Urgent Investigation Study on Radiological Distribution Situation
Released with FUKUSHIMA NuClear Power Plant Accident

Japan Atomic Ener Agenc B The total management of each trust business
[ Reconsignment P 9y A9 y B Unification of the result of each trust business

etc.

Research Consortium

a secretary school : TSUKUBA UNIVERSITY
The Soil - Water Monitoring Team

Soil Sampling Team

Mutual
Cooperation

Mutual
Cooperation

UNIVERSITY of HIROSHIMA

TOKYO METROPOLITAN KYOTO UNIVERSITY

UNIVERSITY

TOKYO UNIVERSITY OSAKA UNIVERSITY

TOKYO TECH UNIVERSITY

B A secretary school integrates the knowledge of each engine
M Utilize the human material resource of each engine effectively and Share research and carry it out
B Development of mobile research activity is possible by managing the direct fund with each engine
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FUKUSHIMA RADIATION MONITORING OF WATER, SOIL AND ENTRAINMENT

FMWSE
[ABUKUMA River]
FUSHIGURO Observatory |,
TEAM of UNIVERSITY
a provisional budget ¥1 million (for 3month)
T = ey -

M Research and Development in soil, groundwater, and river o vl “FUKUSHIMA city |
B Monitoring water of the land area, vertical penetration of the soil, ™~ . = . >
a series of inflows to the river or the high frequency B ANERWET, S
M Acquisition of the input data in a soil erosion model % 'NIyON['-ﬁTSU_fcit_;-L

R and D at Yamakiya area
in KAWAMATA

e,
IEntlammEnt frem forest and soll | :
V. > Shifting from farest

v, & “, FOREST tosoll

N 4 b1

- ow
Flowing out te L
river by soil erosion j &:/"

4 2%
Vv IY ¥y

. ( Groundwater
Soil water [l . i
shifting to Groundwater
Shifting to mountain stream }

round water well
for observation

7 " Shifting to lakes and dams

The maenitoring of river discharge
Qutflow modeling

Research in well, river, and suspended sand by JAEA and JCAC

(4 Down Stream

oY sENDAGlY T T

2

[ABUKUMA River]
IWANUMA Observatory

# | [KUCHIBUTO River)

| mucHiBuTO River]
e Up Stream

X .y | [KUCHIBUTO River]
e ¢ S Left tributary:

MIZUSAKAI River

[KUCHIBUTO River]

Mid Stream
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FUKUSHIMA RADIATION MONITORING OF WATER, SOIL AND ENTRAINMENT

3 Q? TR 23 EENPERINELSR G
' B 2 saubE o AR E S Existing Condition’s Clarification of
~

FMWSE

University of TSUKUBA

Quantification of the Soil Lateral Move The observation by plots on

of the Radionuclide with the Soil Erosion slope for the amount of
eroded soil

=2pts at Meadow
=2pts at Farmland
MRI / JMA / IBARAKI Univ / -1pt at Paddy Field
Tokyo Institute of Tech

v Tokyo Institute of Tech/

c
= g
- %, IBARAKI Univ/ MRI g
IEntra-nment fream forest and soll | . Shifting from forest < The sedimentation at forest floor
c
to soll ’ El i T T
% 7 . b The sedimentation at arable land
, g .| .g and grassland
y £ . o
3 University of TSUKUBA
E H = 1 1 1 a1
Oday 200days 400days 600days 800days

Passage of Time

The Radionuclide Measurement by Portable Ge Detector

¥

Proofreading of Air-Bone Censor
for Regional Soil Mapping

=

Soil water
3depthx2

r

Groundwater observation well x2sets

Jl

University of TSUKUBA

The monitaring of river discharge
CGutflow modeling

Actual situation grasp of the abundance Cs-137 activity (Ba/kg)
and percolation of Radionuclide Cs-134,137, © 2000 4000 6000 8000

I-131 | university of TSUKUBA /
HIROSHIMA University

Calculation of the loading dose of Radionuclide Cs-

Super High-Precision

134,137 Accumulator for Water | /A8 A
University of TSUKUBA / Upstream Radionuclide | A —
HIROSHIMA University - E 4 .
Meteorological £ s Percolation
Midstream Research Institute E 6 |
P /3 . v d - 7 4
downstream &~ "'»—'—?— 7 KYOTO Univ / b
The Measurement of Radionuclide 9 1 3

Abundance on Scraper Plate every Smm 10

The Measurement of Runoff soil/Runoff water
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FUKUSHIMA RADIATION MONITORING OF WATER, SOIL AND ENTRAINMENT

EMW S E Entrainment From VegetationJ

X

Ny Accumulating the Time Change Distribution of Cs-137, Cs-134, 1-131

Coniferous tree on Canopy, Tree Form, and Forest Floor by Portable Ge Detector in Scaffold
broadleaf tree

1 spot each

Entrainment by wind . | 1R : CHINT
Entrainment by storm 1month 2months 3Imonths

: l
The Accumulation by Air-Sampler ( Law- % ! &
Volume Sampler / High-Volume Sampler) E The sedimentation at forest floor
= R The sedimentation at arable land
.g and grassland
€
=3
(=]
£
o HE- 1 [ 1
Oday 200days 400days 600days 800days

Passage of Time

Example of Chernobyl:
Today, Cs-137 is likely to exist on tree
form.
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FUKUSHIMA RADIATION MONITORING OF WATER, SOIL AND ENTRAINMENT

Research in Radiation at Places for Various Uses by Entrainment J

Change in the measured value of radiation at
Mito City (accumulated by the Department
of Science at IBARAKI Univ)

It rises one column of radiation dose

FMWSE in wind velocity 5m/s or more

Change of the radiation dose in Fresh air in Fukushima-City (. Sw/h)

r T T T T ]
000 | . "’E 104 /\ E
1800 | | =3 2 \-ﬁ E
. a | ]
L1 —d— A: North County b \x |
| . . | .
; ; - ;
I
10 2

REARIRA AT L

-2|
1400 Insurance Welfare Office _ 10 E
= E
§ 1200 == B: FUKLFSHIMA City Hall a £
: 1073
_3 1000 C: FUBLISHIMA West IC ~10F :
w 400
5 < 0 FUKUSHINS £
z W Self-Governmant Training Center 3 1911 |
= 2

== E: Fruit tree Research Institute

400

i+ L. 0 1072

: . — F: FUKUSHIMA Med Uinke, o 107

060 & l
g )

& I\ 4 & 103 . |

BRI ATILR)

_\-

PRI TY

>
%
]
L
'
=

\:"h \r‘ \“I L > . o \"h. \ > e # \'“‘5 \.ﬁ 0 0 30
& ® & ¥ i "9; & ¥ ¥ & Day in April AWS(Automatic highly precise weather observation system )
ate
= Radioactive material most come flying and are composed, or re- Energy of the wind and an earth surface condition are established the
entrainment during the period between March 16-22, 2011. . . .
relational expression of the quantity by AWS

= Diffusion by soil pollution and the re-entrainment are concerned

2

The understanding of re-entrainment = It is very

essential to estimate the elimination of radioactive Bare Ground Five Law-Volume Sampler , WIND VANE and ANEMOMETER
material from soil and the future diffusion of it. Schoolgrud /PI round When the wind velocity is high, the re-entrainment occurs because of
,. : turbulence. Surface of the earth states are different, and quantity of

©Wind VeIOCity dependence scattering varies according to the land use with the same wind velocity.
©Surface of the earth condition dependence(the land
use/soil water) Those should be clarified by actual survey.

Hoist efficiency quantification every the land use

Farm land Paddy Field Forest
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FMWSE
The Tokyo Institute of Technology, Yoshida and others perform
quantitative analysis of the isotope cyclical change of materials
using a mass spectrometer, a scintillation detector and put up a
large number of result including seven volumes of Nature. y
Cascade Impacter E‘ Installed in three places
( Removable depending on a purpose ) e < ‘_,{ _ _ _ _ _
, n'd including the forest neighborhood in Fukushima
i i i ‘-------_‘---]--l ':ﬂ _‘---------------------------------------------------------------.
Aerosol collection by the particle size e 'ﬂ :
High-Volume Sampler(portable) :
A |arge quantity of co"ection ‘-----------------------------------------------E
of all aerosol ST Y :
: source :
Transport property elucidation every A
particle size , :
% L :.atomosphere
. * . . . . . . ., gumEEEEEEEEWg Y
Human body impact Statementg’ %,  Fixed-quantity of the infinitesimal  pry Depositione--mrvovro Rt L
. radionuclide = Soume o
over 104 . %, /v, WetDeposition <+ Entrainment from vegetation
STAGEO *s ’0‘ . ’ ' g ‘or ¥ o
over9.0~ 10y ’0‘ “ : l.
STAGE 1 e % n E
ver ~ * | | .
over58~ 9.0y ‘ < “ v ) B ground
STAGE 2 \ L ‘

47 ~58u larynx

STAGE 3
33~47u
trachea and primary bronchi N

%
Cyclical change of materials water area
analysis of the atmosphere -

vegetation - human being

o .
- ) soil
Soil adsorption —
soil outflow

diffusion
outflow Soil water dissolution
. . ore air
Measured in the forest, a farm, a city area @

Radiological shift between vegetation, water area, and the atmosphere ©

STAGE 4

2.1 ~ 3.3 u Secondary bronchus
STAGE 5 /
1.1~ 2.1 bronchiole |
STAGE 6

0.65 ~ 1.1 alveolus |
STAGE 7 { \
0.43 ~ 0.65 u alveolus \
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FUKUSHIMA RADIATION MONITORING OF WATER, SOIL AND ENTRAINMENT

FMWSE

Soil Percolation

Grasp of the detailed depth distribution ofthe Smm interval with the scraper plate

Depth profile in the Kawamata-cho Kotsunagi district

Cs-137 activity (Bq/kg) Cs-134 activity (Bq/kg) 1-131 activity (Bg/kg)
0 2000 400D G000 000 0 2000 4000 6000 800D 0 500 1000 1500 2000

[=]

54% u'pto Tem

64% upto Tcm 64% upto 1cm

=

79% upto 2cm

87% upto 2cm 87% upto 2cm

B oW N B O

I-131 Inventory
39,579 Bg/m?

Cs-134 Inventory
T 94 905 Bg/m?

Cs-137 Inventary
100,486 Bg/m?

Depth (cm)
Depth (em)

100% upto 5cm

98% upto 5cm 98% upto 5cm

Depth (cm)
o =] = & w =3 L5 s
o [#2] | (<31 (¥, r=3 (') [ ¥ i [=]

w =] = T un
1 1 1

[
[=]
=
o |
L
-
(=]



: . v T 23 FENEETHEEER @
‘ BEER RIS SRS 0N RER O ML
. i I 2 g p— - - . - * -
/‘; ngﬁm?ﬁfazfﬁgﬁiﬁngmh Elucidation of Chemical Species and the Change of the Radionuclide

FMWSE in the Fukushima Soil

What We Understand so far

o O o0 000 0000 Achievement of the department of \
The Fukushima Soil : lodine, Cesium Earth Planet in HIROSHIMA University

; 1 The surface of soil Mapping & Depth Profile

>

-Research in environmental radiation

. _ QUESTIONS (More than 30 related articles (the past 9 yrs))
- The behavior analysis study of element by the
o + wa | 1+ What kind of chemical species does the radionuclide radiated light

+ . ] Become? What kind of move does it make in the soil?

b ] . (More than 100 related articles (the past 12 yrs))
! . How about in the case of aerosol and suspended

I S errrever particle?
0 1000 2000 3000 4000 5000

1. Identification of the host aspect of cesium by Auto-

Radiography and the EPMA analysis.

2. Estimate of the chemical species by the selective extraction

Cesium : Why does Cesium remain on the surface? and particle size distribution.

lodine : Does it shift or not? 3. Elucidation of the adsorption structure to clay minerals.
Why does it shift to a plant and milk?

How about the shift process from aerosol?

The clarification of chemical species of the radionuclide in

environment

Elucidation
of the
chemical
process by

Ex : lodine - I- is easy to shift. radiated

I O I —
. or Achievements regarding to radiated light study of
lodide . . e :
Organic lodine lodine in environment

It depends on what kind of chemical species it is.

Humus material
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..l with the movement of water /earth and sand

Farmland, Forest, and Paddy Field 2pts each.

Shallow Soil Water=> Groundwater=>
Behavior pursuit of the radionuclide and water cycle to
reach the river water

Soil water suction
pump (above) Soil
water observation
(bottom)

W
Entrainment from forest an! w ';
L J

Shifting from forest
1o soil Yy
3 4.

«w
*‘N‘-d

V.,

*,, FOREST

wow

4.2 ' ~
yas tyYy ' ' S
, 4 4 i S
] . ’ 1 The distribution in soil b N
ﬁ Ty 4 x and downward shifting Fa m I

and, Forest, and Paddy Field 2pts each. Farmland and Forest 1pt each. S

“ g Soil water
l 3Depthx6pts

|
’
- weII x2sets
The menitoring of river discharge
Qutflow modeling
River flow quantity observation with the Groundwater sampling using the pump (the right) in

triangle dam (the left) River water sampling  observation well (water level monitoring) (the left)
with the automatic sampler(the right)
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FMWSE

The shift of water, the earth and sand
in the source area

Shifting from forest
to soil

The distribution in soil
and downward shifting

h & 4

Flowing out to Soil water
river by soil osmn FARMLAND : 3Depth x 6pts
7 ‘ f v ‘ = o el v ey
7 I‘: ] Suspended Sand Groundwater
: \x PADDY FIELD observation well x 2sets

= ]
Extraction 0 ' ( Groundwater

LA
Shifting to lakes and dams Ertrachon of S Shifting to Groundwater

. T Shifting to mountain stream

The monitoring of river discharge
Outflow modeling

10
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FUKUSHIMA RADIATION MONITORING OF WATER, SOIL AND ENTRAINMENT

FMWSE

Plot Scale J

FOREST

I\, The example of USLE standard size plot (Taiwan) consisting of
triangular weir, a water level sensor, the reservoir of earth and sand.

: Y r
lowing out to 1 ‘“
river by soil erosion .

| e

Suspended Sand

TY Shifting to lakes and l:lam ——

The monitoring of river discharge A :
Outflow modeling . . L .
Soil erosion of the cigarette field

Plots of the USLE standard size are installed at two places of farms and two places of meadows, and measure sediment runoff and
radionuclide runoff. By providing the flooded examination paddy field, it estimates the outflow from the paddy field by measuring
its suspended solids.

11
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FUKUSHIMA RADIATION MONITORING OF WATER, SOIL AND ENTRAINMENT

MW s e Paddy Fields’ Plot J

The field which stripped off
surface soil

The field devised manure

Field of the normal cultivation

5ot \ e 4
High-performance turbidity logger which is able to usually deceive up to 30000NTU and floating sand sampler are installed at the
field which stripped off surface soil and the field of the normal cultivation.

The maddy water sampling and analysis by HIROSHIMA University 12
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from the Soil to a River, the River to the Ocean

FMWSE

Floating sand sampler (Phillips et al, 2000) b S s o Aoyama & |garashi (|n preparation)

LT s v
T e e b ST St [ABUKUMA River] 1 T T 1

Collection of the floating sand using the floating
. . g IWANUMA Observatory *  137Cs in the rain
sand sampler, Cs -137 analyses (Mizugaki et al., TERERE TR O Dissolved 137Cs(Bq m-3)
2008, Fukuyama et al 2010) (ABUKUMA Fiver S i 1000 . S e s s
| FusHiIGURO Observatory “’ ’o'
The use of the current . 100 ot .
i # | [KUCHIBUTO River] = oOole |
floating sand sampler Down Stream > e
: ] e = tel®
\ L = 10 ER=R- S
- FUKUSHIMA'Gity [ f - [KUCHIBUTO River] n E LIy
TN ; fi Up Stream O e $gpit e °
= ; 4 L ° % . D ° °
rh s e T *3,
oy o e AL
T : ; MIZUSAKAI River %&g PRI ,%@
- : 0.1 i s
. . *| [KUCHIBUTO River] g ﬁf ce
The collection of rainfall data and space, oY ARG Mid Stream ﬁf
0.01 L L

time data interpolation (analysis of rain
gauge data and radar AMEDAS data)

1950 1960 1970 1980 1990 2000 2010

Year

The high precision
measurement of the
radionuclide of the water by
absorbing it in resin.

Grasp of the overview of the
movement process of the
radionuclide from the river to the
large basin / sea area based on
these observation and estimated [LERSEEIAUE S,

£/{£210mm

e o 0) - 20mm AR

There are no analysis results at the analysis center.
Device of the Meteorological Research Institute

and the setting situation ypctream
and the use of the know-how are necessary.

result.

(duties trust)
Midstream
. . “ b
KYOTO University Group gl - « . ¥ Inthe conventional study, most Cs -137 flows down as floating sand (Matsunaga,2001)
- w- ) , -
downstream L "—' With flow quantity, the floating sand sampler + turbidity meter, and putting water

sampling together, Cs-137 outflow fluxes are precisely calculated.




Research Map : Kawamata Area J
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] (Planned Evacuatlon Zone) \
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Muscovite-biotite granite

REREWE (HIERERERE KEAIHTEHE) -
AMGSAREHENTRE

Biotite granite (Pink biotite granite, Gray biotite granite) and
hornblende-bearing biotite granodiorite
ARETRESERMPIRS - FRANGRES TV E
Hornblende-biotite granodiorite and foliated
hornblende-biotite tonalite

S R AP E REEDEE
Fine-grained hornblende-biotite diorite
ﬁﬁﬁ%ﬂ‘% %ﬂﬁhﬂﬁﬂhﬂﬂtr
—hI Y1
Humblencle gabbro, clinopyroxene-orthopyroxene gabbro,
cortlandite and others

Most soil of the Highly-
Concentrated Area become
Granitoids (Sandy soil : Masa
soil), and the quality of soil is
approximately homogeneous.

Intensive Research Area :
KAWAMATA

Upstream of Kuchibuto River:
YAMAKIYA Area

Most are granite and diorite.
= Those represents the
quality of soil at the highly-
concentrated area.

15
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