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PREFACE

The Radiation Science Center conducts the radiation and chemical safety management
work for research activities using high energy accelerators in KEK. The center also
conducts research and development in the field related to management work. The purpose
of this report is to summarize our work related to the R&D activities. The first section
describes abstracts of each research activity performed in this fiscal year. The second part
provides a summary related to the safety management work which includes a description
of the job assignment and an overview. The third part lists the data related to our activities,
including grants, awards, list of outside committees we are engaged in, workshops and

symposia, publications and a member list of our group.

At the beginning of FY 2020, we had to deal with the Covid-19 worldwide pandemic.
This impacted negatively our activities, the first half of the PF beam operation was
canceled, the number of collaborators was reduced in comparison with ordinary years,
and most meetings were canceled or held online. The situation continued during FY2021,
however, the activities in KEK resumed in compliance with the infection control. We also
continued our safety management work as usual and conducted research activities as
much as possible. This year, two of our staff members and one Ph.D. student won an
award from scientific societies for their research related to radiation safety and
engineering. As of the accelerator operation, the SuperKEKB factory, PF and other
accelerators in the Tsukuba campus were operated as in ordinary years. Plenty of efforts
were made to obtain approval for the newly placed FEL linac and superconducting test
facility. The power upgrade of the J-PARC MR synchrotron was approved for use in
neutrino science and nuclear physics in the future, which requires more contributions
from the radiation safety management, such as monitoring and handling radioactivity in

the cooling water and exhaust from the experimental facilities.

We hope that the activity report promotes a better understanding of our activities and that

all people are working in the field of the safety of accelerator facilities will find it useful.
Toshiya Sanami
Head, Radiation Science Center,

Applied Research Laboratory,

High Energy Accelerator Research Organization
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Chapter 1 Research Activity

The feature of the research activities in the Radiation Science Center (RSC), KEK is a wide coverage of
the research fields. Radiation physics, radiation measurements, radiochemistry, radiation chemistry, health
physics, radiation shielding, nuclear engineering, analytical chemistry and environmental science are
included in the research fields of the RSC’s staff members. The status of these research activities carried

out in fiscal year 2021 is described.



1. Research in Radiation Physics and Detector Development

1.1 Development status and future prospects of active radiation dosimetersfor space use in Japan

K. Terasawa'?, S. Sasaki?, Y. Kishimoto?, K. Takahashi?, A. Nagamatsu®, K. Miuchi*, S. Kodaira’
'Keio Univ., 2KEK, 3JAXA, *Kobe Univ., QST

Position-Sensitive Tissue-Equivalent Proportional Chamber (PS-TEPC) continues to operate stably even
after returning to Earth after one year of operation onboard the International Space Station (ISS). Even after
more than three years have passed since the pre-launch gas injection into the detector, it has successfully
acquired signals to the protons, and has almost recovered its pre-launch performance after the gas exchange.

And now, a new type of electrode with higher gas gain is under development.

Published as Proc. of The 36th Space Utilization Symp. 36 (2022).

1.2 Study on JQMD and INCL models for a particle incident neutron production

K.Sugihara'?, N.Shigyo'?, E.Lee!?, T.Sanami>>*, K. Tanaka?
"Kyushu Univ., 2RIKEN, 3KEK, “SOKENDAI

At RIKEN, new beam line of generating 211At for targeted alpha therapy is being constructed. Astatine-
211 is produced via the 209Bi(a, 2n)211At reaction at the beam line. The energy of incident o beam is
chosen to be 7.2 MeV/u to avoid producing 210Po, a toxic nucleus. For the radiation shielding of the new
beam line, the neutron production thick target yields were measured. The measured data was compared
with the INCL and JQMD models implemented in PHITS. Through the comparison, it is found that the
prediction accuracy of INCL is better than that of JQMD. Better agreement between INCL and measured
data could be explained by “Local E procedure”. In the INCL calculation, a target nucleus is created under
the well potential of 45 MeV depth. Near the target nucleus surface, the depth of the well potential is greater
than that of Woods-Saxon (WS) potential. Thus, nucleons with higher energy than the depth of the WS
potential stays in the well potential. Nucleons with higher energies leads to underestimation of reaction
cross section. This underestimation is corrected by the “Local E procedure” from INCL-4.5. In the “Local
E procedure”, energy of nucleons in the target nucleus is recalculated under an approximately
phenomenological potential. In the JQMD calculation, beam and target nuclei are prepared under the Fermi
gas model, in which the depth of the nuclear force potential is equal to the Fermi energy. However, the
Fermi energy and the depth of the potential for the a nucleus as the incident particle is not the same. Due

to the difference, the energy distribution of the nucleons of o nucleus does not satisfy the condition of the



Fermi gas model. This means that the initial condition is not described properly in the JQMD calculation.
Thus, it is concluded that the improvement of the initial conditions is required to improve the prediction

accuracy of JQMD.

Presentaed at 2021 Symposium of Nuclear Data.

1.3 Impact of photo-neutron spectrum shape for Pb(y, xn) on shielding design

T. K.Tran', T.Sanami'?, H. Yamazaki'?, T. Itoga®, A. Takeuchi', S. Miyamoto®* H. Nakashima?,
Y.Asano*
ISOKENDALI, 2KEK, 3JASRI, 4Hyogo Univ.,JAEA

The neutron spectrum of the (y,xn) reaction for the targets using a 16.6 MeV polarized photon was measured.
The two components were obtained on the experimental neutron spectrum, however, the high energy
component was not reproduced by the calculation codes. Thus, the effect of the photo-neutron spectrum on
the shielding calculation was studied by considering leakage dose rate. Below the calculation are addressed
in detail. A Pb target was chosen for the shielding calculation, which is common shielding material. The
experimental neutron energy distribution was employed for the calculation of the leakage dose for a simple

shielding structure, that is, concrete shielding with various thicknesses.

Submitted to ICRS14/RPSD 2020 at Seattle.

1.4 Energy spectra of neutrons penetrating concrete and steel shielding blocks from 24 GeV/c

protons incident on thick copper target

E. Lee!, N. Shigyo!, T. Kajimoto?, T. Sanami®, N. Nakao*,
R. Froeschl®, E. Iliopoulou®, A. Infantino’, S. Roesler’, M. Brugger®
'Kyushu Univ., 2Hiroshima Univ, 3K EK/SOKENDALI, *Shimizu corp, SCERN

In this study, experimental measurements were performed on the spectra of neutrons which penetrate
concrete and steel of various thicknesses values when a proton beam of 24 GeV/c was incident on a copper
target at the CHARM facility in the East Hall of the CERN Proton Synchrotron (PS) The thicknesses of
concrete and steel ranged up to 360 cm and 80 cm, respectively. To measure the neutron spectra, an NE213
scintillator was positioned on the top roof of the shielding structure as the neutron detector. The light output
distributions of the detector were converted into the neutron energy spectra using the unfolding method

with a calculated response matrix after removing the y-ray and charged particle events by pulse-shape



discrimination and veto counter signals, respectively. The neutron spectra were in agreement with the
results obtained using the Monte Carlo simulation code, PHITS, within a factor of 1.4 except for the case
of steel 80 cm. The attenuation profiles for concrete and steel were consistent with previous foil activation

results within the respective uncertainties.

Published as Nucl. Instrm. Meth. A998 (2021) 165189.

1.5 Measurements and Monte Carlo simulations of high-energy neutron streaming through the

access maze using activation detectors at 24 GeV/c proton beam facility of CERN/CHARM

N. Nakao', T. Kajimoto?, T. Sanami**, R. Froeschl’, E. Iliopoulou’, A. Infantino®, H. Yashima®, T.
Oyama’, S. Nagaguro®, E. Lee’, T. Matsumoto®, A. Masuda®, Y. Uwamino', S. Roesler’, M. Brugger®
IShimizu corp, > Hiroshima Univ, * KEK, *SOKENDALI, >CERN, °Kyoto Univ., ’Kyushu Univ., SAIST

A measurement of high-energy neutron streaming was performed through a maze at the CERN (Conseil
Europeen pour la Recherche Nucleaire) High-energy AcceleRator Mixed-field (CHARM) facility. The
protons of 24 GeV/c were injected onto a 50-cm-thick copper target and the released neutrons were
streamed through a maze with several corridor-legs horizontally designed with the shield walls in the
facility. Streaming neutrons were measured by using aluminum activation detectors placed at 10 locations
in the maze. From the radionuclide production rate in the activation detectors, the attenuation profile along
the maze was obtained for the reaction of 2’ Al(n, alpha)**Na. Monte Carlo simulations performed with two
codes, the Particle and Heavy Ion Transport System (PHITS) and CERN FLUktuierende KAskade
(FLUKA), gave good agreements with the measurements within a factor of 1.7 for the production rates

ranging over more than 3 orders of magnitude.

Published as J. Nucl. Sci. Technol. 58 (2021) 899-907.

1.6 Measurement of the Excitation Function of **Zr(a,x)*’Mo Reaction up to 32 MeV

M. Hagiwara!, H. Yashima?, T. Sanami', S. Yonai?

'KEK, 2KURNS, *QST.

The excitation function of **Zr(a,x)*Mo was measured up to 32 MeV using the stacked-foil activation
method to assess the feasibility of an accelerator-based *Mo/**™T¢ production route. The measured data

well-reproduced our previous experimental data.



Published as the Springer Proceedings in Physics book series (SPPHY,volume 254) Compound-Nuclear
Reactions (2021) 255-257.

1.7 Excitation Function Measurements of Alpha-Induced Reaction on Natural Copper and

Titanium Up To 46 MeV

H. Yashima!, M. Hagiwara?, T. Sanami, S. Yonai?

'KURNS, 2KEK, *QST.

The excitation functions of residual nuclides in Cu and Ti were measured up to 46 MeV using the stacked-
foil method. The alpha-induced activation cross sections of these nuclides were obtained by gamma-ray

spectroscopy. The obtained data agree well with other experimental data and IAEA recommended data.

Published as the Springer Proceedings in Physics book series (SPPHY,volume 254) Compound-Nuclear
Reactions (2021) 251-253.

2 Experimental Technology and Monte Carlo Simulation Related to Radiation
Shielding

2.1 New physics searches at the ILC positron and electron beam dumps

K. Asai'?, S. Iwamoto’, Y. Sakaki*, D. Ueda'”
'Tokyo Univ., 2Saitama Univ., 3Eotvos Univ., *KEK, 3Peking Univ.

We study capability of the ILC beam dump experiment to search for new physics, comparing the
performance of the electron and positron beam dumps. The dark photon, axion-like particles, and light
scalar bosons are considered as new physics scenarios, where all the important production mechanisms are
included: electron-positron pair-annihilation, Primakoff process, and bremsstrahlung productions.

We find that the ILC beam dump experiment has higher sensitivity than past beam dump experiments, with
the positron beam dump having slightly better performance for new physics particles which are produced

by the electron-positron pair-annihilation.

Published in: JHEP 09 (2021) 183.



3. Radiation Protection Study in Accelerator Facilities

3.1 Revision work on the manual of measurement and evaluation of activation for decommissioning

of accelerator facilities

H. Matsumura, K. Masumoto, G. Yoshida, A. Toyoda, H. Nakamura, T. Miura
KEK

It is difficult for most facilities to adopt the clearance in the decommissioning of accelerator facilities
under the Radioisotope Regulation Law. Therefore, we studied for "Establishment of the measurement and
evaluation methods of activated materials for decommissioning of accelerator facilities" in the project for
Radiation Safety Research Promotion Fund under the contract of the Nuclear Regulation Authority for four
years since FY2017. In this project, we studied the decommissioning method of accelerator facilities with
considering the clearance level with the research committee and the Nuclear Regulation Authority of Japan.
The results were summarized in a paper as” Manual for measurement and evaluation of activation for
decommissioning of accelerator facilities; Electrostatic accelerator facilities, synchrotron radiation
experimental facilities, proton therapy facilities, heavy particle therapy facilities, and cyclotron facilities
for radioisotope production for positron emission tomography (PET).” In FY2021, we worked on the

revision of the manual.

Presented at the 20" Annual Meeting of JRSM(2021). Two presentations.
Presented at the 65" Annual Meeting of JNRS(2021).

Presented at 23" Workshop on Environmental Radioactivity.

3.2 Feasibility for evaluation of accelerator activation with the portable y-ray imager GeGIS

G. Yoshida!, H. Matsumura', H. Nakamura!, A. Toyoda!, T. Miura!, K. Masumoto',
K. Sasa?, T. Moriguchi?, M. Matsumura®
'KEK, *Univ. of Tsukuba

Accelerator activation is a serious problem in terms of radiation exposure of workers and waste
management of radioactive materials. The portable y-ray imaging device (imager), which has been rapidly
developed since the Fukushima nuclear accident, can be supposed to be a breakthrough to visualize the y-
rays from the radiation source, and we have been tackling the application of this novel technology to
evaluation of accelerator activation. Although, there have been a variety of commercial y-ray imagers with

different measurement methods and detector crystals, no models have been clarified the requirements for



applying to evaluation of accelerator activation; determination of activation sites, residual nuclides, and
their activity. We had conducted benchmark tests with various commercial devices at assuming an actual
accelerator activation, and found the best candidate; GeGI5 manufactured by PHDS Co., US-TN. Currently,
we are investigating the requirements for evaluation of accelerator activation with the GeGI5, at accelerator

facilities in Japan.

Presented at the 65" Annual Meeting of JNRS(2021).

Presented at 23" Workshop on Environmental Radioactivity.

3.3 Activation status for metal components in the cyclotron for PET-nuclide production

G. Yoshida', H. Matsumura', A. Toyoda', H. Nakamura', K. Masumoto', T. Miura', Y. Saito?,
M. Yamada®, R. Shiobara’, Y Nagashima*, F. Nobuhara*
'KEK., 2JRIA, *JER Co.,Ltd., “TNS Co.,Ltd.

The number of decommissioning of cyclotron facilities for the Positron Emission Tomography (PET)
nuclide production is expected to be increased rapidly, in Japan. Guideline for the handling of radioactive
materials for the self-shielding and concrete room materials had been established, though that for metallic
materials such as yokes, coils, vacuum chamber, and poles, has not yet been established. At present, any
metal wastes generated during decommissioning work must be considered as radioactive waste. In this
study, in order to establish a roadmap for efficient disposal of the metallic materials of a cyclotron for PET
nuclide production, the activation status of the yoke, which accounts for large mass of the cyclotron, was
investigated in detail, even down to the inner part of the yoke. We also performed the 3-Dimensional
simulation for the activation of entire yoke of the cyclotron by using Monte Claro simulation PHITS and

the calculation result well reproduced the measurement results obtained from the series of evaluations.

Presented at the 20" Annual Meeting of JRSM(2021).

3.4 Neutron measurements in the treatment room and the accelerator room of the Proton Therapy

accelerator at Aizawa Hospital

H. Nakamura!, H. Matsumura!, A. Toyoda!, G. Yoshida!, K. Masumoto!, T. Miura'
Y. Sugama®, M. Araya?
'KEK, 2Aizawa Hospital Proton Therapy Center



The activation survey of proton therapy accelerator facilities that has been conducted by KEK, showed that
the number of neutrons generated in the accelerator room of facilities using a cyclotron is higher than that
of a synchrotron. There are multiple irradiation methods, and it was not clear which irradiation method
generates more neutrons. The possibility of neutron exposure to patients undergoing treatment in the
treatment room was not clear either. In this experiment, we clarified the neutron generation by three
different irradiation methods (Scanning method, MLC scanning method, and Wobbler method) at the
proton therapy facility of Aizawa Hospital. To measure the patient's neutron exposure, a combination of a
TLD which is sensitive to thermal neutrons, and a moderator which moderates fast neutrons to thermal
neutrons, was used as the measuring instrument. The moderator was placed on the bed in the treatment
room, and the phantom on the bed was irradiated using three irradiation methods. When the patient's proton
dose was the same for the three treatment irradiations, the patient's neutron exposure was about the same
for the scanning and MLC scanning methods, but 26 times higher for the Wobbler method. To investigate
the activation of the facility, a TLD was placed on the floor 2 m away from the degreaser, which is thought
to be the place where neutrons are generated in the accelerator room, and the thermal neutron fluence was
measured at the same operating time for the three irradiation methods. The thermal neutron fluence of each
method was almost the same. In actual treatment, the Wobbler method requires six times longer irradiation
time than the scanning method when the irradiation dose to the patient is the same. It means that the
Wobbler method radioactivates the facility more than the scanning methods if the number of patients is the

same.

Presented at the 20" Annual Meeting of JRSM(2021).

3.5 Measurement of Radioactivity Produced in Concrete at the J-PARC Accelerator Tunnel

K. Nishikawa'?, T. Miura', M. Hagiwara'?, K. Bessho', S. Sekimoto®, H. Nakamura', M. Shirakata',
H. Yashima?®, H. Yamazaki', K. Saito!, A. Kanai*
'KEK, 2QST, 3KyO'[O Univ., “TNS

The production of radioactivity in concrete walls at the J-PARC facilities was studied. It was found that the
production of various radionuclides in concrete was largely dependent on elemental composition of the
concrete and locations of concrete in the accelerator where dominant particles were different. The depth
profiles of the radioactivity in the concrete walls were also investigated. A depth profile of nuclides induced
by thermal neutrons demonstrated that fast neutrons were moderated and changed to thermal neutrons inside
the concrete. These thermal neutrons also contributed to the production of radionuclides by thermal neutron

capture reactions. Activation induced by high-energy muons were observed in concrete behind the hadron



absorber in the Neutrino Beam-line. The different mechanisms of radionuclides production in concrete were

also discussed.

Published as JPS Conf. Proc. 33, 011148-1 - 011148-6 (2021).

3.6 Development of Disaster Prevention System for Accelerator Tunnel

K. Ishii!, N. Yamamoto!, K. Bessho!, S. Tagashira?, Y. Kawabata®, H. Matsuda’
'KEK, 2 Kansai Univ., 3Tobishima Corp.

Ensuring worker safety in emergency situations, such as radaiation accident, large earthquake, and fire, is
an important safety issue at the large accelerator facilities. It is effective approach to have a system in which
managers can know whether there are any workers left and whether they are escaping in the right direction.
We developped a disaster prevention system that uses Wi-Fi to transmit the positioning of workers and
two-way communication. The Wi-Fi access point (AP) installed in the accelerator tunnel should be
radiation resistant. We tested the radiation hardness of commercial AP devices and developed a smartphone
application to perform location information transmission and simultaneous character transmission. The

system was installed on the J-PARC Main Ring and started its test operation.

Presented in the 12th Int. Particle Acc. Conf. (2021).

4. Nuclear Chemistry and Radiochemistry

4.1 Size analysis of radionuclide-bearing aerosol particles formed from molten radioactive metals

using a high-temperature furnace system

Y. Oki!, T. Miura?, A. Toyoda?, H. Nakamura?, G. Yoshida?, H. Matsumura?, K. Masumoto?
"nstitute for Radiation and Nuclear Science, Kyoto Univ. (KURNS), 2KEK

Aerosol particles emitted from radioactive molten metal were analyzed according to their particle size to
clarify the behavior of radioactive aerosols in the target melting accidents in accelerator facilities. An
acrosol collection system has been developed for analysis of metallic acrosol particles formed at high
temperature. The system consists of a high-frequency induction furnace and a low-pressure cascade
impactor. The heating experiments can be performed up to 1850°C in the nearly aerosol-free condition. In

the furnace radioactive metal granular samples (aluminum or gold) were fused in a thermally-insulated pure



carbon crucible in pure argon atmosphere, and the generated aerosols were collected according to their size
with the impactor. The radioactive metal samples were prepared in the Main Ring of the J-PARC facility.
Radionuclide-bearing particles basically showed slightly different particle size from the non-radioactive
parent metal particles. For example, ??Na-bearing aluminum particles were smaller than non-radioactive
aluminum particles. The size difference may be influenced by fractionation of radionuclides in the parent

metal particles.

Published as KEK Proceedings, 2021-2, 125-129 (2021).

5. Environmental and Analytical Chemistry at Accelerator

5.1 Generation of circular dichroism from superposed porphyrin films

H. Takechi', H. Watarai®
'KEK, ?Osaka Univ.

In this study, we have demonstrated the generation of the circular dichroism (CD) spectra of the superposed
oriented achiral porphyrin films and analyzed the observed CD spectra with our new calculation method.
The measured CD spectra depended on the twisted angle between the plates and the number of plates
superposed. The CD spectra were agreement with the spectra calculated by the Mueller matrices including
the observed spectra of linear dichroism (LD) and linear birefringence (LB) of each plate. It revealed that
the origin of the CD from the superposed samples was the combination of LD and LB spectra of porphyrin

films.

Published in Chirality 53, 242-247 (2021).
Presented at the 81st Discussion Meeting of the Japan Society for Analytical Chemistry (2021).

5.2 Analysis of Radionuclides Produced in Helium Gas Circulating Through the Target Chamber
at the J-PARC Hadron Experimental Facility

K. Bessho!, H. Watanabe!, M. Hagiwara'?, R. Kurasaki', R. Muto!, Y. Kasugai®, K. Nishikawa'-?

K. Saito!, H. Yamazaki!
'KEK, QST, 3JAEA

-10 -



At the J-PARC Hadron Experimental Facility, various radionuclides are produced in the gold target and
beam windows during beam operations. Some of the radionuclides, such as '°C, 1°N, '“O, 1°0, 2°0, 2°F, »Ne,
2Ne, 7S, M Ar, YImHg, ?Hg, '*Hg, '’Hg and '**™Hg, are transferred to the helium gas circulating through
the target chamber and detected by an HPGe detector installed in the gas circulation loop. The behavior of
the radionuclides was studied by measuring radioactivity in the helium gas and by calculating radionuclide
productions in the solid components. It was found that transformation of radionuclides into gas phase was
highly dependent on the types of elements. This reflects the volatility of radionuclides. Further detailed

discussions are in progress.

Published as JPS Conf. Proc. 33, 011143-1-011143-6 (2021).

5.3 Measurement of Radioactivity in the Cooling Water for the Primary Beam-line Components at

the J-PARC Hadron Experimental Facility

M. Suzuki!, Y. Kasugai®, K. Bessho', H. Watanabe!, H. Takahashi', K. Nishikawa'}, K. Takahashi',
H. Yamazaki'

'KEK, 2JAEA, 3QST

The cooling water for the primary beam-line components at the J-PARC Hadron Experimental Facility is
exposed to intense high-energy protons, neutrons and secondary particles. These high-energy particles
produce radionuclides, such as *H and "Be in the cooling water. Furthermore, various nuclides are
produced in the metal components and transferred into water. The concentration of *H and various y-ray
emitting nuclides were determined by a liquid scintillation counter and a HPGe detector. Detected
nuclides are dominant nuclides, *H and "Be, and trace radionuclides, such as **Na, K, ¥K, #mSc, #Sc,
4Sc, 4Sc, #Sc, 4V, 32Mn, **Mn, **Mn, 3°Co, *¥Co, *'Ni, '2?Sb, and '*’W. These nuclides are produced in
metal components and transferred into water. It can be presumed that '2>Sb and '8’W are originated from

the impurity elements contained in the components.

Presented in the 3rd Joint Conference of the the Japan Society of Radiation Safety Management and the
Japan Health Physics Society (2021)
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6. Research related to Accident of Fukushima Daiichi Nuclear Power Station

6.1 Activities of KEK in the Measurements of Radiation Dose and Radioactivity in Iitate Village

K. Iijima, Y. Kishimoto, H. Iwase, T. Sanami, N. N. T. Tran, T. Ishikawa, S. Sasaki
KEK

A decade has passed since the accident of the Fukushima Dai-ichi Nuclear Power Plant (FDNPP). Owing
to this accident, large amounts of radionuclides were realeased into the atmosphere and deposited widely
on the ground. Although the de- posited densities of radionuclides with short half-lives have decreased
below detect- able levels, radionuclides with longer half-lives remain in the environment; therefore, the
public is subjected to their constant exposure. Currently, the radioisopes of **Cs and '*’Cs are dominant
radionuclides originating from the accident.

The High Energy Accelerator Research Organization (KEK) has supported local governments in
reducing the risk of inhabitants exposed to radionuclides released and deposited from the accident.
Immediately after the accident, KEK provided radiation protection materials such as protective
clothing and instruments for radiation measurement to the Fukushima prefectural office. In addition,
two expert research- ers assigned from the Radiation Science Center in KEK measured early stage
radio- active plumes and identified their actual truths. Radioactive plumes at the Tsukuba area were
continuously measured using radiation monitors installed at the boundary of KEK, and information
regarding the radiation levels is available to the public through the KEK homepage. In addition, KEK
has cooperated with the government in measuring radioactivity in samples such as soils, waters (wells
and rivers), and plants, as well as the radiation doses in public spaces.

In addition to these supportive activities, in conformity with the agreement between KEK and Iitate Village
in the Fukushima prefecture, KEK continued the activities to measure the radiation levels inside the village
from 2011. Iitate village is located in the northern part of the Fukushima Prefecture, approximately 30 km
from the FDNPP in the northwest. On March 15™, 2011, the radioactive plumes released from the FDNPP
permeated litate village and infiltrated into the earth because of the rainfall that occurred almost
simultaneously. The radiation level due to the deposited radioactivity was severe; as such, a large
proportion of litate village was designated as a "Planned Evacuation Zone" until the next year.
Evacuation orders were lifted except in the southern part of the village, which was recognized as a
"Difficult to Return Zone" on April I¥', 2017. This status is currently maintained.

The activities of KEK in the village were categorized into four groups: (1) 24-h continuous
measurement of dose rate with fixed radiation monitors; (2) measurement of radiation over entire
village using a high-sensitivity detector equipped with aGPS receiver on the vehicle; (3) advice and

educational support related to the nature and protection of radiation; and (4) voluntary trials and effort

- 12 -



to rebuild the villager's life by the staff of KEK. In this document, the data obtained for activities of

(1) and (2) are shown, and some considerations regarding matters of interest pertaining to the data are

described.

Published from Applied Research Laboratory, KEK (2021).
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