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Development of a new technique for selective separation of

long-lived radionuclides using molecular recognition technology

Ismail Md. Mofizur Rahman (Institute of Environmental Radioactivity, Fukushima University)

Summary of the Project

The radionuclides released from Fukushima Daiichi Nuclear Power Plant
(FDNPP) can be categorized to short, medium, long and extraordinary long-lived
depending on the corresponding decay period. The 137Cs and 9°Sr are known as
long-lived radionuclides, which have the half-lives of about 30 years (J. Environ.
Radioact. 2014, 136, 56). The 36C1 (t1/2= 0.3 million years), 135Cs (t12 = 2.3 million
years) and 1291 (ty2 = 15.7 million years) are some extraordinary long-lived
radioisotopes, which represents the extreme biohazards (Crit. Rev: Environ. Sci.
Technol 2013, 44, 2287). We assumed that the segmentation of radionuclides in
aqueous radioactive waste based on the corresponding decay period can reduce
the requirement of monitoring time-span of containment, disposal by nuclear
transmutation, and cost related to the disposal storage designs. The aim of
current work was to develop a unique technique for selective separation of
radionuclides based on the respective half-lives. The objective also includes the

minimization of the effect from the matrix ions during the separation process.

List of Publication

1. Selective removal of cesium from aqueous matrix using an immobilized
macrocyclic material containing solid phase extraction system (In preparation,
2017).
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Model based assessment of the impacts of the decontamination
activities on river watershed on **’Cs concentrations in river water:
case study Niida River

Mark Zheleznyak (Institute of Environmental Radioactivity, Fukushima University)
Summary of the Project

Background and Objectives

The field measurements and modeling studies of the environmental dynamics
and fate of radionuclides accidentally deposited from the Fukushima Daiichi
Nuclear Power Plant (FDNPP) on the surrounding watersheds have
demonstrated that the role of the sediments in the transportation of r-Cs in
surface waters is more significant in FDNPP region than in the region of the
Chernobyl NPP. For the prediction of the fluxes of the radionuclides from the
watersheds to the Fukushima rivers and to asset the consequences of the
remediation measures on these watersheds it is necessary to apply the model
that can simulate the sediment transport from the watersheds and the
radionuclide transport in solute and with the suspended sediments. The
distributed model of water/sediment/ radionuclide transport in watersheds and
rivers DHSVM —R has been developed in IER in 2014-2016 and tested versus
the data from the experimental USLE plots of CRIED, University of Tsukuba
and IER Fukushima University. The main objective of the project research is
calibration/verification DHSVM-R versus the field data for NiidaRiver collected
within the set of the CRIED and IER projects and to test the possibilities of the
comprehensive distributed model for the simulation of the impacts of the
different scenarios of the decontamination activities in Niida river watershed, -

scraping and removing surface soil. on the river water contamination

Method : Model: DHSMV-R

DHSVM is an open source distributed hydrologic eveloped by the Land Surface
Hydrology Research Group at the University of Washington and Pacific
Northwest National Laboratories, WA, USA
(http://www.hydro.washington.edu/Lettenmaier/Models/DHSVM).
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DHSVM simulates the basic hydrological processes on a watershed: Interception,
Evapotranspiration, Snow accumulation and melt, Energy and radiation balance,
Saturation excess and infiltration excess runoff, Unsaturated soil water

movement, Groundwater recharge and discharge

The Erosion and Sediment Transport Module of DHSVM is based on SHESED
model (Bathurst,et al., 1995). It combines the parameterization of mass wasting,

surface and channel erosion processes ( Doten et al, 2006).

New model DHSVM-R developed in the IER, Fukushima University and
Institute of Mathematical Machines and Systems of NAS Ukraine is based on the
extension of DHSVM by the including into this modeling system also the
supplementary module of radionuclide transport on watersheds. The
optimization procedures were added to DHSVM for automatic model calibration.
The computational code of DHSVM-R was refined by the replacement of D4 flow
direction approach of DHSVM on D8 directions, by the implementation of the
more efficient finite-difference schemes for the kinematic wave equation for
overland water /sediment flow and channel flow, and by the including Added
Morel-Seytoux model into the infiltration module. The radionuclide transport in
solute, particulated radionuclide transport and dynamics of radionuclides in the
upper soil layer and in river bottom was described by the 2D model in which the
radionuclide exchanges between water and sediments is parameterized by the
distribution coefficients and the exchange rate parameters ( Zheleznyak at al,
1992, Kivva and Zheleznyak 2002).

DHSVM_R model was calibrated and validated on the experimental data for the
set of USLE experimental plots has been established by CRIED, University of
Tsukuba and IER Fukushima University after the Fukushima Daiichiaccident to
study soil erosion and 137Cs wash off from the watersheds. The experimental
data ( Onda, Wakiyama et al, 2014-2016) were used for DHSVM-R calibration

and testing.

Modeling of the sediment and radionuclide dynamics in NiidaRiver basin during
the high floods
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DHSVM_R has been applied for the simulation of radionuclide transport in
Niidariver basin during the high typhoon generated floods ( Fig,1-Fig.33)
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Fig. 1 Distributed data for Niidawatershed modeling: elevation map (a), density of 137Cs fallout
(b), land use map(c)
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Modeling of the impacts of the decontamination activities on the river water
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Three scenarios of the decontamination were modeled. In Scenario 1 the densities
of 137Cs follout are reduced 10 times below the contemporary level on the all
territories which land use characteristics are “farmlands”, “paddy fields” and
“bare land” (Fig.1), This territories colored by blue in Fig.4 are located mainly at

the “near river” and lowlands parts of the watershed.

The weak impact of Scenario 1 on the 137Cs concentration in river water is
consequences of the luck of the decontamination activities on the most

contaminated territories ( Fig.4).

To simulate the consequences of the large scale decontamination on the heavy
contaminated territories the Scenario 2 was considered in which all western part
of Niidariver watershed including most contaminated South- West mountain

region 1is cleaned (the shaded area in Fig,5)

Scenario 3 was set up us an “upper estimate” of the realistic scenario of the
cleaning up on the territory of the Iitate village (Fig.6). Taking into account that
the main areas of the clean up activities are located near the river channels in
the areas described in the Scenario 1 as “farmlands”+“paddy fields” +“bare land”,
the Scenario 3 considered the clean up activities within the administrative
borders of the Iitate village (Fig.7) for these 3 kinds of the land use
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Fig.5 Comparison of 137Cs concentration in river water for the conditions of 2011 typhoon
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generated flood without decontamination and after the decontamination in Scenario 2: shadowed

western part of the watershed. .
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Fig.5 The administrative territory of the Iitate village planning for the clean up and the example

of the planning “near river” areas of the cleaning up activities
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Fig.6 The map of the administrative border of Iitate village covering the part of the Niidariver

watershed
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cleaning up activities in Scenario 3
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Results and Conclusions

« Physically based distributed model of water, sediments and radiocesium
dispersion on watersheds and in river flow DHSM_R is customized for
Niida river basin

« Model is tested versus preliminary collected sets of the hydrological and
radiological data

* Three scenarios of virtual decontamination of the river basin were
modeled : 1- Decontamination of three the specific “near river” kinds of
land use categories in all watershed; 2- Full decontamination of the
western most contaminated part of the Niida watershed’, 3- Deconta-
mination of three specific “near river” kinds of land use categories (the
same as in the Scenario 1) . however only inside the administrative
borders of the Iitate village.

« The results of the Scenario 2 simulations clear demonstrate that
decontamination of the most heavy contaminated areas on the watershed
can provide significant diminishing of 137Cs concentration in the river
water

* Scenarios 1 and 3 provide the similar results on the maximum diminishing
of 137Cs concentrations after the decontamination at 20% in the downflow
part of the river ( at Haramashi). It means that such impact of the
decontamination would be difficult to find only by the field monitoring
studies due to the the natural variability of sediment /radionuclide fluxes

« It is planning to use the results of this IPE project in cooperation with the
monitoring studied provided in Niida river in CRIEPI ( Prof Onda), and
IER ( Dr Wakiyama, Prof, Konoplev) for the more detailed study of the
watershed process by the joint analyses of the modeling and monitoring
results and for the preparation of the publication of the results of the study

in top ranking international journals
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Distribution of hard-to-detect Pu and Cs-135 isotopes in early stage
monitoring seawaters after the Fukushima nuclear accident

Jian Zheng (National Institute of Radiological Sciences)

Summary of the Project

This collaborative study exploited the cutting-edge mass spectrometric
analytical methods developed in National Institute of Radiological Sciences to
analyse the hard-to-detect radioactive isotopes of 239Pu, 240Py, 135Cs and 137Cs in
seawater samples provided by Hirosaki University. These monitoring seawater
samples were collected from the coastal area off Fukushima in the early stage (in
April and May 2011) after the Fukushima nuclear accident.

In FY2016, our study focused on analytical method development for
radiocesium isotope analysis In seawater. For seawater radiocesium isotope
analysis, it is essential to separate Cs isotopes from the seawater matrix, Na, Mg,
and K, which could cause low recovery of Cs isotope for the chromatographic
separation and resulted in the deposition of salts in the sample introduction
interface cones, thus decrease the sensitivity of [CP-MS. As shown in Fig. 1, using
AMP selective adsorption of Cs
followed by a hybrid

chromatographic  separation

2 Lseawater, AG50WXS resin (10.5 mL)

Na ——Al

employing anion-exchange 60 |
(AG MP-1M), cation-exchange , O
(AG 50Wx8) and extraction _

(Eichrom Sr resin) resins, we

pg/ml

=5

o
Tu/Bu

realized almost base-line 10

0 PHEHIHEHEHFEH OB - 0 0

Separatlon Of CS ]'SOtOpeS from 0 10 20 30 .—IO 50“ 60 70 80 90 100” “l‘llél ‘“120

Volume of 1 M HNO; (mL)

the matrix elements, Na, K,
and Mg ln 2 L Seawaters ThlS Fig. 1 Separation of Cs from seawater matrix elements by cation exchange chromatography
newly developed chemical separation procedure was combined to the established
APEX-Q/ICP-MS/MS development of an effective chemical separation method for

radiocesium isotope analysis in seawater samples, in particular the separation of
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Cs from the seawater matrix. With 2 L seawater, the developed
APEX-Q/ICP-MS/MS analytical system can measure accurately 137Cs activity at >
0.1 Bqg/L level, and 135Cs concentration at > 0.05 pg/L. The developed analytical
method was validated by the analysis of IAEA seawater reference material
(IAEA-443), and the detected values of 137Cs activity and 135Cs/137Cs isotopic ratio
were in a good agreement with certified/reported values. The analysis of
radiocesium isotopes (135Cs and 137Cs) in the early stage monitor seawater

samples 1s in progress.
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Assessment of long-lived radionuclides (**I, ?°U and Pu isotopes)

in the coast off Japan 5 years after
the Fukushima Dai-ichi Nuclear Accident

Ntria Casacuberta Arola (ETH Ziirich)

Summary of the Project

The goal of this research, as a result of a collaborative effort between Tsukuba University
and ETH Zirich, was to study the presence and distribution of long-lived artificial
radionuclides (236U, Pu isotopes and 29) in the coast off Japan, 5 years after the FDNPP
accident. The main goal will be nourished of the following specific objectives: i) improve
the radiochemistry of actinides; ii) assess the impact of old and new releases of artificial
radionuclides to the coast off Japan and; iii) use the new source of radionuclides as ocean

tracers to the Pacific Ocean.

In October 2016 a cruise to the Pacific Ocean took place onboard R/V Shinsei Maru.
Previous to the cruise, a sampling surveillance along the coast off Fukushima was
performed. Both sampling campaigns had the specific aim to: 1) see if there are still
ongoing releases of artificial radionuclides to the Pacific Ocean from the Fukushima
Dai-ichi nuclear power plant; ii) study the role of subgroundwater discharge as a source of
artificial radionuclides to the Pacific Ocean; and iii) see if beach sands may be a source of
artificial radionuclides to the coast off Japan. A total of 30 beach samples and 30 seawater
samples were collected and are currently now being analyzed by Accelerator Mass
Spectrometry at ETH Ziirich. Final results are expected to be ready in the following

weeks.

Tsukuba University, and in particular the group of Dr. Aya Sakaguchi, helped on the
organization and logistics of both the beach sampling and the off-shore expedition (goals
(i) and (iii), first paragraph). They provided with the necessary material to take the
samples and provided supporting laboratory material for the 236U radiochemistry (goal
(iii), first paragraph). Once all the data will be ready this will result into a joint

publication.

103



The resulting data of this project will be part of an European project COMET-FRAME
“the 1impact of recent releases from the Fukushima nuclear accident on the marine
environment”, where a time series of artificial radionuclide releases from Fukushima
Dai-ichi nuclear power plant has already been done since 2013. Some of the publications

are included below.
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50(1): 173-180.
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Developing RFID technology for monitoring contaminated soil

Anthony Parsons (University of Sheffield)

Summary of the Project

Background and Aim

RFID (Radio-frequency identification) tags offer a potential method for tracking the
movement of soil particles on hillslopes, and thereby the movement of contaminants
adhered to these soil particles. This technology would have its greatest value if
remote interrogation of the location of RFID-tagged particles were possible. This
project aims to assess the potential for such interrogation.

Methods and Experiment Design

We manufactured 100 tagged particles with a median diameter of 6 mm in which the
RFID tags were coated in a clear silicone, in order to make them roughly spherical in
shape, and then coated in bronze powder to give them an overall density similar to
that of quartz particles. For ease of identification, they were further coated in
fluorescent powder (see Parsons et al., 2014).

We constructed a plot 11.5 m long by 1,0 m wide with a surface ‘soil’ comprising
gravel particles (median diameter 2.86 mm). Onto this plot we placed the tagged

particles in a 5*20 array at a 50 mm spacing.

Trials with an RFID reader showed that the tags could be read from a distance of
about 100 mm. We established a grid over the area of the tagged particles and sited
the RFID reader at 25-mm spacings in a rectangular grid, recording all the RFIDs that
could be detected from each location.

The plot was then subject to 22 minutes of rain at 200 mm/hr. Runoff was collected
volumetrically in 1-minute samples. RFIDs leaving the plot were collected with the
runoff samples, and those remaining on the plot were located using the same grid as
in the pre-rainfall survey.
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Preliminary results

Analysis of the data from the RFID reader shows that each tagged particle was
identified from 3-5 locations on the grid. We will use these locations, and the
neighbouring ones from which a given particle was not identified to determine
individual read distances (which vary from particle to particle depending on its
orientation and differences in manufacture). Using this distance, we will be able to
resect onto the location of each particle. This result provides a proof-of-concept of the

approach.

Future developments

The ability to read the locations of tagged particles without disturbing them provides
the potential for long-term monitoring of soil particles. The approach developed in
this experiment has two shortcomings. First, the manufactured tagged particles are
large compared to soil particles that are of interest in assessing movement of
contaminants, and secondly their read distance is relatively small. The latter
shortcoming is not a problem for small-scale research experiments, where the
experimental design employed here could be used. Butitis a problem for any plans
for large-scale routine monitoring. It is likely that with improved antenna technology
the read distance will be improved, but any such improvement is likely to be at the
expense of further miniaturization for the RFID tags, thereby exacerbating the former

shortcoming.

Understanding of the relationship between particle size and transport distance is
relatively poor, so that size-dependent predictions of soil erosion remain weak (see
Wainwright et al., 2008). Parallel developments in individual particle tracking during
events (e.g. Hardy et al., 2017) should enable improved particle-size predictions that
would allow the scaling of the movement of large RFID-tagged particles to that of

smaller soil particles.
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Tracing the sources of contaminated sediment stored in dam
reservoirs of Fukushima coastal catchments

Olivier EVRARD LSCE (Institute)

Summary of the Project

Sediment contaminated with radionuclides is redistributed in Fukushima coastal catchments
draining the main radioactive pollution plume (i.e. Mano, Niida, Ota, Odaka and Ukedo
Rivers catchments). This dispersion is mainly controlled by the occurrence of heavy rainfall
including typhoons and land cover change that may increase soil exposition to rainfall (e.g.,
remediation works). Radioactive contamination of sediment transiting these coastal rivers
strongly decreased between 2011-2015, because of the combined impact of erosion triggered
by typhoons and decontamination works. However, a significant quantity of contaminated
sediment is stored in dam reservoirs of the region. The objective of this project is to
investigate the sources of contaminated material that is stored in a dam reservoir

representative of those found in the region (i.e. Mano Dam).

The source of contaminated sediment (i.e. cropland, woodland and subsoil) deposited in the
Mano Dam reservoir was determined based on the analysis of carbon and nitrogen stable
isotope ratios (613C and &5N), total organic carbon (TOC) and total nitrogen (TN)
concentrations in four sediment cores collected across the reservoir. The main source of
sediment was shown to be cropland (48+7%), whereas the contributions of woodland (27+6%)
and subsoil (25+4%) were lower, although not negligible. These results show that the ongoing
decontamination of cropland in the Fukushima region should lead to a rapid decrease of the
contaminated sediment supply to the reservoirs. In contrast, the supply of contaminated
material from forests should be further investigated in the future.
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Interdisciplinary Project on Environmental Transfer of
Radionuclides: number FY2016

Potential impact of cross contamination in litter bags degradation in

situ experiment

COPPIN IRSN

Summarv of the Pro_iect

The target of this study was the modelling of the 137Cs flux from the canopy to soil
mineral layers in a Japanese broadleaves forest (Q. serrata/Konara oak) contaminated by
the FDNPP fallouts. It aimed to propose an operational model in order to describe the
‘dynamic of 137Cs in litter and soil mineral layers. This study was be handled through
‘three complementary paths: 1) Estimating the 137Cs fluxes in litter layers during the
degradation process, 2) Estimating the 137Cs fluxes in the soil mineral layers, 3)
Acquiring a set of measurable parameters that characterize these fluxes over time. A part
of the project is already done in another collaborative project (AMORAD). However some
information was missing to completely modelling all the processes occurring in the
transfer of contamination between the forest floor and the soil : the presence of
contaminated understory could generate a cross contamination with litter really coming
from trees, and the following of fresh leaves concentration on trees, to extrapolate results
over years, could also give interesting information.

Concerning the main project (AMORAD Project, initially N. Loffredo Post-doctoral
position followed from October 2016 by Momo Kuriyara after N. Loffredo resignation) the
system studied can be described by the following fluxes: () input of 37Cs by
litterfall/throughfall, (ii) output of 137Cs by litter degradation to underlying layers, (iii)
distribution of 137Cs on mobile and non-mobile soil fractions.

Four litter degradation designs were experimented: 1) non-contaminated litter on
contaminated soil, 2) contaminated litter on non-contaminated soil, 3) non-contaminated
litter on non-contaminated soil and 4) contaminated litter on contaminated soil. The

litter bags are collected frequently and the Konara oak stand is located in Kawamata.
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For this project the objective was to estimate the potential impact of cross contamination
due to contaminated understory and potential fresh leaves fallen.

As in AMORAD we observed that understory cross contamination seems negligible (no
understory growth in the litter bags location) this project was focused on the cross

contamination by fresh leaves fallen.
Based on the results measured on non-contaminated litter bags deployed on December

2014 (figure 1), we observed an increase of the 137Cs surfacic activities in the
non-contaminated litter bags (condition D) mainly in the autumn period (Figure 2). The
increase of litter bags activity can be explained by a canopy depuration flux due to
throughfall or litterfall.

To determine if the 137Cs increase observed in the litter bags is due to canopy depuration
(througfall or litterfall) 15 samples of fresh leaves were sampled by University of
Tsukuba (Hiroaki Kato) in august 2016. The fresh leaves were dried and store until
December 2016. In December 2016 the samples were crushed and packed to be sending to
IRSN (France) to be analyzed. The analyses of the samples received in February 2017 are
under progress. By using the fresh leaves litterfall and throughfall concentrations and
the weight fluxes it will be possible to determine which process is the main contributor to

the litterbags contamination. These calculations will be done when the fresh leaves

samples measurements will be finished.

A condition : contaminated litter (L),
non-contaminated organic fragmented
layer (OF) and soil (S)

B condition : non-contaminated L, OF and
S.

C condition : contaminated L, OF, S

D condition : non-contaminated L,

contaminated OF and S.
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Figure 1 : Litter bags installation with the detail of the different conditions
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Figure 2 : Evolution with time of 1¥7Cs surfacic activity for the initially non contaminated

litter bags (condition D)
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Determining the pathway and quantity of soil radioactive
materials losses at plot and catchment scales

Qing Zhu (Nanjing Institute of Geography and Limnology, CAS)
Jun Asanuma (University of Tsukuba, CRiED)
Wenchao Ma (University of Tsukuba, CRiED)

Summary of the Project

(1) Field experiment

In 2016, soil moisture automatic monitoring and soil water solution collecting
system has been installed in Nasu, Tochigi Prefecture (Fig. 1a). A soil profile has
been opened in the center of a woodland (Fig. 1b,c). The soil morphological

features have been carefully described based on this soil profile.

Fig. 1 Location of the study site

Soil samples were collected at this site and soil texture and bulk density were
analyzed. The EC-5 sensors (Decagon Devices Inc) were installed at 10-, 20- and
30-cm depths to collect soil moisture at 5-min interval (Fig. 2a). The ECRN-100
raingage (Decagon Devices Inc) were also installed to collect the precipitation data
at 5-min interval (Fig. 2b). The EM50 datalogger was used to record the soil
moisture and rainfall data (Fig. 2b). Three lysimeters were installed at 10-cm

depth to sample the soil water solution (Fig. 2c,d). The soil water solution has
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been collected and analyzed for radioactive materials.

(a) () () (d)

Fig. 2 Soil moisture, rainfall and soil water solution sampling

(2) Model application
The Hydrus-1D/2D software have been used to simulate the soil water
movement at the pedon and hillslope scales.
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Fig. 3 Soil water percolation (DP) as interactively influenced by maximum rainfall

intensity, antecedent soil moisture, rainfall grade, and rainfall distribution (TDC)

At the pedon scale, the Hydrus-1D was used to quantify the vertical soil water
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percolation and its influencing factors. When the model was carefully calibrated,
it can simulate the vertical distribution and movement of soil water with an
acceptable accuracy (RMSE < 0.03 m3 m3; NSE > 0.75). Antecedent moisture had
the greatest relative contribution to vertical soil water percolation (85.7%),
followed by rainfall amount (10.9%) and maximum rainfall intensity (3.4%). The
relative contribution of antecedent moisture was the greatest in summer (87.8%),
while that of the rainfall was the least. The influence of antecedent moisture
decreased with the increasing of rainfall amount, while the influence of the season

and rainfall increased.

Tea garden Forest land
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At the hillslope scale, the Hydrus-2D was used to quantify the lateral and
vertical soill water movement and its influencing factors. The hillslope water
movement was dominated by subsurface soil water flow, which was influenced by
precipitation and antecedent moisture conditions. A threshold value of 0.18 m3 m™
of mean hillslope soil moisture was observed for the initiation of subsurface soil
water flow. High precipitation intensity substantially increased subsurface flow,
regardless soil textures. In addition, the sensitivity of the bare soil hillslope to
rainfall patterns was more than two times higher than that of the vegetated
hillslope.

(8) Future research

In the future, the soil water flow will be coupled with the concentration of soil
water radioactive materials to calculate the quantity of radioactive material loss
through soil water flow. To calculate this quantity, equation 1 will be used:

Fr=@QwXCr @
Where Fr is the subsurface flux of radioactive materials, @w is the quantity of
subsurface water flow, Cgis the concentration of radioactive materials in the soil
water.

The Hydrus-1D/2D can help us to determine @w based on the field observed
soil water data. The lysimeters installed in the field site can help us to collect soil

water solution samples and after analyzing, the Crcan be determined.
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Observation of atmospheric radioactive cesium and its wet deposition and
modelling of resuspension and deposition processes
Olivier Masson (IRSN)
Kazuyuki Kita (Ibaraki University)
Yuko Hatano, Yuta Nakamura (Tsukuba University)

Summary of the Project

Atmospheric re-suspension is one of major

transportation processes of the radiocesium

deposited on the ground in the environment,

and it is quite significant to evaluate transport Box 2

rate by this process for prediction of {}TD
radiocesium emitted from the Fukushima { h;
daiichi nuclear power plant accident. In this 4

study, we are trying to evaluate the Box1
re-suspension flux from the ground based on hl E D

the observed time series of atmospheric | /|/\|\ " r

concentration of Cs-137 activity by adopting
two-box model approach.

In the two-box model as shown in the above figure, assuming horizontal
homogeneity, time variation of atmospheric concentration of Cs-137 activity in the

surface box (Box 1), Ra1, can be described by the following equation of continuity:

&=E—D—T
D

dt ),

where E, D and Tp denote re-suspension emission rate, dry/wet deposition rate
and vertical transport rate by diffusion, respectively. The re-suspension emission
rate, E, is assumed to be represented by the following equation:

E[Bg/m®/hr] = Rg-[{a-V+8-(V-Va) x HV)} x HP)+~-P+C)/hy (2)

and - b
LV sV L (P —oO)
HV) (V = Vi) HP) - { ( )

0

0 (V< Vi) (P =0)
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where Rg, V, Vin, P, C, h1 denote deposited radiocesium density at the ground
surface, wind velocity, a threshold wind velocity for wind blowing sand dispersion,
precipitation rate, nearly-constant resuspension coefficient, and height of 1st box.
a, B, y are coefficients showing the intensities of corresponding re-suspension
terms. The deposition rate, D, is assumed to be represented by the following

equation:

fJ'b'r,'.-'mJ,:'h r] = Rar-{a+b- 5;.].15‘:? [ (3)

)

where a and bP%16 denote dry and wet deposition coefficients (cf. Ulbrich 1983).
The vertical transport rate by diffusion between Box1 and Box 2, Tp, assumed to

be represented by the following equation:

Tp|Bg/m®/hr] = kp(Rai — Raz)/h*/hq x 3600

kp = od-5-V-hy (4)

)

where kp, ¢, K and h* denote diffusion coefficient, Karman coefficient, and

thickness of the surface mixing layer.

To observe the atmospheric concentration of Cs-137 activity, Rai, aerosols at a
height of 1.2m were sampled at a playground in Tsushima, Namie-town,
Fukushima, since December 2012, by using high-volume air samplers (Shibata
HV1000R). In this study, we use Ra1 values obtained during an intensive
sampling in April and May, 2016. Each sample consists of two sets of 12 hours,
6-18 LST (daytime sample) or 18-6 LST (nighttime sample) and total sampling
time was 24 hours. For evaluating dry deposition coefficient, a, deposited aerosol
samples were also sampled at the same site with another high-volume air sampler
without air suction. Value of ‘a’ was determined as average of ratio of Cs-137
activities of aerosol samples with and without air suction. Total (dry and wet)
deposition rate was observed with deposited aerosols and rain water samples,
obtained with a 0.3 m by 0.9 m stainless steel tray to estimate the ‘b’ value. Ra
value was measured by sampling surface (0-2.5cm depth) soil at the sampling site.

The re-suspension rate can be deduced by least-square fitting in equations (1) -
(4) with substitution of dRa1/dt values (difference of two successive Ra1 values), ‘a’

and ‘b’ values, V and P values measured by an automated weather station. The h*
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value was assumed to identical with hl value, and the h1 value was set to 1/5 of

the ha value, estimated by a regional meteorological model calculation for

Tsushima site by Japan meteorological agency.

At first, daytime and nighttime Ra: samples in April were added and C value

was fixed to zero, resuspension rate (a, B, y values) were estimated to fit the RA1

values calculated with equations (1)-(4) to those obsrerved.
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Figure 2

Comparison between
the observed and
calculated Rai values in
April.

Figure 3

Variation of calcurate E, D

and -Tp values.

Figure 4

Comparison of estimated 1st
(o), 27d (B) and 34 (y) terms

in equation (2).



The estimated values of a, p and y values as well as ¢ value are :

o =5.8x1010
B =5.7x1010
y =3.2x 1010
¢ =-0.0135.

Figure 4 indicate that resuspension intensity in this period was generally in
proportional with wind speed. However, as shown in Figure 3, deposition (D) term
was generally exceeded the resuspenstion (E) term, and this result is not
reasonable, probably. Estimated D values were probably larger than the actual
value, and ¢ value was also enlarged to compensate large D values. We will
1mprove estimation of D and Tp values for more reliable evaluation of
resuspension coefficient. Figure 5 shows systematic day-night difference of Ra1

values in May, and this difference also should be in consideration.
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Figure 5 Time series of Ra1 values in April and May, 2016.
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