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TODAY’s Outline 

• Decommissioning is a long term project. This project occur a 
succession to experience, knowledge, technics and skills 
between to experts and next generation of NPP staff. 

• To solve these issues, we focuses on a computer technology 
and knowledge management. Decommissioning KM is one 
of method as a solution of succession. 

• Todays main topics is VR and MR. 

• It is facing that necessity to keep a real memories for the 
next generation on a safety work. VR and MR can be across 
virtual and real world. But, our all experience and knowledge 
would not install on virtual cloud. Then, we need to select an 
important things and should leave information. At this case, 
the project request a guide line. This is a knowledge 
management. 

• I’ll show you a VR trial of actual decommissioning site of 
Fugen. 
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Advanced Thermal Reactor  “FUGEN” 

   Core            : Pressure Tube Type 

   Moderator : Heavy Water 

   Coolant       : Boiling Light Water 

   Output        : 165 MWe (Proto-type) 
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Schematic Diagram of ATR FUGEN 
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• Commercial operation : March, 1979  

• Termination : March, 2003  

• Approval of the decommissioning 
program : Feb. 2008 

• 772 MOX fuels were utilized 

• Capacity factor: 62% 
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Preparation 

Heavy water 

system etc.  

De-tritiation 

Periphery 

Facilities 

Dismantling 

Reactor 

Dismantling 

Building 

Demolition 

2034 ▽ 2018▽ 2023 ▽ 2032 ▽ 2008▽ 

Basic Schedule of Decommissioning 

 Termination of Operation (--March 29, 2003)  

    Discharge of Fuel (--Aug.,2003) 

       Decontamination of Reactor Cooling System (Nov.-Dec., 2003) 

   Withdrawal and Transfer of Heavy WaterThe transfer of heavy water was completed in April 2014 

   Transfer of Spent Fuel       466 Spent Fuels are remained in Fugen 

                          Approval of the Program(*1) (Feb.12, 2008) 

                       Core cooling, Control and Measurement Instrument Sys. Etc. 

                                           Fuel Handling, Storage facilities, Heavy water Sys. Etc. 

                                                              Reactor core 
                                                                   Ventilation system 
                                               Release of radiation controlled area 
                                                                                                                                                                                   Building 
 
(*1) Reorganization: Fugen N.P.S. → FUGEN Decommissioning Engineering Center 
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Status of Dismantling Work 

Main steam line  
A-Condenser  

B-Condenser 

Feed  water  heater 

Explanatory notes 
■：dismantled until 2016 JFY 

■：dismantled until 2017 JFY 

Steam turbine generator 

Moisture separator 

Reactor 

Building  

Turbine 

Building  
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Nearly 1,000 tons of component have been 

dismantled and kept waiting for Clearance. 
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Basic Concept of dismantlement of reactor core 

>10E+13 

>10E+12 

>10E+10 

>10E+05 

Activity 

(Bq/ton,γ) 

(8 yrs. After 

shutdown) 

Calandria tank 

Upper tube plate 

Stainless Steel（
150mm） 

Upper iron water Shield 

Steel （150mm） 

Pressure & Calandria 

tube Zirconium Alloy 

(<4.3mm） 

Radiation rate in 

the reactor  

Ca. 30～200Sv/h 

Remote & under water 

Cutting in  

narrow space 

Thick plate cutting 

under water 

Cutting from 

inside of 

double tube 

Temporary pool 
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Decontamination is supposed 

      ：Level 1 (Relatively high) 

      ：Level 2 (Low) 

      ：Level 3 (Extremely low) 

      ：Non-radioactive 

Reactor 

containment 

vessel 

Coolant recirculation 

pump 

Calandria Tank 

Biological shielding concrete 

Turbine 

Generator 

Reactor building 

Turbine building 

Reactor auxiliary building  

Distribution of Waste in Fugen 
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2.VR 



Feature of VRdose 

the HVRC VRdose of Decommissioning simulation 

• VRdose is a 3D simulation software that simulate radiation dose risk on real time.  
• VR technology is useful for safety decommissioning works. 
• Fugen has a cooperation with IFE to update VRdose, for example we added some functions there 

are annotation tags for using KM and 3D touch operational function to discuss of simulation. 

Time line of Movie / 3D animation  

3D template model and 
object  

Preference of object and 
3D model 

Visualize a exposure dose 
(real time preview) 

Manikins  
Can be get a exposure dose 
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Other outcomes of VRdose development 

Before Cut 

Target Cutting pip Number 

3inch 6 

4inch 13 

Removed Material Number 

Air Valve 1 

Pipe 9 

Elbow 4 

Tee 2 Dose rate and movement of a worker 

Worker 

Cutting 

Removal 

Before 

After 



VRdose demonstration  

Decommissioning for CUW heat exchanger 

Deconstruction of “Regenerative Heat Exchanger” 
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Results of VR and interpretation 

• Real world V.S. Virtual world 
• Animation of VRdose simulation feel cool. Is this easy to make this one? 
• Who make it? How to make a real cutting on a VRdose? For example, we need to cut pipes or 

devices each 10 cm. 

• At the real situation of dismantlement work, we need to confirm a work space, 
temporary place, location and system isolation and cutting or transportation 
method… 

• We thought, the result of simulation and the demand of worker have a different 
purpose. There are “to understand without going to the decommissioning site” and 
“to focus on a real site”. VRdose simulation focuses on a dose rate and offer a 
discussion point of deconstruction. But, worker tends to request a real result of 
simulation. How to connect both aim?  

Target of Decommissioning works 
Pre-study            ◎     Planning, ARALA 
Dismantlement  None  Work management 
Settle sort           ○      After discussion and L&L 
 
◎Very well  〇Well  △Slightly well 

Area a radiation dose rate 
High     △ Remote 
Middle    ○ Useful for VR 
Low          △ Good workability 
None     △ simple deconstruction 
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Impressions and discussion 

• Procedure of VRdose scenario making 
• 1. To prepare a 3D-CAD data.  *making a original 3D-CAD data is 

higher cost and using a data need a professional staff. 
• More over, using a CAD data, remove a interference/ obstructer ceiling, 

wall, pipes and devices when making a 3D VR animation 

• 2. To transport a CAD data into a VRdose 
• VRML (filename extension), Need to fix a geographical data (XYZ) and 

adjust other some factors.  

• 3. A operability of scenario creation is somewhat old procedure and 
a bit hard to make one. 

• NPP’s facility also changing and updating, but to fix a CAD 
data is not easy tasks. 

• Worker tend to want to know a real site state when use VR. At this 
case, we need to update a CAD data. However, VRdose aim is not 
alternation of real world. We need to connect a both wishes. This 
issue is KM problem too.  

• One of answer is Mixed Reality. MR is more interactive VR 
technology. 
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3.MR 



Decommissioning Dismantling 

Technology Verification Field 

放射線量当量率可視化 

配置検討 作業性の検証 

解体手順の合理化検証 

Laser processing advanced field 

Mixed reality system development Laser fusion adaptive control system development Demonstration test of decommissioning technology 

Mihama 1,2 Tsuruga 1,2 Fugen 

FUKUI Smart Decommissioning Center (2018~) 

- Promotion of decommissioning, Support for 
decommissioning business of local company and 
economy 

- Fukui prefecture has a lot of NPPs that is almost a 
25% in Japan.  

2018,6,16 Opening Ceremony 

Collaboration partners 

 Fukui Prefecture, University of Fukui, Wakasa-

wan energy  research center  

Cooperating companies 

 RIKEN,  Fukui Chamber of Commerce and 

Industry,  Fukui Institute of Technology,  Nuclear 

power backend promotion center, Electric 

companies (Kansai, JAPC), other 6 companies 

Decommissioning measures 

mockup test field 
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● MR system using a VR goggle that is 

“head mount display (HMD)”. 

● User watch a virtual facilities though the 

HMD. The screen follows the direction 

user saw by a 6 optical cameras. 

● Our MR system is using 3D-CAD data 

and a point cloud data. Point cloud data 

collect a 3D scanning device. 

● 3D scanner could be correct a real data 

● To get a correct 3D data can access a 

target to stride a interpreter goods. 

Mixed Reality System overview 

MR Feature and overview 

● Close to the real site of NPP 

● Confirm a workability (Tool 

interference, working posture etc.) 

● Examine a exposure dose of workers 

● Examine a optimum work procedure 
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Conclusions  

• Since the decommissioning work going to have more difficulty task in 
terms of complicated structure at  high radiation area, a good simulation 
system will be needed for the dismantling. VRdose and MR enable 
workers to practice the dismantling procedures and estimate radiation 
exposure in advance. 

• However, making a VR animation and using CAD software is not easy for 
worker. This task need a corroboration with IT processioning staff.  

• VR and MR don’t  request a accurately reproduce everything. However,  
decommissioning activity can keep a more visual information and that is 
good for understand to newcomers by using there. This one relating a 
succession. 

• During dismantlement work will be advanced from a low level radioactive 
facilities  to high level one, we can accumulate our experience, 
technology and knowledge of dismantlement by VR and MR. There are 
also important to share the important points of work and notes and to 
utilize it. 

• In the future, using a VR and MR technology, we will try to open the 
substance of decommissioning on the real situation of NPP that “lessons 
and learned” is useful to other case of decommissioning.  
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Tsuruga 

Peninsula 

Tsuruga 

bay 

Central 

Tsuruga 

Thank you for your attention Mail; taruta.yasuyoshi@jaea.go.jp 

Tsuruga City, 

Fukui 

prefecture 

JAPC-Tsuruga 
3,4 [APWR] 

(Preparing 
construction) 

JAEA-Fugen 
[ATR] 

JAPC-Tsuruga 
1,2  

[BWR] [PWR] 

Kansai Electric 

Power 

Company- 

Mihama 1-3 

[PWR] 

JAEA-Monju 
[FBR] 
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Thank you for your attention 

 

 

 Mail; taruta.yasuyoshi@jaea.go.jp 
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Sight of FUGEN decommissioning engineering 

center 

Administration 
Office 

Turbine 
Building 

Radioactive waste 
treatment facility 

Reactor C/V 

Auxiliary 
Building 
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Shimane 1 
Chugoku (BWR) 
- 460 MWe  
 (Mar.1974-Apr.2015) 
 - Decom.:  Apr.2017 - 2045JFY 

Genkai 1 
 Kyushu (PWR) 
 - 559 MWe  
(Jul. 1975 - Apr.2015) 
 - Decom.:  Apr.2017  
- 2043JFY 

Ikata 1, 2 Shikoku 
 (PWR) 566 MWe  
1.566MWe(Sep.1977- May 2016) 
 - Decom.:  Jun.2017-2056JFY 
2.566MWe (Mar. 1982 - Mar. 2018) 

Tokai, JAPC (GCR) 
 - Graphite-moderated CO2-cooled  
 - 166 MWe (Jul.1966 – Mar.1998) 
 - Decom.: Dec.2001 – 2025JFY 

JPDR, former JAERI 
 (experimental BWR) 
 - 12.5 MWe (Oct.1963-Mar.1976) 
 - Decom.: May 1986 – Mar.1996 

http://www.japc.co.jp/project/haishi/index.html 

http://www.chuden.co.jp/energy/hamaoka/hama_about/location/  

Hamaoka 1,2, Chubu (BWRs) 
1: 540 MWe (Mar.1976 - Jan.2009) 
2: 840 MWe (Nov.1978 - Jan.2009) 
 - Decom.: Nov. 2009 - 2036JFY 

Decommissioning of NPPs in Japan (as of Sep. 2018) 

http://www.jaea.go.jp/04/ntokai/decommissioning/01/decommissioning_01_01.html 

Mihama 1,2 
Kansai (PWRs) 
1 : 340 MWe (Nov.1970 - Apr.2015) 
2 : 500 MWe(Jul.1972 - Apr.2015) 
 - Decom.:  Apr.2017 - 2045JFY 

Tsuruga 1 
JAPC (BWR) 
- 357 MWe (Mar.1970 -Apr.2015) 
 - Decom.:  Apr.2017 - 2039JFY 

11 units are under decommissioning  

Fugen, JAEA (ATR) 
 - Heavy water moderated, light water 
cooled  
 - 165 MWe (Mar.1979 - Mar.2003) 
 - Decom.: Feb.2008 - 2033JFY 

3 units were permanently shutdown 

http://www.kepco.co.jp/corporate/info/community/mihama/about.html 

http://www.energia.co.jp/shimane-h/ 

http://www.kyuden.co.jp/nuclear_index.html 

http://www.japc.co.jp/plant/index.html 

Fukushima-Daiichi 1-6, 
(6 units are specified nuclear facilities)  

 TEPCO (BWRs) 
1: 460MWe (Mar.1971 - Mar.2011) 
2: 784MWe (Jul.1974 - Mar.2011) 
3: 784MWe (Mar.1976 - Mar.2011) 
4: 784MWe (Oct.1978 - Mar.2011) 
5: 784MWe (Apr.1978 - Jan.2014) 
6: 1100MWe (Oct.1979 - Jan.2014) 

http://www.jaea.go.jp/04/fugen/index.html 

Operational 

Fukui 

http://www.yonden.co.jp/energy/atom/ikata/page_02.html 

Monju, JAEA (FBR) 
280 MWe 
- Decom.: Mar. 2018 – 
2047JFY  

http://www.jaea.go.jp/04/t
uruga/monju_site/page/fac
ilities.html 

http://www.kepco.co.jp/corporate/profile/community/ooi/index.html 

Ohi 1,2 
Kansai (PWRs) 
1 : 1175 MWe (Mar.1979- Mar.2018) 
2 : 1175 MWe(Dec.1979- Mar.2018) 

(Completed) 

Fukushima-Daini 1-4, 
(4 units will be permanently shutdown)  

  

http://www.japc.co.jp/plant/tsuruga/dai1top.html


CST 

Condensate Storage Tank 

Main steam line & valves  

Sea water 

Reactor 

Turbine building 

Auxiliary building 

Auxiliary 

building 

Stack 

Reactor building 

A-Condenser 
FWH: Feed  water  heater 

No.4 
No.5 No.1 FWH 

No.2 FWH 
No.3 FWH 

B-Condenser body 

Current Status of Dismantling Work 
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Reactor Building 

Auxiliary Building 

Turbine Building. 

Systems Engineering 

Waste Treatment 

Measurement 

Material Reuse 

•Inventory Assessment by Analysis, Foils, Bonner Ball 

Measurement and Sampling 

•Waste Volume Evaluation by the Inventory, Reflection to 

Decontamination and Dismantlement 

Spent Resin Test Facility Processing Work 

•Development  of Optimized Method based on  the 

Decontamination Experience 

•VR Support System 

Clearance Measurement Device and Metal Waste 

Concrete Waste 

Reactor Dismantlement 

•Safe and Optimized D2O Removal, Tritium 

Measurement and Removal, Decontamination 

•Release Experience 

•Study of Metal Reuse 

•Study of Concrete Reuse 

•Reflection of Existing Measurement 

Technique 

•Establishment of Optimized 

Measurement Method for Fugen 

•Dismantlement Machine Study 

•Mock-up Facility Planning 

•Dismantling Simulation System 

Characterization 

Decontamination 

•Study of Automatic and Remote Dismantling System 

•Study of Cutting and Secondary Waste Reduction  

•Study of Tritium Waste Treatment  

•Study of Large Waste Container 

•Development of Spent Resin Reduction and 

Stabilization 

•Design of Waste Treatment Facility 

Dismantling of Common Equip. 

Unique Technology Common technology 

•3D-CAD, Evaluation by COSMARD (Planning System), 

Dismantlement Study, Safety Analysis 

Ref; Main technologies for Decommissioning  of Fugen 

Heavy Water or Tritium Related 
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Vibration device Controller 

Resolution converter  

Feature of MR System 

MR devices 

 Ethernet HUB 

VR Controller 

3D laser measure 

PENTAX S-3180V 
HMD：Canon (MD-10) 

- Software for MR 

MR platform, Visualizer 

EnSight, EnSight for MR 

Camera : Vicon (Vero v2.2) 

Resolution：2,048×1,088 

Frame rate：330Hz 

3D-CAD 

MicroStation 
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Medium-sized display 
(50 inch) 

MR user 

：General 
participants 
or observers 

(HMD 3Ｄ display image) 

Approx.4.5m 

MR user 

A
p
p
ro

x
.2

.3
m

 

Framed 
structure 

High performance 
PC 

Optical camera（6 units） 

HMD 

Feature of Mixed Reality System 

Dismantling Technology Demonstration Field 

• MR experiencing person to see the correct 
3D display image with actual size. 

• The motion space is possible to experience 
the site while moving through this space.  

• This MR system is supposed to be utilized for 
the purpose of developing human resources 
and improving technical skills in order to 
support companies in Fukui prefecture that 
wish to enter the decommissioning work. In 
addition, it is expected to be used for practical 
lessons for university students etc. 

• MR good for the decommissioning work 
safely and rationally, sufficient examination of 
work procedures in advance is necessary. 

• MR enables visualization of the dose 
equivalent rate at the site, examination of the 
dismantling procedure of the facility, 
examination of the installation place and size 
of the temporary equipment (scaffold, curing 
material, shielding) and confirmation of carry-
in route and interference of the equipment 
necessary for dismantling work. 

HMD 

 
 

 PC for MR 
 
 
 
 
 

Software 

PoE Optical camera 
position sensor 

Display 
 

Resolution 
converter  

Equipment for setting 
up optical camera 

Controller 

 ・Marker board 
 ・Calibration kit 

Framed structure 

      

The MR motion space 
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VRdose Worldwide application  

• VRdose and extended products were provided and tested in 
worldwide. 

Andreeva Bay, North-

West Russia 

Chernobyl NPP, 

Ukraine 

Leningrad NPP, 

Russia 

Ringhals NPP 

(Vattenfall), Sweden 

Cooperation Research 

of TEPSYS for TEPCO, 

Japan 

IFE historic fuel site, 

Norway  
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