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➢ Time:  2:46pm on Friday, March 11, 2011. 
➢ Epicenter : Offshore Sanriku coast (38ºN, 142.9ºE, 24km depth) 
➢ Magnitude: 9.0 (maximum registered JMA intensity level was 7 at Kurihara, Miyagi prefecture) 

Human damage as of September 22 
  ➢ Deaths : 15,805 
  ➢ Missing :   4,040 

Source: Report of the Japanese Government to the IAEA Ministerial Conference on 
Nuclear Safety (June 18, 2011) 

Great East Japan Earthquake 

http://upload.wikimedia.org/wikipedia/commons/5/5a/Shindomap_2011-03-11_Tohoku_earthquake.png


Fukushima Regional Contamination 3 

FDNPS 






Estimated  radioactive releases into the atmosphere 
from the Fukushima accident (Bq)  

Nuclear Industry Safety Agency （June 6, 2011） 

Nuclide Half life Reactor 1 Reactor 2 Reactor 3 Total 
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Range Large Area  
   100 ㎞ >  

Semi Large 
  10 ㎞ > 

Mid Area 
  1 ㎞ > 

Small  Area 
〜100m 

Aircraft 

Alt. 

      Helicopter 

  ～ 300m 

UAV w/ FW 

   ～ 150m 

  AUH 

 ～ 50m 

microUAV 

 ＜ 10m 

Aerial Monitoring Monitoring above  Forests 
and Rice Fields/Along 
Rivers 

Residential area / 
Inside Forests 

Nuclear Emergency / 
Forest Fire 

Remote Monitoring Systems of JAEA 
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Aerial Radiation Monitoring 
• Count rates are obtained by 

NaI(Tl) detector installed in a 
helicopter 

• Altitude above the ground : 
about 300 m (150 – 450 m) 

• After fly-over, aerial count 
rates are converted to estimate 
the air dose rates at 1-m AGL 
and the surface contamination 
level. 

6 Deposited radioactivity of Cs-134 and Cs-137 



Aerial Radiation Monitoring 7 

Radiation monitoring system 
with manned helicopter 

Radiation monitoring system 
with unmanned helicopter 

(a) Manned helicopter (b) Radiation monitoring system 

(b1) 

(b2) 

(b3) 

(d) Unmanned helicopter (e) Radiation monitoring system 

RS701 

RS701 

RSX-3: Detector unit 
RS701, RS501: Data processing unit 
PDU (Power Distribution Unit): Input 28VDC, 115VDC 
RadAssist: Dedicated software 

Computer 
+RadAssist 

GPS Monitor 
for pilot 

Battery (b3) 

RSX-3 (b1) 

RS501 (b2) 

PDU 

(c) System diagram of radiation monitoring system  
for manned helicopter 

(f) System diagram of radiation monitoring system  
for unmanned helicopter 

NaI scintillator (2” x 4’’ x 16’’) 

PMT 

LaBr3(Ce) scintillator (1.5” φ x 1.5’’ H) 

PMT 
PMT 

Detector unit 

Preamp 

Preamp 
Presmp 

PMT: Photomultiplier tube 
Pre AMP: Preamplifier 
 

Data 
processing 

unit  

Wireless LAN 
(2.4 GHz) 

Computer 

Ground station 

Helicopter 

Power supply 
from unmanned 
helicopter 
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Overview of Airborne Radiation Monitoring 
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Data acquisition 

Calibration  parameter 

Conversion and mapping 

Flight height above 
the ground ～300m 

Flight speed  
70 – 80 
knots 

300～600m 

- Detector: NaI (12L) 
- GPS 
- List mode  

Test-line 
- Distribution of a dose 

rate is constant   
- Flat ground altitude 

- Dose rate 
- Radioactivity of radiocesium 
→Gamma spectrum analysis 

Mapping 
IDW：Inverse 

Distance 
Weighted 



Dose rate variation (Manned helicopter) 9 



Range Large Area  
   100 ㎞ >  

Semi Large 
  10 ㎞ > 

Mid Area 
  1 ㎞ > 

Small  Area 
〜100m 

Aircraft 

Alt. 

      Helicopter 

  ～ 300m 

UAV w/ FW 

   ～ 150m 

  AUH 

 ～ 50m 

microUAV 

 ＜ 10m 

Aerial Monitoring Monitoring above  Forests 
and Rice Fields/Along 
Rivers 

Residential area / 
Inside Forests 

Nuclear Emergency / 
Forest Fire 

Remote Monitoring Systems of JAEA 
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Gamma-Rays 

Above forest and cultivated land 

Control signal 

・Data of radiation dose 
・GPS and ITV data 

Ground station 
and antennas 

Detector 

DEVELOPMENT OF AUTONOMOUS 
UNMANNED HELICOPTER (AUH) RADIATION 
SURVEY SYSTEM 

《Feature》 
1. Measurement at the places (high dose rate 

areas, forests, rice fields, etc.) which 
people cannot come into easily. 

2. A ground base can be installed in a safe 
place (< several kilometers) 

3. The image of a measurement place can 
also be grasped in real time. 

4. Position information (GPS, video cam) 
5. Programming flight. 
6. Observation at a low altitude  
    (below min. safety alt. of manned aircraft) 
7. Hovering  
   * Flight in the area where a person is not 

below 

For monitoring around the site of the FDNPP 
・Mapping of dose-rate distribution 
・Reduction of the operator’ exposure 
・Small man-power 
For decontamination evaluation 
・It can measure repeatedly the same place by programing flight. 
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AUH Monitoring System 
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Unmanned areal vehicle RMAX G1 
 ・Length：Under 4m 
 ・Maximum speed：70 km/h 
 ・Flight time：Maximum 90 min. 
 ・Major devices：CCD Camera /DGPS/Gyroscope 
    ・Weight ：94kg 
    ・Payload： 10kg 
 ・Data transfer in real time 
    ・Flight duration ： 1.5 hour (in a filled-up fuels) 
  

Measurement conditions 
 ・Flight speed is 8m/sec (= under 30km/h) 
 ・Line spacing is 80m 
 ・Flight altitude is at 80m as the standard 
  （for safety and data reliability) 

detector camera 

LaBr3:Ce detector 
 ・Scintillator size：1.5”Φ×1.5”×3 set 
 ・Spectrum per second  
 ・Superior energy resolution 
     （FWHM 1.8keV-2.0keV@662keV） 

Self contami 
-nation of LaBr3 

Cs-134,137 

Gamma energy (keV) 

C
ou

nt
 ra

te
(c

ps
) 



Aerial Radiation Monitoring 13 

Radiation monitoring system 
with manned helicopter 

Radiation monitoring system 
with unmanned helicopter 

(a) Manned helicopter (b) Radiation monitoring system 

(b1) 

(b2) 

(b3) 

(d) Unmanned helicopter (e) Radiation monitoring system 

RS701 

RS701 

RSX-3: Detector unit 
RS701, RS501: Data processing unit 
PDU (Power Distribution Unit): Input 28VDC, 115VDC 
RadAssist: Dedicated software 

Computer 
+RadAssist 

GPS Monitor 
for pilot 

Battery (b3) 

RSX-3 (b1) 

RS501 (b2) 

PDU 

(c) System diagram of radiation monitoring system  
for manned helicopter 

(f) System diagram of radiation monitoring system  
for unmanned helicopter 

NaI scintillator (2” x 4’’ x 16’’) 

PMT 

LaBr3(Ce) scintillator (1.5” φ x 1.5’’ H) 

PMT 
PMT 

Detector unit 

Preamp 

Preamp 
Presmp 

PMT: Photomultiplier tube 
Pre AMP: Preamplifier 
 

Data 
processing 

unit  

Wireless LAN 
(2.4 GHz) 

Computer 

Ground station 

Helicopter 

Power supply 
from unmanned 
helicopter 
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Manned Helicopter Autonomous  
Unmanned Helicopter 
(AUH) 

Superposition  

Comparison the AUH with Manned Helicopter System 

Dose rate  
(μSv/h) 

Dose rate  
(μSv/h) 

Dose rate  
(μSv/h) 

3km 



Dose rate variation (Unmanned helicopter) 15 



Radiation Measurement for the 

Decommissioning of the FDNPS 

  

• 3D Mapping of Contamination inside the 
buildings 
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~ Main Purpose ~ 



Photo right after the FDNPS accident 
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Unit 1 R/B 

Unit 2 R/B 

Unit 3 R/B 

Unit 4 R/B 



 

18 A. Ono (TEPCO), 3rd Int’l Forum on the Decommissioning of the FDNPS 



・ less than 1 kg“light” 
・ sensor size: 5 cm×5 cm×5 cm“small” 
・ ＞ mSv/h“radiation hardness” 

Small Compton camera  

Our Mission – Radiation Imaging 

・Large size（20×20×40 cm3） 
  

・Heavy（10～20 kg） 
 

・Operation limit（～100 µSv/h） 
 

Large size... 
Heavy... 

No operation... 

Previous camera Compton Camera 
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3D model created by a 
laser scanner 

Reconstruction image of radiation 

Remote radiation monitoring by using a drone 

Compton Camera 

One of Our Goal 

3-D Visualization for  
Radiation Source Distribution 

・ less than 1 kg“light” 
・ sensor size: 5 cm×5 cm×5 cm“small” 
・ ＞mSv/h“radiation hardness” 

Image credit: Createc, UK 
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Compact Compton camera 
                      （by JAEA） 

Gamma-rays 

・Total weight: less than 1 kg 
・Power consumption < 5 W 
   ⇒ Operated by USB bus power 

Compact size !! 

Gamma-ray sensor 

cos𝜃𝜃 = 1 −
𝑚𝑚𝑒𝑒𝑐𝑐2

𝐸𝐸2
−

𝑚𝑚𝑒𝑒𝑐𝑐2

𝐸𝐸1 + 𝐸𝐸2
 

23.9 m
m

 

Compact Compton Camera 
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Imaging demonstration inside the FDNPS 

Measurement time：10 s 

3.5 mSv/h 

※ Around region: 0.4~0.5 mSv/h 

Hotspots are clearly visualized inside the FDNPS 

Experimental condition 

Compton camera 

Gamma-ray sensor 

Pb plate installed on the top and bottom, 
left and right, and back of the gamma 
ray sensor (1 cm-thickness) 
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Imaging demonstration inside the FDNPS 

Measurement time：10 s 

3.5 mSv/h 

※ Around region: 0.4~0.5 mSv/h 

Hotspots are clearly visualized inside the FDNPS 
23 

Sum of the energy deposition on scatterer and absorber (keV) 

C
ou

nt
s 

Measurement time：161 s 

137Cs 662 keV photo-
peak 

Image 
reconstruction 



~2 m 

~15 m View 5 

3.5 
mSv/h 

Unit of length: m 

Compton cone 

Compton camera 

Compton cones are drawn on 
 the floor and wall surfaces. 

 
：Installation locations 
of  Compton camera 
（Arrow direction =  
Measurement 
direction） 
 

3D imaging of radioactive 
substances 

10 s 
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Intensity 
0.5 1.0 

 It is possible to observe the 
contamination distribution from 
an arbitrary viewpoint. 

 

 It can be visually understood the 
position of the radioactive 
contaminations, easily. 
 

Radiation image 
＋ 

3D-model data 

3D Radiation distribution map 
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Measurement at the R/B #1 of FDNPS 
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TEPCO’s Packbot 

Note PC 

Compton Camera 
Digital Camera 

LED Light 

Optical Camera 

信号処理基板 



LiDAR and Digital Camera 
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３D-LiDAR  

GoPro 



Radiation Image inside the R/B of Unit 1 

測定時間：26 秒 
撮影実施地点の空間線量率：4~5 mSv/h 

強
度
（
相

対
値

）
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Hot Spot 



Radiation Image and 3-D Model 

DHCの遮蔽板 

DHCからの 
ストリーミング 

ダクト 

ダクト付近の汚染 

3D modeling inside the building using photogrammetry 
technology, and projection of radiation images of hot spot. 
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Hot Spot 



3D Imaging (movie) 

7 






Radiation image display on a FDNPS building model 

Hotspot (0.8 mSv/h) 

Radiation image display 
Photogrammetric  
3D reconstruction  

Intensity 
0.5 1.0 

Hotspot image display on a FDNPS building 
model. 

（Easy to visually recognize !!） 
31 



iPhone 6s 

FDNPS building model in the virtual reality system 

VR model is developed using Unity. 
(game development platform for 3D and 2D games, VR/AR, and so on…) 

3D stereo view for VR experience 

 The developed VR may be experienced using a head mounted display. 
        (The cheapest solution is a smartphone and a cardboard goggle)  
 The viewpoint of the worker in the virtual space can be set arbitrarily.  
 The height of the eye position and the field of view can be also arbitrarily changed. 

Cardboard goggle 
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A scene of drone measurement 
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Take-off during flight measurement 

Measurement of radiation distribution 
using a drone 



Radiation Images by the Compton Camera 

Point 2 Point 5 Point 4 

In
te
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1.0 

0.0 

In
te
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ity

 

1.0 

0.86 
170μSv/h 60μSv/h 105μSv/h 

66μSv/h 
90μSv/h 
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3D terrain model 
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Superimposition with 3D geometry 

 
Superimpose 

 

3D geometry 

Compton image 
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道路割れ目 
105 μSv/h 

道路脇の茂み 
31~51 μSv/h 

道路脇 
70 μSv/h 

拡
大 

Radiation distribution and 3-D terrain model 

In
te

ns
ity

 

1.0 

0.8 
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Superimposition of radiation and terrain model 
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MP-1 
MP-2 

MP-3 

MP-4 

MP-5 

MP-6 

MP-7 
MP-8 

Air dose rate in the site 



Radiation Map (Dose map) 



Radiation Map (Dose map) 
 - announcement for workers 



Radiation Map (Dose map) 
 - announcement for workers 
 - inside the reactor buildings 



Clothing / Equipment 



Inside the container (Reactor No.2) 







Expected environment for radiation monitoring 

〇High dose rate ～1000 Sv/h  
〇High temperature ～100℃ 
〇High humidity （in water） 

What we need? 
〇β/γ and Neutron dose →  Identification of nuclides 
〇Dose mapping (3D) 

Utilization of passive dosimeter 



Passive radiation monitor 
〇Combination of CR-39 with luminescence detector 
 ・CR-39 ・・・ Neutron dose 
 ・luminescence detector ・・・ β/γ dose 



Possible Solutions 
CR-39×High dose rate 
 ・No response on β and γ 
 ・μSv – mSv（optical microscopy） 
 ・Sv (Atomic force microscopy) 



CR-39×hight humidity (in water) 
 ・Sensitivity analysis 
  ※etchpit size ~ sensitivity 

CR-39×high temperature 
 ・Information gathering in progress 



luminescence detector×high dose rate 
 
 ・Readout by laser（β・γ dose） 
           ~ 100 Sv or more ; now on testing 
 
luminescence detector×high temperature 
 



luminescence detector(FNTD) 
                   ×high humidity (in water) 

Combined use with cell culture is now on testing 



Dose mapping (Multipoint measurement) 

直径：40m CR-39：50個 



Technology to realize multipoint measurement 



58 

Thank you for your attention. 
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