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To reveal the transport and deposition processes of radionuclides that have been emitted from the Fukushima Daiichi nucle:
power plant after the nuclear accident caused by the Tohoku earthquake and tsunami, we have conducted numerical simulati
of radionuclides (1311 and 137Cs) using a regional chemical transport model. Data assimilation using nudging for wind field and
relative humidity was applied with the 10-minutes’ interval ground-based observation, and the model-calculated meteorologica
fields with the ground-based observations in Fukushima prefecture showed that the model was capable to reproduce the char
of wind direction following to the passage of low-pressure systems, and precipitation periods in March 2011. The transport anc
deposition process of two major discharges on March 15 was estimated using tag-tracer methods. The airmass from the fir
discharge released during 7-10 JST was transported southward, and 13% of 137Cs was deposited mainly over Kanto area \
dry deposition process. In the afternoon, wind direction was changed following to the approach of low-pressure system, ant
the airmass from the first discharge was transported northward and 13% of 137Cs was deposited mainly over Naka-dori are
in Fukushima prefecture via wet deposition process corresponding with the precipitation since 15-16 JST. The model showe
that the deposition over Naka-dori area occurred within 3 hours after the beginning of precipitation, although the intensity of
precipitation was less than 0.5 mm/hr during that period. The airmass from the second discharge occurred at 13-17 JST w
transported northwestward, and 47% of 137Cs in second discharge were estimated to be deposited over the land. The comparis
of accumulated deposition of 137Cs at Azuma-yama mountains supposed that the radionuclides from the Fukushima Daiict
nuclear power plant were trapped within the boundary layer, and the highest concentration existed at around 1000-1500 m abo
the ground level.
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The triple disaster of the March 11, 2011, earthquake, tsunami and subsequent radioactivity releases from the Fukushima De
ichi nuclear power plants are unprecedented events for the oceans. In response, we organized a research cruise in June, 2011
Japan to study Fukushima derived radionuclides in the waters and biota off Japan. This presentation will provide an overview o
these successful sampling activities and our plans for analyses of a wide range of radionuclides. We focus on the cesium-137 a
cesium-134 surface distributions and vertical profiles obtained during this cruise. The highest cesium concentrations at that tim
were not necessarily at the closest sampling point 30 km from the Fukushima NPPs, but 70-100 km off shore. Furthermore, a
part of this effort, 24 surface drifters were deployed and subsequently tracked. The trajectories of these drifters indicate that muc
of the contaminated water was being pulled away from the coast on the northern side of Kuroshio Extension. However, some ¢
the drifters stayed in the coastal region suggesting that some contaminated water may recirculate in this area before being wast
off-shore. The absence of drifter crossings across the Kuroshio Extension core suggests that it inhibits the southward spreadi
of contaminated water, at least over the western Pacific ocean. Measurements of different radioactive contaminants seem to ag!
with our interpretation based on drifters. These results are discussed in context of prior cesium levels in the waters off Japan ar
in comparison to radionuclide results from other studies in 2011 off Japan.

0 0 00O O : Fukushima, radionuclides, Kuroshio, ocean circulation
Keywords: Fukushima, radionuclides, Kuroshio, ocean circulation

1/1



Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

MAG34-08 go:boobod 00:50 240 10:00-10:15

dobooobgobbooboboobtoobuobuobbooboboobouooboua

HEN
Concentration of Cs of seawater and zooplankton in the western North Pacific one mont

after the Fukushima accident

o000 0000 Yoooo Y,oooo L,ooo YL,oooo YL,oooo L,oooo L,oooo YL,oooo!
HONDA, Makio'*, AONO, Tatsud, AOYAMA, Michio®, HAMAJIMA, Yasunorit, KAWAKAMI, Hajime!, KITAMURA,
Minoru!, MASUMOTO, Yukio!, TAKIGAWA, Masayukit, MIYAZAWA, Yasumasa, SAINO, Toshird

looooooon
1Japan Agency for Marine-Earth Science and Technology

In March 2011, an accident at the Fukushima Daiichi nuclear power plant (FNPP-AC) was caused by the Tohoku earthquak
and tsunami. As a result, gigantic amount of artificial radionuclideds were emitted to the atmosphere, land and ocean. To inves
tigate the transport of radionuclides to the ocean and their dispersion, we conducted a cruise with the R/V Mirai in the westerr
North Pacific about one month after the FNPP-AC and measured caesium (134Cs and 137Cs) in seawater and zooplankton.
addition, a numerical simulation of radionuclide dispersion in the ocean was conducted with a particle-tracking model using sur-
face currents reproduced by the Japan Coastal Ocean Predictability Experiment 2 (JCOPE2) model. A modified one-way neste
global?regional air quality forecasting system (AQF) was also applied to simulate the time?space variations in the 137Cs aeolia
deposition flux over the western North Pacific. 137Cs concentration in surface seawater ranged from 0.004 to 0.284 Bq kg?
(average 0.048 Bq kg-1). Samples from stations off Fukushima and Miyagi had higher 137Cs concentrations than those at otht
stations. 137Cs concentrations north of 40N were relatively higher than those south of 35N. These ranged from a few times to tw
orders of magnitude higher than those measured before FNPP-AC. 134Cs were detected while not detectable before FNPP-/
and 134Cs/137Cs were estimated to be 1 within measurement error. Because the 134Cs/137Cs ratio of drain water and air frc
the FNPP was reported to be nearly 1, radionuclides from the FNPP were likely transported to nearly all of the stations. At statior
K2, the 137Cs concentration in zooplankton from the surface mixed layer was 1.72 Bq kg-ww-1 and that in zooplankton from
the subsurface layer was 3.16 Bq kg-ww-1. The corresponding values at S1 were 4.01 Bq kg-ww-1 in the surface mixed laye
and 4.31 Bqg kg-ww-1 in the subsurface layer. 134Cs was also detected in all zooplankton, with 134Cs/137Cs ratios of nearly
within measurement error. The 137Cs concentration of zooplankton around Japan was less than 0.1 Bq kg-ww-1 during the la
decade. Thus, the observed concentrations were one to two orders higher than before 11 March. Previously reported values
the concentration factor (CF), the ratio of the Cs concentration of zooplankton to that of ambient, range from 10 to 100, wherea
we estimated the CF for zooplankton in this study to range from 200 to 840, an order of magnitude higher than previous obser
vations. The above CF has been estimated under steady state. Thus these might not be applied to our case that Cs concentra
of seawater and zooplankton were measured one month after FNPP-AC and both concentrations were still transient. Moreov
a possible explanation to this enrichment is that particulate materials with high 134Cs and 137Cs that originated in the FNP}
were adsorbed onto the zooplankton, rather than taken up by them, and collected along with the zooplankton. JCOPE2 resul
showed that plumes of radioactively contaminated water extended north-eastward near the coast to 40N and eastward along 1
northern flank of the Kuroshio extension about one month after the FNPP-AC. The high 137Cs concentration off Fukushima an
Miyagi can be qualitatively explained by dispersion of the water discharged directly into the ocean from the FNPP. In contrast,
the JCOPE2 result showed no detectable 137Cs north-east of the FNPP beyond 40N, 150E, despite relatively large values c
served there during the cruise, suggesting that radionuclides were transported to distant locations to the north-east by anott
mechanism. An AQF model indicated that 137Cs emitted from the FNPP would have been deposited over a wide area of th
western North Pacific. Therefore, the observed high 134Cs and 137Cs concentration in seawater, SS and zooplankton might
attributable mainly to this aeolian input of particles with high 134Cs and 137Cs concentration.
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Radioactive fallout: lesson from Chernobyl and what could be experienced for the Fukush
post-accidental situation
Radioactive fallout: lesson from Chernobyl and what could be experienced for the Fukush
post-accidental situation

Olivier Masson*
MASSON, Olivier*

!'Nuclear Safety and Radioprotection Institute
!'Nuclear Safety and Radioprotection Institute

Most of northern hemispheric countries have experienced radioactive fallout (from atmospheric nuclear weapon tests, Che
nobyl or from Fukushima) but except in the case of the global fallout, various impacts were noticed both at short time scale anc
in the context of more or less long post-accidental situations. It is probably too early to determine precisely the evolution in the
environment of the radionuclides that were released by the Fukushima accident. Thus it could be interesting to share our poit
of view both in the light of our respective experience of radioactive fallout and deposition and considering the respective envi-
ronmental features of Europe (France) and Japan. What we have learnt from Chernobyl and what information is still needed ar
could be experienced from the Fukushima accident or applied to the Fukushima situation, is of great concern in the frameworl
of atmospheric deposition.

Of course, distance from the source is a key (first order) parameter as well as initial conditions that yield to deposition map-
ping. After initial deposition, contaminated areas act as a delayed and secondary source that can explain the resilience of formet
deposited radionuclides in the atmosphere.

At European scale, Chernobyl provides a lasting step effect in the time series of airborne levels whereas Fukushima did no
This lasting step effect belonged to resuspension mechanisms that became rapidly predominant as the airborne levels drop do
radically. Resuspension and biomass burnings provided most of the peaks of activity levels in France. Those mechanisms a
encountered in France as well as in Japan but probably with different magnitude and possibly with different consequences re
garding the evolution of the background level. A review of those mechanisms and their respective importance will be presented

Spatially, we observed some deposition heterogeneity that corresponds first to different deposition patterns, especially i
mountainous ecosystems. Snow and cloud deposition are among the main typical patterns that distinguish deposition conditiol
in highlands and lowlands. Occult deposition by cloud/fog water can explain higher levels at altitude locations compared to wha
could be expected from a rain deposition relationship. In addition, this study could benefit to lowlands and coastal areas wher
fogs occur, either seasonally or on a regular basis.

Results obtained in samples taken at the summit of a low-altitude mountain will be commented.

0O 0 00 0O : airborne radioactivity, 137Cs, deposition, resuspension, chernobyl, fukushima
Keywords: airborne radioactivity, 137Cs, deposition, resuspension, chernobyl, fukushima
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Spatio-temporal variability of the deposited radioactive materials in forest environments

after the Fukushima Daiichi NP
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KATO, Hiroaki**, Yuichi ONDA!, Yoshitaka KOMATSU, Hiroki YODA!

looooooooo
LFaculty of Life and Environmental Sciences, University of Tsukuba

Soil, vegetation and other ecological compartments are expected to be highly contaminated by the deposited radionuclides aft
the Fukushima Daiichi nuclear power plant (NPP) accident triggered by a magnitude 9.1 earthquake and the resulting tsunami c
Marchi 11, 2011. Study site have been established in Yamakiya district, Kawamata Town, Fukushima prefecture, located abol
35 km from Fukushima power plant, and designated as the evacuated zone. The total deposition of radioactive materials at tt
study site ranged from 0.02te10 M Bg/m2 for Cs-137. The mature cedar, young cedar, and broad-leaf stands were selected
as experimental site for the monitoring of spatio-temporal variability of the deposited radionuclides after the accidental release
of radioactive materials. In order to measure the vertical distribution of radioactivity in forest, a tower with the same height
of tree have been established at each experimental site. The measurement of radioactivity by using a portable Ge gamma-r
detector (Detective-DX-100, Ortec) and radionuclide analysis of leaf samples at different height revealed that a large proportior
of radionuclides which deposited on forest were trapped by canopies of the cedar forests. In contrast, in the broad-leaf fore:
highest radioactivity was found at the forest floor. Furthermore, spatio-temporal variability of radioactivity at the forest floor
indicated that huge amount of caesium still remains on the canopy of coniferous forest, and subsequently transfers to forest flo
in association with throughfall, stemflow, and litter fall.

gooobo:0bo000g,0o0o0o0o,b0b,o0ooo
Keywords: Fukushima NPP accident, Radionuclides, Forest, Spatio-temporal variability
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Heterogeneous distribution of radiocesium in the environment emitted from the Fukushim

Daiichi Nuclear Power Plant
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TANAKA, Kazuya'*, SAKAGUCHI, Aya?, KANAI, Yutaka?, TSURUTA, Harud, Atsushi Shinohafa TAKAHASHI, Yoshio?
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11SSD, Hiroshima Univ.2Graduate School of Science, Hiroshima UniGeological Survey of Japan, AISTAORI, The Univ.
of Tokyo, ®*Graduate School of Science, Osaka Univ.

We analyzed®"Cs in aerosols, rocks, soils and river suspended sediments collected after the Fukushima Daiichi Nuclear
Power Plant (FDNPP) accident. Based on the results of analysis, we discussed the behavior and transportation of radiocesit
in natural environments after the accident. First, radionuclides were emitted from FDNPP as hot particles transported by the ai
which contained water-soluble fractions of radiocesium. Radiocesium still existed in water-soluble fractions just after deposition
on the ground. Subsequently, interaction of hot particles with water (e.g. rainfall) dissolved and strongly fixed radiocesium on
rocks and soil particles, which changed radiocesium into insoluble form. The distribution of hot spots was possibly controlled
by the initial position of deposition on the ground. Consequently, hot spots were studded on the surface of rocks rather tha
uniformly distributed. Cesium-137 concentrations<o® um fraction of rocks, soils and river suspended sediments were higher
than those of the corresponding bulk samples. The distribution of radiocesium in river suspended particles was not homogeneo
during transportation by way of rivers, reflecting the heterogeneity of radiocesium in rocks and soils. Leaching experiments
demonstrated that radiocesium in rocks, soils and river suspended sediments were fairly insoluble, showing that the adsorptic
reaction is irreversible. The heterogeneous distribution of radiocesium in aerosols, soils and suspended particles is originate
from the presence of hot particles in aerosols. Dissolution of radiocesium in the hot particles in the aerosols and subsequel
irreversible adsorption on the soil particle complex are responsible for the preservation of the heterogeneity in soils and also i
river suspended particles. The present results showed that their radioactivities are retained by only a part of the constituent
soils and suspended patrticles originally transported as hot particles in the aerosols.

Keywords: Radiocesium, heterogeneity, soil, Fukushima, FDNPP accident
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The Cs-134 and Cs-137 concentrations in soil water covered by diferent vegetations
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Continuous monitoring of radiocesium in drainage water from a p
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addy field during pud-
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YOSHIMOTO, Shuhéli*, IMAIZUMI, Masayuki', ISHIDA Satoshi, SHIONO Takahird, OKUSHIMA Shuijit, NAKA Tatsuo'
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Hnstitute for Rural Engineering, National Agriculture and Food Research Organization

Decontamination of agricultural lands contaminated with radiocesium after the accident of Fukushima Dai-ichi Nuclear Power
Plant of Tokyo Electric Power Company is urgently requested. Ministry of Agricultural, Forestry and Fisheries (MAFF) has cur-
rently been undertaking development of decontamination measures for soils in agricultural lands. In cooperation with MAFF, In-
stitute for Rural Engineering (NIRE) has conducted experiments for decontamination in paddy fields of litate Village, Fukushima
Prefecture, which is included in the planned excavation zone with 20-50 mSv per year due to fallout from the accident. One of the
NIRE experiments was a decontamination method "mixing soils and removal using water”, in which muddy water was drained
from paddy fields where surface soil and radiocesium was mixed with water. The muddy water was extracted by pump for dis-
posal.

In this experiment, a monitoring equipment made up of a Nal(Tl) detector was developed and applied to an experimenta
decontamination in paddy fields for continuous monitoring of concentration of radiocesium in muddy water. The detector of
monitoring equipment was a 5-inch diameter Nal(Tl) crystal with a photomultiplier tube, that was put into a large plastic bucket.
A hole was made 30.5 cm above the bottom of the bucket for regulating the discharge flow from the bucket. Its resolution was
about 7%. Signals from the detector were amplified by a gain controller and then sent to a 1,024-channel pulse height analyze
The energy range was set to 0-2,048 keV so that the targeted nuclides (Cs-134: 605 and 795 keV, Cs-137: 662 keV; K-40: 1,4¢€
keV; Bi-214: 1,765 keV) could be observed. The ratio of emissions of gamma ray from nuclides to detected peak counts, calle
the detection factor here, was determined by measuring 3.0M KCl aqueous solution (3,700)Bq the bucket. At depth of
30.5 cm in the bucket, the detected peak count for K-40 was 123 cps, and therefore the detection factor was calculated as 3
Lt

The experiment of muddy water removal was executed in two paddy fields, named as Field C1 and C2. The area of each ¢
them was 420 h In both C1 and C2, the soil was ploughed together with 42frsupplied water, and then the muddy water
was discharged by four suction pumps. In Field C2, additionally, the soil was tilled before the water injection, and the soil and
water were manually stirred by dragging PVC pipes during the latter part of the pumping. The drained volume of muddy water
was 12 ni from Field C1, and 17.6 ffrom Field C2. The monitoring equipment was installed at an outlet of one of the pumps.
The measurement time was set to ten seconds, and obtained spectra were logged every ten seconds. Radioactivity of Cs-134 .
Cs-137 was calculated from the peak counts around 795 keV and 605-662 keV, with multiplying the detection factdr 3.2 L
On the other hand, 300 mL of the emitted muddy water was sampled every five minutes, and then taken back to the laborator
for measurement of radiocesium concentrations (5-inch Nal(TI) scintillation counter, 600-second measurement). Results of th
continuous monitoring and the laboratory measurement are shown in Fig. 1. The former part of the continuous measurement |
Field C1 was unavailable because of malfunction of power supply. The fluctuation of radioactivity obtained by the continuous
monitoring was well consistent with that by the laboratory measurement, and revealed that radiocesium concentration in th
muddy water reached more than 20,000 Bt lduring the manual stirring although usual radioactivity in the pumped water
ranged 5,000-10,000 BqL.

Keywords: Nal(Tl) scintillation counter, gamma ray spectrometry, decontamination evaluation, Fukushima Dai-ichi Nuclear
Power Plant
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Fig.1 Results of the continuous monitoring of radiocesium in the emitted muddy water by the
continuous monitoring equipment and those in the samples measured in the laboratory.
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