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Abstract
Major challenges to implementing full-scale environmental decontamination have included the absence
of real-world examples and lack of experience in planning and implementing decontamination technology
appropriate to the physical and social boundary conditions in Japan. The Japan Atomic Energy Agency
(JAEA) was thus charged with conducting a range of “Decontamination Pilot Projects (DPPs)” to examine
the applicability of decontamination technologies, with a special focus on reducing dose rates and thus
allowing evacuees to return to re-establish their normal lifestyles as quickly as possible, whilst
simultaneously maintaining worker safety. The DPPs provide a good basis for developing recommendations
on how to assure decontamination efficiency and worker safety whilst additionally controlling costs and
subsequent waste management and environmental impacts. This report revises the report of the DPPs
(Nakayama et al., 2014), adding commentary on decontamination technology.
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1. Introduction

2. Technology Assessment Criteria

In the wake of the Great East Japan earthquake and
tsunami, which resulted in significant damage to the
Fukushima Daiichi Nuclear Power Station, considerable
radioactive contamination occurred, both on- and off-site.
Populations were evacuated from the most contaminated
zones and the overarching Special Measures Act named
the Ministry of the Environment (MOE) as the authority
responsible for decontamination of the evacuated areas
(with radio-cesium the main concern after decay of
shorter-lived isotopes) (Government of Japan, 2011a,
2011b). Major challenges to implementing full-scale
decontamination were the absence of real-world examples
(most previous radiocesium releases to the environment
have undergone natural self-cleaning processes only) and
also lack of experience in planning and implementing
decontamination technology appropriate to Japanese
boundary conditions.
JAEA was thus charged with conducting a
“Decontamination Pilot Projects” (DPPs) (Nakayama
et al., 2014) to examine the applicability of decontamination
technologies within the evacuated zones (September
2011–June 2012), with a special focus on reducing dose
rates and thus allowing evacuees to return and re-establish
their normal lifestyles as quickly as possible, whilst
simultaneously maintaining worker safety.

The key specified requirements for decontamination
techniques are that they should be relatively rapid (the
work is driven by the goal of allowing evacuated residents
to return home to their normal lifestyle as quickly as
possible), efficient (producing as little waste as practical
and minimising any secondary contamination) and
effective (ensuring dose reductions). They should also be
safe to implement, minimise environmental degradation
and not entail unreasonable costs (either financial or in
terms of use of limited resources).
Decisions on preferable methods depend completely
on the geographic/climatic conditions at the decontamination sites.
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3. Decontamination Technology
For each target, system understanding was combined
with a list of available approaches and tools for dose
reduction as input for site-specific planning, as outlined
in the previous chapter.

3.1 Forest
Forests have a very high uptake capacity for
contaminants and initially radiocesium is intercepted by
way of foliage, therefore the distribution of radioactivity
depends on the types of trees present.
©2016 AIRIES
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Evergreen trees in Japan had leaves when the fallout
arrived in March 2011 and many of these forest leaves
remain even now, with significant Cs content (the
average lifespan of evergreen leaves or needles is
between three and five years). By comparison, deciduous
trees had no leaves at the time of deposition and hence
radiocesium there has been contained almost entirely
within the litter layer from the start. Although forests
account for a large fraction of the contaminated land
area within Fukushima Prefecture, the DPPs prioritised
dose rate reduction in wooded areas adjacent to
residential land. For this, the main decontamination
methodologies involved stripping and removal of
contaminated vegetation (Table 1). Trees were pruned,
wild undergrowth was cut down and the forest floor was
cleared of leaf litter.
Further decontamination was performed by removal
of the humus layer (degrading organic matter) and
topsoil (Fig.1).

As expected, for the deciduous forests,
decontamination could focus entirely on the litter layer
and undergrowth. For the evergreen forest the results
of different approaches were assessed (Table 2). It
was clear that significant dose reduction could be
obtained by clearing litter, whereas much more effort in
branch trimming or even clear felling would be required
to reduce the dose further. The Cs, however, has
shifted from the litter layer to the soil with the passage
of time, so sufficient decontamination effects cannot be
obtained by merely removing the litter layer (Iijima
et. al., 2013).
A special concern in planning forest decontamination
was determining the extent to which it was required for
reducing doses in the forest periphery.
Although this would depend on the distribution of
radioactivity in the specific type of forest, along with the
topography and forest density (due to shielding by tree
trunks), it was observed in the preliminary

Table 1 Decontamination techniques applied to forests.

Forest floor

Targets

Methodology

Litter

Manual removal and transfer, Manual removal and vacuum transfer,
Removal by mechanical digger

Humus layer

Manual removal,
Removal by mechanical digger

Surface soil
Trunk
Forest cover

Washing with water and brushes, High-pressure washing

Branches and leaves
Bamboo / shrubs

Pruning (evergreen trees only)
Thinning / trimming

Pruning (vehicle mounted platform lift)

Removal of litter and humus

Bamboo thinning (chainsaw)

Felling (mechanical harvester)

Fig.1 Illustration ofFig.1⽤写真
forest decontamination techniques.
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decontamination tests performed in Minami Soma that
decontamination of a zone 10 meters wide reduced doses
by about 40 percent, whilst further decontamination
resulted in no significant further dose rate reduction.
Basically, the same approaches were also used to
decontaminate trees and shrubs in residential areas,
gardens, parks, etc.
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manual and mechanical decontamination approaches
used for each of these are summarised in Table 3.
In general surface vegetation was removed first and
then various options were considered for reducing the
dose from contaminated soil. In March 2011, less than
half of the farmland in Fukushima Prefecture had been
ploughed and, in this case, the radiocesium inventory
was concentrated predominantly within the upper few
centimeters of soil (Fig. 2, left).
Even for ploughed soil, where somewhat greater
penetration was often observed, a large proportion of the
total radiocesium activity was contained within the
upper 5 centimeters or so of the soil column (Fig. 2,

3.2 Agricultual land
Agricultural land was classified during site
characterisation in terms of the crops grown in the
Fukushima area: predominantly paddy fields, other fields
(pastures) and various kinds of orchards. The particular

Table 2 Effectiveness of different decontamination techniques for evergreen forests.
Removal of litter,
humus and topsoil

Radioactivity parameter

Trunk washing

Branch trimming

Felling

50%

Trunks:
1%

Branches & leaves:
49%

Total in trees:
50%

60 – 80 (at 1 cm)
30 – 45 (at 1 m)
(air dose rate)

~ 30
(surface cpm)

20 (at 1 cm)
5 – 30 (at 1 m)
(air dose rate)

Cs completely
removed

Distribution of radioactivity
(September 2011)

1

Percent reduction in radiation
dose/radioactivity2 (%)
1
2

Trees

Approximately half of the radioactivity was found to be contained in the trees, mainly on the branches and leaves. Branch trimming was confined to the lower parts of trees.
Note that the figures of “percent reduction in radiation dose” for “removal of litter, humus and topsoil” and “branch trimming” do not show the separate effectiveness
of the individual measures.

Table 3 Decontamination techniques applied to agricultural land.
Technique
Strimming / mowing

Paddy Fields

Other Fields

Orchards

Manual strimming or mechanical mowing (e.g., hammer knife)

Topsoil stripping

Manual stripping (including paths, slopes)
Mechanical digging
Turf cutting/
thin layer stripping

Bulldozing
Solidification agent

Mg based agent/mechanical digging
Cement-based agent /
mechanical digging

Reverse tillage (generally ~ 25 – 50cm)
Soil mixing (upper 25 cm)
Topsoil / subsoil exchange (~ 45 cm)

-

Ploughing

-

Manual/tractor rotovator tilling

-

Mechanical digging

-

Fig. 2 Depth profiles of radiocesium for undisturbed (left) and ploughed land (right).
Fig.２⽤データ

-
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Topsoil stripping (mechanical digger)

Manual topsoil stripping

Thin layer topsoil stripping

Reversal tillage with plough

Fig. 3 Various soil treatment methods applied to agricultural land.

Fig.3⽤写真

Table 4 Reduction in dose rates with different soil decontamination techniques.
Decontamination method

Dose rate reduction

Reversal tillage (tractor and plough)

65 – 80%

Interchanging topsoil with subsoil (mechanical digger)
Thin-layer soil stripping (hammer knife)

~ 70%

Mechanical digging (stripping thickness of approximately 5 cm)
Application of solidification agent and removal with mechanical digger

right).
Given that Cs is strongly bound to the clay
component of soils, reduction of the surface gamma
dose rate can be achieved by mixing the soil or, even
better, inverting the soil column. Even though Cs uptake
from clay soils into crops is generally low, this is further
reduced if the soil column is inverted with the surface
layer placed below the root zone. Soil removal was
considered in cases where contamination levels were
high (Fig. 3).
Soil removal was achieved either by manual or
mechanical stripping, in some cases with prior
application of a solidification agent (inorganic
magnesium-based or cement-based sprays) to facilitate
stripping. In the case of frozen soil, there was no need to
apply solidification agents. The pictures in Fig. 3 give
an indication of how such techniques were applied and
equipment tailored to the conditions of the site. In cases
where soil or surface vegetation was removed, the
standard heavy-duty plastic bags used can also be seen
(Fig. 3, upper-left). Some illustrative results from
comparing different methods are presented in Table 4,
with reverse tillage techniques and topsoil stripping

~ 65%
~ 65 – 95%
~ 80%

methods compared.
It is notable that, in terms of gamma dose rate
reduction, the tillage methods can be as effective as soil
stripping, with the particular benefit that no waste is
produced.

3.3 Residential land
There is considerable overlap between the targets and
decontamination approaches used for residential areas
and for other built-up zones, although the required dose
reduction and sensitivity with regard to potential damage
caused by the decontamination technology may differ.
This section concentrates on houses and gardens, while
the subsequent section considers all other targets,
including roads, industrial and other buildings,
playgrounds, swimming pools, etc.
For houses, the initial characterisation includes an
assessment of the extent of any earthquake (or tsunami)
damage, allowing decisions to be made on whether to
attempt to decontaminate and, if so, the approaches that
would be appropriate given the stability of the structure.
A flow chart for decontamination method selection is
illustrated in Fig. 4.
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It should be emphasised that this was carried out in
terms of assuring not only cost-effectiveness of efforts,
but also worker safety.
Decontamination of houses predominantly involves
washing external surfaces (especially roofs) and
focusing on decontamination of areas that are potential
hot spots – predominantly gutters and drainage systems.
For such targets, initial contamination depends on the
characteristics of building materials and also the general
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extent of the local fallout.
Decontamination of houses (Fig. 5) was implemented
in a top-down manner, in order to prevent recontamination.
Rainwater gutters were first cleared of vegetation and
debris, after which a range of techniques were tested for
removing contamination from roofs, including manual
scrubbing with brushes and high pressure water washing.
Both the initial level of contamination and the
effectiveness of different decontamination methods

Fig. 4 Flow chart for selecting decontamination methods for houses.

Fig.４⽤データ

High-pressure water washing

Brushing

Wiping gutters

Manual brushing of walls

Fig. 5 Examples of decontamination techniques for houses.

Fig.５⽤写真
Fig.５⽤写真
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Table 5 Reduction in count rate (%) with decontamination of different types of roof tiles.
High-pressure
water cleaning

Brushing

Wiping

Chemical
stripping agent

Iron (baked finish)

-

10

10

10

Iron (spray finish)

-

30

5

15

Clay

-

50

70

30

Cement

30

5

0

30

Slate

10

0

25

35

Material

Count rate reduction(%)

depended highly on the construction materials involved.
This is illustrated in Table 5, which shows the typical
reduction in the measured count rate for different surfaces
as a result of different decontamination approaches.
After decontamination of residential buildings was
complete, specific features of the surrounding
environment, such as gardens and drainage ditches, were
then tackled.
For gardens, much like forests and agricultural land,
vegetation was cut back, usually by strimming, mowing
or clipping. The next stage involved either soil turnover
or complete removal of the soil surface layers. Particular
attention was paid to removal of hot spots, often found
underneath the eaves of roofs or within drains that
collected roof gutter runoff. Garden paths were generally
decontaminated using high-pressure water and gravel
(from drains, paths, etc.) was washed, and all wastewater
together with the fine gravel fractions were collected for
further treatment.

3.4 Roads and Other Targets in Built-up Areas
3.4.1 Roads
In general, gamma dose rates associated with roads
and other paved areas (e.g., car parks) were relatively
low compared to those in surrounding farmland and
forest due to natural self-cleaning processes. It should be
noted here that roads were only decontaminated where
there was the possibility of reducing the dose
contribution to people living in residential areas (roads
were not decontaminated to reduce doses to road
vehicles). Washing of contamination by rainfall does,
however, often lead to higher concentrations in drains,
which may need to be decontaminated (e.g., by high
pressure washing). If roads are to be decontaminated, it
is important first to determine the depth profile of
contamination.
In most cases radioactivity is concentrated within
the upper millimeter or so, with penetration below
about 3 millimeters only for some porous asphalts. The
roads were decontaminated using a number of
different decontamination methodologies (see Fig. 6 for
examples) which were either manual or vehicle-based.
In cases with less contamination which was close to the
surface, manual or vehicle-based high-pressure washing
was used, in some cases followed by mechanical
decontamination with rotating brushes mounted
underneath heavy vehicles. The contaminated run-off was
collected and pumped into vehicle-based storage for

later treatment. Surface erosion by various shot-blasting
methods and also complete removal of asphalt from roads
were also implemented for more highly contaminated
surfaces with greater depth penetration of Cs.
A comparison of the results of different approaches
in terms of reduction of surface count rate (Table 6)
shows that there is high variability in the effectiveness
of simpler washing/sweeping methods, indicating
considerable differences among different surfaces in the
accessibility of contamination.
The large range in decontamination efficiency was
reported to be due to a number of factors, including:
・
Differences in the initial status, including aging
deterioration, e.g., uneven surfaces and cracks
・Differences in material composition, e.g., porous
asphalt or dense-graded asphalt
・Variations in the blasting angle
・The trial and error nature of the tests
When Cs has penetrated the road surface, ultra-highpressure washing and shot blasting can produce
significant reductions, but assured reduction is obtained
only by road stripping. Such indications of strong
binding of contamination to road surfaces suggest that
resurfacing without stripping would also be effective for
reducing doses without generating waste.

3.4.2 Playgrounds and Swimming Pools
Because of the special concerns about potential doses
to children, play areas were a special focus for
decontamination. Such areas have a wide range of
different surfaces, which show significant differences in
the depth distribution of contamination.
The methods used for decontamination of playing
fields (soil, grass) are effectively the same as those
described for agricultural land in Section 3.2, while for
paved areas they are equivalent to those used for roads.
Some typical results are shown in Table 7, illustrating
the relatively high reduction in surface count rates that
can be achieved.
Playgrounds containing equipment such as swings and
slides were manually washed or decontaminated using
vacuum suction. Here the emphasis was on removing any
loose contamination which could be taken up by children.
Contaminated water from decontamination activities and
swimming pools often contained elevated levels of
radioactivity.
If the radiocesium activity in water exceeded the
level for release to the environment, treatment was
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undertaken before eventual discharge.
The water treatment techniques used included
aggregation and adsorption to facilitate easier and more
rapid separation of suspended fine particulates from
water. The resultant sludge that settled after separation
was first dewatered before being bagged for removal to
temporary storage facilities. Once drained, the pool
surfaces were scrubbed with hard nylon brushes,
followed by high-pressure water cleaning with hoses.
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treated in much the same manner as residential buildings,
again with a top-down approach to decontamination.
Manual roof decontamination, using brushes and
high-pressure hoses, was used to dislodge contaminants
and, on flat roofs, electric scrubbing brushes were tested
for contamination removal efficiency. Similarly, support
structures were scrubbed manually using cloths or
brushes, followed by high pressure hosing (vehicle
mounted platforms used to allow access to higher areas).
A number of techniques typically used for roads (Section
3.4.1) such as shot blasting were also used, e.g., on flat
roofs or car parking areas.

3.4.3 Large Buildings
Large buildings, such as schools and factories, were

Medium-scale shot blasting

Large-scale shot blasting

Road surface stripping

Medium size ultra-high-pressure water jet cleaning

Fig.６⽤写真
Fig. 6 Decontamination
approaches for road surfaces.
Fig.６⽤写真

Table 6 Reduction in count rate for various road decontamination techniques.
Decontamination
method

Pavement
sweep-washing

High-pressure
water jet cleaning
(10-20 MPa)

Ultra-high-pressure
water jet cleaning
(240 MPa)

Shot blasting

Road surface
stripping

Count rate reduction

0 – 60%

2 – 50%

40 – 90%

60 – 95%

95% or higher

Table 7 Comparison of playground contamination reduction using different decontamination methods.
Decontamination method
Hammer knife mowing and sweeping
Thin-layer topsoil stripping

~ 90%

Road surface stripping

80% (low dose areas)
90% (medium to high dose areas)

Motor grading

80% (low dose area)
90% (medium to high dose areas)

Interchanging topsoil with subsoil
Dust collection sanding (concrete planer)
Ultra-high-pressure water washing (150 MPa or higher)
High-pressure water jet washing (10 to 50 MPa)
Shot blasting

Count rate reduction

~ 85%
60 – 80%
~ 70%
30 – 70%
~ 70%
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4. Conclusion
When performing multi-faceted decontamination
work on a wide range of different objects in an area to
be decontaminated (forests, residential areas, agricultural
fields, large structures, roads, etc.), it is important to
develop decontamination plans for performing the
decontamination efficiently and effectively, using prior
surveys in the target area, selecting decontamination
methods in accordance with the objects to be
decontaminated in the area, and establishing decontamination
ranges and procedures.
In addition, in order to prevent internal exposure of
workers or recontamination due to scattering of
radioactive substances, it is important to proceed with
effective decontamination work while suppressing the
generation and scattering of dust.
The resulting base of knowledge on DPPs has played
a key role in supporting the establishment of the MOE’s
guidelines (Ministry of the Environment, 2013a, 2013b;
Ministry of Health, Labour and Welfare, 2011), which
have been used by the national government and local
municipalities to optimise regional remediation work,
most of which is expected to be completed by the end of
March 2017, except in some limited areas of the
evacuation zone with high levels of contamination
(“difficult-to-return zone”).
The decontamination of radioactive material released
into the environment from the accident at the Fukushima
Daiichi Nuclear Power Station is the first effort of its
kind anywhere in the world. Therefore, the cooperation
of researchers and engineers in various scientific fields
is essential to the recovery and reconstruction of the
affected areas.

Fukushima Daiichi Nuclear Power Station: Overview, Analysis
and Lessons Learned, Part 1:
A Report on the
“Decontamination Pilot Project,” JAEA-Review 2014–051.
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