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Message from the President

President Atsuyuki Suzuki

It has now been over a year since the nuclear accident at the Tokyo Electric Power
Company, Incorporated (TEPCO) Fukushima Daiichi Nuclear Power Station (NPS). Of note,
only be started a lengthy process of the environmental decontamination and remediation
work, which has involved the efforts of the entire country. Despite our efforts, however, we
must be prepared for a long way to go. In addition, while ensuring the long-term steadiness of
safety condition of the damaged facilities on site, and within the power plant, the tenacious
work pursuing the completion of the stepwise tasks necessary for decommissioning continues
on a daily basis.

I believe that, as an organization that is the only comprehensive R&D institute involved in
nuclear power in the country, the Japan Atomic Energy Agency (JAEA) must understandably
direct all of its technological expertise toward resolving the “Fukushima” matter with the
utmost priority.

Tasks such as the decontamination of areas outside of the power plant and environmental
monitoring have been possible, and efforts to clean up the environment continue to be made
throughout the country. In addition, in the future, based on the policies put forward by the
government-TEPCO's  Fukushima Daiichi NPS med-long-term response council R&D
headquarters, we would like to invest significant resources in providing technical support for
the decommissioning activities within the power plant.

For example, with respect to environmental remediation, following an integrated
investigative analysis focused on the long-term environmental fate of Fukushima prefecture
and the surrounding area, we want to help support the comprehensive integration such
scientifically reliable data from around the country. Regarding the decommissioning of the
power plant, we have initiated basic and fundamental R&D programs concerning the handling
and management of the complex and diverse forms of molten fuel collectively referred to as
fuel debris. We plan to further develop these activities in the future.

Furthermore, because the decommissioning of the TEPCO'’s Fukushima Daiichi NPS is a
challenge concerning nuclear power, which is of the utmost importance for the country, I feel
that we need to accelerate the current decommissioning plans set by the JAEA as soon as
possible and consider ways to effectively capitalize on the experience and knowledge gained
from these to be used for Fukushima.

The seriousness of the accident at the TEPCO's Fukushima Daiichi NPS serves to newly



raise the importance of ever more severe measures for the safety of nuclear power. In order to
make this tragedy a lesson that should never be forgotten, we are increasingly pushing ahead
with R&D that is able, for example, to explain the phenomena associated with severe
accidents, providing measures to consider the event of such accidents, and substantiating
safety through material and reactor irradiation tests. We are also planning to study ways to
make innovative safety improvements in future reactors, such as the sodium-cooled reactor
and the high-temperature gas reactor. Safety research remains one of the main, primary
themes that JAEA must address, and we are in the process of strengthening the system toward
that end.

The Framework for National Nuclear Energy Policy regarding R&D for the fuel cycle,
which target the prototype fast-breeder reactor “MONIJU”, reprocessing, and geological
disposal, are presently under review, and any specific future planning must await the
conclusions of that review. However, I do not expect the importance of the R&D associated
with spent fuel that actually exists today to be lessened. The management of spent fuel is a
global problem, and therefore, JAEA can play an important role internationally.

We are also earnestly engaged in R&D activities related to fusion energy technologies and
quantum beam applied technologies, and moreover, in a broader sense, cutting-edge basic and
fundamental R&D. In addition, we are actively pursuing innovations that can serve as
catalysts for future advances and the creation of more sophisticated basic and fundamental
technologies.

With regard to fusion energy technologies R&D, the JAEA, having been appointed as the
sole national institute in our country for the planning of the International Thermonuclear
Experimental Reactor (ITER), has played a central role in implementing that plan.

Our R&D activities in quantum beam applied technologies have proceeded in cooperation
with other facilities, such as conventional nuclear reactors and accelerators, and research
using Japan Proton Accelerator Research Complex (J-PARC) has been developed on an
international level, with many notable accomplishments already achieved.

Furthermore, with the principal objective of cultivating promising young researchers and
through continued external support, we have encouraged groundbreaking research in cutting-
edge fields. These activities have been highly praised both at home and abroad, and I look
forward to their continued and evolving implementation.

We believe it is important to proactively share and utilize the achievements of this
organization's R&D.

This publication constitutes a review of our achievements in the fiscal year 2011. It
provides you with a look at some of the work that has been carried out, and also invites you to
check the references listed and contact the researchers if there are any topics that you wish to
learn more about. I would be most gratified if I could hear from you with any comments on
this publication.

I hope that you enjoy this publication. Thank you for your interest.
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About This Publication and the Outline Organization of JAEA

This publication introduces our latest research and development (R&D) results in each field. Each chapter presents the
activities of one R&D Directorate. As shown in the organization chart, the various R&D Directorates perform their activities
through R&D centers or institutes. Some of these consist of only one site, while others are located at two or more sites,
depending on their R&D activities. The R&D centers and institutes are located throughout Japan, as shown in the map below.
The following brief introduction outlines the research undertaken by each R&D Directorate in various R&D centers and

ins

titutes.

The Headquarters of Fukushima Partnership Operations is engaged in R&D to recover from the accident at the
Tokyo Electric Power Company, Incorporated Fukushima Daiichi Nuclear Power Station. Partnership operations for plant
restoration have set up “Special Teams for Technologies Development” at three centers of JAEA: the Nuclear Science
Research Institute, the Nuclear Fuel Cycle Engineering Laboratories, and the Oarai Research and Development Center.
These centers conduct R&D to restore the interior of the nuclear power plant. Fukushima Environmental Safety Center in
the Fukushima prefecture is conducting R&D concerning decontamination technologies to restore the environment,
develop outreach activities concerning radiation, and study measurement of radioactive materials in the human body by
whole-body counters.

The Advanced Nuclear System Research and Development Directorate is carrying out R&D aimed at
commercializing the fast breeder reactor (FBR) and its nuclear fuel cycle. The R&D of plant technology using the
prototype fast breeder reactor “MONJU” is being undertaken at the Tsuruga Head Office (Fast Breeder Reactor Research
and Development Center), R&D for innovative FBR technology is being conducted at the Oarai Research and
Development Center, and R&D on manufacturing plutonium fuel and reprocessing spent FBR fuel is being conducted at
the Tokai Research and Development Center (Nuclear Fuel Cycle Engineering Laboratories).

The Geological Isolation Research and Development Directorate is carrying out multidisciplinary R&D aimed at
improving the reliability of geological isolation of high-level radioactive waste in Japan. A particular focus involves
establishing techniques for investigating the deep geological environment through research on crystalline rocks at the
Tono Geoscience Center and research on sedimentary rocks at the Horonobe Underground Research Center. At the Tokai
Research and Development Center, the focus is on improving technologies for designing disposal facilities and safety
assessment. In addition, work has been ongoing to develop a next generation knowledge management system based on the
above R&D activities.

The Fusion Research and Development Directorate is performing fusion R&D as a domestic agency of the ITER
project and an implementing agency of the Broader Approach (BA) activities. The procurement activity of the ITER
project, the upgrade of JT-60 to a superconducting machine as the BA activity, fusion plasma research, and R&D on
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various element technologies are carried out in the Naka Fusion Institute. Moreover, the International Fusion Energy
Research Center project and the Engineering Validation and Engineering Design Activities of the International Fusion
material Irradiation Facility as the BA activity are performed mainly in the Aomori Research and Development Center.

5. The Quantum Beam Science Directorate is engaged in research using neutron facilities in the Tokai Research and
Development Center (Nuclear Science Research Institute) and the J-PARC Center. Work using electron beams, gamma
ray, and ion beam facilities is done in the Takasaki Advanced Radiation Research Institute. Research using lasers and
synchrotron radiation facilities is performed at the Kansai Photon Science Institute.

6. The Nuclear Safety Research Center is in charge of safety research for supporting national nuclear safety regulatory bodies
that regulate nuclear power plants, nuclear fuel cycle facilities, and radioactive waste disposal facilities. This work is done
at the Tokai Research and Development Center (Nuclear Science Research Institute) and at the Tsuruga Head Office.

7. The Advanced Science Research Center conducts pioneering research in basic fields of nuclear power science, mainly
through the Tokai Research and Development Center (Nuclear Science Research Institute) and the Takasaki Advanced
Radiation Research Institute.

8. The Nuclear Science and Engineering Directorate is engaged in key and basic research on various elemental
technologies that support the use of nuclear power. These efforts are carried out in the Tokai Research and Development
Center (Nuclear Science Research Institute) and the Oarai Research and Development Center.

9. The Nuclear Hydrogen and Heat Application Research Center conducts R&D on technology for the use of high-
temperature heat supplied from naturally safe, high-temperature, gas-cooled reactors and technology for using this heat to
produce hydrogen. These studies are done in the Oarai Research and Development Center.

10. The Nuclear Cycle Backend Directorate develops technologies for safe and rational decommissioning of nuclear power
facilities as well as measures for processing and disposing radioactive waste. This work is performed in the Tokai
Research and Development Center.

11. The Center for Computational Science & e-Systems develops pioneering simulation technology and basic technology
in computational science as well as operates and maintains computer equipment. This occurs mainly in the Tokai
Research and Development Center (Nuclear Science Research Institute).

12. The Department of Science and Technology for Nuclear Material Management and the Integrated Support Center
for Nuclear Nonproliferation and Nuclear Security develop technologies for nuclear nonproliferation and safeguards
to ensure the peaceful use of nuclear energy. These developments are done in the Tokai Research and Development
Center (Nuclear Science Research Institute) and the Techno Community Square Ricotti.

13. The R&D Centers and Institutes, located at 11 sites in Japan, manage and improve the performance of facilities and
equipments to support the abovementioned R&D Directorates in safe and efficient R&D activities.
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and Neutrinos at Japan Proton
Accelerator Research Complex.

Kansai Photon Science Institute

Photon & Synchrotron
Radiation Science

Oarai Research and Development Center

Research and Test Reactors;
JMTR, JOYO and HTTR,

R&D of FBR Cycle System
Technology, Irradiation Test
Technology, High Temperature
Gas Reactor and Hydrogen
Production Technology

Naka Fusion Institute
Takasaki Advanced Radiation Fusion R&D, ITER Support
Research Institute

R&D of Radiation
® l Applications

JAEA R&D Review 2012 9



Research and Development Reloing to the Accident ot the TEPCO's Fukushima Daiichi NPS

Environmental Remediation and Plant Decommissioning

Radiation monitoring

Environmental
remediation

On-site Accident
Mitigation

Communications

AL UEDLS
FUHKD,

and public relations

Human resource
development

Fig.1-1 JAEA’ s post-accident efforts

This is the homepage of the Headquarters of Fukushima Partnership

Operations of the JAEA. (https://fukushima.jaea.go.jp/en/)

JAEA has undertaken diverse action for post-accident
Fukushima (Fig.1-1, Fig.1-2).

Emergency Response to the Great East Japan
Earthquake

JAEA, as a designated public institution according to the
Basic Law on Natural Disasters, took action in response to
the Great East Japan Earthquake that occurred on March 11,
2011. In response to a request by the government, JAEA
dispatched seven technical experts equipped with monitoring
devices on March 12; the technical experts were scrambled
by the Japan Self-Defense Force helicopter from the Hyakuri
air base in Ibaraki Prefecture. JAEA sent a total of 45318
staff members to Fukushima between this first action and
March 31, 2012.

Radiation Monitoring

Reliable and accurate data relating to environmental
radioactivity are required for assessment of health effects and
decontamination plans. Our monitoring- and mapping-related
activities include air radiation dose rate mapping (Topic 1-1),
simulation of radionuclide transport in seawater (Topic 1-2),
collection and publication of environmental radioactivity
monitoring data (Topic 1-3), and measurement of atmospheric
radioactive materials by IMS (Topic 1-4). Additionally, under
the contract with MEXT, JAEA has also conducted
measurement and mapping of radionuclides deposited on the
ground surface in Fukushima (Topic 1-5) and aerial radiation
dose monitoring throughout Japan (Topic 1-6); the resulting
maps are available on the MEXT homepage.

Environmental Remediation

Some of the major contributions of JAEA include
decontamination - or cleanup - related activities for the
environmental remediation of Fukushima. JAEA released
decontamination guidelines and catalogs of decontamination
techniques to assist in the cleanup of environment

10 JAEA R&D Review 2012
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Future From [ ukushima.

Fig.1-2 Logo created by Fukushima Prefecture,
symbolizing rebuilding of Fukushima with the
cooperation of all Fukushimans

contaminated with radioactive materials (Topic 1-7). The
decontamination pilot project (Topic 1-8) involved a
comprehensive demonstration, providing practical information
on how to clean up radioactive contamination that had spread
throughout residential areas. Based on the experience and
technical expertise obtained as a result of these activities,
which were conducted under contract with the government,
JAEA has been able to offer various forms of technical
assistance to local authorities in Fukushima and adjacent
prefectures, and has supported environmental remediation
planning in these prefectures.

JAEA, as a R&D institute, has been engaged in varied
R&D: soil washing for farmland reparation (Topic 1-9,
Topic 1-10), trial decontamination of playground lots in
residential areas (Topic 1-11), computer simulation to predict
and estimate the effects of areal decontamination (Topic 1-12),
simple and convenient methods for measurement of
radioactivity (Topic 1-13), cesium adsorbents (Topic 1-14,
Topic 1-15), verification of the effectiveness of post-accident
preventive measures (Topic 1-16), and investigation of forest
contamination (Topic 1-17).

Communications and Public Relations

JAEA has held question and answer sessions discussing
radiation and health: JAEA technical members have been
dispatched to schools in Fukushima Prefecture (from
kindergartens to junior high schools) upon request. After
briefing on radiation, JAEA members talked face to face with
parents and teachers, answering their questions about
radiation and its health effects. Since July 2011, 178 sessions
have been held and a total of around 16746 people attended.

Human Resources Development

Upon request from the government (the Agency for
Natural Resources and Energy) and Fukushima Prefecture,
JAEA initiated training sessions to foster development of
radiation management staff and decontamination workers.



R&D Headquarters |

Secretariat

o]
c
(0]
€
(0]
(@]
]
@ ; ; ; Workin
g Working team for preparation of fuel debris removal g
= team for
o Working team radioactive || Joint task force
€ | |for spent fuel pool - dgt\),\r/'l f%f“eilt waste for remote
O | | countermeasures Sub-working team (SWT) for Slatus assesarent assles%m%nty treatment || technologies
equipment/device development, etc. and analysis and treatment and
preparation disposal
NG 8 A A o o A Y,
:«E N KV I 2 K28 I 72 28 28 K R R K [ [ NI T TV
8 g |1 2 c le |[|8 8 5 .8 8 i = 2 fo 3 3 5 £
5 H bt S ||=E 8 3 ] S [ 2 g k= £ =
S 2112 s g |[s_||8 [[2]igig n8uE 3 2 || 2||5gi8: (B ||E
s 2018 1 8=/ T |83lle |z izE LENS 5 2 || 5|23 8 (B [|2
5 (188 |EBE| 2 ||5%|Z3|| R B Es B2 5 || 8||58] 2 Zo|e3
a 2|85 |Eo/| g |s2/|Q| 5 5 s o g g Z|| 2 ||2E[l 5 |E5/|88
3 s |izs |ss| 5 ||82||§ | £ | £ .58 g £ g g2 |es 8 |58 |28
o = |25 |53 5 ||e2||e5|| B | 82 s O E 25|l E|l28: 2 |88/ |33
2 (:88 |85/ 2 ||82||=3|| &) & 25 =5/l 2 |88 £ |52 |§5&
k3] S [i18 sell = [[E || % %13 °.3g bl 2 S |Se 2. 5 ||E
0] § | ! 3 Q (I3 3 < zZ 5 3 Iy 8 2 S e < = g
o — ' ! o @» = = & e < < [ £ 4] o
2 FY2011- FY2013- FY2011-FY2011-FY2011-FY2011-FY2011- FY2013-FY2015-FY2013-FY2012- FY2011- FY2011-FY2011-FY2011-FY2016- FY2011- FY2011-

Fig.1-3 Government and TEPCO mid-to-long-term R&D framework

JAEA will dominate R&D relating to long-term fuel assembly management and remotely controlled decontamination technologies for
the power plants. R&D road map for decommissioning of Units 1F1~1F4 at the TEPCO’s Fukushima Daiichi NPS, Nuclear Emergency
Response Headquarters Government-TEPCO Med- and-long-Term Response Council (December 21, 2011).

Onsite Accident Mitigation

Immediately after the accident, JAEA has been providing
technical advice to the government and the Tokyo Electric
Power Company, Incorporated (TEPCO), while simultaneously
initiating research into mid- and long-term post-accident
mitigation. Data acquisition and analysis are underway for
the progression of core meltdown (Topic 1-18), and analysis is
being conducted on reactor core behavior in Unit 1 (Topic 1-19)
and Unit 2 (Topic 1-20) of the TEPCO's Fukushima Daiichi
Nuclear Power Station (NPS). Additionally, generation of
radioactive waste by treatment of contaminated water used for
cooling pools (Topic 1-21), strontium absorption (Topic 1-22),
and hydrogen gas generation from spent zeolite (Topic 1-23)
are also being studied. Water gauges that can work under
extremely high radiation fields are required, and their
development is also one of JAEA"s R&D topics (Topic 1-24).
JAEA’s future R&D efforts will follow the government’s and
TEPCO’s mid-to-long-term R&D roadmap (Fig.1-3). JAEA
will be extensively involved in fuel assembly management
and remotely controlled decontamination technologies for the
TEPCO'’s Fukushima Daiichi NPS.

Response from and Involvement of JAEA Branches

Technical support, including staff attachment, has involved
the cooperation of all JAEA branches. JAEA colleagues
played various roles, including those in the Emergency
Operations Center (EOC) of MEXT: environmental radiation
monitoring, decontamination pilot projects, providing local
authorities with technical assistance for decontamination,
communication and public relations, support for temporary
return of evacuees, and so on.

Tsuruga Head Office

The head office sent staff to Fukushima Medical
University to join medical teams prepared for high
exposure to radiation.

Tokai Research and Development Center, Nuclear
Science Research Institute

The institute conducted analyses of environmental
samples such as soil, contaminated water generated by
reactor core cooling, and radionuclide-adsorbed zeolite.
Tokai Research and Development Center, Nuclear
Fuel Cycle Engineering Laboratories

The laboratories conducted analyses of treatment of
accumulated water, molten fuel, and cesium behavior
during incineration of cesium-contained wastes.
Oarai Research and Development Center

The center conducted salt immersion tests utilizing storage
capsules for spent fuel at their Fugen Decommissioning
Engineering Center, in order to evaluate long-term safety
of fuel assemblies taken from the spent fuel pools of the
TEPCO’s Fukushima Daiichi NPS. Remotely controlled
decontamination was attempted at the Fugen plant.
Naka Fusion Institute

The institute conducted measurements of the radioactivity
of water in the region of Fukushima.
Takasaki Advanced Radiation Research Institute

Using their 7y -ray irradiation facility, the institute
conducted an irradiation test for Quince, a disaster relief
robot introduced to survey the inside of power plant
buildings. They also performed simulation tests of hydrogen
gas generation by radiolysis of seawater.
Horonobe Underground Research Center

The center dispatched staff members to the Headquarters
of Fukushima Partnership Operations and EOC of MEXT.
Tono Geoscience Center

The center conducted analyses of groundwater flow
around the Fukushima Daiichi site.
Ningyo-toge Environmental Engineering Center

Computer simulation was made to analyze cesium
behavior during incineration of contaminated debris. They
also studied on the effects of ground cover plants for land
restoration.

JAEA R&D Review 2012 11



Research and Development Relating to the Accident at the TEPCO's Fukushima Daiichi NPS

1-1 Radionuclides Discharged into the Atmosphere
— Source Term Estimation and Atmospheric Dispersion Simulation Using WSPEEDI —
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Fig.1-4 Estimation results of I-131 and Cs-137 release rates
It can be seen that the release rates drastically increased on March 12, 14, 34°

and 15.

A significant amount of radionuclides were discharged into
the atmosphere owing to the accident at the TEPCO's
Fukushima Daiichi NPS (1F) on March 2011. Evaluation of
the effects of the accident on the environment and assessment
of the radiological dose to the public is the urgent issue that
needs to be addressed.

Since the accident at the 1F, we have continued to estimate
the release amount to the atmosphere and analyze the
atmospheric dispersion of radionuclides using the Worldwide
version of System for Prediction of Environmental Emergency
Dose Information, WSPEEDI. WSPEEDI provides accurate
predictions of the atmospheric movements, dispersion, and
deposition of radionuclides and the external exposed dose on
a regional (approximately several 10 km) to a hemisphere
scale.

By comparing the results of WSPEEDI simulations with
environmental monitoring data, the rate of radionuclide
release to the atmosphere was estimated. Fig.1-4 shows the

temporal changes in the I-131 and Cs-137 release rates from

36°
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q +Bg m?
100 1000 10000 100000 1000000 10000000

Fig.1-5 Surface deposition of Cs-137 over land
in eastern Japan calculated using WSPEEDI
The calculations agreed well with the observations
at each prefectural and city government (numbers
in the figure).

March 12 to April 5, 2011. The increases in the release rates
on March 12, 14, and 15 correspond to the plant events at the
1F, such as the hydrogen explosion of Unit 1 and Unit 3 and
decreases in the reactor pressure in Unit 2. The release rate
gradually decreased after March 23, implying that the
damaged reactors became stable and the atmospheric release
of radioactive materials was reduced.

Fig.1-5 illustrates the distribution of the surface deposition
of Cs-137 accumulated from March 12 to April 1 calculated
using WSPEEDI with use of the estimated release rate and
meteorological data. A detailed analysis of the simulation
results revealed that current areas of high surface deposition
and dose rate were formed mainly as a result of dry
deposition from March 15 to 16 and wet deposition from
March 20 to 21.

The results of the present study were provided to the
Nuclear Safety Commission of Japan and were used by the
government in the Report of the Japanese Government to the
IAEA Ministerial Conference on Nuclear Safety.

Reference

Katata, G. et al., Atmospheric Discharge and Dispersion of Radionuclides during the Fukushima Dai-Ichi Nuclear Power Plant Accident. Part I: Source

Term Estimation and Local-Scale Atmospheric Dispersion in Early Phase of the Accident, Journal of Environmental Radioactivity, vol.109, 2012, p.103-113.
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Research and Development Relating to the Accident at the TEPCO's Fukushima Daiichi NPS

1-2 Radionuclides Released into the Ocean
—Diffusion Simulations for Regions Adjacent to Japan—
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Fig.1-6 Concentration of Cs-137 at the sea surface predicted using a simulation assuming direct ocean release and

atmospheric deposition

The simulation results illustrate that Cs-137 was deposited on the sea surface along the Fukushima and Miyagi prefectures and the
offshore area northeast of Miyagi prefecture via atmospheric release immediately after the accident. Additional Cs-137 was also
directly released into the ocean from 1F. Cs-137 in the ocean was transported by ocean currents, and the mixing process of the ocean

currents diluted its concentration.

A large amount of radionuclides was discharged into the
atmosphere by the TEPCO's Fukushima Daiichi NPS (1F)
accident. Many of them were transferred toward the east and
deposited into the ocean. Moreover, some water used for
cooling of the damaged nuclear reactors leaked from the
plant and flowed into the ocean. It is important to understand
the actual conditions of the release of radionuclides into the
ocean in order to assess the influence of the accident on the
marine environment. Therefore, an ocean diffusion
experiment based on a numerical simulation was performed
using a general ocean circulation model developed at Kyoto
University and a diffusion model for radionuclides in the
ocean (SEA-GEARN) developed by JAEA.

To perform a radionuclide migration simulation in the
ocean, it is necessary to predict the ocean currents. In this
study, the accuracy of ocean current data was improved by
applying the four-dimensional variation method, which is a
highly efficient data assimilation technique that assimilates
observational data to a numerical model.

Determining the amount of released radionuclides
presented the most difficulty, because information about the
source term, e.g., the released radionuclides, amounts, and

duration, which is essential for the numerical experiments,
was not available. Thus, the source term for the radionuclides
released directly into the ocean from 1F was estimated using
the concentrations of radioactive materials in the ocean
reported by TEPCO. Regarding the atmospheric deposition of
radionuclides, the results calculated with WSPEEDI were
used.

Fig.1-6 shows the concentration of Cs-137 at the sea
surface, as determined using the simulation. A peak
atmospheric release occurred on March 15. Cs-137 was
deposited on the sea surface along the Fukushima and Miyagi
prefectures and offshore of the area northeast of Miyagi
prefecture. The concentration of the radionuclides deposited
on the sea was diluted by the Oyasio water and then they
moved southward. The radionuclides that arrived in the
Kuroshio region were quickly carried eastward by the
Kuroshio extension, whereas the radionuclides separated
from the Kuroshio extension showed a tendency to stagnate
in that region for a while.

A numerical simulation of the long-term dispersal of
radionuclides in the Pacific Ocean will be performed in order
to assess their impact on the marine environment.

Reference

Kawamura, H., Kobayashi, T. et al., Preliminary Numerical Experiments on Oceanic Dispersion of "'T and 'Cs Discharged into the Ocean because of the

Fukushima Daiichi Nuclear Power Plant Disaster, Journal of Nuclear Science and Technology, vol.48, no.11, 2011, p.1349-1356.
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Research and Development Relating to the Accident at the TEPCQO's Fukushima Daiichi NPS

1-3 Collection and Provision of Environmental Radioactivity Data
—Publication of Data for Environmental Reconstruction—
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Fig.1-7 Radioactivity distribution map system

The system provides intuitive images of radionuclide
concentration and air dose rate for qualitative estimation.
(http://ramap.jaea.go.jp)

Table 1-1 Examples of registered data

R

Fig.1-8 Radioactivity distribution database system
The system is designed to provide radionuclide
concentration and air dose rate data for detailed analysis.
(http://radb.jaea.go.jp)

This table shows the registered environmental radioactivity data. The registration of other data is also scheduled.

Registered data Map Database
o oo e Ele and Al s Rg ot around 2200 Loations Witn | rogigtared | ragistored
Vehicle-borne Monitoring Survey within Approximately 100 km from the TEPCQ’s Fukushima Daiichi NPS registered nil
Air-borne Monitoring Survey by MEXT and DOE registered nil
Survey on the Movement of Radioactive Substances in River Water and Well Water nil registered
Present Depth Analysis of Cs Radioactivity at 77 Locations nil registered

JAEA has conducted extensive monitoring work to take
appropriate measures against the environmental consequences
of radionuclides released by the accident at the TEPCO's
Fukushima Daiichi Nuclear Power Station (NPS).
Radioactivity distribution maps and database systems have
been developed based on the results of this monitoring work.

The radioactivity distribution map system (Fig.1-7)
provides visualization of the distribution of the dose rate in
air and of radionuclide concentration in soil. A zooming-up
function helps to check the distribution status of
environmental radionuclides intuitively. The radioactivity
database system (Fig.1-8) provides not only quantitative air
dose rate and radionuclide concentration data but also
detailed information relating to the measurement methods,
analysis methods, precision of the measured data, and so on.
Examples of registered data are shown in Table 1-1.

Before providing data to the public, access loads of both

systems were evaluated through stress tests. It was found that

the map system suffered from connection failure owing to
heavy loads, because this system was designed to create a
distribution map on demand according to user requests. To
solve this problem, we redesigned the system to provide
maps prepared in advance. Subsequently, the number of
failures was reduced from 20% to 0.000001%. The map
system was accessed by more than 300000 users over the first
10 days with no failures.

The most recent monitoring project has been in operation
since June 2012. Environmental radioactivity data have
continuously been collected and we intend to make these data
available through maps and database systems.

This research project has been conducted as “The Ist and
2nd Study on Distribution of Radioactive Substances around
the TEPCO's Fukushima Daiichi Nuclear Power Station”
funded by the Ministry of Education, Culture, Sports, Science
and Technology (MEXT).

Reference

The Ministry of Education, Culture, Sports, Science and Technology of Japan (MEXT) et al., The Study on Distribution of Radioactive Substances
around Fukushima Daiichi Nuclear Power Plant, The report of the FY2011 Strategic Funds for the Promotion of S&T, 2012, p.1-97-1-104 (in Japanese),
http://radioactivity.mext.go.jp/ja/contents/6000/5235/26/5600_201203131000_report1-2.pdf
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Research and Development Relating to the Accident at the TEPCO's Fukushima Daiichi NPS

1-4 How Far Did Radionuclides Diffuse from the Accident?
— Measurement of Atmospheric Anthropogenic Radionuclides Using the CTBT IMS Network —

10°
8
10 DAl O1-131 BCs-137 ®BTe-132 —
0’1\107
£
&
= 10°
s
= 10°
£
15
8 10t
c
8
S 108
=
=
=
g 102
10’ ElE
10° e L
F€TC28% g S0 FEEEE T E50EE8 5027 52898123
L 2= m 8 58 5 82 @ D o o) £ 3 o = =z
= 3 P > N < 7] Q - ®© £
$Effgegszdg dgs2ccazsas8s882escgegge8s5ecs
ECC338 8 3020202825222 g835 5852888 z0
S22 855 :2E£588835258c825%8c228Ec2353¢885¢8z
: [ ° x O S 2@ < . E T =< € O 9 S = 9 QD - = ~
a S 5 S = QW = = X < 1%} T < Q9 & N O = 3 8 8 = o Q ~ 0o 3 X g
T N D= T = = T v 8O 5 T 8 S : © o} £ @ 8 = WL T 0 g =
= © _ o X < = © < = O S c = = c O [}
] o %] = =2 c = o > ) D [ 5 s} £ = =] S
<" <§8=S<s36 2% W5 SS 652 gTESEE3 583 S
3 v c < T >=098 S o S 5 € @ = S © X <4 e o >
» - B g =z25 S 35 3 s x &0
5 50922 3<% 8 ¢ S = & s 3 S o o 3 T =
=) gL 83 o = e X £ s s 3
c 5 £ O = > ® ) =z
] 5] [=) s 1] o ®©
o o =1 < c ~ =
e € € ® 0] a
o S 3 i e g
3 [©] IS
DJ: w

Fig.1-9 Comparison of the integral activity concentration of particulate radionuclides detected at each IMS station
Data for each station is presented in descending order of activity concentration for all radionuclides. It can be seen that the activity
concentration has a tendency to be high in North America, Russia, and Japan and low in equatorial regions and the Southern

Hemisphere.

The Comprehensive Nuclear-Test-Ban Treaty (CTBT) bans
all nuclear explosions. Although it has not been in effect yet,
the International Monitoring System (IMS) is under
construction around the world and approximately 80% of the
system is provisionally operated in order to monitor nuclear
tests. The IMS network consists of 337 monitoring stations,
including 80 radionuclide (RN) stations. In Japan, we have
already built IMS RN stations for the continuous monitoring
in Takasaki, Gunma and Onnason, Okinawa.

The accident at the TEPCO’s Fukushima Daiichi NPS (1F)
in March 2011 emitted copious amounts of anthropogenic
RNs into the environment. The RNs emitted into the ambient
air were detected by the IMS RN stations. Part of the
radioactive plume containing particulate RNs derived from
the accident diffused eastward owing to westerly winds and
began to be detected at the IMS stations one after another on
the North American and Eurasian Continents. Eventually,

the particulate RNs were detected at 39 out of 63 operating

stations: all stations in the Northern Hemisphere and two
stations in the Southern Hemisphere. Fig.1-9 shows a
comparison of the integral activity concentration of three
major RNs and all of the anthropogenic RNs found at each
station from the detection start date to September 30, 2011,
when the detection subsided. Although the integral activity
concentration itself means nothing, it is used as a guide to
determine any tendencies in the spread of RNs among the
IMS stations.

As mentioned above, the network of IMS RN stations
illustrates the global extent of the RN contamination in not
only the Northern Hemisphere but also a part of the Southern
Hemisphere. Therefore, in addition to its primary role, the
IMS network contributed greatly to the measurement of the
anthropogenic RNs released from the accident at 1F.

The present study was sponsored by the Japan Institute of
International Affairs (JILA).

Reference

Yonezawa, C., Yamamoto, Y., Measurement of Anthropogenic Radionuclides in the Atmosphere with a Radionuclide Monitoring Network for Nuclear

Tests, Bunseki, vol.2011, no.8, 2011, p.451-458 (in Japanese).
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Research and Development Relating to the Accident at the TEPCQO's Fukushima Daiichi NPS

Detailed Investigation of Radionuclide Distributions in the Environment

—Construction of Soil Deposition Map and Dose Rate Map —
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Fig.1-10 Cs-137 deposition map

Ranges of activity per area are shown by colors according to the results averaged over five samples collected at one

location and normalized to that on June 14, 2011.

In the accident at the TEPCO’s Fukushima Daiichi NPS,
large amounts of radionuclides were released into the
atmosphere and deposited on ground over wide areas. To
properly estimate the effects of released radionuclides on the
environment and on human health over long time periods and
implement appropriate countermeasures, it is necessary to
obtain detailed information about regional distribution of
deposited radionuclides and dose rates in air. Since the
accident occurred, a large number of environmental
monitoring data have been accumulated by many organizations,
including the Ministry of Education, Sports, Science and
Technology (MEXT). However, variations in method,
accuracy, location, and dates exist between different sets of
monitoring data, making it difficult to integrate the data into
maps.

Considering these factors, both MEXT and researchers
suggested that radionuclide deposition maps should be
constructed as soon as possible based on reliable and large-
scale monitoring activities. Thus, JAEA conducted a mapping
project in collaboration with many universities and research
institutes. More than 400 people took part in soil sample
collection and more than 300 people participated in analysis
of the collected samples.

Radionuclide deposition maps were constructed for Cs-137,

Cs-134, 1-131, Te-129 m, Ag-110 m, Pu-238, Pu-239+240,
Sr-89, and Sr-90 according to analyses of soil samples
collected at about 2200 locations. Furthermore, a dose rate
distribution map at 1 m height (based on measurements at
soil sampling locations) and dose rate distribution maps for
roads based on carborne surveys conducted over 17000 km
were also prepared.

Fig.1-10 presents the completed Cs-137 deposition map,
indicating Cs-137 activity per ground area (Bg/m’). It is clear
that the region to the northwest of the Fukushima site is
highly contaminated and that the middle part of Fukushima
Prefecture (referred to as Nakadori) is highly contaminated.
Furthermore, we were able to construct a novel I-131
deposition map, even though statistically significant data
were obtained for I-131 at fewer locations than for cesium.

These maps have been utilized as basic data to evaluate the
consequences of the accident and related countermeasures.
JAEA will continue to manage a database, which will keep
the obtained data secure; JAEA will also provide the data in
desired formats and contribute to the investigation of
countermeasures.

The work was implemented under commission of the
Ministry of Education, Culture, Sports, Science and
Technology of Japan (MEXT).

Reference

The Ministry of Education, Culture, Sports, Science and Technology of Japan (MEXT) et al., The Study on Distribution of Radioactive Substances around

Fukushima Daiichi Nuclear Power Plant, The report of the FY2011 Strategic Funds for the Promotion of S&T, —Report on Construction of Maps Indicating
Air Dose Rate Distribution etc.—, 2012, p.1-1-1-64 (in Japanese), http://radioactivity.mext.go.jp/ja/contents/6000/5235/25/5600_201203131000_report1-1.pdf
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Research and Development Relating to the Accident at the TEPCO's Fukushima Daiichi NPS

1-6 Radiation Dose Map of Japan Using an Aircraft

—Visually Grasping the Influence of the Accident—
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Fig.1-11 Airborne radiation monitoring system

The airborne radiation monitoring system operates to save the
data that synchronizes the calculation rate of the large Nal
detector and positional information with the GPS every second.

Fig.1-12 Radiation dose map for the whole of Japan

We installed a large Nal detector on a plane, measured Nal
concentration at intervals of 3~5 km (or 1.8 km in the vicinity
of the nuclear power plant), and converted the data collected
into dose rates at a height of 1 m above the ground. The
influence of the natural radiation is included in this map.

Since the accident at the TEPCO's Fukushima Daiichi
NPS (1F), a method of environmental radiation monitoring
that can quickly measure large areas has been required. It is
also desirable for the results of this monitoring to be
visualized. We conducted monitoring of the radiation in
conjunction with JAEA, using a plane (helicopter) to grasp
the full extent of the effects of the accident.

For this airborne radiation monitoring, we installed large
detectors for 7y -rays (Nal detectors) on a helicopter and
measured the count rate of y -rays, which we synchronized
with the location and altitude information collected by GPS
(Fig.1-11). The survey was conducted at 3 km intervals in
eastern Japan (1.8 km intervals in the vicinity of 1F and at
5 km intervals in western Japan and Hokkaido. The data we
gathered in this manner were compared with the data
measured on the ground; then, we corrected for the influence
of factors such as altitude and converted the data into dose
rates at 1 m above ground level. We deducted background
natural radionuclides based on an energy spectrum of the

gamma beam that we measured at the same time; we were

Air dose rate at 1 m above
ground level (u Sv/h)

Converyed info the value
as of May 31.2012

Fukushima
Daiichi NPS
A boundary
line of 80 km

The TEPCO’s

0 50 100 200 300 400 500
km

also able to convert the dose rate into rates of radiocesium
deposition (Bg/m’).

The dose rate map is shown in Fig.1-12. Because
measurement days vary according to location, an equivalence
map (dose rate and radiocesium) was created as a result of
applying decay correction to data from May 31, 2012. A high-
dose area was found to extend from IF in the northwest toward
Tochigi and Gunma. In addition, a relatively high-dose area was
found in southern Ibaraki and northern Miyagi. It is thought that
radioactive Cs released by 1F was deposited in these areas.
Conversely, relatively high doses were found in the central part
of Chugoku District and Kyushu. However, these areas were
shown to have been influenced by the background radiation.
This map is available to the public on the homepage of the
Ministry of Education, Culture, Sports, Science and Technology
(http://radioactivity.mext.go.jp/ja/contents/6000/5847/view.html).

This work was carried out under a contract with the
Ministry of Education, Culture, Sports, Science and
Technology of Japan (MEXT) in fiscal years 2011 and 2012.

Reference

Torii, T., Sanada, Y. et al., Report of Investigation of Radionuclide Distribution using Aircraft for Surrounding Environmental Survey from Fukushima
Daiichi Nuclear Power Plant, JAEA-Technology 2012-036, 2012, 182p. (in Japanese).
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1-7

Effects of Forest Decontamination on the Reduction in External Exposure Doses

—Field Demonstration of Forest Decontamination—

Broad-leaved tree area

Fig. 1-13 Aerial view of test location

Decontamination tests were conducted in the following order:
Zone 1, Zone 2, Zone 3. Each zone is arranged parallel to the
forest boundary and has a width of 10 m. Air dose rates at the
forest boundary were measured after completing each
decontamination work.

Before decontamination

After decontamination

Fig. 1-14 Before and after photos of the test location

In the broadleaved tree area, grass mowing, raking of fallen
leaves, and removal of the litter layer were applied as
decontamination methods.

Table 1-2 Forest decontamination depths measured from the forest edge and the resultant reductions in air dose rates (1 m)

at the forest edge

A 50% reduction in the air dose rate at the forest boundary was obtained by decontamination in Zone 1, except at measurement point
(4), but no significant effects were obtained by further decontamination in Zones 2 and 3.

Measurement | Before decontamination

After decontamination of Zone 1

(1 Svih)

After decontamination of Zones 1 and 2 | After decontamination of Zones 1, 2, and 3

Area point (Air dose rates Mowing and fallen leaves removal ~ Litter layer removal  Branch trimming at forest edge Mowing and fallen leaves removal ~ Litter layer removal Movingand falln leaves removal Litter layer removal

number ataheight of 1 m) Surface dose rates™!
Forest edge [©) 2.6 2.2 1.4
(coniferous
tree area) @ 25 2.3 1.6
Forest edge (©)] 2.4 1.7 1.4
(broad-leaved
tree area) @ 2.7 2.3 2.0

Air dose rates (at a height of 1 m)

1.3 1.2 1.3 1.3 1.2
1.4 15 1.4 1.2 1.3

) 15 1.4 1.4 1.6
- 22 22 15 1.9

*1 The dose rate values for Zone 1 after mowing and collection of fallen leaves reflect measurements taken at a height of 1 cm above the ground surface. The values at a height of 1 m would
be approximately 80% of those at a height of 1 cm resulted from the average ratio of the values at a height of 1 m to those at a height of 1 cm at other measurement points.

*2 For broadleaved trees, no branch trimming was implemented because all the leaves had fallen.

One of the most urgent issues following the accident at the
TEPCO’ s Fukushima Daiichi NPS was the remediation of the
extensive areas contaminated by the radioactive materials
discharged. In response to this situation, JAEA performed
decontamination experiments at two test sites located in the
Date and Minamisoma municipalities, combining a range of
buildings and different types of land use, in order to
accumulate knowledge and data for full-scale decontamination
activities to be performed by local governments. We
established a plan involving practical decontamination
methods that can be easily implemented at each site
according to the decontamination targets (e.g., forests,
agricultural land, residential buildings, and roads). Here, we
introduce the results of this field demonstration of forest
decontamination.

It is considered important to reduce the exposure doses of
people living in houses adjacent to contaminated forest, since
most of Fukushima is covered with forest. In addition, it is
necessary to obtain data related to the effectiveness of
decontamination methods and appropriate decontamination
conditions, e.g., the determination of the distance from the
forest boundary that is sufficient for the development of
effective and efficient decontamination.

To this end, mowing of grass, removal of fallen leaves and

the litter layer, and trimming of branches were conducted
sequentially in Zone 1 (up to 10 m from the forest boundary)
of two areas: one covered with coniferous trees and another
covered with broadleaved trees. Air dose rates at the forest
boundary were measured after completion of each
decontamination activity. This process was extended to a
distance of 30 m from the forest boundary in increments of
10 m (i.e., Zone 2 and then Zone 3), but no branch trimming
was implemented for Zones 2 and 3 because trimming of all
the trees in these zones had been already done before the
experiment (Fig.1-13, Fig.1-14).

As shown in Table 1-2, litter layer removal was most
effective in reducing the air dose rate at the forest boundary.
Overall, up to 50% reduction in the air dose rate at the forest
boundary was obtained by decontamination in Zone 1,
although no significant effects were obtained by further
decontamination in Zones 2 and 3.

These results indicate that removal of litter layer within a
distance of 10 m from the forest boundary can be most
effective in reducing the exposure doses of people living in
houses adjacent to a contaminated forest.

This work was commissioned by the Cabinet Office,
Government of Japan.

Reference

Japan Atomic Energy Agency, Decontamination Model Projects to Establish Guidelines of Municipal Remediation Work for Residential Areas
Contaminated with Radioactive Materials Discharged from the Fukushima Daiichi Nuclear Plant, 2012, p.166-168 (in Japanese), Available at JAEA Library,

http://www.jaea.go.jp/fukushima/kankyoanzen/guideline_report.html
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1-8 Creating Decontamination Guidelines Based on Practical Actions
—Decontamination Pilot Project—

Fig.1-15 Shot blasting

(the Okuma town government office area)

Shot blasting, as the term indicates, involves blasting by small
iron balls (typically around 1 mm in diameter) to remove a thin
layer of the flat surface. We applied this technique, which has
been used in nuclear facilities, to pavement, and found that it
reduced the surface contaminant density at Okuma town by
more than 90%.

The central government and local authorities of Japan have
been planning and undertaking decontamination to ensure
remediation of environments contaminated with radioactivity
after the accident at the TEPCO's Fukushima Daiichi NPS.
For this unprecedented environmental pollution in Japan,
guidelines for swift and effective decontamination are
required to provide technical information that describes how
to perform a series of decontamination processes including
dose rate measurement, removal of contaminated soil,
cleanup of roads and buildings, safe storage of wastes
generated, and protection of workers from radiation. We,
under contract with the government, were in charge of the
decontamination pilot project for this purpose in 11 cities,
towns, and villages within the restricted area (i.e., areas with
annual dose rate >20 mSv) and planned evacuation area. The
area of the project sites totaled to more than 200 ha. The
obtained data were analyzed and interpreted, and the related
documents were filed at the end of June, 2012.

A variety of existing techniques were applied in the pilot
project depending on the materials to be decontaminated
(buildings, farmland, road, forest), the topography, and the
structure. The applicability of the techniques employed was
evaluated in terms of cleanup efficiency (speed, time
required), waste treatment (volume of waste generated by
cleanup, recovery of used water), and effectiveness (dose rate
reduction, decontamination factors) (Fig.1-15, Fig.1-16).

We introduced a computer simulation system known as the
Calculation System for Decontamination Effect (CDE),

-

2 hL]

Fig.1-16 Guide to decontamination work

(extract from the report)

We evaluated each decontamination method from the viewpoint
of cleanup efficiency, waste treatment, and effectiveness.

which calculates dose rates of the area of interest on the basis
of the surface contamination density. Therefore, CDE can be
used to predict dose rates after decontamination for given
values of decontamination factor; in other words, CDE
provides information for decontamination planning, such as
indicating the amounts of decontamination factor required for
certain areas. The applicability of the system was
demonstrated in our pilot project, indicating that CDE could
be a potent tool for decontamination planning. CDE was
developed by JAEA and can be downloaded from the JAEA
website (Topic 1-12).

As part of the decontamination pilot project, we designed
and constructed temporary storage structures for waste
generated by decontamination. The topography of the site,
isolation with impervious sheets, and radiation shielding with
sandbags were taken into account in the design, in addition to
the configuration or positioning of combustible/noncombustible
wastes. We conducted periodic inspection to confirm normal
function; this involved measuring radiocesium concentrations
in leachate tanks, surrounding dose rates, and temperature.

The results of our pilot project were reported at the
progress debrief session in Fukushima City on March 26,
2012 (Reference). The pilot project was finished at the end of
June. Slides from the presentation at the March 26 session as
well as the final documents are available from JAEA's
homepage.

This work was commissioned by the Cabinet Office,
Government of Japan.

Reference

Japan Atomic Energy Agency, The Decontamination Demonstration Project for the Evacuation Zones Affected by the Accident at the Tokyo Electric Power

Company Fukushima Daiichi Nuclear Power Station [Decontamination Pilot Project] Report, 2012, 667p.(in Japanese), Available at JAEA Library,

http://www.jaea.go.jp/fukushima/kankyoanzen/d-model_report.html
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Cleanup of Cesium-Contaminated Soil

— Investigation of Removal of Radiocesium from Soil by In Situ Ground Heating —
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After the accident at the TEPCO'’s Fukushima Daiichi NPS
(1F), an extensive area was contaminated with radionuclides
from 1F; accordingly, various methods of remedying such
contaminated soil have been investigated. Because the
primary material contaminating soil is radiocesium, it has
been postulated that such contamination could be removed by
adopting a heating method that focuses on the high volatility
of cesium (Cs) compounds at relatively low temperatures. To
investigate the possibility of removal by in situ ground
heating, the behavior of radiocesium in the soil environment
was evaluated using an electric furnace. A burner was used
for in situ ground heating because it avoided the need to
introduce large machinery.

Fig.1-17 illustrates the rate of change in the amount of Cs-137
in response to heating using the electric furnace. The rate of
change of the amount of radiation varied from -12.0 to
+13.5% in response to heating to temperatures of 600~1300 C,
with no noticeable volatility of radiocesium.

To confirm the reactivity of the soil and cesium due to

heating, the crystal structure of a mixture of soil samples and
cesium carbonate reagent (weight ratio 2:1) was analyzed
after heating. The results indicate that stable compounds such
as cesium aluminum silicate (CsAlSiO.) were formed by the
reaction of sodium aluminum silicate (NaAlSi;Os), silicon
dioxide (Si0.), and others during heating of Cs-contaminated
soil (Fig.1-18).

Fig.1-19 illustrates changes in the temperature at the soil
surface as a result of heating with a burner. More than 15 min
of heating was necessary to achieve a relatively high soil
temperature with the portable burner, and the maximum
temperature of the soil was about 700 ‘C. Moreover, it was
found that this technique resulted in spot heating; a
considerable amount of time was required to heat a wide area.

Although it is possible to heat the soil to relatively high
temperatures, radiocesium would then form stable compounds
with materials in the soil, causing the radiocesium to remain
in the soil.

Reference

Japan Atomic Energy Agency, Investigation of Radiocesium Volatilization from Soil by In-Situ Ground Heating, JAEA-Research 2011-026, 2011, 74p.

(in Japanese).
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1-10 Decontamination of Soil Using a Poly-lon Complex and Clay
— Decontamination of Soils Polluted by Radioactive Cesium and Prevention of Recontamination —

Fig.1-20 Solidification of soil flakes

After spraying a poly-ion solution on field soil
followed by drying, the soil was solidified and
could be removed as flakes.

Fig.1-22 Decontamination test in Date-City, Fukushima
Test of the decontamination technique using the poly-ion complex was
performed in Oguni, Ryozen, Date-city, Fukushima in July 2011.

Fig.1-21 Swelling of the poly-ion complex
Dried poly-ion complex gel is swollen owing to water absorption.

The poly-ion complex and clay method (PCCM) is a
surface soil treatment technique for the decontamination of
soil (removal of surface soil) and the prevention of
recontamination of the cleaned soil (containment of
radioactive cesium in heavily polluted soil). This method is
effective for long-term decontamination of broad areas such
as fields and village forests, where decontamination with
time and care is needed.

In the PCCM, the poly-ion complex is a gel material
formed by mixing cationic and anionic polymers (called
“poly-ions”) that can solidify and stick to surface soils and
inhibit soil dust discharge and mud water runoff, while the
clay strongly adsorbs and firmly fixates cesium ions and can
prevent radioactive cesium from migrating and diffusing into
deeper soil layers. Both the poly-ions and clay are non-toxic
and safe substances. In addition, large quantities can be
procured, and their use was demonstrated following the
Chernobyl nuclear power plant accident. Notably, the poly-
ions cannot firmly fixate cesium, while the clay is easily
dried and broken and thus can fly apart as dust. Therefore,
the PCCM combines both poly-ion complexes and clay in
order to overcome the limitations of each.

The most important feature of the PCCM is its long-term
durability in the environment. The poly-ion complex is solid
when dried. Although it becomes soft and swollen when
exposed to water, it does not flow out from the soil owing to
rainfall because it is very sticky and has the properties of the

gel. In addition, the poly-ion complex can effectively inhibit
soil dust discharge in both dry and wet areas. With these
characteristics, radioactive cesium in heavily polluted soil can
be contained for a long time, and thus, recontamination with
soil dust and mud water, even in heavily polluted areas, can
be avoided. Fig.1-20 presents a photograph of soil flakes
solidified with the poly-ion complex. Fig.1-21 shows the
poly-ion complex dried (lower right<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>