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2A - =x 28 35 (93 - Operating Leve) ¢
B Rem/hr
* Reactor CTontalirment Building
Reactor Coolant Pump Bow) Contact ‘2-30("
RCS Piping, cold lteg TOonRCaC T L rae- o v v - I
Steam Generators General Area 0.05-0.4
Emergency Personne] Lock Insfide lLock Area 0. 00 -0D. 012
Floor Drains Contact . 1-0.6
Pressurizer Area General Area =0.2
rative Meat (xch‘.rr (=x) Contact I-15
Between Steamn Generator (SG6) General Area <=0.02S
Enclosure and Contaimment
Vessel (C¥) wald
Between RCS Pumps and S&'s General Area O.¥-0.
Between Upper Intermals Storage General Area g.02-0.1
and CV¥Y s=al
MNear CV wall General Aresa 0.005-0.02
Reactor Cavity, Inside Edge General Aresa 0.31-13 .
Stoem GSemgrators General Area <0.2 Q
- %
Compoment Cooling Water Pumps Genaral Area =<0.1S
Haste Tank Room General Area 0.2-0.5%
Treated Waste Montitor Tanks Caoantact 0.07-0.3
’img General Area 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
- Ffusl] Seilging
dMaste Hol Tank Rooms General Area -5
HWater Meat Exchamgers Seneral Area 0.07-0.14
Gas Strincz-ﬁ“ Pumps General Area >0.02S
Dr w1 ng 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
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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 0.00012 ~ 0013 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 | AL0500 |- fE % E 2 39.83' 0.0006 0.1 0.013 0.004 MDA(0.292) MDA(0.311) ~91.8
6 | Al0600 |—3k MK M KK\ 67.33 | 0.0016 22 0.066 0.004 MDA(0.292) MDA(0.311) ~76.2
7| AL0700 |—3EMR R B 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 12 w.m 0.004 MDA(0.292) MDA(0.311)~22.2
9 | AL0900 |-#mR & EEf Y "H 0.06 0 W W W SHx <MDA(0.311) ~ 109
10 | AL1000 |—##kA B -0.83 0.0002 0.56 ( ' J] 703 | <MDA(0.311)~915
11 | ALLI00 |—3ksbsesties 1733 0.00057 ~ 30 o] 50 _n n (mSv) <MDA(0.311)~63.9
12 | AL1200 |-tk 39.83 0.00046 ~ 04 0.075 0.006 <MDA(0.292) | <MDA(0311)~927
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o LIW W M Y - (whole body)

IL Y < (whole body) Country
20 mSvin one single year Germany, Italy, the Netherlands,

Pakistan, Romania, Slovenia,United Kingdom
20 mSikyear per 12 rolling months Belgium, France
100 mSib years and

50 mSvper any singlelyear Armenia, Brazil, Bulgaria, China,
Czech Republic, Finland, Hungary,
Japan, Korea, Lithuania, Russian

Federation, Slovak Republic, South
Africa, Spain, Sweden, Switzerland

50 mSiyear Mexico, United States
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MHI-MEISTeR ~ Mobile Manipulator ~  “isubishi eavy Industries

Camera -~ . . e 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/
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Bridge Carriage telescope
Floor Standing type

Vehicle type

Telbot

Kenji Hara,Experience in
Decommissioning of
Nuclear power Plants in
Germany.Walischmiller
Engineering GMBI()16
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Bridge, Carriage, Telescope

Floor Standing Type

Vehicle Type

Controller

~N50 = .. . ,: - -"
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 )

Rescue Robots Freibur%6

Gamma Camera Robot



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

Long Handled Tool|f Wz

typically

\ / 8 meters

.- N 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)

7 Z S a n
— s |
Master Slave Control
A=
| Speed Control on
N C.Co-ordinate Control
1]

._., HEH [ E— [l Goto ]

Quick Teach & human
Interactive play-back Control
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Sensors for
measurement

CPU module, Battery, Motor driver

Camera

Laser Range Finder

| A d
(Cobalt 60)

Component parts Dose tolerance

Management guideline

A Unmanned h e208ytotahdoseh

I ne

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

CPU module, Battery, Motor driver,
Radi o Tx/ Rx, LAN HLU
> 200 Gy(Sv)

A Portabl 80Sviomlldase r o b gt
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m A o0 b= AA

G High activity debris (~35 Ci of @®) in the Boiler 6 Cold Leg

Drain Line of Unit4.

w pnn NBYKK g2NJ Ay 3 RAadal yosS
w o0dp NJSYKK |'U,M]'IQ

w pnn YNBYKK i HAQ

G 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 Dgse
and Risk Associated with Radiological Work at Ontario Power Generation,2016 )




Gamma Camera Robot
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| Freeze-Cut Robot
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Results
AUW  xd : 5 mrem /h
A Highest Peak Do

Worker: 200 mrem /h
A Total Dose for

Retrieval: 151 mrem
A Dose for Source

and shipping: 12 mrem

Hbo LW W
Hbo E Op

N

M Imh

G

Ended up having to do it
again in 2014
on Unit 4 Boiler 8
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Vo4 W

W J:
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

58 B O LR LR

@) (®)

(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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AW 7

W 3-- Ultrasonically inspect SRS reactor

tank walls for  cracking

N by:

TN

a Mi

r 1 o “H
L. 1 W!

A U
D, Wy A
AL

y

Cz5 A
XA

uo

ytzu® y
t. .y

4 | nc h accesa noéet 16 it long
reach
Scanni ng uyneer \iaber me d
Cali brate transduce
and after each scan
A Certifiable UT scan
AScan mapping accuracy in sub
millimeter range
A Completed scans of
AMulti-million dollar program with full-
scale reactor tank mockup for testing

o Do I

r

3

(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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1. Remotely Operated Underwater Vehicle for PWR Vessel Inspection

o,

© ROV for Vessel In
- 4 DOF movements in underwater

=== - 100 krad color CCD camera

Y ,}-,-ar
© Multi-purpose ROV

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

Vessel Int

“ Instrumentation Nozzle
Inspection Robot

- 3 DOFs Color camera
- Overcomes uneven
Insulation

Inspection Robot

- 2 DOFs Color camera
- Magnet wheels for
Climbing

Remote Operation Unit

- Multi-monitor
- Recording/Replay
Video Image

(Seungho

Ki

m,

Expertos
Mar. 12 ~ 14, 2012.)

Wor kshop

on

t

h e

Defo#m



2. AW M W b5-- inspection robot for nuclear station
steam generator secondary side with self -localization

Proximal Control Box

Remote Console Robot Vehicle Steam Generator Secondary Side Model




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

AJinke Li and Xinyu Wu contributed equally to this
Guangdong Provincial Key Laboratory of Robotics and Intelligent System, Shenzhen Institutes of:5
Advanced Technology, Chinese Academy of Sciences, 1068 Xueyuan Avenue, Shenzhen 518055, China




G RealTime Routine Surveys
w DFYYlFEX OGNRGAdDzYE o6Sdl | AND
G Use of robotics to perform surveys, visual / thermal inspectio

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

(International Workshop on the Use of Robotic
Technologies at Nuclear Facilities 3-Feb-2036 )




Used for: inspections, surveys, and

manipulate items up to 60 pounds i operated
via radio interface (2.4 or 4.9 Ghz)

|i Robot 6s
510 PackBot®

The operator accurately manipulates objects as small as a watch battery with
the user-friendly, 3-D active modeling on the controller

3z €1z K 7i A3 B ®3

u 3z £t WY wWI3ICM gy y A
W
U D JUA : W ) AB
6Q - WY 9w

(Daren Cato, Duke Energy Joan Knight, Exelon Generation ,2016) 47




IRobot’s 710 Warrior®

The 710 Warrior ©~ # 0 )

200 AEE£ W
e /bXPOdE >QNd>0OV =
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For Low Places For High Places | _
- Ory ice blast  High pressure

| o

”

Ground floor of Reactor Building

Decontamination Unit

Compressor Unit
Work Unit

For Upper Floors

_ T00m om L 20m =2,

ce blast ‘ | UN : ] ==
{ | 7 k - | N 410 X | 2
h ... ....5 3. DL o I....

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

( Kiyoshi OIKAWA, R&D on Robots for the Decommissioning of Fukushima Daiichi NPS,IRID, 201?33
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Camera
Line las

Relief mechanism

Side (right-hand)
High pressure water
injection head

g;/ Camera

of crawler and F— injection
outrigger = nozzle il
Outngger Flipper a8l Water
suction port

Crawler

High pressure water
injectlon head
S
N
"w e —

Air blow

Range
ﬁnd%r

Water

Target

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
Decontamination work
*to access to 8m high place and operate the decontamination work
a Travelling
*to move the machine dragging a long harness behind through
the narrow passage in the mock up facilities
: o *to avoid falling down during the decontamination work @ 8m high place
L l] *to make emergency stop on abnormal condition
*to draw the machine back using traction tool on emergency stop state

max 6105 mm
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WallWalker®

2-D Torch Cutting U

« « u

4

Penteke @ K w
6Z" XNALIW
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A 28 3
Wl .

U ««u «RWm=>71 LW
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«

( Pentek, Inc.)
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W 3} Robots used at Fukushima

w”

A

| a

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 1 4th 2016
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Drum measuring
One HPGe detector — scanning system
Measuring before sending to disposal site at NPP Dukovan
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Modeling subsystem

Multiple point clouds One point cloud of

Point clouds whole environment

N R Sy

_ Vg Combine
Camera images —— = point clouds

Build
polygon models
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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

Superimposed
polygon model

Dice of dismantling
marker target
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(MASANORI IZUMI4 ,DEVELOPMENT AND EVALUATION OF ATEMPORARY PLACEMENT AND
CONVEYANCE OPERATION SIMULATION SYSTEM USING AUGMENTED REALITY)
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(Principles on Radiological characterization of the Unit 1 at Ignalina NPP for
Decommissioning Purposes 2008)
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