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Points of the investigation:
- Short life of 131 (§ days).
* An enormous number of soil samples had
10 be collected.
* All samples should be measured by Ge detectors.
* Many people and organizations had 1o be involved.

Points for recovery

- Estimation of lifetime exposure and risk

* Risk in everyday life

* Understanding of risk by people in Fukushima



1. The time sequence of events
2011

11 March: Tokyo Electric Power Company Fukushima Daiichi Nuclear Power
Plant Accident

16 March: Discussion meeting on supports for the Fukushima accident was
held at RCNP (Research Center for Nuclear Physics), 0Osaka Univ,

4 April: SCJ (Science Council of Japan) released the 2Znd emergency
recommendation regarding the response to the Great East Japan
Earthquake “Regarding the necessity of the investigation of
radiation levels after the accident of the Fukushima Daiichi
Nuclear Power Plant’

20 April: Joint meeting of Environmental Nuclear Physics and
Geoscience on the investigation of soil contamination was
held at Univ. of Tokyo

7~8 May: Pilot study (10kmX 10km mesh) to check the method



26 May: MEXT (Ministry of Education, Culture, Sport, Science and
Technology) held the 15t meeting of Review Committee on
Preparing the Map of Radiation Dose Rate and Radionuclide
Concentration,

6 June~14 June: The first sampling of soil ( 2 km mesh inside 80 km
and 10km mesh from 80 km to 100 km from Nuclear Power
Plant)

6 June~13 June: Radiation dose rate survey using car-survey system
(KURAMA) which was developed at Research Reactor Institute,
Kyoto Univ.

6 June: Gamma-ray measurements started (total ~6600 samples by
Universities and Research institutes and ~4400 by Japan
Chemical Analysis Center)

21 June~T7 July: The second sampling of soil ( Z km mesh inside 80 km
and 10km mesh from 80 km to 100 km from Nuclear Power
Plant)

2 August~3] October: MEXT released air dose rate map, Cs, |, Pu,
Sr, Te and Ag deposition map



.. Measured quantity and aria

Sampl ing
Container of soil sample: U8 container( 8 cm ¢ X 5 cm )
Container for depth distribution: Iron pipe( 5 cm ¢ %30 cm )
Number of samples at each mesh point: 5 samples
Mesh size: 2 km X 2 km mesh within 80 km from Fukushima Daiichi
Nuclear Power Plant,
10 km X 10 km mesh from 80 km +o 100 km
Number of total samples: ~11, 000

Measurement
Measurement of dose rate
Radiation dose rate at each mesh point: 1m above at each mesh point
by survey meter (uSv/h)
Radiation dose rate by car-survey: Survey meter (KURAMA) (mSv/h)

Measurement of soil samples
Measurement method: Gamma-ray spectrum by Ge detector
Measured quantity: Activity concentration (Bq/cm?)



[3, Method of soil sampling and car survey]

Method of sampling
Radionuclide distribution in soil was known by a pilot study 1o be
high concentration at the soil surface and decreasing with depth,
Since calibration source was a volume type uniform source by IAEA,
the uniformity of sample was important,

Insert the U8 container into soil

Dig out the U8 container with soil by a shovel

Slice of excess soil from the container
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Mix well soil in a plastic bag,
then put soil back into
the U8 container

Wipe out soil attached the U8 container,
then put into a plastic bag

Soil sampling:

First sampling: June 4, 2011 ~ June 14, 2011
(4 and 5 June were trial)
Fukushima, Yamagata, Tochigi Pref.
Second sampling: June 27 ~ June 29
Miyagi, Fukushima(Aizu) Pref,
June 28 ~ July 8
Fukushima (Iwaki), Ibaraki Pref.



Measurement of air-dose rate by car survey
A car survey system (KURAMA) developed by Research Reactor Institute,
Kyoto Univ,

l(ljialllll‘ client

The KURAMA system records
the air dose rate and position
measured by each car,

_ ni ‘ The distant client can see
Dose rate osition client WA client the measured values and

its distribution on a map

Measurement of air-dose rate by car survey
June § ~ June 14
Fukushima, Yamagata, Miyagi, Ibaraki Pref,

survey- GPS
meter



4 Cooperative organization and cooperator

Participating organization for soil sampling and number of participants
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Organization No. Organization No. Organization No.
41 =2 E TRk 1| 61|ERINHEXFKE 1| st1|dLiEEXRE 9
12 HEKRFHR 3| 62|FILKZE 15| 82|HEKZF 1
B|FMEFEKRE 6| 63|\IHKF 1| 83|=EKXRZE 1
44| ER=EKZF 1| 64|BEHEMILKE 1| 84|EHHBKRE 1
45|AFERIKZE 1| 65|BTHEXKE 8| 85|EIFKZE 1
ELL =2 3| 66|FTEBKE 14| 86|ILFZKEE 4
47|BRYT7oFK=E 1| 67|BRFEFHAEEFIEIE 73| 87|HEEILKE 1
48| FEKXRZE 2| 68|HARKEE 3| 88|UTILAALEERFAGES 2
49|thER K= 1| 69|BARD Tt 2— 20| 89(E{LZFHIZCAT 9
50| K= 9| T0[iBREIESEEMEKR 1| 90|3I#H K= 5
51 |FFRKE 1| NMEERIHNFREREVA 1| 91|3LIEKZE 3
52|FRiEKE 2| 72|IEBEEXE 2| 92(3IEREEKRZE 1
53| RRERERI X 2| 713|[EKRZE 5 93|BBk K 3
54| RIE THE K= 1| 74|f@HK=E 6| 94|RFEHKXZE 1
55| Rm#ZEEK 1| 75|fBEBRIERXKE 3| 95|FE[RTUERT 1
56 | IRIR K= 14| 76|f@EXKZF 9| 96|(%k) BARIRIEFEMITAT 1
57| AT KE 2| 77|EBEEREREHEXRE 1| 97|ERFBHESS(BHMZEF—L) 31
58| R TIERI K= 3| T8|Fh K E MR 1 (BEASH 10t RUBRER (%))
59| FRKZE 3| T9|MEHREFZLEMMER 3| 98|EL I/ LRD7FT—HRKEST 3
60| ILF PR KR E 2| 80[dr&pih X E AT = iE bk 1

Number of participants : 440

Number of universities and research Institutes : 94
Corporation : §
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Organization an people participated for gamma-ray measurement

Organization No. Organization No.

1| KRKZE 84| 12|HERIEKE 21
2| KEIREXBIEKRFE 11| 13|EHEKZF 16
3|EIRKE 24| 14|FRILK=E 29
4| FLI K= 10| 15[fEEXKE 7
5| REPKRZF 11| 16|FrimK=E 11
6| =T ILF—INERIFIATTHEAE 5/ 17|AARKZE 5
1|HEKE 6| 18|BAXDHtE 32— 7
B{EEKZF 1| 19| =FK=E 5
I HEKFER 21| 20(BB{L=FHHZErR 30
10[{S M KFE 1| 21| KR=F 34
11| R KE 1

Number of participants : 340
Number of organizations participated : 21



[5, Map of distribution of dose rate and radionuclide }

Released maps

* Air dose rate measured by car survey

* Air dose rate at 1 m above mesh points
* Distribution of 134Cs

* Distribution of 131Cs

* Distribution of 131]

« Ratio of 131l {0 131Cs

* Distribution of 238Py and 239240py

* Distribution of 3% %0Sp

* Distribution of 12MTe

* Distribution of 110mAg

 Correlation of concentration of 134Cs + 131Cs {0 air dose rate
* Dynamics of radionuclide in environment
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Comparison of measured data by universities etc. and data measured by
Japan Chemical Analysis Center
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Distribution of 131Cs

=

D2

o N

.

g’\

b

~

el

I

A

~
‘--“

BXm

]
Rk
o Bt — AR
R R
¢ (Cs-137 (Ba/m?)
’l (BR 14BN
’I [ ] 3000K <
’l Q 1000K - 3000K
" [ ] 600K - T000K
',' [ ] 300K - 600K
_” ®  100K-300K
= 2 @ 60K - 100K
L ®  30K-60K
S ® 10K-30K
';’ L = 10K
- ,
"‘ ZE“}:-’J‘II = :EE{S}!HJ&]
[ 1omxwua 1 4
0 20 40km

L n 1




6. Lifetime exposure in Fukushima and risk

The measured results of external and internal exposure for Fukushima
people show the internal exposure is much lower than the external exposure,

The lifetime exposure in Fukushima can be estimated using the method used
1o estimate for the Chernobyl accident,
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AVERAGE NORMALIZED EFFECTIVE EXTERNAL DOSE TO THE ADULT
POPULATION IN THE INTERMEDIATE (100 km < DISTANCE < 1000 km)
ZONE OF CHERNOBYL CONTAMINATION

Population £/ 0137 (K4Sv - kBq1 - mZ of 131Cs)
1986 1987-1995 19962005 2006-2056 1986-2056
Russian Rural 14 25 10 19 68
Federation
Urban 9 14 5 9 37
Ukraine Rural 24 36 13 14 88
Urban 17 25 9 10 61

Accumulated effective dose for 70 years for 1 kBq - mZ of 131Cs

Russian federation :Rural 68 uSv Urban 37 uSv
Ukraine :Rural 88 uSv Urban 61 uSv
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_____{f:;%? &
‘~%“ \‘\
Return difficult >50mSv/y @ O
Resident restricted 50~20mSv/y @
.~ Ready for return <20mSv/y
mark | concentration | dose rate |dose ratelexposure during 70y risk in 70y anuual risk
Bq/m* uSv/h mSv/y mSv for 70y
@ 3000K-15000 10-52 88-460 260-1300 1.4x10%7.1x107% |2 0x10*1.0x10°
O 1000k-3000k 3.5-10 31-88 88-260 4.8x10°%-1.4x10% [6.9x10°-2.0x10"
O 600k-1000k 2.1-3.5 18-31 53-88 2.9%103-4.8x103 (4. 1x107°-6.9%x10°°
[®) 300k-600k 1.0-2.1 | 8818 26-53 1.4x10°%-2.9x10° |2 0x107°-4. 1x10°°
[ ) 100k-300k 0.35-1.0 |31-88 8.8-26 4.8x10°-1.4x1073 [6.9%10°-2 0x10°°
® 60k-100k 0.21-0.35 | 1.8-3.1 5.3-8.8 2.9x10*-4.8x10" [4.1x10°-6 9%10°
O 30k-60k 0.10-0.21 |0, 88-1.8 2.6-5.3 1.4x10°%-2.9x10°* 2. 0x10°%-4.1x10°*
@) 10k-30k 0.035°0.10 |0.31-0. 88 0.88-2. 6 4.8x10°-1.4x10*[6.9%x107-2 0x10°®
O <10k <0. 035 <0.31 <0. 88 <0.8x10°° <6.9%x10°’

Risk is calculated using 5, 5% for 1Sv(ICRP recommendation)



7. Risk in everyday life
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8. Summary

- Many researchers and organizations fully cooperated with the MEXT project,
resulted in completion of detailed contamination map,

I+ was a great job to be praised.

- The annual risk in everyday life of 1~2X107°/y looks safe,

- Radiation rate in Fukushima for 1~2X%X107/y risk is about 5~9mSv/y.

* Return of evacuees will take long t+ime, if one sticks strongly 1o 1 mSv/y.
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END
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