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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
iIn 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.



Decommissioning Cost Estimation in Japan

Requlation
B Cost estimation is required for approval of decommissioning plan

Funding
B Decommissioning cost was studied for establishment of

decommissioning fund; based on the study, the cost is included in
electricity fee.

Cost estimation methodology

B Standard decommissioning process of NPP in Japan

B Estimation of waste arising from decommissioning NPP

B Study on work breakdown structure

B Estimated cost is reviewed every year in consideration of technology
development and economical situation, etc.




Financial Aspect of decommissioni

Standard Decommissioning Process

of NPP in Japan

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

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

worker dose and waste generation.

Phase Activities
. ®Final shutdown for decommissioning
Facility
: ®Removal of spent nuclear fuels
Operation

Release of site by
completing the D&D
activities

®System decontamination
®Safe enclosure (5 — 10 years)
®Dismantlement

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




Major Dismantling Process and Work Activities

Radiological survey

I I
Dismantlement of Dismantlement of Dismantlement of

component and facilities in component and facilities in component and facilities in
reactcljr bid. turbine bld. other blds.

e Dism. reactor internals (remote,
underwater cutting)

«Dism. reactor pressure vessel e Dism. equipments (both e Dism. equipments
(rem;)te un del?rwater cutting) radioactive and non- (both radioactive and
’ g radioactive; main generator, non-radioactive)
e Dism. components in reactor turbine, condgnser, etc.)
enclosure
'D'S.m other e Dism. thermal shielding (remote
equipments )
operation)
¢ Dism. radiological activated ¢ Dism. Residual ’ D'Sr.n' reS|t u.alth
components in reactor equipments in buildings gqﬁ(ljpmen(s mt'l i.
enclosure (remote operation) (ventilation, crane, etc.) J! Ings tventiiation,
hoists ,etc.
¢ Dism. Bio-shield activated
(remote oper?tion)
e Demolition of reactor enclosure
e Dism. Residual equipment
(ventilation, crane, etc)
|
Radiological surveys of
residual facilities
| | |
Demolition of reactor Demolition of turbine Demolition of the other

building building buildings and facilities




Premise for Cost Estimation of
Decommissioning NPP
B Application of standard decommissioning process

— system decontamination /safe enclosure/dismantlement

B Waste management _ _ _ o
— 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).




Decommissioning Cost Estimation
(1100MWe Class 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:

Decommissioning Cost of NPP

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

(as of 2007 year price)



Radioactive Waste Disposal Costs

Transportation and disposal Costs

Items BWR PWR
Process (Treatment) 3.5 2.3
Inspection 04 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

BWR PWR
Category
Transportationl Disposal Transportationl 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




Estimation of Waste Arising from
Dismantling NPP

(1100MWe Class)
Categorization BWR PWR
3- 0) 3- 0
(Intermediate level) M= E0L%) ORI
Relatively low level
radioactive waste (Low 2 (1600m3 ;1%) 3 (2400 m3;1%)

level)

Extremely low level
radioactive waste (Extremely 10 (7,200m?3 ;2%) 3 (2800m?3;1%o)

low) :
Less than clearance level : 530 (98%) 490 (99%)
Total : 550 500

(unit: thousand ton)

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



JPDR Decommissioning Program
- The first experience of dismantling reactor facility -

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


../../My Documents/plasma_manipulator.mpg

Decommissioning Database (1)

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.

@ Gas Supply
@ Cooling Water Circulation

Control Panel for
Plasma Arc

Primary Plasma

Arc Cutting
Device

Carriage

Cross Travel
Carriage

Total weight of
reactor internals: 16.6 tons
Max. radioactivity: 2>X 108 Bg/

Mast Type Plasma Arc Cutting Systemn

@ Manpower Need

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

Preparation

Power setting
Machine setting

2,500
2,500

3,800

(mast-type)
Machine setting j 1

(manipulator)

,100

Cleanup activity,

7,500

Removal of machine
(mast-type)

2,600

Removal of machine| |gqq

(manipulator)
0

Slave arm (manipulator)

2,000 4,000 6,000

man-hours

© unit Productivity Factors

8,000

Cutting preparation 166

Primary cutting

| 1]79

Cut piece transfer (large)

| 2.21

Cut piece transfer (small) 47 111
[ los

Secondary cutting

Cut piece packaging
Cutting preparation
(manipulator)

Cutting (manipulator)

1.27
112

1.08

Mast-type remote 0.00

handling machine

1.00 2.00
hours/operation

3.00
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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 1m?3 and 3m?3 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.

V] Manpower Need in dismantling facility components in

Preparation 8,100
Dismantling & Packaging | 12,604
Cleanup 8,000
0 5,000 10,000 15,000
man-hours

Cutting of pipe by rotary band saw © unit Productivity Factors

Pumps |13,
8,000 r
= & — :Preparation Bases and walls
—@— :Dismantling & packaging Joi Small machinery
6,000 | - . —di i i
B :Post-dismantling restoratio Control panel

oo * o Heat exchangers

4,000 . s
/ o Air conditioner
A [
_ s ¢ Tanks

Manpower needs (man-hours)

2,000 L . _
o oot O Demineralizer
. o Lkl W ! Pedestal
0 50 100 150 Piping
Weight of components being dismantled (tons) Ducts 62.71
. . Cable and conduits 63.0
Relationship between manpower Thermal insulator ‘ 91
expenditure and weight of dismantled ermal insulato :
components 0.0 20.0 40.0 60.0 80.0 100.0

man-hours/ton

Reactor, Turbine, Dump-condensor, Rad-waste Bldgs.
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Development of Computer Systems for Planning
and Management of Nuclear Decommissioning

Radioactive % Operation
inventor history
Facility
Information <

\d .
. *
. .
. .
. .
* .
o* -
. .,

Planning of

Decommissioning
D&D Projects ) : project

Experience

Facility Lessons learned
maintenance -
............................... Project
parameter
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Concept of COSMARD Calculations

Work Packages with

Breakdown Structure &
Computing Conditions

- Activity names

- Components to be
dismantled

- Operational conditions

- Relationships with other
activities

- etc.

Setting of Work

Packages Using
Knowledge Base

Dmaf
Input: Computing Data on output
Project Management &
Scheduling Rado/Dose
Computing of
Radioactivity & Dose
Equivalent Rate
Expe
database

_| Data for Project
| Management

- Manpower needs
- Occupational dose
- Waste generation

- Costs
- etc.

Unit Factors,

etc.

Area

Dose Equivalent
Rate at Each

Plant Inventory
including
Radioactivity

Scheduling Data

- Barcharts

- Histograms

- Network diagrams
- etc.
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Algorism of Evaluating Decommissioning
Project Parameters

Data transfer

*
*
-
S
*
*
*
ol

Data transfer

simple calculation models

Stepl Step 2 Step 3

Calculated results were After the summation of After the summation of
summed along with the the results(Step1l), the the results(Step1l), the
work breakdown data are transferred from data are transferred to
structure parent to other new the other activities

: . activities belonging to the family.
@ Unit Activities @ Activities



Unit Productivity Factors of
Hands-on Dismantling Activities

Transformer power supply panel
Pump

Wall & base [,/ g

Small machinery [ 775
Control panel 19.7
Heat exchanger
Air conditioner
Tank
Demineralizer

Piping & valve 5.0
Base hunger 38.9
Duct 162.7
Cable & conduit 63.0
Cleaning of sludge | . , _185.6
Thermal insulation 98.1

Facility

32 | | |
components

D

Control blasting (outer layer) [l5 1
Control blasting (inner layer) 1225 Large

Building structure |g 5 components

Crane [H49

Steel wall of reactor enclosure 7.4

Turbine generator 21.7

Dump condenser 21.8

Turbine condenser ‘ 491

Upper & lower part of RPV ‘ ‘ 57.3
Fuel pool liner 115.7

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0
man-hours/ton




Cost Estimation Methodology
-Categorization of cost items-

Decommissioning cost is estimated in terms of cost categories

considering their characteristics. There are basically three types of
cost categories:

B activity-dependent cost,
B period-dependent cost, and
B Collateral and special item costs.

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.

16



Categories for Cost Estimation

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.

17



Standard Cost Items(1I)

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

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 Cost Groups include the followings:
® Fuel and nuclear material ELahor costs

® Other costs

M Capital, equipment and material costs
MExpenses

mContingency 18



Standard Cost Items(1II)

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



Construction of work breakdown structure by

using command type input description

AAA
JNUM=jjj
ENAM=ccc
METH=mmm
TARG=ttt

PERM=ppp
SUBF=sss
PATM=xXxX
#comment

. Activity(Work) name

. Comments (Japanese)

. Comments (English)

. Selection of Technology

. Selection of components to

be dismantled

. Setting of Parameters

. Setting of lower activities

. Setting of breakdown pattern
. Comments

20



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

Project organization Facility component Cost items &
structure inventory structure
\’ i J
Database
|
\ \ \’
Period Activity
dependent cost dependent cost Collateral cost
v ! J
\
Total cost

21



Input Data for JPDR Decommissioning
Project Cost Estimation

JPDREH

SUBF=EIL{GEDRIKLE
iR e IS
AT D%
B XIS DAHAMESR
FREYIONIE - AT - L5
B hORE &L
TEREAR(K - HUR - U1 ME1E
JOzx o e’ - Gt - KB
DIEEE
PR E D E
TDMDER

#01
FEICISIEDRILE
SUBF=FE LA ESTEIDIFRY;

IRDIAT,;
FFaer];
5T1E] & FR PRI DTz 8b DI GTRESTH;
BEWMEDORE D1,
FIZHIEDER

/PARM=HAR]=3
/PARM=HAfE=1.5
/PARM=HAfE=2.5
/PARM=EAR]=10
/PARM=HAfE]=10
/PARM=EAR]=10
/PARM=HAR]=2
/PARM=ER1=10
/PARM=EAfE]=5
/PARM=HAfE]=2
/PARM=ER]=15

# “EfmHiRE 35
_#01.0100
_#01.0200
_#01.0200
_#01.0300
_#01.0400

#01.0500

o #01 ——

i #02
 #03
_#04
i #05
. #06
i #07
: #08
. #09
. #10

#11

%

Cost item structure
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CNT

© 00O N o o1 b~ LWwDdN

_ el e
N —= O

ACT.NAME
JPDRE FH
BILIEE DRI E
e 1S LIE/E 5
REITBDESR
EERXEORKER
BEEYONE- BT - L5
YA bDERESERR
MERERIR - BUR- YA MEE
Joo)NEHE -5 X IR
GIEAEE
PR EmE
ZTDhDEM

EX=0;¢
2.40E+04
3.85E+02
3.70E+02
8.30E+02
8.46E+03
3.29E+03
2.32E+03
2.44E+02
6.77E+02
4.85E+03
2.37E+03
1.84E+02

OutPut Data

8.13E+03
3.70E+02
3.70E+02
1.98E+02
2.49E+03
9.77E+02
1.78E+03
1.32E+02
3.17E+02
1.16E+03
2.11E+02
1.19E+02

HRKEFER FXEKEER

3.87E+03
0.00E+00
0.00E+00
0.00E+00
3.69E+03
0.00E+00
0.00E+00
1.12E+02
0.00E+00
0.00E+00
0.00E+00
6.50E+01

Unit : MYen

HHEEE R

1.06E+04
0.00E+00
0.00E+00
6.32E+02
1.88E+03
2.31E+03
4.00E+01
0.00E+00
0.00E+00
3.58E+03
2.16E+03
0.00E+00
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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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fifE:= : Key issues of decommissioning



Thz iation for nuciear issioning study !!! !

Nov.122013 @Tokyo

Tadamichi Satoh secretary-general , ANDES  Taiwan/Japan Technical Meeting on
Decommissioning of NPP

Key issues of decommissioning

1. Decision-making of facility closure taking
many factors into account

2. Decommissioning Scenario/Timing of
eventual decommissioning activities

3. Availability of SF Storage and waste disposal
route

4. Securing the funds for decommissioning cost

Copyright BMFHTIA)FARE

Key issues of decommissioning

7. Combination of High-tech and Proven-tech
by Field-oriented approach

8. International harmonization(Scenario,
Clearance level, Site release criteria)

9. Human Resource Development for
Decommissioning

Copyright RF-H7"Rava=v) BWRE

Key issues of decommissioning
5. Differences from operating phase to
decommissioning phase
- Organization & staffing
<Combination of Plant-knowledge,
DD- expertise and Project management >
- Regulation
-Mind setting & Incentive
6. Relationship with local community
- Employment, local taxes, subsidy
- Public acceptance/information &
communication

Copyright RF TRV FRAR

Possible Reason for Plant Closure

» Mission Complete:
Research & demonstration facilities
« Economic factors:
’60s small capacity facilities
» Technical issues:
Heavy burden for modification
« Serious accident:
TMI, Chernobyl ,Fukushima
«» Political considerations:
Plants of Italy, Germany and Sweden etc.

Copyright RF N7 1ira RRE




Fif4Pd : Overview of Hamaoka NPPs


























































































































