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1. CunrentStatusof NPRs/idlapan



NuclearPower Rlants indapansas danuaty,’2015
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TheNRAhasreceived20 Applications

for Restarting ‘Reactors

_Apﬁplipants Nuclear PowelPlant Startof Operation Date of Completionof

(Electric Utility Company andUnit # (Age) Application | NRAReview
Hokkaido Tomari#_l,#Z 1989/1991(25/23)| July 8, 2013
Tomari#3 2009(4) July 8, 2013
Kansai Ohi#3#4 1991/1993(22/21)| July 8, 2013
Takahamat3,#4 1985/1985(29/29)| July 8, 2013
Shikoku Ikata#3 1994(19) July 8, 2013

Kyushu Sendai#l,#2 1984/1985(30/28) | July 8, 2013| July 16, 2014
Genkai#3, 4 1994/1997(20/17) | July 12, 2013
Tokyo KashiwazakiKariwa#6,#7| 1996/1997(17/17)| Sep.27, 2013
Chugoku Shimane#2 1989(25) Dec.25, 2013
Tohoku Onagawa#2 1995(19) Dec.27, 2013
Chubu Hamaokat4 1993(21) Feb.14, 2014
Japa@gpnrgg:ng’ower TokaiDaini 1978(35) | May 20, 2014
Tohoku Higashidori#l 2005(8) June 10, 201+
Hokuriku Shikatt2 2006(8) Aug.12,2014

total 20 Units - 2 Units

https:// www.nsr.go.jp/activity/requlation/tekigousei/power plants.html



https://www.nsr.go.jp/activity/regulation/tekigousei/power_plants.html
https://www.nsr.go.jp/activity/regulation/tekigousei/power_plants.html
https://www.nsr.go.jp/activity/regulation/tekigousei/power_plants.html

Restarting of Sendavdnit & knit 2

PWRs, 890We each, Start of Commercial Operation; July 4, 1984 (Unit 1)
Nov. 28, 1985 (Unit 2)

http://www.reuters.com/article/2014/07/16/usjapannuclearrestart-idUSKBNOFL02R20140716

a ! gfMmployee of Kyushu Electric Power Co walks in front of reactor
buildings at theD 2 Y LJI SERJISNPS orApril3,H 1 mn €



2. New /Regulatory: System indapan,
Regulatony /Approactior Ageing
Management and/ bengderm
Operation inJapan
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Nuclear Regulation Authority

| Establishment of Nuclear Regulation Authori(NRA)]

NRA was stablished on Septemb#9, 2012, and merged with INES on March 1, 2(
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New SafetysStandards:inzdapan

New Safety Standards
Effective from July 82013

Preventing Large Scale Release

Intentional Airplane Crash

_ . ; >~ New
< Previous Safety Standards> Preventing CV Failure Countermeasure
: : Preventing Severe Core Damage| | against
Design BasiStandard (Assuming multiple malfunction) Severe Accident

AL

to prevent Severe Core Damage o _ -
(Only assuming single failure etc.) P Consideration for Natural Events

b -

Consideration for Natural Events Consideratiorfor Fire

Consideratiorfor Fire Consideratiorfor Reliability
\. Enhancement

Consider_atiorfor Reliability Reliability of Power Source

Reliability of power source

Performance of Cooling Equipment
Performance of cooling equipment _
Performance of OtheEquipment
Performance of other equipment - — <
o o £ Tolerability for Earthquake & Enhancement

Tolerability for Earthquake & Tsunamil Tsunami




New NuclearRegulation Systems:inzdapan
Became Effective frorduly 8, 2013

The NRA (Nuclear Regulatory Authorityplement new regulatory systerr
stipulated in the amended Nuclear Regulation Act ;

U Regulation taking severe accidents into consideration
A Legallyrequest severe accident measures to fleensees

U Introduction of backfitting system : Regulation applying latest
scientific/technical knowledge on safety issues to existing facilities

A Applynew technical standards to existing licensed nuclear facilities as a legal
obligation

U An operation limit of 40 yearso deal with aged reactors

A As an exceptiorextension (<20 years)ill be approvedonly when
compliance with the regulatory standards by the Government Order is
confirmed

U Special safety regulation in Fukushima Daiichi

10



Regulatony sSystemsofor tnspection; PeriodicSafety/Revi

and AgeingManagementcechnical Evaluation

Regulatory Inspectiorevery 13 24 Months)

OO LY. =

0 A tPeriocglic Safety Review (PSRJery 10 Years)

Ageing Management Technical Evaluation (AM
before 30 years for Continued Operation

Approval of OperatingPeriodExtension



NuclearPower Rlantsindapan

Electrical Output (MWe)
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Ageing Management Technical Evaluation
before 30 years of Operation

Review Operational Experience and Possible Ageing
Degradation in All the Safetyelated SSCs

Reflect Latest Knowledge and Engineering Database

Evaluate Integrity of SSCs considering Ageing Degradation
Assuming the Service for 60 years

EvaluateSeismic Safety Analyst®nsidering Ageing
Degradation Assuming the Service for 60 years

Evaluate Validity of Current Maintenance Program

Establish Longerm Maintenance Program in the next 10
years, including R&D Plans

13



Ageing Management/Fechnical Evaluation
Before 30 years of operation and following every §@ars

4 N

Regulatory

Review

Resultsof the
evaluation

Adequacyof
the LongTerm
Maintenance

Program (LTMP)

R

All Components with
Safety Function
—

~ : A
Select Important Ageing Effects
(low-cyclefatigue, neutron irradiation

J

Additional requirements

embrittlement, IASCC, etc.) /
— = {

Integrity Evaluationassuming
60 years of Operation

= — N
Formulate the LTMP including
necessarymeasures in addition to

-

J

_the current maintenance plan

71 of operation

before 40 years of

operation
4 )

1. Verification of
the results of the
evaluation
before 30 years

2. Evaluate the
effectivenessof
the 30th-year
LTMP

\_ /

14



MaintenanceProgram and/Ageing/Management

—

Maintenance Program

Maintenance

\ 4

Management

Policies andsoalsof Maintenance Managemen

>

Maintenance plan

\ 4
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v

Establishment of thémportance [

Ageing Management

/ Periodic SafetReview\

/

\
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TechnicaEvaluation

 E—

Monitoring Indicatorg

§ ¥ &l
Establishment of . —
Indicators for Establishment oPIanE"‘ e I
Managemenbof ¥
Maintenance Activitigs
4

Implementation of Maintenancg
and Data Acquisition g

for Management of
Maintenance Activitigs

Confirmation

\ 4

Assessment

Correctionof
Incompatibility

ValidityAssessmenof
Maintenance Activities [

Establishment of
LongTerm Maintenance
Programs

¥

Implementationof

LongTerm Maintenance
Programs

|

ValidityAssessmenof

Maintenance Managemem’

~
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New NuclearRegulation Systems:inzdapan
Effective fromJuly 8, 2013

The NRA (Nuclear Regulatory Authorityplement new regulatory systerr
stipulated in the amended Nuclear Regulation Act ;

U Regulation taking severe accidents into consideration
A Legallyrequest severe accident measures to fleensees

U Introduction of backfitting system : Regulation applying latest
scientific/technical knowledge on safety issues to existing facilities

A Applynew technical standards to existing licensed nuclear facilities as a legal
obligation

U An operation limit of 40 yearso deal with aged reactors

A As an exceptiorextension (<20 years)ill be approvedonly when
compliance with the regulatory standards by the Government Order is
confirmed

U Special safety regulation in Fukushima Daiichi

16



Approval of QperationalrPeriod Extension
and Ageing/Managementdechnical BEvaluation

40N year
Extension of OperationaPeriod beyond 40 years |

<Requirements>

(1) Implementation opecial safety
inspectionof the NPPs

(2) Technical evaluation on the degradatio§y Regulatory
for the extension period Review

(3) Formulation of maintenance
management policy for the extension
period

Extension

Ageing Management Evaluation befor80 yeas and beyond perid

<Requirements>

(a) Technical evaluation on ageing
degradation Regulatory

(b) Formulation of the longerm Review
maintenance management policy

i <Requirements>
: The appropriate maintenance is implemented :
: according to the standard technical specificationg-,

* >
-------------------------------------------------------------------------------------------------



Special linspectionsstoxExter@perational Reriod

Regulatory Requirements of Special Additional Inspections
for Long Term Operation beyond 40 years up to 60 years

Current

. Additional Inspection
Inspection

Components

100% UT Examination of Base

Reactor Pressure | Ultrasonic Tests |\ -5 - ddition to Welded

Vessel of Welded Zone
Zone
Primary Containment Visual Test
Vesse(Steel) HERISIRES TEee (Appearance of coating film)
. . Core Sampling
C'é't'rff&ﬂ?gete Vlsui:[;r.?StS & (Strength, Neutralization, Salt

intrusion, etc.)

U Special Inspections are requirements éxtend the operational period
beyond 40 years by up to 20 years ( 60 years maxinmumaddition to;

A Ageing Management Technical Evaluation (AMTE) for every 10 years
A Maintenance Program 18



Ageing Management/dechnical -Evaluation
after the FukushimasAcecident

Unit AgeingManageme_nt Date Submitted Dateof | Dateof Approval
Technical Evaluation | (300r 40 years) the Report by the NRA
Genkai2 30 years Mar. 30, 2011 Mar. 26, 2010 Nov. 25, 201(
Ikata2 30 years (cold shutdown]  Mar. 19, 2012 Mar. 11,2011 Mar. 15, 2012
Fukushima Dairl | 30 years (cold shutdown) Apr. 20, 2012 Jan. 13, 2017’ Apr. 19, 2012
Mihama2 40 years (cold shutdown) July 25, 2017 July 22, 2011 July 26, 2017
(Establishment of NRA on Sep. 19, 20
Fukushima Dair2 | 30 years (cold shutdown) Feb. 2, 201/ July 31, 2014 Jan. 22, 201/
Onagawal 30 years (cold shutdown) June 1, 2014 Nov. 6, 2013 May 21, 2014
Sendail 30 years July 4, 2014 Dec. 18, 2013 U
Shimanel 40 years (cold shutdown]  Mar. 29, 2014 Sep. 27, 2013 Feb. 26, 201/
Takahamal 40 years (cold shutdown) Nov. 14, 2014 Nov. 12, 2013 Nov. 12, 2014
Takahama3 30 years Jan. 17, 2013 Jan. 15, 2014 u
Takahama4 30 years June 5, 2015 June 3, 2014 1
Fukushima Daif3 | 30 years (cold shutdown]  June 21, 201f June 20, 2014
Kashiwazaki 30 years Sep. 18, 201f Sep. 18, 2014
Genkail 40 years (cold shutdown) Oct. 15, 2015 Oct. 15, 2014
Takahama2 40 years (cold shutdown) Nov. 14, 2015 Nov. 14, 2014
Sendai2 30 years Nov. 28, 2015 Nov. 28, 2014 U

Application to the NRA for restarting the rectors 19



TheNRAhasreceived20 Applications

for Restarting ‘Reactors

_A|cL)P!i_cants Nuclear PowelPlant Start of Operation Date of Completignof

(Electric Utility Company andUnit # (Age) Application | NRAReview
Hokkaido Tomari#.l,#2 1989/1991(25/23)| July 8, 2013
Tomari#3 2009(4) July 8, 2013
Kansai Ohi#3#4 1991/1993(22/21)| July 8, 2013
Takahamat3,#4 1985/1985(29/29)| July 8, 2013
Shikoku |kata#3 1994(19) July 8, 2013

Kyushu Sendai#l,#2 1984/1985(30/28) | July 8, 2013| July 16, 2014
Genka#3, 4 1994/1997(20/17) | July 12, 2013
Tokyo KashiwazakiKariwa#6,#7| 1996/1997(17/17)| Sep.27, 2013
Chugoku Shimane#2 1989(25) Dec.25, 2013
Tohoku Onagawa#2 1995(19) Dec.27, 2013
Chubu Hamaoka#4 1993(21) Feb.14, 2014
Japa@gpnrgg:nFy’ower TokaiDaini 1978(35) | May 20, 2014
Tohoku Higashidori#l 2005(8) June 10, 201+
Hokuriku Shikatt2 2006(8) Aug.12,2014

total 20 Units - 2 Units

https:// www.nsr.go.jp/activity/requlation/tekigousei/power plants.html

20
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3. Reflectionofithe AAEACIG A kk Knewledupse and
AESJ €oderom implementationand/Review of
Nuclear RowerRlant Ageing/ManagemeRtogram

21



Codeon Vmgﬁmemﬂ@m and Reviewof
NuclearPower Rlant/Ageing/ManagemerRrogram

Atomic Energy Society of Japan (ABS)) & S & | 6Cbde &rkiiSplementatdn aind
Review of Nuclear Power Plant Ageing Managemdé&hrbgrams (AESBCP005:2008)in
2008and continuously updated in 2010, 2011, 2G4 2013.

English version is
available

AESJ Standards

Code on Implementation and Review of
Nuclear Power Plant
Ageing Management Program: 2008

July 2012

nergy Socief

22



Crossrdahlesfon Ageing/Mechanismscand
(Locationand\Matenal in) Components

Summary Sheetsf AgeingMechanisms Attachment A of the AESJ Code)

A Based on the experience in Ageing Management Technical
Assessment in 14 Plants (7 PWRs and 7 BWRS).

A Cross tables of ageing mechanisms for 300 components in each PWR
and BWRhave been successfully summarized and published in the
AESLode as mandatoryrequirement.

SummarysSheeb of Ageing:Mechanisms for TurborPumps

P01-01 Pump (vertical axial flow turbo pump/seawater/SS)

Issues required to

N achieve intended Part Material Ageing phenomena Remarks i ”“
0. . E EE T
functions o
1 [ Assurance of pump | Main shaft ss Wear 7
capacity (head) 3
2 Main shaft SS Corrosion (pitting, etc.) i
s ®
nnn nnn nnn nnn “%
13 | Maintenance of | Discharge elbow | Cast iron Corrosion (pitting, etc.) .’3
boundary =
14 Discharge pipe Cast iron Corrosion (pitting, etc.)
nnn nnn nnn nnn
23 | Support of component | sypport plate ss N/A
24 SS N/A
nnn nnn nnn nnn

23



Shatingand \Jpdatingcknowledge forcAgeing-Manageme
withy SummanySheetsoof’/Ageindlechanisms

Operators Expert Meeting Academic
of NPPs from All the Society Regulator
(Utilities) Utilities (JANSI) (AESJ) (NRA)
. Endorsement of
Maintenance Ageing Mechanism Sun;;n: r\éiﬁheets the AESJ Code
GILAL I, for Regulat
program Management Chart Mechanisms OVACE\QI; Z‘S"W

Details of Inspectior
and Maintenance
Plan and Activities

—

Evaluation of
Maintenance
Effectiveness

Operational Experienct

1174

AMTE Report

Regulatory Review

Additional Information
including consumable

194}

Research for Ageing Management

Proposal for

Expert Meeting Updates

(JANSI : Japan Nuclear Safety Institute)

Subcommittee
for Plant Life
Management

Participation

24



Example(l)

PWRReactorVessel

P04-01 Vessel (Reactor vessel (indoor, vertical cylindrical type) / primary coolant /
low alloy steel (lined with stainless steel on inside surface)) (1/1)
No. Function Location Material Ageing phenomenon
1 Upper head. upper Fatigue cracking
PPer head. upp Low alloy steel Neutron irradiation
shell. intermediate T . . .
o (overlaid with embrittlement (intermediate and
shell. lower shell. e N
Bottom head stainless steel) lower shells)
3 Under clad cracking (UCC)
4 Low alloy steel Pitting
= Top head flange. erlaid wifl - —
5 upper shell flange (O\Iel aid with Fatigue cracking
6 i stainless steel) Under clad eracking (UCC)
7 Low alloy steel Fatigue cracking
(overlaid with
stainless steel)
g Coolant inlet nozzle [safe end is Stress corrosion cracking (weld
stainless steel; weld | metal)
metal is Inconel
600 alloy]
9 Low alloy steel Fatigue cracking
(overlaid with
stainless steel)
10 Coolant outlet nozzle | [safe end is Stress corrosion cracking (weld
stainless steel; weld | metal)
metal is Inconel
600 alloy]
11 Boundary for Low alloy steel Fatigue cracking
Pressure and (overlaid with
Coolant Safety injection stainless steel) ) . :
[safe end 1s Stress corrosion cracking (weld
12 - nozzle . =
stainless steel; weld | metal)
metal 1s Inconel
600 alloy]
3 . atigue cracki
L Inconel 600 alloy ]_:“11'10116 LNC}TIHE ‘
14 Stress corrosion cracking
15 Top head nozzle Fatigue cracking
16 Inconel 690 alloy Stress corrosion cracking
(including weld metal)
17 ) Fatigne cracking
Inconel 600 alloy —= cracae ‘
18 Stress corrosion cracking
19 Air vent nozzle Fatigue cracking
-0 Inconel 690 alloy Stress corrosion cracking
B (including weld metal)
21 Bottom mounted Inconel 600 alloy Fatigue cracking
. instrumentation [weld metal is Stress corrosion cracking
== nozzle Inconel 600 alloy] | (including weld metal)
23 Fatigue cracking
4 Radial support Inconel 600 alloy Stress corrosion cracking
B (including weld metal)
2 5 ) ] - L1
- Stud bolt Low alloy steel € OUIOSION
26 Fatigue cracking
27 Vessel support metal Low alloy steel Fatigue cracking
. Consumables and periodic
28 O-ring - ( P
= renlacement parts)

25



Example(2)

PWRPressurizer

P04-02 Vessel (pressurizer (indoor. vertical cylindrical type) / primary coolant /
low alloy steel (lined with stainless steel on inside surface)) (1/2)
No. Function Location Material Ageing phenomenon
]' o ad. .
-
1 - (overlaid with Under clad cracking (UCC)
shell, lower shell. .
Bottom head stainless steel)
Low alloy steel
2 Manhole seat (overlaid with Pitting
stainless steel)
3 Manhole cover Low alloy steel Pitting
4 Manhole bolt Low alloy steel Corrosion
5 Instrumentation Stainless steel Stress corrosion cracking
nozzle =
6 Heater sleeve Stainless steel Stress corrosion cracking
7 Low alloy steel Fatigue cracking
8 [sa.te end is Stress corrosion cracking
stainless steel] =
9 Low alloy steel Fatigue cracking
Sprav i (overlaid with
Spray line nozzle .
stainless steel)
10 [safe end is Stress corrosion cracking (weld
stainless steel: weld | metal)
Boundary for metal is Inconel
Pressure and 600 alloy]
11 Coolant Low alloy steel Fatigue cracking
[safe end 1s , . .
12 . Stress corrosion cracking
stainless steel] =
13 Low alloy steel Fatigue cracking
(overlaid with Stress corrosion cracking (weld
14 o Tace o
stainless steel) metal)
[safe end is
stainless steel: weld | _ . .
15 Sur 1 tal is Tnconel Stress corrosion cracking
urge nozzle metal is Incone
600 alloy]
16 Low alloy steel Fatigue cracking
(overlaid with
stainless steel)
17 [safe end is Stress corrosion cracking (weld
stainless steel; weld | metal)
metal is Inconel
690 alloy]
Low alloy steel
18 Safety valve nozzle [safe end is Stress corrosion cracking
stainless steel]

26



Knowledge Transfen between:iGAkLand thes AES3 Co

U The combinations ointendedand requiredsafety functionsportion of
SSCand the ageing mechanism/effect are summarized in the summary
sheet in the Attachment A of the AESJ code, based on the experience from
the 17AMTES in Japan.

U Knowledgebasefrom IAEA IGALIs currently under review by AESJ
membersbe reflected in the next major revision, including the lessons
learned from theFukushima accident

IGALL (Spreasheets) Attachment A of the AESJ code
Summary Sheets of Ageirlgechanisms

P e e S e

]

FRREEL = FF = =]

1,000pages for
PWR and BWR 27




Knowledge rTransferfromidGALL to-the AESI-code

In the AESJ code, specific methods for implementing a technical evaluati
of the ageing phenomena are defined in Attachment C.

Knowledge from these evaluation methods in AMPs and TLAAs of the I1G
IS reviewed and taken into Attachment C if necessary.

IGALL (AMP, TLAA)

\GALL AMPS Lead Author
AMP101 fFatigue Monitoringb |Brazl(P.Fiho)
AMP102sefrlviice Inspection/Peri JaFa”(M'K?J””:;mU
A 0 Water Chemistryd ermany (Fr. Miche])
AMP 10 eactor Head Cl osur e |JapanM. Kanno)
AMP10 WR Vessel ID Attach apan (M. Kanno)

A WR Feedwater Nozzl eoJapan (M.Kanno)
AMP WR Stress Corrosi on |Gemany(Fr. Miche]
AMP 0 WR Penetrationso apan (M. Kanno)
AMP R Vessel Internalso|Mexco(GrizCruz
AMP oric Acid Corrosi ono USA(A Hisen
AMP 7 Cr ac kiAlbg Componentsi ank &dss

Material Due to Boric Acidnduced Corrosion in RCPB Compone|
(PWRs Only)"

Belgium

AMP112 "Thermal Aging Embritiiement of Cast Austic Stainless France G
Steel (CASS)"
AMP113 APWR Vessel Internalso|USA(A Hisen
AMP114 Addelwerated Corrosi ono|Czech (R Krivanek)
AMP115 "Bolting Integrity” Japan (M. Kanno)
AMP116 nSteam Generatorsbo China (G. Chun)
AMP117 "Gosed Treated Water Systems” USA
AMP11 Reactor Vessel Survei|Belgum(M. DeSmef
AMP119 ThGmwe | nspectiond (3. Heldt)
AMP12 Selective Leachingo |USA(A Hisen
;hé;;zl neTime Inspection of ASME Code Class 1 Smidre| g oo
AMP122 "Flux Thimble Tube Inspection” USA (A Hiser)
AMP12 BWR Control Rod Drive Mexico
AMP124 -@pplk® Cooling Water S i
AMP12 Buried and Undergroun
AMP1%6 fiBorafl Claton Malarl For Electical Cables A
AMP12 Alns
(Rel e to ation Material For E Cables And Connections Not Subject Environmental Qualfication|
Comp ements Used In
BWR 3 “Inaccessible Power Cables o Environmental Qualiication Requrements
Fire 54 d

ject To Environmental Qualfication Requrements

AMP301 IS for Containment Steel ElemenBrazil/Mexico

AMP302 IS! for Concrete Containmentiapan

AMP303 IS supports of class1.2.3 and

AMP304 Leak Rate

TestUSA

Attachment C of the AESJ code
Low-cycle fatigue
Neutron irradiation embrittlement
Irradiation assisted stress corrosion cracking
High-cycle thermal fatigue
Thermal ageing of duplex stainless steel
Fretting fatigue
Insulation degradation of electric and instrumentation
equipment

Reduced strength and shielding performance of concrete

AMP305 Masonry Walls Spain

AMP306 Structure Monitoring USA

AMP307 structures France
P AMP308 Coaling Spain
P AMP309 Composite Liner Canada
P CA B
P CANDU/ PHWR ] AMP310 Ground Movement
MP145 ACANDU/ PHWR Hfl Awpai1c Monitoring Sy
MP146 ACANDU/ PHWR I

AMP312 Concrete Expansion D

AMP313 Containments pretress Japan

28



DomesticssteeringeleamMembeiar IGALLL

29



Reflectionof IGALLKnowledgm the NRA

The Regulatorfptandardsand Researclibepartmentof Secretariabf

Nuclear Regulatory Authority (NR#gsparticipatedin the IAEAGALL
(InternationalGenericAgeingLesson&earnedorogram) project to

Investigate technical Knowledge on ageing management of SSCs used ir
nuclear power plants.

NRA will issua TechnicaReport, which summarizéise resultsof
surveyonthe issuesf electricaland 1&Cequipmentdiscussedh the
IAEAIGALL, identifying the importance of technical basis for
environmental qualificatioEQ )program for electrical and 1&C

equipment.

NTEC-2014-1002

NTEC-2014-1002

ication of Electrical and I&C Equipment
ar Power Plants

NRA B iR &

NRA Technical Report Series

nd Research Department,
lation Authority (S/NRA/R)

RFHEBROBR -HERMORGEEE :
- M on the issues of elecirical and I&C
[“BIT SHE RS ni nal Generic Ageing Lessons Learned program,

Report on Environmental Qualification " a ndard and Research Department of the Secretariat of Nuclear
articipated in to investigate technical information on ageing
nuclear power planis.

1&C Equipment for Nuclea# Power Plants'

£ s of .a study to introduce a review of e
BHTERET L ualifi program {or electrical and 1&C equipment, which has bee
riance in Lhe survey above mentioned, into the

Evaluation (AMTE) review based on addi
United States Nuclear Regulatory Comm
document of international organization
The appendix of this report “Guide for Ei
1&C equipment for Nuclear Power Plants™ is a doc

ional surveys on relevant regulatory standar
n, codes and standards, research, and technica

tonmental Qualificalion of electrical an
ument which can be utilized as a guidance

on conformity to relevant regulatory standard

the EQ program is incorporated to the resulat cquirement of the Nuclear Regulation

Autherity. It can also be used as acceptance cri a in reviewing adequacy of applicant’s
BFHEHEES FA 26 % XX A ageing management of electrical and IC equipment subject to the EQ requirement inplemented 30
Nuclear Regulation Authority Month 2014 as a part of the EQ program by being referred in the guidance of the AMTE review.



4., Collaborative Work/forResearnch Strategy-Mar
for Nuclear SafetyResearch

31



Phase 2°roject
JAMPSS
JapanAgeing Management’Program on,/SysterSafety
(October 2011March 2016)
fundedby Nuclear Regulatory Authority (NRA

AManagement forSystems Safet{Defensein-Depth)
AKnowledgebase for Plant Life Management of LWRs

AResearch for Ageing Degradation
ARadiationEmbrittlement
Alrradiation Assisted Stress Corrosion Cracking
ACable Degradation
AConcrete Structure Degradation
AOther Issues

32



Four Major (Categoriesinthe:StrategyyRoadmap for
Ageing Managementand Saferkong-herm Operation

(4) International Collaboration

(3) Establishment of Technical Information Basis

(2) Establishment of Codes and Standards

(1) Safety Research on Ageing Degradation

Ageing

Current Status

Mid Term Issueq

Long Term Issues,
Next Generation

b
Rad |at|0n Countermeasures are being takgnPredication methods and Advanced designs will be
b : I by rule of thumb based on plant | monitoring technology will be developed based on past
Em I‘It'[ eme nt data. upgraded. operating experience.

Stress Caorrosiol
Cracking

[ Countermeasures suited to

materials in use are being taken.
Database is being constructed.

Use of SGfesistant materials
will be ensured.
Database will be constructed.

Simulation methods will be
established. .
ISI technology will be upgraded.

Fatigue

Countermeasures suited to

materials in use or environment
are being taken, and database ig
being constructed.

Countermeasures suited to
materials in use or environment
will be taken, and database will
be constructed.

Countermeasures suited to
materials in use or environment
will be taken, and database will
be constructed.

Wall Thinning

Countermeasures suited to
materials in use are being taken,
and database is being
constructed.

Mechanismbased predication
methods will be established.
Riskbased maintenance method
will be established.

Monitoring technology will be
5 upgraded.

Cable Insulation

Countermeasures suited to
materials in use are being taken.
Database is being constructed.

Deterioration diagnosis
technology will be upgraded.

Monitoring technology will be
upgraded.

Strength of
Concrete

Intensive study is being made or
scarcely known fields.

The reliability of integrity
evaluation methods will be
improved or enhanced.

CCV integrity evaluation method
will be established.

Past records of performance will
be reflected in the maintenance
technology and durability design
for new plants.

5 Recycling methods will be
established for replaced
structures and materials.
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International Collaboration

OECD/NEA

|AEA

1SaG

(International Symposium)

[ CNRA
[ LTO |

| CSNI
—{__OPDE
—{ __SCAP__
> CODAP |
[ IAGE |

(&)

IAEA o9

International Atomic Energy Agency

SafetyGuide
and related activities

International Symposium on theAgeing
Management and Maintenance of
Nuclear Power Plants

Other International Collaboration

[ PARENT || RCOPL&Z ||

IGRDM ]

Bi-lateral collaboration

*1 Committeeon Nuclear Regulatory ActivitiegSNRA
*2 Long Term Operatioh. TORegulatory Guidance Green Booklet)
*3 Committee on the Safety of Nuclear InstallatiodSK

*4 OECD Piping Damage Data Excha@je{E

*5 SCC and Cable Ageing Pro{&ZAP
*6 Component Operation Experience, Damage, Aging Prodz@DAR

*7 Integrity of Components and Structuré8GE

*8 Program to Assess the Reliability of Emerging Nondestructive TechridurREN)T

*9 Feedback of Operational Experiences at NPPs in North east Asia Regional CooperativeRREQ)Et)s (

Non-Destructive Inspection, Evaluation and Repair TechnigREDR)
*10 International Group on Radiation Damage Mechanisms in Pressure Vessel SRBIg



http://www.iaea.org/index.html

5. New Coordinated:Reseanch P roject/InFJAEA
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IAEANew CoordinatedrResearchrProject

0T he evaluationof Prepertiesfof Structure and
WW&F&%TFHM@@AWMMMW@S
FNB®X-onmnSsO2RYohkt&dsd A 2 Y SR wSI O

’ 5.",_ IXW'fj\w;w“ ‘:., TR 7. i, 7
S s MO AK. e W - OV S |

A A —

The first Meeting othe CRP on June £113, 2014in Vienna
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New IAEACCoordinated-Research Project

Title of the CRP
9@l tdzr iA2y 2F A0NHzOUdzNBFQa | yR 0O2Y
actual aged materials removed from decommissioned reactors for safe LTt

Project /Rreparation
A Initial proposal to IAEA prepared by Japan in 2012
A Approved in IAEA in November 2012 for 202815 biannual plan
A Coordination Meetings
V February 2013 Vienna
V July 2013 Tokyo
ADraft ofé¢ NP LI2alt F2NJ I bSg [/ 22NRAYI{

Official Meetings
A FirstMeeting of the CRP in Vienna in Jur2®14
(participants from 12 countries and 2 international institutes)
A Second Meeting in Spain (Madrid arfbrita) in January 135, 2015
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Purposeof the New IAEAERP

Toestablish international collaboration aimed to collecting,
measuring, recording and analysis of properties of sample
materials removed fronSSCef decommissioned NPPs or
replaced components, which are subject to physical ageing,

U addressingsynergetic effects of combination of different
degradation mechanisms real operational conditions,

U providingbasis forcomparison with results of laboratory
tests and calculationsand

U providing possibility for removing of unnecessary
conservatism
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New IAEACCoordinated-Research Project

The specific objective of the CRP will address degradatic
mechanisms of mechanical, electrical and I&C componer
and also structures,

Phasel (20142017)

1. RPV

2. Core Internals

3. Concretestructures,and othernon-metallic materials

Additional Topics in Phas2zbeyond 2017

(canbe initiated in 2015 or latey

1. Low-cyclefatigue including environmentallyassisted fatigue

2. Degradation of cable insulation and electrical and 1&C
penetrations
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JAEANew CRP: Sudroup 1 onRPV

Subgroup for Coordination of Harvesting and
Joint Analysis of RPV Materials

Scope
Toshare opportunities for harvesting of RPV materials, discuss
and coordinate exchange of specimens for joint or shared anal
and coordinate with other international technical groups focuse
on aging of RPV materials (such BSRDM ASTM andASMB.
Jointtechnical research would be better accomplished by these
International groups that already meet on an annual basis

Possiblecandidate reactors for the CRR 4years:
Hamaokaand Zion
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IAEA/New ERR:Sagboup 2 onCoranternals

Subgroup for Coordination of Harvesting and
Joint Analysis of litore Materials

1. Develoghe Library of the Harvested Materials is tHf@st priority
2. Materialsof highest priority and interest will depend on reactor technology bt
generalaustenitic S®ecognizing that there will be microstructure differences
a. PWRS/ VVERSS 304 and SS 316, A 321
b. BWRg SS 304, SS 304L, SS 316L, SS347
c. CANDLl, 304L, 403m and pressure tube matedal.5Nb
3. Shorterm opportunities based oknown harvested materials
a. Thimble tubes in SwedetighdpaSS 316
b. Zoritabaffle platesg 10, 30 and 5@paSS 304
c. UJ\ has VVER materials, A 321 from German plant
d. SCK.CEpNhas flux thimble tube materials of 40 to 80aSS316 (Requires
approval from Utilities)
e. Romania, Canada SS 304L and 403 m, pressure tube matéral5Nb
andIncoloy800
f. DOE has baffle former boltsaterial
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IAEANew ERR:Sgboup 3 ©onConereteand@thers

Subgroup for Coordination of Concrefgeing Research

Topicsfor concrete Irradiation effectsNDEmethods
ScheduleNothingis likely within the first ¥ears.

Possibleesults may be available in the next four years with materi:
from Hamaoka Zion andZorita.

Priority of actions:
1) PursueZorita concrete collaborative researgh
2) BWR Hamaokadl reactor in Japan

ConcernTesting will not be completed in two years.
Resultsare restricted, available to participants only.
ForJapan reactors some of data will be available g\32years.
ForZoritasome test coupons will be available in 1Q 2015

Thissub-group would coordinate and interface with other groups such as CSNI a
ICIC in OECD/NEA which have similar activities
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Summarnyfforithe AAEA New:CRP

Summary and Conclusion in the First Meeting

A Thecommon item for the CRP ishiavedatabase or libraryor
operational and decommissioned reactors with their plans fa
harvesting and testing materials with cost estimates

A Thelibrary should be discussed in tMeetingsof the CRP and
updated for the future CRP topics.

A Theparticipants are welcomed to provide IAEA with their pla
for harvesting and testing materials. The data will be upload:
to the CRP web folder and will serve as the basdidoussion.

A Communicatiomwith international groups such a3ECD/NEA
CSNI IAGE, IGRDM and other commurstgecessary to define
the future CRP topics

Second Meeting
January 1315, 2015at IETcInstituto EduardoTrrojade Ciencias
de laConstruccioh in Madrid & Jose Cabrera NPEanita, Spaig3



Hamaoka/NuclearPowecstation (Chubu)

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5
Reactor type BWR4 BWR5 ABWR
Thermal output
(MW) 1593 2436 3293 3293 3926
Containment Mark-1 Advanced Mark RCCV
type
Power output
(MWe) (540) (840) 1100 1137 1380
Total power
output 3617
(MWe)
Start of November February
construction March 1971 | March 1974 1982 1989 March 1999
Start of
commercial March 1976 November August 1987 September January 2005
: 1978 1999
operation
Under decommissioning Operation Operation
Present status (Nov. 2009~) Outage Outage

Countermeasures against new safety regulations are being implemented

\U




Decommissioningchedule irHamaoka#1 and #2

9|NpPayds BuIuoISSIWWO0I3(

FY2008- FY2013- FY2018- FY2023- FY2028- FY2033-
Phase 1 Phase 2 Phase 3 Phase 4
; Dismantling Dismantling Dismantling
Preparatlon Peripheral Equipment Reactor Zone Building Structures

Operation discontié\uation (30. Jan. 2009)

Application for thegApprovaI of the Decommissioning Plan (1i Jun. 2009)

Approval of DP (18. Nov. 2009)
Removal:of Nuclear Fuel: (SF removed from Unit-1/2,

System [

)econtaminatior

Dlsmantlmg outside RCA

_ Radloactlve Contamir

FF remair
)

1ation Survey

Dlsmantllng Peripheral Equipment out of Reactor

Install

ation of Waste (

Dismantling

Radioactive Waste Dlsposal from Dlsmantllng

Reactor Zone:

1 in the pool Unit-2)

Conditioning Fag

lity

Dismantling
Buﬂdmg

ChubuElectric Power Co.,

Inc. All rights reserved
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RadioactivecCharacterizatiomin RPV
Target Radionuclides -T4, Ce60, Ni63, F129, Csl37

G-14: Most important nuclide in safety assessment for disposhkirgg half lifenuclide

Co60: Easy to analyze representative corrogmoduct

Ni-63: Forverification of the activation calculatiorfrepresentative corrosion product)
1-129: For verification of the activation calculation (representative fission product)
Cs137: Easy to analyzepresentative fission product

Parent elements are also subject to analyze for activation calculation.
Radiochemical laboratory wide ready in Hamaoka NPS.

) o

Cumulative neutron exposure can be evaluated at the target points, as a result:
of the above investigation.

ChubuElectric Power Co., Inc. All rights reserved 46



SamplngRointinvand around,the RPV-(Unit 1)

Vent

RPV top lid
Stud
Guide rod
Flange
Fuel exchanger bellows

Steam dryer

Steam separator

Feedwater inlet nozzle

CRD water return nozzle

Core spray:

Target for IAEA CRP

Shroud lower bracket
PLR water outlet nozzle

CRD guide tube:

CRD penetration

vent —_

Instrumentation

| Modification
nozzle approval
Oct 22, 1971
Nut

—Leakage detection tap
Steam outlet nozzle
Steam dryer skirt
Instrumentation nozzle

Stabilizer bracket

Instrumentation nozzle

Core spray nozzle .
Heat insulator support
Instrumentation nozzle

Shroud head

— g

Core shroud

Figure 31-1 Reactor internal structure schematic diagram

:Jet pump liner

Heat insulator support
PLR water inlet nozzle

Jet pump instrumentation nozzle

Support ring plate

Core pressure differential detector and standby
liquid injection nozzle

Support leg
RPV support skirt

penetration

ATl i [ ——Core instrumentation
i ‘ [ l; l ¢
il
|l
i

Target-1
(RPV)

W-FLUE (174-175)

For confirming calculation
@ accuracy

o For confirming calculation
accuracy

For confirming calculation
accuracy at locations with
Q small neutron flux

Sampling with core
boring
(about 1m in depth)

1

Target for IAEA CRP

Target-2

(Concrete)
47



Sampling/Devieesdfor RPV/ (Wnit 1)

RPV (Sample)
/ EDM

/ Sampling
Device

[ T T -~
(W1 speci |1 ospeci | )
~s | -men ; | -men ,

r A\
<~z

- --

-\

sIIIz, fIIIs : 25mm

L65mm x W25mm x D15mm

Core Shroud
Outer Surface Inner Surface
(mock up) (mock up)

ChubuElectric Power Co., Inc.” All rights reserved 48

RPV




Specificationcof therRPV, HamaokaUnit-1

Specification

Reactortype

BWRb5

Thickness

120mm

Material of belt line

{!' poo DN¥d. [ Kbdwm

Manufacturing method

Welding of rolled plates

Material of inner clad

309 stainless steel (weld metal)

Major impurities

0.09wWt%Cu , 0.56wWt%Ni

Operated term

Mar. 1976 Jan. 2009

Operated time

144,570 hours (approx. 16.5 years)

Neutronfluence (max.)

1.5x 108 n/cm? (E>1MeV)

ChubuElectric Power Co., Inc. All rights reserved
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Specimendordask for the Validationof Prediction
Formulaand-PreviouEmbrittlement Management

Top view

___________

1 1
1 1
1 1 171
e e i T
25mm]: e e |I- _ _- - ] - __
e s T re--sTsTmTY il
e e e o ; i
e, a1t 1l
ot 1l

oomm Machining to =% t--ooooo-o
soa samples Front
sample view

1/3-Charpy specimen APT needle specimen TEM and PAS disk
(3.3x 3.3x 23.6mmL) (1mm) ( 3mmua)
Charpy Test

: . Microstructural Observation
ChubuElectric Power Co., Inc. All rights reserve 50



Specimendordask to ConfirmithesSafety/Margin

Top view

_____ e
1 [ 1
_____ D
1 [ 1

_____

65mm Machiningto L— === =---- '
Boat samples Eront
sample view
. 10

) WO © o
vJQ 2 [ y—, U]

B a, (4£0.4) _ _

(4£0.08) IV (8+0.04) Tensile specimen

(50x 12x 1mmt)
CT specimen (10x 10x 4mmt)
Toughness tests Tensile tests

ChubuElectric Power Co., Inc. All rights reserved o1



The @bjectivesoHamaokaUnit-1 ProjectconsRPV
by ChuburElectricdRowenCo.

Examination of the samples from the RPV materialst#dmaoka
Unit-1 of Chubu Electric Power Cimc,

1) To validate past irradiatioembrittlement management based
2y adz2NBSAttIyOoS allsOANShaRPYe
In Hamaokaunit-1

2) To Assess and verify the correctness and representativeness
prediction curve formula by conducting microscopic observatior

3) Toconfirm safety margin in present management for RPV
Irradiation embrittlement by fracture toughness measurement

ChubuElectric Power Co., Inc. All rights reserved 52



Managing RadiationEmbrittlement
in HamaoekaUnit-1

curve has been used for embrittlement management

il

. Calc.+Margin2

. Calc.+Marginl

: Embrittlement
Prediction curve
(Calc.)

1st: 1yr operated
2nd: 5yr operated
3rd : 24yr operated

60 Surveillance (Charpy impact) tests and Prediction
- 0 | r in Jpan (BR) |
= | | | | |
N | | | | |
© 40 b I R .
o = — 1.5x%,10%8n/cm?
CEL |—% 30 (Pre-estimation). - -~
(b} oc AL
l_ q = -1
G) 2[} Tt _________"'______':'_:;""‘::_;'T?":_I ______________
O e
E 3rd (WaII) @' -
o 11 S i S
@ et
i T
g b 1st <%Cce'erat?d> i
el nd (WaB . :
.00~ 005 10 D.1|5 D.QO 0.25 0.
10 ! : ! ! !

ChubuElectric Power Co.,

Fluence [10'°n/cm?]

Inc. All rights reserved
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Schedule’forRPY«ExaminationHamaoka

IAEA Meetings PPN

Mechanical properties Unirr.

Task | measurement

#1-1 | <1/3 Charpy impact
facts [rr. 2

Microstructure
observation (APT etc.)
followed by
comparison with
prediction formula

Unirr, 7l

Task
#1-2

Sampling

rr.

Mechanical properties Unirr.
Task | measurement

#2 | <Fracture Toughness
test>

Irr,

Unirr.: Test of un-irradiated specimens, Irr.: Test of irradiated specimens
ChubuElectric Power Co., Inc. All rights reserved o4



Materials Databaserforn Conereter Structure

(A) Data Collection from Core Sampling and NDT

(A-1)Core Sampling

Candidate Sampling Locations
AReactor Building

RPWedestal /Primary Shielding Wall
Spent Fuel Storage Pool / Walls etc.

(A-2)Nondestructive Testing

) p Impactor
Ampact elastic wave method | ...,

Reactor Building

Example of Materials Database
. RPV Pedestal Primary Shield Wall Seismic Wall
Properties
al a2 a3 bl b2 b3 cl c2 c3 Sampling
Strength/Stiffness Locations
Carbonation Depth al a3
Solt Content bl b3
Density cl c3
Free Water Content
Chemical Bound Water Content
Pore Size Distribution

X-Ray Diffraction
Wave Propagation Rate

ChubuElectric Power Co., Ir

1c. All rights reserved 95



ComprehensivS&oundnesEvaluationMethod
on Compressive Strengthf @oncrete

(A) Data Collection from Core Sampling and NDT (C) Validation of Analysis Approach

(A-1) Core Sampling ® Data from Lab Tests
_ : ; ® Data from Aged Structures
(A-2) Nondestructive Testing o by Core Sampling and NDT
6:5 10ys 30ys 38ys
(B) Numerical Analysis Approach > 5 —
E \(B)Analysis Results
Analysis Conditions of Reactor Building n
ﬁMgterial Prqpertie_s (cement, aggregates etc. ) Operation Periods >
Mix Prqportl_on, Dimensions Of Members Aging Variation of Compressive Strength
AOperation History (temp., humidity, flux, dose rates 1
Effects of .
Operation History (D) Comprehenswe
Soundness Evaluation

UO-. ; . Core Sampling
QsOO . Nondestructive Testing
QW . Numerical Analysis Approach
Cement < 5
Hydration StCr:eerllr%mtOf Sérgggrtgtgf Cosnt{:?gtget%grfmc . Assessment of Concrete Strength
Paste Operation | Strength Evaluated >= Fc

ChubuElectric Power Co., Inc. All rights reserved 56



Schedule’'dor ConeretecExamination

IAEA Meetings

|

1

|

(A-1)PerformingCore || Planning] || €°"® Core Core
Samplingand Property Property Property Property
Testsfor Database bata bata bata
(A-2)Performing _ Property | | || Property |
Nondestructive Test Planning| |} Data by Data by
and ObtainingProperty NDT NDT
Datafor NDT Validation

: Outline
(B,C)Pgrformmg | Planning of
Numerical Anal;_/5|s_ Approach
Approachfor Validation
and Upgrading _ Outline
(D)Proposal of Planning of

Method

Comprehensive
Soundness Evaluation
Methods

ChubuElectric Power Co., Inc. All rights reserved
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6. The lcukushima DaiicAceoident
and the Effect of Ageingan/thdceoident

Seismic Effects on the Integrity of Components considering
Ageing Degradation in Fukushimiaarichi
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Reactor Water Level (m)

Water LevelimUnit 1

5 T T T T T
! ! | ' '
! ! : Downcomer water level
5 F---—¥-%-- -i —————————— i— ————————— -1: —Water level inside shroud B
1 1 | —o—Measured (Fuel range (A))
4 boo__Z_ _i __________ E_ _________ _‘: —o—Measured (Fuel range (B))
| | | | |
1 1 I I I
1 1 I I I
1 1 I I I
S N i 7T FTTTTTTTT HE—
1 1 I I I
s s = | e
i [ M a7
" Measured
I [ |
e — S
_ |
°) . TAF
0 i ;
i i
1 I
i i i
1 - 4 ——-—— == + o — -
i i i
s s ool — oot
e 4q-—d--—-—=- | T ==
1 1 . I I
1 1 I I I
1 1 I I I
| | i i i
Bic N S, [N Ty S [ENEDESEE - A T + 4
i i i i i BAF
S . st (I R R —— R
I | | |
i i i i i
| | | | |
5 fomemees RS R . dmmmmemeees bm e bomemee ey
1 1 I I I
L Code
1 1 I I |
iAo N Code
i i =
1 I
7 fooneeeees feeen e A,-Estl,matlen -----
i i i i i
: H C a4 | i
B d B T Tt | TTTTTTTTTT Tt ' TTTTTTTTTT
1 1 I I I
1 1 I I I
1 1 I I I
1 1
L R jrommmoeees bommeeee e doommeeeee e fommmmeeeo
1 1 I I I
1 1 I I I
1 1 I I I
I I | | |
-10 1 1 1 1 1
3 311 anz anz 3n2 anaz N3
12:00 18:00 0:00 6:00 12:00 18:00 0:00

Date & Time

Reference condensing

water chamber

Differential
pressire
transmitter

Reference condensing
water chamber

N

Differential
pressure HE

fransmitter “*-._\

I LT
Reference chamber side piping
(Reference leg)

Reactor side piping
(Variable leg)

Reference condensing
water chamber

f Apparent
water level

Actual
water
level

in the
reactor

pincreases
due to
decreased
water level |
| in the ref.

il

Value indicate
water level in

Actual water
in the reactor
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(@ Steam & H, Production
from Core

\ﬁ\i e, El€MENtary Models in the
—— [ S="  Accident Analysis Code

@RPV Heat Loss to Drywell <, D H “ ] M _ ‘ o mocs

(® Steam Separators ——.] ‘ ‘
® Core Spray

@ Safety Injection ( %L
® Loss through Break / (

Heat Transfer to Gas in Primary System

i E(—@Maln Feed Water Flow
@

p
Fission Products Decay
\A
> % @Core Heatup
a4 f & Melt Progression

Primary System/ |

@ Leaka \

Modeling iam ek

Lower Plenum Modeling

Containment Modeling

Exampleof the MAAP code
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