
 

 

 

3  

 

 

 

 

 

 

 

4 3  

  

  

  

  





 

3  (

)  





i

1. ...........................................................................................................................................1

2. ...........................................................................................6

2.1. ............................................................................................. 6

2.2. ............................................................................................................ 8

2.3. RSI ............................................................................................................10

3. ...........................................................................................................12

3.1. ................................................................................................12

3.1.1. .......................................................................................................12

3.1.2 .........................................................................14

3.2. .....................................................................................15

3.3. ......................................................................................................................20

3.4. ....................................................................................................21

3.4.1 ...........................................................21

3.4.2 HF ..........................................................................23

3.4.3 CD ..............................................................23

3.4.4 ........................................................................................24

3.5. ..........................................................................................................................25

3.6. ..............................................................................................................................25

3.7. ..........................................................................................................................25

3.8. .................................................................................27

3.8.1. .......................................................................................................27

3.8.2. ............................................................................................29

3.8.3. GI ..................................................................................................32

3.9. .........................................................................................34

4. ...............................................................................................................36

4.1. ...................................................................................................................36

4.2. ...........................................................................................................40

4.3. ..........................................................................................................................45

4.4. .......................................................................................................53

4.5. .......................................................................................................61

(RI GI) ..........................................................................61

...........................................63

4.6. ....................................................................................................71

5. ..................................................................73



 

ii 

5.1. ….…………………………………………………………………………………………..73 
5.2.  ....................................74 
5.3.  ....................................................................................................79 

6.  ................................................ 80 
6.1.  ..........................................................................80 
6.2.  ...............................................................................................................82 
6.3. Penguin C  ..................................................................................................83 
6.4.  .........................................................................................87 
6.5.  ..........................................................................88 

6.5.1.  ..........................................................88 
6.5.2.  .................................................................................94 
6.5.3. ................................................................................................94 

6.6.  ......................................................................94 
6.6.1.  ..............................................................................................................96 
6.6.2.  ..................................................................................................................97 

6.7.  ................................................. 102 
6.8.  .................................. 104 
6.9.  ................... 110 

6.9.1.  ............................................................................... 110 
6.9.2.  .................................................... 112 
6.9.3.  ................................................. 118 

7.  .................................................................... 120 
…… ............................................................................................................................................... 123 

 ............................................................................................................................................... 124 
 

  



 

iii 

Table list 
 

Table 1-1 OIL ......................................................................................... 4 
Table 3-1  ...................................................15 
Table 3-2  ....................................................................................17 
Table 3-3 RSI CR-index ..........22 
Table 3-4  ............................................................................................28 
Table 3-5  .....................................................................35 
Table 4-1 2021 AF  ........................................................................................38 
Table 4-2 2021 CD  .......................................................................................38 
Table 4-3  .......................................................................................................39 
Table 4-4 RI GI  ........................................................................................62 
Table 5-1  ...........................................74 
Table 5-2 3  (2021 10 28 ) ................75 
Table 6-1  ........................................................................................83 
Table 6-2 Penguin C  ......................................................................................85 
Table 6-3 Penguin C  ..............................................................................86 
Table 6-4 UAV Factory  .......................................................86 
Table 6-5 2021  ..............................................................................................87 
Table 6-6  ...........................................................................................................95 
Table 6-7 UAV IP Data Link  ..................................................................................................... 107 
Table 6-8  ................................................. 108 

 

  



 

iv 

Figure list 
 

Fig. 1-1  ................................ 4 
Fig. 1-2 2015 2020  ......................... 5 
Fig. 2-1 RSI  ....................................................................................................... 7 
Fig. 2-2 RSI  ................................................................................................................... 7 
Fig. 2-3  ..................................................................... 8 
Fig. 2-4  (Bell412 (JA6928)) .......................... 9 
Fig. 2-5 Gain  ..................................................................11 
Fig. 3-1  .........................................................................................................13 
Fig. 3-2  ............................................................................14 
Fig. 3-3  ................................................................14 
Fig. 3-4  ..........................................................................................17 
Fig. 3-5  ( ) ..............................................18 
Fig. 3-6  .......................................................................................18 
Fig. 3-7  ......................................................................................................19 
Fig. 3-8  ..............................................................................................19 
Fig. 3-9  ............................................................................................................................20 
Fig. 3-10  .....................................22 
Fig. 3-11 2,800 keV  ...................................................................22 
Fig. 3-12 IDW  .........................................................................27 
Fig. 3-13  ............................................................................................28 
Fig. 3-14  .................................31 
Fig. 3-15 ................................................31 
Fig. 3-16  ...............................................................................................................33 
Fig. 3-17 ........................................................................................................33 
Fig. 3-18 GI  ....................................................................33 
Fig. 3-19  .................................................................................35 
Fig. 3-20  (EGS5 ) ............35 
Fig. 4-1  ......................................................................................................36 
Fig. 4-2   ..........................................................................37 
Fig. 4-3   .....................................................................................42 
Fig. 4-4  ( 2021) ...............43 
Fig. 4-5  ( 2016) ...............43 
Fig. 4-6  (2016 2020

) ......................................................................................................................................44 
Fig. 4-7  (  2021 ) .................................................................................50 
Fig. 4-8  (  2016 ) .................................................................................51 



 

v 

Fig. 4-9  .........................................................................................................52 
Fig. 4-10 K-40  .....................................................................................................................55 
Fig. 4-11 U  ...................................................................................................................56 
Fig. 4-  .................................................................................................................57 
Fig. 4-13  ( )  ( )  (K-40) ..........................................58 
Fig. 4-14  ( )  ( )  (U ) .......................................59 
Fig. 4-15  ( )  ( )  ) .....................................60 
Fig. 4-16 NaI(Tl) LaBr3  .............62 
Fig. 4-17  ......................................................................66 
Fig. 4-18  ......................................................................67 
Fig. 4-19  ..............................................................68 
Fig. 4-20  ......69 
Fig. 4-21 

 ...............................................................................................................70 
Fig. 4-22  ................................................................................................72 
Fig. 5-1 3  ..................................................76 
Fig. 5-2 3  (UH-1J) .........................77 
Fig. 5-3  ...............................................................................77 
Fig. 5-4 NEAT  ......................................................................................................78 
Fig. 5-5  ....................................................................78 
Fig. 6-1  .....81 
Fig. 6-2  .............................................................81 
Fig. 6-3 Penguin C  ......................................................................................................................85 
Fig. 6-4  .................................................................................................................89 
Fig. 6-5  .............................................................................................................89 
Fig. 6-6 CoPilot  .......................................................................................................................90 
Fig. 6-7  ..................................................................................................90 
Fig. 6-8 CoPilot  ....................................................................................................91 
Fig. 6-9 CoPilot RPM  ..............................................................................................................92 
Fig. 6-10  (  ..............................................................................................93 
Fig. 6-11  ..........................................................................................................................93 
Fig. 6-12  ..........................................................................96 
Fig. 6-13  (2021 6 8  RTF) ............................................................................97 
Fig. 6-14  (2021 6 8  RTF) ................................................................................98 
Fig. 6-15  .................................................................................................................... 104 
Fig. 6-16  .................................................................... 111 
Fig. 6-17  .............................................................................................. 112 
Fig. 6-18  .................................................................... 112 



 

vi 

Fig. 6-19  ( ) ..................................................... 114 
Fig. 6-20  ............................................................................... 115 
Fig. 6-21  (2021 8 24 ) .......................................................... 116 
Fig. 6-22  (2021 8 24 )....................................................... 116 
Fig. 6-23 1 m  ....................... 117 
Fig. 6-24 Penguin C  .............................................................. 119 
Fig. 7-1  ...................................................................... 122 

  



 

- 1 - 

1.  
 

 ( ) 2011 3 11

 ( ) 

11
1)-17)  

18)  

 

2  

1   

4   

2   

13   

(1)  

  

ERC

ERC

 

 

19)

 (Operational Intervention Level: OIL) 

Table 1-1 OIL

 (

) 

 



 

- 2 - 

0.13 20)

 ( ) 
20),21)

22) Fig. 1-1

 ( ) 

Table 1-1

 

 (UAV) 

23)-25)  ( JAXA) 

UAV  

(Unmanned Airplane Radiation Monitoring System : UARMS) 26)-28)

UARMS
26)

UAV

UARMS

Penguin C

 

27  (2015 ) 

3 km 80 km



 

- 3 - 

7)  

28  (2016 )  (

) 3 km 80 km
9)  

29  (2017 )  ( ) 

 ( ) 

3 km 80 km 11)  

30  (2018 )  ( ) 

3 km 80 km
13)  

 (2019 ) 

3 km 80 km

15)  

2  (2020 ) 

3 km 80 km

Penguin C

17)  

Fig. 1-2

Fig. 1-1

 

3  (2021 ) 3 km 80 km

Penguin C

 
 



 

- 4 - 

Table 1-1 OIL 

 

 
Fig. 1-1  

 ( 22) )  

OIL1

OIL4

OIL2

(Bq/kg) (Bq/kg)
300 2,000
200 500
20 100
1 10

OIL6

2



 

 

- 5 - 

 

Fig. 1-2 2015 2020  
  



 

 

- 6 - 

2.  
 

2.1.  
 

 (Aerial Radiation Monitoring System: ARMS) 

NaI(Tl) ( NaI(Tl) ) 

GPS (Global Positioning System, ) 

 

Radiation Solutions Inc. (RSI, Canada)  (

RSI ) RSI Fig. 2-1

Fig. 2-2 2 × 4 × 16 NaI(Tl) 3

2  ( : 12.6 L) NaI(Tl)

LaBr3(Ce)  ( LaBr3 ) 

 (3.8 ) 

 (0 1 GPS

RS-701 NaI(Tl)

2 RS-501 RS-501 PC PC

 (RadAssist) GPS

5  

2  (RSI 1 RSI 2) 

RSI 3  

RSI GPS GPS

GPS  (CORE  QZNAV) RSI

GPS  (

: ) L1-SAIF

RSI GPS

RSI GPS 10)

GPS  

  



- 7 -

Fig. 2-1 RSI

Fig. 2-2 RSI

NaI(Tl)
RSX-3

RS-501

RS-701

LaBr3

RSX-1

GPS



- 8 -

2.2.

RSI

Fig. 2-3 2021

Bell412 (JA6928) Fig. 2-4

Fig. 2-3



- 9 -

Fig. 2-4 (Bell412 (JA6928))



 

 

- 10 - 

2.3. RSI  
 

RSI RSI

1 1  

RSI :  (RS-701 RS-501) 

 

 ( Tl-208 2,614 keV

 (Energy Resolution)  (Amplifier: ) 

 (Gain: ) )  

2,614 keV 6 %

0.8

Fig. 2-5

RSI 3

RSI 3-4 NaI(Tl)

RSI

RSI

  



 

 

- 11 - 

 

Fig. 2-5 Gain  
  

0.8

0.9

1

1.1

1.2

0

1

2

3

4

5

6

7

8

11/6 11/8 11/10 11/12 11/14 11/16 11/18 11/20

Date 2021

RSI 3-1

Energy Resolution (2,614 keV) Gain

0.8

0.9

1

1.1

1.2

0

1

2

3

4

5

6

7

8

11/6 11/8 11/10 11/12 11/14 11/16 11/18 11/20

Date 2021

RSI 3-2

Energy Resolution (2,614 keV) Gain

0.8

0.9

1

1.1

1.2

0

1

2

3

4

5

6

7

8

11/6 11/8 11/10 11/12 11/14 11/16 11/18 11/20

Date 2021

RSI 3-3

Energy Resolution (2,614 keV) Gain

0.8

0.9

1

1.1

1.2

0

1

2

3

4

5

6

7

8

11/6 11/8 11/10 11/12 11/14 11/16 11/18 11/20

Date 2021

RSI 3-4

Energy Resolution (2,614 keV) Gain

0.8

0.9

1

1.1

1.2

0

1

2

3

4

5

6

7

8

11/6 11/8 11/10 11/12 11/14 11/16 11/18 11/20

Date 2021

RSI 3-5

Energy Resolution (2,614 keV) Gain

0.8

0.9

1

1.1

1.2

0

1

2

3

4

5

6

7

8

11/6 11/8 11/10 11/12 11/14 11/16 11/18 11/20

Date 2021

RSI 3-6

Energy Resolution (2,614 keV) Gain



 

- 12 - 

3.  
 

3.1.  
 

 (

) 

 
 

3.1.1.  
 

1 GPS

Fig. 

3-1 2016

Fig. 3-2 Fig. 3-3

Fig. 3-1  ( ) 20

NaI(Tl)  (  TCS-172B) 1 m  

( ) 

 

[ ] 

  
 300 m (=1,000 ft) 

 0 m 500 m (= 1,750 ft) 

 5 km 
[ ] 

 
 

  

  



 

- 13 - 

 
Fig. 3-1  

( ESRI    ( (c) Esri Japan) ) 



- 14 -

Fig. 3-2

Fig. 3-3

3.1.2

2.2 Bell412 (JA6928) 

Table 3-1

GPS

[ ]

2021 11 6 11 20 ( 18 )

2021 11 9 11 13



 

- 15 - 

Table 3-1  

 

 
3.2.  

 

1 m

Table 3-2  

 

 (Attenuation Factor: AF (m-1) ) 

3 km

 (300 m 450 m 600 m 750 m 900 m 1,500 m) 

AF

Fig. 3-4

Fig. 3-5  
 

 ( ) 

1,000 m 300 m 3
500 m 30

NaI(Tl)

 (300 m) 

1 m  (Conversion factor of Dose-rate: CD 

([s-1] ) ) 

Fig. 3-5

500 m Fig. 3-6  

 

300 m 2,400 m

Fig. 3-7

3,228 6,374 134 18



 

- 16 - 

 

 (

) 900 m 3

Fig. 3-8

  



- 17 -

Table 3-2

(300 m

450 m 600 m 750 

m 900 m

1,500 m)

2

300 m

3
2

300 m

2,400 m 2

(

) 900 m 3

Fig. 3-4



- 18 -

Fig. 3-5 ( )
( ESRI, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, 

USGS, AeroGRID, IGN, and the GIS User Community )

Fig. 3-6

( /h) (300m) (s-1)
CD

30 1 m
( /h)

300m
500m



- 19 -

Fig. 3-7

Fig. 3-8

300 m 2,400 m: 15

900 m: 3



- 20 -

3.3.

4

Fig. 3-9

(1 cm )

Fig. 3-9



 

- 21 - 

3.4.  
 

3.4.1  
 

 

 (

 ( ) 900 m

Fig. 3-10

Table 3-3

 ( ) 3.8  
5)-17)

RSI  (30 keV

3,000 keV) Tl-208 2,614 keV

2,614 keV

2,800 keV Fig. 3-11

50 m 2,000 m 2,800 keV

RSI 3,000 keV  

2,800 keV

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

2,800 keV CR-index

CR-index Table 3-3  

3.4.4   



- 22 -

Fig. 3-10

Fig. 3-11 2,800 keV
(a: , b: )

( )

Table 3-3 RSI CR-index

0.01

0.1

1

10

100

0 500 1,000 1,500 2,000 2,500 3,000 3,500

1,000 1,500 2,000 2,0001,000 1,5005000 0 500

-1



 

- 23 - 

3.4.2 HF  
 

AF

 [1] HF  

 
= [  ( )] [1] 

 

 

: (Height correction Factor (m )) 

:  (Attenuation Factor  (m )) 
: (300 m) 

: (GPS DEM ) 
 

GPS 10 m

 (Digital Elevation Model: DEM)29) 29) * 1

Microsoft Excel®

AF Microsoft Excel®

4.1
 

 

3.4.3 CD  

 

1 m

CD ([s-1]

300 m 3

3

500 m

CD 4.1  
  

                                            
 
 

*1 GPS
 ( ) 

 ( ) 
30 m 40 m  



 

- 24 - 

3.4.4  
 

 [2]  [3]  

  

(1)   (Call) 

(2)  2,800 keV  (Ccos) 

  [2] Cnet Ccos CR-index

 (BGcos)  

  (BGair)  

 Call BGcos BGair Cnet CD HF

1 m D  

 

= × [2] 
 

 

: 1 m  (µSv/h) 
(s ) (=  ( =  - )) 

:  (m ) 

:  ([s ]/[µSv/h]) 
 [1]  [2]  [3]  

 

=  [  ( )] [3] 
 

 

: 1 m  ( Sv/h) 
:  (m ) 

:  (300 m) 
:  (m) 
:  (s /[ Sv/h]) 

CR-index AF CD

  



 

- 25 - 

3.5.  
 

 (Limit of Detection)  [3] 
 [3] 

BGair BGcos BGcos 5)-17) 200 s-1 500 s-1

BGair 400 s-1

BGa ir + BGcos = 900 s-1  

 (NB)  ( ) 

 [4] Currie 30)  (ND)  
 

= . + . [4] 
 

NB 900 s-1 ND 142 s-1 RSI

CD (13,000 [s-1] ]) RSI 0.011 

 

 

3.6.  
 

 [1] 
 

  

 CD 20 %

 

 CD

 

 GPS

30 m

 
 

3.7.  
 

 (IAEA) 
31) IDW ( : )

 (Kriging)  (Spline)

2011 4 6 29

1 DOE IDW IDW



 

- 26 - 

IDW  [5] 32)  
 

= ( , )( , ) [5] 
 

( , ) (i = 1, 2, …, s) 

s IDW

 ( ) 

s IDW

s 2 IDW

s

2

2

2.3 s 400 Fig. 3-12

Fig. 3-12 a) b) 

a)  

300 m

300 m

 (1 km) 

250 m  
  



- 27 -

a) = 2.3, s = 180 b) = 2.0, s = 12

* (2011 5 7 ) 

Fig. 3-12 IDW
( ESRI ( (c) Esri Japan) )

3.8.

3.8.1.

Fig. 3-13

Po Pb Bi

300 m

3 33)

34)

1 m
5)-7)

Table 3-4



- 28 -

2015 7) 2016
8)

2016 2020
9),11),13),15),17) 2021

Fig. 3-13

Table 3-4

- -

Nuclide Series Gamma
energy (keV)

Blanching 
ratio (%)

Note

Pb-212 Th 239 43.3
Pb-214 U 352 37.6
Tl-208 Th 583 84.5 Cs-134: 569 keV (15.4 %)

Bi-214 U 609 46.1 Cs-134: 605 keV (97.6 %)

Bi-214 U 768 4.94 Cs-134: 796 keV (85.5 %) 

Bi-214 U 1,120 15.1
Bi-214 U 1,765 15.4
Tl-208 Th 2,615 99.2



 

- 29 - 

3.8.2.  
 

31)

LaBr3

NaI(Tl) LaBr3

 

LaBr3 Fig. 3-14

LaBr3 NaI(Tl)

NaI(Tl) LaBr3

Fig. 3-15

NaI(Tl)

LaBr3

NaI(Tl)

LaBr3

LaBr3 NaI(Tl)

 (NaI(Tl)  3 ) 

NaI(Tl)  3

NaI(Tl) LaBr3

2

 

LaBr3  ( , ) NaI(Tl)  ( , )  

( ,  / , )  ( GI) 

LaBr3

 ( , ) NaI(Tl)  ( , )  ( ,  / , ) 
 ( RI) 2



 

- 30 - 

NaI(Tl)

LaBr3  [6]  [7] 
GI RI  [8]  [9]  [6] [9] ,

 [10]  

 

, = , + , [6] 
 

, = , + , [7] 
 

= ,
, [8] 

 

= ,
, [9] 

 

, = ,  , [10] 
 

 

, : NaI(Tl)  (30 keV 2800 keV) (s ) 

, : NaI(Tl)  

 (s ) 

, : NaI(Tl)  

 (s ) 

, : LaBr  50 keV 700 keV  (s ) 

, : LaBr  

 (s ) 

, : LaBr  

 (s ) 

: LaBr NaI(Tl) 

 

: LaBr NaI(Tl) 

 
 

RI

GI

RI GI

RI GI



- 31 -

4.5.1

Fig. 3-14

Fig. 3-15

- -
3

-



 

- 32 - 

3.8.3. GI  
 

GI 2015

2017

GI 8)

 

EGS535) 

Fig. 3-16

 (Cs-137) 

 (Fig. 3-17)

GI  (300 m 450 m 600 m) 

36)  

 (1 km × 1 km × 1.3 km)  ( 1 m, cm3) 

 

 (U K-40) 

 

 (Cs-134 Cs-137)  (

 = 2)  

K-40 U

Cs-134 2 Cs-137 2  

 ( ) GI Fig. 3-18

GI  

Fig. 3-18  (0.0333) GI

 [11] GI

 
 

= . × ( ) + [11] 
 

 GI   (m)

 (300 m) GI  



- 33 -

Fig. 3-16

Fig. 3-17
( )

Fig. 3-18 GI



 

- 34 - 

3.9.  
 

Fig. 3-19 300 m

K-40 (1,461 keV) U  (Bi-214 : 1,765 keV 2,204 keV)  (Tl-208 : 

2,614 keV) 1,000 keV

1

20

 

 (CC [(s-

1) ) 

Fig. 3-5

5  ( Ge

) 1 m 30 K-40 U
 

300 m
 (s-1) Ge

CC  [1]  (AF) 

EGS5 7)

2,000 m 50 m 100 m 150 m 200 m 300 m 400 

m 500 m 50 

m 1 Fig. 3-20

AF CC AF Table 3-5  
  



- 35 -

Fig. 3-19

Fig. 3-20
(EGS5 )

Table 3-5

K-40

-1 0.018 0.165 0.061

-1 * -0.0054 -0.0070 -0.0063

*



- 36  -

4.

4.1.

3.4.2 HF Fig. 4-1

HF AF

(Table 4-1) 3.4.3

CD (Table 4-2) CD

Fig. 4-2 NaI(Tl)

AF CD

1

Table 4-3 AF

11 8 CD

11 8

AF CD

Fig. 4-1
(Bell412 JA6928 2016 2 2 Test line)



- 37 -



- 38 -



- 39 -



 
 

- 40  - 

4.2.  
 

Fig. 3-1

20 Fig. 4-3  

Fig. 4-4

 (

 – ) 

2 65 % (

20 13 ) 0  (

) 

-0.302 -0.392

30 % 40 %

 

(Root Mean Suqared Error : RMSE)  [12]  
 

= , , [12] 
 

 

:  ( Sv/h)  
:   

, :  ( Sv/h) 

, :  ( Sv/h) 
 

RMSE 0

2021 RMSE

 

2016

Fig. 4-5 2

90 % ( 49 44 ) 0

RMSE

2021

2016

2016 2020 Fig. 



 
 

- 41  - 

4-6 93 % ( 429 399 ) 2

0 0

RMSE

0

RMSE

 

2021

20

 

 

300 m

 ( 300 m) 

1 m 30 m

 

 



- 42 - 



- 43 -

Fig. 4-4 ( 2021)
( : : )

Fig. 4-5 ( 2016)
( : : )



- 44 -

Fig. 4-6
(2016 2020 )

( : : )



 
 

- 45 - 

4.3.  
 

1 m

Fig. 4-7 3 km

14)

0.16 2016

Fig. 4-8 2021

2016 30 %

Bell412

2021

2021 11

 ( ) 2016 7 8  ( ) 

 38),39) 2021

 

Fig. 1-1
22)

 (Fig. 4-9) 

7  

U K 37)

 

1 Gy = 1 Sv 22)

 

3.3

 (1 cm ) 

1 1

10 km × 10 

km 1 0.5 2.0



 
 

- 46 - 

10 km

 

 (Fig. 4-9) 

 ( ) 

 (Fig. 4-9 ( ) ) 

40)

 

 

  

 

  

 ( 794 m) 

 

  

 ( ) 41)

3
41),42)

 
  



 
 

- 47 - 

  

 ( 786.6 m) 

 ( ) 

6 km 10 km 
43)

 

 ( ) 

42)

42)

 

 

  

44)

1,000 m

44)

 

  

 ( 1,147 m)  ( 1,149 m) 

45)

45)

 



 
 

- 48 - 

  

 (

) 45)

45)

45)

 

  

 ( ) 
46)

 

 

  

 ( ) 

4  ( ) 
47)

47)

 

  

 ( ) 48)

 

  

 ( 433 m)  ( 384 m)  ( 600 m)  (

491 m) -

- -  (

)  (K2O) U
49),50)



 
 

- 49 - 

 

 

  

 ( 848 m) 

51)

 ( ) 52)

52)

 

  

-

 ( ) 
53)

 

  
 ( 603 m)  ( 464 m) 

54)

 

  

- 55)

-
56)

 

 

 ( ) 

  



 
 

- 50 - 

 
Fig. 4-7  (  2021 ) 

( ESRI    ( (c) Esri Japan) ) 



 
 

- 51 - 

 
Fig. 4-8  (  2016 ) 

( ESRI    ( (c) Esri Japan) ) 



- 52 -



 
 

- 53 - 

4.4.  
 

Table 3-5

K-40 U Fig. 4-10 Fig. 4-12 K-40 U

2,600 140 180 

K-40 U

800 30 50 K-40 U

100 10 

7 57)

 

36)

K-

40 U Fig. 4-13 Fig. 4-15

Beck et 

al.37) K-40 U

4.3

 (% ppm) 

 kg)  (
) 

Fig. 4-7

 

K-40  (Fig. 4-13 ( ) ) 

 (Fig. 4-13 ( ) ) 

Fig. 4-13 ( ) K2O

4
37)

K2O 2.0 % 4

K2O 0.9 % 1.5 % Fig. 4-13 ( ) 

K-40  ( 4

U

 (Fig. 4-14 ( ) Fig. 4-15 ( ) ) 

4



 
 

- 54 - 

 (Fig. 4-14 ( ) Fig. 4-15 ( ) ) U

U

Fig. 4-14 ( ) 1.0 ppm

Fig. 4-14 ( ) 

Fig. 4-15 ( ) 5.0 ppm

Fig. 4-15 ( ) 

U

U

 ( ) 

10 km

2
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Fig. 4-10 K-40  

( ESRI    ( (c) Esri Japan) )
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Fig. 4-11 U  

( ESRI    ( (c) Esri Japan) )
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Fig. 4-12 Th  

( ESRI    ( (c) Esri Japan) ) 
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4.5.

(RI GI)

[10] GI RI

GPS ( ) 40

GI 300 m (

290 m 320 m ) NaI(Tl)

LaBr3 Fig. 4-16 (a) 

GI

GI

RI

GI 40

300 m ± 150 m ( 150 m 450 m) 

NaI(Tl) LaBr3

± 2
16)

RI

RI

NaI(Tl) LaBr3

Fig. 4-16 (b) RI

RI

GI RI ( ) Table 

4-4 2021 80 km

( 12 ) GI RI

12 RI

80 km

( 16 ) GI

30 RI RI
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NaI(Tl)(s ¹)

NaI(Tl)(s ¹)
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GI

GI 1 2

31.8 GI 30.8 29.8

3

Table 3-2

( ) 

Fig. 4-7

20

Fig. 4-17

GI
[10] GI 1 2 CNaI,g

(Fig. 4-18)

NaI(Tl)

NaI(Tl)
[10] CNaI,g [6]

CNaI,a

GI = 31.8

100 s-1 100 s-1

60)
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 (

)  

GI

Fig. 4-19

Fig. 4-20

2

65 % ( 20 13 ) GI = 

31.8 GI = 30.8 70 % ( 20 14 ) GI = 29.8 75 % ( 20 14 ) 

GI

 

GI

 (Fig. 4-21)

12

1.2

12
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 ( ) 
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Fig. 4-17  

( ESRI    ( (c) Esri Japan) ) 

GI = 31.8

GI = 29.8GI = 30.8
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Fig. 4-18  

( ESRI    ( (c) Esri Japan) ) 

GI = 31.8

GI = 29.8GI = 30.8



 

- 68 - 

 
Fig. 4-19  

( ESRI    ( (c) Esri Japan) ) 
  

(GI = 31.8)
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Fig. 4-20
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Fig. 4-21
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4.6.  
 

Fig. 4-22

16)  
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Fig. 4-22   

( ESRI    ( (c) Esri Japan) )
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5.  
 

5.1.  
 

1

 ( )  ( ) 

 (Table 5-1) 28  (2016 ) 

29

30

2

 ( ) 

 

3

 ( ) 2

 ( ) 

 

( ) 
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Table 5-1  
 

( ) 

 

( ) 

 

( ) 

 

 

 

(2016 11 7 ) 

 

 

CH-47 

( ) 

 

 

29  

 

(2017 9 4 ) 

 

( ) 

UH-60 

( ) 

 

 

30  

 

(2018 8 26 ) 

 

( ) 

UH-60 

( ) 

 

 

30  

 

(2018 10 22 ) 

 

(

) 

UH-1J 

( ) 

 

 

 

 

(2019 11 8 10 ) 

 

(

) 

UH-60 

( ) 

 

 

2  

 

(2021 2 7 ) 

 

(

) 
 

3  

 

(2021 10 27 28 ) 

 

(

) 

 

UH-1J 

( ) 

 

 

3  

 

(2021 2 11 12 ) 

 

(

) 
 

 

5.2.  
 

3 61)  

3

 

 ( ERC)  

( NEAT) 
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5

15 km 1 4

 (Fig. 

5-1) 300 m ( 1,000 ft) 530 m ( 1,750 ft)

0 m 11)

10 25 NEAT 10 27

UH-1J (Fig. 

5-2) Fig. 5-3  

 ( ) 

10 28

Table 5-2

NEAT

 (Fig. 5-4)

NEAT

Fig. 5-5

 

 

Table 5-2 3  (2021 10 28 ) 

  

10:30  

11:00 5 1 4  

12:04  

13:16  

13:40  
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Fig. 5-2 3 (UH-1J)

Fig. 5-3
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Fig. 5-4 NEAT

Fig. 5-5
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5.3.  
 

3

 

  

 

 UH-1J  

30

2
13)

 

 2

NEAT

NEAT  

 UH-60

UH-1J

UH-1J  
  

NEAT

NEAT

 

  

UH-1J

UH-1J
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6.  
 

6.1.  
 

18)

OIL

23),24)

61)

 

UPZ (Urgent Protective 

action planning Zone, 5 km 30 km ) OIL1

OIL1

UPZ  (Fig. 6-1)

Fig. 6-2

UAV-
Factory ( ) Penguin C

2 Penguin C

3

Penguin C

 



- 81 -

Fig. 6-1

Fig. 6-2
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6.2.  
 

 

  (20 )  

 5 kg  

  

  

 100  

(MTBF)   

 10 m  

  

Table 6-1

 ( )  ( ) 

 

 

( )  

( )  ( )  

 

( )  

( )  

JAXA UARMS

6 20 km

Fazer R G2

1 30

1,000

10

100

 

UAV Factory Penguin C

Penguin C 20
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2021 3  

Penguin C

 

 

Table 6-1  
 

 
 

6.3. Penguin C  
 

Penguin C Fig. 6-3 Table 

6-2 3.3 m 2.3 m

20

5 kg

Table 6-3

 
  

Penguin C UARMS Fazer R G2

( )
UAV Factory Ltd. 

( )
JAEA-JAXA

( ) ( )

3.3 m ( ) 4 m ( ) 4 m ( )

(kg) 22.5 50 81

(min) 1,320 360 100

22 25 20 ( )

+

(km) ( )
5 km

( 20 km) (

( : kg) 5 10 35
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(1)  (20 )  

Penguin C 20

UAV Factory

21

 

(2) 5 kg  

Penguin C 5 kg

 ( ) 

5 kg  

(3)  

Penguin C

 

(4)  

Piccolo Command Center (PCC) 

 

(5) 100  

(MTBF)  

Penguin C 1,000

UAV Factory MTBF

Table 6-4

 

(6) 10 m  

20 s

10 s 8 s

 

(7)  
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Fig. 6-3 Penguin C

Table 6-2 Penguin C

3.3 m

(MTOW)
23 kg

5 kg
20

100 km ( )
19 s
4,500 m (15,000 ft) ( )

3,000 m (10,000 ft) ( )

(1 5 mm )

28 cc

98
UAV Factory 2
5.0 kg
100 W

2.4 GHz 5.7 GHz
12 Mbps
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Table 6-3 Penguin C  
  

 
  

Piccolo 
Command Center UAV Factory

CoPilot  

 ( GCS)   
GCS 2

 

  
 

 
  

 6,000 J 
 

Table 6-4 UAV Factory  
 ( ) 

MTBF

 

 ( ) 

MTBF  

  

  

  

  

  

 GPS  

  

  

  

  

  

  (

) 

  

  

-  

-  
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6.4.  
 

Penguin C  (6.5 ) 

Table 6-5 UAV Factory

JDRONE 8 23

 

 

Table 6-5 2021  
   No. 

6 7  ( ) 

 

 

( ) 

RTF 

  

6 8  ( )  1  2021-1 

6 9  ( )  1  2021-2 

6 10  ( )  2  
2021-3 

2021-4 

6 11  ( )  - 

8 23  ( ) 

 

 

( ) 

RTF 

 
 

8 24  ( )  1  2021-5 

8 25  ( )  2  
2021-6 

2021-7 

8 26  ( )  - 

8 27  ( )  - 

10 11  ( )  

(  

) 

OYF 

 - 

10 12  ( )  1  2021-8 

10 13  ( )   

10 14  ( )  - 

11 29  ( ) 
 

 

( ) 

RTF 

 2  
2021-9 

2021-10 

11 30  ( )  1  2021-11 

12 1  ( )   

12 2  ( )  - 

12 3  ( )  - 

 
  



 

- 88 - 

6.5.  
 

6.5.1.  
 

Penguin C 

1) 6) 6  
 

1) GCS  

GCS GCS

GCS

Copilot

 

10 Hz

2 kbps  
 

2) 200 m GCS  

GCS GCS 210 m

 (Fig. 6-4) GCS

GCS

 

200 m GCS

2021 6

 ( RTF) RTF

GCS 450 m

 (Fig. 6-5) RTF

450 m

 

 RTF GCS 450 m
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Fig. 6-4

Fig. 6-5

GCS

208 m

450 m

GCS
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3) GCS  

2 GCS

GCS  (Fig. 6-6)

 

(Fig. 6-7) GCS

 

GCS

GCS  
 

 

 

Fig. 6-6 CoPilot  
 

Fig. 6-7  

 

 
 

4) GCS  
Penguin C V

 ( ) 

 

CoPilot 3) 
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GCS

CoPilot  (Fig. 6-8)

 

GCS

GCS  
 

 
Fig. 6-8 CoPilot   
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5) GCS
GCS CoPilot

GCS

(2,900 rpm 3,100 rpm) (5,900 rpm 6,800 rpm) 3

(Fig. 6-9)

GCS

Fig. 6-9 CoPilot RPM

6)
CoPilot

(Fig. 6-10 Fig. 6-11)

( ) 

GCS
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 (

) 

 

 
 

 

Fig. 6-10  (  Fig. 6-11  
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6.5.2.  
 

Penguin C

(Appendix 4-1)

GCS

Appendix 4-2  
 

6.5.3.  

Penguin C UAV factory

(Appendix 4-3)

GCS Penguin C

5 1

 
 

6.6.  

Penguin C 

 

1)  

1 10  

6 1    

11  

2)  

Table 6-6  
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6.6.1.  
 

UAV

 

 (Kestrel , ) 

 ( )  ( )  ( )  ( ) 15 1

Fig. 6-12 2021 6 7  

 

 
Fig. 6-12  
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6.6.2.  
 

 ( )

Fig. 6-13 Fig. 6-14 6 8

 
 

 
Fig. 6-13  (2021 6 8  RTF) 
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Fig. 6-14  (2021 6 8  RTF) 
(1/4)  
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Fig. 6-14  (2021 6 8  RTF) 

(2/4)  
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Fig. 6-14  (2021 6 8  RTF) 
(3/4)  
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Fig. 6-14  (2021 6 8  RTF) 
(4/4)  
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6.7.   
 

 

 

 

  

 

( ) 

 

 

( ) 

  

( ) 

2 

 

( ) 

 

 

( ) 

 

2  ( ) 

DIPS
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 ( 150 m DID 30 m

)  

3 10 1  

3-7  

 

 

 

 

 

 

LED

300 m
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6.8.  
 

Penguin C

13

 

 

1)  (20 )  

Penguin C EFI (Electronic Fuel Injection : 

) 20

 

 

2) 5 kg  

Table 6-2 Penguin C 23 kg

( ) 17.25 kg  (Fig. 6-15) 1 kg 5 

kg 2 kg

 

 

Fig. 6-15  
 

3)  

Penguin C
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4)  

PCC  

 

5) 100

(MTBF)  

Penguin C 9,000

MTBF

Table 6-4  

 

6) 10  

Penguin C

 

 20  

 10  

 8  
 

7)  

5 

 
 

8) 1  

Penguin C GCS

1  

 

9)  

GCS GCS PCC

CoPilot

GCS  
 

10) OIL UPZ

 

Penguin C  (
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)  ( ) 

km

100 km

UPZ

1 W 5 W

GCS

 

 

11)  ( )  

LED  (

) UAV LED

300 m

LED

 

UAV  (Octopus ISR Systems  Epsilon) 

 

12)  

Penguin C

GCS

 

 

  

 

Penguin C GCS UAV IP Data link

pMDDL2450

 ( R210-130451) Appendix 4-4

 (Table 6-7) GCS

 (Appendix 4-5)  
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Table 6-7 UAV IP Data Link  

   

2.405 GHz 2.470 GHz 
20 dB 30 dB  

(100mW – 1.0W) 
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Table 6-8  

 
 

 
 

 
 

   

 
 

73 MHz    
 

 
920 MHz  20 mW  

920 MHz

 

2.4 GHz  
10 mW 

 

 
 

 

2.4 GHz

 

  1.2 GHz  1 W  
 

  
 

 

169 MHz  10 mW 
 

 
 

 
 
 

2.4 GHz  1 W 
 

 
 

5.7 GHz  1 W 
 

 
 

 m 200  
PenguinC  

  

 

   

1.15 MPa

 
 

 

 

  

 

 (

)  
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3

( ) 

( ) 

1.15 MPa

( )

20200715 1

2 ( ) 

(2) 3 1 (

) (

) 

( ) ( ) ( ) 

( ) 

( )

( )
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( ) 

 

 

 

 ( ) 

 
 

13)  (2 3 )  

Penguin C  ( GCS ) 

2

2

 
 

6.9.  
 

2
17)

Penguin C

 

 

6.9.1.  
 

Penguin C

Fig. 6-16

 (

)  (BUFFALO  BSW20KM03HSV 2.0MEGA PIXEL) GNSS  (u-blox

 SAM-M8Q) PC (DFRobot  

SD GCS

GNSS  (

) 1

 ( BGO) 

 (
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) 

 

Fig. 6-17

 BGO (25 mm 

BGO

Fig. 6-18 Cs-137

 (10 MBq)  
 

 

Fig. 6-16  
 

GNSS

GCS
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Fig. 6-17

Fig. 6-18

(Cs-137 (10 MBq) )

6.9.2.

Penguin C

Penguin C (Fig. 

6-19) Fig. 6-19 (a) 5,000 rpm

0.001

0.01

0.1

1

10

100

0 200 400 600 800 1,000
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 (EMP) 

 (Fig. 6-19 (b) ) Fig. 6-19 (a) 

5,000 rpm

3,000 rpm  

Fig. 6-20

Fig. 6-20 (a) 

3,000 rpm  

( 3,000rpm ?) 

 ( ) 

 

Penguin C

Fig. 6-21 Fig. 6-22 Fig. 

6-21

Fig. 6-23 Fig. 6-21

 (  ) 

1 m Fig. 6-23

Fig. 6-21

Fig. 6-23

Fig. 6-22
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Fig. 6-19  ( ) 

(a) (b)  
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Fig. 6-20  

(a) (b)  
( ) 
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Fig. 6-21  (2021 8 24 ) 

( 150 m 1.33 s-1 10.3 s-1 ) 
 

 
Fig. 6-22  (2021 8 24 ) 
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Fig. 6-23 1 m  

( 2021 8 24 25 2021 8 27 ) 
( CsI(Tl)  (38 mm L × 38 mm W × 25 mm H) 

 )  

N150 m
(2021 8 24 ,25

N

-1

1 m
(2021 8 27 )



 
 

- 118 - 

6.9.3.  
 

Penguin C

Fig. 6-24

 
 

2 kg 220 mm × 200 mm × 100 mm

 

-10 50  

12 V × 2 24 V × 1

 

 

 

 

GCS

 

GNSS Penguin C GNSS

GNSS  

PC

 

 

1  

EMP  (

)  

 (
)  
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1 m

 

 

 

Fig. 6-24 Penguin C  
1 Penguin C 2 GCS  

  

× ×1

SSD

1

2

GNSS

RS232C

GNSS

…


