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Introduction 

 Decommissioning cost was evaluated by the utility group in Japan; 

it was then approved by the government for establishment of 

decommissioning funding system. 

 The Japan Power Demonstration Reactor (JPDR) was the first 

nuclear power plant which generate electricity by nuclear energy 

and being dismantled as a demonstration decommissioning project 

in Japan. 

 Research and development was one to the subjects to be done in 

parallel with actual dismantling activities for future decommissioning 

of commercial nuclear power plants. 

 Computer system and the related database were developed for 

evaluation of decommissioning cost and the other project 

parameters such as worker dose and waste arising for future 

decommissioning of commercial nuclear power plants. 
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Decommissioning Cost Estimation in Japan 

Regulation 
Cost estimation is required for approval of decommissioning plan 

Funding 
Decommissioning cost was studied for establishment of 
decommissioning fund;  based on the study, the cost is included in 
electricity fee. 

Cost estimation methodology 
Standard decommissioning process of NPP in Japan 
Estimation of waste arising from decommissioning NPP 
Study on work breakdown structure 
Estimated cost is reviewed every year in consideration of technology 
development and economical situation, etc. 
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Standard Decommissioning Process 
of NPP in Japan 

Facility  
Operation 

Final shutdown for decommissioning 
Removal of spent nuclear fuels 

System decontamination 
Safe enclosure ( 5 – 10 years) 
Dismantlement 

Radioactive waste treatment and disposal 
Usage of the site for a new plant or other objectives 

D&D activities 

Release of site by 
completing the D&D 
activities 

Phase Activities 

Premise for cost estimation of decommissioning and waste management 
Selection of rational decommissioning process and terms of safe enclosure on the basis 

of expected cost, worker dose and waste generation 
The strategy `safe enclosure and dismantlement` considered from the viewpoints of 

worker dose and waste generation. 

Financial Aspect of decommissioning  
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Major Dismantling Process and Work Activities 

•Dism. reactor internals（remote, 
underwater cutting） 

•Dism. reactor pressure vessel
（remote, underwater cutting） 

•Dism. components in reactor 
enclosure 

•Dism. thermal shielding (remote 
operation) 

•Dism. radiological activated 
components in reactor 
enclosure (remote operation) 

•Dism. Bio-shield activated 
(remote operation) 

•Demolition of reactor enclosure 

•Dism. Residual equipment 
（ventilation, crane, etc） 

 

•Dism. equipments (both 
radioactive and non-
radioactive; main generator, 
turbine, condenser, etc.) 

•Dism. Residual 
equipments in buildings 
（ventilation, crane, etc.) 

Radiological surveys of 
residual facilities 

Radiological survey 

•Dism other 
equipments 

•Dism. equipments 
(both radioactive and 
non-radioactive) 

• Dism. residual 
equipments in the 
buildings （ventilation, 
hoists ,etc.) 

Dismantlement of 
component and facilities in 

reactor bld. 

Dismantlement of 
component and facilities in 

turbine bld. 

Dismantlement of 
component and facilities in 

other blds. 
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Premise for Cost Estimation of 
Decommissioning NPP 

 Application of standard decommissioning process 
  → system decontamination /safe enclosure/dismantlement 

 Waste management 
  → disposal option depending on their radioactivity levels 

Relatively high level radioactive waste (sub-surface 50 – 100 m in depth ) 
→Radioactivity concentration is higher than those of implicated for the low   level 
radioactive waste disposal center which is in operation. 

Relatively low level radioactive waste (concrete pit type) 
→ Radioactivity concentration is higher than one tenth of regulation for near surface 
trench disposal option. 

Extremely low level radioactive waste (trench type) 
→ Radioactivity concentration is higher than those of clearance levels proposed by 
nuclear safety commission(1999). 

Less than clearance level   

→Radioactivity concentration is less than those of clearance levels propose by 
nuclear safety commission(1999). 5 



Decommissioning Cost of NPP 

The funding system has been established for decommissioning of NPPs.  
To prepare the system, decommissioning cost was estimated for 1100MWe 
class NPPs(BWR, PWR)  follows: 

BWR：65.9 billion Japanese yens 
    Dismantlement ：49.8 billion Japanese yen 
    Waste Disposal ：16.1 billion Japanese yen 
 
PWR：５9.7 billion Japanese yen 
     Dismantlement ：42.9 billion Japanese yen 
     Waste Disposal ：16.8 billion Japanese yen 

Decommissioning Cost Estimation 
（1100MWe Class NPP) 

(as of 2007 year price)  6 



Radioactive Waste Disposal Costs 

Transportation and disposal Costs 

Transportation Disposal Transportation Disposal

Relatively high level： 0.7 1.5 1.8 3.9
Relatively low level： 1.5 4.5 2.2 6.7
Extremely low level： 3.6 2.9 1.4 1.1
Transportation: out-site transportation

Category
BWR PWR

Items BWR PWR 

Process (Treatment) 3.5 2.3 

Inspection 0.4 0.3 

Transportation (on site) 0.1 0.1 

Transportation (out site) 5.8 5.3 

Disposal 8.9 11.7 

Total 18.7 19.7 

Unit: billion Japanese yen 
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Estimation of Waste Arising from 
Dismantling NPP 

Categorization BWR PWR 

Relatively high level 
radioactive waste 
(Intermediate level) 

0.1 (100 
m3 ;0.1%)  

0.2 (260 
m3;0.1%) 

Relatively low level 
radioactive waste（Low 
level）：  

2 (1600m3  ;1%) 3 (2400 m3;1%) 

Extremely low level 
radioactive waste (Extremely 
low)： 

10 (7,200m3 ;2%) 3 (2800m3;1%) 

Less than clearance level：  530 (98%)  490 (99%) 

Total： 550 500 

(1100MWe Class) 

(unit: thousand ton) 

The volume was estimated as conditioned wastes for final disposal. 8 



Plant Characteristics 

 Reactor type & power : BWR, 45/90 MWt 

 Facility operation period : 1963-1976 

 Total output power : 21,500 MWD 

 

Objectives 

 to gain actual experience of nuclear power plant dismantling 

 to verify the developed techniques in actual dismantling activities 

 to collect data on JPDR dismantling activities 

 

Dismantling Project Overview 

 Project period : Dec. 1986 - Mar. 1996 

 Project cost : 23 billion yens (including R&D) 

 Waste arising : 3,770 tons (Radioactive) 

 Worker dose : 306 person-mSv 

JPDR Decommissioning Program 

- The first experience of dismantling reactor facility - 
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Decommissioning Database (1) 
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0.60 

1.27 
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Cutting preparation 
Primary cutting 

Cut piece transfer (large) 
Cut piece transfer (small) 

Secondary cutting 
Cut piece packaging 

 
Cutting (manipulator) 

Machine setting 
 (mast-type) 

Machine setting 
 (manipulator) 

Removal of machine 
 (mast-type) 

Removal of machine 
 (manipulator) 

Cutting preparation 
(manipulator) 

Mast Type Plasma Arc Cutting System 

Total weight of  
reactor internals: 16.6 tons 
Max. radioactivity: 2×108 Bq/g 

Secondary Plasma Arc 
Cutting Device 

Gas Supply 
Cooling Water Circulation 

Control Panel for 
Plasma Arc 

Primary Plasma 
Arc Cutting 
Device 

Carriage 

Cross Travel 
Carriage 

Plasma Torch 

Plasma Torch 

Cut Piece 

Cutting Capability (stainless steel) 
 Max thickness 230mm, Cutting speed 50mm/min (in air) 
 Max thickness 130mm, Cutting speed 75mm/min (underwater) 

Mast-type remote 

handling machine 

Slave arm (manipulator) 

Plasma arc cutting is a thermal cutting method in which arc and 

plasma gas heat are produced by electrical current between arc 

node and object to be cut.  By-product treatment is necessary for 

worker safety and proper waste management. 
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Decommissioning Database (2) 

General facility components such as pumps, tanks and piping which have a small contamination, are dismantled by workers 

using conventional tools.  These facility components are first removal from the original place by rough cutting.  The cut pieces 

were transferred to conditional work place, where the pieces are further cut to be small segments  for packaging.  Mainly 200l 

drums are used for temporally storage together with 1m3 and 3m3 steel box additionally.  The tools such as band saw, saver, 

high speed cutting, gas cutter, air plasma arc are applied in these dismantling work.  Local ventilation systems and 

contamination control envelopes are used for preventing from being spread of contamination. 
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Radioactive 
inventory 

Operation 
history 

Facility 
stricture 

Facility 
Information 

Experience 
Lessons learned 

Technology 

Facility 
maintenance 

Study & 
Evaluation 

Planning 

Risks 
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Project 
parameter 

Planning of 
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project 

Development of Computer Systems for Planning 
and Management of Nuclear Decommissioning 
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Concept of COSMARD Calculations 

input output 

Dmaf 

Rado/Dose 

Computing Data on 

Project Management & 

Scheduling 

Unit Factors,  

etc. 

database 

Work Packages with 

Breakdown Structure &  

Computing Conditions 

 

-  Activity names 

- Components to be 
dismantled 

- Operational conditions 
- Relationships with other 

activities 

- etc. 

Data for Project 

Management 

 

-   Manpower needs 

-  Occupational dose 

-  Waste generation 

-  Costs 

- etc. 

Computing of 

Radioactivity & Dose 

Equivalent Rate 

Scheduling Data 

 

-   Bar charts 

-  Histograms 

-  Network diagrams 

- etc. 

Dose Equivalent 

Rate at Each 

Area  

Plant Inventory 

including 

Radioactivity  

Setting of Work 

Packages Using 

Knowledge Base 

Expe 
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Summation of data 

Data transfer 

Data transfer 

Step1 
Calculated results were 
summed along with the 
work breakdown 
structure 

Step 2 
After the summation of 
the results(Step1), the 
data are transferred from 
parent to other new 
activities 

Unit Activities 
Activities 

Algorism of Evaluating Decommissioning 
Project Parameters 

Setting work activities with 
simple calculation models 

Step 3 
After the summation of 
the results(Step1), the 
data are transferred to 
the other activities 
belonging to the family. 
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Unit Productivity Factors of  
Hands-on Dismantling Activities 
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Activity-dependent cost:  
   Those costs associated with performing hands-on decommissioning 
activities. Examples of such activities include decontamination, removal 
of equipment, and waste packaging, shipping, and burial. These 
activities lend themselves to the use of unit cost and work productivity 
factors( or work difficulty factors) applied to the plant and structure 
inventories to develop the decommissioning cost and schedule.  

Decommissioning cost is estimated in terms of cost categories 
considering their characteristics.  There are basically three types of 
cost categories:  

 activity-dependent cost,  
 period-dependent cost, and  
 Collateral and special item costs. 
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Cost Estimation Methodology 
-Categorization of cost items-  



Period-dependent cost:  

Those costs include activities associated with the project duration: 
engineering, project management, dismantling management, licensing, 
health and safety, security, energy, and quality assurance. These are 
primarily management staffing level costs, developed by estimating the 
manpower loading and associated overhead costs based on the scope of 
work to be accomplished during individual phases within each period of 
the project. 
 

Collateral and special item costs: 

   Those are costs for special items, such as construction or dismantling 
equipment, site  preparation, insurance, property taxes, health physics 
supplies, processing liquid waste, and independent verification surveys. 
Such items do not fall in either of the other categories.  
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Categories for Cost Estimation 



Level 1 

 Pre-decommissioning actions 

 Facility shutdown activities 

 Procurement of general equipment and material 

 Dismantling activities 

 Waste processing, storage and disposal 

 Site security, surveillance and maintenance 

 Site restoration, cleanup and landscaping 

 Project management, engineering and site support 

 Research and development 

 Fuel and nuclear material 

 Other costs 

Standard Cost Items(I) 

The working group of OECD/NEA studied first the decommissioning 
cost. Cost items(213) are identified in hierarchy form.

 

Cost Groups include the followings:  

Labor costs  

Capital, equipment and material costs 

Expenses 

Contingency 
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Level 2  Dismantling activities 

 Decontamination of areas and equipment in all buildings to facilitate 

dismantling 

 Drainage of spent-fuel pool and decontamination of linings 

 Preparation for dormancy 

 Dismantling and transfer of contaminated equipment and material to 

containment structure for long-term storage 

 Sampling for radiological inventory characterization in the installation 

after zoning 

 Site reconfiguration, isolating and securing structures 

 Facility (controlled area) hardening, isolation or entombment 

 Radiological inventory categorization for decommissioning and 

decontamination 

 Preparation of temporary waste storage area 

 Removal of fuel-handling equipment 

 Design, procurement and testing of special tooling/equipment for 

remote dismantling 

Standard Cost Items(II) 
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Construction of work breakdown structure by 
using command type input description 

AAA  ：Activity(Work) name 

JNUM=jjj ：Comments (Japanese) 

ENAM=ccc ：Comments (English) 

METH=mmm ：Selection of Technology 

TARG=ttt ：Selection of components to  

                             be dismantled 

PERM=ppp ：Setting of Parameters 

SUBF=sss ：Setting of lower activities 

PATM=xxx ：Setting of breakdown pattern 

#comment ：Comments 
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Calculation Flow for Cost Estimation 
-Case Study : JPDR Decommissioning Project- 

Period 
dependent cost 

Activity 
dependent cost 

Collateral cost 

Total cost 

Cost items & 
structure 

Facility component 
inventory 

Project organization  
structure 

Database 
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JPDR費用 
SUBF=廃止措置の前処置                    /PARM=期間=3      ;_#01 
          施設停止作業                          /PARM=期間=1.5   ;_#02 
          安全貯蔵の準備                       /PARM=期間=2.5   ;_#03 
          管理区域の解体作業                 /PARM=期間=10    ;_#04 
          廃棄物の処理・貯蔵・処分      /PARM=期間=10    ;_#05 
          サイトの基盤と運転                 /PARM=期間=10    ;_#06 
          従来型解体・取壊・サイト修復  /PARM=期間=2      ;_#07 
          プロジェクト管理・設計・支援  /PARM=期間=10    ;_#08 
          研究開発                                /PARM=期間=5      ;_#09 
          燃料と核物質                          /PARM=期間=2      ;_#10 
         その他の費用                           /PARM=期間=15        #11 

#01 
廃止措置の前処置                          # 準備期間 :3年 
  SUBF=廃止措置計画の作成;             _#01.0100 
       政策の研究;                              _#01.0200                
       許認可;                                    _#01.0200 
       計画と認可のための放射能評価;   _#01.0300 
       有害物質の調査と分析;               _#01.0400 
       主契約者の選択                           #01.0500 

Cost item structure 

Input Data for JPDR Decommissioning 
Project Cost Estimation 
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CNT ACT.NAME 全費用 期間依存費用 作業依存費用 付随型費用

1 JPDR費用 2.40E+04 8.13E+03 3.87E+03 1.06E+04

2 廃止措置の前処置 3.85E+02 3.70E+02 0.00E+00 0.00E+00

3 施設停止作業 3.70E+02 3.70E+02 0.00E+00 0.00E+00

4 安全貯蔵の準備 8.30E+02 1.98E+02 0.00E+00 6.32E+02

5 管理区域の解体作業 8.46E+03 2.49E+03 3.69E+03 1.88E+03

6 廃棄物の処理・貯蔵・処分 3.29E+03 9.77E+02 0.00E+00 2.31E+03

7 サイトの基盤と運転 2.32E+03 1.78E+03 0.00E+00 4.00E+01

8 従来型解体・取壊・サイト修復 2.44E+02 1.32E+02 1.12E+02 0.00E+00

9 プロジェクト管理・設計・支援 6.77E+02 3.17E+02 0.00E+00 0.00E+00

10 研究開発 4.85E+03 1.16E+03 0.00E+00 3.58E+03

11 燃料と核物質 2.37E+03 2.11E+02 0.00E+00 2.16E+03

12 その他の費用 1.84E+02 1.19E+02 6.50E+01 0.00E+00

Unit : MYen 
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OutPut Data 



Summary 

 Decommissioning cost of nuclear power plants has 
been evaluated for establishment of funding 
mechanism based on the standard procedure of 
dismantling NPPs. 

 The methodology and computer systems were 
developed in the JPDR decommissioning project; the 
unit activity factors developed in the project were 
applied for evaluation of the cost. 

 The study is underway to evaluate optimum 
decommissioning scenarios by using the unit activity 
factors and computer code in University of Fukui. 
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附件三：Key issues of decommissioning





 

 
 
 
 
 
 
 
 
 
 
 
 
 

附件四：Overview of Hamaoka NPPs


















































































