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Time series of atmospheric radiocesium just after the accident at two
SPM monitoring sites near the Fukushima Daiichi Nuclear Power Plant
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Investigation of chemical and physical properties of radioactive
aerosols sampled from SPM tape filters using multiple synchrotron
radiation X-ray analyses
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Unsteady source term estimation of the Fukushima dai-ichi release
using contributed radiological measurements

*Carolynne Hultquist', Guido Cervone’

1. Geoinformatics and Earth Observation Laboratory and the Institute for CyberScience, Pennsylvania State University
Main Campus

A new methodology is presented for reconstructing the unsteady release rate of an atmospheric nuclear
release using a Lagrangian atmospheric transport and dispersion (T&D) model, contributed concentration
measurements, and stochastic search techniques. The methodology was applied to the reconstruction of
the 2011 Fukushima nuclear release using an atmospheric T&D model and contributed radiation data
from the Safecast citizen science project.

First, the Safecast contributed measurements were compared to official aerial surveys completed by the
Department of Energy (DOE) and the National Nuclear Security Administration (NNSA) in 2011. It is
shown that the Safecast data provides a reliable spatial estimation of radiation concentration when
compared to official data.

Then a T&D model is run to simulate the nuclear release using high resolution terrain and meteorological
data. The model simulates multiple sequential releases with a constant rate. The model values are
decayed to the dates for which Safecast data are present, and an error is then computed between the
observed and simulated concentrations. A statistical process is performed to find scalar multipliers that
minimize the error between observed and simulated values.

The outcome of the optimization is the non-steady release rate concentration for the Fukushima nuclear
release over land. This is because the release rate is estimated for primarily land-based data so the
estimation does not include consideration for the plume of radiation that spread over the ocean.
Environmental concerns and human impacts can be better addressed with long-term monitoring that
confirms the prediction of models representing dynamic behavior of radionuclides dispersed in the
environment.
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Mechanism of resuspension of radiocesium in summer and autumn
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Model inter-comparison of atmospheric Cs-137 from the Fukushima
Daiichi Nuclear Power Plant accident
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After the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident in March 2011, atmospheric
simulation models played important roles in understanding the atmospheric behaviors of radionuclides.
For the evaluation of the validity and variability of model results, model inter-comparison provides
valuable and useful information. In this study, we compared results of seven atmospheric transport
models to simulate atmospheric '*’Cs released from the FDNPP. All of model results used in this analysis
were submitted for the model inter-comparison project of Science Council of Japan (2014). Model
reproducibility was assessed from comparison with the observed hourly atmospheric concentrations of '*’
Cs at 90 sites in Tohoku and Kanto regions (Tsuruta et al., 2014).

Tsuruta et al. (2014) identified 9 plumes (P1 —P9) which passed over Tohoku and/or Kanto regions. P1,
P5 and P6 passed through the northern coastal area of Fukushima prefecture to the Pacific Ocean from
FDAPP in the night of March 13, morning of 18th and afternoon of 19th, respectively. P2, P4, P7 and P9
reached Kanto region in the morning of 15th, morning of 16th, afternoon of 20th and morning of 21st,
respectively. P3 and P8 widely spread over Fukushima prefecture in the afternoon of 15th and night of
20th, respectively.

On average, performance of the models was the best for P2 with FA2 (fraction of simulated data that
reproduced the observations within a factor of 2) of 10% ~ 40%. Model performance for P1, P3 and P8
was moderate with FA2 of 0%~10%. The models generally reproduced the observed '*’Cs concentrations
in plumes which widely spread inland of Tohoku or Kanto regions (P2, P3, and P8). By contrast, the
models largely underestimated the observed 137Cs concentrations for P4, P5, and P6, which passed
coastal areas of Japan.

Ensemble average of seven models showed reasonable performance for most of plumes, and no individual
models reproduced better that the ensemble average for all the plumes. These results suggest that
ensemble average is effective for reliable and stable simulation of radioactive plumes.
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Fig. (top) Observed and simulated average concentrations of '*’Cs in nine radioactive plumes ([Observed-

137Cs] 10 Bqg m™). (bottom) Fraction of simulated data that reproduced the observations within a factor of
2,5, and 10 (FA2, FA5, FA10, respectively).
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Development of meta-database system for radiation monitoring
related to the Fukushima Dai-ichi reactor accident.
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Radioactivity in soil from near the Fukushima Dai-ichi Nuclear Power
Plant at five years after the accident
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Numerical study on sorption kinetics affecting vertical profile of
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Introduction: The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident occurred on 1 1" March 2011
and a lot of radionuclides were emitted into the environment from the reactors (Yoshida and Takahashi,
2012). About 1.3x10'° Bq of Cesium-137 (Cs-137) was deposited to the ground by dry and wet
depositions (Chino et al., 2011). According to Konoplev et al. (2016), solid-liquid distribution coefficient K
4Vvalues in Fukushima rivers are by 1-2 orders of magnitude higher than those in Chernobyl and it is
possibly because the presence of Cs-bearing microparticles and higher Radiocecium Interception
Potential (RIP) values of soils in Fukushima than those in Chernobyl. Cesium-bearing microparticle is a
glassy, water-insoluble particle (Adachi et al., 2013). Cesium and many other elements from the reactor
were found in the microparticles (Abe et al., 2014). The calculation of isotope ratio of Cs shows that the
particles are from unit 2 or 3 (Nishihara et al., 2012). In this paper, the microparticles in suspended
particles on the filters in river waters will be shown, focusing on the effect of the microparticles to the K
values in the rivers. If there are the microparticles on the filter, apparent K value will be higher than
intrinsic K, value related to the adsorption-desorption reaction to the clay minerals.

Method: Suspended particles (3-63 wm) were collected from some rivers in Fukushima Prefecture by
filtering water (60-90 L) in 2014 - 2016. After the filters were dried, total radioactivity of Cs-137 on the
filters was measured by high purity Germanium semiconductor detector (HPGe). Planar distribution of
radiation of filter was measured by autoradiography with Imaging Plates (IPs). After microparticle with high
radioactivity was found on the filter, it was separated from other particles by water and Nal scintillation
counter. Our method can separate microparticles more quickly and efficiently than previous methods
(Adachi et al., 2013). Also, the microparticles can be more readily found by Scanning Electron Microscope
(SEM) without using glue in the separation processes. The microparticles were measured by SEM coupled
with Energy Dispersive x-ray Spectroscopy (EDS) to determine that the particles were similar to the
particles reported in Adachi et al. (2013) etc. In the end, radioactivity of Cs-137 in the microparticle was
measured by HPGe.

Result: Some hot spots were found on filters of Kuchibuto River collected in 2014 and 2015 by
autoradiography. No hot spots were found on the filters from other rivers. The results of SEM-EDS showed
that these hot particles and reported Cs-bearing microparticles were almost similar because they consist
of elements such as Si, Cs, Fe, and Zn. Radioactivities of Cs-137 in the microparticles were about 0.8-3.0
Bqg. Their isotope ratios of Cs (Cs-134/Cs-137 around 1.1) showed that the microparticles were from unit
2 or 3 of FDNPP. On filters collected on 3" May 2014, 30% of Cs-137 on the filters was from the

microparticles, while 46% of Cs-137 on filters was from the microparticles for the samples of 1 1t
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November 2015. If K, value is calculated using these filters, the value will be overestimated compared
with intrinsic K, value that assumes adsorption-desorption reactions on clay minerals etc. The filters after
1-3 years from the accident and from different places should be measured successively. These results may
explain the phenomenon that K, values in rivers in Fukushima are higher than those in Chernobyl. The
effect of the Cs-bearing microparticles must be considered when K, values of Cs in Fukushima are
discussed.

F—O—R:RBE. VUL EVUVLEENTF. BEREN. K. BRDE
Keywords: Fukushima, Cesium, Cesium-bearing particle, nuclear power plant accident, radioactivity,
Solid-liquid distribution
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1, Two major sources terms of radiocaesium to the Ocean from the Fukushima accident and fallout from
atmospheric weapons tests before the accident

The "*’Cs derived from atmospheric weapons test conducted late 1950s and early 1960s and the
inventory in the North Pacific Ocean in 1970 was 290 +- 30 PBqg (Aoyama et al., 2006). Some portion of
the '*’Cs in the North Pacific Ocean were transported to South Pacific Ocean and Indian Ocean and also
radioactive decay occurred with a half-life of 30.7 years, the 37Cs inventory in the North Pacific Ocean
before the FNPP1 accident decreased to 69 +- 7 PBqg as of 2011 (Aoyama et al., 2016).

There are two major sources of radionuclides to the environment derived by the TEPCO Fukushima
Dai-ichi Nuclear Power Plant (FNPP1) accident in 2011. The largest and earliest source of artificial
radionuclide was atmospheric release from FNPP1, which led to atmospheric deposition on both land and
in the ocean. Atmospheric release peaked mid of March 2011 and total amount of atmospheric release of
137Cs was estimated to be 15.2-20.4 PBq and same amount of 134Cs was also released because activity
ratio of '**Cs vs. '*’Cs was almost 1(Aoyama et al., 2016). About 20 % of released radiocaesium fell on
land and 80% of released radiocaesium fell on the ocean. Therefore 11.7-14.8 PBq of '*’Cs was injected
in the North Pacific Ocean as atmospheric deposition.

Second largest source was the direct discharge of contaminated waters to the ocean since 26 March
2011 and peaked on 6 April 2011 based on analysis of 1311 vs. '*’Cs activity ratio (Tsumune et al., 2012).
Total amount of released '*’Cs was estimated to be 3.5 +- 0.7 PBqg. A combined input to the North Pacific
Ocean of "*’Cs from both atmospheric deposition and direct discharge was therefore estimated to be
15.2-18.3 PBq.

2, Three major pathways of FNPP1 derived radiocaesium in the North Pacific Ocean

The fastest pathway of FNPP1 derived radiocaesium might be surface pathway. FNPP1-derived
radiocaesium injected at north of Kuroshio front by atmospheric deposition and direct discharge spread
eastward in surface water up to 200 meters by the North Pacific Current across the mid-latitude North
Pacific (Aoyama et al., 2016). In 2013 main body of FNPP1 radiocaesium in surface layer was already in
the eastern Pacific. A model simulation (Tsubono et al., 2016) also shows good agreement with the
observed radiocaesium activities in the Pacific Ocean reported by several studies.

The second pathway is subduction of central mode water (CMW). A maximum of radiocaesium activity in
June/July 2012 was observed at potential densities of 26.1-26.3 at 34 deg. N-39 deg. N, 165 deg. E,
which correspond to 400 meters depth. The density is in a range of density of CMW and radiocaesium
activity was higher than those in the surrounding waters, including STMW. In June-July 2015 and June
2016 at 36°N-44°N along 165°E, there are only very week signal of subduction of FNPP1 radiocaesium.
This means that subducted radiocaesium might move eastward from this region. Before the Fukushima
accident, '*’Cs maximum corresponding CMW region was observed, however, it located at 20°N, 165°E
because it was 40 years after subduction (Aoyama et al., 2008).

The third pathway is subduction of subtropical mode water (STMW). FNPP1-derived radiocaesium
injected at south of Kuroshio front by atmospheric deposition transported to southward rapidly due to
subduction of STMW at potential densities of 25.1-25.3. In 2015 along 165 deg. E, FNPP1 radiocaesium
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corresponding STMW spread entire subtropical gyre and a part of them reached 2 deg. N and recirculated
in the subtropical gyre and reached Japanese coast.

3, Mass balance of FNPP1 radiocaesium in the North Pacific

134Cs inventory was estimated to be 8 PBq in surface layer in summer 2012 (Inomata unpublished).
Kaeriyama et al. (2016) estimated that 134Cs inventory in STWM in 2012 was about 4 PBq. We believe
that FNPP1 derived 134Cs injected in the North Pacific was 15.2 - 18.3 PBq. Therefore 134Cs inventory
can be estimated 3-6 PBqg in CMW at this moment based on a mass balance of FNPP1 radiocaesium.

The '*'Cs inventory in the North Pacific Ocean before the FNPP1 accident, which was derived mainly from
nuclear weapons testing, was 69 PBq at the end of 2010. Thus, the FNPP1 accident increased the '*’Cs
inventory of 15.2 - 18.3 PBq by as much as 22 - 27%.

F-—U—F: BEFR. BRERETY. LXFEF

Keywords: Fukushima accident, global fallout, North Pacific Ocean
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Groundwater Discharge: RSGD)IC & > TZEDHHHECsHERS N TH Y, 5%, AFRBECAFICEITS
AT CsDEMEIC AR E L CSCD AR T 2 EEMNRER I N,
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Keywords: Fukushima-derived radiocesium, Submarine Groundwater discharge, Pore water,
Matsukawa-ura Lagoon
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Regional-scale oceanic simulations of '*’Cs, *°Sr, *H radioactivity
directly released by the Fukushima Dai-ichi Nuclear Power Plant
accident
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A series of accidents at the Fukushima Dai-ichi Nuclear Power Plant (1F NPP) following the earthquake
and tsunami of 11 March 2011 resulted in the release of radioactive materials to the ocean by two major
pathways, direct release from the accident site and atmospheric deposition. Additional release pathways
by river input and runoff from 1F NPP site with precipitation and were also effective for coastal zone in the
specific periods before starting direct release on March 26 201 1. The activities attributable to the direct
release were observed adjacent to the 1F NPP site. The sea side impermeable wall was closed at 26
October 2015. We estimated the direct release rate of '*’Cs, °°Sr and *H for more than four-and-a-half
years after the accident by the Regional Ocean Model System (ROMS).

f 13’Cs were estimated by comparing simulated results and measured activities

Direct release rate o
adjacent to the 1F NPP site (adjacent to 5,6 discharge and south discharge). Direct release rate of 137Cs
was estimated to be 2.2 x 10" Bqg/day and decreased exponentially with time to be 3.9 x1 0° Bqg/day by
26 October 2015. Estimated direct release rate have exponentially decreased with constant rate since 4
November 2011. Apparent half-life of direct release rate was estimated to be 346 days. The estimated
total amounts of directly released 37Cs was 3.6+0.7 PBq from 26 March 2011 to 26 October 2015.

d *’Cs activities attributable to direct release were in good agreement with observed activities, a

Simulate
result that implies the estimated direct release rate was reasonable. Simulated '*’Cs activity affected off
coast in the Fukushima prefecture.

905 /137Cs activity ratio of stagnant water was 0.05 in the basement of the 1F NPP reactor 2 turbine
building on 27 March 2011. Direct release rate of *°Sr was estimated to be 1.1 x 10'® Bq/day from 26
March to 6 April 2011 using the activity ratio in stagnant water because the stagnant water released to
the ocean in this period (Tsumune et al., 2012). And the temporal change of direct release rate was
estimated by the measured 0gy activity adjacent to TF NPP. Directly release rate decreased exponentially
t03.9x 10" Bg/day by 30 April 2011. The direct release rate was constant and decreased exponentially
from 27 June to 16 December 2013. And the direct release rate was 2.9 x 10° Bq/day by 26 October
2015. The estimated total amounts of directly released *°Sr was 208 +42 TBq.

3H/"¥7Cs activity ratio of stagnant water was 8.7 x 107 in the basement of the 1F NPP reactor 2 turbine
building on 27 March 201 1. Directly release rate of *H was estimated to be 1.9 x 10" Bq/day from 26
March to 6 April 2011 and decreased exponentially by 16 April 2011. The rate was decreased
exponentially with constant rate by 26 October 2015. The direct release rate was estimated to be 7.7 x 10
° Bg/day at 26 October 2015. The estimated total amounts of directly released *H was 131 26 TBq.

©2017. Japan Geoscience Union. All Right Reserved. - MAG34-17 -



MAG34-17 JpGU-AGU Joint Meeting 2017

F—U— N  BEF—RFAREREN. EEEETET /. BEERR. BEEEY YL, BRI OYFD
L, MYFUL
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Radiocaesium activities in the North Pacific Ocean Water from 1945 to
2020 Calculated by eddy-resolving ROMS
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We conducted the ensemble simulation of '*’Cs activity in the North Pacific Ocean (NPO) water from
1945 to 2020, before and after the Fukushima Dai-ichi Nuclear Power Plant (1F NPP) accident, because
we used the estimations of '*’Cs activity flux, but climatology as physical forcing . Using the Regional
Ocean Model System (ROMS) with high resolution (1/129-1/42 in horizontal, 45 levels in vertical), of
which domain was the NPO, we preliminarily estimated a factor multiplying the total of '**Cs fluxes, which
have been estimated for the atmospheric deposition and the direct discharge from the accident. The
direct comparison of the observed and calculated '**Cs showed that the total '**Cs Flux was 1.6 times
greater than the previous estimate. We re-calculated the '**Cs activities in the NPO water using the flux
multiplied by 1.6 and confirmed the improvement of the simulation by the multiplied flux, which
suggested that each the '**Cs and "*’Cs inventories in the NPO increase by about 16PBq due to the
accident. For the hindcast and forecast of the '*’Cs activity in the NPO water, we calculated the 37¢cs
activity in the NPO water from 1945 to 2020 by using the global fallout flux due to atmospheric nuclear
weapons’ tests and the Chernobyl accident and the estimated fluxes of the 1F NPP accident. For the
calculation, five ensemble calculations of '*’Cs activity were conducted by moving the start period of the
input flux for one year. The 37Cs activity in the surface water showed that the plume due to the TF NPP
accident with relatively higher activity than 5 Bq m~was transported to the western area of 135°W in
2015, while the activity of the plume was rather lower than that in 1985. The peak year of the '*'Cs
activity can be estimated from the hindcast and forecast. The 37Cs activity in the surface water north of
30°N shows that the peak activity of '¥’Cs reached 180° in 2011, but in 2012 it moved near 180° and in
2017 moved around 90°W. The total inventory of '*’Cs in the NPO increased up to 77 PBq in 2011 and
gradually decreased to 61PBq in 2018 by transport outside of the domain, which is almost the same as
that in Dec. 2010. The whole amount of '*’Cs in the subsurface layer (200-600m depth) is larger than that
in the surface layer (0-200m depth) since the 1F NPP accident except 2011.

F—7— K :137Cs. LXEE, BRETETIV
Keywords: 137Cs, North Pacific ocean, eddy-resolving model
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Radioactive cesium-bearing particles in various environmental
samples
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1. Department of Earth and Planetary Science, Graduate School of Science, The university of Tokyo, 2. National
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University of Marine Science and Technology

Radioactive materials released by the Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident caused
extensive radioactive contamination. Adachi et al. (2013) discovered radioactive Cs-bearing particles
(Cs-bearing particles) from air filter in Tsukuba (170 km from FDNPP). This finding is an important, since
the particle which is likely to be emitted directly from FDNPP may contain various information on the
phenomena occurring in FDNPP during the accident. However, because of the difficulty of separating
Cs-bearing particle from environmental sample, comprehensive information on physical and chemical
properties of the particles as well as distribution of particles in Fukushima contaminated areas is limited.
In this study, the distribution and physical and chemical properties of Cs-containing particles were
investigated using various types of environmental samples, such as suspended particles in river and
surface seawater, tree leaves, and road dust (noted as black substances).

Radioactive cesium-bearing particle in the sample was separated from other particles by the
wet-separation method using a Nal scintillation counter. The separated particle was identified by a
scanning electron microscope (SEM) equipped with an energy dispersed X-ray spectrometer (EDS). The
activities of '**Cs and "*’Cs in the identified particle were measured by non-destructive gamma-ray
spectrometry.

Spherical particles with diameters of approximately < 5 uwm were found in any samples. Particles of this
type are similar in terms of chemical composition to those reported so far, and were estimated to be
derived from Units 2 or 3 of FDNPP estimated by the 134cs/ "7 Cs activity ratio. In the dust samples of the
northwest direction within 20 km from FDNPP, particles with diameters of several tens to several
hundreds of microns were found. This area has been reported to be contaminated with radioactive
materials from Unit 1 (Satou et al., 2015). Most of the particles in this region were not uniform in shape.
The main components of the particles in this region were Si, Ca, K, and Al derived from Unit 1 from the 134
Cs/"¥'Cs activity ratio. In addition, although it is reported that the shape of the particles in this region is
not uniform, some spherical particles with a diameter larger than > 20 um were also found.

From the facts above, it was found that three kinds of radioactive particles are widely present in various
environmental samples.

F—O— N BEBE-RRE. LIV LEENTF. REAN. RE6E
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Atmospheric radioCs in case of the local dust event
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Atmospheric radioCs seems suspended along with surface soil dust when the strong wind creates local
dust event. Local surface contamination may have resulted in the enhancement of the radioCs
concentration when the local dust event occurred. Although Ishizuka et al. (2017) made the radioCs
resuspension computation scheme due to the dust uplift in the air by wind blow, the effect of the local
dust event has not been evidenced nor confirmed in detail so far. Furthermore, though Kajino et al.
(2016) has simulated yearly resuspension in 2013 due to the dust suspension and those from the forest,
event-based case study has not been carried out. In this presentation, some of such events are analyzed
in terms of the radioCs resuspension. The dust event occurred in March 2013 was analyzed for
meteorology and temporal change in radioCs concentration observed at Meteorological Research
Institute in Tsukuba. The simulated results of radioCs concentration in Tsukuba is compared with the
observed results. These analysis would suggest qualitatively minor effect of the local dust events on the
enhancement of the radioCs concentration.

F—O—R:t¥oL RERR BE
Keywords: radioCs, local dust event, concentration
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Long-term Changes in the Distribution of Atmospherically Deposited
Radioactive Cs in a Small Forest in Fukushima Prefecture
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Radioactive Cs distribution of litter and soil in forests in each kind tree
for Syears after Fukushima Dai-ichi Nuclear Power Plant accident
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The Fukushima Dai-ichi Nuclear Power Plant fall-out contaminated the surrounded areas with high levels
of radioactive materials in march 2011. We have been investigated based on soil samples as part of a
cooperative pilot survey involving both government and academia since May 2011. The surveys detected
widespread radioactive contamination throughout the forested areas in Fukushima prefectures, where
approximately 71% of the land area is forested. And, there is an artificial forest more than 35% in
Fukushima forest. Usually, artificial forest is made with a specific kind tree. They are processed to plant
mushrooms and/or to build houses. Mushrooms are cultured on Quercus serrata. It’ s a deciduous tree. It
means that Quercus serrata had not put leaves in the accident. Another hand, houses are built of
Cryptomeria japonica. It is an evergreen tree. It means that fall-out was contaminated canopy of
Cryptomeria japonica. Radionuclides deposited in forested areas by either wet or dry processes
encounter the canopy. Most radioactive Cs (>90%) deposited onto the canopy is intercepted and
retained by tree leaves and branches and subsequently transferred to the forest floor as a result of
weathering by rainwater and wind.

The fall-outed radioactive Cs contaminated any kind tree forest. It is important to know the distribution of
radioactive Cs in each kind tree forest for decontamination of forests.

Therefor we studied to know radioactive Cs distribution of litter and soil in the forest floor in each kind
tree from 2011 to 2016.

Forests were separated for Pinus densiflora forest (PDF), Pinus densiflora Mix forest (PD Mix), decicuous
tree forest (DTF), Cryptomeria japonica forest (CJF) and other coniferous tree forest (OCF). Air dose rate
measured 3 times in 2011, 2014 and 2016. The number of samples were each 26, 56, 153, 71 and 52 in
2011, each 7, 28, 88, 52and 33 in 2014, and each 7, 13, 24, 33 and 9 in 2016. The litter and soil
radioactive Cs measured in 2011 and 2016.

Each kind tree forests air dose rate was positive correlated an initial deposition radioactive Cs. And, each
forests air dose rate decreased with time. 2011-2014 air dose rate decrease was faster than 2014-2016
decrease in PDF, PD Mix, DTF and OCF. Another hand, 2014-2016 air dose rate decrease was faster than
2011-2014 decrease in CJF. It means that the timing of air dose rate decrease was delay in CJF. Each
forests air dose rate decrease was faster than the physical decay of radioactive Cs. Another hand, each
radioactive Cs inventory of litter and soil decrease was slower than the physical decay of radioactive Cs.
CJF’ s radioactive Cs inventory of litter and soil increased significantly faster than PDF’ s and DTF s. It
means that each forest air dose rate was negative correlated radioactivity of the litter and soil from 2011
to 2016. The litter’ s radioactive Cs inventory decreased faster than radioactive Cs physical decay in
PDF, PD Mix, DTF and CJF. DTF’ s rate of decrease was significantly faster than PD Mix’ s and CJF’ s.
The soil’ s radioactive Cs inventory decrease slower than radioactive Cs physical decay in PDF’ s and
OCF’ s. And, the radioactive Cs of soil of PD Mix, DTF and CJF in 2016 were more than the radioactive Cs
inventory of soil in 2016. And, CJF’ s rate of radioactive Cs inventory of soil increased significantly higher
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than PDF’ s. It means that radioactive Cs distributed from litter to soil in each forest.
Therefore, air dose rate of forest was decreased faster than radioactive Cs physical decay from 2011 to
2016. And, litter’ s radioactive Cs inventory decreased from 2011 to 2016. Soil’ s radioactive Cs

inventory increased from 2011 to 2016. It was thought that radioactive Cs distributed from litter to soil in
every forest from 2011 to 2016.
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Temporal changes of Cs-137 concentration and its flux (dissolved
fraction, suspended sediment, and coarse organic matter) at small
Headwater Catchment in Fukushima after Fukushima Dai-ichi Nuclear
Power Plant Accident
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Radiocesium migration from headwater forested catchment is important perception as output from the
forest which is also input to the subsequent various land use and downstream rivers. In this study,
dissolved Cs-137 concentration of stream water, subsurface water, suspended sediment (SS) and coarse
organic matter (Org) were measured. Observations were conducted from 2011 at four headwater
catchments in Yamakiya district, located 35 km northwest of Fukushima Dai-ichi Nuclear Power Plant
(FDNPP).

Stream water discharge was monitored by combination of parshallflume and water level recorder. Stream
water was sampled manually at steady state condition in 2-4 month interval. Also intense few hours
interval sampling of stream water was conducted during rainfall events using automated water sampler.
Suction lysimeters were installed for sampling the soil water. Boreholes were installed for the groundwater
sampling. Stream water and groundwater samples were collected for 40 L each. All the water samples
were filtered through 0.45 wm pore-size membrane. Water samples with less than few L were
concentrated by evaporative concentration. Water samples with more than few L were concentrated using
the ammonium molybdophosphate (AMP)/Cs compound method. The SS was sampled using
time-integrated SS sampler. Turbidity sensor was set in the streambed. The output of the turbidity (mV)
was converted to SS concentration (mg/L). A 15 mm mesh net was placed in the stream channel to trap
Org sample carried by the stream flow. The SS and Org samples were dried at 105 degree in an oven for
24 h and then finely crushed. The radioactivity of the samples was measured using gamma-ray
spectroscopy.

The fast decline of first phase and secondary comparatively gradual decline were observed in time series
of dissolved Cs-137 concentration in stream water and therefore fitted to two-component exponential
line. During the rainfall events, the concentration of dissolved Cs-137 in stream water increased
temporarily. Also the declining trend of Cs-137 concentration in SS and Org were fitted to exponential
line however, those components were started to collect from August 2012 and the fast declining phase
were not observed therefor fitted to single-exponential line. After 5 years passed from the accident, the
difference of declining trend between catchments are shown.

In conjunction with Cs-137 concentration results, Cs-137 discharge flux were calculated for three
components (dissolved fraction, SS, and Org). As a result, it is shown that more than 96% of the Cs-137
discharge was due to the discharge by SS. The total discharge ratio of Cs-137 to its deposition amount at
each catchment was ranged 0.002-0.3% per year.

F—O—F:EYULI37, BEFR—REFAREM. RRE
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Dynamic association of radioactive cesium between sediment and
suspended sediment in river

‘B BE A A0 £=8°
*XIANG GAOQ', Yuichi Onda? Keisuke Taniguchi®

1. RERZERRERERER. 2. FERET7AY h—TREBEMA VI —. 3. EERREAEEY Y —
1. Master's Program in Environmental Sciences,University of Tsukuba, 2. Center for Research on Isotopes and
Environmental Dynamics,University of Tsukuba, 3. Centre for Environmental Creation Fukushima Prefecture

Abstract

After earthquake and tsunami of 11 March 2011,a lot of radionuclides 134Cs and "*’Cs were released into
environment due to Fukushima Dai-ichi Nuclear Power Plant(FDNPP) accident. For the safety of people
and the support of decontamination, the Japanese Ministry of Education,Culture,Sports,Science and
Technology(MEXT) has taken a long term monitoring system,in which about river sediment,surrounding
environment and water quality,in areas such as lwate,Miyagi and Fukushima Prefectures since August
2011.Meanwhile,7 sites were newly opened in Nakadori and Hamadori since July 2011,24 sites were
opened since October 2012,to monitor the dynamics of water quality and suspended sediment.However
due to previous researches,we can see the obviously tendency of declining radiocesium concentration in
suspended sediment,which slowed down after one year from the accident.But we cannot conclude the
same ideal by analyzing the sediment samples which was taken by MEXT during 2011-2012,owing to the
low correlation and widely variation between time and concentration caused by the influences of particle
size.So during this survey we reanalyzed the particle size of samples and correction the particle size effect
on the concentration of '*’Cs.As a result,80% sites’ declining rate and the correlationship between time
and concentration were improved.On the other hand,we compared the decline rate between suspended
sediment and river sediment in the same watershed,we find there are same tendencies and numerical
correlations of radiocesium between suspend sediment and river sediment.

F—O—R :BHAEEI YL EE, FED. KR

Keywords: Radiocesium, Sediment, Suspended Sediment, Persistent

©2017. Japan Geoscience Union. All Right Reserved. - MAG34-P06 -



MAG34-P0O7 JpGU-AGU Joint Meeting 2017

BERAHNOHEBEME ELKFORNMEEY Y LRES
Distributions of radiocaesium activity in sediment and overlying water
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After the accident at the Fukushima Dai-ichi Nuclear Power Station (FDNPS) happened in March 2011,
large amounts of radionuclides including radiocaesium also released from the FDNPS into the terrestrial
and marine environments. In marine environment, parts of particulate radiocaesium have transported in
seawater and accumulated to seafloor. Then, radiocaesium in sediment have partly re-suspended as
particulate form and re-eluted as dissolved form due to several factors such as bottom current and
deformation. The characters of seafloor topography are more different in the area off the coast of
northern and southern part of Fukushima Prefecture, dividing areas at the Onahama port (Mogi and
Iwabuchi, 1961). Because the wave bases in fine and stormy weather are about 20 and 80 m, respectively
(Saito et al., 1989), it seems that the area of shallower than 100 m is also affected by erosion and
re-sedimentation near seafloor with ocean wave degree. Thus, it is necessary to elucidate interaction for
radiocaesium between sediment and seawater close to seafloor with more stations in order to guess
radiocaesium activity variation at long times. For example, in the case of collected bottom-layer water with
the Conductivity-Temperature-Depth (CTD) system, it is very difficult to collect seawater close to
sediment because it is careful not to touch CTD system seafloor. This study was aimed at elucidating the
relationship for radioacesium activity concentration between sediment and trapped water on sediment
collected using Multiple Corer, which is considered as overlying water.

Sediment samples were collected using a Multiple Corer during UM14-04 cruise in May 2014 at three
stations: 101 (37°14° N, 141°07’ E, water depth:60 m), 102 (37°14’ N, 141°13’ E, water depth:120 m)
and C (36°55" N, 141°20’ E, water depth:190 m).Overlying waters were collected using tube for 2 hours
later from collected sediment. In laboratory, collected sediment sample are dried and overlying water
samples were filtered through a 0.2- uwm pore size filter and was concentrated by the ammonium
phosphomolybdate (AMP) method (Aoyama and Hirose, 2008). The radiocaesium activity concentrations
in each sediment and overlying water samples were measured by gamma-ray spectrometry using a
high-purity Ge-detector and corrected to sampling date.

In overlying water, the dissolved 37¢Cs activity concentrations (mBq/l) were 3.1-16 and the activity at 101,
102 and C in order from the higher. In the surface-layer sediments (core depth 0-3cm), the activity
concentrations (Bq/kg-dry) were 8.4-286 and the high activities at 101 and 102 have characters of
relatively high percentage for silt to clay particle compared to those at C. At 102 and C, the activity in
overlying water were same value compared those in bottom-layer of seawater, which collected above
water depth 10 m from seafloor. On the other hand, the activity in overlying water at I01 was five time
higher than those in bottom water. The calculated Kdy (L/kg) of apparent distribution coefficient using 137
Cs activity concentrations in surface-layer sediment and overlying water were 8.8x10%1.5x10% and within
rages of recommended K, value of 2.0x10° for caesium by IAEA TRS422.

This work was partially supported by Grants-in-Aid for Scientific Research on Innovative Areas, the
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Ministry of Education Culture, Sports, Science and Technology (MEXT), Japan (nos. 24110004,
24110005) and Research and Development to Radiological Sciences in Fukushima Prefecture.
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Fukushima-derived radiocesium in the western subtropical gyre of the
North Pacific Ocean in 2015/2016
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201 E3ANTBICRELAEEARME L ZNICEIE K KERIX. BEE—RFHREMR (FNPP1) DM
REHEIPDBEEEIERI Lz, TORE. 2oLy YL (**Cs&'¥'Cs) AFNPPTL YRR LWL
EXREFICHBEESNE, CNETOERAFRICE > T, BREEOILKEZICATAEDS L CEFERE LK
ity ALK TEEER IS > THRBEREBAERICBITLDOH B Z &AL MIEINE (Kumamoto et
al., 2016) ., 7. 28 - EFHEROBAICASEE LZREMEY D LAIXEREE— RKOBEXRBADLH
AFRICE DT, 2014FEKRFE CTICAPERAFTIHOIZIFFEIRHICHEY T 2ILEISEEF TR FLAZ EP’ERINT
W2 (Kumamoto et al.,, 2017) . —FA. 2011EHI S2015FEDHNAERDOR. bBEAEE. IR, Al 3
HF. BB, £E. BRE. BiE. BEROZETAXREFAOABFE T, BKERFAEES T LOMGRBE
EEI AT TWS (BEIF, 2016) . £7-. Aoyamaetal.(2017)£2015/2016FICRAREBEICH TS
KEKFEEDLEREZRELTWVWS, M EY Y LABREDO LENHASINZBEITERRKOFEN LR
RKEVARBETHY., CTNSOERIIFNPPIEHN CHABERATESEICIEN >ttt U oH%, BEHO
YOBEBEFEBRICE>THRARICARLTWE I EEBRLTWS, LALAND, FEIREMASERIIC
BT BFNPPIEMERMS Y U ADRFEEZENIBA SN TRV, FH4I132015FEH L UP2016FEICE
- RESREAORBERATHICEWT, RELSFENSOOME TOEKPAERFAELS YV LDORE S
BELAEDTZORRARE T 5, EKEARHE, FFENKS15-14(2015F108). HENKH16-03(20164F
6A). BLU IHWHLY] KM16-08(2016FIR)DEEBMBICEWVWT, N YRV ZRAF VFEKBFERAWT
£10~20Y v ML ERERSh -, BELORRBRE CBEMERAREEBT DR ICHS W THERBREIC L
%, BKPOBAHMESYLE) VEY TT VBT VEZDLRRERICE > TEMBL, YLD L3 EFKR
HBEZHAVWTHRAEEY VADREZRE L, REALEEAEZB L TRONLESTOREL S IF. #
8% TH>1-, IL#E30-32FE/HIR144-147TETELNE"PCERE (FNPP1EREFICHEHEZTHIER) DINE
N, EEEICEWVWT2014F I8 5N =% (Kumamoto et al.,, 2017) &tbE& L7, ZOER. ZFE
100MIBE X TOXREMBEABICBWVWTIE. 2014F(C13#1 Ba/m > TH o =" *CsIBE A, 2015/2016$£J;t
1.5-2.5 Bq/m*ICiEML = Z & AP D o, —F. FEE300-400mDEXREBBREICH T2 ZDRE
IZ. 2014FEN 52016 FED3EDEREBL TIEFEAETLLTWAN S (3-4Bg/m®) , 2D CsBE
DEREBBAEBIZ, BRAFTE—RKOBEEBE LK —BLTW:, —A. AU 28 nmAlodi&34E/x
$R147-150E 18 1T 2 MEHETRIEF >'CsiBE 1. 2012FEN 52014FEDHIERIC, REESETIRRET
BRIELLT (#90.1 Bg/m®) 2 5#91 Bg/m3ici&im L., HEREMD300-400mTiE#I16 Bg/m h 5#93-4 Bg/mIic
BFRLEZEIPRESINTWS (Kumamoto et al,, 2017) » TS5 OEAFERIZ. FNPP1ERH, S5FELU L
MRBL72016F X TIC, BRFTE— RKICK > TEAICEE S N/ZFNPPIEHEFEDORHNME LS 7 LADE
E— RKOBEEEIY OBRICL > T, BABEAOERHERFEILIICEIRL TELI 5B IREBLTYL
%, TOMDEER (BIAIEFEK) OFENNSIWVWERETEZIALIE, REAEABICEIT22012FH, 5
2016 DD **CsigE LS (0.1 Bq/m*LATFTH, 51.5-2.5 Bg/m?) 13, BEREEADSBEKD
entrainmentiC & > TREAKICMYAEFNALH EHANINS, EBETIE. BXRAFEHD2015/2016FEDEE
ERERREBETDITFTECH D, ZDOARPRIZISPSTIEAE24110004DEIRK & FZ 15 7=,
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Estimate of spatial and temporal variation of radiocaesium amount
derived FNPP1 accident in the North Pacific Ocean
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134Cs and "*’Cs (radiocaesium) were released to the North Pacific Ocean by direct discharge and
atmospheric deposition released from the TEPCO Fukushima Dai-ichi Nuclear Power Plant (FNPP1)
accident in 2011. It is recognized that estimation of the total amount of released '**Cs and "*’Cs is
necessary to assess the radioecological impacts of their release on the environment. It was reported that
the inventory of '**Cs or "*’Cs on the North Pacific Ocean after the FNPP1 accident was 15.2-18.3 PBq
based on the observations (Aoyama et al., 2016a), 15.3+1.6 PBqg by Ol analysis (Inomata et al., 2016),
16.1£1.64 PBq by global ocean model (Tsubono et al., 2016). These suggest that more than 75 % of the
atmospheric-released radiocaesium (15.2-20.4 PBg; Aoyama et al., 2016a) were deposited on the North
Pacific Ocean. It was revealed that these radiocaesium existed in the Subtropical Mode Water (STMW,
Aoyama et al., 2016b; Kaeriyama et al., 2016) and Central Mode Water (CMW, Aoyama et al., 2016b),
suggesting that mode water formation and subduction are efficient pathway for the transport of FNPP1
derived radiocaesium into the ocean interior within 1-year timescale. Kaeriyama et al. (2016) estimated
the total amount of FNPP1 derived radiocaesium in the STMW was 4.2 £1.1 PBq in October-November
2012. However, there is no estimation of the amount of radiocaesium in the CMW. Therefore, it is
impossible to discuss about the mass balance of radiocaesium injected into the North Pacific Ocean. In
this study, we conducted the optimum interpolation (Ol) analysis to estimate the inventory of
radiocaesium in the ocean interior as well as surface sweater by using the measured activities.
Furthermore, transport speed of radiocaesium in the surface layer in the North Pacific Ocean were also
estimated. The data used in this study were derived from all of the available data reported by such as the
Tokyo Electric Power Company (TEPCO), the Japanese Ministry of Education, Culture, Sports, Science and
Technology (MEXT), and voluntary cargo ships. The data analysis period was until December 2015 after
the FNPP1 accident. It was found that the radiocaesium across the North Pacific Ocean were reached to
180° E around 40° N latitude at July, 2012 by Ol analysis. The transport speed was estimated to 8.5 cm s
. These were reached to the coastal site of America continent and the activities were increased after the
year of 2014. The transport speed across 70° W (40°N latitude) was decreased to 5.2 cm s

We estimated the inventory of radiocaesium in the surface seawater (depth; 0-100m) during the periods
from August to December, 2012, based on the Ol analysis. Amount of 134¢cs inventory was estimated to
4.7 PBq with decay-corrected to 1 October 2012 (7.9 PBq at the time on 11 March 2011). (In the case of
137Cs, the inventory was estimated to 12.5 PBq with decay-corrected to 1 October 2012 and 13 PBq at
the time on 11 March 2011 which includes pre-Fukushima 137Cs). These correspond to 43-53% of the
injected "**Cs in the North Pacific Ocean. It was reported that the 4.2+1.1 PBq of '**Cs were distributed
in the STMW (Kaeriyama et al., 2016). Taking into account these estimation, FNPP1 derived radiocaesium
existed in the CMW in the North Pacific Ocean would be about 3-6 PBq.
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