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Outline

1. Introduction
2. Topic
€ TRR 3D simulation

€ TRR 3D application and VR training platform

€ DSP 3D vision and information management
platform

3. Conclusion
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Introcluction of -

Type: NRX like (CANDU forerunner)
1. Fundamental Research
Purpose : 2. Isotope Production
3. Irradiation Experiment
First Critical : January/03/1973
Rated Thermal 40 MW

Power :

Max. Thermal
Neutron Flux :

6 x 1033 n.cm=2.sec!

Natural Uranium Metal Rod

Fuel : (Aluminum Cladding)
Moderator : Heavy Water

Coolant : Light Water

Reflector : Graphite

Power Control :

Heavy Water Level

4 x 12” Dia. Hole

Beam Port : 4 x 6” Dia. Hole
1 x 4”x 6” Through Tube
Core Size - Cylindrical, 352 cm height,

269 cm O.D.
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alwan Researcn Reacior

B TRR was shut down in 1988 with the intent to

replace the reactor with a light water moderated,
open pool reactor (TRR Il Project, then
terminated).

Systems including heavy water system, cooling
system, neutron experiment facilities etc. have
been dismantled.

Qe reactor vessel has been

randesfacee dgr safé’storage

Decommis |on permit granted in 2004.

Reactor essel dismantling -
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Internal Cormponentis of TRR

'

Rotating Cover ’ s N | RS Biological Shield

Upper Biological Shield HepE @ Upper Thermal Shield

Upper Embedded

Calandria Vessel Thermal Shield

Graphite Reflector — —— Thermal Column

Horizontal experiment tube | | M Lead Shield Door

Radial Thermal Shields 4 i - y ™, Lower Thermal Shield

=] -
Steel frame !— & Lower Floor Plate

TRR furnace body profile and component description
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Status of l‘n{:\i Reacior Vassel

Dimensions, components, material, weight

t
Biological
| Shield
: i erhﬁbvlalleldpf | Total weight: ~2,700 MT
oo T oo J ’
0 A

U S— AR N[0 | Steel 518 MT 19.2%

Upper Embedded =7 - _

Thermal Shield 'y = Zirconium

i Alloy 3.7 MT 0.1%
3 (ASTM Grade
= = RA-1)
N == )
g L Frharmal Graphite 77 MT 2.9%
é 5 = Concrete 2000 MT 74.1%
g
©
o =1
Eower S hermalkShield
L-ower I_:Iqor Plate
Supporting 80 MT
, Structure 2
IO ULUILT VI 1 YuUhNaO5Ce I—llcls’ I\ngwul 5 5m I WE 5




g Status of TRR Reacior Vessel

» Measurement along vertical central pipe and horizontal experiment pipes
» Sampling at reachable vertical central pipe
» Estimate waste classification, type A, B, C + Graphite(GTCC ?), planning :
v' Analysis for hard to detect nuclide in 2019
v' Analysis during dismantling process for verification

Sampling @2010 [
1E+07Bq/g(Co60)

90

7.45 Sv/h
Melasurément @2010




Staitus of TRR Reacior Vessel
B Bio-shield from 17 sampling drill, 601 MT|activated concrete

R D e
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- - Mn-54
b Co-58
Fe-59
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Sampling results

Compliant with clearance

1369 MT
1| | 68.5% (Bioshield)
% 50.7% (TRR Vessel)

Activated
Depth
+10%

L

Radioactive waste

601 MT
31.2% (Bioshield)
30.1% (TRR Vessel)

Straight
Line
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D&D of TRR (overview)

’ ’Spent Fuel Dry Storage Pit :\

J Cleaning preparation

/" remote handling, underwater
. cutting, radioactive protection, }

“. waste managemenf,._______ -
==

Sem—
-
- . ~

\! /'/-\ Ea= \.3_
Reactor vessel:
Dismantling permit applying
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Overview of TRR Decornrnissioning

“Enforcement Rules for the Implementation of Nuclear Reactor Facilities Regulation Act”
Article 16
The decommissioning of nuclear reactor facility shall be completed within twenty- five (25) years
upon obtaining the permit for decommissioning granted by the competent authorities.

Phase |

Year

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Wet Storage tank

2018 Ezolg 2020

Cooling tower

SFP

Miscellaneous wastes

Spent fuel

Spent IER

Fuel debris

Water

Structure

Phase Il

Year

2013

2014

2015

2016

2017

2018

Required further st

2019

2020

2021

2022

2023

2024

2025

2028

DSP

Characterization

Cabins and ventilation system

Cleaning permit applying

Pits removal

Waste management

Warehous reuse

TRR

SafeStore and monitoring

Dismantling plan and tool design

Dismantling permit applying

Equipment and tools build up

Dismantling

Waste Management

Final status survey
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Ready to

dismantle

Equipment
Commission
Permit| |Dismantlin
Applied Permitted |
I I

=
—
ok

Bottom hot shield
Dismantling

Calandria
dismantling

Completely
Dismantling

End of

decommission

I | |
2016 2017 22'18 20,19 i 2020 i 2021 2022 2023 2024 ) 2025 | 2026 2027 l 2028 | 2029

(Conceptual desing I
: - ' I

Dﬁsmantling Permilt app]y

smantle
| tep

( Dlsmantlmg/|cutt|ng mock up l

(Dlsmantllng equlpment setupJ

I
V-

Dismantling I!nvironment se

smantle

tep i

mantl E E

tep : !
(Final status surv@

Dismantled Waste Management

7
e L
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25.00%

20.00%

10 years ago
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Study paper drawings
by human

Equipment parts drawing

\/
Model check
(Output by software)

1.Engineering information
establishment

2.TRR waste assessment

3.TRR cutting and
packaging simulation

| Output model engineering .
| T <; Model correctness verification
| G mterel B r_| (Check equipment parts drawing)
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= N . Cutting equipment
Shift TRR B development

e = o o

TRR 3D Model

Lifting equipment
development

Institute of Nuclear Energy Research L AR SRR

Cutting method simulation




d Disrnantling of TRR Vessel

Layout of the TRR dismantling room

Limitation:

1. The space (high and area) of the dismantling room are very limited.
2. The safety and Structural stability of the reactor vessel during dismantling

are the major concern. -
Institute of Nuclear Energy Research > Y RER TR P g
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One piece rernoval siep of TRR vessel

o

TRR Ves:
Rail & Liftin
Frame:

Install rail and lifting
frame with 16 lifting
jacks and 4 pulling
jacks systems.

‘Quz
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e rernoval s

Floor column support below

2 transfer rout
Bottom Support

Y &
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One plece rernoval step of TRR vesse

TRR Vessel |

Lift & Transfer:

Vessel block was

e \\\\\\ \\\\\\\\\\\\\\\\\\\\\\g\\\\\\\

and move 40.8 M \\‘ \\\\\\\\\

\\\\\\\\\\

to the storage
building.
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Lifting equiprmenti cdeveloornent
Y-shape spreadr EieeQ)i%tee control handling
¢ Y-shape spreader  mnoui )" Lol
» Hydraulic jack i
¢ Rod
e Mounting plate
e guide plate

Mounting plate
Hydraulic jack

22
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‘ Cutting ecuiprnent cdesign

¢ Underwater band saw cutting equipment
e Foundation =3
e Vehicle and track
e Band saw
e Side hydraulic cylinder % Meaic

Upper Thermal Shield Band saw

Vehicle

Institute of Nuclear Energy Research S AR



Cuiting equiprnent cdesign

'

¢ Underwater disc saw cuttlng eqmpment
e Track
e Disc saw
» Fixture

Disc saw [

24
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~
B From top to bottom, form inside to outside, reserve direction as installation

Disrnantiling Procedure

B Because of lifting height limitation and geometry limitation, bio-shield cutting divides into 3 steps
i S o | Lm0 DODL | o Oial M
“HAHEEH: Rt s ==
[ UO [ il ] [ DOEEI m Ioa
|
HHNHH\H : ,
I
i [ i i [T i
(3) Upper thermal-shield plates removal

(8) Graphite reflector removal

Institute of Nuclear Energy Research

(9) Lower thermal shield plates removal

_ i

(10) Radial thermal shield removal

(11) 3" layer biological shield dismantle

S BRI s
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ﬂ TRR Virtual Reality Training platforrn

B SolidWorks
B 3DMax

B Unity 3D

B HTC Vive

=3 i

SolidWorks

Institute of Nuclear Energy Research

Unity3D

ll‘,l

ZNf30 Mlﬂ.
. "e :

NI PrasX

wrann

ARRRTRaN

l.lll Mxl SN0 a0

L PRERRANRARAX

YT ll ( f'o
5O NRANE—MNO

o 5 v -~ .
/""'fw"“’ u \/muuunc \\

Uy 2 Mayer l

nras
AR Aet Siore

8[| xesmmn ARIER AR scocrrh B)

WA 2 s Payer 11
LR LNTRRNS WO

157 ol

CREARN
.Mlﬂ. (shorm Joad | Awaroed , PRI NGO

RE<an: g
s T X RES S

+ AR R UsyoeRonddD -4‘
s BALSAADS .

* ANAR o |

o | /




g

System design architecture

TRR Virtual Reality Training platform

TRR VR Training platform

Ins

N\
Hardware
(HTC VIVE)

Software
(Unity 3D, SteamVR,VRTK)

o T —

—————————————————————————

‘ DATABASE |

L

R4

Equipment Plant
Models Models
—

Equipment Interactive
Animation Scripts

_________________________

System
Integration

i)

External
Resources

(Training Courses)

Programming Factory

. Evacuation
Plant size
route
Dynamic
simulation

Cutting Line

S AR AR
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TRR Virtual Reality Training plat

¢ Environment Display
e Interaction
e Immersion
e Imagination

s
O All Scripts
» TRR_STEEL S Assets 1-2-TRR-.
» TRR_SURFACE S NEr
» temp. > Plugins
» TRR_Side_part > & steamVR il
» LightGroup (& SteamVR _Unity_Toolkit
VRTK
EIRE N - GROUND_. OUT_074

» 1-2-TRR-model

. u n u . . . .

lli.  STEEL 074

TRR_Side_. (GLLICHZAM TRR_SURF.
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¢ St
aff training &Component dlsplay

e Interaction

ol
mmersive environment
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TRR Virtual Reality Training platform

¢ Display Disassembly
& Hanging simulation
o Component lifting process.
e Planning of the construction

Institute of Nuclear Energy Research




' TRR Virtual Reality Training platforrn

¢ Cutting line & Waste
management

e Space
e Moving plan

Institute of Nuclear Energy Research



g TRR Virtual Reality Training platforrm

¢ Situation simulation
o Work safety

Institute of Nuclear Energy Research



TRR VR Training olatrorrm
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Cleaning of Spent Fuel Dry Storage Pii

Status and Confinement

» 175 pits were installed underground (1976)
» Cleanup boundary:
31.2m (length) x 9.2m (width) x 5m (depth)

Ventilation Isolation
systemT / cabin

atl

REFE

Underground
pillar

Institute of Nuclear Energy Research

composited by upper part (®304.8 mm x h825
mm) and lower part (®203.2 mm x h4100 mm).

€ Outside shell is reinforced concrete.
€ Length: 5 m — (limited by cabin)
€ Weight: 3800 kg — (No crane)

€ 69 pits never used

“l ® Sorting by radiation dose rate:

High: 10 mSv/h =16 pits = 153 mSv/h
Middle: 400 pSv/h = 14 pits <10 mSv/h
Low: 76 pits <400 uSv/h

K. AR FRss




Cleaning of Spent Fusl Dry Storage Pii

Cleaning Engineering Detail Design

|. Upper concrete cutting (wire saw) lI. Soil excavation

O Airborne (dust) prevention and HEPA O Electric power driving (not diesel engine)
protection —VAC protection
O Less coolant (water) using O Remote control excavator (no driver)
O Precisely cutting prevent pits from damage —QOccupation safety concern
ﬁf HJ%”M U% *;hﬁ, fiin"’“] U*%EE‘; #t—n“’ﬁl H“f 4;“” 8l }% O Moving boundary limitation
{!:)L.!J - — % ’,C! 'J—‘—'—r'-'h AN 1 = IIIL'-J 1
[8) (2} () (4)

IV. Pit removal | _Eo- &
O Remote handling | o |
O Stable operation

lll. Bottom RC crushing
O Remote handling (no worker go
down) —Occupation safety concern
O Airborne (dust) prevention

Institute



Cleaning of Spent Fuegl Dry Storage Pit

Sched

ule

Gmpling and analysis

Permit

rermit| Qranted

11 plts 187Cs > 107 Bq/g
11 pits: 137C

Applie

Insulatlon cabln &
cutting room built

|

/ Radiation ! ;
| characterlzat;I ; '

2014 2015 2016 | 2017 1 2018

2019

2020

2021

The end of
DSP Cleaning

2

|
|
022 |

[ Pre-removal

Soil excavation and pits remo

Environ. recover

__
i<

Waste Management

Institute of Nuclear Energy Research
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' Cleaning of Spent Fuel Dry Storage Pii

Wastes Management

Estimated contaminated

Wastes Total Quantity quantity Clearance criteria
Concrete 346.2 m3 57.4 m3 <100 Bg/kg
Metal 61,150 kg ~21,000 kg <100 Bqg/kg
Soil 1084 m3 ~166 m? NA

Radioactive wastes
Storage warehouse

Will be divided to L T R ————
20~50 cases 137Cs < 740 Bg/kg

to eliminate In-situ (015W)

contaminants
Storage vault
Measurement system

TSR R S N ———
1

| = 1360 bags R i
n&mteof.uudeaﬂmyﬂesmch _______________________________________________________________ e X RETFL P 39



Waste Management

Radiation Characterization

M
C
LE
Mo
]
|[o%6]o 0 0 0 0 0 [0 0 0 0 0 00| 0] W ALL -
i T
. X908

Waste Tracking

Dry Storage Pit(DSP)

3D Visual and
Information Management
Platform

3R Wi

frmys . —— = EEEEEnmonas
T R LR

| I st

ELLE L

o=

' Measurement System

IWBS Management
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Cleaning of Spent Fuel DSP

Schedule
R : I ' Radioactive wastes
Engineering and Radiation T ——— adloactive wastes
waste management characterization ~Storage warehouse
' Cross pollution
Progress Control >100 thousand Data ﬁf:;ﬁt Lo OB prevenE[)ion &Resume

aa
" asiren T
i
S e
» i ¢
jagr
\:) (S

DSP Pit

DSP
3D Visual and Information -
Management Platform

Storage Room Space bag Room




* VR can help the life cycle of nuclear facility from its design, operation and
decommissioning : concept proof and optimization before the

construction, train people in operation and optimize scenarios in
dismantling.

* INER has completed the 3D engineering simulation for systems,
structures and components of TRR. Combine with the application of 3D

engineering information and visualization technology will benefit the
decommissioning of TRR.

* INER has studied dismantling techniques over decades and accumulated
experience and capability for reactor dismantlement.

* Integration of emergent VR, AR, Al and 3D technology to establish
platform for decommissioning management will enhance the personnel
safety and operation efficiency for TRR decommission .
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