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NPES Approach to Improving technical and
economic performance of NPPs through

engineering solutions

* People Engineering
challenges and
activities

* Plant Engineering and
Operational
challenges and
activities



Presentation content

« Set the scene — nuclear power status

* Overview of People Engineering challenges
and activities

» Detailed look at Plant Engineering and
Operational challenges and activities

* Pre-mature shutdown transition management

« NPES International Conferences 2017 &
2018



Nuclear Power status

O 449 reactors in operation (392.1 GW)
QO 2 reactors in long-term shutdown (0.7 GW)
O 60 reactors under construction (60.6 GW)
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Age of operating reactors

Number of operational reactors by age

75% 50%

35 33
3277
30 ‘
25 24
21 ‘ 21
20 1 19 19
15 14 4 14
9 101'1 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1'11'1 10 1'1

10 ) -~ - ;
5 -- | . m . - . ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0

01 2 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47

Years in operation

Reference: IAEA-PRIS



Avallability benchmarking

Availability of reactor units
2010-2014

All reactors

Best performers (10%)
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Energy losses in NPPs

Distribution of energy losses
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‘People Engineering’ - Challenges and Activities

34 HRD International Conference 2018
Meeting Challenges to Ensure Future
Nuclear Workforce Capability

Independent Nuclear Training
SAT Model Accreditation System

15t JAEA-Foratom Workshop
Summer 2018

Assessment of Management
(incl. project management)
in all life cycle phases

HRD _
Capacity Building | .4
Digital Hub A

-  HR Development

- Workforce Planning

- SAT Model

- Stakeholder
Involvement

- Management
Systems

- Nuclear Leadership

- Quality

Nuclear Leadership
DNA (LeaD)

Roles and uses of Nuclear
Management and Quality
Standards

CRP - Organisational
Culture for Successful
Performance in NPPs

New Ways of Learning - Full Plant Lifecycle
Digital Technology and Worker Lifecycle HR Infrastructure Review
Blended Learning Psychometric Fitness
For Duty
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Plant Engineering and Operational
challenges and activities

Plant Life Management for LTO
Research Projects

« Outage Management

Supply Chain & Procurement



Plant Life Management for LTO
“Bridge to New NPPs”




Plant life management programme

TECHRICAL REPCRTS SER(ES NG,

Plant Life Management for
Long Term Operation of 1"
Light Water Reactors i

Principles and guldellnes

Integrates ageing & economic
planning

Maintain a high level of safety

Optimize operation, maintenance
& service life of SSCs

Maintain acceptable performance

Maximize return on investment
over NPP service life

Provide owners/operators with
optimum pre-conditions for long
term operation

12



Completed Research Projects

Thermal (USA)

Benchmark analysis of aged Cable
through Condition Monitoring
Technology,

 Thermal and Radiation Ageing effects

Eupen
EPR/EVA

Hew
SiR/SIR

Rockbestos
XLPE/CSP




Diagnosis and Prognosis of Structures,
Systems and Components

« Reactor and signal noise analysis
« Acoustic and vibration monitoring

« Prognostics and structural material integrity --
« SSCs condition monitoring and — uﬂnction
enabling technologies. OT;ZE'::ELZ =
@ oo ressiimen I
Wsurveillance service

*Monitor for
an anomaly or
: fault
0Da'ca



Ongoing Research Projects

Benchmark analysis of flow
accelerated corrosion

Plant BETA Single-phase flow line
Operation condition

Pressure 12.1 bar
Temperature 147 °C
Steam quality 0

Inlet: 139.6 kg/s x3
Outlet: 418.9kg/s
pH:9.3
(NH3 + NoH,)

Mass flow rate

Chemistry

to deaerator

« CHECWORKS™-SFA
« BRT-CICERO

« COMSYS

« RAMEK



Outage role in NPPs operation

« Changing state of the plant Nuclear Safety rating
- from full power to open core conditions

« About 50% of the annual maintenance budget

» Lot of peoples are involved to plan outage
management

 Increased workforce during the outages
» Biggest portion of plants unavailability



Key factors for short outages

« Long term planning, modifications, renewals

* Investment policy

* Improvements for outages shortening

e Spare part policy

« Detailed work planning

* |T-tools / database

* Low dose rate — link to plant chemistry controls
« Competent personnel

« Long term contract with contractors and key suppliers
 Rewards and incentives

« Continuous improving



Outage Optimization - Challenge

How to control design change &
replacement effectively?

How to manage & control
contractors efficiently?

How to improve work control & FME
effectively?

How to assess the effectiveness of

outage performance?

IAEA TECDOC SERIES

Nuclear Power Plant Outage
Optimization Strategy
2016 Edition

$)I1AEA

9081-200231-V3IVI




Procurement Engineering & Supply Chain

— Typical procurement processes;

— Considerations of special
importance and lessons learned;

— Procurement of services;

— Procurement of software and
items containing software;

— Counterfeit, fraudulent and
substandard items;

— Proactive methods for new NPPs
to avoid procurement related
Issues

IAEA Nuclear Energy Series
No.NP-T-3.21

* Chain Guidelines in
—— Support of Operation

 and Maintenance of

> Nuclear Facilities




Managing counterfeit and fraudulent items in the nuclear industry
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Legitimate (left) and counterfeit (right) valves.
The "L" logo on the counterfeit valve appears to have been added via welding
(instead of cast into the valve body) and "cleaned up" with grinding.



Shutdown Transition Management

UMITED STATES OF AMERICA
UNITED KINGDOM
GERMANY

JAPAN

FRANCE

CAMADA

RUSSIA
BULGARIA

[TALY

UKRAIME
SLOWVAKIA
SWEDEN
LITHUANIL

SPAIN

ARMENIA
BELGIUM
KAZAKHSTAN
METHERLANDS
SWITZERLAND

Total Number of Reactors: 157

) 10 15 20 25
Mumber of Reactors

Recently announced early
shutdown

e Sweden
— Ringhals 1 & 2
— Oskarshamn 1& 2

» Korea
— Kori 1

« USA
— Pilgrim,
— FitzPatrick
— Vermont Yankee
— Kewaunee
— San Onofre
— Crystal River
— Daiblo Canyon

Mainly economic reasons

‘ Cease operations in the next decade and beyond (at a rate of about 5 to 10+ per year ?)



Transition Activities

Allowable under an Operating License

Submission of Decommissioning Safety Analysis
Report for De-fueled Condition

Analyses for the Decommissioning Safety Bases

Development of System Abandonment Criteria
Prepare revisions to the Maintenance Rule Program

* Develop Early Retirement Plans
* Develop Employee Retention Plans
* Develop the Decommissioning Staffing Plans

» Develop Contract Strategies and Perform Bid
Evaluations

* Perform a Comprehensive Site Characterization




4t |International Conference
on NPP Life Management

Fourth International Conference on

23-27t October 2017, Nuclear Power Plant
Lyon, France Life Management

23-27 October 2017
Lyon, France

Approaches to PLiM
Economics of PLiM

AM and preparation of LTO

N~

Configuration and modification
management for safety
enhancement

5.  Human factors and managerial
aspects & 501ears

6. Regulatory approaches to AM and e e
LTO == 8




3 International Conference on Human Resource
Development - Meeting Challenges to Ensure the
Future Nuclear Workforce Capability

28-31 May 2018 Gyeongju, Korea

Major Topic Areas
1)
2)
3)
4)

Attract, Recruit and Retain a high quality nuclear workforce
Development of Individuals and Teams within the Organisations
Education, Training and Qualification of a nuclear workforce

Organisational Culture & the Impact on the Workforce
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