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CUI : Corrosion Under Insulation wrsuesu crevica

Water invades Performance Index
- s Moisture Content
Rank Vol%
A <5 [ INon-Corrosion
B <10 [ ]
c | =15 |@=| T
D =25 [ ]
E >25 Il Corrosion

7 [20 years old])

“~ 1 partial Inspection

~® [40 years old)

Full length Inspection

L

CUI:Corrosion Under Insulation
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N
[ Appurtenant work] s o
Full Length -—>
[Inspection] e o -é:
VT & UT (by Inspecter) =
[Comparison of the total cost] 1T h s
Temporary Stage _Insulation _Inspection * Full Length Temporary stage <
= Large amount of T
appurtenant work cost 1
[ Appurtenant work] Neutron Moisture Meter
Full Length = Partial Compact X-ray System
[Inspection] =1 - | - ol
Screening:Neutron Moisture h 1 \/ II t fﬁ'
Meter(on-Robot) Robot Set | | Desorption Remove Robot
Thickness Measurement
Compact X-ray System(on-Robot)




History of Development
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2006 | 2007 | 2008 | 2009 | 2010| 2011 | 2012 | 2013 | 2014|2015|2016| 2017 | 2018
Low Noise Neutron Moisture Meter
* January 2011 ]

Prototype(Portable)

= (300A %)

Mobile Robot

Commercialization
Portable Model

2010TPMES IR N =
=R o =

TPMawants

1st Model for Neutron 2nd Model for Neutron
Sponsor:METI-Kanto

“’.' ~

Small X-ray

Sponsor:METI-SME

- o
Ak

Type For Robot
Sponsor: JST

HYBRID OPERATION SYSTEM
Neutron Moisture Meter Robot
& X-ray System Robot

f

Robot

I
X-ray(100keV,150keV) CdTe Detector
Sponsor: JST

P
>’

3rd Model for Neu

X-ray(200keV) CdTe Detector
For Robot

tron

‘ Sponsor: NEDO

Hybrid
-Operation

Robot

for X-ray system




Concept of Neutron Moisture Meter -wrsues cremca

Neutron-
Moderater Cover

Neutron Source Thermal Neutron-

Detecter

L1
e
—
A seven
A e
S
~~

- * Multi slit-
Collimator

Insulator

Weather>
Sheathing ,
Sheet Metal

Steel Pipe




~ Main Body
Made by

Hitachi Power Solutions Co.,Ltd.,

Detecter Head |

Portable Low Noise Neutron Moisture Meter
I
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Performance Index

Rank Moistl\llrglgzntent
A <5
B =10
C =15
D =25
E >25

[__INon-Corrosion

[ ]
] Gray
-Zone

]
Bl Corrosion

Result of On-site Inspection
(The length of the pipe: 150m)

Moisture > 5vol%

Moisture < 5vol%

Corrosion

Non-
Corrosion

Non-

Corrosion )
Corrosion

8%

28%

0% | 64%




Neutron Moisture Meter Robot System -wmsusst cremica

Control Device Unit || Wireless LAN Device(5.6GHz)

/1 i

Battery e '“ & —> |%1 (&

~ TV-camera

D)

v, "‘A‘-./«\ _

Neutron Traveling
Moisture Unit
Meter

Laser i o~ ——t - Laser
Sensor - Sensor

Made by Mobile Robot Research Co. LTD



On Site Test Neutron Moisture Meter Robot wmimsusishi cremica

: o
Sensor Rotation
and Passing Piping Support




Robot and Portable measurement quality

B
wostre | [RODOT System
Content

Vol% Robot System Up-side

90
80
70
60
50
10

L)

. I Lifing

Function

30 '
20
" = !

0 500 1000 1500 2000 2500
Moisture—Location-of Measurement———
Content

Vol% Robot System Down-side
100
90
80
70
60
50 ' .
40 ] 3
30 —i—
20 .
10
0 o
o 500 1000 - Down-Side [

Location of Mleasurement

Moisture
Content

M

Vol%

100
90
80
70
60
50
20

2 MITSUBISHI CHEMICAL

Portable System

Portable System Up-side

Cq

®
30 .
20
10 L 4
o8 ) $
0 500 1000 1500 2000 2500
oisture —Locationof Mteasurement————
hntent .
vols  Portable System Down-side
100
a0
80 0
70 | :
60 3 T ®
50 .
[ ]
40 -
30 .
20
10 Y
0 Down-Side
0 500 1000 » ol

Location of Mleasurement



X-ray Robot SyStem AMITSUBISHI CHEMICAL

I
Choice of the technique to measure thickness of piping
: <Choice
Edge Imaging Method The Thickness measurement is important
X-ray Source Detector Thickness [Characteristic]
*| can measure thickness
( — of plumbing
X-ray Image

(An example) *X-ray transmission
u thickness is warm

“Inspection speed is slow

[ Characteristic]

| can’t measure thickness
of plumbing

*X-ray transmission
thickness is thin

Inspection speed is fast




X-ray Robot SyStem AMITSUBISHI CHEMICAL
B

Edge Imaging Method

X-ray Source , 70mm Detector

Thickness

?

X-ray Image
(An example)

Rotation Rotation

Insulation(t=50mm)

[Main Technical Problem]

-The compact X-ray source which can penetrate 70mm(Fe)
High sensitivity, high resolution detector

 Technique to recognize exactly out-side edge and in-side edge
Technique to turn X-ray system exactly



X-ray Robot SyStem AMITSUBISHI CHEMICAL
.

Result of simulation Edge imaging method
(Calculation code EGS-5)

| Out-Side Edge CdTe Detector array

!
1F+10
Levon |\
1.E+07 i _

iX—ray

4. 1 mm(FHEI3mmiEL )

1.E+06

Integration electric charge

1.E+05
6.8mm(F{El0. 3mmELE)

| In-Side Edge

o] 50 100 150 200 250 300 350 400 450

Location of CdTe pixel ( X 100um)

7. 1lmm

1.E+04



X-ray Robot SyStem AMITSUBISHI CHEMICAL

X #8

155 x 160 x 70 mm
Coniferous carbon 150keV 200keV (for Robot)
nano-structure (CCNS) Compact X-ray source Compact X-ray source

Developed by AIST (Advanced Industrial Science and Technology)

CdTe Device High resolution ngh resolutlon
X-ray Detector and High sensitivity
X-ray Detector (for Robot)

Developed by Shizuoka University and ANSeeN
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2006 | 2007 | 2008 | 2009 |2010| 2011 | 2012 | 2013|2014 | 2015|2016 | 2017 | 2018
950keV for Industrial Infrastructures

Accuthera Inc. Tokyo University Hitachi Power Solutions Co.Ltd

Kantou Giken Co.Ltd Mitsubishi Chemical Co.Ltd

Small Accelerator X-ray System X-ray System 2nd-mode

Sponsor: METI—Kanto Sponsor:JTS 2nd-model Upgrad

Public Works Research Ins.
Accuthera Inc.

Tokyo University

National Ins. of Advanced
Industrial Science and Technology

L, |

X-ray System
Sponsor:JTS
| |

Partial-angle
CT
Sponsor: MLIT

Sponsor:JTS Sponsor: METI-SME

Future

3rd-mode
(Commercial)

Sponsor: METI-Kanto

Partial angle CT and Tomosynthesis
Backscattering

Sponsor: CAO—SIP
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. Small high-voltage
N power supply

Electron gun

9.3GHz X-Band
small acceleration tube

| ion: RF focusi
Collimater | —ooeimg fazhion: RF focusing

X-ray monitor
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Electric power i _
source ) < X-band 950keV linac X-ray source

; N candl = (The first model)

(\X’
X-rayHead ‘\

With _"
q:
4

‘

Magnetron

RF source

50mGy/min
@1m
a ——

Electrlc power source

'ﬂ

X-ray Head
50mGy/min@1m

,._‘

Upgraded 950keV linac X-ray source -
(The second model)
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XRD-1622
XRD-0822

N
' |XRD0822A014IND XRD 1622 AO19 IMG

Detector Size 8” X 8” (20cm X 20cm) 16” X 16” (41cm X 41cm)
Energy Range 20keV-15MeV 20keV-15MeV
Scintillator Type Gd,0,S:Tb Gd,0,S:Tb & Cu Filter

DRZ Plus (Mitsubishi Chemical) PI-200 (Mitsubishi Chemical)
Resolution 200um Pixel Size 200um Pixel Size
Phosphor Layer 208um, 100mg/cm? 436pum, 200mg/cm?
Frame Rate 15 fps 1 fps
Electronics 14bit ADC & 2Gain Settings 14bit ADC & 2Gain Settings
Interface Gigabit Ether Net (GigE) Gigabit Ether Net (GigE)
Weight 3.7kg 8.8kg
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OD:1,500mm

p— — Detector
< T=30mm(Fe) B
o ¥
o Detector

T=20mm(Fe)

¥ y Lifting X-ray
8l Head by crane

tray

Gap between tray and support Holes in the tray

Rt B

flat panel detector imaaina plate 10min by imaging plate 30min by imaging plate

20s test time by G0s test time by
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63F 63F

Q00000
- 600mm
F ﬁiﬁ“ﬁ
63F-E 63F-W

A—-HARRELE
ﬁ&ﬁ%ﬂ)&lzlw

000000
220 RC Reber ol
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200mm ;
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Electric
Power

s /f//;?;/// / /%J%’//X//?Z%W/f

X-ray Head & RF source

Temporary Floor

1 Source

Processing
System
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Distillation Tower
0D:1,000mm

Liquid-Flow

L
Detector

GL+40
Tray-Deck

Electric
power
source

GL+20m

Tray-Deck

Tray-Deck

Gas-Flow
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Down St_ream Down Stream

Gas-Flow

iquid Level
<= Tray Deck

Liquid-Flow

<— Liquid evél

<= Tray Deck

950keV 300keV

The X-rays image using 950keV,300keV

Tray-Deck

Tray-Deck

Mid Stream Mid Stream

Liquid Level _g
Tray Deck —>

Liquid

Abnormal-condition

The X-rays image Normal-condition and Abnormal- condition
using 300keV X-ray source

Normal-condition
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-Flow -Flow  -Flow -Dispersed
-Flow

Result of fluid analysis
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