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General Description




Operational years of commercial NPP in Japan

As of Mar. 2015
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Amendments to the Nuclear Regulation Act
promulgated in June 2012

= New regulation on severe accidents

Legally-requested measures to prevent and to mitigate
severe accidents.

= Regulation based on the state-of-the-art

information

Develop new regulatory standards and apply to existing
nuclear facilities (backfitting).
Introduce new systems, e.g. design certification.

= 40-years operational limit for NPPs
Legally define the limit to 40 years.
NRA can permit a less-than-20-years extension.

= Special regulation to disaster-experienced NPPs
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The Decommissioning status in Japan (Except 1F)

© From the 1970s, examination of development of the
technology relevant to decommissioning is repeated.
Dismantling of JPDR of Japan Atomic Energy Research

Institute (Current Japan Atomic Energy Agency) was
completed in Mar,1996.

© As a commercial nuclear power plant, the JAPC starts
Tokai Decommissioning project for the first time on Dec,

2001.

© JAEA Fugen and the Chubu Electric Power Co Hamaoka
1,2 are started decommissioning.

© Additionally five plants(Tsuruga-1, Mihama-1&2, Shimane-
1, Genkai-1) will be shutdown by the end of April 2015.
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Decommissioning
institution In Japan




Institution for decommissioning allowance
It is required to accumulate decommissioning cost

while plant operation. It is fair that the user of the

electricity of the plant absorb the decommissioning

cost to prevent leave burdens on future generations.
Because,

(DDecommissioning cost is large sum, there is a big delay
the timing that required decommissioning cost from electric
generating period,

(@Decommissioning cost is required result of electric
generation,

Bt is possible to estimate rational decommissioning cost
based on decommissioning standard process shown by
Advisory Committee for Natural resources and Energy
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Decommissioning Allowance system
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*Estimated total decommissioning cost is 57-77 billion yen

(for large scale 110MWe plant)

*Brief assessment based on Linear approximate equation
Minimum cost because it is duty free

Directly affect to financial condition of each company
kbecause it is internal reserve
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Safety requlation on decommissioning in Japan
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Japanese Standard Scenario

for Decommissioning of NPPs
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Waste arose from decommissioning

earance Materia

r
L1: Relatively high radioactive waste

L2: Relatively low radioactive waste
L3: Very low level waste

Clearance material: No necessity to be dealt as radioactive
-
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Radioactive Waste Disposal Methodology in Japan

Intermediate depth Sub surface near surface trench
disposal with artificial || disposal with disposal

structure artificial structure

Institutions are Monitoring Monitoring
under consideration 300~400 years 50 years
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Classification Criteria for LLW Disposal Concept

Ba/kg
Limit Limit Limit
Nuclide Concentration for | Concentration for | Concentration for Clearance
Intermediate Near Surface Pit Near Surface Concentration
Disposal Disposal Trench Disposal
H-3 — — — 1E+05
C-14 1E+13 1E+08 — 1E+03
Cl-36 1E+10 — — 1E+03
Mn-54 — — — 1E+02
Co-60 s 1E+12 1E+07 1E+02
Ni-63 — 1E+10 s 1E+05
Sr-90 — 1E+10 1E+04 1E+03
Tc-99 1E+11 1E+06 — 1E+03
1-129 1E+09 — — 1E+01
Cs-134 — — —— 1E+02
Cs-137 — 1E+11 1E+05 1E+02
Eu-152 — — — 1E+02
Eu-154 — — — 1E+02
a-Nuclide 1E+08 1E+07 — —
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Waste arose from large scale(1,100MW)PWR Decommissioning

on radioactive waste; 500kton (99%)

L2; 1,700t(0.3%) L3; 3,100t (0.6%)

: Water B1910glcal
LE ) chamber ~ shield etc.

Steam generator Concrete, Metal
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Access tunnel

Disposal
tunnel
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Work Flow of Disposal Facilit
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L3 disposal facility (JPDR result and Tokai-1 plan)
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Clearance System in Japan

Clearance material is recycled as general
material in Japan (free release)

* The Final target is free release , however a
step by step approach is necessary to obtain
public acceptance

» Clearance criteria is 10pSv/y Base

» Clearance level for each Nuclide laid down by
Ministeral Ordinance based on IAEA RS-G-1.7
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Evaluation and verification procedure for clearance

Arrangement of radioactivity analysis data
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b

Nuclide
composition ratio
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density

¥ Cs-137 represent of Mn-54, Co-60.
Cs-134.Eu—152, Eu-154
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Treatment of Non Radioactive waste (NR)

NR is judged by document, not measurement
- Process approval and periodical audit by Regulatory body

Flow (sample)

(%)

Measurement -

NR Draw up _ _ 1 INR =
A I : "for confirmation”

material manifest & I I storage [> CBD

Internal [ area =]

document || [Record on radiation

| SUTYEY—" Work procedure etc.

| | approval Record
| k 1
Retaining J eePINg
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Decommissioning
experience in Japan

Tokai-1 NPP
Hamaoka NPP 1&2

Fugen NPP
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NPPs under decommissioning in Japan

Commercial | Shutdown

Operator | Type | Capacity | Operation Date
starts

Tokai-1 JAPC GCR 166MW  1966.Jul.25 1998.Mar.31
Hamaoka-1 CHUBU BWR 540MW 1976.Mar.17 2009.Jan.30
Hamaoka-2 CHUBU BWR 840MW 1978.Nov.29 2009.Jan.30

Fugen JAEA ATR 165MW  1979.Mar.20 2003.Mar.29
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Tokai-1 Decommissioning Project Schedule

20000203/04/05/06/07/0809(10/1112(13/14/15(16(17|18|1920|21/22/23(24/25

2001
A N Reactor Area
</ Safe-Storage of > Dismantling
A " Re

Reactor Area
N

Remove Facilities except Reactor Area

I N
Remove Conventipndl Byildings
Demeoplition

Flacilities e.g. turbinge

Q

Remove SRUs

LT I I I
Remove Facilities

from each Building
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Tokai-1 decommissioning project

Scope to be dismantled for each phase

Charge
machine

House boiler and
others

Cartridge
cooling pond

g

Removal of equipment
from fuel handling area

Removal of SRUs :First phase
(g Iis) " :Second phase
:Third phase
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Feed water pump and others
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SRU removal

[SRU body segmentation with remote dismantling system})

Open 22 windows on SUR body.
Insert arm of remote
dismantling machine and cut
internal structure (joint part)

Cutteh« -
" -

@for internal cutting® ¥

Arm and fore end of remote dismantling device Complicated internal structure
(Hear exchanger tube, Baffle plate, Beam)
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Flow for clearance (Current Status)

M&J method Approval by NSR

[ Object selection
, ' \
| Sorting, segregation |

L

M&J below clearance

\ J

([ Measurement by _ |
clearance measurement equipment )

v

:Storage at storage area( 1) }

Inspection of M&J result of NSR

Clearance measurement

Specification

equipment

measurement

Measure 6 sides of steel box

container size

1350W X 1350L X 1065H

maximum volume 1.5m3
maximum weight 1.5ton
measurement time 12min/box

(Net measurement time: 240sec )

i Storage at storage area (II) }

{ Storage area( 1))
Storage until inspection by NSR

| (Storage area(l))
| Storage until release to
_ manufacture

L

iGate monitor.~release (recycle) } '
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Hamaoka Unit -1.2 Decommissioning Project Schedule

preparation period

facilities dismantlement

and removal period

dismantlement and
removal period

2009-2014 2015-2022 2023-2029 2030-2036
Stage 1 Stage 2 Stage 3 Stage 4
Dismantlement Reactor zone peripheral | Reactor zone Building

dismantlement and
removal period

Fuel Shipment

System

decontamination

Reactor zone peripheral facilities
dismantlement

Reactor zone
dismantlement

Building
dismantlement

Radioactive waste processing and disposal

located outside RCA

Dismantling and removal of uncontaminated facilities and equipment
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Hamaoka Unit-1.2 Decommissioning Project

All fuel (both of spent fuel and new fuel) elements were shipped out of the
Hamaoka-1,2 by March 2015.

From April 2015, stage 2 is started.
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Basic plan of Fugen decommissioning

2008 V -2018 V -2023 V -2032 V 2033 V
Preparation Spent Fuel Transfer |Periphery Facilities Reactor Dismantling g:i:\dciri?iom

Dismantling

+«—— Terminafion of Operation (March,2Dp03)

:l Discharge of Fuel (Aug,2003)

Transfer of Spent Fuel

Withdrawal/Transfer of Heavy Water

]|:||:| Core cooling System, Control and Measurement Instrument System etc.

Fuel Handling/storage facilities,
Heavy water system etc.

Approval of the Program on Feb. 2008
Reactor core

Ventilation
system
A

Reorganjzation of FUGEN coz:::ﬁ\:: ::ea

||

FUGEN N.P.P. -
>> FUGEN Decommissioninq Engineering Centler Building
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Fugen Dismantling progress

30

Reactor - A
building Turbine building
E. ............................................. Turbine System ...E . D|Smant|ed from
: May to Sep. 2014
m%lﬂ - Bottom of
” i Condenser B
N
() i
Calandria
Tank N
Already Dismantled
by March 2014
- Condenser B
| cooling pipe
No.4&5FWH| L'@ - Condenser A&B
: No.3FWH ] / vapor connection
.......................................................................... ‘....: L‘r_lll S
FWH: Feed Water Heater [ March 2013
RPF: Reactor Feed pump
May contain JAPC’s proprietary information. Subject to JAPC’s prior written consent before using for any other purposes than originally intended or before disclosing to any third party



Future Plan
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Five NPPs to be shutdown

Operator | Type

Tsuruga-1 JAPC BWR
Mihama-1 KANSAI PWR
Mihama-2 KANSAI PWR
Shimane-1 CHUGOKU BWR
Genkai-1 KYUSHU PWR

Capacity

357MW
340MW
500MW
460MW
559MW

Commercial
Operation
starts

1970.Mar.14
1970.Nov.28
1972.Jul.25
1974 Mar.29
1975.0ct.15

Scheduled
date to be
shutdown

2015.Apr.27
2015.Apr.27
2015.Apr.27
2015.Apr.30
2015.Apr.27

March 17, 2015

Electric Power Companies decided to shutdown Five NPPs on
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Tsuruga Nuclear Power Station Unit -1

= Tsuruga Power Station Unit 1 is Japan’s first
nuclear power plant with a light water reactor.
It is the most common reactor type in Japan.

= Thermal output: 1,064,000kW

= Electric output: 357,000kW

= Start of commercial operation: March 14, 1970
= Total electric energy generated: 84.7billion kWh
= Days generate electricity: 10,365 days

= Average Capacity Factor : 60.1%

Japan'’s first
LWR(BWR)
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Mihama Nuclear Power Station Unit -1 &2

¢ Mihama Unit-1 (PWR)
Electric output: 340,000kW
Start of commercial operation
: Nov. 1970
Long term shutdown since Nov. 2010 B

First PWR in Japan

¢ Mihama Unit-2 (PWR)
Electric output : 500,000kW
Start of commercial operation
: Jul. 1972
Long term shutdown since Nov. 2011
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Shimane Nuclear Power Station Unit -1

& Shimane Unit-1 (BWR)
Electric output: 460,000kW
Start of commercial operation: Mar. 1974
Total electric energy generated: 106.2Billion kWh
Average Capacity Factor: 73.1% (Average until Mar. 2010)

Shimane Unit-1 is
fifth NPP in Japan. ’ f
First domestically | B .
-producted NPP )
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Genkai Nuclear Power Station Unit-1

® Genkai Unit-1 (PWR)
Electric output: 559,000kW
Start of commercial operation: Oct. 1975
Total electric energy generated: 132.7Billion kWh
Average Capacity Factor: 74.3% (Average until Mar. 2012)
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Summary of Radiological Characterization

Radioactivity inventory evaluation is essential for the decommissioning preparation
work. It 1s utilized in various studies of decommissioning.

Radioactivity - volume evaluation

Reactor Building ~ Spent Fuel Pool . .
P i T Plan of dismantling
l/gw.f r;?f:?:m : N . '_I'_u_rbme Building method
POV N / et rd R
iy — Waste treatment and
l disposal plan
RPV
. :: > Clearance plan
ore int

> Decommissioning cost

§> Regulatory procedure
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Suppression Chamber

PLR Pump

Classification of Waste Disposal Level(Tsurugal)
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Decommissioning Work Flow for LWR

Time Axis

Partial Dismantling_—_

Full Dismantling

>
F = = = = = = = = = = e e e i e e e e = = = = = = = = I
| Safe Storage Reactor R/B Activity Measure I
I SElehinmant Main part Control Area release :
|
: Biological Shield R/B I
| Equipment Remove ||
- Substituti
I Planning il Another Buid Activity Measure |l
| System R/B Equipment Control Area release |
| decontamination Dismantling L
| Building Building
l T/B Equipment Decontamination .
, emove
I Dismantling Wa;:te t;eaim”e nt Equipment
I =y/EEEin e dismantling :
: |
: L3 Waste Disposal, Clearance Material Disposal-recycle I
_______________________________ d
L1&L2 Waste Disposal
38

May contain JAPC’s proprietary information. Subject to JAPC’s prior written consent before using for any other purposes than originally intended or before disclosing to any third party



Plant dismantling flow (example)
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Decommissioning solid waste

Segregation freatment & disposal flow
LLW Treatment

=P | Pre treatment | =9 {Packmg/temp }

Disposal

oral storage

Cut, Crush, Compaction: metal, graphite

(Near-surface disposal

Relatively Low .

Packing/temp . .
radioactive =P | Pre treatment | = oral storage : Wlth. engineered
waste(L2) Volume reduction : metal, concrete ;___1_3_2_1{9938 _________________________

(include melting, incineration)
Decontamination : metal

Packing/temp
=P | Pre treatment | =9 | oral storage

Decontamination : metal

dnioea u011$dsu1 uorwedsul uon@dsul

No necessity to be
dealt as radioactive |=p { Temporal storage J { Recycle J
(Clearance material)
. . O
Non Radioactive - [ Temporal storage } ] L Recycle J
waste g
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Tasks to be solved in
Japanese decommissioning

-Secure facility for SF shipment and waste
disposal facility

- Understanding from Stakeholder( local
government and Regulatory Body etc)
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