured in the 50 km vicinity of Chernobyl, follow the model.

We analyze the data of Chernobyl and found that the surface concentration of a
specific radionuclide, such as Cs-137, decreases with the power law (that is one of
the characteristics of the Levy-flight model) as the distance from the hypocenter
increases. Of course, the surface concentration should be strongly site-specific,
depending on many conditions, especially geomorphological or meteorological.
However, we would think that it is still useful to make a rough estimate of the
spatial distribution of the pollution.

The Levy-flight model is one of the stochastic models. A Levy flight is a random
walk in which the step-lengths have a certain probability distribution that is
fat-tailed. In the present study we use the power function as the probability
distribution. In the two-dimensional space, the steps made are in isotropic random
directions. The trajectories of Levy flight are a mix of long and short

trajectories. The difference of this model from the ordinary Brownian maotion is that
the Levy flight produces extremely long trajectories sometimes. Such kind of
randomness can be found in turbulent fluids. It is also known that the Levy flight

is related with the fractal science. Some studies show that a

fractional-differential equation corresponds to the density of particles which are
doing Levy flights.

In the following, we explain how we apply the Levy-flight model to the surface
radioactivity. We assume that the radionuclides, which had been deposited on the
ground, spread mainly by wind. According to the studies about resuspension, it is
known that resuspension occurs when the wind velocity is larger than a threshold
value. If the wind velocity is below the threshold, radionuclides are not suspended
in the air and do not move. We regard the movements of suspended nuclides as the
long flights of Levy flights, because the radionuclides are carried for a long

distance during suspension. Immobile nuclides are regarded as short Levy flights.
Artificial disturbances such as agriculture or traffic should be affect

significantly to the movement of radionuclides. However, we assume them negligible,
since we deal with a wide-range behavior of radionuclies in this study. In wide
region such as 30 km, artificial disturbances may be small enough, compared with
natural winds that blows all over the region, and all time.

The procedure of our calculation is as follows. We define the parameters of Levy
flights, using the measured data of Chernobyl. The probability of existence of a
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particle of the Levy flight corresponds to the surface concentration. Then we
calculate the special- and temporal evolution of the concentration by means of
solving numerically a fractional-differential equation. Following Grunwalt-Letnikov
formula, we use the software Mathematica and obtained the special distribution of
the surface concentration.

Keywords: radionuclide, Levy flight, Fukushima, Chernobyl, simulation
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Radioactivity measurements for air-dust samples around Fukushima prefecture

Kazuhiko Ninomiya*, KAKITANI, Shunsuke, ZHANG, Zijang', TAKAHASHI, Naruto', SHINIHARA, Atsusht, SAITO,
Takasht, TSURUTA, Harud, WATANABE, Akira*, KITA, Kazuyuki®, HIGAKI, Shogd’

LGraduate School of Science, Osaka Universighokeigakuin University> Atomosphere and Ocean Research Institute, Uni-
versity of Tokyo,*Fukushima University? Ibaraki UniversitySRadioisotope Center, University of Tokyo

We have been collecting air-dust using high volume air sampler at Fukushima city (Fukushima Pref.), Marumori town (Miyagi
Pref.) and Hitachi city (Ibaraki Pref.) since the accident. We identified the radioactivities of 134Cs and 137Cs in filters using
high purity germanium detector. We also identified 7Be activity to monitor meteorological condition. The activity ratio of 134Cs
/137Cs was mostly constant, on the other hand, the absolute activity of 134Cs and 137Cs varied with sample collection dat
by about ten times. In this report, we discuss the relationship between the time variation of the radioactivity concentrations an
meteorological phenomenon.

Keywords: Air dust, Radioactivity, Radioactivity measurement
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