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Abstract 
Six years have now passed since the INES Level 7 accident at the Fukushima Daiichi Nuclear Power Plant (FDNPP) released considerable quantities of radioactive material into the environment. Much of this material (~80%) fell over the neighbouring Pacific Ocean, with the remainder being deposited 

onto the land as a north-west trending contaminant plume. Considerable time and finances have been directed into studying the nature of the contamination and its long-term behaviour within the environment as well as the remediation of large regions of Fukushima Prefecture contaminated 

principally by the highly radioactive fission product of radiocesium.  In this work, a low-altitude unmanned aerial vehicle was used to survey sites within the Fukushima exclusion zone in order to evaluate contaminant migration. At a site in Iitate Village, time resolved radiation monitoring followed by 

numerical species migration simulations, revealed that the reduction in activity levels was not attributable to naturally occurring radioactive decay or attenuation through sub-surface migration but as a result of material exiting the site through a small transecting stream. The similar application of 

airborne radiation mapping alongside photogrammetry (waste material storage site in the neighbouring Kawamata region) not only produced a visual method by which to represent the contamination, but also revealed the flow of contaminated fluids from the waste bags back into the environment.  

Detection & Imaging: 
In order to map the contamination, a lightweight unmanned 

aerial vehicle (UAV) equipped with a miniature gamma-

spectrometer, was used to overfly the various sites.  

 

 

Study Sites: 
Two sites were used in this work to study radiocesium migration within the 

environment. Site 1 was an area of agricultural land located within the heavily 

radiologically contaminated Iitate Village. Both a tarmac road and a small 

stream dissected the flat study site positioned at the base of a wide valley.  

Remediation progressed over the course of the various mapping surveys. 
 

Site 2, conversely was a site in which remediation had previously occurred, 

and was now being used as a facility within which waste material from other 

sites from the area was being brought for interim storage within one cubic 

meter black bags. 

Site 1- Contaminant Migration: 

Site 1- Radiation Mapping: 
The results of radiation mapping at Site 1 (Iitate Village), taken during in May 

2014 and October 2015 are shown below. From the initially un-remediated 

site, part of the site had been subjected to decontamination at the time of the 

second survey. 

Site 2 - Contaminant Migration: 

Figure 2: photogrammetry reconstruction of (Site 2) was performed via a 

standard digital camera mounted below the UAV capturing an image once 

per second, during the flight. 

Figure 1: Image of the UAV used in these works. The radiation detection 

system (comprising the gamma-spectrometer and ranging laser unit) that 

exists below the platform is identified. 

Figure 3: Image of the UAV used in these works. The radiation detection system (comprising the 

gamma-spectrometer and ranging laser unit) that exists below the platform is identified. 

During the 17 month interval between the first and second aerial surveys of 

the site, the impact of remediation to the northern portion of the site is 

apparent as is the location of a waste material store. The southern part of the 

site however had not received any remedial actions, with the extensive 

vegetation left to continue to grow.  

After take-off and landing were performed by a human 

operator, the platform operated completely autonomously at 

a predetermined altitude - following a series of programmed 

waypoints and speeds. In addition to a radiation mapping 

system, a small digital camera was also attached to the 

underside of the UAV (in the case of Site 2) in order to 

capture images for a 3D digital rendering of the site.  

Figure 6: Radiation map of Site 2, with each of the measurement values plotted as a colour-scaled point. The location of the waste storage facility is 

marked. Apparent, as well as the location of the waste store, is the extent of further contamination on the site including the track to the facility and 

the portion of land down-slope from the store. The upslope area of the site (south of the waste store) shows a lower level of radioactivity.  

From the results of the monitoring of contamina-

tion levels across Site 1 during fieldwork in both 

May 2014 and October 2015, 14 points across the 

site were selected for subsequent time-integrated 

analysis (Figure 3 (a)).  
 

The measurement of the activity in counts per 

second (CPS) at each of these points is shown 

graphically within Figure 4 (left).  Apparent 3 years 

after the accident (shown in blue) is the correla-

tion of measured activity values with (i) those 

measured as part of national monitoring programs  

immediately after the accident. 
 

Subsequent forward modelling of these values is 

also shown within Figure 4. The activity values rec-

orded 4.5 years after the release (October 2015), 

at each of the 14 positions are plotted (shown in 

red), and show a wider degree of spread than the 

comparative readings taken in May 2014. This dif-

ference in the measured and calculated values at 

each of the analysis points is shown in Figure 5. All 

of the points show a lower measured value than 

what is calculated to occur. An exception to this is 

point 10 - where waste material was located. 

Figure 4 (top): Plot detailing the predicted decline in radioactivity at 

points on Site 1, with measured values of both May 2014 and 

October 2015 also shown. 

Figure 5 (bottom): Comparison of the activity measured at each of 

the 14 points during both of the site surveys. 

Site 2 - Radiation Mapping: 
Result of the radiation mapping of Site 2 (waste storage facility) are shown below in Figure 6. Despite having been ex-

tensively decontaminated and subsequently overlain with “clean” material, a considerable radiation signature is exhibit-

ed across the site. As would be expected, the contaminated material that has been brought onto the site (shown by 

rectangle on Figure 6) exhibits the greatest radioactivity - with a typical dose-rate of 2.3 μSv/hr. The track running to 

the site, despite also having been constructed out of imported material, shows raised activity levels. Extending away 

from the waste store is an area of heightened radioactivity, representing a plume of contaminated groundwaters. 

Figure 7:  Result of airborne photogrammetry survey over the 

site to produce a 3D centimetre accurate rendering, onto 

which the radiation map of the site can be overlain. The migra-

tion of contaminated fluid from the waste store is apparent.  

Conclusions: 
The contamination at two different sites within the contaminated Fukushima Prefecture has been studied to as-

sess the evolving state of radiation within the environment. Material has been shown to be readily transported 

away from locations at which it was initially positioned. In the case of Site 1, this is likely due to the small river 

than dissects the site, and in the case of Site 2, the percolation and outflow of fluids through the storage bags.   

As a method to visualise the distribution and extent of radioactive 

contamination across Site 2, a photogrammetry survey using the 

UAV was conducted. After the radiation map was performed by, 

the lightweight UAV was flown over the site whilst continually ac-

quiring images (once a second) using a downwards facing digital 

camera. From the succession of images acquired, a 3D rendering 

of the site was produced, onto which the radiation map can be 

overlain (Figure 7).  
 

Providing a highly-visual method by which to examine the distri-

bution of material across the site, the contaminant plume that is 

observed within Figure 6 is clearly presented within this rendering 

(Figure 7).  
 

Eventually, each of these waste stores is sealed by covering the 

bags with an impermeable sheet. With this yet to happen at this 

locality, the impact of water ingress and throughflow is highlighted. 
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