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A part of topic presented here was picked up from the IRPA 13
and the JHPS Fukushima accident special symposium I - IV
which were held at Tokyo university in 2011 fiscal year




Environmental radiation monitoring

m BE1: Implementation of general environmental
monitoring

m E2: Preparation of the distribution map

m 3: Analysis on the atmospheric dispersion of
radioactive materials



El. Off-site environmental monitorin
in emergency situation (March — July, 2%11)

B Monitoring area
v'Land, Marine, and Sky area

® Monitoring frequency
v'Daily (basically)

B Implementing agency
v MEXT, Prefectures, NPA, MOD, USDOE
vJAEA, NUSTEC, JAMSTEC, JAXA, Universities
v'Electric power companies and rerated companies

MEXT: Ministry of Education, Culture, Sports, Science and Technology
NPA: National Police Agency

MEXT is conducting MOD: Ministry of Defense

ComprehenSive USDOE: U.S. Department of Energy

environmental radiation JAEA: Japan Atomic Energy Agency

monitoring and many NUSTEC: Nuclear Safety Technology Centet

inSti_tUte took part in the JAMSTEC: Japan Agency for Marine-Earth Science and Technology
environmental JAXA: Japan Aerospace Exploration Agency 4

monitoring activities. Prefectures: Tokyo, Hokkaido, and all the prefectures



El. Monitoring items in emergency situation

mE Ambient dose rate

Measurement at fixed monitoring points (MEXT and 47

prefectures: All over Japan)
Measurement by monitoring vehicle
Measurement by aircraft

Measurement at the sea

m Integrated Dose
Measurement at fixed monitoring point
= Radionuclide quantitative analysis on
environmental samples
Dust, Soil, Pond water, Weed

Continuous dust sampling
include radioiodine
sampling was not
performed sufficiently
because many radiation
monitoring instrument at
the monitoring post in
Fukushima prefecture have
been damaged by the
impact of the earthquake
and tsunami.

Drinking water, Fallout (47 prefecture: All over Japan)

Sea water, Sea-bottom soil

( monitoring tesults ate available from http://radioactivity.mext.go.jp/ 3



http://radioactivity.mext.go.jp/

El. Chronological change of ambient dose in
the vicinity of F1 NPP and evacuation

Residents in the vicinity of the NPP could evacuate from the zone successfully.
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(Data Source : Fukushima pref. Website)




El. Estimated Annual Dose at the Fixed
Monitoring Points

Unit: mSv N
0y Estimated Annual Dose Based on Dose Rate Measurements at Fixed

Monitoring Points (2011.3.11-2012.3.11)
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(Source : Monitoring information of environmental radioactivity level, the Ministry
of Education, Culture, Sports, Science & Technology(MEXT) Website)




El. Airborne monitoring survey

Mar. 25, 2011
Apr. 5, 2011

May 17, 2011
May 30, 2011

- Jun. 21, 2011
- Aug. 2, 2011
- Oct. 22, 2011

- Jan. 30, 2012
- Feb. 6, 2012

MEXT Press release of plan for aerial radiation monitoring
<1st monitoring> 60km zone from the NPP (DOE) + 60-80km (NUSTEC)
<2"d monitoring> 80-100km zone from the NPP (NUSTEC)
<3'Y monitoring>

40km zone from the NPP(NUSTEC + JAEA) + 40-80km (NUSTEC)
Miyagi-pref., Tochigi-pref., and Ibaraki-pref. (NUSTEC + JAEA)

(JAEA, NUSTEGC, ...)

<4 monitoring>

40km zone from the NPP(NUSTEC + JAEA) + 40-80km zone (NUSTEC)
<West Japan monitoring (Ongoing) > (JAEA, NUSTEC, ...)
<monitoring above the warning area around the NPP> (NUSTEC)

JAEA:Japan Atomic Energy Agency,

Y. Sanada et al.. IRPA13 P12.61 NUSTEC: Nuclear Safety Technology Cenger
5 o 5




El. Procedure of data analysis

Count rate data Water GPS data Test line
Imedma data

Subtractlon of
BG cosmlc ra
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*Helicopter flight above the
ground 150-300m.
Count rate was obtained from

Iarge size NaI(TI) detector Correction of ¢ Laser altimeter
. . ' height (or Radio wave)
*Acquisition rate is 1 second
interval.
S| method can discriminate radio 1,
. Dose conversion
Conversion to |PEEE——————

cesium and natural radio
v

nuclides.
100000
Spectral Index — Mt
Background
Conversion to Dose-radioactivity In-situ Ge
radioactivity Cs134/Cs137 <

(Flight height above the ground)
= (GPS height)-(90m mesh DEM)

— Attenuation factor

U-series | N-SErIES

—

S

: Count rate over 450k!

§Count rate over 900keV

500 1000 1500 2000 2500 3000
Gamma energy (keV)

Mapping by
GIS software




El. Airborne monitoring survey in the eastern part of

Japan (Converted into the value as of November 1)

1

19~ pSv/h=100mSv/y~
M9.5~19uSv/h=50~100mSv/y
M 3.8~9.5uSv/h=20~50mSv/y
M1.9~3.8uSv/h=10~20mSvly
M 1.0~1.9uSv/h=5.3~10mSvly
MO0.5~1.0uSv/h=2.6~5.3mSvly
MO0.2~0.5uSv/h=1.1~2.6mSvly
0.1~0.2uSv/h=0.5~1.1mSvly
~0.1puSv/h =~0.5mSvly
indoor attenuation factor =0.4
Outdoor 8h.indoor 16h

134Cs, 137Cs radios
accumulated¢

Yamagata,

i";\
NGy
Fukughima
Dai-ichi NPP
7

Legend

Total accumulation of
Cs-134 and Cs-137
[Cor

Legend
Air dose rate over 1
above ground level

1000k - 3000k
600k - 1000k
300k - 600k
100k - 300k
60k - 100k

(Soutrce : Monitoring information of environmental radioactivity level, the Ninistry
of Education, Culture, Sports, Science & Technology(MEXT) Website)



El. 3D map of radiocesium distri

Legend

Total accumulation of
Cs-134 and Cs-137@®a/m?) |4

[Converted into the value as of
October 13)

3000k <
1000k - 3000k
600k - 1000k
300k - 600k
100k - 300k
B0k - 100k E
30k - 60K N e Pt
10k - 30k Eye altitude ; 250km
| = 10k

reas where readings

The height is indicated S times
& not obtained by !

as much in this bird's-eye picture.

Y. Sanada et al., IRPA13 P12.61

Fukushima
Dai-ichi NPP

mﬂ‘gata

bution
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E2. Preparation of the Distribution Map of
Radiation Doses and Activity Concentration in Soil

= MEXT and other cooperative institutes measured ambient
dose rates and radioactivity concentration in soil at around
2,200 locations within approximately 100 km from the F1

NPP.

Object
Continuously check of the impact on the health of
residents and the environment

Soil collecting periods
First period: 2011 June 6 to June 14
Second period: 2011 June 27 to July 8

Other cooperative institute
Total participants: 409 people from 94 organizations.

12
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K. Saitou; IRPA13 P12.08
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E3. Source term estimation by WSPEEDI
reverse estimation method

Air dose rate (uGy/h) The atmospheric release rate of 13!l and 13’Cs from F1
site was estimated by combining environmental

monitoring data with atmospheric dispersion simulations

Fukushima with WSPEEDI-II. Dilusion

factor was
derived by

| | 1 L WSPEEDI
Q; : Release rate (Bq h™) of nuclide 7. under the

M, - Measured air concentration (Bq m™) of assumption
nuclide 7, . of a unit

C; : Dilution factor (h m ) of nuchde 7. release rate
(1 Bg/h).

1.§1|

- —. 137Cg
—— 13 (Chino et al. 2011+Katata et al. 2011)
137!’(25 (Chino et al. 2011+Katata et al. 2011)

-

Release rate (Bg h™)

Hydrogen Hydrogen Explosive sound

0.3 explosion explosion around suppression
TO KAI at Unit 1 at Unit 3

21JST on Mar. 15

-

141°00 141°30' Date (month/day)-time (JST)

100 G. Katata et.al ;Journal of Environmental Radioactivity 109 (2012) 103-113



E3. Analysis on the Atmospheric
dispersion of radioactive materials

m The mechanism for the
formation of high dose rate
zone around north-west
direction from the F1 NPP
has been investigated in
this analysis.

m |t became clear that the
significant atmospheric
release on 15 March and
the following wet
deposition caused the
formation of high dose rate
zone around north-west
direction from the F1 NPP.

Source: H. Nagai; Jpn. Health Phys.,47(1),13-16(2012)



E3. Continuous dust and iodine sampling

Surface concentration of 131]
estimated by using WSPEEDI-II

UTC 2011-3-15-0:00 **"** JAEA Tokai in Ibarakl pref

The significant radioactive plume was estimated
to come to Ibaraki pref. at

200 RA | around 0:00 15 Mar., around 0:00 16 Mar., and

T — v around 22 20 Mar. by using WSPEEDI.
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E3. Radioactivity concentration in the dust
within the atmosphere measured at Tokai
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Internal dose derived from the radioactivity concentration
v Adult: effective dose 0.57mSy, thyroid dose 7.9mSv
v Infant(lyear): effective dose 0.88mSy, thyroid dose
15mSv (Source: JAEA review 2011-035)




Personal monitoring

m P1: Situation of workers

m P2: Situation of residents

19



P1. Situation of workers

Change of dose limit for emergency worker
Dose distribution of radiation workers
Emergency workers exposed over 250 mSyv

Overview of special monitoring for internal
exposure of workers supported by JAEA

20



P1. Dose Limit for Fukushima
Emergency Workers

m 2011.Mar.14
= 100mSv = 250mSv

m 2011.Dec.16
m 250mSv = 100mSv

= Exception: The workers who already exposed over
100mSyv Iin the past emergency operations can be
applied to 250mSv up to 2012.4.30 if next requirement
IS satisfied.

v he should be a specialist who has high revel special
knowledge and experience for reactor cooling operation

v it should be very difficult to get a successor of him

m 2012.May.1
= 100mSyv
= No exception




P1. Dose distribution of emergency workers
on site (2011.Mar.-Oct.31)

Effective Dose | epco staff | Other company [ 1o
< 250 6 0 6
200< — =250 1 2 3
150 <— =200 19 2 21
100 <— =150 116 23 139
50 <— =100 354 308 662
20 <— =50 627 1,686 2,313
10<—=20 493 2,320 2,813
10 < 1,648 10,175 11,823

K. Sugai; Jpn. J. Health Phys.,47(1),25-29(2012) Total 17,780 22



P1. Emergency wotkers over 250mSv

D Internal External Effective
Dose* Dose* Dose*
A 590 89 679
=] 540 106 646
C 242 110 352
D 260 51 311
= 433 44 477
F 328 33 361

*rounded value to double or triple figures

unit: mSv

K. Sugai; Jpn. J. Health Phys.,47(1),25-29(2012)

B TEPCO plant operators or
stuffs who engaged in
recovery of indication
equipment

B Main causes of over
exposure are

1. Severe emergency
situation obstructed
Implementation of
adequate radiological
protection

2. High radioactive
concentration in air at the
control room where the
stuffs had to stay and
make consumption for
plant recovery operation

3. Inadequate mask fitness
of eyeglass workers

23



P1. Internal exposure monitoring for
emergency workers supported by JAEA

B End of Mar. 2011 JAEA sent
mobile WBC to TEPCO
Onahama coal center in
fukushima pref. and started
Individual monitoring for
emergency workers.

B 20 April =5 August 2011
Worker whose preliminary

Because of lost of power caused by : dd b

the earthquake and tsunami or estimate 0Se become ov_er

because of high B.G., TEPCO WBC 20 mSv went to JAEA Tokal

was not available. for additional monitoring.

24



P1. Special monitoring for emergency
workers at JAEA

B 23 April - 5 August 2011
B \Whole body monitoring

m Ge detector in the
shielding room with 20 cm
thickness iron

m Canberra FASTSCAN
Nal(Tl) detector

B Thyroid monitoring

m Ge detector in the
shielding room

B Number of measured workers
m Female 6
= Male 560

| 1 — |
| . - -1
N ® i
| | G, =3
| I: .
e 2 N
.
/ y i
],
- gl
= % f .
. . d o
B
- ." -

Ge detector in the shielding room
C. Takada et al.; IRPA13 P12.22 25




P1. Thyroid monitoring ()

Straight lines: thyroid 3!l residual activity corresponding
to committed effective doses of 20, 100 and 250 mSv in
| the case of acute intake of elemental iodine.

250 mSv nd of Jun (39 subjects)

9760 Bq and 7690 Bq

—~~
o
28]
N—r
>
=
=
+—
Q
@®©
°
o
S
>
e
—

March 12 or
the first day of work

40 50 60

Time after intake (day)




P1. Whole body measurements (}%’Cs)

Straight line: 13’Cs amount corresponding to committed effective doses of
20 mSv in the case of acute intake of Type F compounds with 5 pm.

39 subj
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March 12 or
the first day of work

40 50 60
Time after intake (day)




P1. Whole body measurements
(134Cs vs.7Cs)
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P2. Situation of residents

® Screening survey for thyroid internal
exposure of children

= Health management survey for the residents
in Fukushima prefecture

m WBC for residents performed by JAEA under
the assignment of Fukushima prefecture.

AS



P2. Screening survey for thyroid internal

exposure of children

= The local emergency response headquarters
700 performed the screening from Mar. 24 to 30

I_E'_li:'f ] = |waki, Kawamata, litate
600 = Total 1149 children were measured.
500 m Screening level (SL): 0.2uSv/h (correspond to 100
mSyv thyroid dose for 1 year old infant)

A = Nal(Tl) scintillation survey meter was used.

282 m  The result of 1080 children was below SL.
300 26-1% = 66 children were not measured adequately

N because of high BG. The age of 3 children was
#d |'1L1Eiw| unclear.
100 431?%3 5 4 a4 2 1
B [L_ﬂ?ﬂ]:u.i%rliﬂ.d%] (0. 2%) 10.1%)

[ 0.01 G402 003 0404 0405 0d4 447 008 009 01
Y. Fukushima; Jpn. J. Health Phys., 47(1), 17-19 (2012) M5/ h



P2. Health management survey and individual
monitoring for the residents in Fukushima pref.

Health Management Survey

1. Basic survey: estimation of exposure dose based on action records
* Subjects: All residents in Fukushima pref. (total: ~ 2 millions)
 Methods: Self-consumption questionnaire for evacuation behavior
 August 2011~

2. Detailed survey: ascertain health conditions

« Subjects: Residents in the evacuation areas and persons who needs
survey (~ 200 thousands)
Items: Thyroid ultrasonography for children. Medical checkups,
mental health care, medical questionnaire and consultation to
pregnant woman .—

ﬁ Creation of a data base ﬁ
) T )
Thyroid monitoring Whole body

with Nal survey ) i
S counter dosimeter

Residents supporting STl e [P Fukushima Pffff-,
team in Japanese gov. JelBib, NI other community

Personal




P2. Present status of personal dosimetry

for Fukushima residents

m Basic survey 9747 persons reported
<1mSv: 57.8%, <10mSv: 99.3%, Max. 23 mSv/4month
= WBC
15,383 persons measured (up to Jan. 31 2012)
<1mSv: 99.8%, Max.: 3mSv(two persons)
m Personal dosimeter
70,400 persons reported from 22 communities
Terms 1 month — 3 month
Median: <1mSv (0.01mSv - <ImSv)

Max.: 46.6 mSv/annual (include X-ray diagnosis),2"d
7.66mSv/annual

s Radiological analysis on food stuff

Estimated dose from ingestion: 0.244mSv/annual(all nuclides), 0.01
— 0.04 mSv/annual (radio cesium)

Data from Fukushima pref. HP

32
http:/ /www.pref.fukushima.jp/imu/kenkoukanti/240426shiryou.pdf



P2. External Dose Estimation based on
the action records (Basic sutvey)

]
w
c
0
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0
0
-
Y
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0
2
£
=
r 4

LMo N 2200 D0

‘ PANFARFANFARFARIFAIN

Accumurated dose (mSv)

Progress report

Data from Fukushima pref. HP

B Evaluation term
2011.Mar.11 - Jul.11
(4 month)

B Objects
KAWAMATA 553
NAMIE 7,250
ITDATE 1,944
Total 9,747

(except worker on site)

B Dose distribution

<l mSv 57.8%

<5 mSv 94.6%

<10 mSv 99.3%
Max. 23mSv

33

http:/ /www.pref.fukushima.jp/imu/kenkoukanti/240426shiryou.pdf



P2. Whole body counters at JAEA

Canberra FASTSCAN

Detector: 16” x5”x3” Nal(Tl) 2
Units

Shield: low BG steel sheets 10 cm
D.L.*: 300 Bq (*¥'Cs, 2 min)

Calibration phantom: Canberra
transfer phantom, BOMAB
phantom

® Alokaco. WBC

® Detector: 8”¢*4” Nal(Tl) 2 Unit
® Shield: Pb 5cm

® D.L.*: 300g (*¥’Cs, 3 min)

® Calibration phantom: Block
phantom, BOMAB phantom

* After the accident 34



P2. Flowchart of whole body measurement

Registration

€CK O
surface

Dose assessments
—

Explanation Ry

35



P2. Dose evaluation

m Only 134Cs and 13’Cs were detected.

m Acute inhalation scenario was applied for
dose evaluation to the measurement
before 30 Jan. 2012.

Date of inhalation was assumed to be 12. Mar.
2011 to all residents.

m Continuous ingestion scenario has been
applied to the measurement after Feb 1,
2012.

36



P2. Internal exposure of residents caused
by 134Cs, 137Cs

(July 27, 2011 ~ Jan 31, 2012)

(source: Fukushima Pref. Web site)

Community <1mSv 1 mSv 2 mSv 3 mSv Community <1mSv 1 mSv 2 mSv 3 mSv
Kawamata 632 Soma 2
Namie 3,043 Minamisoma 21
litate 1,425 Date 1,208
Hirono 645 Iwaki 799
Naraha 1,067 Tamura 200
Tomioka 1,814 Shirakawa 10
Kawauchi 302 Fukushima
Okuma 1,959 Sukagawa
Futaba 1,155

Total
Katsurao 181

http://wwwcms.pref.fukushima.jp/pcp_portal/PortalServiet?DISPLAY _ID=DIRECT&NEXT_DISPLAY_ID=U000004&CONTENTS

ID=26211 (Japanese
_ (Japanese) a7




Evaluated dose distribution

Acute inhalation

Adult

Number of Subjects

Residual Activity of *’Cs (Bq)
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Residual Activity of 1¥0s (Bqg) Age > '| 7

Acute inhalation

Infant

Number of Subjects

Residual Activity of '*’Cs (Bq)
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|
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P2. Result of WBC

e 99.8% residents who measured with WBC were
exposed less than 1mSv from internal contamination
of 134Cs and 13/Cs.

e No excessively exposed residents have been found to
the present (Max. 3 mSv).

e Most of the subjects with internal doses above 1 mSyv
were children. But a large discrepancy in the dose
between child and his/her families can be observed.
This suggest that a small amount of contamination on
clothes has affected to dose estimation as background
mainly for children.

= Internal exposure of residents which was caused by
short half life radionuclides such as 13 will be
considered by the dose reconstruction project in near
future. 39



P2. Report and Risk communication

The result was explained to a residents

-7

Report Form

Reduction of anxiety on health effect

2%

\ After WBC, anxiety 1s
% M reduced pretty
M reduced fairly
W reduced very little
M never reduced

Many residents replied that WBC and consultation is
effective for reduction of anxiety on radiological health effect.



P2. Present status of WBC in Fukushima

e Monitoring capability for residents Is being enhanced.

A

=
=
(=]
L]
pe
e3
=X
==

New five mobile whole body counters are operated.

Present issues on WBC for residents
Development of human resources for internal

dosimetry
Measurement and calibration for infant 41



Recent Practical and/or Research
Issues on Dosimetry

Synthetic dose reconstruction for residents Iin
2011 including thyroid dose

Development of practical remote position
sensitive radiation detector which can be applied
to area remediation

Verification system for radiation measurement

Validation of dosimetric models with individual
monitoring (personal dose meter, WBC)

Establishment of integrated individual dose
recording system

42



Conclusion-1

m In spite of severe condition caused by wide area
earthquake and tsunami, environmental and
iIndividual monitoring in emergency situation was
performed adequately and quickly by means of
cooperation among many participants in Japan.

= The radiological distribution map (2nd or 3rd
dimensional image) is effective for planning of
Fukushima reconstruction.

m Detectable health effect in the public have not been
observed and predicted so far, mostly due to
adequate early countermeasures for radiological
protection.

43



Conclusion-2

= Individual monitoring such as WBC and direct
consultation with radiation protection experts are
effective for affected people to reduce elevated
anxiety on health effect of radiation.

= Standardization of radiation monitoring and
synthetic dose reconstruction for residents are
Important for radiation protection and health care
for public.

= Japan health physics society will continue to
organize open symposium and training course
focused on practical issues of radiation protection
to enhance cooperation with all concerned.

44



