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2011 3 11  (
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 (Aerial Radiation Monitoring) 

1979  (

) 1986

1)  ( DOE) 

2),3)

 (Scottish Universities Environmental Research Centre: 

SUERC) 
4)  

1979

 (  ( ) ) 

1980 5

 (Aerial Radiological Survey and Assessment System: ARSAS) 
5),6)

7)  

 ( NUSTEC) 
8)

9)

 

DOE  ( ) 
10)-12)

DOE

1 m  ( Cs) 

13),14)

Cs



 

2  
 

15) 16),17)

DOE
131I

131I Cs
18)

 

10

2013  ( ) 
19)  

2020
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2.  
 

Table 2-1 Fig. 2-1

2011 3 25
20) 2011 4 6 DOE

 ( : NUSTEC) 1 80 km

2011 5 18 2

80 km 100 km 2011 5 31 3

80 km 100 km

2011 6 22

2011 8 2

1

80 km 2011 10 22 4

2012 1 30

2012 2 6

 ( 4.5 )  

2012  ( 24 ) 

 (0.2 ) 

80 km 2012 4 2 2

2012 10 31 3 80 km

2012 6 22 10 31 5

6 2013 3 4
 ( 6.5 )  

2013  ( 25 ) 80 km

2013 8 27 2013 11 2 7

8 2013 9 3

 ( ) 80 km 4

2013  (2014) 21)

 

2014  ( 26 ) 80 km 2014 9 1

9 2014 9 21 80 

km 5 2014

 (2015)22)  

2015  ( 27 ) 80 km 2015 9

12 10 2015 10 2
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80 km 6

 ( )

2015  (2016)23)

 

2016  ( 28 ) 80 km 2016 9

14 11 2016 10 15

80 km 7

2016  (2017)24),25)  

2017  ( 29 ) 80 km 2017 9

9 12 2017 9 29

80 km 8

2017  (2018)26),27)  

2018

 (2019)28),29)  
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2011

2012

10 m  (Digital Elevation Model: DEM) 

45° 

DEM

2013 80 km

2014
134Cs 1,365 keV 40K 1,461 keV

2015

 (LaBr3:Ce

) 

2016

80 km 2015
31)

2016

 ( GNSS) 
GNSS

2017 Ishizaki et al. (2017)33)

2018 2017

2019

80 km
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3.  
  

3.1.  
 

 (Aerial Radiation Monitoring System: ARMS) 

NaI GPS 

(Global Positioning System, ) 

 

Radiation Solutions Inc. (RSI, Canada)  (

RSI ) DOE

RSI

Fig. 3-1 Fig. 3-2  (Detector) 2´´ × 4´´ × 16´´ NaI

 3 2  (

: 12.6 L) 1,024 ch (0 ch 1023 ch) 1

GPS RS-701

2 RS-501 RS-501 PC

PC  (RadAssist) 

GPS

5

RSI 2 RSI 1 RSI 2  

RSI GPS GPS

GPS  (CORE  QZNAV) RSI

GPS  (

) L1-SAIF

RSI GPS RSI

GPS 26)

GPS  
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Fig. 3-1 RSI

Fig. 3-2 RSI
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3.2.  
 

RSI  ( ) 

RSI

Fig. 3-3 2012 RSI

Table 3-1 2020 Bell 412 Bell 430

 
 

 

Fig. 3-3  
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Table 3-1 RSI  
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3.3.  
 

 (137Cs: 9.3 

MBq) Table 3-2

50 cm RSI

Fig. 3-4 137Cs

 

Bell 430 (JA05TV, No.1) Bell 412 (JA6767, No.2) 

Bell 412 (JA6928, No.3) 3 % Bell 412 (JA6767, No.4) 1 %

Bell 412 Bell 430

Bell 412 JA6767 (No.2) JA6928 

(No.3) RSI

JA6767 (No.2 No.4) RSI

2 % RSI

RSI

 

 
Table 3-2  

( 50 cm ) 
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Fig. 3-4
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3.4. RSI  
 

RSI RSI

1 1  

RSI :  (RS-701 RS-501) 

 

 ( 208Tl 2,614 keV

 (Energy Resolution)  (Amplifier : ) 

 (Gain: ) )  

2,614 keV 6 %

0.8

Fig. 3-5 Fig. 3-6 RSI 6
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0.8

RSI
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4.  
 

4.1.  
 

 

 

 

QAD-CGGP2R
134Cs 137Cs  ( 2,000 m × 1 mm) 

Fig. 4-1 50 m

50 m 50 m

50 m

 

EGS534) (Electron Gamma Shower Version 5) 

EGS5 RSI 13)

800 m × 1 mm 137Cs

Fig. 4-2 50 m 100 m 300 m 500 m

300 m 300 m

80 %

100 m

Fig. 4-3 100 m 300 m 500 m

300 m 100 m 200 m 30 % 0 

m 100 m 200 m 300 m 20 %

300 m

300m

50 m 80% 120 m 100 

m 200 m 500 m 400 m Fig. 4-1
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1 : 1

300 m 500 m

1 km

 

 (300 m)  (300 

m) Fig. 4-4

 
 

 

Fig. 4-1  

( 2,000 m × 1 mm  ) 
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Fig. 4-2  

( 100 % ) 

 

 
 

Fig. 4-3  

( 100 % 100 m ) 
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Fig. 4-4
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4.2.

Fig. 4-5 1

GPS

Fig. 4-6

[ ]

160 km/h 185 km/h (=86 kn 100 kn)

300 m (= 1,000 ft)

0 m 500 m (= 1,750 ft)

( 3 km )

0.6 km (2011 9 30

)

0.9 km 0.2 ( 1.0 mSv/ 5.1 ) 

1.8 km

1.0 km

3.0 km 6.0 km

15 : 2020 8 25 10 2 ( 46 )

11 : 2020 9 22 10 30 ( 71 )

Fig. 4-5
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Fig. 4-6  

 ( ESRI    ( (c) Esri Japan) ) 
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4.3.  
 

1 m Cs

2014

2020

 (Table 4-1)  

 

 (Attenuation Factor: AF (m-1) ) 

3 km

 (150 m 300 m 450 m 600 m 750 m 900 

m 1,500 m) 

Fig. 4-7 Fig. 4-8

NaI  (  

TCS-172B) 25 1 m  (

)  

 

 ( ) 

1,000 m  (300 m) 

 (Conversion factor of Dose-rate: CD ([s-1]/[µSv/h]) ) 

1,000 m 60

Fig. 4-9

Fig. 4-10  

 

300 m 2,400 
m

Fig. 4-11

300 m 2,400 m

900 m

 

Rn BG  

Rn

450 m 900 m

BG

900 m 2

1 1 Rn
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BG Fig. 4-12  

 

Cs

300 m

Cs

1

Fig. 4-13 ( )  

 

RSI

Fig. 4-13 ( ) 
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Table 4-1  

    

 

  

 (150 m 300 m

450 m 600 m 750 m

900 m 1,500 m) 

 

5,000 km

1

 

  300 m 3

 

5,000 km

1

 

  300 m

2,400 m  

1 1  

Rn   

450 m

900 m

 

 

BG  

 

900 m 2

(Rn

) 

 

 

Cs

 

Cs

 

1  

 

 

 

 

 RSI

1
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Fig. 4-7

Test line 1 ( ) Test line 3 ( )

Test line 4 ( )                  Test line 5  ( )

Fig. 4-8

(1/2)

( ESRI, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, 

AeroGRID, IGN, and the GIS User Community )
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Test line A ( ) 

Fig. 4-8  

(2/2)  

( ESRI, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, 

AeroGRID, IGN, and the GIS User Community ) 

 

 

Fig. 4-9  
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Test point 1 ( )                   Test point 3 ( ) 

 
Test point 4  ( ) Test point 5  ( ) 

 
Test point D  ( ) Test point E ( ) 

Fig. 4-10   

( ESRI, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS,  

AeroGRID, IGN, and the GIS User Community ) 
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Fig. 4-11  

 

 
Fig. 4-12 Rn BG  

 

 

 
(80 km ) 

 

(80 km ) 

Fig. 4-13  

 ( ESRI    ( (c) Esri Japan) ) 

  

BG (900 m: 2 )

Rn
(450 m 900 m: 3 )
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4.4.

4

Cs

( )

Cs

Fig. 4-14 (1 cm

)

Fig. 4-14
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4.5.

(CD) 

( )

4.6.1. BG

900 m

( )

Fig. 4-15 Table 4-2 BG

BG

( ) 

8

RSI (30 keV

3,000 keV) 208Tl 2,614 keV

2,614 keV

2,800 keV Fig. 4-16

50 m 2,000 m

2,800 keV

RSI 3,000 keV (1,023 ch)

2,800 keV

2,800 keV (C>2,800 keV) 2,800 keV

(C 2,800) (CR-index) CR-index

2,800 keV

CR-index
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CR-index Table 4-2

 

 

 
Fig. 4-15 RSI  

 

 

Fig. 4-16 2,800 keV  

(a:  b: ) 
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Table 4-2 CR-index

AF

GPS 10 m

(Digital Elevation Model: DEM)35) 35) *1

Fig. 4-17 Microsoft Excel R

AF AF 2014

( ) Table 4-3

2020 RSI

Table 4-4

AF Table 4-3

                                                       
1
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Fig. 4-17

(Bell 430 JA6900 2013 11 5 Test line A)

Table 4-3

( SD (1 ) )
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Table 4-4 2020 AF

1 m (Conversion factor 

of Dose-rate: CD) 300 m 3

3

500 m

RSI CD

2014 (1 ) Table
4-3 AF 2020 RSI

CD

Fig. 4-18

CD Table 4-3

Fig. 4-13 ( ) Bell 412 Bell 430

300 m

HF (300 m)

Bell 430 (JA05TV) Bell412 (JA6767) 

2

Table 4-3 CD Table 4-3 CD Bell 
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412/Bell 430 0.846

CD

2020 CD

CD
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Fig. 4-18  (Test Point 1) 

(   )  

( ESRI    ( (c) Esri Japan) ) 
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(1) (Call)

(2) 2,800 keV (Ccos)

Cnet Ccos CR-index (Icos)

(BGcos)

BG (BGself)

Call BGcos BGself Cnet CD HF

1 m D

4.6. Cs

Cs

DOE MMGC (Man Made Gross Count)
3)

Cs 1,400 keV 2,800 keV (BG-index)

Cs BG-index

1,400 keV 2,800 keV BG-index

ROI (Region of Interest) Fig. 4-25 BG-

index Fig. 4-26 2011 1

BG-index

BG-index Table 4-7
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Cs

1,400 keV 2,800 keV (CBG)

CBG BG-index (IBG) (BGnat)

Cnet (= Call-BGcos-BGself) BGnat Cs (CCs)

CCs HF CD Cs (DCs)

(CF ([µSv/h]/[kBq/m2]); 4.6.2. 

) Cs Rd (kBq/m2) 

CF 2] 
2)] Gy : Sv = 1 : 1.2

Fig. 4-25 Cs
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Fig. 4-26 BG-index

( 1 BG-index

16,000 : Bell 430)

Table 4-7 BG-index

Cs 36),37)

(Conversion Factor: CF ([µGy/h]/[kBq/m2]) ) CF

Cs ( ) 36)

= 1.0 (g/cm2) CF

38), 39) 80 km ( )

Cs

1.0

Fig. 4-27 36),37) CF

CF

(g/cm2) 2) Cs 1 m
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 ([µGy/h]/[kBq/m2]) 134Cs 137Cs 16 

Cs CF

Fig. 4-27 Cs

= 1.0 (g/cm2) 36),37)

 
 

  
Fig. 4-27  

 ( 36), 37) ) 

 

4.7.  
 

2011 8 13 134Cs 137Cs
137Cs 134Cs/137Cs

= 1.0 (g/cm2) CF
134Cs/137Cs 1 m 134Cs

137Cs 134Cs/137Cs 2011 8 50

Ge 2011 8 13 134Cs/137Cs = 

0.917 (B0) 
137Cs 134Cs CCs137 CCs134

ECs137+134 ( ) 134Cs/137Cs B   
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137Cs A    

 

 

 

t:  (2011 8 13 ) Cs137 Cs134:  (0.693/

)  

Cs

 

 Cs

 

 CF Cs  

  

 

4.8.  

 

 (Limit of Detection)     

Cs
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BGself BGcos

21),22),23),24),26),28),30) BGcos 200 s-1 500 s-1

BGself

400 s-1 (NB) NB = BGself + BGcos = 900 

s-1

(NB) ( )

Currie 40) (ND)

NB 900 s-1 ND 142 s-1 RSI CD (13,000 [s-

1]/[µSv/h]) RSI 0.011 µSv/h

(Table 4-8)

Cs

Cs (
) Cs

3

RSI CD (13,000 [s-1]/[µSv/h]) = 1 (g/cm2) 

CF

BGself BGcos BGnat

3,000 s-1 767 s-1

CD (13,000 [s-1]/[µSv/h]) 134Cs 137Cs

15 2020 10 2 0.053 = 1

CF (134Cs: 5.33×10-3 [ Sv/h]/[kBq/m2], 137Cs: 2.08×10-3 [ Sv/h]/[kBq/m2])

Cs CF 2] 
2)] Gy : Sv = 1 : 1.2 Cs

26 kBq/m2 (Table 4-8)



 

54  

Table 4-8 RSI  

System 

Limit of detection 

Dose rate at 1m above 

the ground ( )  

Radioactivity of deposition 

radiocesium (kBq/m2)* 

RSI 0.011 26 

* Total BG count: 3,000 s-1 

Evaluated value at 2, Oct. 2020 

 

4.9.  
 

   

 

CD Table 4-3  

20 %  

 

CD  

 

GPS

30 m GPS

 

 

8  

 

4.10.  
 

 (IAEA) 
41) IDW (Inverse Distance Weighted )

 (Kriging)  (Spline) Natural Neighbor

2011 4 6 29 1

DOE IDW IDW

IDW

  42)  
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s IDW

 ( ) s

IDW

s 2 IDW s

2

2 2.3 s

180 3 RMSE (Root 

Mean Squared Error: ) 0.208 Fig. 4-28

Fig. 4-28 a) b) 

a) 

 

Fig. 4-4 300 m

300 m

 (1 km) 

250 m  

 

a)  2.3  180 b)  2  12 

* 3  

Fig. 4-28 IDW  

( ESRI    ( (c) Esri Japan) ) 
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4.11.  
 

50 m Fig. 4-29

 ( ) 

 (  : (   ) / 

)  ( ) 97 % ( 350 338 ) 

 0.5 2.0

0  ( ) 

0 0

 

NaI(Tl)  (  

TCS-172B) Ge  (Canberra  Falcon 5000) 
137Cs 39) Ge

 ( ) 4.12 (g/cm2) 

Ge Cs Fig. 4-30 Fig. 4-31

 

0.5 2.0 87 % ( 5,005 4,373 ) 137Cs

57 % ( 216 123 ) 

0

0  ( ) 

Ge 137Cs
-0.5  (

0.5 ) 2.0  (

3 ) 10 % 137Cs

 = 1 (g/cm2) 

 

 

 

300 m 30 m
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Fig. 4-29

( : : ) 

Fig. 4-30

( 39) : : )
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Fig. 4-31 Ge

( 39) : : )

4.12. 

2014 22),43)

RSI

Cs

Cs 40K 1,461 keV
134Cs 1,365 keV ( 3.0 %)

NaI Cs
40K Fig. 4-32

36)

Fig. 4-32 2 Gauss
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(keV) a+bE c i, j



 

59  

1 a b ci cj 1,365 

keV 134Cs 1,400 keV 134Cs 1,400 keV

2,800 keV  (Cs1400)  

1 m  (Dnr)   

Cs1400

 

 

 

C1400 1,400 keV 2,800 keV  (s-1) BG1400 Cs1400

RSI 1,400 keV 2,800 keV  

(s- 1) IBG Cs 1,400 keV 2,800 keV

 (BG-index) HF1400 1,400 keV 2,800 keV CD

 ([s-1] ) 

21  (21 ) 

50 m/s 1 km (50 m/s × 21 s  1,000 m) 

HF1400 1,400 keV 2,800 keV

Table 4-9

CD

 (Bell 412 Bell 430) 2012 2020

1 m
Table 4-3

CD Fig. 4-34  

4.3 CD NaI(Tl)

1 m  

Sv NaI(Tl) 1 cm  (

) 1 cm

 ( ) 

 

 ( ) 1 cm  ( ) 
44)

45) 0.5 MeV

 (Gy) : 1 cm  (Sv)  1 : 1.2
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Ge
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Fig. 4-36 Ge
40K (1,461 keV) 214Pb (352 keV) 214Bi (1,765 keV)
208Tl (583 keV) 228Ac (911 keV) Fig. 4-36

 ( )  (Fig. 

4-36 ( ) ) 0.5 2.0 94 % ( 348 328

)  (Fig. 4-36 ( ) ) 0  (
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2 Gauss

Cs  
 

 
Fig. 4-32 134Cs 40K  
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( SD  (1 ) ) 
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Fig. 4-35

( ESRI ( (c) Esri Japan) )

Fig. 4-36 Ge
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