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1A - =xx 3.72 <5
2A - =x 18.59 (61
3A - =x 23 .47 g
2A - =x 28_.35% (93) - Operating Leve) ¢
7 > ) Ve K73
> B £ R e #E % Rem/hr
- T p | 1ilad
Reactor Coolant Pump Bow) Contact !2-30(" &
RCS Piping, cold teg TORCSCT Lramn- o v e . S
Steam Generators General Area 0.05-0.
Emergency Personne] Lock Insfide lLock Area 0. 00 -0D. 012
Floor Drains Contact . 1-0.6
Pressurizer Area General Area =0.2
rative Meat Exch‘.rr (=x) Contact I-15
Between Steamn Generator (SG6) General Area <=0.02S
Enclosure and Contaimment
vessel (CVW) wall ﬁ
Between RCS Pumps and S&'s General Area O.37-0. T
Between Upper Intermals Storage General Area o.02-0.1 VAN
and CV¥Y s=al 3
Near CV wall General Aresa 0.005-0.02
Reactor Cavity, Inside Edge General Aresa 0.31-13
Steosam Gemgrators General Aresa =0.2 Si.
- %
Compoment Cooling Water Pumps General Area =0.1S
Haste Tank Room General Area 0.2-0.5%
Treated Waste Montitor Tanks Caoantact 0.07-0.3
’tmg General Arsa C.05-D.15
Resin Storage Tamk General Arece >0.4
Volume Comtrol Tank General Area -3
Radwas te Evaporator Room General Area 0.25-0.5
Waste Evaporator Pame) General Area 0.007-0.00
Demineral {zers General Area o.0%" -0.2
HEPA Exhawust Filters Contact =>0.005
- _fusl] Seilging
dMaste Hol Tank Rooms General Area -5
3 S ..:.t Feea G‘n.ﬂ: Area >3'3;§°’“
s T Pumps 2>0.
Dr—‘l.o’m General Aresa 0.2-1.5
Drussssing Roowm Entramce Genera)l Area o.2
CVCS monitor Tanks Comtact =0.3
Soric Actd Ev tor Rooss Gemeral Area 0.3-0.5
Spent Fuel Pool Pumsp Seneral Area =20_05
Spent Fuel Pool Skfmmer F1lters Gemeral Area = I 17
Control led Access Machine Shop Semeral Area 0.02-0.7
Spent Fuel Pit Semeral Arga 20.02s




7 (BWR) 5

ﬁ i”]”*‘] ‘E 1] B & ...p

2 EFE 1%3?»51

ot | e RineL 4 H % 1 .gﬂ]:-;é % LIS TR gLE % 7% £ (Bq/100 cr’)

(B i B ) (mSv/h) (mSv/ h) (mSv/h) u B
I | ALOL00 |—3tAkiustics 1725 0.00009 ~  0.018 0.0022 0.00009 <MDA(0.292) <MDA(0.311)~ 7.6
2| ALO200 |-k MEE 39.83 0.0001 0.0055 | 0.00077 0.00007 MDA(0.292) | <MDA(0.311)~2.18
30| ALO300 |—SEmA MBS 7383 000012 ~  0.013 0.0012 0.00012 MDA(0.292) <MDA(0.311) ~ 0.5
4 | Al0400 (’;f;*im"w‘ TORUSO85 1 0 oo1g -~ 0165 0.17 0.00009 MDA(0.292) <MDA(0.311) ~ 619
5| AL0S00 |- R JE % EUE 39.83 0.0006 0.1 0.013 0.004 MDA(0.292) MDA(0311) ~91.8
6 | AL0G00 |—3MA JE % B A\ 67.33 | 0.0016 22 0.066 0.004 MDA(0.292) MDA(0.311) ~ 76.2
7| ALOT00 |- AR EE R \95.00' 0.00 117 0.045 0.12 MDA(0.292) MDA(0.311) ~ 42.6
8 | AL0S00 |-k % k] 1000 0.0004 1.2 w.m 0.004 MDA(0.292) MDA(0.311)~22.2
9 | Al0900 |~gma g EE| & f%é“é’& % 0.06 0] 1 fg 4 ﬁ fT¥5H] <MDA(0.311) ~ 109
10 | AL1000 |—##kA B -0.83 0.0002 0.56 | AZHEX 3”:’]%-2?‘ 703 | <MDA(0.311)~915
11 | ALLIO0 |-k 1733 0.00057 ~ 30 0 0Fd % (mSv ) <MDA(0.311) ~ 63.9
12 | ALL200 |—3Mmiiis 39.83 000046 ~ 04 0.075 0.006 <MDA(0.292) | <MDA(0311)~927
13 | ALI300 |—8mmsES 5683 0.0004 14 0.34 0.006 <MDA(0.219) | <MDA(0.320)~427
14 | ALI400 |—3esAEHtEE 78.83 0.0003 12 0.20 0.006 <MDA(0.292) | <MDA(03113~57.1
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Rttt FRERZZAEL 2URFE  (whole body)

BERZ 2 HE LR (whole body) Country
20 mSv in one single year Germany, Italy, the Netherlands,
Pakistan, Romania, Slovenia, United Kingdom
20 mSv/year per 12 rolling months Belgium, France
100 mSv/b years and
50 mSv per any single year Armenia, Brazil, Bulgaria, China,
Czech Republic, Finland, Hungary,
Japan, Korea, Lithuania, Russian
Federation, Slovak Republic, South
Africa, Spain, Sweden, Switzerland

50 mSv/year Mexico, United States

A HREHPET 2ERE F T E
e 154 ﬁ%‘**fﬁ»?&’ ALUR BT IR
- N EFRFT ERP2 G R E 7 FAELINNES A (wSv )

LARC AT I :&p\i" SR E 2 FAREHIEFT 2 (mSv ) -
- SRR "7}1%1%* EpFEFREFEI0E T 2
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S PBEBEADI R KMEER

: : Mitsubishi H Industri
MHI-MEISTeR ~ Mobile Manipulator ~  “peco e com

Camera - P 2 —rnnnene—— . Wireless

Moving on
irregular ground

L/

Double 7-axis Radiation

resistance
il

manipulators

—  Stability

—

N



http://www.mhi-global.com/
http://www.mhi-global.com/
http://www.mhi-global.com/

Kenji Hara,Experience in
Decommissioning of
Nuclear power Plants in
Germany.Walischmiller

BEAPE M

Bridge Carriage telescope Engineering GMBH,2016)

Floor Standing type

Vehicle type
24




Bridge, Carriage, Telescope

Floor Standing Type

Vehicle Type

Controller

= - -

G
Operating System Manipulator
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Brokk remote controlled _
(plant for demolition) LMF general purpose vehicle Dual Arm Robot

(http:/lwww.cybernetix.fr/leng/nuclear (Robotics Research at
/nuclear/14.html ) Lancaster University )

Gamma Camera Robot G5 TR RS RATRIL Rescue Robots Freibur%6



http://www.cybernetix.fr/eng/nuclear

Long Handled Tool

typically

\ / 8 meters

.- - 3
,&\ . \ i
'
; Tore Jet Lance

Tore Jet Lance
Grabber / Clamper
Sheer

Rotary Disk Cutter
5-Function Manipulator

OF 6, 031 I =

From www.hydro-lek.com website
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TELBOT Moduls

Kiyoshi OIKAWA
International Research Institute for
Nuclear Decommissioning (IRID)

Bt 1k =

[ 1=

— |

Master Slave Control

&

Speed Control on
C.Co-ordinate Control

[[ Goto ]

Quick Teach & human
Interactive play-back Control
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ﬁ%ﬁ%*l S e § 5

% it ﬁrj‘ﬁ ﬁk]‘l"* 1 (Radioactive resistant performance)

% Fig "z e 32

H5 B E A chpulf i

Field robot “Quince”

Sensors for
measurement

CPU module, Battery, Motor driver

Camera

Laser Range Finder

et i &R £ (2R3
(Cobalt 60)

Component parts Dose tolerance

Management guideline
« Unmanned heavy machine 20 Sv total dose
 Portable field robot 30 Sv total dose

Laser range finder 124 Gy(Sv)
CCD camera 169 Gy(Sv)

CPU module, Battery, Motor driver,
Radio Tx/Rx, LAN HUB, etc...
> 200 Gy(Sv)
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P RS PR AR R R BA z&ﬁ‘%aﬁﬁiﬁﬁ
53 ﬁﬁiﬁlf‘%f%ﬁ‘#ﬁﬁﬁ'f# Bk A 2 P E R
2 /%Ig— fk%ou i’t 'ﬁAﬁﬁ

® # %4 (Inspection) &R 2 E R FTEMNERB AU EZ TR
« fl* AL, 2 BE & (UD), iFin(Eddy Current), & 4F # Pl
(NDE)E 2 ;%\ 2 X F X 2P 2 FELEHE ek adifid
*BEERBHEFEERAIEESR
T ERABETRERETAN
® frs (Decontamlnate)/ 12 (Cleanup)
° AR E P
® *’i"‘f'fii’f" et 4 it
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2.ATTERT F#0| | B HIMNEFR(Fat FERRN SR )

® FHHEMRE ALY Z rRHAEFF
2 mrem/ | BRI FRF B E
500 mrem/-| FFiF®
® 1 XA{ERFPR, athpT Y EFEIA
B HEBDEBRE XL
4,900 mrem/-| F¥ o
@ ALFR, E¥ZHMEFNRIAAAL
ShpsHELERL o
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Bt ek R B ERRN PR A

§B High activity debris (~¥35 Ci of Co-60) in the Boiler 6 Cold Leg
Drain Line of Unit 4.

e 500 rem/h working distance
¢ 3.5 rem/h at 10’

e 500 mrem/h at 20’
§B Drain line located in very congested area

How will we make sure the robots work?
What are we going to do with it when it is Captured?

(Josip Zic ,Section Manager, RP Programs & Field Support , Health Physics Department,
Radiation Safety Division, Use of Robotics and Remote Monitoring Equipment for Reducing Bose
and Risk Associated with Radiological Work at Ontario Power Generation,2016 )
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Gamma Camera Robot

34




St HERE R B ERAN AR E(H)

(ysd) arel asoQ

PR ~__
S~

9000 ¢ =
2000 b ™~
7000 j \\

= 6000 / A

€ aunf /. \

; 4000 ¢ \

3 2000 £ \

E N
2000 £ \-\
1000 —~——
‘ 0 50 100 150 200 250 300 350
65 mm -
Distance from the || g
elbow ]
sk /
- /
]

35



| Freeze-Cut Robot

BE ok g A R .
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Results
e 1 it % T I&R|E F:5mrem /h
* Highest Peak Dose Rate to a
Worker: 200 mrem /h
e Total Dose for Source
Retrieval: 151 mrem
e Dose for Source Containment
and shipping: 12 mrem

F RN LE R R 3
& B 1 R

§1 Ended up having to do it
again in 2014
on Unit 4 Boiler 8
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2. W B EERT 0l 2—iF A E TRBRI E A

WEAL B
equipped with a camera to facilitate
its dynamic and self-driven movement

— (a).Robot as a whole
(b).Control unit

’ (c).Radiation sensor
(d).Geiger counter
(e).LCD screen
(f).Wireless
(9).GSM & GPS Controllers

(Mohammad I. Alfraheed, etc., A Robot for Real
Time Detection of Nuclear Radiation Levels
Jordan Journal of Electrical Engineering,

Vol. 1,No. 2,2015)
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454 R 159 0 o S B
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@) (®)

(a) Connecting diagram of the DC-motor and the motor board
(b) Connections between the DC-motor, CU, and the motor board

This design serves and eases the control of the movement during
rotation
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tank walls for cracking

‘2. &4 TXR* 5] 3-——-Ultrasonically inspect SRS reactor

21 2 2 44 2
= ‘=!J- ,J‘\ ,3?&&&7 #é’:

BRREABEAR = B2 EPET
REEF, UE i F BRREE D
%IJ\:l ox‘.;‘é‘f??‘ g.l. o

ol RERSIE - Eouhde ¥
B i

* 4 inch diameter access hole, 16 ft long

reach

* Scanning performed under water
e Calibrate transducer in tank before

and after each scan

* Certifiable UT scan results
e Scan mapping accuracy in sub

millimeter range

* Completed scans of 3 SRS reactors
e Multi-million dollar program with full-

scale reactor tank mockup for testing

(G Shanmuga Sundarl*, R Sivaramakrishnanl and S Venugopal2,
DESIGN AND DEVELOPMENTS OF INSPECTION ROBOTS IN NUCLEAR ENVIRONMENT:

A REVIEW, Int. J. Mech. Eng. & Rob. Res. 2012)
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2.1 4 1

TERT o] 4— 2N 2

L

1. Remotely Operated Underwater Vehicle for PWR Vessel Inspection

' ROV for Vessel Inspectlon

- 4 DOF movements in underwater
é - 100 krad color CCD camera

© Multi-purpose ROV

- Stereo Camera and omni-directional camera
- Manipulator for retrieving foreign object

Vessel Int

{ O
RSSOy 2 R - -
“ Instrumentation Nozzle * CRDM Nozzle Remote Operation Unit
Inspection Robot Inspection Robot - Multi-monitor
- 3 DOFs Color camera - 2 DOFs Color camera - Recording/Replay
- Overcomes uneven - Magnet wheels for Video Image
Insulation Climbing

(Seungho Kim, Int. Expert’s Workshop on the Decommissioning of TEPCO”s Fukushima NPPs Unit 1-4
Mar. 12 ~ 14, 2012.)



2.1 & 7€ ¥ & * # 5| D—inspection robot for nuclear station
steam generator secondary side with self-localization

Proximal Control Box Cable Delivery Equipment

Remote Console Robot Vehicle

(P ERERRY et SO ZERT)



Back Camera Left Wheel Left Camera
Cable Interface
PT/Arm
Inter face
Practicality picture Right Wheel Right Camera

PT i

Camera

PT/Arm Interface

Telescopic Arm Robot Vehicle Telescopic Arm

tJinke Li and Xinyu Wu contributed equally to this work
Guangdong Provincial Key Laboratory of Robotics and Intelligent System, Shenzhen Institutes ofis
Advanced Technology, Chinese Academy of Sciences, 1068 Xueyuan Avenue, Shenzhen 518055, China
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§B Real-Time Routine Surveys
e Gamma, tritium, beta airborne, alpha airborne, radioiodine
8B Use of robotics to perform surveys, visual / thermal inspections

Use of Robotics and Remote Monitoring

Equipment for Reducing Dose and Risk

Associated with Radiological Work at
Ontario Power Generation

Josip Zic

Section Manager, RP Programs & Field

Support

Health Physics Department

Radiation Safety Division

(WY AT EHFTPE)
(International Workshop on the Use of Robotic
Technologies at Nuclear Facilities 3-Feb-2016)




% 3 ] T—— | Used for: inspections, surveys, and
2. *ﬁ & #)% %’ | 7 manipulate items up to 60 pounds — operated

via radio interface (2.4 or 4.9 Ghz)

" | iRobot’s
510 PackBot®

The operator accurately manipulates objects as small as a watch battery with
the user-friendly, 3-D active modeling on the controller
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(Daren Cato, Duke Energy Joan Knight, Exelon Generation ,2016) 47




IRobot’s 710 Warrior®
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p 5
. High pressure

L7 water injection

Ground floor of Reactor Building

For High Places

Suc
Dry

ilgen{alast High pressure

% water injectio

n

For Upper F|00|"S Compressor Unit
100m 40m | B

@ |
f@iﬁm Z'\

Decontamination Unit

20m

/I/I/I///I///I/I /I/I/

Each unit is lifted up to the upper floor with the Lifter in contmmty

] Work Unit

( Kiyoshi OIKAWA, R&D on Robots for the Decommissioning of Fukushima Daiichi NPS,IRID, 201%3
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Rear

Evaluation Item

Front

Side (right-hand)

High pressure water
injectlon head

Camera
Line Iasexaé '

Relief mechanism

High pressure water
injection head

g;/ Camera

Range
ﬁnd%r

Water

of crawler and "'“*' injection
outrigger = nozzle il
Outrigger Flipper | Water
suction port

Crawler

S

Target

3E M A
| ';f K] ']‘i’.nb

Work area 3mSv/h, Travel pass 5mSv/h
*to remove 80% contaminated material
*to collect injected water on the floor

< 1mm water level @ flat floor
< 10mm water level @ hollow place

max 6105 mm

6.2 Eaa )

Decontamination work
*to access to 8m high place and operate the decontamination work
Travelling
*to move the machine dragging a long harness behind through
the narrow passage in the mock up facilities

i JE L =R

*to avoid falling down during the decontamination work @ 8m high place

*to make emergency stop on abnormal condition
*to draw the machine back using traction tool on emergency stop state
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WallWalker®

2-D Torch Cutting WallWalker®

mekA“?ﬁ%$ﬁ$ﬁ%ﬁﬁ
feR @3 3 ons (R ARf3-

WallWalker ® ¥ ripedf & fa1 ivHC

o EFEBREHE > FEE R

R ﬁ‘f %ﬁzﬁ'uﬁﬁﬁ HHA LXK
*ff'f—

( Pentek, Inc.)
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Andrew Szilagyi
Director, Office of D&D and Facility Engineering
US Dept of Energy, International Workshop on the Use

Of Robotic Technologies at Nuclear Facilities
February 2nd — 4th 2016

PEFRFLFRE
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Measurement of waste package - nuclide specific mez

Drum measuring Czech Republic

One HPGe detector — scanning system
Measuring before sending to disposal site at NPP Dukovan

53



5. F A BRA? 01

i & miir-t)%%’a.%: Wi, 6 F BERS PSR EFHZ B LT

g‘ﬂ E R o»%%#?&*mﬁfﬁf*&ﬁ*r M E R, PFSEL F G
mﬁﬂﬁk R &R AT

TR Z65CeR R o HITE 100

g% (Sv) efiig st o HigF chfpieR g
RIE IV US| E10000 & 2

(Sv) g 8¢

r,\.*K%,,. mJu* B s P - 2
%F”P’fﬁﬁ%%%?f'ﬁﬁﬁ‘ £
B Ff o

PRIBT e e R
né * @R chal g 1 R Mk

VI E T AENMNF B
pxgus » A~ AP FFRE R o

FeraFE Ak T A N W ER
FE R 2014 4288 < T A5
THBMEFE "PRETRED
EA” 520158 K- B RS
BIESESE AR BEW
AT RN R4 o

HEFPrE- PRI
B B A o

—




NMRNIERNRSMAEEWINSEA BRI BREERNEA

WHIRS AT PRGBS RS RUBABRERENRE , TEFRES

BEGRFEBAEORERREET

20175102 185 20p » 3 ¥ EPA B A HL] £ 400 BS P 4 %5 L2
AAth—— PP RELE AIAC S BPERAZNEAL S SEF o




¢
L

BB APRRG R AT AR PO

LF A R IERE™ Y
2. A AN AT RITTERT P
SRUSERLE Y Ll 1
4475 HTEE R 01

D. BB ERITTERT #5

56



L. BEFL G RERTRT Y

D.ESHEHFAAEERITR
BT i P TREET RS RS AMeE~E 0 £ A58
AE AR A oS R A B R
FRt S RUREHERNETS - FURALALEL
PRAR SR TEESZALALT
)fﬁﬁ#

AR -t mlf}g B e § pa‘ﬁ-ﬁ?’? eEAATIT S F i i,%—;ﬂ > 14
b A0 (R 5T AR RE - RE s g i

-F‘ ‘fﬁwf; = /%‘J?ﬁ‘ﬁ: °
3). 455 Bl 1€ ¥

TR b YR B i RS L 0 e HB R 2
a%ﬁ%ﬁ’@%@ﬂﬁﬁ%ﬁa#ﬁ%ﬂ*’*iiQ%#
ﬁ#&%%ﬁﬁf&’%{ﬂéﬂ$¢ﬁ%ﬁ%%3—&%%
T EEREE A A LS :}frrﬁ; 3 IR o
4)ﬁ$ﬂ%£%#
PORFLA B3 38 g R B RIEE i




[ & RG REF A

—®

PREARF BEY BN ERRE 0 ROy KR 245

WA 2 R RN RET AR AL 2 ER TEE T
@ ® 0) \

|
|

=
—J
e

il

=
T
|
|
B

[

por gy A% EHERR AL (D) T (2)
e ol k ERAE | PIVKA s S
: oy 27 ik 3T HEFEIORL >

‘ifig:'§}1‘<

]
= il
HHEHET

B A
a
¥ Tl

e

S S|

Xl
~>

g
e
—

-
>m

A

R T e

1

75 v

TR
Py ) -

T
= T oo
P L - TR T

SRTES WIS - 9

i~
|- TP R H e s
SRS
B A S
o T 52 ok TS Y [
I

i}
(&

Y
= TR
ikt WHE W g

(75 4 H QTEZR = = « ¥ BNS b

2 5| M ITE A s B
b 1T = 7l &
12 08| Fte a5 |
)i+ > g

L .
gL 4r
i P~

e F
% TR

~\
L&
\ ’EF:'

58



SR - Rg R

P R ® T HRII0TE]I2Y 6P 1 ERESRBRLEEERL T RBEARE
98 » LRPPHBLIFITREFIFLER » F o W2ALTE LG RAFER
FRY ARG IEFF20E 2+ o - RUF RFERS I

TN | sErAB_RRERIAE

RAAEE A a(7F) AT IR AR TAE (3 25%)
o | (A08~115%) () (128~1302F) ([ )
Bcht B £ B ;i B
1 # % SR | &b
: ;4 T | 48 3&‘ R
wxax B| 8 W8 5 BRIN G
R & & 18 B’
i 8 125 2
B T AR 8 | é P.ﬂi 3 B L3
|
| RN & () ' -
(101~1074) (116~127%)

= (131~132%)
7

4R &8 5101.03.094% — B 4% 3 101 FE TR RAE




¥ — )&'ﬁz R EPPECD BB{TITEGT 206.9.20)

LB I RITR
oz X iziitH
o R RIFHA L

o M EPT REH R HETRS

® TR T fl'l.i&fi#‘r‘;

O FBEZAPMERIZIEE e PSP
iT¥ oF%;‘g}?ZP,&‘%ﬁg;ﬁ-% f :-3-—3 )3 mm% |
o BT Bk o T FHT YR 4704 «—— RERREHRF
o2 in 1 fed o i [Flretgdrr4 1A A b3
@ 'k L ¥TE FIER W © F BT R LA KA L Léf_é_ﬁ;ﬁs_"_ {
2 s ® it F.‘f"'ff‘i'
f o) (2
.3/‘? /‘ B
BE Y pRAREE i
2018. 12 (8%) (12%) 2038. 12 2041. 12 2043. 12
2026. 12
® Runk TR B 15 54 id B o HiRmiTH
o I ZXAR(FTR) TP IE
o B & B % 354 o diLRZ
o TR ZITE y 9 =i

60



BB AR R L8 R L deie IR R
ERIAETH ¢ £1ENG 2 ) AEfY - BE IR R9E
P ARFR L RHES  RES PR ARG R P
T 3 B ARFEME CHPRAS SR p1 YR

F2EM S A2 FRPEE PRH

iﬁalﬁéiﬁ%ﬂﬂ’gdﬁﬁﬁa%~§&a&i
23D BRI/ - WG EEDEFHRAT 0 &
TR W HL F R - BWFA PR EL 2y 0 5
n#¢w1*%$*aﬁ%%ﬁﬁ(zﬁ%#ﬁﬁm“ﬂ&)
ERFRAEE  RTEIDEFRPEHN A 32
iimﬁﬁ

61



Modeling subsystem

Multiple point clouds One point cloud of

Point clouds whole environment

_ Vg Combine
Camera images —— = point clouds

Build

Scan enwronment with a laser
polygon models

range scanner and a camera

» Data flow

Process flow

generation
and mapping :
Polygon model Polygon model Polygon model

with texture of dismantling target of environment

Polygon model of Polygon model

Verification subsystem dismantling target with texture of environment

Camera
image

Camera

(J}J
= Mark "
‘7 Pl ﬁk% opaerraet:)r s

: ﬁ[:/‘%\ Q Tablet
B0 B, ™
| marker

Superimposed
polygon model
of dismantling
target

AR GHFL BRERAITREFAEL L 3D BHA TR

(MASANORI IZUMI4 ,DEVELOPMENT AND EVALUATION OF ATEMPORARY PLACEMENT AND
"CONVEYANCE OPERATION SIMULATION SYSTEM USING AUGMENTED REALITY)
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/ Modeling Subsystem
3

D shape
measuring
using laser

\ Ty Work enviro@
Point cloud data

Verification subsystem

3D model of

dism?ntling target T+

Object
(Dice marker)

am - Tablet PC

Systemm operator

Camera

" Tripod

0
ofm gl ||/
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The main radiological survey phases

Planned measurements

Historical site assessment

Not planned

Scoping surveys

Dose rate,
Surface beta contamination

Characterization surveys

Dose rate,
Gamma activity of key radionuclides “Co and "’Cs
(gamma spectrometry),

Surface scanning fo define the arcas of elevated activify

Remedial action/decontamination support surveys

Dose rate,
Laboratory measurements of samples,
Surface scanning

Final status surveys

Dose rate,

Surface scanning,

Gamma activity of key radionuclides “’Co and "'Cs
(gamma spectrometry),

Surface beta contamination,

Laboratory measurements of samples

A list of measurement methods used at various radiological survey phases may be updated depending on some

circumstances arising when performing surveys.

(Principles on Radiological characterization of the Unit 1 at Ignalina NPP for

64
Decommissioning Purposes 2008)
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= - R

Total alpha, beta and gamma activity (Ci)

== i &k &
X Gamma Spectrometry
X Determination of hard-to-detect

radionuclides (alpha and beta spectrometry)
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LB 123 D-H10 Dose The LB 134 Universal LB 126 portable

Rate Monitor Monitor Il Dose- and
Dose rate Monitor
Fujgt T AREFRE | 7 RPEF G - BEL Detector
#o #5310 nSv/h || & afrB-7 585 % | | Measuring Range
b2 50 nSv/h to 50 mSv/h
Ermergy Range

30 keV - 1.3 MeV
Angle dependence
t 45°
(BERTHOLD TECHNOLOGIES GmbH & Co.) Operation point
1750 V
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2% FAAAERIITER? #0)

TR B
. PoB, A, BRI, aziF Ak
= Non-Radiological Monitoring
* |CAM filter head changes, HEPA vacuum on/off, temperature,
humidity

REPYRARZETAR > P ARIHRP |

!

Zic_Use-of-Robotics-and-Remote-Monitoring-Equipment-for-Reducing-
Dose-and-Risk-at-Ontario-Power-Generation



2. RN EERCERT B0 2
—— Radiation Field Mapping System

e P
REFSORRIRESAE S G foar, 1 fld 2
wHPES R
Function & Specifications

- Identifying location and intensity of radiation sources

- Measuring and tracking radiation distribution

- Mapping real image and radiation data for V|sual_|2|n?_
o _ _ radiation field

-Radiation sensing sensor : Csl(Tl) scintollator and

photodiode
1 Shield : Pb

1 Weight : About 50 K8 including pan/tilt mechanism
1 Measuring range : 60 degrees in horizontal direction
o _ 40 degrees in vertical direction
- Vision sensing : Horlzontal-movmgi]ams stereo camera
- Sensor mobility : Remote control through stereo monitor
- Data display : VGA monitor

g

Applications]

- Measurement of radioacive contamination
- Radiation level monitoring in radioactive waste facility
. Effective radiation protection and shielding
- Remote monitor and surveilance in high radiation environment

Seungho Kim : Director of Department of Nuclear Technology Convergence ,Leader of Nuclear Robotics Laboratoer%,
Korea Atomic Enerev Research Institute. Int. Expert’s Workshoon on the Decommissioning of TEPCO”s Fukushima.2012
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Positio Sen5|t|ve Radiation Monitor

SCM/SIMSE_5 % 3 = icih it & p & 1L cnE P2
FRA T Ao
position-sensitive gas-proportional counter
(PSPC) - T3 FpveFRIE£4000 2
{f#ﬁ/'fﬂ}va‘%ﬁt%d’*ﬁ A e IR R AL ?V%‘i" ?‘ﬁ‘ﬂ
R - X Kb FHEFD

C A position-sensitive detection system that precisely registers
locations of radioactivity

C Ability to accurately correlate contamination levels to specific

locations
C Ability to collect and store continuous radiological datain a
database format

C Ability to monitor for both beta/gamma and alpha contamination

C Provision of real-time imagery of the contamination as the

C

C

C

C

surface is being surveyed
Provision of clear, concise, easily understood graphics of survey
data
Flexible design that can accommodate a variety of detectors (e.g.,
sodium iodide for cesium-137 gamma
Compatible with existing software to facilitate automatic mapping
Efficient, automatic production of reports using standard word
processing software coupled with twodimensional color imagery
of the area surveyed

69
(developed by Shonka Research Associates, Inc. (SRA), Marietta, Georgia
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... Lreriormance Lomparison Between ine En-vac R0

otic Wall Scabbler and the Baseline

Technology.
Baseline Technolo . .
Y be;},l,é Performance Factor pentek Hand-held Scabbler W En.vac Robofic Wall Scabbler
) U2 Personnel/equipment/ | Personnel: Personnel:
Eﬁ/f‘ﬂ—'. time required to obtain |« Two Laborers »  Two En-vac Operators
data or paint chips
Equipment; Equipment:
¢ One Pentek Vac Pac Model 12A | » 1 En-vac robot
+ Rotopeen scabbling head ¢ Recycling unit
+ Needle Gun scabbling head. o Filter and Vacuum unit
Time: Time:
o 3 hours and 15 minutes to scabble | e 36 minutes to scabble 60 ft* of
45 " of painted concrete painted concrete
Preparation time ¢ 2 hours to transport equipment to | o 24 hours to transport
TAN from another facility equipment to the INEEL
¢ 2 hours to setup equipment ¢ 3hours to setup equipment
Total time per technology | e 3hoyrs and 15 minutes to scabble | ¢ 36 minutes to scabble 60
45 ft
Il B : PPE requirements Both technologies required the same level of PPE. The number of workers
sy gy scape oy ey required to wear PPE is the same for both technologies.
Superior capability ¢ The Pentek system can scabble | ¢ The En-vac System scabbles
closer around obstruction than the | faster than the Pentek.
En-vac o The Envac system can
+ The Pentek system weighs less. scabble deeper on concrete
+ The Pentek system is more mobile |  surfaces than the Pentek.
than tha Fn-var




O

1apie 1.

perational Parameters and Conditions of the En-vac Robotic Wall Scabbler Demonstration.

Working Conditions
Work area locations

- TANMN-607 Facility

Work area access

Access is controlled by locked door.

Work area description

- Work area inside the TAMN-60Y Decon Shop is posted as a
controlled area and radiological controlled area requiring training for
entry.

Work area hazards

- Tripping hazards
- Airborne contamination

Equipment configuration

Work crew

Labor, Support Personnel, Specialized Skills, and Training

The En-vac system was transported to the job site by the vendor.
- Two Laborers and one Equipment Operator

Two En-vac vendor operators

One Electrician

Additional support personnel

One health and safety observer (periodic)
One test engineer

L

- One data taker

L

- One photographer

Specialized skills/training

Waste Management
Primary waste generated

- MNo specialized training

Concrete and paint

Secondary waste generated

Disposable personal protective equipment (latex gloves,tyveks and
rubber boots)

Waste containment and
disposal

Equipment Specifications and
Technology design purpose

» Grit was recycled many times before it was collected as waste, which
waste.

greatly reduced the volume of seconda
Operational Parameters

Specifications

- To remowve coatings from wvarious masonry and carbon steel
surfaces.
Thee large units
10,000 Ibs

Work area preparation

-
Portability - The En-vac system is not portable once set up.
Materials Used

Conduit and some piping were removed for the demonstration.

Personal protective equipment
(PPE)

Utilities/Energy Requirements
FPower, fuel, etc.

- Two pair rubber latex gloves
- Two pair safety glasses
- Tywvek, respirators and shoe covers

= The En-vac system requires a maximum of 640-scfm compressed
air with an air dryer, and 440Vac, 3-phase, 60-Hz, 120-kVA-?zeak
demand electrical power.
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Types of Robotics By Hydraulic Type

( Good Practices for Robotic Technology in Nuclear
Applications)
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3. #WETHTERT 6l ]

——Cutting of Reactor Pressure Vessel with Plasma torch

Copyright by EWN

Quality for Safety.

/ Bridge and Carriage

Delivered Robot 1 WALISCHMILLER HwM

Reactor Pressure Vesgel, 180 mm thickness

Telescope
Camera Arm \ /
Reactor Pressure Vessel,180 mm thickness
A1000
Telbot  500kg Telbot
100kg @€= /@ 100kg

Arm

74




3. FHETHEER F 0] 2

Two A1000 Power Arm into Wet Cutting Station

*7 #1347 | Cutting technique
» CAMC (Contact Arc Metal Cutting)
= Plasma Cutting,
= Band sawing, etc

Copyright by EWN
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3. o HTERY 6] 3
Wet cutting area —reactor room R01.306

Packing manipulator i

Air technical housing
R01.202/306

B

Camera guiding Workingand |

systems maintenance stage

I

‘ Contamlqatlon Manipulator for tools
protection T
i

Turnabl Sppiaeie

Copyright by EWN

/6

(EnBW)
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* [nsulation Removal Robot a7 &
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»

LaserSnake2:+ Laisen gutting for nuclear decommissioning at Sell...

A versatile technology for 'in-situ’ nuclear
decommissioning.

robot

Laser Snakei$ = % % v & _d OC Rotics and TWI = 8 E - FBEP VT * &
'f RIRFHRT AN TR

Planar snake—arm

MELBRELFH laser—cuttlngiiﬁ*rml% B> W
f RERREERPFOIR > L7 %o

(OC Robotics, contactus@ocrobotics.com)



LaserSnake? - Laser Cutting Trials at TWI- May 2016

Nﬁﬁ?a&ﬂwamrwmm#
% ~ en]aseris 3 ;af *7 3
Omm thicke#4s =
Laser cutting results
TWI Ltd demonstrated the laser
cutting process capabilities to
dismantle:
« Thick walled pipes, from
one side
- 304 stalnless steel
plate uY to 25mm thick
¢ (C-Mn steel plate uB
mm thick

« Concrete slab up to
8Tmm thick

# H Winfrith 33 ¥ % # 3 #<Dragon$
BFANF RER RSP op o KT
WE BB EW o f FF = Vinfrith
f""*im Magnox = # » £3=&ke FOC

Robotics *k{%E437 f B 12 402 & PGPCH, »
# @& |Dragon” s Bedp s o
PGPCH, - 4421 & BRI 5 o2

BEgFEP OB HEHRERES T - %Wﬁd
B pcqhinet o § oA OTHEFBE
2% & d 0C Roboticsz TWI#7R 4 - PGPCE- £ ¢h§
B AR REZ AR OREIRFL R
A BHCE R R R R o
%%wﬁﬁ?%ﬁ@%%&M@mﬁwﬂ
3¢ BoinRyRd Brgh o ¥ = o) BFRRPGPC
REE o E:é400mm R 2R & e A Feeh
PGPCH, -

(World Nuclear News, 2018/05/04 ," Robots get smarte
to help with decommissioning")
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New three-year, £7.7 M effort will develop laser-equipped robots to help
decommission nuclear facilities. 13 Jun 2013

The second phase of “LaserSnake”, a UK project working to develop high-
powered laser cutting systems and robots for remote nuclear
decommissioning, is under way.

The aim of the new three-year effort, which has a total budget of £7.7
million, will be to produce larger versions of so-called “snake-arm” robots,
equipped with high-power fiber lasers to cut and treat contaminated materials.

AT U E | T I,
o P ifdF &R ok T2 &
ME BT RAITE
LaserSnake2 - AFT A 30201660 =
P ERE KR FRIE

ho 3 lﬁlfi ¢ 3%: ULO Optics, Laser Optlcal Engineering and the
National Nuclear Laboratory ¥ £ k & 1%, @t iR 1 E£E R

The project is to receive grants of £5.8 million from a combination
of the TSB, the UK’s Department of Energy and Climate Change
(DECC), the Engineering and Physical Sciences Research Council
(EPSRC) and the Nuclear Decommissioning Agency (NDA).

LaserSnake2 #- & !5 MigRa B A — BF R F, - BFR
RFZE B «éﬂéﬁ%éﬁew EYS /ﬁ‘ iR R AR A &
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Laser cutting tool integrated with an industrial robot
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Brokk End Effectors

=

Concrete Crusher

Breaker Hammer ] ] o l Scabbler



the “Brokk” type if #2347 8 7

B = 5 JE A B e %)
A4 7R 1 operator F b b RIRRFLATR 0L R
B4 RHEUEF B o B

Frd® i 4 av 39455 EEE- 320, 9K (3 feet)

%% Brokk#&Z &+ ¥ M EIR{ + thE B
& * 33 & Brokk150 #’-’r‘f 3% ¢ B REL BHAIEN
4+ 95% %45 m3

2 LI R ThEREZ ST, Brokk3307 # £30+ 1
£ Brokk 40 - 380 kg, plus max attachment weight 60 kg
Brokk 90 - 980 kg, plus max attachment weight 140 kg

Brokk 180 - 1,900 kg, plus max attachment weight 230 kg
Brokk 330 - 4,400 kg, plus max attachment weight 550 kg

SRR RREE U RREE - B ¥,

Contact Brokk Sweden www. brokk. com

5 |

~ y \
aa e Y
/ : = < [ ‘V./:)
- — e 22
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Measurement of waste package - nuclide specific mez

Drum measuring Czech Republic

One HPGe detector — scanning system
Measuring before sending to disposal site at NPP Dukovan
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e Quality Assurance, DOE Order 414.1C, ASME NQA-1

* ASCE 4, Seismic Analysis of Safety-Related Nuclear Structures

e DOE-STD-1021-93 - Performance Category (PC) Guidelines

 DOE Order 420.1C, Facility Safety

e DOE-STD-1189, Integration of Safety into the Design Process

 ANSI/ISA 84.00.01 Safety Interlock (SIL) Level 2 calculations for electrical

 ANS Design Guide for Radioactive Material Handling Facilities &
Equipment (1988)

 ANSI/RIA R15.06, Industrial Robot Safety Requirements

 ANSI/RIA R15.05-3, Industrial Robot Acceptance Testing

 NEMA MG1, Motors and Generators

* NEMA 250, Enclosures for Electrical Equipment

e NFPA 70, National Electric Code

* NFPA 79, Electrical Standard for Industrial Machinery

e |EEE 383, Class 1E Electric Cables

* ASME NOG-1, Rules for Construction of Overhead Cranes

« AWS D1.6, Structural Welding Code

* OSHA 29 CFR Part 1910.303 safety evaluation for non listed devices

ASTM will continue to work with federal agencies and industry groups to develop
programs to evaluate: 95
1. Test Facilities 2. Robots 3. Operators
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Temperature Limit (°C)

0 50 100 350 400

Radiation tolerant polymers and corresponding
breakdown strengths for 0.125” sample thickness
Breakdown Maximum useful
Polymer Strength radiation does
(V/mil) (Gy)
PS 500 5x107
PI 560 2x107
PEEK 480 1x107
PC 380 6x10°
Nylon 300-400 2.5x104

PS: polystyrene; PI: polyimide; PEEK: Polyether-
etherketone; PC: polycarbonate; nylon: polyamide

(Robert Duckworth, Radiation Resistant
Electrical Insulation Materials for Nuclear
Reactors Using Novel Nanocomposite
Dielectrics,ORNL, August, 2013)

150 200 250 300

Polystyrene { ;:’,’:,',Ym\ Dose,

Polyimide (Kapton) {
Polyetheretherketone, PEEK {
Epoxy (aromatic amine-cure) {
Epoxy (aliphatic amine-cure) {
Polyvinyl Chloride {
Polyethylene (Low Density) {
Polyethylene (High Density) {
Polycarbonate {

Nylon { N Temperature

Polyester {
Natural Rubber {
Fluoroelastomers {
Nitrile {

PTFE (Teflon) {

104 105 10° 107 105 10° 10" Rad
100 100 10* 108 10° 107 10® Gy
Ionizing Dose

96

pmm lonization dose
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Radiation Resistance definition
from IEC 60 544

for flexible plastics and
elastomers in normal conditions,
the most restrictive property is
usually the strain or stress at break.

The usual endpoint criteria used
to determine the «radiation
resistance value» is then associated
to the loss of 50% of the initial
strain or stress at break of the
material.

Note that this does not
necessarily refer to an end-of-life
condition, especially for materials
with high initial strain at break
(>200%) including TPU, ETFE,
crosslinked or uncrosslinked
polyolefins.

Radiation Resistant Wires and Cables for
Nuclear and Scientific Applications

Axon' Cable has developed a range of single wires, multi-cores wires and cables
which resistto radiation and high temperatures. Insulated with different materials
including ETFE, special thermoplastic compounds, crosslinked polyolefin
(KLPEXLPO), polyurethane {TPU) and polyimide {taped or TPI extruded), they meet the
severe requirements of scientific and nuclear applications. They can be used as
instrumentation, control and sensor cahles in huclear plants or in particle detectors.

7 P32 & TEEE383 #udp sHif 28

© 2010, AXON’ CABLE - RELEASED NOVEMBER

2016/ E AXORAD : RADIATION RESISTANT CABLES

FOR SCIENTIFIC AND NUCLEAR APPLICATIONS,—
www.axon-cable.com



Radiation resistance, temperature resistance and Halogen

free, LSZH behaviour

TP1- EXTRUDED POLYIMIDE
TAPED POLYIMIDE
NEUTRAX (PAEK BASED)
POLIAX
TPU - THERMOPLASTIC ELASTOMER
PE/PO and XLPE/XLPO hased
ETFE

RADIATION RESISTANCE (%)

IN'STANDARD ATMOSPHERE

2000 lrad (0 MGy
1000 Mrad (10 M)
500 Miad (5 6y
300 Mad (3 MGy
100 Mrad 1 MGy
50 Mrad {500y
10 Mrad 10046y

ININERT
ATMOSPHERE

1000 Mrad 01y
5000 Mrad GO NG
1000 Miad (104G
600 Mrad (6 My
200 Miad (2 Gy
100 Mrad (1 MGy
30 Mrad (3 1y

TEMPERATURE
RATING °C]
U
950
U

HALOGEN FREE
L9ZH
VES
VES
VES
VES
VES
VES

i

*limits based on IEC 60544 - worst case scenarios (gamma + low dose rate)
and end-point criteria (-50% strain or stress at break).
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e Ahlberg Cameras AB is a Swedish
’LBERG CAMERAS high-tech company that designs
E and manufactures advanced color
camera systems and inspection
equipment for the nuclear industry.

HI-RAD XS
EXTRA SMALL HD PTZ-CAMERA
HI-RAD XS is an extra small 720p HD PTZ
color camera. It has x10 optical zoom and gl
|
1

built-in pané& tilt functions.

HI-RAD XS #* % B ig 5 ek T &, Z&3

RS R ol B i anR AR o W? [I
AW

APPLICATION ,J“‘*'j

® [or inspections where superior color rendition

and high definition resolution is needed, e.g. fuel ‘g
Inspections and inspection of internal parts -
® For inspections of large surfaces where frequent
auto re-focusing is required, e.g. at core
mapping
® |deal for use in high radiation areas with limited
Space




M I R O N | 2016 Mirion Technologies acquired Canberra
TECHNOLOGIES |/nan effort to bring two very similar, long time

industry leaders together.

™

Radiation Tolerant Cameras

The Mirion IST-Rees brand With a comprehensive range of products to
suit all applications in every part of the Nuclear fuel cycle,
Mirion is able to offer standard or customized solutions to meet
customer needs and expectations.

o 3 (it A viBEHMEWE >5x106R
® medium(M) radiation tolerance icon Total cumulative
gamma dose between 104 and 5x 106 R

w iE
® (L HE~ 104 R 1Sv (8 #)=100 R (4 F

MIRION COMMERCIAL (BEIJING) CO., LTD. SHANGHAI JIANGCHANé COMMERCIAL BRANCH
76 & 78, Jiang Chang No. 3 Rd. 801 & 807 Shanghai 200436 China Phone: +86 21 61806920
101




Select a Product or Application Below

R93 HIGH RADIATION CAMERA R942 CAMERA SYSTEM R940 COMPACT NUCLEAR ZOOM R941 HIGH RADIATION ZOOM
CAMERA CAMERA

5=
RO985 RADIATION TOLERANT RO950 ALLRAD MK2 CAMERA R981/C981 SYSTEM CAMERA R981/C981 COMPACT SYSTEM
SINGLE UNIT CAMERA SYSTEM CAMERA
SC985 COMPACT COLOR RC911 DOTCAM-HR RC720 HD-RAD CAMERA SYSTEM S983 SHIELDED SYSTEM
SHIELDED CAMERA MODULE CAMERA

CO983 SYSTEM CAMERA RC913 MINI-PTZ CAMERA C911 DOTCAM
SYSTEM

102
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https://www.visatec.net/en/ Search...

Lighting ROV and Crawlers Laser Scanners Retrieval tools Accessories Our services

2ras

VT RC2 radiation resistant
inspection camera

VT RC2 & - j']"‘% ~ it g St endE b BARAE
LT

T CMOS BB T TR, RipBaLE
Pt AEFPERBETRITHRAFER, 4
R T R WRMERRY ERla, B
Miﬂ’fﬁ 103




®

Control units Cabling Remote controls Recorders / Monitors

104



Voice : +81 9924826584
contactl@gridbots.com

INNOWVATION

- RAD - CAM

BADRIATION PROOF CAMERA

. « (Gridbots Technologies Private Limited)

RAD CAM is a Radiation proof camera and can take high level of radiations up to
1000 Rads .

This camera consists of a CCD sensor with radiation hardened enclosure and
electronics.

The system comes with 10 meter radiation hardened cable which can be extended as per
user requirement.

The sytrem comes with a fixed and zoom lens options -
The system has global shutter and automatic radiation isolator built in.
The system provides a mechanical shutter and sampling rate from 1 to 30 FPS.

é SPECIFICATIONS

Model Number GB RAD CAM 1000

Radiation Tolerance Upto 1000 RAD 100 RAD__II gz_'
System Weight 3 Kg

Dimensions 300x125 mm[LengthxRadius]

Resolution 512 TV Lines

Minimum lllumination 30 Lux

Power 20V D.C. -1 Amps

Sensor System CCD

Temperature 0-65 Degree Centigrade

Lens Fixed/Varifocal Options

Supplided Cable Length 10 Meters (Radiation Hardened) o




Resolve Optics Ltd. reports that it has supplied a number of non-
browning zoom lens to Custom Cameras Ltd (Wells, UK) to enable the
company to supply fully integrated radiation tolerant camera systems for

monitoring applications in the Nuclear industry.

#r% Resolve Optics radiation resistant (Non Browning) lens~ # ¥ #
Bk Fiigst (CHih%) SR, AR T § L HFBedF L iAo F
fLFp i W 1 %’a&%%ﬁ?ﬁ%%i‘%@]i% i£100, 000 000 Rf=E & 355" c
X TR
M3 AR E PR T RIEB B iR R R e 4 B 4003
Model 357 HD 10x ¥ A FFTHEAB HEFEE T FIF, ol age,
FRERH TS o R i s
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P SRR R 0
3.1. A MSFT with TMR Technique
PR B R PS4 S Triple module redundancy @ & 31 &

?iﬁ,mmﬁ%piﬁéﬁ Lt MSFTA}?{\&.}%WA\;‘; 5 BFEES > ‘P:,lag’!fﬁ—
(L8 ~ (PE) ¢7R % 4 -Qm@-?-r » @ PEerndR Ao * 45 |l = (rengiz i
$| TMRENG % - & R MSFT#Ekc > & 17 = B 4 diend 3%

1) E#Eehi 8 3L » % TMR-PE

2) AEF- 5B

3) R % = % HrE » K3 pre-PE > TMR-PE - voter -

L) B 3B QLE G BEYG £ 917 (PARGEEFES o

3.2. Novel Inverter

B AR 44 SEUZ SET2 B dem K3t » £ 2 72 @ % TMRePFRT™ &
e FERAVERFPRFEIDFEFIFPT -PBHRLLE B EHITRY
BRI D Waof]r FHETRL LTI REHN I L5lpa T
‘AT oRP L322 FE PURA NIRRT S T32F7pF P
gl o NAl#R~ -
FiEE
DEfhz8F Bl 32 5% R EHIVERT Z 2 R E
DEWNE AP RETALEE REEHARI S G
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Product
SYNRAD 1252

Chemistry

~Sodium soa
thickened, alkylated
aromatic
hydrocarbon grease

_Sodium soa
thickened, alkylated
aromatic
hydrocarbon grease

Silica thickened,
phenylmethyl
silicone grease

SYNRAD 1251

NYOGEL 775D

NYOGEL 718B Silica thickened,
polyphenyl ether

grease

UNIFLOR 4622R PTFE thickened,
completely
fluorinated grease,
non-hydrogenous

material

Nye Lubricants, Inc.
Ph: +1.508.996.6721

Temperature
Range ('C)

-30to 175

-30to 175

-54 t0 200

4 to 260

-20 to 260

12 Howland Rd., Fairhaven, MA
Fx: +1.508.997.5285

Characteristics Applications
Rust inhibited

Bearing and gearin
NLGI Grade 2 Ao

applications where
radiation exposure
1S possible

Rust inhibited,

Bearing and gearin
NLGI Grade 1 ations .

applications where
radiation exposure
is possible

Mechanical
mstruments
requiring minimal
viscosity change
over a wide
temperature range

Very stiff, medium Instrument and slow
V1SCOSity speed bearings
(;Xﬁ)osed to very
high temperatures
or radiation

Severe service
bearings and
mechanical devices
where good film
strength 1s needed
at high
temperatures and/or
fuel or chemical
resistance 1809

required

Heavy viscosity

Heavy viscosity

02719 USA
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MORESCO HIGREASE

Product No. kinematic viscosity Appearance Consistency Dropping point
mm2/s (407C) (25°C)

GK-1 Grayish black 325 250°C or more

MORESCO-HIRAD
Product No. kinematic viscosity
mm2/s(40°C) Appearance Consistency Dropping point

(25°C)
RG-42-1 325 300C or more
RG-42S-1 325 300C or more
RG-42R-1 325 300C or more

MORESCO Corporation in Japan 110
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24)

£ % :0.1kg

RIEFFE:0.15 - 30 m

BIERHAEAE "1+ 2 mn

Bl BEEER 0.] mn

g 8+% 5 fbiE : Class 2 635 nm

A % :Laser Lamps 7 glass tube + 7
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Master Slave Control
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Speed Control on
C.Co-ordinate Control
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interactive play-back Control
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Unit No. Contents remarks

JAEA-3 robot Equipped with “gamma eye”
1 urvelllance Picture was showed in monitor
amera on unit 2
2 Controller Include two 12 volts lead
atteries and a DC/AC 1nverter
3 Cable onsists of multl line cable
twist pair cable and a stalniess
steel w1r§
4 Battery module Consist of two 12volts lead
batteries and DC/AC inverteri.
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(Reconstruction of JAEA robots for the Fukushima NPP accidents emergency response

- Unitizing for conveyance and reassembly at the confused area by accidents -
Shinji KAWATSUMA, Japan Atomic Energy Agency(JAEA), awatsuma. shinji@jaea. go. jp
Ryuji MIMURA, JAEA, Fumihiko KANAYAMA, JAEA, Koji NAKAI, JAEA )
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The results of robot experiments

Key Technology Test Contents Experiments Results Design Requirements

Volume Length(mm) 670 <800
Width(mm) 520 <600
Height(mm) 170 <300
Mass Net weight(kg) 28.4 <30
Deadweight(kg) 30 210
Manipulator  Arm extension(mm) 1000 21000
DOF 5 =3
Maximum grab weight(kg) 3 23
Working time Continue working time 3 22.5
Nuclear radiation Measuring range 0.1uGy/h~10Gy/h 10Gy/h
Detection ccuracy 0.1uGy/h~100uGy/h:+30%  --
Over 100uGy/h: £10%
Ground Adaptability Speed(m/s) 0~1.2 0~1
Local path planning and Yes -
obstacles avoidance
Maximum angle of climbing  45° =40
stairs
Ground adaptability = Sand, lawn, mud and rubble -
Environment The number of cameras portable 4 22
Perception Environment sensors Yes -
GPS Yes -
Remote Terminal Control distance(m) 5000(Open area) =1000
1 750(C|ty area)
Telepresence Yes

The use in condition of wearing protective clothlng Yes -

Ref.:KuiQian,Small Teleoperated Robot for Nuclear Radiation and Chemical LeakDetection,2012 )




Inspection Robotics of FAST RVI

Dimensions Length 250 mm (9.9”) x Width 490 mm (19.3”) x
Height 160 mm (6.3”)
Weight (without cables) 9.3 kg (20.5 Ib) without camera

Payload 15 kg (33 1b)

Speed fully adjustable, max. 60 mm/s (2.3”/s)

Drive units 2 integrated drives with 48V brushless DC motors

Power Supply 48V via umbilical cable from external supply station

Protection class IP65

Motor controller inspection robotics motor controller

Communication Gigabit Ethernet

Cable length 40m (131ft) standard, longer on request

Supply Station

Control Built-in touchscreen and industrial Joystick

Power Supply 100-240 V AC 50/60Hz, max 200W

Dimensions Length 340 mm (13.4”) x Width 350 mm (13.8”) x
Height 130 mm (5.1”)

Weight 14kg (31lb) without cabeling

Content Basic Set

FAST RVIrobot in arugged comes with full software package

transport box

Supply Station - built in arugged hard all power & communications cable
shell box included, software pre-installed
40m cable from supply station to robot longer cables available on request
Optional

Pan-Tilt-Zoom Camera High End Main Inspection Camera

manway camera to be positioned at the entryway, navigation aid

top view camera camera with strong LED lights for navigation ,
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%5 /7: 150 kg
TESEE:22m
> IRB 6620
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TEiRE: 130 kg
TIESE:310m
> IRB 6660 #Z

TELEE/7: 150-500kg
T{FBHE: 3.5,3.1,2.8, 2.55,
23m

< IRB 7600

D 0z TUNSA

FiEE77: 150 kg %5 77: 130-235Kg
TIEE: 1.8-33m TAESER: 2.55, 2.75, 2.8, 3.2m
- IRB 6620LX 5 IRB 6640
e -
e
N L
-~ il
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*‘-:-::. o %
FAEREE T7: 205 kg FAEEEE 77: 150-300 kg
TIEEE:1.93m T{EEE: 2.60-3.20 m
5 IRB 6660 FifIT. > IRB 6700

Nick Lin
Hrik:ABB Ltd. 5F&10F, No.18, Jihu Rd.,
Taipei City

J GL

FE;4E 77: 125-200kg
T{ESEE: 3.0m, 3.5m
- |RB 66508

Vil

e o, ey

TiEkEE 77: 450 kg
T{EHE: 318 m
> IRB 760

Neihu District 11492
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