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@) Great East Japan Earthquake

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

Boundary of seismic %
Intensity of 5,

f Human damage as of September 22
> Deaths . 15,805
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~—zw . Estimated radioactive releases into the atmosphere
@ from the Fukushima accident (Bq) 4
Nuclide Half life Reactor 1 Reactor 2 Reactor 3 Total
Xe-133 b.2 d 3.4x10" 3.5x10" 4.4x10% 1.1x10"
Cs-134 2.1y 1.1x10™ 1.6x10" 8.2x10" 1.8x10"
Cs-137 30y 5.9x10M 1.4x10" 7.1x10" 1.5x10"
Sr-389 50.5 d 8.2x10" 6.8x10" 1.2x10" 2.0x10"
Sr-90 29.1y 6.1x10" 4.8x10" 8.5x10" 1.4x10"
Te-129m 33.6 d 1.2x10™ 2.4x10" 2.1x10M 3.3x10"
Pu-238 8.1y 5.8x10% 1.8x10" 2.5x10% 1.9x10%
Pu-239 24065 'y 8.6 x 10" 3. 1x10% 4.0x10% 3.2x10%
Pu-240 6937 'y 8.8 x10Y 3.0x10% 4.0x10% 3.2x10%
Pu-241 14.4 y 3.5x10" 1.2x10" 1.6x10% 1.2x10"
[-131 8 d 1.2x10" 1.4x10" 7.0x 10" 1.6x10"

Nuclear Industry Safety Agency (June 6, 2011)




@) Remote Monitoring Systems of JAEA

Range Large Area Semi Large Mid Area Small Area

9 100 kn > 10km > 1km >  —100m

Aircraft Helicopter UAV w/ FW AUH microUAV
Alt. ~ 300m ~ 150m ~ 50m < 10m

Aerial Monitoring  Nuclear Emergency / Monitoring above Forests  Residential area /
Forest Fire and Rice Fields/Along Inside Forests

| Rivers




(@) _ Aerial Radiation Monitoring

Count rates are obtained by
Nal(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.

FLE
Cs-134 RU C5-137 @

SRR Ba/m?
1201 25FE/13 | SRR ]




Aerial Radiation Monitoring 7

Radiation monitoring system
with manned helicopter

Ay R

(a) Manned helicopter (b) Radiation monitoring system

Nal scintillator (2” x 4” x 16")

GPS Monitor
T for pilot
1
[ | Rstor |- :
z ' Computer
— ®2) ==
E RS501 +RadAssist
RSX-3 (D '
1 PDU
| :
RS701 |- :
Battery ®3)

RSX-3: Detector unit

RS701, RS501: Data processing unit

PDU (Power Distribution Unit): Input 28VDC, 115VDC
RadAssist: Dedicated software

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

Radiation monitoring system
with unmanned helicopter
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(d) Unmanned helicopter (e) Radiation monitoring system

Power supply

| PmT || Preamp H- Data hehcopte:
| processing F-------
PMT Preamp {4 unit
Ix f o)
PMT Presmp Wireless LAN
Detector unit (2.4 GH.Z !
___________ ;_.___._.___Hse_"_cgp_te_r.
V Ground station
- Computer

PMT: Photomultiplier tube
Pre AMP: Preamplifier

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




@) Overview of Airborne Radiation Monitoring

Data acquisition

— Detector: Nal (12L)
- GPS
— List mode

Flight speed
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Calibration parameter
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— Distribution of a dose
rate is constant

— Flat ground altitude
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5 November, 2011 ' ~ 16 November, 2012
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@) Remote Monitoring Systems of JAEA

Range Large Area Semi Large Mid Area Small Area

9 100 kn > 10km > 1km >  —100m

Aircraft Helicopter UAV w/ FW AUH microUAV
Alt. ~ 300m ~ 150m ~ 50m < 10m

Aerial Monitoring  Nuclear Emergency / Monitoring above Forests  Residential area /
Forest Fire and Rice Fields/Along Inside Forests

Rivers




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

+ Data of radiation dose
* GPS and ITV data

AN R
Gamma-Rays

Ground station
Above forest and cultivated land and antennas

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.
11




@) AUH Monitoring System

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 e et /e =
. . camera
- Data transfer in real time -

- Flight duration : 1.5 hour (in a filled-up fuels)

LaBr3:Ce detector 105402 \
- Scintillator size : 1.5"®x1.5"%x3 set Los01 |
- Spectrum per second '

- Superior energy resolution
(FWHM 1.8keV-2.0keV@662keV)

Cs—134,137
\l:i; .’.

1.0E+00 1'
Self contami

HEE \\,\)& —nation of LaBr,
1.0E-02
1.0E-03 WM

1.0E-04 - &?..w o,

Measurement conditions
- Flight speed is 8m/sec (= under 30km/h)
- Line spacing is 80m e
- Flight altitude is at 80m as the standard o w0 om0 am s0 0 30
(for safety and data reliability)

Count rate(cps)

Gamma energy (keV)
12




Radiation monitoring system
with manned helicopter

Ay R

(a) Manned helicopter (b) Radiation monitoring system

Nal scintillator (2” x 4” x 16")

GPS Monitor
T for pilot
1
[ | Rstor |- :
z ' Computer
— ®2) ==
E RS501 +RadAssist
RSX-3 (D '
1 PDU
| :
RS701 |- :
Battery ®3)

RSX-3: Detector unit

RS701, RS501: Data processing unit

PDU (Power Distribution Unit): Input 28VDC, 115VDC
RadAssist: Dedicated software

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

Aerial Radiation Monitoring
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Radiation monitoring system
with unmanned helicopter
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(d) Unmanned helicopter (e) Radiation monitoring system

Power supply

| PmT || Preamp H- Data hehcopte:
| processing F-------
PMT Preamp {4 unit
Ix f o)
PMT Presmp Wireless LAN
Detector unit (2.4 GH.Z !
___________ ;_.___._.___Hse_"_cgp_te_r.
V Ground station
- Computer

PMT: Photomultiplier tube
Pre AMP: Preamplifier

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




@ Comparison the AUH with Manned Helicopter System

>

Dose rate
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(@) Radiation Measurement for the
Decommissioning of the FDNPS
~ Main Purpose ~

« 3D Mapping of Contamination inside the
buildings

16






L <*3 (1) Overview of Fuel Removal from the Spent Fuel Pools
m After the completion of removal at Unit 4 in December 2014, preparation

at Units 1 through 3 is underway
Units 1 & 2 Unit3 _, Unit4

W
Removal of rubble & -
T — Storage & Transportation
-Storing fuel in common pools
Large cranes and Removing & transporting, - If necessary, fuel to be transported to dry
heavy machinery used fuel to common pool cask temporarily storing facilities in order

r,,.E__ . to secure the capacity of pools

Installation of Euel I
fuel removal facility uel remova

Fuel removal cover
I!lnrr container) and

uel Handling Machine
etc. installed

* Removing large pieces of rubble

* Windbreak fence was installed * The front chamber was mstalled
(Dec. 2017) (Feb. 2017) was completed (2015)
» Removal of rubble started. - The opening was formed in the west. + The installation of fuel removal
(Jun. 2018) cover was completed (Feb. 2018)
16
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(@Y Our Mission - Radiation Imaging (|apS

Collabotative Laboriories o Advanced Decommissioning Sclnce.

* less than 1 kg“light”

Small Compton camera - sensor size: 5 cmx5 cmx5 cm“small”
= > mSv/h“radiation hardness”
greaseens Previous camera - : Compton Camera

- Large size (20x20x40 cm3)

- Heavy (10~20 kg)

: + Operation limit (~100 usv/h)
Large size...

Heavy...
No operation..

B2 ARIOURILK




Collainatative Laboisicres foc Advanced Decommissioning Scence:

@) One of Our Goal @

[ Remote radiation monitoring by using a drone ]

— ——— - less than 1 kg“light”
= sensor size: 5 cmx5 cmx5 cm“small”

3D model created by a
2 = >mSv/h“radiation hardness”

laser scanner

Compton Camera

SPENT
FUEL
POOL

=

Reconstruction image of radiation

b
%

R I REACTOR BUILDING

S

Image credit: Createc, UK | . ﬂ

SECONDARY
...... CONCRETE
N\ CONTAINMENT

TEEL PRIMARY

CONTAINMENT [ [;



@) Compact Compton Camera

Gamma-ray sensor ~—— Compact Compton camera —
Absorber (by JAEA)
Ce-doped GAGG scintillator 15 %15 pixels
MPPC

1.6 mmXT1.5mm
10mm/pixel
=

—

Gamma-rays

T~

WW 6°EZ e

catterer
15 %15 pixels

1A MMXT.5mMm
A 5 mm/pixel

- Compton cone - Power consumption<5W
2 2

MeC™  MeC = Operated by USB bus power
E, E,+E, ]
Compact size !!

Radiation source

cosfd =1 —




@ Imaging demonstration inside the FDNPS

Experimental condition

- Sy

Measurement time:10 s

— : = ; 3 v 0.5
Pb plate installed on the top and bottom, ' L 0.4 =

3.5 mSv/h
=¢ Around region: 0.4~0.5 mSv/h

left and right, and back of the gamma
ray sensor (1 cm-thickness)

i

Gamma-ray sensor

Hotspots are clearly visualized inside the FDNPS




@) Imaging demonstration inside the FDNPS

Counts

urement time : 161 s Measurement tlme . 10 S

Meas

13’Cs 662 keV photo-
peak

Image

reconstruction

400 800 1200 1600 2000 P
I' “
4

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

Hotspots are clearly visualized inside the FDNPS




3D imaging of radioactive
substances Wl

B . |stallation locations
\. of Compton camera

N (Arrow direction =

‘ \ Measurement
direction)

~2'm

Compton camera

Compton cone

surface

« Unit of length: m
H npton cones are drawn on

e floor and wall s%faces.




@X@» 3D Radiation distribution map

Intensity

® [t is possible to observe the
contamination distribution from
an arbitrary viewpoint.

® [t can be visually understood the

position of the radioactive
~contaminatinne eacqilv

(w) A

X (m)

—

Radiation image
_|_
3D-model data

— — — |\J l.|
o
1

S oo 8 [)*] N » co i
L P T R TR B b
. 3.5 mSv/h (Maximum)
29 e e p—— v il
A et
T T Y 0.68 mSv/h
L "
T T Passage inlet
6 -
- Top view
5 il §

N

10 m

Y

25



@) Measurement at the R/B #1 of FDNPS

Digital Camera
Compton Camera

N
LED Light

TEPCO's Packbot



@) LIDAR and Digital Camera

- *7(‘ GoPro

rvd = iy j‘:" Je‘
SAE 1“' . 3 3
Eag ‘;“v
| g 2 bl L’\ ?\‘.
7 ;!l%‘ >

3D-LiDAR




@ Radiation Image inside the R/B of Unit 1

A=V THE

0.6 @
roy

F0.5 &

0.4

- 0.3

0.2
0.1

0.0
HIERE - 26 #2
BE/ AR DZRMREE : 4~5 mSv/h




@) Radiation Image and 3-D Model

3D modeling inside the building using photogrammetry
technology, and projection of radiation images of hot spot.
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@ Radiation image display on a FDNPS building model

Radiation image display

Intensity
] e i

TS

i L e

Hotspot image display on a FDNPS building
model.
(Easy to visually recognize )




@ 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-***)

9

Cardboard goggle
IPhone 6s

® 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.




@ A scene of drone measurement

Measurement of radiation distribution
using a drone

Take-off during flight measurement




@ Radiation Images by the Compton Camera

Point 2 Point 4 Point 5
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3D terrain model




@ Superimposition with 3D geometry @gNol

3D geometry

Compton image



@ Radiation distribution and 3-D terrain model @0l
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Superimposition of radiation and terrain model 7&gNOL
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JAEA

The world's major nuclear accident
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Radiation Map (Dose map)
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ALL JAPAN - announcement for workers

@?}$ Radiation Map (Dose map)
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OHigh dose rate ~1000 Sv/h
OHigh temperature ~100°C
OHigh humidity (in water)

What we need?

OPB/y and Neutron dose — Identification of nuclides
ODose mapping (3D)

Utilization of passive dosimeter



OCombination of CR-39 with luminescence detector
-CR-39 --- Neutron dose
-luminescence detector --- [(/y dose
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CR-39xHigh dose rate
-No response on 3 and vy
-uSv — mSv (optical microscopy)
-Sv (Atomic force microscopy)

Dose (Sv)
2 4 6
% 12 B
10 |- -
§ 8f -
L=
. e 3
(1) 30min (2) 45min (3) 60min ; 6L ® |
‘B
c -
L ®
g 4r 1
S T .
i}
2 ° -
10.0 20, [ 0.0 .0 0.0 10 D , 1 1 L 1 '
(4) Tomin (3) 120min (6) 180min 0.0 0.5 1.0 1.5
T wm | MNeutron fluence (101chmz)

Figure 1. AFM image of the CR-39 surface afler the etching in SN NaOH at 70°C from 30 to 180 min. Exposed neutron
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and dose.

Radiation Protection Dosimetry (2006), Vol 120, No. 1-4, pp. 470-474
doi:10.109¥rpdincib 72 Advance Access published on April 5, 2006

EXTREMELY HIGH DOSE NEUTRON DOSIMETRY USING CR-39
AND ATOMIC FORCE MICROSCOPY
N. Yasuda'”, Y. Koguchi“, M. Tsubomatsu?, T. Takagi:‘, L Kobayashil, T. Tsuruta® and H. Morishima?




-Sensitivity analysis
x.etchpit size ~ sensitivity
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CR-39xhigh temperature

-Information gathering in progress
.



-Readout by laser (B-y dose)
~ 100 Sv or more ; now on testing

luminescence detectorxhigh temperature

In our recent study [9,14] it was shown that radiation
induced fluorescence is thermally stable up to 600 “C. Eras-
ing of fluorescent tracks from the iradiated detector can be
achieved by thermal annealing of the detector material at
approximately 680 °C for 10-15 min. Al,O;:C Mg crystals
store information in deep traps having a delocalization
temperature between 600 and 700 °C. This delocalization
temperature was found from the optical absorption and
fluorescence measurements following the step-annealing
of the detector photo-ionized with pulsed 430 nm laser
light. A sequential two-photon absorption of pulsed laser

A novel AlLO5 fluorescent nuclear track detector for heavy
charged particles and neutrons

G.M. Akselrod *, M.S. Akselrod **, E.R. Benton °, N. Yasuda ©
T



xXhigh humidity (in water)
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Combined use with cell culture is now on testing



BM: Digole Magnaet
QF: Focusing Quadrapole Magnet
QD Defocusing Quadrupole Magnec Q
= SXPr5XDr: Sextupole Magnet for Separalrix Production

SXH: Sentupole Magnes for Chromaticity Correction

BMPL: Bump Magne: for Injestion

a's) BMP: Bump Magnet for Extraciion

5M; Sepum Magner
ESI: Elecirosiaic Inflecior

. y ESD: Elecirostatic Deflecior

17 g RF: RF Cavity
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Autofocus unit:
optical pick-up system
with a diode laser

molorized
objective lens revolver

Fig. 1. Difference of imaging method psing line sensor (left) and Magazine station

traditional i . iohi). Linear motorized stage: .
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0.1pm in resolution and Controller
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ELSEVIER Radiation Measurements 40 (2005) 311-315

www.elsevier.com/locate/radmeas
Development of a high speed imaging microscope and new
software for nuclear track detector analysis

N.Yasuda®*, K. Namiki®, Y. Honma®, Y. Umeshima®, Y. Marumo®,
H. Ishii¢, E.R. Benton®

Nuclear [nstruments and Methods in Physics Research A 593 (2008) 475-480

C lists available at ScienceDirect 3 o

Nuclear Instruments and Methods in i,
B Physics Research A T
EILSEVIER journal homepage: www.elsevier.com/locate/nima |
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Development of an automated multisample scanning system for nuclear Fig 1. (a) Structure of the automated multisample scanning system for nuclear
p P & sy track etched detectors. The left-hand part is the modified HSP-1000 system and

track etched detectors the right-hand part is the robotic sample loader. [ b) Picture of the upper part of the

H. Tawara®*, K. Eda?, K. Takahashi?, T. Doke ®, N. Hasebe®, S. Kodaira®, S. Ota®, M. Kurano %, N. Yasuda*® automated multisample scanning system.




Thank you for your attention.
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Future From Fukushima.
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