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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

BRI BEEE'. NP BA. BRUE B M &N hH R BRI AT RHEBEAL KE R
. EER R =R &30 N Y SBE A, H0O#H—°

*seika onozaki', Takahiro Ono’, Yushin lizawa', Yoshinari Abe’, Izumi Nakai', Kouji Adachi?,
Yasuhito Igarashiz, Yasuji Oura®, Mitsuru Ebihara®, Takafumi Miyasaka4, Hisashi Nakamura®,
Haruo Tsuruta®, Yuichi Moriguchi °

1. REENKZ, 2. REFIRMTERR. 3. BHAZRA. 4 REAKFEHRERMHREY9—. 5. YE—L - VIV
TRty 4 —. 6. RRKAZE

1. Tokyo University of Science, 2. Meteorological Research Institute, 3. Tokyo Metropolitan University, 4. Research
Center for Advanced Science and Technology, The University of Tokyo, 5. Remote Sensing Technology Center of
Japan, 6. The University of Tokyo

201 E3RA1THORBAKREXRICHE O BEFE—RFAREFROFHICLY, WALREOKRFTENE N IRES
I SN, KRFPICHE SN ARGEEMEO—FEE LT, [Csih—Ib] EMEENZHREMHECsE ST
BRI FNEREESHTWVD, Csh—ILIZ2011TE3IB14BH, H15RICNIT T IETHRTHRES /T 7OY
LD SHHDTERREESN, BEBAEOROBRERNEESCHEKBEDHS ARKMETH B I ENHALIE
BoTW3?, EEDREETICLY, BBOKNERFIEEBERNDTEYZ A0 E T 24 RBIEHARDICIEA
KBETBIENTRINTVWSY, RREZSOEARMAICE T IREKTIEASHTIRAL, FITHARE
Tl&, SPM CGZEEH FRYE) N EEINABEARASDERDO KR ERAERERIERTCOT—TEBRKEZRE
VLT, MEEI7OVILOSEEETY, Z0OLF - PEIMREZIERIZETHN L, SPring-8DME ¥~
A70E—LX#gET7O—T7& LT, BAXEDHE (SR-u-XRF) IC&K WHRIFOZMEME, XIRRINHITEE
BEDH (SR-w-XANES) & & OXIREIIFTDME (SR-w-XRD) IC& W ILZIREA RN,

AFFETCSPMIBIEAB O S OB S N BMEERIFIE, WThEERT umBiZOBRE & WD Hi@ L 7-¥EN
MERER L TWE, Cs/ ¥ Csigthett (#91.0) ICEDE, ChODHFIRESE—EF2SME/-13351H
MOBHENLEFBENE, INOOMIKIE, ETHR ITRESNALCSR—ILOMHRE LC—FHLTWS
A, #2 umE ENBCsR—ILICERTEENPPR/NEL, SR-w-XRFICL Y, 2TORFH SZRB DS
NERMAREEEZOND k4R ETE (Rb, Mo, Sn, Sb, Te, Cs, Baetc.) NHE@EL THRHEE L, W< D2H
DHRFIIMEOUESL I ENBELNER >, ISICHLIIRFIORE INIATBEOEETHR

(Fe, Zn, Mo, Sn) IZDWTSR-u-XANESH SILZREEFARZY, WTNDOAERLSRILEDH SR
RETEETZIEETREBLTWE, £¥ASR-u-XRDOHE, INLDHFNIERETHD I ELELOHLN
T=o TO&DIC, EARMADSPMIEHRN SIS NHIF & Csh—ILDE LR - ¥PERRME IR D BRRE A FE L
MENROSNEZEND, H4IF3B15BDRER THARAEHICCSHA—ILERAFEOKRFENMEIREL TV
it I7c, ARICINSOOMERIE, BHBEEOTEELHZUNEHNER DR R CEROLEWEHICET
FELTWEIEERIETEEDTH S,

LHDORRTIE, FERERTICK 2 HEERE - REEBOKEEEL T, BRERHIANDCsR—ILOREKICD
WCEHSHMRBREREZTOFETH S,

BEE  SPMEtT — B AR L TK A S o2 TOBBFICRH LT,

1) K. Adachi et al.: Sci. Rep. 3, 2554 (2013).

2)Y. Abe et al.: Anal. Chem. 86, 8521 (2014).

©2017. Japan Geoscience Union. All Right Reserved. - MAG34-02 -



MAG34-02 JpGU-AGU Joint Meeting 2017

3) Y. Satou et al.: Anthropocene 14,71 (2016).
4) H. Tsuruta et al.: Sci. Rep. 4,6717 (2014).

F-TU— R BEFE-RESH. HAUENE. REEXRIT. KSBE

Keywords: Fukushima Daiichi Nuclear Power Plant accident, radioactive material, Synchrotron radiation
X-ray analysis, aerosol

©2017. Japan Geoscience Union. All Right Reserved. - MAG34-02 -



MAG34-03 JpGU-AGU Joint Meeting 2017

Unsteady source term estimation of the Fukushima dai-ichi release
using contributed radiological measurements
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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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] (W)}
Tohoku | Kanto | Tohoku | Kanio Tohoku Kanto | Tohoku | Eante || =O=CRIEPI
-3 [RSN
100 4 -3 - JAEA
"E == JAMSTEC
=& —»— - IMARATM
= 1} o
g * = MRI
e
= -=- NIES
g .
= —— Enscmble
g1
2 —a—0BS
=]
L=
0.1 4
0.01
Pl P2 Pz P4 P5 PG P? PR Po
&0
e T, E d L =0=CRIEPI
Tohoku | Kanto | Tohoku | Kanto Tohoku Kanto | Tohoku | Kanto H
) el [REN
704 B=3 |n=87 =44 = 26 m= 16 n=13 n=7 | n=148 | n=30
- - JAEA
w-de = TAMSTEC
i
*® == TMARATM]
' -~ MRI
Cﬂ .
- WIES
,_ == Frszmble
- 10 4
Top  FALD
30 4 Middle FAS
Bonom FAZ
20
10 4

LI}

©2017. Japan Geoscience Union. All Right Reserved.

- MAG34-05 -




MAG34-06 JpGU-AGU Joint Meeting 2017

BEE—REFESHCEADLZMEEE - HIHRUEA YT —9BREBEI AT LD
5

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,

FoO—F:BREMEEIY L BEBTKEBEH, BRK R)IHE

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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University, 3. Faculty of Science and Technology, Sophia University

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.
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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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1. Central Research Institute of Electric Power Industry, 2. Fukushima University, 3. Sophia University

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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