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Yy M1 Cs-134Bq error Cs-137 Bq error2 Cs-134/Cs-137 error3
OH3-01 1.67 0.06 1.89 0.02 0.9 0.03
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Cs-134 Bq error Cs-137 Bq Cs-134/Cs-137 error3
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OH6-11 18 0.6 18.1 0.2 1 0.03
OH6-04 28.6 0.9 27.4 0.2 1.03 0.03
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TABLE 2
Speciation of Radionuclides in Sod Podzolic Soil in 1987, Mean+SD (% From Total
Content in Soil)

Fraction 144, 137 g 106 o, %G,
Fl 0-034+0-04 0-16+£0-03 0-1£0-1 0-8+0-2
F2 0-144-0-04 2.240-3 0-4+0-2 12-3+5.2
F3 20-1+4-4 10-2+1-6 3.5+0-6 16-845-6
F4 3.61+1:1 59-1+44 9-9+1-8 70-14:9-8
F5 87-5424-8 279120 81-6+13-8
Recovery (%) 111-4 99.6 95.5
N - | s ';Sr o . BU . e 100 ¢ 18Ry *
(w] |
| = ! an - a&}\ !
80 + o
| U\\o ‘
| 80 xF2 |
# 40 | | # aF3
BT oF4
F5
| 2} ¢ o
I e i
o 2 4 & & W, 0 2 4 6 8 10 o 2 4 & 8 10 0o 2 4 6 8 10
' Time after contamination (y ear) I Time after contamination (year) Time after contamination (year) ’

Time ater contarmination (year)

— N

Fig. 2. Changes in the relative importance of various radionuchde fractions as &
function of time after soil contamination. Fractions: (F2): exchangeable; (F3). extracted
by diluted acid; (F4): removed from soil by strong acid; (F5): residual.

[6] S. V. Krouglov et al, J. Environ. Radioact., 38 (1998), 59-76. 29
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Unit3 7300 2.5 0.0003 sz
Unit3 110 0.66 0.005 O)EL\%-&HHE
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Background
@® O

F.P. salt
361050l aggregate  gdsorb

w adsorb @ solution

-~ . aerosol
solid salt

‘aerosol

orize

Cesium bearing

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

Production scheme of various types of radioactive aerosol containing F.P.



Our goal

In the present work, chemical effect in the production
mechanism of fission product (F.P.) solution aerosol is focused.
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F.P. solution aerosol

selectivity ?
@chemical effect ?

Fission product Solution aerosol
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Our goal

- I I IS I S S D B B B B e .y,

Investigating the existence of the chemical effect in the
production process of F.P. solution aerosols experimentally.

(If there is the chemical effect in the production process)
Elucidate a mechanism of the chemical effect.




Concept of experiments
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Attachment ratio vs.
Surface area of aerosol particles
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Ra: attachment ratio, Sa: total surface area of aerosol particles
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Dependence on solutes

Sodium (Na) halides (0.01 M)
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Kd: NaCl = NaBr < Nal

Variation was found in Kd values.



Mechanism of Kd-variation
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lon distribution and polarizability
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Kd values and Polarizability
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Solution aerosol experiments
using
Neutron lrradiated Uranium
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Difference of attachment behavior of FP
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Observed FP’s
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Attachment ratio [%]

Attachment ratio of FP’s
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Catchment scale distribution of *Cs and Air dose in Ogi Dam area, Kawauchi
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Introduction

Long—term presence and movement of radiocesium as major released radionuclide has been widely
investigated. So far, the available data of air dose and radionuclide concentration in
environmental media especially soil and sediment have revealed that the radiocesium is less
migrated. Un-disturbed zone such as forest remains highly contaminated and the level of
contamination is relatively dependent on different factors such as physical and chemical
condition of the soil, land-use type, elevation etc. (Atarashi—-Andoh, et. al., 2015). Our previous
study also showed the importance of slope in radiocesium horizontal migration from catchment
to lake (Basuki, et. al., 2018). However, stronger evidence is still needed to deeply understand
the radiocesium migration behavior in the environment by conducting continuous environmental
monitoring and considering more detail important factors in radiocesium migration.

This work is devoted to providing data of horizontal distribution of air dose rate and "*"Cs
inventory and vertical distribution of *'Cs in soil 7 years after the accident. In this research,
the status of ¥Cs contamination under different elevation and land-use type was evaluated and
used to re—explain to what extent the migration behavior of radiocesium may be influenced by

factors such as land-use type and elevation.

Methodology

The study area was in Ogi Dam area, Kawauchi village that is an area within 20 km zone from Fukushima
Daiichi Nuclear Power Plant. It was one of the areas that passed by the radioactive plum, thus
it received a significant amount of radioactive material. In detail, study areas included (1)
catchment A that is just adjacent to the Ogi Dam, and (2) catchment B that is adjacent to the

river that connected to the Dam, see Fig 1.
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Measure distance
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Fig 1. Details of the study area, Kawauchi Village, Fukushima.

Results and Discussion

The data of air dose rate of two sampling areas show that it is still some folds magnitude higher
than the reference dose. The air dose rate was mainly contributed by gamma energy of '*Cs. The
mean value of air dose and "Cs inventory of catchment area A are 1.27 + 0.51 pSv/h (a1 22)
and 530 = 250 KBq/m?® (n: 10); and catchment B are 0.82 * 0.2 uSv/h (a: 8) and 280 + 180 KBq/m?
(n: 6).

The large variation of air dose rate and surface activity is found in the sampling area
that is different from previous research that reported a strong elevation area dependence of
radiocesium horizontal distribution (Atarashi-Andoh, et. al., 2015). It probably shows the
evidence of horizontal movement of radiocesium in the catchment. Moreover, it was revealed that
land used type was a stronger factor than the area elevation in radiocesium retention in the
catchment. Forest area showed a higher radiocesium retention than more open area.

In general, the vertical migration was slow in all samples. However, the radiocesium in
forest floor migrated downward faster and deeper, which probably provided a protection for
radiocesium from horizontal movement. We revealed the contribution of the radiocesium vertical

migration to the radiocesium retention in forest type catchment

References
M. Atarashi—Andoh, et. al. J. Env. Rad. 147 (2015) 1-7
T. Basuki et. al. J. Radioanal. Nucl. Chem. 316 (2018) 1039-1046.
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BRierst X-ray Tomography of large ejecta

Feasibility measurements of larger ejecta particles (from close to FDNPP
collected by JAEA) contain a low-density, highly-porous matrix with complex
surface texture. There are also smaller balls of volatised Cs and UO.

Within the large ejecta you can see fragments of heavier material — steel,
concrete, fuel.
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1.

2. N. Yamaguchi et al., Sci. Rep. DOI: 10.1038/srep20548,

Y. Abe et al., Anal. Chem. 86, 8521, 2014

2016 BT ULMTF (Type A)
3. T. Kogure et al., Microscopy, doi: 10.1093/jmicro/dfw030, discovered by Adachi el al.,
2016 2013

4. Q. Furuki et al., Sci. Rep. DOI: 10.1038/srep42731, 2017

RAatEEI D LHFOERAN=ZXLIZEL, LTHRLELNA TS,

[RFIRENBTR/ATER: PUHERITFDEBDH#T(Ogawa et al., ACS meeting, 2015, Oral)
MCCIIZ&k->THRL: L)ARIRIENRTXAI)La D) —K Furuki et al., Scientific Reports, 2017)
MCCIERZE L AIFEFR DB N A L D 51 (Kogure et al., Microscopy, 2016)
BIELIADHDD ., FATARFIF25#E L<II3 BB FE TH A (Satou et al., Geochemical
journal , 2018)

I RI D @ ©Tokyo Electric Power Company Holdings, Inc. All Rights Reserved.



N
~\L

AE AN A LE - HBIICBEI DA AT fZ T=PCO

BIEMRETELON-
FELGHR

FILF DELAMKS

FRAEID
M (si0,-70wtw)

8 BEREZnEH
& (ZnO-10wt%)

4 FeEH.CrHE
g (Fe,05710wth)

D FPIER
¥ (Cs/Rb>>Ba/Mo)

HERTER
(K, Cl)

RAVDARE?
ZRAEIASR
ZnFe,0, 10 7 Bf

IRID @)

BEXNZAAL (HBHERICET S TR )

SRS (25 H#RPV) AR —a> o) —bk RS (35 #MCCI)
: [BEH#ARTOSF AT 4ILZ—AETCsH
% > ‘? . — .
e e 00 BHTEMRRBIECHTHESH R
” g =3)(FL 22015/5/12)

DIHOEIRIEHH FMITSR ?
M AR TOARZIFEN

BENKADBEEE A LT EE . I = 4N a] BE

)ADRBREIEZaVH)—R?
Al, CaHEBR D ERBA S

BRERY (V5 VE) DR EeE

TL—F 7 B¢ (REH) O ae

FPIZER DR BATE - R=xE
#BIKA 7 R 7EDNalE ? - [AE
B, CHl#EI# 2 E D EREATE - [AE
RPVER T T FEEE *  MCCIIZ&S=IE T COZARELE

oG R E DB E? )
AAEHIDA(IVYT1XS/CREITH ZnFe,0,F /#EED A ?

|
©Tokyo Electric Power Company Holdings, Inc. All Rights Rl Rl D @ ' =Pco



4. BHBBRANDREEDZEL

'D/W CAMS

RRbL—2

10

: ]
={ .
.

1

0.1

fR= 3 (Sv/h)

i 0.01

3 & RIVTEM e N
i LN —_ = A
i [RFIFENEzR
A 0.001
N\ —
e r——
L ,Z‘ 100
g S @ o .
i - - C
o D/W ) k3 fa
,;, ¥ ~
3 3 g
e %
STy :, ’:i s:'".".' ,‘
J,&ﬁ't?‘?;f 5 :
GASIA N ARILE / .
A R Yy ’ 1

3/11 12:00

S/C CAMS
IRID @

R

100 L-

10

““““ *® e

q.._..ooo'p o.o_.oﬂo
lllllllllillllllll

o om

e mmmmm oo Ay

®

ey, @, |
! -...,_.'.ﬂt:g g o0

3/18 8:00

..*"l.

S

.Q:’O% @ %

________________________________

OQ*
o8 See |
. .oﬂo 0-..~ .".....
l....yu o [ ]
! oo m,y

« D/W CAMS A% ||
e D/W CAMS B%
e S/C CAMS A%
° 8/C CAMS B%

3/16 12:00

3/21 12:00
=ics

3/26 12:00

RAEZFHRSF-RE. RKEGRREILTLGWNEEZOND
s — >3 HE(E3/14 4: 10D B R TEARHIEIBERICE TN ?



3. MElapEhtEFREBDAMIUTIZDONT T=PCO

3A1 38580 3A1 4HF&D
PHEFREDYA =D 2 SEOIRLEFRRIEDY 1 =20 (3
3 SHEOIFLERIRIEDY M= T E—H ABEESDLANFREDIAZD E—

0.05 1E+3 0.05 (R ‘ 1E+4
S d _ S frmw | e 1 1E+43 _
¢ 0.04 P 1E+2 § (n 0.04 BS 4k RS \~- - §
= ® o ° - o n = ° ¥_’\ o n
4l 0.03 %4 1E+1 2 - 0.03 Il dad ‘ . =
B 2 %o | TN AN S ﬂlm I . ‘ 1E+1
] b Fodd o™ mAERAn® 0 o ‘ M W N
o RYLEELLELE ELLLEN | % . 3 |
& 002 13 A= 1 1e0 ¥ 002 (PEF) 1640 1
T% 3/13 EF o Nl 7 fan K
o 5:30 - an) & th | 1 161 %
t.'—-l 0.01 N . 1E1 o '~’:'|_'| 0.01 3/14 8 . — -
'H' 'E’ 2 L /‘:: ------------

1E-2
4000
1 3600
3200
e 2800 o B
o 2400 4% o
RV g X
5 2000 5 B
M - 1600 K M-
fm = I
b 1200 1L,
800
400
_10 1 1 1 AI 1 1 1 0
3112 3/12 313 3/13 313 3/13 3/13 3/13 3/13 3/14 3/14 3/14 3/14 3/14 3/14 3/15 3/15 3/15
IF 18:00 21:00 0:00 3:00 6:00 9:00 12:00 15:00 18:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00 3:00 6:00

N — WI1UKYU Elecuic Fower Lompany Holdings, Inc. All Rights Reserved.



5. FNIREMDERE T=PCO

© JS5>UUFA bk (ZnFe,0,AEXRIL) DITHHZEE
A T AR F OWMIIHREE R T B (CIIERN S DB HE
SRFIRENSER (RPV)TERKL. EHIFEIT—IL (S/C)THA!

® ZFERRIDDES
S/CAE OB N RR N BRI H 5 9 D OJEEH
—>RCICEERRF (C/KIENCSTHMSS/CICIDE DS =D 2 SHED H

® SUHARIEHEE AR
TABHILE D LEEZFESE CCal) —DRA[FZ iR I DD (SEZE
=201 ) — MORREA (5 A TARIF DY IR T (F72R0)

TAZ=NHDTE. MoDFIE FCTIET1RIECsEHFLRRLY
—>T7 4 =B DHMONFIE UIRRVIRR TDIHFF A TARIFNERNT D

I Rl D @ ©Tokyo Electric Power Company Holdings, Inc. All Rights Reserved.



6. IFDIWRERDERE T=PCO

© JS5>UUFA bk (ZnFe,0,AEXRIL) DITHHZEE
A T AR F OWMIIHREE R T B (CIIERN S DB HE
SRFIRENSER (RPV)TERKL. EHIFEIT—IL (S/C)THA!

I RI D @ ©Tokyo Electric Power Company Holdings, Inc. All Rights Reserved.



TBECSH T I AR E BRS¢, -
PODIETLRBLEEERIKL

— EBRLE-#MEREFTEMEE

Piece A
DPiece A BEU B L F /A XDHRFNEREINT-

QF /A XDRF DRI %

Piece B

Piece A:10-50 nm Piece B:

BPiece CTIFHRIFIIEREINT
AELEE (X, Piece A < Piece B < Piece C( 500K/sf EEMNFNLLLEEHETE) DIESH

IRID (@) @52

©Tokyo Electric Power Company Holdings, Inc. All Rights Reserve

1-10 nm

d.




8. MFNHRRE T=PCO

]
S
N
il

® ZFERRIDDES
S/CAE OB N RR N BRI H 5 9 D OJEEH
—>RCICEERRF (C/KIENCSTHMSS/CICIDE DS =D 2 SHED H

I RI D @ ©Tokyo Electric Power Company Holdings, Inc. All Rights Reserved.



9. 3—E VERB KA T EEEF D KIRIZDULNT T=PCO

@7&?7&%9‘/\’7 o

IARRE ; B
= B B 5 : '
Jﬁ%k}z MO| MO e — = ! i
> ADFKERH  mecpoe ;
5 7_'73|~/i’f MO
MO|4—F> A O MO INAFF

MO[G—E B S LHR]

Holmmms#\ | fe FIC
>

2 1
BMEE - L1 [ \
= \

UAI7TXNAI l'

3

ZRUESHFFERR(C
QL2 f2s _
ﬁFﬁEE‘l’ RBaEIEITBHD

Uy THEZHE9 3
_M_M:_
3/12 4:20~5:00 =/ DNRE wivo

S/IC L= 25 HEDKIREZ INAINRF
S/CICIDEX

G

NGNS

AL CENHHNEH]

U

AO| IMO

.

I RI D @ ©Tokyo Electric Power Company Holdings, Inc. All Rights Reserved.



10. S/CHHEE LS N TLNDEEEZnREBE DO HT TEPCOE

O |HEZnRZEZH D AT
(1) SEM-EDSIZ ott)zf;ﬂfémli’\*ﬁ

:>

O Mg Al Si

@ EZESH(ICPEKUIC) ITKY LLERMANRIMILDEWNTTREZEEA
> EZnREBRI. EICTRICSRTEIEDOTENSERINTINS
No. Zn Si K Mg Ti Al Cl  Balance
mass%
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Fig. 5 Burn-up dependence of critical tem-
perature for onset of burst release
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Fig 1. Mo™, ™' and Ba™ release kinetics during VERCORS 4 test.

Y.Pontillon et al., Nucl.Eng.Des.240(2010)1853
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