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Department of Energy
ldaho Operations Office

1955 Fremont Avenue
Idaho Falls, ID 83415

September 16, 2010

Eric French
Riverkeeper, Inc.

828 South Broadway
Tarrytown, NY 10591

SUBJECT: FOIA Response(ID-2010-01828-F) (OM-PA-10-067)

Dear Mr. French:

This is in final response from the Office of Nuclear Energy, Department of Energy, regarding your
August 2, 2010, Freedom of Information Act Request. In that FOIA, you requested copies of

Any and all documents and records relating to the participation and opinions of the nuclear
power plant industry, including but not limited to Entergy Corporation and its
representatives, at the NRC/DOE workshop on U.S. Nuclear Power Plant Life Extension
Research and Development: Life Beyond 60, held February 19-21, 2008

Any other similar meetings or workshops concerning the functional life of nuclear reactors
Copies of any submissions, presentations, reports, statements, notes, correspondence, and
the like, attributable to representatives of the nuclear power plant industry, prepared for,
made at/during, or otherwise in relation to such workshops and/or meetings.

We have concluded that the following documents are responsive to your request:

Life After 60 Years, NRC/DOE Workshop - The Early Years Of License Renewal

Life After 60 Years - Workshop Summary Report

Electric Power Research Institute - NDE Research Needs For Long-Term Operation of
LWRs

Electric Power Research Institute - Coated Surfaces In Power Plants

Electric Power Research Institute - NRC/DOE Workshop on Research and Development
Issues

Electric Power Research Institute - Nuclear Plant Buried Piping Aging Management
Electric Power Research Institute - Nuclear Plant Cable Aging Management

Electric Power Research Institute - Long-Term Operation of Nuclear Power Plants:
Summary Of Executive Interviews

Electric Power Research Institute —Final LWR R&D Strategic Plan and Results of Utility
Executive Survey on Long-Term Plant Operation

NRC DOE Workshop On U.S. Nuclear Power Plant Extension R&D — Diagnostic
Techniques For Aging Nuclear Power Plants
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¢ Joint NRC and DOE Workshop on US NPP Life Extension R&D Issues - NDE To
Prognostics: A Review
Exelon Nuclear — Integrated Long-Term Planning and Fleet Asset Management At Exelon
Westinghouse — Proactive Strategies for Monitoring and Managing Aging Related
Degradation in Highly Irradiated Reactor Internals

¢ Entergy — Idaho National Laboratory/Nuclear Power Industry — Strategic Plan for Light
water Reactor R&D
Entergy — License Renewal — The Second Time
Kurz Technical Services, Inc. — On-line Monitoring System Diagnostics
Omaha Public Power District-Ft. Calhoun Station — Experiences with Large Component
Replacements

» Pacific Northwest National Laboratory — Fatigue in Operating Nuclear Power Plants
Components after 60 years

¢ Brookhaven National Laboratory — Research Needs for Concrete Structures Beyond a 60-
Year Life time

e International Atomic Energy Agency — Beyond 60 Years Operations

These documents are fully releasable. They are provided to you as enclosures.

As the authorizing official for this request, it is my duty to inform you of your right to appeal the
adequacy of the search to the Office of Hearings and Appeals within 30 days of receipt of this letter.
The address for filing an appeal to this release determination is:

Office of Hearings and Appeals
U.S. Department of Energy
1000 Independence Ave., SW
Washington, D.C. 20585-1615.

I appreciate the opportunity to assist you with this matter. If you have any questions about this
correspondence, please contact me at 208-526-5190.

Sincerely,

ES

Clayton Ogilvie
Freedom of Information Officer

Enclosures
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RECORD NOTES:

1. This letter is in response to a FOIA request.

UFC: 0403
Disposition Authority: Al4-11-a-1
OM-PA-10-067
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PA
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2. This letter was drafted by C. Ogilvie and reviewed by B. Bugger and M. McKnight.
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This letter/memo closes Pegasus number N/A

The attached correspondence has no relation to the Naval Nuclear Propulsion Program.

. The attached correspondence has no relation to the ARRA stimulus funding.

Clay Ogilvie (OM/PA), 6-5190, September 16, 2010, P:\Office Documents\FOIA\FOIA 10-038
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January 16, 2008

To: Nuclear Power Council
From: Chris Larsen

SUBJECT: Final LWR R&D Strategic Plan and Results of Utility Executive Survey on Long-Term Plant
Operation

Attached are two documents relevant to the Council presentation next week on Long-Term Plant Operation.
Please take time to review these materials prior to the meeting.

e “INL / Nuclear Power Industry Strategic Plan for Light Water Reactor Research and Development:
An Industry-Government Partnership to Address Climate Change and Energy Security”

e Long-Term Operation of Nuclear Power Plants: Summary of Executive Interviews

The first of these documents was discussed in my 7 and 20 November letters, the latter of which requested
your review of the final draft prior to a forwarding endorsement by NPC Chairman Mano Nazar. As you
recall, this Strategic Plan, intended to form the basis for new funding in the DOE-Nuclear Energy FY2009
Budget, is focused on two “stretch goals” for nuclear energy:

o Life extension of the current fleet beyond 60 years (e.g., what would it take to extend all lives to ~80
years?)

e Strong, sustained expansion of new nuclear plants throughout this century (e.g., what would it take to
proceed uninterrupted from first new plant deployments in ~2015 to sustained build rates approaching
10/year?)

The second attachment is a summary of the results of an extensive survey that EPRI conducted over the
last two months related to the first of these two “stretch goals.” A total of 47 interviews were completed,
with input from one or more utility executives at 23 nuclear utilities, including many of you.

The preliminary results of this survey revealed a high degree of interest and enthusiasm regarding the need
to make this nuclear energy option a reality. Respondents identified a number of obstacles to success, but
few felt that any of these obstacles were unmanageable. Clearly, most respondents envision this option as
a likely element of their long-range business planning, if industry can collectively address the obstacles.

Please note that a final report of those survey results is being prepared without attribution of specific
comments to individuals. As such, we believe this survey can become a very useful tool as we work with
the industry and discuss the importance and viability of this option.

Both efforts should help industry, and especially EPRI, define priorities for future LWR R&D. Both will likely
play an important role in an upcoming NRC-DOE workshop on “Life Beyond 60,” scheduled for 19-21

Together . . . Shaping the Future of Electricity

3420 Hillview Avenue, Palo Alto, CA 94304-1338 USA « 650.855.2329 « Fax 650.855.8759  cblarsen@epri.com
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February 2008. EPRI experts and advisors are being asked to participate in this workshop. Similarly, NEI
will hold a Nuclear R&D Summit on 27-28 February, which will also likely focus at least in part on the
content of the Strategic Plan.

Next week we will have the first opportunity to apprise the Council of these results and are interested to
hear your views as to what this information means to the EPRI Nuclear Power Sector portfolio.

Thanks,
C.S S
CBL/tw

Attachments






Morris, Alexander

From: FOIA-Central@hq.doe.gov

Sent: Monday, August 02, 2010 12:34 PM

To: FOIA-Central

Subject: DOE Headquarters FOIA Request

Name:G;r‘ic Frenc!.y ) &UB 03 X
Organization: Riverkeeper, Inc. (S

24
Address: OU@S Sg
Peg

828 South Broadway op
Tarrytown, NY 10591 ’”E.sp

Phone: 914-478-4501 ext. 249
FAX: 914-478-4527

Email: efrench@riverkeeper.org

Record Description:

Riverkeeper requestsﬁgapies of any and all documents and records relating to the
participation and opinions of the nuclear power plant industry, including but not limited to
Entergy Corporation and its representatives, at the NRC/DOE Workshop on U.S. Nuclear Power
Plant Life Extension Research and Development: Life Beyond 60, held February 19-21, 2008)] or
at any other similar meetings or workshops concerning the functional life of nuclear
reactors. This includes, but is not limited to, copies of any submissions, presentations,
reports, statements, notes, correspondence, and the like, attributable to representatives of
the nuclear power plant industry, prepared for, made at/during, or otherwise in relation to
such workshops and/or meetings.

Preferred Form or Format: Electronic
Type of Requester (if provided):

Affiliated with an educational or noncommercial scientific institution, and this request is
made for scholarly or scientific purpose and not for commercial use.

Fees and Fee Waivers:
I request a waiver or reduction of fees.
Waiver or Reduction of Fees Factors (if provided):

1. The subject of the request: Whether the subject of the requested records concerns “"the
operations or activities of the government."

The requested records will reveal how the Department of Energy (DOE) and the Nuclear
Regulatory Commission (NRC) receive industry opinions regarding the life extension of nuclear
power plants beyond 60 years and what steps these agencies are taking to educate themselves

it
about this issue. -}W

)





2. The informative value of the information to be disclosed: Whether the disclosure is
"likely to contribute" to an understanding of government operations or activities.

The requested records will contribute to Riverkeeper’s understanding of the government
processes for evaluating the lifespan of nuclear facilities and what information the
Department of Energy is receiving regarding this issue.

3. The contribution to an understanding by the general public of the subject likely to result
from disclosure, taking into account your ability and intent to disseminate the information
to the public in a form that can further understanding of the subject matter.

This disclosure will contribute to public understanding regarding how the government is
dealing with issues of nuclear power plant functional life. As a nonprofit organization that
regularly communicates with the public on environmental, public, and energy issues,
Riverkeeper is uniquely situated to accomplish this goal. Riverkeeper is a leader in raising
concerns about the continued operation of Indian Point nuclear facilities. Throughout the
past 48 years Riverkeeper has run numerous campaigns aimed at educating the public about the
environmental hazards related to Indian Point. We are concerned about the license renewal of
the Indian Point facilities and the requested information, which we can disseminate to the
public through postings on our website, www.riverkeeper.org, press releases and conferences,
news articles, op-ed pieces, and television news interviews, will help contribute to public
understanding about the functional life of Indian Point.

4. The significance of the contribution to public understanding: Whether the disclosure is

likely to contribute "significantly" to public understanding of government operations or
activities.

The requested information will contribute significantly to public understanding of what
information the DOE is considering in developing policies relating to nuclear plant lifespan.
The requested records will show industry opinions on the matter, which may affect the DOE’s
decisions regarding how long nuclear facilities are permitted to operate.

5. The existence and magnitude of a commercial interest: Whether the requester has a
commercial interest that would be furthered by the requested disclosure, and, if so

Riverkeeper has no commercial interest in the disclosure.

6. The primary interest in disclosure: Whether the magnitude of the identified commercial
interest of the requester is sufficiently large, in comparison with the public interest in
disclosure, that disclosure is "primarily in the commercial interest of the requester."”

Riverkeeper’s interest in the requested information is solely to help it better serve the
public. Riverkeeper retains no commercial interest whatsoever.

Expedited Processing:

Specific Justification for Expedited Processing:






Beyond 60 years operations

19 January 2008

Ki Sig KANG






Operating Reactor by age (as of June. 2007)

Number of Operatihg Reactors by Age
(as of 3 of January 2007)

12 34 86 7 8 9101112131415 16 17 181920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Mote: Age of a reactor is determined byits first gnd connection. [year]






USA NPPs Operating Reactors

Numberjof operating reactors in USA by age
(at the end of 2007)

e Tl

11 12131415161718192')21222324252627282930313233 4

After 10 years
More than 20 years : 95 Units (2017)

More than 30 years : 50 Units






LOOki ng baCk. . Second International Symposium on
Nuclear Power Plant

e o symposIim In Life Management

138 participants from 30
countries and from 3 Shanghal, China
International organizations (18 Dehbor 2007

The 2" PLiM symposium

* 175 contributions,
keynotes, papers and
posters were submitted.

270 participants, 3
observers from 35 Member
States and 3 international
organizations.

* 30 non registration

This conference is far larger thanmth'e 2002 PLiM
Symposium, a clear indication of the growing importance of

‘Q\ﬁ@j ¥: this topic
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Main recommendations and findings

Uncompromising safety culture

Power plant units are improved continuously instead of
one-time major investments

Technical development is considered to meet latest
safety requirements.

Own and other plants operational experiences and best
practises are utilized

PSA, cost-benefit, and probabilistic availability analysis
methods are applied

Well-functioning contacts to vendor and consulting
companies as well as to research institutes and to
regulatory body

(L) 1AEA

--7"!\‘-






Main recommendations and findings

* Need more proactive Ageing Management
* Need clear requirements to cover full life

* Knowledge management :

* Keep the valuable experiences from seniors
specialists

* Maintain the core knowledge that must be in place to
operate existing plants safely and economically,

* Competition between operating Npps and new
Npp

(LY 1IAEA
)
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Recurring management and leadership issues

Management becomes over confident or
complacent.
Ineffective evaluation and use of operating
experience.
* Not establishing or enforcing management
standards and expectations.

Management becomes over focused on
production, sometimes at the expense of
safety.

Public and other stakeholders lost trust.

(LY 1IAEA
)
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Where are we now for beyond 60 years
operation?






Technical Documents Matrix

Structural, system and component (SSC)
integrity is at the core of NPP
management

Ageing Management

—_—

Monitoring, Diagnosis and Prognosis
Technologies for Optimization of Maintenance






IAEA Safety Standards and Guidance Documents on
Plant Life Management and AM Programme

Safety of NPP
Design NS R-1

(to be revised)

Safety

Requirement

Safety Guid : Safety
afe uide Guide
DS 382 ) ¥ on PSR

(to be
revised)

Tech.
Guidelines

Programmatic ~ Component AMP
Guidelines (5)  Specific Review
Guidelines (13) guideline

d{ Keep updating

i

Safety of NPP
Operation NS R-2
(being revised
incorporating AM )

Safety Guide
on Personal
Qualification






RPYV integrity under irradiation

damage

@ Cu/P effect /
with/without Ni

Irradiation damage challenge

W
effects

Decrease
\/ of USE

V, Mo, Cr, stress

Dose rate

cooling rate, etc.






Major concerns issues for more 20 years

Safety and performance Improvements (Plant
Modifications, Ageing, Periodic Safety Review etc.)

Integrity of SSCs
Ageing Management

Safety impact of further reductions in safety margins.
Optimization of O&M

Advanced Surveillance, Diagnosis and Prognosis
Techniques for System Health monitoring in NPPs

Advanced |&C

Lack of Industry capabilities

(LY 1IAEA
)

--7"!\‘-






Establishment
of Information
Basis

Database for
Degradation of
Materials

Technical
Development

Evaluation
Technology
for Degradation
of Components

To Keep Safety and Reliability of Nuclear Power Plants
for Long Term Operation

Codes and
Standards

Systematic
Maintenance

Optimization of
Maintenance

Svstematic Database on
y Regulation

Maﬁgeg:ﬁlen t Procedures
9 In Other

Program

Countries

RPV
Radiation
Embrittle-

Iment

Schemes

To Apply FPerformance
New Index

echniques






Strategy Maps for Ageing Management

2 Es

—_—

4. Systematic Maintenance

3. Establishment of Information Basis

tablishment of Codes and Standards

1. Safety Research to Solve Ageing Issues

Aging
phenomenon

Irradiation
embrittlement

Stress corrosion
crack

Fatigue

Wall thinning

Deteriorated cable
insulation

Decreased
strength of
concrete

Current Status

* Countermeasures are being taken
by rule of thumb based on plant data.

* Countermeasures suited to materials
in use are being taken.

* Database is being constructed.

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

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

* Countermeasures suited to materials
in use are being taken.

* Database is being constructed.

Intensive study is being made on
scarcely known fields.

40th to 50t year

* Predication methods and monitoring
technology will be upgraded.

* Use of SCC-resistant materials will
be ensured.

* Database will be constructed.

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

* Mechanism-based predication
methods will be established.

* Risk-based maintenance methods
will be established.

Deterioration diagnosis technology will
be upgraded.

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

CCV integrity evaluation methods will
be established.

Long-life, next-
generation reactor

* Advanced designs will be developed
based on past operating experience.

* Simulation methods will be
established.

* 1SI technology will be upgraded.

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

* Monitoring technology will be
upgraded.

* Monitoring technology will be
upgraded.

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

* Recycling methods will be
established for replaced structures
and materials.






PLIM Approaches for Long Term
Operation

Table of Contents

1. Introduction
Current Trend for PLiM
General Approach to PLIiM
Issues of PLIM (Tec. Reg,
Eco.)
Relation between Maintenance
& PLIiM
Research requir. for PLiM
Cons. and Recomms

Plant Life Management for
Long Term Operation of

Light Water Reactors
e Country Reports :
* For LWR : Belgium, Bulgaria, Czech, Principles and guidelines
Hungary, Japan, Germany, France,
Korea, Russia, Slovakia, Spain,
Switzerland, USA
» For PHWR: Argentina, Canada, India,
Korea, Pakistan, Romania
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NRC/DOE workshop on
research and development
ISsues

February 20, 2008
Bethesda, Maryland

Robin Dyle
Southern Nuclear

Chairman, Primary Systems Corrosion
Research Steering Committee





Background

 In 2002 Industry Executives formed a Task Group to assess materials
Issues and the industry’s efforts to deal with them

» As a result NEI 03-08, “Guideline for the Management of Materials
Issues” was approved by NSIAC

» Establishes two Standing Committees
— Executive Oversight — ‘MEOG’
» Overall coordination/broad policy guidance
— NSIAC members, Executive Leads of Issue Programs
— Technical Advisory — ‘MTAG’
« Support MEOG and IPs, develop ‘strategic’ plan
— Technical leads of the IPs
 Establishes Policy
— Defines roles, responsibilities, and expectations
» Develop Proactive tools and approaches to manage materials aging

ELECTRIC POWER

oy

© 2008 Electric Power Research Institute, Inc. All rights reserved. 2
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Materials Degradation Matrix: Goals

o [dentify materials used for major passive
components/systems within Materials Initiative Scope

 Obtain inputs from experts, laboratory R&D, industry OE
— ldentify potential degradation mechanisms
— Determine material applicability
— Define areas of uncertainty

e [dentify and characterize issues that pose potential
threats

— Adequately addressed, programs managing issues

— Work in progress that will develop tools to manage
Issues

— No program to address, insufficient work in progress to
.....address vulnerability ) EPRI | L





Revision 1 DM Results Table (example)

TABLE 3-1

PWR REACTOR PRESSURE VESSEL (2007 MATERIALS DEGRADATION MATRIX)

DEGRADATION MODE
SCC Corrosion & Wear Fatigue Reduction in Irradiation Effects
Toughness
MATERIAL IG/ITG IA Wstg. | Pitting | Wear FAC HC |LC-Env.| Th. Env. Emb. VS SR
Y Y ? ? Y
C&LAS N N N N N N pl-1 pl-2 pl-3 pl-4 pi-5 N N
C&LAS: Y Y ? ? Y
Welds N N N N N Nl pra | pr2 | pr3 | pra | ps | N N
SS: v v 5
\Wrought / Forged / 1-6 N N N N N 141 Y N 14 N N N
HAZ
SS: Y Y Y Y ? Y
Welds & Clad pre | N N Nl pez | N e | | pie | pra | pre | N N
? N/A Y Y Y N/A
CASS pl-10 pl-11 N N N N pl-1 Y pl-12 pl-4 pl-11 N N
. _ Y N Y Y ? N
Ni-Alloy: Wrought 1-13 1-14 N N 1-15 N 11 Y N 1-4 1-14 N N
Y-600
- ] 1-16
Ni-Alloy: Y N N N N N Y v ([G=/19 Y N N N
Welds & Clad p1-13 pl-14 pl-1 Y-690 pl-4 pl-14
pl-16
EI:EI ELECTRIC POWER
. . . RESEARCH IMSTITUTE
© 2008 Electric Power Research Institute, Inc. All rights reserved. 4





l Revision 1 Materials Degradation Matrix
Results

« Compared with the 2004 MDM, the numbers of blue and
yellow cells have both decreased and the number of
green cells has increased

» Additional orange cells are apparent in the Revision 1
MDM related to:

— SCC of irradiated materials and nickel alloys in PWRs
— Environmental fatigue
— Reduction in toughness

 An emerging issue of concern is reduction in fracture
resistance of structural materials in environment

o All of the important degradation mechanisms identified in
the NRC PMDA are reflected in the revised MDM

El:'a] ELECTRIC POWER
A
RESEARCH IMSTITUTE





I Revision 1 Materials Degradation Matrix
Strategic Issues

* Environmental Effects on Fracture Resistance
* Environmental Effects on Fatigue Life

« SCC of Ni-Base Alloys

e SCC of Stainless Steels

 Effect of Fluence on SCC Susceptibility and SCC Crack
Growth Rates

CPEI ELECTRIC POWER
A
RESEARCH IMSTITUTE





Progression of Environmental Cracking Damage

|- Corrosion Research--------------- t-Issue Programs--|
I ' I i ! [
FIl | I |
i =
S L l 1 . XV —
c I l 11 ¢ D — 9
— Development of : Development of : Development : Growth of -1 O
—E‘ Crack Nucleation Sites Crack Precursors and Linkage Large
0 - | I ofsmal | Cracks |
D | I cracks | ]
& | I I _
| [ I ---Detection---__|
4 | | I Limit
l M }
| F o | | |

Units of Time (or Fraction of Life)

Proactive Materials Management Has a Big Payoff

C':El ELECTRIC POWER
A
RESEARCH IMSTITUTE
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I Characteristics of IASCC In Austenitic
Stainless Steels

PWER Control PWR Baffle
_ BWEEnd Rod Faillures Bolt Fallures PWER End
BWER Core

Component of Life (IASCC) (IASCC) of Life |
Failures ————___ / PWE. Life

(IASCC) Extension

1020 1021 1022 1023

Neutron Fluence, n/cm2 (E=1 MeV)
Irradiation Dose, dpa

0.1 I 10 1 ()
Significant Changes Onset of Significant
1n Grain Boundary Void Swelling
Composition, Alloy and Possible
Strength & Ductilify Embrittlement

Note: -15 dpa -+ 10¥ n/fem’ E « 1 MeV (for PWR and BWR neutron spectra)
~7 dpa » 10° n/em’ E » 0.1 MeV (for PWR and BWR neutron spectra)

EI:EI ELECTRIC POWER
A
RESEARCH IMSTITUTE
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Current Activities

Current Primary Systems Corrosion
Research Activities

CI:EI ELECTRIC POWER
A
RESEARCH IMSTITUTE





I Primary Systems Corrosion Research Projects:
Scope

» Cooperative IASCC Research (CIR) Program-Extension

— International collaborative research program managed by EPRI and co-
sponsored by organizations from U.S., Europe and Japan

— Members include utilities, regulators, vendors and research organizations
e Scope

— Develop a mechanistic understanding of key parameters (material,

fluence, flux, temperature, chemistry and stress) that control IASCC
initiation and growth

— Formulate predictive models for IASCC based on a mechanistic
understanding

— Identify suitable countermeasures for IASCC
e Status

— An interim review of the CIR Program (1015493) and CIR Il CD
(10151760) issued in 2007

— Crack growth tests on BOR 60 irradiated materials are in progress at
Studsvik and NRI Rez

— Final deliverables will be completed in 2009

ELECTRIC POWER

=2l
© 2008 Electric Power Research Institute, Inc. All rights reserved. 10
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. Primary Systems Corrosion Research Projects:
Scope (contd.)

* International Program on Prediction and Evaluation of EAC in LWR
Structural Materials at Tohoku University, Japan

— Program co-sponsored by EPRI, Japanese government, utilities,
vendors and several international organizations

— Allows significant leveraging of EPRI resources

— Sponsors have agreed on a follow-on program to improve the
fundamental understanding of crack initiation and propagation
processes

e Scope

— Develop data and predictive models to improve the mechanistic
understanding of SCC of stainless steels and Ni alloys in BWR
and PWR environments

e Status
— A final report on Phase Ill of program (1014977) issued in 2007

ELECTRIC POWER

oy
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RESEARCH IMSTITUTE





I Primary Systems Corrosion Research Projects:
Scope (contd.)

e In-situ characterization of surface films on Ni-base alloys
In LWR environments

e Scope

— Use In-situ laser Raman and electrochemical
techniques to characterize composition of surface films
formed on Ni alloys under PWR conditions and their
role in SCC

— Evaluate the effect of chemical additives (e.g., zinc) on
surface films

e Status
— Interim report to be issued in Q1 2008

© 2008 Electric Power Research Institute, Inc. All rights reserved. 12
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I Primary Systems Corrosion Research Projects:
Scope (contd.)

» Ex-situ surface film studies of SCC initiation on SS and
Ni-base alloys

e Scope

— Study incipient crack formation with state-of-the art
analytical techniques

— Status
— Report to be issued in 2008

CPEI ELECTRIC POWER
A
RESEARCH IMSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 13





l Primary Systems Corrosion Research Projects:
Scope (contd.)

« Damage Processes Prior to Crack Initiation in Ni-Base
Alloys

e Scope

— Study role of intergranular oxidation of Ni-base alloys
(A600 and A690) in crack initiation under PWR
conditions

— Evaluate effects of temperature, corrosion potential,
cold work and stress on kinetics of intergranular
penetration and GB embrittlement

— Focus on crack precursors (Stage Il) of EAC
degradation

e Status
— Agreement signed with Areva
— Work to begin in Jan 2008 on a 2-year project

© 2008 Electric Power Research Institute, Inc. All rights reserved. 14
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l Primary Systems Corrosion Research Projects:
Scope (contd.)

* Mechanistically Based Predictive Model for
Environmentally Assisted Cracking of Ni-Base Alloys in
PWRs

e Scope

— A theoretical model of SCC propagation based on work
at FRRI, Japan and KAPL will be modified and
validated by EPRI for application to SCC of Ni-base
alloys and weld metals in PWR environments

— EXxplore extending the model to irradiated materials
e Status

— A report on application of model to Alloy 600 is being
reviewed by EPRI and will be issued in 2008

El:'a] ELECTRIC POWER
A
RESEARCH IMSTITUTE

15





. Primary Systems Corrosion Research Projects:
Scope (contd.)

e [nitiation of EAC and Short Crack Growth

— Follow-on work recommended by MEOG Gap project
report 1011788 prepared by Areva and GE

e Scope

— Conduct follow-on experimental and modeling work
based on recommendations of EPRI Report 1011788
on Status Review of Initiation of EAC and Short Crack
Growth

— Focus on Stage Il of EAC degradation
— Status
— An interim report to be issued in 2008

Cl:'a] ELECTRIC POWER
A
RESEARCH IMSTITUTE





l Primary Systems Corrosion Research Projects:
Scope (contd.)

e Understanding of Interaction between Localized
Deformation in Materials and Environmentally Assisted
Cracking (EAC)

— Follow-on work recommended by MEOG Gap project
report 1011789 prepared by EDF

e Scope

— Conduct follow-on experimental and modeling work on
Interaction between Localized Deformation in Materials
and Environmentally Assisted Cracking

— Investigate role of localized deformation in IASCC of
stainless steels on proton irradiated stainless steels

e Status
— Interim report to be issued in 2008

El:'a] ELECTRIC POWER
A
RESEARCH IMSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 17





. Primary Systems Corrosion Research Projects:
Scope (contd.)

» Assessment of Fracture Resistance Issues in LWR
Environments at Low Temperature

— Address gaps in current knowledge of LTCP
susceptibility of LWR materials identified in the MDM

e Scope

— Fracture resistance of Alloy 182 in BWR-HWC
environment at low temperature

— Fracture resistance of cast austenitic SS in PWR
environment at low temperature

e Status
— Interim report to be issued in 2008

© 2008 Electric Power Research Institute, Inc. All rights reserved. 18
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. Corrosion Research: 2008 Planned
Deliverables

» Materials Degradation Matrix — Revision 1

e Characterization of Surface Oxide Films in PWR
Environments — Interim Report

» Experimental Results of Interaction between Localized
Deformation and EAC — Interim Report

» Experimental Results of EAC Initiation and Short Crack
Growth — Interim Report

« Damage Processes Prior to Crack Initiation in Ni-Base
Alloys — Interim Report

© 2008 Electric Power Research Institute, Inc. All rights reserved. 19
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Future IASCC Research
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Future IASCC Research: Background

B

 The CIR Program irradiated commercial and solute addition alloys

(tensile and round compact tension specimens) in the BOR 60 fast
reactor to study the effect of specific solutes on IASCC

« Some of these alloys will be tested in the CIR |l Extension program
but resources were not available to test all irradiated alloys

» The remaining solute addition and commercial alloys are available to
CIR sponsors for future IASCC research

« NRC RES and EPRI have discussed a joint program (at University of
Michigan) to:
— determine the roles of key solute additions and microstructures on both
crack initiation and crack growth

— develop a more complete understanding of IASCC by building on the CIR
work

» Results of this work will be shared with CIR sponsors who funded the
Irradiations

ELECTRIC POWER
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I Objectives of Proposed Program on Identifying
Mechanisms & Mitigation Strategies for IASCC of
Austenitic Steels in LWR Core Components

* Full assessment of solute addition alloys and in particular, the roles
of all 9 solute additions on crack initiation and the roles of C, Mo, Ti,
Nb, Cr+Ni and P on crack growth rate.

* Determination of the roles of commercial alloy microstructure on
crack initiation and crack growth rate.

e Linkage between irradiated microstructure and crack initiation/crack
growth for solute addition and commercial alloys as well as effects of
CW and dose.

» Relation between cracking susceptibility as measured by CERT
tests and CGR tests on neutron irradiated alloys.

* Determination of the predictive capability of crack initiation due to
proton irradiation as compared to neutron irradiation.

* Role of localized deformation in the IASCC susceptibility in neutron
irradiated materials.

ELECTRIC POWER
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Significance of the Proposed Program

The proposed work will determine:

© 2008 Electric Power Research Institute, Inc. All rights reserved. 23

The roles of key solute additions and starting microstructures on both
crack initiation and crack growth

The degree to which crack initiation and crack growth respond in the
same way to alloy composition and microstructure

Whether proton irradiation is a robust predictor of neutron irradiation
effects for both crack initiation and crack growth

The importance of localized deformation and stacking fault energy in
IASCC

What mitigation measures should be adopted to minimize IASCC in
current LWR stainless steel components

This work will build on the CIR program and help to significantly
advance our knowledge and understanding of the IASCC process,
and provide a large contribution to the IASCC database for further
study and analysis
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Other IASCC Research Areas

© 2008 Electric Power Research Institute, Inc. All rights reserved. 24

 Effect of specimen size and K on crack growth in
Irradiated specimens

— Most CGR tests have been done on small CT
specimens (0.3t0 0.4 T)

— There are no ASTM standards re K validity limits for
irradiated materials

« ASTM E399 standard may not be appropriate

— It Is necessary to test thicker specimens from retired
components to determine K validity limits and to
demonstrate that CGRs are independent of specimen
size
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Environmental Effect on Fracture Properties
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I Background — EPRI MDM / NRC PMDA on
Fracture Resistance Issues

Generic concerns emphasized by both panels:

1. Degradation of fracture resistance of certain Ni-base alloys at low
temperature (Low Temperature Crack Propagation)

— Considered a form of hydrogen embrittiement
— Observed in laboratory tests (Bettis & MRP studies)

2. PSCR is addressing potential for LTCP phenomenon in other
materials and environments where no data is available

— LTCP of Alloy 182 in BWR-HWC
— LTCP of Cast SS in PWR water

3. Concerns remain (for irradiated and non-irradiated materials) about
the validity of fracture toughness values measured in air compared
to values in the operating environment at temperature

ELECTRIC POWER
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I Irradiated Wrought and CASS in BWR Env.
(From O. Chopra: Interim Conclusions)

* Results from ANL tests in water show the same general
trend in irradiation effects on embrittlement (J,-), but
values are lower than those from air tests

e Controlled companion tests in air on the same materials
are needed to determine the effect of water environment

on fracture toughness

© 2008 Electric Power Research Institute, Inc. All rights reserved. 27
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l Proposed 2009 Project: Effect of Environment
on Fracture Resistance in LWR Materials

* Objective

— Conduct a scoping study to evaluate the effect of BWR
and PWR environments on fracture resistance of:

e Task A: Irradiated stainless steels
e Task B: Non-irradiated Alloy 182 weld metal
— Assess need for additional work based on test results
e Value

— Degradation of fracture toughness by environment is
an important issue for structural integrity evaluations

— This study will address an important knowledge gap Iin
the MDM

— This work is cross-cutting and of interest to PSCR,
BWRVIP and MRP

© 2008 Electric Power Research Institute, Inc. All rights reserved. 28
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Conclusions
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 Industry’s focus on Materials Aging and Degradation has
provided strategic direction

 Efforts underway address the high priority items from the
strategic plan

« Current research underway is focused primarily on nearer
term (5-10 years)

* Research looking at longer-term issues is limited and will
produce valuable insights into early stages of degradation
and identify methods of mitigation. Additional research will
be required develop and implement the mitigation
technologies
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Long-Term Operation of Nuclear Power Plants:

Summary of Executive Interviews

EPRI interviewed 47 U.S. utility executives in November/December 2007 to gauge industry perspectives
on long-term operation of nuclear power plants. The survey supplements advisory input and EPRI
technology innovation initiatives examining advanced capabilities that may be required to address critical
industry issues and that may benefit from collaborative research efforts.

The survey found that long-term operation of existing nuclear power plants beyond 60 years is definitely
on senior executive radar screens. While the executives cited many challenges to long-term operation,
none were characterized as unmanageable, and the leading barriers identified were technical, particularly
plant reliability. The survey participants recognized a strong role for EPRI in defining and addressing the
technical challenges to long-term operation, and most indicated a personal willingness to participate in
industry efforts related to long-term operation.

Survey Background/Overview

Studies by EPRI and others consistently show the importance of nuclear power in reducing greenhouse
gas emissions and ensuring the availability of safe, reliable and economic electric power. While the
construction and operation of new nuclear power plants is important, maintaining operation from existing
facilities is critical as well. These facilities have demonstrated safe and reliable operation for several
decades, but will require diligent care and attention to sustain long-term operation. In the United States,
the Department of Energy and the U.S. Nuclear Regulatory Commission have initiated efforts to look at
extending plant licenses past 60 years and are actively seeking industry involvement.

Recognizing these drivers, EPRI conducted a systematic survey of industry perspectives related to long-

term operation of nuclear power plants. Interviews were conducted by telephone with 47 executives from
23 U.S. nuclear operators/owners. The interviews were intended to gauge the level of industry interest in

long-term operation, to identify barriers to long-term operation, and to identify collaboration opportunities

to facilitate long-term operation.

Specifically, the survey solicited executive input on the following issues:

= Thought being given to long-term operation of existing nuclear plants,

= Likelihood of their company seeking license renewal past 60 years,

= Reasons for and potentially against pursuing license renewal past 60 years,

= Current planning and preparation activities for long-term operation of existing plants,
= Significance and manageability of issues/challenges and how to address,

=  Which departments within their company would be most involved,

= EPRI'srole, and

= Their personal interest in devoting time to industry activities on this topic.

The executives interviewed comprised a balanced, high-level cross-section of utilities with demonstrated
nuclear industry involvement.





= Three-fourths of the 47 interviews were conducted at the vice presidential level or higher. Job
tittes/responsibilities represented included 13 CNOs, 7 CEOs/COOs, 10 engineering executives, 6 in
the area of license renewal, 4 CFOs/financial executives, 4 strategy/planning executives and 3
others.

=  68% of the executives came from companies with at least one unit reaching 60 years by 2037, 36%
with at least one merchant plant, 47% with a single nuclear site, 53% with a fleet, 62% with BWRs,
and 85% with PWRs. More than one executive was interviewed at 15 of the companies to gauge
consistency.

= 51% of the interviewees are current EPRI advisors, while 49% are not; 28% are Nuclear Power
Council Representatives; 4% are EPRI Board Members; and 4% are Research Advisory Council
Members.

Industry is Forward-Thinking

The survey results indicate that the nuclear power industry is increasingly confident of the long-term
viability of nuclear power as a generation option. Most executives interviewed stated that their company
had given significant thought to the long-term operation of nuclear plants: 95% of interviewees had given
a lot or some thought to the issue. Higher-level executives had given more thought to the topic.

Thought Given to Long-Term Operations Past
2030/ 60 Years

A lot 57%
Some 38%
None 4%
0% 15|% 3cl)% 45|% 6ol% 75';%

The vast majority (more than 85%) of those interviewed think it is at least somewhat likely that their
company will pursue plant operation beyond 60 years, and more than half think operation beyond 60
years is very likely. Executives indicated that the most important drivers for their companies seeking
license renewal past 60 years are potential CO, restrictions and economic competitiveness of existing
nuclear plants. While these results are based on small numbers, and are limited to the United States, the
insight indicates a strong preference for long-term extended operation of nuclear assets.

Large majorities of all groups of executives interviewed said that plant operation beyond 60 years is at
least somewhat likely for their plants. The main reasons cited for extending operation beyond 60 years
relate to the value of the plants as an economic and carbon-free power source for meeting future
electricity needs and to the cost-effectiveness of maintaining operation from a paid-for and proven asset.
The main factors cited that might lead a utility not to pursue extended plant operation relate to technical
and economic concerns, followed by regulatory uncertainty and the political climate.
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Likelihood of Seeking License Renewal
Past 60 Years

Very likely 55%
Somewhat likely
Not too likely
Not at all likely
Depends on the 6%

Not sure 4%
0% 15% 30% 45% 60% 75%

Challenge is Technical

The survey revealed that technical challenges to long-term operation pose more concern than non-
technical, business-related challenges. Two-thirds of those interviewed identified plant reliability as the
most challenging issue area for long-term plant operation. Regulatory issues, obsolescence, and
workforce issues were rated as significant but manageable problems for long-term operation.

Most Challenging Issue

Plant Reliability 66%
Regulatory Issues
Obsolescence
Environmental Issues
Workforce

Competitiveness

0% 20% 40% 60% 80%

Note: Percentages don’t sum to 100. Some interviewees cited more than one issue as
most challenging.

Interviewees identified materials aging and cable/piping issues as the top plant reliability concerns.

Specific materials issues cited included metallurgy, flaw detection, concrete aging, and effect of radiation
on structural steel.
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Top Plant Reliability Issues

Materials Aging 53%
Cables / Piping
Reactor Vessel

Reactor Internals

1&C

Reactor Coolant System

0% 20% 40% 60%

Note: Percentages don’t sum to 100. Interviewees could provide multiple responses.

EPRI Expectations

The interviews sought input on EPRI’s role in identifying and resolving the technical issues associated
with plant operation beyond 60 years. Those interviewed would like EPRI to identify and stay in front of
key technical issues, and to facilitate government and industry interaction in addressing these issues in a
consistent manner. The long-term nature of the issues identified, particularly related to plant reliability,
dovetails with the collaborative, cross-cutting and technical nature of EPRI’s research programs.

Notably, more than 70% of those interviewed said they would be interested in actively advising or working
with EPRI and the Nuclear Energy Institute as the industry begins working closely with the Department of
Energy and the Nuclear Regulatory Commission on long-term extended plant operation.

Converting Expectations into Action
Tackling the technical challenges that need to be overcome to ensure the operation of existing nuclear
plants past 2030 will require a comprehensives approach.

EPRI will begin an internal Long-Term Operation Initiative that will consist of a “think-tank” type activity to
systematically identify issues, determine solution strategies and assess technical vulnerabilities in
solution strategies. R&D pathways to address technical vulnerabilities will be mapped to EPRI Action
Plans and Technology Innovation projects. To ensure this R&D effectively responds to industry needs,
EPRI will need member consideration and support of initiative-identified strategic R&D needs by the
Action Plan Working Groups.

The assessment of technical vulnerabilities will also facilitate identification of topics amenable to joint
R&D through public-private partnerships, international collaboratives, and cross-U.S. industry
coordination activities. Some of the potential collaborations include DOE, NRC RES, EDF and the
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Materials Aging Institute, the CANDU Owners Group, U.S. national laboratories (such as the Idaho
National Laboratory), and international efforts such as the Japanese Plant Life Management and Aging
Road Map effort. EPRI will need utility management and technical input to support partnerships,
collaborative and coordination activities, particularly in the formative stages of these activities. Because

the challenges facing long-term nuclear plant operation are not specific to any one country, technology, or

ownership model, EPRI is interested in receiving input from a diverse array of global stakeholders.

Conclusions

» The subject of long-term operation of existing nuclear power plants beyond 2030 and 60 years is
definitely on executive radar screens.

» The interview findings are remarkably consistent across all demographics: role within company, plant

age, regulated vs. merchant, single site vs. fleet, BWR vs. PWR, interest vs. no interest in new plants,

and within companies where more than one person was interviewed.

» Most interviewees believe the long-term nuclear plant operation challenge is technical, centered
around plant reliability concerns.

* Industry executives favor a proactive and collaborative research approach that can eliminate barriers
to long-term plant operation.

« Commitment to the long-term operation is evident in the high interest in contributing time to
collaborative industry efforts.

» EPRI's future plans include involvement of its advisory structure as well as external facilitation with
DOE, NRC and NEI.
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License Renewal -
The Second Time

Fred Polaski, Exelon
Garry Young, Entergy
February 19, 2008





History of the License Renewal
Rule, 10 CFR 54

Issued In 1991
Pilot work was performed on several plants

The process was determined to not be
workable

Current revision of 10 CFR 54 issued In
1995, and has been successfully
Implemented





10 CFR 54 In the Future

 The current rule should continue to work,
no rule change iIs needed

e The Integrated Plant Assessment (IPA) and
other license renewal processes may be
simplified for plants requesting a renewed
license the second time around

 The NRC review process may also be
simplified the second time around





10 CFR 54 In the Future

e A License Renewal Application (LRA) Is
based on the plant’s Current Licensing
Basis (CLB)

e The CLB for a plant with a renewed license
Includes the LRA, additional
correspondence, the NRC Safety Evaluation

Report (SER), and the NRC Supplemental
Environmental Impact Statement (SEIS)





10 CFR 54

e Scoping and Screening

 Integrated Plant Assessment (IPA)
— Aging Management Reviews
— Aging Management Program Reviews

 Time Limited Aging Analysis (TLAA)
e Environmental Report

« Severe Accident Mitigation Alternatives
(SAMA)





Scoping and Screening

e Based on the first LRA and SER, an
evaluation of changes to the CLB and
determination of systems, structures and
components (SSC’s) installed since the
renewed license was issued should be
sufficient

* This gap analysis results in a list of SSC’s
that will continue through the process





Aging Management Reviews

* Must be performed for those SSC’s
Identified in the gap analysis for Scoping
and Screening

A review should be performed for any
changes to the combination of Material,
Environment, and Aging Effect identified
during the first LRA, and these would have
to be included in the second LRA





Aging Management Programs

* A review should be performed for the
effectiveness of the AMPs credited in the first
LRA

— Weaknesses should be identified and addressed through
the Corrective Action Process

— Current Operating Experience review identifies any
changes, trends, or new issues
* Any new AMPs for the SSC’s identified In the gap
analysis for Scoping and Screening should be
Identified and reviewed in the second LRA





Time Limited Aging Analysis

* No change to existing regulatory process

— TLAASs will have to be evaluated to go from 60
to 80 years, just like going from 40 to 60

— There may be some areas for some plants that
will be problematic for 80 years that were not
for 60 years, e.g.,

* Environmental Qualification
e Neutron Embrittlement
» Metal Fatigue





Environmental Reviews

* No Expected Changes to the review process

e Timely or more frequent update of the GEIS
will be important
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Severe Accident Mitigation
Alternatives

« SAMA will not be required for the second
LRA because SAMA was performed for the
first renewal
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Material Aging Issues from
License Renewal Perspective

e Neutron Fluence of the Reactor Vessel and
Internals

— May become an issue with current knowledge
and regulatory requirements

— Research needed in several areas
« Annealing the reactor vessel

* Replace the reactor vessel
* New analysis techniques
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Material Aging Issues from
License Renewal Perspective

hermal Fatigue of reactor vessel and
reactor coolant system

— May become an issue with increased time

— Good data collection in first 60 years may avoid
problems later

— Research for Environmentally Assisted Fatigue
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Material Aging Issues from
License Renewal Perspective

e Environmental Qualification

— Some components that were good for 60 years
may not be good for 80 — research to address
component qualification may be needed, e.g.,

e Electrical cables
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License Renewal -
The Second Time

e Conclusion

e Questions
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Fatigue in Operating Nuclear Power
Plants Components after 60 years

Steve Gosselin
Pacific Northwest National Laboratory
509-375-4463
stephen.gosselin@pnl.gov

Joint U.S. Nuclear Regulatory Commission (NRC) and U.S.
Department of Energy (DOE)

Workshop on U.S. Nuclear Power Plant Life Extension Research
and Development Issues

Bethesda, MD, February 19-21, 2008





Summary

= Service Experience

= Component Fatigue Qualification and
Serviceability

= Challenges and Directions for the Future
® Questions and Discussion

Joint U.S. NRC —-DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and
Development Issues, Bethesda, MD, February 19-21, 2008 Slide 2





U.S. Failures by Degradation Mechanisms

Flow Accelerated Corrosion
Stress Corrosion Cracking
Vibration Fatigue (incl. Fretting)
Corrosion (Crevice, MIC, Pitting)

Design & Construction

1.5%

1.4%

Thermal Fatigue

Erosion-Cavitation

Over-stressed / Over-pressurized 0.8%

Water Hammer

0.8%

Human Error | 0.7%
Unreported || 0.4% ,
P ’ 5164 reported failures
0.3%

Corrosion Fatigue

0.1%

Severe Weather (Freezing)

0% 5% 10% 15% 20% 25% 30% 35%
Source: PIPExp Database Data from 1970-2007
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Fatigue Failure Experience

= Fatigue accounts for 21% of all reported failures in
domestic operating NPPs

= Vibration Fatigue
» 90% of the reported fatigue failures
» Most all in small bore socket weld connections

= Thermal Fatigue

» 2% of all reported failures
¢ Thermal Stratification
e Turbulent Penetration Effects
e Hot/Cold Mixing

= Generally the occurrence of these failures has not
significantly changed in the last 35 years

Joint U.S. NRC —-DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and
Development Issues, Bethesda, MD, February 19-21, 2008 Slide 4





Vibration Fatigue Socket Weld Failures

\El Socket Weld Failures (601 Records as of 12/31/2007) \
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Thermal Fatigue Failures
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Fatigue Qualification and Serviceability

= Component design and operation will be limited to
prevent fatigue crack initiation

= Component is designed and operated in a manner
that will tolerate fatigue accumulation and crack
growth without reducing the structural integrity below
acceptable limits - 'damage tolerant'

= Component design and operation will be limited so
that component failure probability/frequency is
within established component reliability goals.

Joint U.S. NRC —-DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and
Development Issues, Bethesda, MD, February 19-21, 2008 Slide 7





Challenges and Directions for the Future

= Environmental fatigue effects make it more difficult to base
serviceability on traditional ASME Class 1 analyses

= Synergistic effects of other mechanisms (e.g., corrosion,
cast stainless steel thermal embrittlement, etc.)

= Advanced reliability models consider all relevant design,
operation and maintenance practices, surveillances, etc,
so that fatigue sensitive components will continue to
operate with established reliability goals

= Expand application of damage tolerant and PFM methods
for component fatigue gqualification and fithess for
continued service beyond 60 years.

» Component fabrication and repair welds’ flaw size and
density distributions and uncertainties

» Uncertainties associated with: material properties, weld
residual stresses, NDE detection and flaw characterization
capabillities, crack initiation, and crack growth rates

Joint U.S. NRC —-DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and
Development Issues, Bethesda, MD, February 19-21, 2008 Slide 8





Questions and Discussions
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Probability of Failure Can Increase \When
Equipment is Replaced Prematurely
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Bath Tub Curve
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Effect of Long Life on Critical Plant
Equipment

 Effect on I&C

— Sensors and Transmitters
— Process-to-sensor interfaces
— Cables & connectors

« Effect on reactor internals
— Core barrel, thermal shield, and reactor vessel vibration monitoring

— Reactor coolant pump vibration monitoring
— Monitoring of thermal hydraulic anomalies

« Effect on other plant equipment
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Parameters to Monitor for Management of Aging of Plant Equipment
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Phase |l R&D Project Sponsored by DOE

(On-Line Condition Monitoring system for Nuclear Power Plants)

OLMO001-3

DataAcquisition User Interface

Pressurizer System

Data Qualification Diagnostics/
Interpretation

Database/ Data
Storage
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Phase | R&D Project Sponsored by DOE

(Application of Wireless Sensors for Equipment Condition Monitoring)

Sources of Data 0OLM007-1
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Results of Vibration Monitoring of Reactor
Internals
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Core Barrel Vibration Signature
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On-Line Detection of Sensing Line
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Some Past Studies that Address Aging
Degradation of RC Concrete Structures at

NPPs

= NUREG-1522, “Assessment of In-service Conditions of
Safety-Related Nuclear Plant Structures”

= NUREG/CR-6679, “Assessment of Age-Related
Degradation of Structures and Passive Components for
U.S. Nuclear Power Plants”

= NUREG/CR-6715, “Probability-Based Evaluation of
Degraded Reinforced Concrete Components in Nuclear
Power Plants”

= NUREG-1801, Vol. 1 and 2, “Generic Aging Lessons
Learned (GALL) Report”

= Other Studies will be discussed by Dan Naus in Session 3

Brookhaven Science Associates 2 NATIONAL LABORATORY





Assessment of Age-Related Degradation
of Structures and Passive Components
for U.S. Nuclear Power Plants

Reviewed 18 categories of structures and
passive components (SCs)

Collected and evaluated aging degradation data
from NPPs

Developed computerized database
Analyzed data - performed trending evaluation
Performed scoping study -

Identified 5 SCs requiring detailed research in
Phase Il
- Reinforced concrete members

- Buried piping

- Anchorages

- Steel tanks

- Masonry walls

iy iy





PASSIVE STRUCTURES AND COMPONENTS - DEGRADATION OCCURRENCES
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Performance of Concrete Structures at

Operati

ng Plants

= Qverall the Performance of Concrete Structures
at Operating Plants has been Good

= However, there are Reported Instances of
Degradation, such as

Cracking, spalling and other forms of deterioration
of auxiliary building and secondary containment
walls and slabs

- Cracking of exterior concrete walls of intake

structures and concrete beams supporting service
water pumps

- Instances of rebar corrosion
- Degradation of tendon galleries of prestressed

concrete containments

- Water leakage and seepage in underground

structures

- Cracks and other deterioration of masonry-wall

Brookhaven Science Associates

joints
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Probability-Based Evaluation of Degraded
Reinforced Concrete Components In
Nuclear Power Plants

= Evaluation of condition
assessment techniques

Naturally

Aged Shear

g Wall
Specimens

= Evaluation of degraded SCs

e.g., Reinforced concrete shear
walls

- Benchmark analytical
method

- Design representative
member

- Define limit state/capacity

- Develop structural statistics
for member

- Perform fragility analysis

- Assess effects of reduced
fragilities on plant risk

Finite Element

Computer Model

= Develop probability-based
degradation acceptance criteria

BROOKHEAVEN
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Probability-Based Acceptance Limits for
Degraded Reinforced Concrete Structures

= NUREG/CR-6715 developed probability-based acceptance
limits for use as a tool for making risk-informed decisions
regarding reinforced concrete members. Crack width
limits were developed for:

- Flexural members considering loss of steel area and
concrete spalling

- Flexural members without concrete spalling

- Flexural members with concrete spalling and no loss of steel
area

« Precluding shear failure in flexural members

- Shear walls considering loss of steel area and concrete
spalling

= Acceptance limits are for use in determining whether more
detailed inspections and evaluations are warranted, but
not for use as a “design basis” for acceptance of a
degraded condition or for NRC licensing activities

Brookhaven Science Associates 7 NATIONAL LABORATORY





NRC Requirements/Guidance Applicable
to the Management of Aging of Concrete
Structures

= 10 CFR 50.55a, Code and Standards, which references ASME
Section XI, Rules for In-service Inspection of NPP Components,
Subsection IWL, Requirements for Class CC Concrete
Components

= 10CFR 50.65, Requirements for Monitoring the Effectiveness of
Maintenance at Nuclear Power Plants

= NRC Regulatory Guide 1.160, Rev.2, Monitoring the Effectiveness
of Maintenance at Nuclear Power plants

= License Renewal Aging Management Programs Described in
NUREG 1801
- ASME Section Xl, Subsection IWL
- 10CFR 50, Appendix J
- Structures Monitoring Program

- RG 1.127, Inspection of Water-Control Structures Associated
with NPPs

- Masonry Wall Program

Brookhaven Science Associates 8 NATIONAL LABORATORY





Industry Guidance Applicable to the
Management of Aging of Concrete
Structures

= NUMARC 90-6, Class | Structures License Renewal Industry
Report (Also NUMARC 90-1 and 90-10 for PWR and BWR
Containment Structures)

= NEI 96-03, Guideline for Monitoring the Condition of Structures
at Nuclear Power Plants

= ACI 349.3R, Evaluation of Existing Nuclear Safety-Related
Concrete Structures

= ACI201.1R, 201.2R, 207.3R, 222R, 224R, 224.1R and 311.4R,
Related to condition surveys, durability, evaluation of existing

structures, cause and control of corrosion of metals in concrete,
control and repair of cracking, and concrete inspection

= ASME Section Xl, Rules for In-service Inspection of NPP
Components, Subsection IWL, Requirements for Class CC
Concrete Components

Brookhaven Science Associates ®] NATIONAL LABORATORY





Issues to Consider for Further Research

= Develop an Operating Experience database for each
operating NPP and for each class of operating NPPs

- Use current structure of NUREG-1801 to organize the
information

- Information from the License Renewal process would be one
source of such information

- Database for each NPP should include all significant events
and conditions that have occurred since the beginning of
construction

- Augment initial data base to include subsequent significant
operating experience

- NRC staff could rely on the up-to-date, plant-specific
database, to focus its technical evaluations on renewing an
operating license beyond 60 years

Brookhaven Science Associates 10 NATIONAL LABORATORY





Issues to Consider for Further Research

= |nitiate and maintain an Operating Experience database for
each new-generation NPP and for each class of new-

generation NPPs

o« One additional element for new plants is the licensee’s ability
to accurately track, from initial operation, the plant
performance against design-basis TLAAS

o If each plant prepared an annual report, the information could
be added to the database.

o« Adverse trends could be identified and appropriate actions
taken. This information would also be invaluable for making
future license renewal decisions.

= Improve analytical methods to assess fragility and impact
on safety that takes into account the effects of aging

Brookhaven Science Associates 11 NATIONAL LABORATORY





Issues to Consider for Further Research

= Develop improved and more specific acceptance criteria
for concrete degradation on both a deterministic and
probabilistic basis

= Improve condition assessment methods and inspection
tools to assess potential degradation of concrete
structures, especially in inaccessible areas.

= Study long term effects on concrete material properties
due to extended exposure to high temperatures and/or
radiation

Brookhaven Science Associates 12 NATIONAL LABORATORY
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Disclaimer

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government, nor
any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. References herein to any
specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the U.S.
Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the U.S.
Government or any agency thereof.

Additionally, the opinions and conclusions presented herein are those
of the authors and do not necessarily represent the view or positions of
either the U.S. Nuclear Regulatory Commission or the U.S.
Department of Energy.
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Executive Summary

The U.S. Nuclear Regulatory Commission
(NRC) and the U.S. Department of Energy
(DOE) jointly sponsored the Life Beyond 60:
NRC/DOE Workshop on U.S. Nuclear Power
Plant Life Extension Research and
Development on February 19-21, 2008. This
workshop was intended to facilitate discussion
between the NRC, DOE, the domestic nuclear
industry, the national laboratories, academia,
international participants, and the public on
potential research and development issues
related to ensuring that, if the existing
commercial  light water reactor (LWR)
licensees elect to pursue subsequent license
renewal periods, continued long-term
operations could be conducted safely. Panel
and public discussions were held on relevant
topics, such as the aging of systems structures
and components (SSCs), materials
degradation, diagnostics and prognostic
technologies, and the future technical and
research requirements of the nuclear industry
to continue long-term operation.

Today, the 104 commercial nuclear reactors in
the United States provide the largest share of
domestic non-CO,-emitting electricity,
contributing over 70 percent of all such
sources of energy. However, by 2030, with
expected demand for energy growing to levels
40 to 50 percent higher than today, the
existing operating nuclear plants will begin
shutting down after reaching the end of their
first license renewal period.

Recognizing the United State’s energy
security goals, economic growth projections,

and emission reduction targets for future
decades, it has been recently suggested that
the present 20 percent nuclear power
contribution to the nation’s electrical
generation remain viable while advanced
nuclear technologies and renewal energy
sources are being developed and deployed.

However, without establishing a firm
scientific basis to understand the influences of
plant aging mechanisms, it is possible that the
significant non-CO,-emmitting energy
contributions from these plants could be
retired from the domestic electricity supply
over the next 20 years. These retirements, if
allowed to occur, may serve to challenge U.S.
energy security, potentially resulting in

Gap without 80 Year Life
500 /
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Projected Nuclear Generation. The red line
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planned reactors, assuming extended operation to 80
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increased greenhouse gas emissions and
contributing to an imbalance between electric
supply and demand.

From the nuclear regulatory perspective, if
nuclear plant licensees choose to pursue long-
term operations beyond their initial license
renewal term (i.e., beyond 60 years), there are
no current regulatory prohibitions. However,
in keeping with the long established
philosophies of ensuring public health and
safety, these licensees would be required to
demonstrate that such extended plant
operations may continue to be conducted in a
safe manner. As with present regulation, the
licensee proposing such long term operations
would be required to satisfy the requirements
of Part 51 and 54 to Title 10 of the Code of
Federal Regulations (10 CFR Part 51 and 54).
Within these requirements, a licensee’s
responsibilities include addressing both the
technical and managerial aspects of plant
aging in addition to evaluating the potential
environmental impact of extended plant
operations.

To establish the framework from which to
begin identifying potential knowledge gaps
and research challenges, the Life Beyond 60:
NRC/DOE Workshop on U.S. Nuclear Power
Plant Life Extension Research and
Development brought together stakeholders
from the nuclear industry, research
organizations, government, and the public.
The workshop’s goals focused on 1)
identifying broadly defined research areas that
address long-term challenges to plant
operations, 2) developing prioritized research
areas, 3) identifying cross-cutting topics of
relevancy, and 4) establishing stakeholder

Scope of 10 CFR Part 54

1. Safety-related systems, structures, and
components which are those relied upon to
remain functional during and following
design-basis events to ensure the following
functions:

e The integrity of the reactor coolant
pressure boundary

e The capability to shut down the reactor
and maintain it in a safe shutdown
condition

e The capability to prevent or mitigate the
consequences of accidents which could
result in potential off-site exposures

2. All non-safety-related systems, structures,
and components whose failure could
prevent satisfactory accomplishment of any
of the functions identified in this section.

3. All systems, structures, and components
relied on in safety analyses or plant
evaluations for fire protection,
environmental qualification, pressurized
thermal shock, anticipated transients
without scram, and station blackout.

roles and responsibilities. Additionally, the
workshop was intended to provide a starting
point for future discussions on specific aging-
related research topics. It was anticipated that
follow-on discussions will contribute to
development of a detailed implementation
roadmap proposing research activities that
may provide a better understanding of aging
and degradation behavior before extending
reactor lifetimes beyond 60 years.

The scope of the workshop was limited to
passive systems, structures, and components
(SSCs) which are intended to perform their
design functions during the operating lifetime
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of the plant and are not typically planned for
replacement.  While the primary workshop
focus was on understanding materials and
technologies for application within the defined
regulatory scope identified in 10 CFR Part 54,
much of the same attention was applied to
secondary or non-safety related portions of the
plant whose continued operational benefit is
characterized principally in economic terms.
Those plant components whose aging
characteristics are clearly understood and
managed, and are routinely overhauled or
replaced as part of normal maintenance®, were
not considered within the workshop scope.

The workshop sessions summarized present and
past industry license renewal perspectives and
further confirmed the following potential
research areas: SSC long-term reliability issues;
aging-related  materials degradation and
characterization; and related diagnostics,
Sensors, and monitoring technology
applications. Numerous research areas were
identified that remain potential candidates for
further examination. Appendix A contains the

! The NRC’s Maintenance Rule, 10 CFR 50.65,
provides requirements for monitoring the
effectiveness of maintenance at nuclear power
plants. The underlying objective is to help
maintain  plant safety by trending the
performance and condition of structures,
systems, and components (SSCs) within the
scope of the rule in terms of reliability and
availability to predict their future performance
and condition and to assess the effectiveness of
maintenance. Specifically, 10 CFR 50.65(a)(3)
requires that licensees ensure that the objective
of preventing failures of SSCs through
maintenance, i.e., reliability, is appropriately
balanced against the objective of maximizing
availability (or minimizing unavailability) of
SSCs due to monitoring or preventive
maintenance.

complete listing of  workshop-identified
potential research areas. Because of many
commonalities across sessions, the identified
potential research areas can be more succinctly
characterized by the following three suggested
groupings:

1) Research regarding SSCs Considered
to be part of a 10 CFR Part 54 License
Renewal Submittal.

Passive SSC-related research directly
tied to operating nuclear plants through
application of 10 CFR Part 54, as
related within the scope identified
above.

2) Research regarding SSCs Considered
as part of an Economic Justification
for Long-Term Operations.

Passive SSC-related research indirectly
tied to application of 10 CFR Part 54 or
directly  affecting nuclear  plant
economic justifications, as related
within the scope identified above.

3) Crosscutting Research.

Areas of research or development
incorporating both of the previously
identified groupings.

The first grouping of suggested research
focuses on the fundamental mechanisms of
long-term  exposure to typical reactor
environmental  operating  conditions  of
irradiation, high pressures and temperatures,
and water chemistry as affecting materials that
make up the reactor internal components,
primary coolant system, containment structure,
and other safety-related systems. This includes
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the aging effects of safety-related concrete
structures, piping, and cable insulation. A large
body of knowledge exists in understanding the
SSC and material behaviors during existing
license and initial license renewal operational
periods. Workshop discussions identified
specific directed research pathways that may
assist with expanding this understanding of
nuclear environmental influences on plants as
they age beyond 60 years.

The second suggested research grouping
extends beyond the regulatory scope of 10 CFR
Part 54 to address plant aging concerns that
may influence the economic viability of long-
term plant operations. This research area
focuses on such areas as advanced digital
instrumentation and control systems, new
prognostic models, and improved inspection
techniques and evaluation criteria.  Aging
factors also impact the continued reliability of
electrical cables, buried piping, and concrete
structures in systems that are beyond the
regulatory scope of Part 54.

The crosscutting research grouping reflects the
multidisciplinary nature of nuclear plant design
and operations and includes topics such as
developing improved non-destructive testing
and  evaluation,  developing  proactive
prognostics  for  identifying  degradation
precursors, and employing advanced online
monitoring systems. This category represents a
potentially fruitful area of research in
understanding mechanisms that influence aging
and degradation.

The discussions of the Life Beyond 60
Workshop contributed to defining an initial
framework of research objectives addressing

aging related issues at nuclear power plants.
These objectives, focusing on understanding the
industry research needs to contribute to the safe
sustainability of existing LWR operations,
constitute a clear mission statement of future
research activities.

The subsequent proposed steps from the
workshop discussions include development of
an integrated research plan addressing, as
appropriate, collaborative activities between
the Federal Government, utilities, vendors,
universities, and the research community in
addressing issues of aging and long term
operation of existing nuclear power plants.
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1.0

The U.S. Nuclear Regulatory Commission
(NRC) and the U.S. Department of Energy
(DOE) jointly sponsored the Life Beyond 60:
NRC/DOE Workshop on U.S. Nuclear Power
Plant  Life  Extension  Research  and
Development on February 19-21, 2008. This
workshop was intended to facilitate discussion
between the NRC, DOE, the domestic nuclear
industry, the national laboratories, academia,
international participants, and the public on
potential research and development (R&D)
issues related to ensuring that, if the existing
commercial light water reactor (LWR) licensees
elect to pursue subsequent license renewal
periods, continued long-term operation could be
conducted safely. Panel and public discussions
were held on aging-related topics, such as
systems structures and components (SSCs)
aging, materials degradation, diagnostics and
prognostic  technologies, and the future
technical and research requirements of the
nuclear industry in continuing long-term
operation.

Workshop discussions were based on current
views of subject matter experts representing
industry, government, academia, and the
national laboratories (see Appendix B for a
listing of participants). The specific focus of
these discussions was to identify:

1) Research topics that address technology
barriers and challenges that may contest
continued safe long-term operations of
existing LWRs

2) A set of prioritized research directions
addressing stakeholder concerns and

Introduction

inputs  from industry, research
community, regulators, and the public

3) Crosscutting research topics that may
impact continued, safe, long-term LWR

operation

4) Suggestions addressing appropriate
roles and responsibilities for industry,
DOE, and NRC in a collaborative
research agenda that could contribute to
safe, sustainable, long-term LWR

operation

Commercial nuclear power currently generates
approximately 20 percent of the electricity
consumed in the United States. As such, the
104 operating commercial LWR plants
constitute the single largest domestic source of
energy production that does not emit carbon
dioxide (CO,;) or other greenhouse gases
(GHG). Most of these plants commenced
operation in the 1970s and 1980s with an initial
licensed operating period of 40 years.

Current Electricity Portfolio

Net LS. Electric Generation (2006)
4,065 billion kKWh Net Non-emitring Sources

Atomic

the
established a 40-year initial operating license

Historically, Energy Act?

2 See http://www.nrc.gov/about-nrc/governing-
laws.html for details.

e )
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for nuclear plants.  This time limit was
developed from utility anti-trust concerns and
not physically based design limitations from
engineering analysis, components, or materials.
Federal regulations governing license renewals
(10 CFR Part 54) place no limit on the number
of times a plant license renewal may be
granted; however, additional license extension

periods can be authorized in 20-year
increments.
Virtually all current plant operators are

expected to apply for an initial extra 20 years of
operating life. Because of the high anticipated
growth in domestic electrical demand,® coupled
with expected sources of generation, there is a
projected  imbalance  between  expected
generating capacity and requirements which
will start as early as 2025. Without the
additional knowledge base from which
licensees can justify subsequent license renewal
periods, more than 100 gigawatts of domestic
electric generation, comprising nearly 20
percent of current domestic production, could
shutdown between the years of 2030 to 2055.

Domestic Electricity Production ’

Annual Sales by sector 1980-2030
(Billion Kilowatt-hrs)

2,000 - Praojections Commercial

History

Residential
1.500 -

1,000 -

500 -

1980 1995 2006 2020 2030

® Energy Information Agency, U.S. Department of
Energy; http://www.eia.doe.gov/oiaf/aeo/index.html

Currently, operating license renewal
requirements for power reactors are based on
two fundamental principles:

1) The regulatory process ensures that
currently operating plants will continue to
maintain adequate levels of safety during
extended operation; and,

2) Each plant's licensing basis is required to be
maintained during the renewal term in the
same manner and to the same extent as
during the original licensing term.

As part of the license renewal regulatory
process, an LWR licensee applying for license
renewal (i.e., the applicant) must identify all
plant SCCs that are safety-related, or whose
failure could affect safety-related functions, and
that are relied on to demonstrate compliance
with regulations. The applicant is then required
to identify all SSCs within the scope of the rule
that are "passive and long-lived." The applicant
must demonstrate that the effects of aging will
be managed in such a way that the intended
functions of passive and long-lived SSCs will
be maintained for the period of extended
operation. Passive and long-lived SSCs include
the reactor vessel, reactor coolant system
piping, steam generators, pressurizer, pump
casings, and valve bodies.

For some passive SSCs, no additional action
may be required where it can be demonstrated
that existing programs provide adequate aging
management throughout the period of extended
operation. However, if additional aging
management activities are warranted for a
system, structure or component, applicants have
the flexibility to determine such appropriate
actions. These activities could include, for

e )
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example, justifying acceptable aging behavior
or adding new monitoring programs or
increasing inspections.

The detrimental aging effects in "active"
components tend to be more readily detected
and corrected by routine surveillance and
maintenance. Such programs for active
components are required throughout the license
term. Therefore, active components are not
typically part of the regulatory process
associated with license renewal assessments.
Active components include equipment such as
motors, diesel generators, cooling fans,
batteries, relays, and switches.

License renewal applicants are also required to
identify, assess, and update time-limited aging
analyses (TLAAS). During the design phase for
a plant, assumptions concerning plant operating
durations are incorporated into  design
calculations for plant systems, structures, and
components. Under a renewed license, these
calculations must be shown to be valid for the
period of extended operation, or the affected
systems, structures and components must be
included in an appropriate aging management
program.

Two primary concerns are central to the
question of whether or not the current fleet of
commercial power generation nuclear plants
can safely and economically operate through
extended periods of license renewals:

1) Ensuring public health and safety
through application of continued
knowledge and understanding of long-
term plant component and material
behaviors; and,

2) Maintaining the operating economic
viability option through optimal use of
maintenance  programs,  operating
philosophies, and plant upgrades

48 Units Granted

15 Units
Under Review

32 Units
Intend to Renew

9 Units
Unannounced

Current License Extensions. Of the 104 operating
plants, most are expected to seek license renewals to
permit operation through 60 years of plant life.

Ensuring plant operational safety and protection
of public health remains overriding to all other
considerations of extended commercial plant
lifetimes. Per current regulations, adequate
levels of safety must be demonstrated for the
subsequent license renewal periods. In
conjunction with this precondition, plant
operators are likely to consider other
stakeholder risk factors outside 10 CFR Part 54
as associated with the extended operation of the
existing LWR plants. As nuclear power plants
operate beyond their original license period,
and aging mechanisms become evident, the
influence of these factors will likely increase.
Each nuclear licensee will need to thoroughly
assess these factors in order to make prudent
business decisions regarding continued long-
term plant operation. Consequently, the nuclear
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industry could utilize the results of research into
the effects of aging so they can assess future
utility actions based on appropriate, technically
justified factors.

Much of the research identified through the
workshop could be generically applicable
regardless of plant design or vendor. Because
of the scope and time commitment associated
with resolving plant aging issues, it may be
beneficial to the nuclear utility industry, NRC
and DOE to collaborate in developing and
implementing research in order to adequately
investigate these issues.

The Life Beyond 60 Workshop’s exploration of
these issues provides a starting point for further
discussion in the development of a
comprehensive R&D strategy. The workshop
agenda (Appendix C) was structured around
four primary topical discussion sessions:

1) Historical license renewal efforts and
anticipated industry needs for extended
power operations

2) Long-term reliability of SSCs

3) Age-related  materials
mechanisms and processes

degradation

4) New technologies, tools, and
applications for diagnostics and
monitoring

Workshop  presentations and  discussions

identified numerous topics from which nuclear
licensees are likely to benefit from further
research. Because of the many commonalities
across the workshop sessions, the research
topics introduced and discussed were
categorized in a manner related to the

regulatory bases familiar to the nuclear utility
industry:

1. Research regarding SSCs Considered to

be Part of a 10 CFR Part 54 License
Renewal Submittal.
Research and development on SSCs that are
within the scope of Part 54, which focus on
issues associated with the aging of those
items considered as integral to a license
renewal application. Examples of such
issues include:

e [rradiation effects on
structures and components

primary

o Aging effects on
concrete structures

safety-related

o Aging effects on safety-related cable
insulation

o Inspection capabilities for aging
mechanisms

2. Research regarding SSCs Considered as

Part of an Economic Justification for
Long-Term Operations.*
Research and development on SSCs that are
outside the scope of Part 54 and are not
issues associated with the aging of those
items considered as integral to a license
renewal application. Such issues are likely
to be considered as economic factors
influencing long term operational decisions.
A number of such areas may include:

It should be noted that some of the activities
falling within this classification may not be
explicitly within the scope of 10 CFR Part 54,
but may eventually require regulatory approval.






NRC/DOE Workshop on Plant Life Extension R&D

e Dry cooling technologies for waste
heat management

e Implementation of digital sensors
and control systems

e Development of improved NDE and
prognostic technologies

e Aging effects on balance-of-plant
piping, cables, and concrete
structures

3. Crosscutting Research.
This research topic integrates areas within
both of the previous two categories and
may or may not be within the Part 54
license renewal review scope. A number of
such areas were identified as:

e Research Infrastructure

e Workforce

e Public Opinion / Policy

e Aging Analyses / Flaw Acceptability

e Component Failure Acceptance
Criteria

Workshop participants identified and discussed
challenges and technology gaps within each
research area and suggested broad-based
research pathways needed to address those

gaps.

Following is a discussion of the research needs
identified during the course of the workshop as
well as participants’ suggestions and the next
steps that were proposed to be undertaken by
key stakeholders.
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2.0 Identified Research Needs

Areas addressed within this section focus on the
related core questions of safety and economic
feasibility. To evaluate the prospect of safe and
economical long-term operation, it is critical to
understand both the fundamental aging process
mechanisms and the effects of prolonged
exposure to typical reactor operating
environmental conditions (e.g., temperature,
pressure, water chemistry, and radiation).
During the workshop, participants assessed key
focus areas covering structural materials, plant
structures, plant components, instrumentation,
and diagnostics and identified the state of
knowledge relevant to the current generation of
nuclear plants. Following is a discussion of this
knowledge, which may be expanded so it is
applicable to extended periods of operation.

2.1 Research and Development for SSCs
Within the 10 CFR Part 54 Scope

This research area focuses on those passive
nuclear plant SSCs, and materials exposed to
high temperatures, irradiation, and/or other
environmental influences that affect the primary
pressure boundary integrity, the capability to
prevent or mitigate the consequences of
accidents, or as relied upon in performance of
related functions. Components within this
category include the reactor vessel internals,
primary coolant boundary piping, safety
systems, containment structures, and the reactor
pressure vessel.  The constituents of this
category are typically exposed to neutron and
radiation fluencies, thus creating atomic-level
degradation mechanisms that may be either
unique or exacerbated by the conjunctive

environmental influences of temperature,
pressure, chemistry, or mechanical aging.

Industry has taken steps to identify and address
a number of these issues based on a framework
established in the Nuclear Energy Institute
(NEI) document NEI 03-08, “Guideline for the
Management of Materials Issues.” This
document laid the groundwork for industry’s
Materials Reliability Program (MRP), which
seeks to identify materials used for the major
passive SSCs and their potential degradation
mechanisms.  In 2004, the Electric Power
Research Institute (EPRI) published their first
Materials Degradation Matrix (MDM), which
identified these potential mechanisms and
provided the status of current research progress
and needs. In addition, the NRC has developed
the Proactive Management of Materials
Degradation (PMMD) program to address the
regulatory issues involved with materials aging,
and the Generic Aging Lessons Learned
(GALL) report covering aging issues associated
with Part 54 reviews.

Workshop participants identified the following
strategic issues that may require additional
aging-related research:

e Environmental influences on material
fracture resistance

e Environmental influences on material
fatigue life

e Stress corrosion cracking (SCC) of
nickel (Ni)-based alloys and stainless
steels
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e Irradiation-assisted stress corrosion
cracking (IASCC) susceptibility and
crack growth rates

¢ Void swelling

Research into these areas, as presently
sponsored by both the industry and the NRC,
is ongoing.  Additional testing and
experimentation could be beneficial in
addressing industry and regulatory concerns
associated with long-term plant operation. For
example, it could be beneficial to expand
research on environmentally-assisted stress
cracking through the Cooperative IASCC
Research Programs, which is an international
collaborative research effort that includes
utilities, regulators, vendors, and research
organizations.  Currently, this program has
created limited irradiated samples to develop a
mechanistic understanding of how key
parameters, such as neutron flux and
temperature, affect IASCC initiation and
growth. Planned future directions for this
research include the limited testing of the
irradiated alloys with final deliverables
expected in 2009. However, expansion of this
program could be expected to yield long-term
applicable data on materials behavior as
relevant to nuclear plant operations beyond 60
years.

Additionally,  other  organizations  are
attempting to obtain relevant data and build
predictive models to improve the industry’s
understanding of SCC of stainless steels and
nickel (Ni) alloys under both irradiated and

® See the EPRI website for details at
http://www.epriweb.com/public/RS 1002874.pdf

Typical profile of crack development.
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practical.

unirradiated conditions. Research is being
conducted on techniques characterizing
surface films on Ni-based alloys and on
stainless steels in an attempt to control
corrosive behavior and better understand SCC
mechanisms and behavior of components
fabricated from these metals.

The long-term effects of radiation may also
include  studies of extended neutron
embrittlement and swelling of carbon and
stainless steels.  These phenomena create
metallic atomic-level structure changes which
translate to macrostructural alterations in key
materials properties. For example, over time,
these environmental effects decrease a plant’s
allowable operational window in avoiding the
negative impact of potential pressurized thermal
shock occurrences.  Such decreases limit
operator actions in plant maneuverability and
may cause both increased safety concerns and
economic penalties during such transients.

e )
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A Detter awareness of fundamental materials
science at the molecular level allows informed
assessments of material behavior, thus enabling
enhanced prediction of the macro—effects of
radiation damage on reactor vessel and reactor
vessel internals metals.  Some previously
conducted research has simulated the effects of
long-term exposure in an accelerated irradiation
environment; nevertheless, these studies
required a significant amount of experimental
time to replicate the neutron exposure effects of
extended nuclear plant operations. Therefore, it
would be beneficial to consider development of
testing samples in an environment similar to
that of operating reactors. Such programs
should be started as soon as possible.
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Irradiation Effect on Operating Region

Although irradiation increases material strength (blue line moves
up), it also causes embrittlementand creep, reducing the allowed
operational area.

Potential Future Research and Development
While the ongoing research programs and
initiatives address some of these areas,
additional research could be beneficial to
provide a firm technical foundation for long-
term plant operation. There are three principal
categories of research areas identified during
the workshop that are of interest:

1) The development of an improved
fundamental understanding of the
degradation mechanisms that affect
primary plant components, including
repair or prevention methods that can
be employed to combat the effects of
plant aging

2) Characterization of specific aging
mechanisms anticipated to contribute to
higher nuclear plant risk, such as
reactor vessel neutron embrittlement,
validation of crack growth models,
understanding late-failure modes, or
validation of fundamental materials
failure modeling

3) Investigations into advanced inspection
techniques to enhance understanding
between field measurements and
degradation precursors and to facilitate
development  of  prognostics in
predicting material aging from basic
precursors

Following is a list of potential investigative
areas identified during the workshop to target
future research:

Metals Degradation-Related Research and
Development Topics:

O Investigation into complex aging
fundamentals (e.g., late blooming
phases, effects of microstructure)

O Thermal and irradiation
embrittlement: synergistic effects on
cast austenitic stainless steel and
welds

O Assessment of the significance of
void swelling and stress relaxation

0 Impact of neutron flux on the SCC of
stainless steels

e )
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Prevention of “nucleation” in the
SCC process

Effects of irradiation on Ni alloys
comprising reactor core support
internals

Primary water SCC management of
Ni-alloy reactor internals

Further Development of Water Chemical

Control programs

Fundamental metallurgical
investigations into potential Alloy
690 degradation

Assessments of long-term structural
high cycle fatigue resulting from
repeated thermal and mechanical
stresses

Fatigue, or progressive degradation,
of SSCs caused by multiple occurring
environmental effects

Flow-assisted wear and high cycle
fatigue of steam generator tubes and
internals

Investigation into the effects of
reactor vessel annealing, a process by
which the metal could be heated to a
high temperature to improve its
material properties

Improved welding techniques and
repair criteria

Confirmation that repair processes,
such as weld overlays and induction
heating stress improvement, will be
effective for the life of the plant

“Combined effects” testing of
reactor materials to identify potential
interdependencies of multiple
parameters

= Reactor vessel concrete support
degradation from radiation damage
and thermal cycling

= Containment shell degradation due
to long-term environmental
exposures

= Containment and spent fuel pool
liner anchoring age-related
degradation

0 Coatings and Paint  Aging
Degradation

O Aging and degradation of safety
related cables

Inspection and Prognostic-Related

Research and Development Topics:

0 Development and demonstration of
advanced inspection  techniques,
including use of lasers and advanced
transducers

0 Equipment accessibility for non-
destructive examination (NDE)

0 NDE/measurement matrix (analogous
to materials degradation matrix)

O NDE capability: void swelling
(identification and characterization)

0 NDE capability for control rod guide
tube support pins

0 Demonstration of an integrated asset
management program incorporating
multi-scale models, on-line
sensors/signal processing, and
prognostic development

Other Degradation-Related Research
and Development Topics:

0 Concrete Structural Materials

= Containment base mat degradation
from groundwater leaching and
corrosive actions
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2.2 Research and Development for SSCs

Considered as Part of an Economic

Justification for Long-Term

Operations.

The second category of research concepts
developed by the workshop includes the
passive SSC-related research influencing the
economic justification for extended operations
and is indirectly tied to the 10 CFR Part 54
scope. This area considers items that would
not normally be included in a license renewal
submittal, but rather are characterized as more
of an economic risk contributor for long-term
nuclear plant operations.

Existing research in this area by industry is
ongoing. However, this current research is
directed either toward understanding specific
short-term behaviors or focused towards
specific engineering solutions to identified
problems. At present, there is limited long-
term characterization efforts focused on
understanding  fundamental  degradation
mechanisms or developing prognostics to be
used in  prediction of  degradation.
Additionally, as with the metal-based research
(see Primary Suggested Research), the
combined influence of environmental factors
such as heat, humidity and radiation is not
well understood and requires structured
investigation.

The workshop-identified research areas are:

Low- and Medium-Voltage Cable Aging

With time, cable degradation is highly likely
to become a more significant issue as nuclear
power plants age. At present, this problem is
addressed on a case-by-case basis with cable

replacement being the preferred solution.
However, replacing individual cables can be
problematic and costly, as they are often
wound together in cable trays which are often
filled to capacity and/or difficult to access.
Wholesale cable replacement campaigns have
been attempted at a few plants with varying
degrees of success.

Future Research and Development

For low-voltage cables, the suggested research
could be designed and conducted to ensure the
integrity of contemporary inspection and
testing techniques as applied to both aging and
replacement cables. Research into the aging
characteristics and management of zero
halogen insulations and jackets is likely to be
needed if these components are installed as
replacements.  Further study could also be
conducted into the aging effects of very long-
term wetting of low-voltage cable.

Research is also suggested for assessing the
integrity of medium-voltage cables.  Efforts
could focus on the acceptance criteria for
existing tests, in addition to development of
examination techniques characterizing failure
precursors. In addition, while long-term
wetting is known to be a source of degradation
of medium-voltage cables, development of an
accurate aging model and environmental
qualification could help to determine a better
replacement schedule for these cables. Other
research areas under consideration include
development of prognostics to be used on non-
shielded cables, use of nano-coatings, and
improved NDE techniques.

10





NRC/DOE Workshop on Plant Life Extension R&D

Management of Buried Piping

Buried piping systems are used for fire
suppression, radiation waste treatment, or
component cooling. This piping may be either
concrete or metal. For example, nuclear power
plants require an external heat sink, such as a
lake or river, in order to maximize thermal
cycle efficiencies and provide an ultimate
safety heat sink. Typically, the piping between
these heat sinks and the plant secondary cooling
loop is known as raw water piping.
Degradation of raw water piping affects plant
reliability, increases operation and maintenance
costs, and potentially affects the plant’s ability
to remove excess heat in case of an accident
(i.e., the service water system). Access to these
pipes could be extremely limited—for example,
in many cases, the piping runs under the turbine
building.

Three areas of industry improvement and
potential research related to buried piping were
identified during the workshop: 1) condition
assessment, 2) repair methodology, and 3)
selection of replacement materials. Condition
assessment addresses improved methodologies
for determining the health of the existing piping
and predictions of the remaining service life.
Because buried piping will slowly degrade from
exterior and interior pitting, as well as
biofouling of the pipe internals, it is likely that
significant repairs or replacements will be
necessary during extended plant operations. At
present, assessment and inspections of these
pipes occur using either visual exams or with a
guided wave technology. Both methods have
disadvantages. Physical inspections are time
consuming, require a large skilled labor
resource, and expose the piping to potential
damage during excavation and backfilling. In

order to reduce the risk of damage, use of
remote inspections, like guided wave
technologies, may be an alternative to physical
inspections. However, inspections using these
technologies are currently limited to just a short
piping distance from the access point.

Future Research and Development

Research in this area could address the
assessment of in-situ piping conditions,
development of less labor-intensive repair
methodologies, and development of new
materials.

Research related to condition assessment

strategies could focus on both developing better
degradation models for buried piping and
improving inspection techniques. Development
of a robust degradation model may allow for
better assessment planning and more accurate
predictions for buried piping life-cycle
management purposes. Improvements to global
inspection methods and advancements in
remote instrumented vehicles will provide plant
operators with better assessment tools.

In addition, construction of material
characterizations for alternate buried piping
material characterizations may be required for
extended nuclear plant operations.  These
characterizations may take the form of PVC
piping to replace existing pipes or polymer-
coated metal pipes to inhibit or retard corrosion.
It is also possible that smart coatings could be
employed that would give a visible indication
when they begin to degrade.

11
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Concrete Structures Outside 10 CFR Part 54
Scope

Concrete structures play a significant role in the
composition of commercial nuclear power
plants. Concrete is used in numerous
applications from construction of containment
buildings to radiation shielding, to creating
equipment support structures.  Overall, the
performance of concrete at operating plants has
been good, although there have been some
instances of deterioration reported. In past
assessments in this area, the NRC and industry
have addressed these concerns from a
regulatory perspective. An example of this type
of review is NUREG/CR-6715; “Probability-
Based Evaluation of Degraded Reinforced
Concrete Components in Nuclear Power
Plants,”  which  provides  pre-approved
acceptance criteria for cracks with limits of
flexural members and sheer walls. Similarly
available is, NUREG 1801, “Generic Aging
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Lessons Learned (GALL) Report,” which was
developed as an industry reference tool
providing guidance regarding applicable plant
aging management programs. The GALL report
is deemed suitable for referencing during the
relicensing process. NUREG 1801 generically
specifies aging management program features
for which no further evaluation is necessary;
however, it does not address criteria for
determining acceptability of degradation if
further evaluations find such occurrences. At
present, there appears to be a need to further
codify these experiences and research bases for
underground concrete structures.

Future Research and Development

In examining other industrial applications of
concrete, it appears that nuclear plant concrete
has the capability to withstand the aging
process quite well. However, to ensure that
nuclear power plants may safely continue to
operate past 60 years, it was recommended in
the workshop that improved and more specific
acceptance criteria be cultivated. To aid in the
development of  deterministic and/or
probabilistic criteria, additional fundamental
and applied studies are needed to enhance the
understanding of the long-term effects of
extended exposure of concrete to the unique
environmental conditions found in nuclear
plants. These studies would then be used in
support of extended environmental qualification
criteria for containment and other concrete
structures. Additionally, these criteria could be
coupled with the development of an integrated
Operating Experience Database to help
benchmark and monitor specific plant
performance over time. It was noted that such
an effort would be advanced by searching for
well-established databases from other industries

12
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that rely heavily on concrete, such as bridge and
building construction, and correlate their
existing information to nuclear structures.
Additionally, this effort could encompass
development of accurate fundamental damage
models and mitigation technology. Equally
important to these areas is improvement to
NDE techniques and targets for thick, heavily
reinforced concrete.

Other Potential Research Areas

Several other research areas were discussed
during the workshop that suggest further
investigation and confirmatory research. One
of these areas is the potential need for research
addressing dry cooling technologies and water
conservation methods to potentially minimize
future environmental impacts. The availability
of sufficient cooling water, and the
corresponding environmental effect, is a
growing concern both for plant life extension
and new nuclear power plant construction.
Additionally, as the existing nuclear plants
undergo extended licensing actions, reviews of
their impacts to the environment, including
water and waste heat management, may become
of an increasing importance.

A second topic, the use of protective coatings
for all non-primary materials, such as exposed
structural material and buried piping, was also
discussed.

2.3 Crosscutting Suggested Research

The Common/Crosscutting category includes
those research areas that include characteristics
of both the first two research areas and which
may or may not be within the 10 CFR Part 54
scope. Necessarily, the topics in this category

are generally of a non-technical nature.
Following is an overview of these research
areas that were identified during the workshop:

Infrastructure and Policy

Research Infrastructure. A common theme
that emerged during the workshop was the lack
of cohesive domestic research infrastructure,
particularly in considering use of test reactors
and hot cell examination facilities. Reduced
numbers of such facilities place restrictions on
the materials research programs requiring
irradiated samples. However, it was noted in
the discussion on this topic that the Energy Act
of 2005 had made the Advanced Test Reactor
(ATR) at Idaho National Laboratory available
for both DOE and academic researchers. Other
discussion suggestions included looking for
research opportunities at facilities outside the
United States.

Workforce

Related to the research infrastructure concerns
is a perceived shortfall in trained workers at all
levels of the nuclear industry, including
technicians, scientists, and engineers. Demands
for this pool of workers are expected to increase
as existing plants age and new plant
construction begins.  Additionally, workshop
participants noted existing knowledge must be
effectively transferred from the existing
workforce to ensure continuity.

Public Opinion and Policy

Educating policymakers and nurturing public
opinion remain essential for widespread
acceptance of a nuclear renaissance. The
industry may need to focus efforts on
overcoming the public’s perception that
conservation and efficiency alone are sufficient

13
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to ensure our nation’s energy independence.
Further, the industry and DOE may cooperate
in educational programs regarding existing
nuclear plant’s non-GHG-emitting energy
technology as immediately available in
achieving significant reductions in greenhouse
gases.

Research Financial Resources

Industry organizations such as EPRI focus their
research efforts primarily on near-term utility
issues with corresponding budgets being
insufficient to address the full scope of required
research and development. Workshop
participants noted that cooperative, coordinated
research programs should be developed that
effectively and efficiently leverage limited
funds and infrastructure in order to address
needed R&D, while minimizing needless
duplication of efforts and maximizing
international collaboration.

Data and Analysis

Plant Time Limited Aging Analyses

During initial plant design and subsequent
license renewal applications, plant operators
were required to perform Time Limited Aging
Analyses (TLAAS), demonstrating that safety-
related components would function properly
throughout the license period. These TLAAS
must continue to be verified in extended periods
of operation, or the licensee must commit to an
acceptable active aging management program.
As plants age beyond 60 years, research results
and improved understanding of aging
mechanisms, as applied to TLAAs, may be
expected.

Aging and Asset Management Database
Determining the effects of aging on a system or
component is often hampered by a lack of
historical data. Unless measurements were
recorded throughout plant life, it is often
difficult to ascertain the rate of degradation.
Development of effective long-term asset
management processes could identify an
optimal  condition to  replace  aging
components—Ilong before significant safety
issues arise. As aging management programs
are implemented, measurements should be
collected so data are available in sufficient time
for further evaluation and/or recalculation of
TLAA:s.

Component Failure Acceptance Criteria
Workshop participants noted that studies could
focus on characterizing the effects of
degradation on component or system
performance in determining the acceptability of
continued system operation. A systemic
determination should be made as to what effect,
if any, failure of a particular component could
have on the system as a whole.

A similar idea of workshop participants is an
alternate application of ASME Boiler and
Pressure Vessel Code, Section 3, requiring the
repair of a weld that is otherwise sound, but in
which an innocuous flaw was found. Such
corrective repairs have the potential to increase
the overall risk of damage or degradation by
creating unstable or failure-prone conditions.
Work in this area corresponds with current
EPRI research designed to create the technical
bases that could allow such structurally
innocuous flaws to remain in service, as long as
they pose no significant hazard to the continued
integrity of the weld. Developing technology to
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accurately detect and characterize such flaws
could be a key step towards improvement in
this area.

Testing and Evaluation

Material-related issues inherently include
development of improved Non-Destructive
Testing (NDT) methods, in searching for early
indications of degradation. The NDT research
focus is two-fold: 1) development of new
techniques and 2) quantification and reduction
of uncertainties in present NDT technologies.

Non-Destructive Evaluation (NDE) techniques
are unique to each specific material.  For
example, in concrete examinations, new NDE
methods, such as using filmless techniques,
laser or radar, and ultrasound may be required
to improve measurements. Or, future research
and development on electrical cables may
improve infrared technology and allow
incorporation of nano-coatings. Radiography,
microwave, and ultrasound are all candidate
examination techniques for development.
Finally, the increasing use of non-metallic pipe
in some nuclear plant applications presents new
NDE challenges, as its behavior remains
unknown.

Further research may be needed to evaluate the
effectiveness and reliability of current in-
service inspection tools and to develop
advanced methods, including the incorporation
of risk-informed principles. Sensors and data
processing algorithms may be needed to
support on-line monitoring. Critical issues may
include ensuring accessibility and inspectability
of parts and components, validation or
performance demonstrations, and continued
safety.

e )
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Emerging NDE tools include high-resolution
eddy current, phased array and synthetic

aperture ultrasonic testing, digital x-ray,
advanced thermal imaging, remote and
embedded radio-frequency sensors, and leak
detectors using acoustic and ultrasonic

technology. These tools share a number of
common factors. Inspection techniques may
result in enhanced spatial resolution, sensitivity,
and accuracy. The large amounts of data
generated could be reliably and efficiently
processed and archived using automated
analysis tools that employ modern signal
processing methods. Numerical modeling and
simulation  techniques  could  improve
understanding of complex problems, optimize
probe designs, and reduce the need for
expensive experimental studies. Improvements
are also being developed for enhanced visual
inspection techniques that focus on increasing
the scanning speed and image resolution. One
example is utilizing improved signal processing
(e.g., “super-pixel”), which can dramatically
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improve image quality and allow faster scan
rates.

Monitoring and Inspection

Prognostics

Monitoring and inspection programs pertain
mostly to passive components; active
components are managed through regular
preventive maintenance programs. Condition-
based maintenance (prognostics) attempts to
predict the remaining useful life based on
analysis of the precursor system or material
conditions, stressors, and degradation
phenomena. Prognostic methodologies model
systems from either a physics-based or
empirical method. Information developed from
the system models could allow both operators
and regulators to make better informed
decisions regarding degradation. Additionally,
prognostics could be applied to both active and
passive components. In order to apply this
technique, historical failure data may need to be
collected and analyzed and empirical models

developed. Prognostic development holds
promise to supplement or even replace
traditional inspection procedures.

Technical ~ challenges  associated  with

prognostics include determining how and what
to measure; data interrogation, communication,
and integration; development of predictive
models; system integration and deployment;
quantification of uncertainties; incorporation of
smart components, self-diagnostic systems, and
embedded micro-electromechanical systems;
and distributed networks for data processing
and control.

On-line Monitoring

Successful use of on-line monitoring of key
passive components could provide early
warning of impending failure and may be used
to facilitate condition-based maintenance.
Significant research is required to effectively
implement on-line monitoring. A number of
issues are likely to require resolution before
commercial implementation. Concerns exist
with sensor technology, including modalities,
contact versus remote, distributed sensors, and
continuous versus periodic sampling. Reliable
algorithms are necessary, along with data
transfer protocols and efficient methods to
manage and archive data.

The following is a list of other potential
crosscutting research areas identified during the
workshop:

o Component failure-trending signatures and
acceptance criteria

e Expanding the use of retired systems and
equipment and “sentinel” samples for
testing and data base generation purposes

e Characterization  of
material and weld metal
integration  into  applicable
standards

acceptable  base
flaws with
industry

e Transition to digital instrumentation and
control systems

o Development of integrated risk-informed
prioritization methods, considering safety
and economic benefit.
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3.0 Suggestions from Q&A Session

At the close of each session, public questions
and comments were solicited from workshop
attendees. Following is a highlight of these
guestions and areas of concern as well as some
suggestions for addressing them.

Capturing Important Test Material Data

Greater industry effort should be taken to learn
from decommissioned plants. It was noted that
scientists may not have extracted parts for study
and evaluation in the past due to the lack of a
detailed history of the conditions to which the
parts were exposed (e.g., chemistry or
irradiation  histories).  Clearly,  without
understanding the environment to which the
part was exposed, any study would lack proper
scientific basis. Actions taken now can prevent
some of these concerns.

o ldentify detailed research goals so that
specific parts can be harvested at the right
time without delaying demolition

e [nstall additional test material into reactors
that may be decommissioned early

e Maintain an accurate environmental history
to which parts have been exposed

o Explore international interest in
collaborative programs using industry
harvested material, such as the St. Lucie
pressurizer surge line, as well as reactor
internals, for further developing an IASCC
database

o Investigate defense-related facilities and
international sources for test material and
data

17

Other Topics from Workshop Participants

e There is a continuing need to break down
institutional “stovepipes” between
academia, national laboratories, DOE, and
industry.

o While water chemistry is implicitly
included in primary plant research areas, it
should be noted that this is a highly
important area for preventing degradation
of all plant components exposed to water.

e While it appears that plants would not
likely exceed the limits specified in the
proposed pressurized thermal shock rule for
even 80 years, research should be
conducted into reactor vessel annealing to
provide the possibility of further life
extension.

e The oil industry has inspection techniques
for pipes that could be applied to nuclear
plants.

e Studies into the effects of seismic activity
may be another area that requires research.
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4.0 Next Steps

The “Life Beyond 60 workshop successfully
promoted a diverse discussion on the long-term
challenges faced by the existing nuclear plants.
Additionally, the workshop provided a starting
point for cooperation and collaboration among
stakeholders on research and development
needs to enhance the knowledge base achieving
extended plant operations. As stakeholders, the
nuclear industry, Department of Energy, and
the Nuclear Regulatory Commission will all
need to be involved with the process to ensure
the development, acceptance, and effective
implementation of all the proposed research
pathways and specific research areas.

It is anticipated that follow-on discussions will
assist with understanding the effects of aging on
nuclear power plants. Each stakeholder has a
distinct role in moving the license renewal
process forward.  The lead responsibility
naturally falls on industry to drive the process
and work with the Federal Government,
academia, and National Laboratories to begin
identifying the key areas likely to require
research. The national laboratories, academia,
and industry must all take part in conducting
the necessary research, supported, as
appropriate, by international collaborators.
DOE should facilitate and coordinate these
efforts and the NRC should continue to focus
on confirmatory research required for the
continued assurance of public health and safety.
It is expected that any subsequent
programmatic roadmaps will establish clear
roles and responsibilities in each research area,
including fiscal and oversight responsibilities.

Individual presentations from the workshop, as
well as this workshop report, are available

online in the NRC’s ADAMS system, and on
the website www.energetics.com/nrcdoefeb08/.
Additionally, the workshop report is available
on the DOE-NE website, www.ne.doe.gov.

Future Requirements: All options for generation
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* Achieving all targets is very aggressive, but potentially feasible.
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5.0 Summary and Conclusions

Originally, nuclear power plants were granted

40-year licenses based on non-technical
antitrust concerns. Many plants have already
been relicensed for an additional 20-year

operating period, as allowed by current
regulations, and most plants are expected to
follow suit. There is no present regulatory
restriction on the number of times a plant may
be granted subsequent license extensions;
however, each plant operator must continue to
demonstrate that they maintain the plant’s
licensing basis and meet public interest
requirements mandated by the NRC and other

regulators.  Workshop participants did not
believe there is any compelling policy,
regulatory, technical or industry issue

precluding future extended plant operations.
Ultimately, license renewal will be a business
risk decision undertaken by the licensee.

The NRC/DOE Workshop on Plant Life
Extension Research and Development was not
designed to find solutions to all the challenges
facing the nuclear industry over the next 30
years, nor was the goal to produce a final
focused list of research topics. Rather, the
workshop was intended to encourage early and
proactive discussion of factors potentially
affecting subsequent license renewal decisions
and serve as a starting point for developing
necessary research programs. This includes
learning the lessons of previous extension
efforts as well as lessons from other industries
and foreign countries.

As the chart on this page illustrates, the
workshop successfully attracted a broad and
diverse group of participants, with industry,

government, and the national laboratories about
equally represented among the nearly 160
participants. Several international
organizations were also represented.

Fundamental research to understand
commercial nuclear plants aging beyond 60
years is crucial in determining an appropriate
safe and economical operation basis. These
research investigations should be accomplished
cooperatively, leveraging limited resources to
maximize the benefits gained. Furthermore, the
workshop participants noted that this research
must start soon so that accurate and complete
information will be available for utilities in
conducting decision analyses evaluating further
license renewals and for the NRC in developing
independent regulatory positions.

Finally, collaborative efforts should be focused
and well coordinated to ensure research
programs will produce timely information that
contributes to the existing nuclear option and
that this option remains a safe, secure, and
environmentally friendly source of energy.

Government

Industry

Academia

Workshop Participation. Breakdown of
participants by type of organization.
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Appendix A: List of Potential Research Areas

Research and Development for SSCs Within the 10 CFR Part 54 Scope

Degradation-related research areas

0]

Understanding thermal & irradiation
embrittlement regarding synergistic effects
on cast austenitic stainless steel and welds
Developing improved welding techniques
and repair criteria

Assessing the impact of neutron flux on the
Stress Corrosion Cracking of stainless
steels

Understanding and  prevention  of
“nucleation” in Stress Corrosion Cracking
process

Understanding the long-term significance
of high cycle fatigue

Investigating primary water Stress
Corrosion Cracking management of Ni-
alloy reactor internals

Developing materials-friendly Water
Chemistry Control programs

Investigating metal fatigue, or progressive
weakness, caused by environmental effects
Understanding the significance of wvoid
swelling & stress relaxation

Assessing flow assisted wear & high cycle
fatigue of secondary side materials
Assessing the effects and significance of
irradiation on Ni alloys that comprise many
reactor internals

Inspection-related research areas

0]

(0]

Standardizing inspection and evaluation
guidelines

Development and demonstration of
advanced inspection techniques, including
the use of lasers and advanced transducers
Development of an NDE/measurement
matrix (analogous to materials degradation
matrix)

0]

Development  of  enhanced NDE
capabilities in detecting void swelling and
inspections related to control rod guide
tube support pins

Demonstration of an integrated asset
management program incorporating multi-
scale models, sensors/signal processing,
and prognostics

Other Research Areas

0]

0]

Investigation
weaknesses
Investigation into the effects of reactor
vessel annealing,

Confirmation that repair processes, such as
weld overlays and induction heating stress
improvement, will be effective for life of
the plant

Understanding the combined effects testing
of reactor materials to identify potential
interdependencies

Investigation  into  complex  aging
fundamentals (e.g., late blooming phases,
effects of microstructure)
Investigation into safety-related
aging and degradation mechanisms

into potential Alloy 690

cable
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Appendix A: List of Potential Research Areas

Research and Development for SSCs Considered as Part of an Economic

Justification for Long-Term Operations

Cable Aging

o

0]

0]

Research addressing the effects of aging on
newly developed zero halogen insulation
Development of minimally invasive testing
methods for medium voltage cables
Standardization and  refinement  of
acceptance criteria for non-destructive
testing results

Development of standardized testing for
unshielded cables
Reassess long  term
qualification of cables
Improve NDE techniques by incorporating
infrared technology and NDE tools to
examine nano-coatings

environmental

Buried Piping

0]

o

Development of fundamental degradation
models for buried piping

Development of broader global inspection
methods (e.g., guided wave and acoustic
emission)
Development  of
instrumented vehicles
Development and evaluation of in-situ
repair and replacement options of buried
piping

Evaluation of new replacement and coating
materials

improved  remote

Development of improved methods of
protecting  buried components  from
groundwater

A-2

0]

Concrete

Development of fundamental irradiation
and environmental damage models and
degradation mitigation technologies
Development of standardized degradation
acceptance criteria

Creation of a benchmarking database
addressing degradation of concrete
Assessing long-term effects of exposure to
radiation, heat, and the environment
Developing environmental qualification
standards and baseline degradation models
of containment structures

Development and testing of improved NDE
techniques and targets for thick, heavily
reinforced concrete

Other Research Areas

O Assessment of dry cooling technologies for

future applications at existing plants

0 Development of robust coatings to protect

structural materials, concrete, and piping
(potential nanotechnology application)
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Appendix A: List of Potential Research Areas

Crosscutting Research and Development

Improvement to the basis for Time
Limited Aging Analysis calculations
Implementation of a materials and
component aging database for
information management (guarding
against future obsolesce of formats)
Development of component failure
signatures and acceptance criteria; use
of fundamental modeling techniques to
create basic understanding of failure
precursors
Expansion of the use of retired systems
and equipment and “sentinel” samples
for testing purposes
Characterization of acceptable flaws
and integration into applicable
standards
Development of non-destructive testing
and evaluation techniques
e Improvement on existing probes
and signal processing
e Development of new testing
methods
e Development of techniques for
new materials
Creation and qualification of prognostic
models and on-line monitoring systems
Encouraging industry’s transition to
digital instrumentation and control
systems as a way of increasing safety
and reducing operational complexity
Development of risk-informed
prioritization methods, considering
safety and economic benefit
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Appendix B: List of Workshop Participants

Last Name First Name Company Email Address

Abernathy Chris Duke Energy cdabernathy@duke-energy.com
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Company

Nuclear Fuel Cycle Monitor
Savannah River National Laboratory
Office of Management and Budget

Pacific Northwest National
Laboratory

Platts

Idaho National Laboratory
Argonne National Lab

NRC

Enercon Services, Inc.
Constellation Energy

NRC

EPRI

Exelon

Tennessee Valley Authority
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Appendix C: Workshop Agenda

, NRC/DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and Development &

Life Beyond 60
February 19-21, 2008 Hyatt Regency Bethesda, Maryland

Tuesday, February 19, 2008

7:30 am — 8:30 am Registration Check-In and Continental Breakfast
8:30am - | 1:00am  Opening Plenary

8:30 am  Welcome Remarks and Purpose of Workshop —
Tom Miller, Deputy Director, Light Water Reactor Deploy-
ment, DOE
Gene Carpenter, Group Lead, Aging Management
Research, NRC

8:45am Comments on Subsequent License Renewal Terms
— Luis Reyes, Executive Director for Operations, NRC

9:05am  Dennis Spurgeon, Assistant Secretary for Nuclear
Energy, DOE

9:25am  Joe Sheppard, President and CEO, South Texas Project

9:45am  Nuclear Power Landscape and Outlook -
Lawrence |. Makovich, Vice President, Global Power,
Cambridge Energy Research Associates

[0:05 am International Perspective on Plant Life
Management (PLiM) - Ki-Sig Kang, |IAEA Plant Life
Management Team Leader

10:25 am — | 1:00 am  Break
[1:00 am Open Discussion Moderated by Miller & Carpenter

12:00 pm Regulatory Overview of License Renewal Process
Samson Lee, Deputy Director, Division of License Renewal, NRC

12:30 am — 1:30 pm  Lunch Break

C-1





NRC/DOE Workshop on Plant Life Extension R&D

Appendix C: Workshop Agenda

NRC/DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and Development

Life Beyond 60

February 19-21,2008  Hyatt Regency ~ Bethesda, Maryland

Tuesday, February 19, 2008 (cont.)

Session # | a: Industry Discussion on Historical License
Renewal Efforts

[:30 am — 2:30 pm

2:45 pm - 3:15 pm
3:15 pm — 6:00 pm

5:45 pm
6:00 pm

1:30 pm
1:35 pm
1:40 pm
2:00 pm

2:20 pm

Break

Session Introduction & Purpose — Tom Miller,
Deputy Director, Light Water Reactor Deployment, DOE

Introduction of Session Panel Members — Julie Keys,
Senior Project Manager, Nuclear Energy Institute (NEI)

The Road to License Renewal — The Early Years
Ted Marston, Principal, Marston Consulting

Early License Renewal Challenges — Doug Walters,
Senior Director - Operations Support, NEI

Eighty is the New Sixty — Lessons from the Past
Chuck Pierce, Manager, Nuclear Deployment,
Southern Company

Session #1b: Industry Perspective on Future Industry Needs
for Continued Operation Beyond 60 Years

3:15 pm

3:30 pm

4:00 pm

4:30 pm

5:00 pm

Long-Term Operation of Nuclear Power Plants:
Executive Interviews — Ken Huffman, Technical
Executive, Electric Power Research Institute (EPRI)

License Renewal The Second Time — Fred Polaski,
License Renewal Manager, Exelon & Garry Young, Man-
ager, License Renewal, Entergy Nuclear

License Renewal Factors Outside of Part 54 — |eff
Gasser, Executive Vice President and Chief Nuclear Of-
ficer, Southern Nuclear Operating Company

LWR R&D Strategic Plan — Dan Keuter, Vice
President - Planning & Innovation, Entergy Nuclear

Open Discussion Moderated by Miller & Keys

Session # | Wrap-up (Miller & Keys)
Adjourn for the Day
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% NRC/DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and Development £

Life Beyond 60
February 19-21, 2008 Hyatt Regency ~ Bethesda, Maryland

Wednesday, February 20, 2008

8:00 am — 8:30 am Continental Breakfast

8:30am — 12:30 pm  Session #2: Long-Term Reliability of Systems, Structures,
and Components

8:00 am  Session Introduction & Purpose — Samson Lee,
Deputy Director, Division of License Renewal, NRC

8:05 am Introduction of Session Panel Members —
Ken Huffman, Technical Executive, EPRI

8:15am  Vessel Internals The Functional Impact of Age-
Related Degradation — Randy Lott, Westinghouse

8:30am  Concrete Structures — Charlie Hofmayer, Group
Leader, Engineering Mechanics and Infrastructure
Group, Brookhaven National Laboratory

8:45am  Aging Management of Cable and Buried Piping
— Gary Toman, Senior Project Manager, EPRI

9:15am  Exelon Long Term Asset Management (LTAM)
Process — Andy Winter, Manager, Equipment Reliability,
Exelon

9:30am  License Renewal Perspective — Mike Fallin, Principal
Engineer, Constellation

9:45 am  Fort Calhoun Experience with Large Component

Replacement — |eff Spilker, Supervisor Nuclear
Projects, OPPD

10:00 am —10:30 am  Break

[0:30 am Continue Session #2 — Open Discussion Moderated by Lee &
Huffman
[2:15 pm Session #2 Wrap-up (Lee & Huffman)

[2:30am — [:30 pm  Lunch Break
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Appendix C: Workshop Agenda

. NRC/DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and Development i
5 2

Life Beyond 60 2 =8/ ;

February 19-21,2008 ~~ Hyatt Regency ~~ Bethesda, Maryland

Wednesday, February 20, 2008 (cont.)

1:30 am — 6:00 pm Session #3: Management of Age-Related Materials
Degradation Issues

1:30 pm  Session Introduction & Purpose — Jennifer Uhle,
Director, Division of Engineering, NRC

1:35 pm  Introduction of Session Panel Members — Jack
Lance, Director, Engineering Technical Authority, Idaho
National Laboratory (INL)

1:45 pm Radiation Resiliency for 80 Year Cores — Todd Allen,
Professor, University of Wisconsin

2:00 pm  PWR Issues for LWR Life Extension — Mike Burke,
Westinghouse

2:15 pm  Primary System Corrosion — Robin Dyle, Principal
Engineer, Southern Nuclear

2:30 pm  Fatigue — Steve Gosselin

2:45 pm  Material Degradation Matrix, Inconel Issues —
Mike Melton

3:00 pm Concrete Materials and Structures — Aging and Life
Beyond 60 Years, Dan Naus, Distinguished Research
Staff Member, Oak Ridge National Laboratory (ORNL)

3:15pm Coatings — Jack Spanner/Neil Wilmshurst
3:30 pm —4:00 pm Break

4:00 pm Continue Session #3 — Open Discussion Moderated by Uhle &
Lance

5:45 pm Session #3 Wrap-up (Uhle & Lance)

6:00 pm Adjourn for the Day
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% NRC/DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and Development

Life Beyond 60

Thursday, February 21, 2008

8:00 am - 8:30 am
8:00 am — 12:30 pm

10:00 am — 10:30 am
10:30 am

12:15 pm
12:30 am — 1:30 pm

February 19-21, 2008 Hyatt Regency ~ Bethesda, Maryland

Continental Breakfast

Session #4: Determination of New Technologies, Tools, and
Applications for Diagnostics and Monitoring

8:00 am

8:05 am

8:15 am

8:30 am

8:45 am

9:00 am

9:15 am

9:30 am

9:45 am

Break

Session Introduction & Purpose — Michele Evans,
Director, NRR:DCI

Introduction of Session Panel Members — Leonard
Bond, Laboratory Fellow, Pacific Northwest National
Laboratory (PNNL)

From NDE to Prognostics: a Review — Leonard
Bond, Laboratory Fellow, PNNL

NDE Research Needs for Long Term Operation of
LWRs - Greg Selby, Senior Program Manager, EPRI

Current Inspection Practice for Reactor Internals
and Future Needs — John Lareau, Chief Engineer,
WesDyne International, Inc.

Diagnostic Techniques to Be Developed for Aging
Nuclear Power Plants — Hash Hashemian, AMS Corp.

Research on Advanced IS| Technologies — Sasan
Bakhtiari, Argonne National Laboratory (ANL)

On-line Monitoring System Diagnostics — Brandon
Rasmussen, Consultant

Prognostic Method Requirements: Planning for
the Future — |. Wesley Hines, Professor, University of
Tennessee

Continue Session #4 — Open Discussion Moderated by Evans &

Bond

Session #4 Wrap-up (Evans & Bond)
Lunch Break
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% NRC/DOE Workshop on U.S. Nuclear Power Plant Life Extension Research and Development .~

3:00 pm

Life Beyond 60

February 19-21, 2008 Hyatt Regency Bethesda, Maryland

Thursday, February 21, 2008 (cont.)
1:30 am — 3:00 pm Wrap-up Plenary

[:30 pm  Session | Results (Keys & Miller)

[:45 pm  Session 2 Results (Huffman & Lee)

2:00 pm  Session 3 Results (Lance & Uhle)

2:15 pm  Session 4 Results (Bonds & Evans)

2:30 pm  Cross-Cutting/Other Issues (Miller & Carpenter)
2:45 pm  Next Steps (Miller & Carpenter)

Adjourn for the Day
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Strategic Plan for Light Water Reactor R&D

Vision: Nuclear energy will reduce U.S. and global carbon
emissions and enhance the Nation’s energy security.
Greater U.S. reliance on nuclear energy will improve
its international engagement and leadership on
nuclear safety and security issues.

Stretch Goals:
1. Life Extension of Current Fleet Beyond 60 Years
2. Strong, Sustained Expansion of ALWRs throughout this Century.

Strategic Plan Examines the R&D Needed to Expand Nuclear
- To 25% by 2030 and
- To 40% by 2050





EPRI Study-Technical Potential of CO, Reductions

3500

* Achieving all targets is very aggressive, but potentially feasible.

3000

EIA Base Case 2007

\

)
w
(=]
(=]

2000

U.S. Electric Sector
CO; Emissions (million metric tons)

Technology EIA 2007 Reference
1500 Efficiency Load Growth ~ +1.5%/yr Load Growth ~ +1.1%/yr
| Renewables 30 GWe by 2030 70 GWe by 2030
I Nuclear Generation 12.5 GWe by 2030 64 GWe by 2030
1000 No Existing Plant Upgrades 150 GWe Plant Upgrades
Advanced Coal Generation 40% New Plant Efficiency 46% New Plant Efficiency
by 2020-2030 by 2020; 49% in 2030
500 CCs None Widely Deployed After 2020
10% of New Vehicle Sales by 2017;
PHEV None +2%lyr Thereafter
DER < 0.1% of Base Load in 2030 5% of Base Load in 2030
0 . " . " .
1990 1995 2000 2005 2010 2015 2020 2025 2030

All Options Must Be Promoted Yet All Options Face Challenges
that Must Be Overcome Through R&D and Policy Initiatives





Working Group Members — November 10, 2007

Dan Keuter (Chair)
Doug Chapin
Bryan Dolan
Joseph Donahue
Gene Grecheck
Ken Huffman
Tom Isaacs

Jim Maddox
Alex Marion
John Taylor

Joe Turnage

Other Attendees:

Bruce Hallbert

Tom Miller

Joe Perkowski

Pete Planchon

Ted Quinn

Mike Sellman (UAB Chair)
Ronaldo Szilard

Gary Vine

Entergy Nuclear
MPR

Duke Energy
Progress Energy
Dominion Energy
EPRI

LLNL

INPO

NEI

EPRI (Ret)
Constellation Generation Group

INL

DOE

INL

INL

Long Necker & Associates
Nuclear Management Company
INL
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GOALS

Light Water Reactors Goals:
1. Extend NRC Licenses of LWR to 80 Years

2. Maintain High Capacity Factor, Safety and Performance
for 80 Years

Advanced Light Water Reactor Goals:

3. License, Construct & Operate ALWRs

4. Remove Barrier to Deployment of ALWRS

5. Address Lessons Learned from First ALWRS
6.

Enable New Mission & Markets for ALWRs Beyond
Electricity





R&D Scope and Development (Highest Priority)

1. Sustain High Performance of Reactor Materials
a. Extend Component Life and Improve Lifetime Prediction
b. Improve In-Service Inspection, Diagnostic, Maintenance & Repair
c. Develop Innovative Materials
Transition to State-of-the-Art Digital 1&C
3. Advances in Nuclear Fuel
a. Enhance Fuel Reliability & Performance
b. Develop High-Burnup (HBU) Fuel
Implement Broad-Spectrum Workforce Development

Implement Broad-Spectrum Infrastructure Improvements &
Design for Sustainability

* Manufacturing Infrastructure

 Reducing Raw Materials & Alloys

* Rebuilding of Irradiation Test & Examination Infrastructure
6. Electricity Infrastructure-Wide Problems (Non Unique to Nuclear)
a. Develop Alternative Cooling Technologies
b. Expand High-Voltage Transmission Infrastructure

N

o B





R&D Scope and Development (Continued)

7. Advanced Fabrication, Construction & Inspection Methods

8. Extend the Application of Risk Management Technologies &
Understanding of Safety Margins

9. Improve Operational Performance
Equipment Reliability

Power Uprates

Technologies for Security

Advanced Power Electronics

Spent Fuel Management

Low Level Waste Minimization

Risk Informed Technologies

10. Expand LWR Technology into New Missions & Markets
a. Develop LWRs for Regional Markets
b. Develop Desalination & Process Heat Technologies





Path Forward

Collaborative Program Planning & Joint Funding
1. Collaborative & Cost-Shared Activities
2. Coordination but Independent Activities

DOE/Industry Program & Oversight
« EPRI Nuclear Power (NPC)
« INL Utility Advisory Board (UAB)

 NEI Nuclear Strategic Issues Advisory Councll
(NSIAC)
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Proactive Strategies for Monitoring and
Managing Aging Related Degradation in
Highly Irradiated Reactor Internals

Randy Lott
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Life After 60 Workshop
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Reactor Internals

Unique Service Environment

Long Term Degradation

Require Proactive

Aging Management Program






We have limited experience with long term

exposure in high radiation environments!

n theorized

80 Years

Unique Degradation Mechanisms

39 Westinghouse





Industry Materials Reliability Program
(MEOG/MTAG/EPRI)

® Materials Degradation Matrix

— Comprehensive catalogue of potential
mechanisms

® Issue Management Table
— Systematic analysis of current programs
— Gap Analysis

® Reactor Internals I&E Guidelines

— Based on Functionality Analysis
— Recommendation for Aging Management

; i (%9 Westinghouse





Materials Degradation Matrix Recognizes 17 Modes

of Degradation

Applied to all reactor
components.
(not just internals!)

Basis for developing
the Issue
Management Table!

Type Mode Code
Corrosion/Wear Flow Assisted Corrosion C/W:FAC
Corrosion/Wear Pitting C/W:Pitt
Corrosion/Wear Wastage C/W:Wstg
Corrosion/Wear Wear C/W:Wear
Fatigue Environmental Fat:Env
Fatigue High Cycle Fat:HC
Fatigue Thermal Fat:Th
Mechanical Flux Effect RIT:Flux
Mechanical Irradiation Embrittlement RIT:Emb
Mechanical Thermal Aging RIT:ThAg
Mechanical Thermal Neutron RIT:Thn
Mechanical Void Swelling RIT:VS
Stress Corrosion Cracking Intergranular SCC:IG
Stress Corrosion Cracking Irradiation Assisted SCC:IA
Stress Corrosion Cracking Low Temperature Crack Propagation SCC.LTCP
Stress Corrosion Cracking Primary Water SCC:PW
Stress Corrosion Cracking Transgranular SCC:TG

‘ Westinghnuse





Issue Management Table
15/62 Gaps Related to Reactor Internals

Inspection Related Gaps

1
8
20
32
33
43

|I&E Guidelines: Reactor Internals

NDE Accessibility: Reactor Internals

UT Demonstration: Baffle Bolting

NDE Capability: Void Swelling (Identification & Characterization)
NDE Capability: Baffle Former Assembly IASCC

NDE Capability CRGT Support Pins

Deqgradation Related Gaps

10
16
18
23
28
31
35

Thermal & Irradiation Embrittlement: Synergistic Effects on CASS & SS Welds
Fluence Impact on SCC of Stainless Steels

High Cycle Fatigue - Internals

PWSCC Management: Ni-Alloy Reactor Internals

Fatigue Environmental Effects: Reactor Internals

Assess Void Swelling & Stress Relaxation Significance: PWR Reactor Internals
Wear & High Cycle Fatigue: Steam Generator Tubes & Internals

General Assessment Gaps

25
49

Baffle Bolting Assessment
Irradiation Effects: Ni Alloys (Reactor Internals)

6 ko 'Wésti'nghuuse





The I&E Guidelines

- Based on Exhaustive Screening Process

Component Screening Categorization
List Criteria

* Inspection Guidelines: | —

Below Screening Above Screening

« What to inspect

« When to inspect Dot S Cigiooss
«Evaluation Guidelines L veeme L

« What is acceptable .

» What do we do? Lraisst
i Mltlgate < Marggggr%ent Aging

Management
. Straleqy Strategy
i Repalr Add'?f[i?)nal { 1 | Development
Measures l Existing | l Expansion | l Primary |

* Replace

l Existing Programs | l New Requirements |

Aging Management Program
I&E Guidelines - Rev. 0






Functionality Analysis
- A Multi-Discipline Effort

Materials Models I

Neutronics

Thermal Analysis

]
Structural Analysis |

Functionality
Analysis

Component
Reliability

Functional Requirements






The Cracking Mechanisms

® SCC (Stress & Environment)
® |IASCC (lrradiation, Stress & Environment)

® Fatigue (Transient Loading, Environment?)

Produce observable cracks
Most probable in regions of stress concentration






The Embrittlement Mechanisms

® |rradiation Embrittlement (Dose & Temperature)
® Thermal Embrittlement (Time, Temperature & Compaosition)

Changes in material properties
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Topics

* NDE technique development process
« Known NDE needs

CPEI ELECTRIC POWER
S
RESEARCH INSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 2





NDE technique development process

e Steps
— Define the problem

e Must know the target flaw
— Location
— Size
— Orientation
— Shape

* Defining these is not the task of NDE
— Materials science and chemistry
— Structural engineering
— Fracture mechanics

CPEI ELECTRIC POWER
=
RESEARCH INSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 3





NDE technique development process

e Steps
— Develop mockups
e Must provide a realistic basis for the NDE technique
— Correct materials
— Correct configuration
— Realistic defects
— Develop sensor technology

* Depends on the target flaw and component
configuration

« Some work could start soon, for specific tasks
— Develop analysis process
« Some work could start soon

© 2008 Electric Power Research Institute, Inc. All rights reserved. 4
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NDE technique development process

e Steps
— Develop procedures

e Use the sensors and analysis techniques on the
mockups

— Qualification

* Requires regulatory involvement, perhaps Code
activity

« Develop qualification criteria
 Qualification program

* Qualify procedures and equipment
e Qualify personnel

© 2008 Electric Power Research Institute, Inc. All rights reserved. 5
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NDE technique development process

 Duration
— Requires at least two years, more likely five years
« Qualification is the longest step

* Baseline examinations must be performed before the 60-
year point

CPEI ELECTRIC POWER
=
RESEARCH INSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 6





I Topics

* NDE technigue development process
cKnown NDE needs

:PEI ELECTRIC POWER
S
RESEARCH INSTITUTE
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Known NDE needs

e Concrete
— NDE methods
* Filmless radiography
e Radar
e Ultrasound
— Targets
 Wastage
e Cracks
 Rebar
e Cables
— Infrared
— Nanocoatings

© 2008 Electric Power Research Institute, Inc. All rights reserved.

ECTRIC POWER





Known NDE needs

e Cast stainless steel
— This Is already an issue for L>40

 Ultrasonic examination capability poor, but may be
adequate for the expected large target flaw size

— Target flaws may be smaller when considering L>60

 The material will have experienced more thermal
aging embrittlement

— Consider develoment and qualification of radiographic
Imaging
 Plastic pipe
— Being installed now
— Its behavior after 40 years of service is unknown
— Radiography, microwaves, ultrasound

© 2008 Electric Power Research Institute, Inc. All rights reserved. 9
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Known NDE needs

« Groundwater protection issues
— Buried piping and tanks

e Current groundwater protection programs will need
to be extended to 80 years

— Spent fuel pool liner
« Weld quality often poor
» Access difficult

CPEI ELECTRIC POWER
=
RESEARCH INSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 10





Known NDE needs

e Infrastructure

— Investigate needs for input data to risk-inform the >60
license renewal NDE scope

— Information management and recoverable archiving of
data

 NDE data should be part of each utility’s Integrated
Information Technology system

o At year 70, will NDE vendors be able to read NDE
data files that were recorded in year 10?7

— Inspection systems rapidly become obsolete
— Media perishable, no longer supported

CPE] ELECTRIC POWER
=
RESEARCH INSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 11
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Joint NRC and DOE Workshop on US
NPP Life Extension R&D Issues

NDE to Prognostics: areview

Leonard J. Bond, Ph.D.,
Laboratory Fellow
Pacific Northwest National Laboratory

February 21, 2007

Pacific Northwest
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Some past nuclear plant experience

B Majority of component failures

e Active components — e.g. valve not operating
e Passive components — service degradation

B Active components managed through maintenance
program

» Passive components managed through periodic
Inspection

Surprises — result from new degradation mechanisms

New programs and approaches being considered for
“life-after-60”

Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 2





®» Start-up phase: faults related
to installation and assembly

» Useful life phase: machine will
be reliable as long as it is
maintained and used within its
design parameters.

» Wear-out phase: machinery
reaches the end of its design
life, and parts begin to fall
more rapidly.

Batielle

Unit life cycle

Failure
Rate

Infant
Mortality

Useful Life
(Constant Failure Rate)

Wear Out

Fhase |

Fhase |l

<

time

Fhase Il

Pacific Northwest National Laboratory

U.S. Department of Energy 3





Some Definitions

» Degradation and ageing are terms used to describe both
the deterioration of components -useful to distinguish
between them.

» Degradation is immediate or gradual deterioration of
characteristic of an SSC that could impair its ability to
function within acceptance criteria.

- Ageing IS general process in which characteristics of an
tally change with time or use.

<

» When a%emg processes are known, they can be allowed to
monitor Through an appropriate ageing management
program (AMP) and plant life management (PLIM) program
and potentially'mitigated.

IAEA Proceedings Series (2005)
Pacific Northwest National Laboratory
Batelle U.S. Department of Energy 4





Mechanism classification

» Ageing degradation mechanisms are usually classified into
two main categories:

e Affect the internal microstructure or chemical compasition of the

material and thereby change its intrinsic properties (thermal ageing,
creep, irradiation damage, etc.).

e Impose physical damage on the component either by metal loss

(carrosion, wear) or by cracking or deformation (stress-corrosion,
deformation, cracking).

» Phenomenon of ageing degradation in NPPs are complex

e reguires sophisticated, state of science and technology procedures
to effectively manage it and ensure safe, reliable operation.

e not only technology is involved,

e an effective management system is needed in order to correctly
Implement mitigative or monitoring actions.

IAEA Proceedings Series (2005)

Pacific Northwest National Laboratory
U.S. Department of Energy 5
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Motivation for structural health monitoring

P Life extension &
enhanced safety

» Local damage detection
— NDT widely used

» NDE methods have
difficulty when large
areas need inspection
and damage below
surface

B More global damage,
guantifiable and
automated methods T
N eed ed Recent (2001) failure of offshore oil

platform near Brazil

Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 6





Aging & Life Extension to Prognostics

» Nuclear power plant life extension (USA)
e 40-60 years developing since ~ 1972

» Chemical and process industries (MTI) looking towards
on-line monitoring, wireless sensors etc.

» Long term stewardship of nuclear weapons
» Aging aircraft programs
» Energy efficiency and plant optimization

» Embedded diagnostics and prognostics

e Military platforms
e Aircraft VHM

Pacific Northwest National Laboratory

Batelle U.S. Department of Energy 7





me Recent Developments and Meetings

During Cold War military systems replaced due to obsolescence — NOT
due to reaching end of service life.

LIFE EXTENSION IS NOW REQUIRED for many military systems

Pan American Advanced Study Institute on Damage Prognosis: October
2003

DARPA Prognostics Program (2002) — Aero engines
The Material Society Meeting — September '04
e 3-day Damage Prognostics workshop

MFPT Meeting (April 2005) — Theme:
e Essential Technologies for Successful Prognostics

P 2" |nt Symp Nuclear Power Plant Life Management (IAEA)
e Shanghai, China, October 2007

» 2" Int Symp — Aging Management & Maintenance PPP’s (1ISaG2008)
e Tokyo Japan — July or August 2008

» International Conf. on Prognostics and Health Management

e October 6-9, 2008 IEEE Reliability Society

vy VY

v

Pacific Northwest National Laboratory

Batielle U.S. Department of Energy 8





Condition Based Maintenance

——————

Time =>

BIFAILURE

Degradation Zone

| Preventive Maintenance Zone |

. o G
. F N
g p
<
- —*

Stressor
Applied

| Predictive Maintenance Zone |

Litle Gvele

\ Proactive Operations and Maintenance Zone f

Prediction and Mitigation Fix What
Planning and Repair Broke

Pacific Northwest National Laboratory

Batielle U.S. Department of Energy 9
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Motivation for structural health monitoring

Periodic NDE methods
challenged by aging systems —
frequency of inspection and
Inspection technology need to
be reviewed in light of known
degradation mechanisms

» Condition-based maintenance
philosophies, on-line
monitoring and diagnostics can
reduce O&M costs

» Digital systems give enhanced

functionality Nuclear Power Plant Systems:
ICHMI — Instrumentation Controls
— Human Machine Interface

Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 10





Advanced monitoring

Performance

Sensed by NDE + Controls performance

SR

Materials Science
measurements Materlgl — Structural
properties performance

Inverse models / Mechanical, thermal \ Forward models
and electrical
Process “signature properties Remaining service life

Degradation mechanisms

Pacific Northwest National Laboratory

Batielle U.S. Department of Energy 11





Ing factors, mechanisms and possible
conseguences

Stressors Ageing mechanisms - Consequences

Stress Constant p»| Creep

Strain Constant > Relaxation

Stress variable | »| Fatigue

Temperature »| Thermal Ageing

Embrittlement and

Cracking
Irradiation »| Irradiation Damage
CorTosive > Corrosion
medium Material Loss

Relative Motion | ear & Erosion

of Fhuids and
Solids

Pacific Northwest National Laboratory

Batielle U.S. Department of Energy 12





Northrop Grumman AEW/EW Bethpage
Prognostics for Aerospace Systems

Multi-Scale Analytic Models (Cornell Univ.)
centimeters

_]

Sensor Systems & Web
(Analatom. NGC-Others)
* Fatigue \
* Corrosion

* Etc.

Potential Systems Applications (mission/vehicle)
* Broad Area Maritime Surveillance (BAMS)/Global Hawk

* Unmanned Combat/Maval WCAWV

* Homeland Security/Schweitzer

L

Current Programs
* Predictive Failures & Advanced Diagnostics - AFRL
— Applying Diagnostics & Prognostics to Legacy Aircraft,
* Joint Strike Fighter Prognostics & Health Management -LM
— Lead for Mission Systems PHM Design and Algorithm Development,
Supporting Yehicle Systems PHM and Systems Integration
* 2nd Generation Reusable Launch Vehicle - NASA
— Technology Area 5, Integrated Wehicle Health Management
* Software Enabled Control - DARPA
= — Health Management for Multiple Autonomous YVehicles, Flight Critical
= T
- * Unmanned Combat Air Vehicle - Havy
f — IWVHM Technology and Architecture Definition, Phase 1B, Phase 2
Autonomic Support Technology Demo
« E-2C Advanced Hawkeye - Havy

— Integrated Diagnostics for E-2C upgrade, Health & Usage Monitoring
System (HUMS) upgrade for UK RFI

ﬁ

Prognostics
+ Adaptive Modeling
*Model-Based Reasoning
*Neural Networks
*Fuzzy Systems
*Probabilistic Reasonin

Uncertainty Management
i

Intelligent
Management
of Assets

EXAMPLE FROM DARPA WEB SITE

Battelle

Pacific Northwest National Laboratory
U.S. Department of Energy 13





Move from “reactive” to “pro-active”

Reactive|:

“Damage”

Structural Integrity Limit

NDE Resolution Limit

Time

Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 14





dmponent Health Prognostics

Stressor 6. months
Measurement

to live

Pacific Northwest National Laboratory

Batielle U.S. Department of Energy 15





NDE to Prognostics

» NDE performed at time of fabrication and as in-
service inspections

» Condition based maintenance — active component
monitoring

B Move from diagnosis to prediction of remaining life
and structural health monitoring/management

B Prognostics (for machinery) is the prediction of a
remaining safe or service life, based on an analysis
of the system or material condition, stressors and
degradation phenomena

Pacific Northwest National Laboratory

Batelle U.S. Department of Energy 16





ognostics for Systems and Components

» Health monitoring

2 Modcl-Based Prognostics g
- = {I"i*ti]ur_l: i‘hy_sics._\’ir';ua'.l ‘a
= 8 Physical Sensing, Functional) %
. . Z é Models e
W
» Time to failure P %
é — c&‘
) = Classification volutmndrvt)r B
o] Trending Modcls o)
. Thermal CyCIIng MemOdS Fuézy {Data Driven, Feature- '?-\
LOglC NN Stzte Based (01mkalion} %
1 1 Estimation Maodel
e Radiation damage R %

c Fxpt,nc,ncu based
° F at| g ue Generic, Statistical Life ngms i
Usage Algorithms “ailure PDFs, Few

TN

SENSOTS OT mr.dr,l]

“
’ Unlt and Component Range of System Applicability

analysis

Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 17





Diagnostics and Prognostics:
technology base maturity matrix

Diagnostic/Prognostic Technology For: AP A [ NO

Basic Machinery (motors, pumps, generators, etc.) D P
Complex Machinery (Helicopter Gearboxes, etc.) D P
Metal Structures D P
Composite Structures D&P
P
P

Electronic Power Supplies (Low Power) D
Avionics and Controls Electronics D
Medium Power Electronics (Radar, etc.) | D P

High Power Electronics (Electric Propulsion, etc) D&P

D — Diagnostics: P - Prognostics
» AP — technology currently available and proven effective
e A - technology currently available, but V&V not completed
e | — technology In process, but not completely ready for V&V
* NO - No significant technology development in place

[H Oward (2005)] Pacific Northwest National Laboratory

U.S. Department of Energy 18
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Advanced technical challenges...

P> Sensing: what to measure and how to measure

»> Data interrogation, communication and
Integration

» Predictive models (e.g. damage evolution)

B> System integration and deployment on real-world
hardware

» Quantification of uncertainty — (ill-posed
problems)

B> Integration of prognostics into plant operation
and O&M approach

Pacific Northwest National Laboratory

Batielle U.S. Department of Energy 19





rognostics - Technical Challenges

Need: Detect, monitor, and characterize degradation severity to drive
a cost effective proactive O&M AND PREDICT REMAIN
USEFUL/ECONOMIC PLAN LIFE/OPERATION.

» Smart components and structures What everyone
» Self-diagnostic systems

» Embedded Micro-Electromechanical
Systems (MEMS) (and other) health
monitoring sensors

» Wireless communication

» Distributed data processing and
control networks

» Prognostics implementation

_ “Tricorder”
» Advanced NDE teChnOIOgleS Prognostic technologies being

» Proactive operations and used in other industries & ready to deploy
maintenance program

Batelle U.S. Department of Energy 20
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Conclusions

Many researchers working on Structural Health Monitoring / condition-based
maintenance and prognostics

In most cases Structural Health Monitoring and Prognostics have not
transitioned from research to engineering practice

Few are bring ALL the requisite technologies together and then advancing
these in a synergistic manner

On-line monitoring and advanced diagnostics has the potential:
reduction in mandated surveillances,

more accurate cost-benefit analysis,

“Just-in-time” maintenance,

pre-staging of maintenance tasks,

moving towards true “operation without failures”

USA 104 legacy systems: deployment of on-line monitoring and diagnostics
has potential for savings at over $1B per year when applied to all key
equipment (to 60 years)

Prognostics is a “Grand Challenge” for the engineering community to address
In the 21st century — that is VITAL for optimization of operation of next
generation energy and process plant systems

Pacific Northwest National Laboratory
U.S. Department of Energy 21
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On-Line Monitoring System
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On-Line Monitoring Systems

= On-line monitoring is an automated method of
monitoring instrument performance and equipment
condition while the plant is operating.

= Monitoring assessments can be performed in real-
time and are based on process models receiving
Input from the plant computer (database, historian),
without user intervention.

* The instrument channels are not disturbed by the
monitoring process.

* Process models can be empirically derived or based
on physical laws and equations.

Instrumentation & Control Center (2008) /






On-Line Monitoring Systems

= On-Line monitoring can be applied to instrument
channels, equipment, or systems.

= Furthermore, it can be used to calculate estimates of
measured process variables or to calculate plant
performance indications.

= Degrading conditions are identified through an
Increasing or decreasing trend in a performance
Indication or in the residual difference between a
measured variable and its estimations.

Instrumentation & Control Center (2008) /






On-Line Monitoring Flow Diagrams
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data & parameters
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data
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Instrumentation & Control Center (2008)
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Typical OLM System Output
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Simulated Anomalies

Residuals for Simulated Anomalies
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Event Notification

Event Indicator
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Requirements for Accurate & Reliable Early Warning

= Successful OLM models will provide early warning of impending
failure or warning of sufficient degradation. Several requirements
must be met in order for these capabilities to be available:

— Differentiability — The various failure modes or degradation
mechanisms for a component or piece of equipment must be
differentiable from one another so that the diagnosis is accurate
and unambiguous.

— Anomalous — Indications of the condition must be identifiable by
an OLM model.

— Repeatability — All occurrences of a given degradation
mechanism or failure must consistently produce the same
precursor indications.

— Timely — Indications must occur and be properly identified with
enough lead time to provide some advantage (e.g. event
avoidance).

Instrumentation & Control Center (2008) /






Establishing a Failure Signature
Database

EVALUATE
» Failure Modes & Degradation Modes

— consider probability of modes based on history or manufacturers
data

— consider effect of failure with respect to personnel safety, loss of
production, maintenance and related costs

DEFINE

= Potential indicators of these modes (with respect to information
contained in or produced by an OLM system)

— consider the requirements for accurate identification (DART)
— consider input from various modeling tools deployed

— construct interpretation logic to combine resultant information
from multiple monitoring tools and other information streams to
present a concise diagnosis (in some cases, prognosis)

Instrumentation & Control Center (2008) /






OLM and Traditional PM

= As equipment ages, the probability of failure will
Increase.

= Historically successful PM intervals may no longer

be as effective beyond the 60y mark
= Augmenting an overall O&M strategy with an OLM

system may allow a greater use of condition-based

maintenance schedules

— The potential for excessive costs from too frequent
maintenance is reduced

— The potential for missed maintenance is reduced due to

real-time health assessments

Instrumentation & Control Center (2008)
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Incorporating Wireless Sensors

* The addition of new data streams into empirical
models is a relatively simple process

= Rapid advances in the development of wireless
sensors and related technology present new cost-
effective solutions to improving monitoring coverage

= Wireless vibration sensors have the potential to
Improve OLM system diagnostics and reduce (or
eliminate) the efforts required to perform routine
(manual) vibration monitoring

Instrumentation & Control Center (2008) /






Common Wireless Sensor Configurations

Temperature, Pressure

Wireless Sensor

(battery)

Vibration

Wireless Sensor

(battery)

Instrumentation & Control Center (2008)
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Common Wireless Sensor Configurations

Temperature, Pressure,

Vibration
Sensor
May require additional data
DAQ Hardware & processing if battery powered
Wireless Radio \\
\
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DAY S Server
Independent | | Interface
Database / Driver [ Plant Historian
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On-Line Monitoring Across a Fleet
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Conclusions

» The deployment of OLM systems with the necessary diagnhostic
capabilities may assist in the safe and economical operation of
NPPs beyond 60years.

— Early warning potential (of failure or degradation)
— Condition based maintenance schedules

— Knowledge capture and retention (through failure signatures and
diagnostic rules)

» Taking advantage of wireless sensors and related hardware can
Improve the coverage of monitoring systems and provide
additional diagnostic benefits

— Real-time (cost-effective) vibration monitoring for critical
equipment
— More comprehensive diagnostics

Instrumentation & Control Center (2008) /
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On-Line Monitoring Systems

= On-line monitoring is an automated method of

monitoring instrument performance and equipment

condition while the plant is operating.

= Monitoring assessments can be performed in real-

time and are based on process models receiving

Input from the plant computer (database, historian),

without user intervention.

* The instrument channels are not disturbed by the
monitoring process.

* Process models can be empirically derived or based

on physical laws and equations.

Instrumentation & Control Center (2008)
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On-Line Monitoring Systems

= On-Line monitoring can be applied to instrument
channels, equipment, or systems.

= Furthermore, it can be used to calculate estimates of
measured process variables or to calculate plant
performance indications.

» Degrading conditions are identified through an
Increasing or decreasing trend in a performance
Indication or in the residual difference between a
measured variable and its estimations.

Instrumentation & Control Center (2008) /






On-Line Monitoring Flow Diagrams

Plant/Component

Training
data

= Empirical

System,
equipment,
or process

h 4

Acquire data

v

data & parameters

= Physical

System,
equipment, Acquire data

b

Model development

Residual Calculation
(IMeasurament —Estimation|)

Learn model
Training &
Verification
Monitoring
On-line Model

Fault detection

No

Or process

Instrumentation & Control Center (2008)

h 4

Aler g

i

Fault?

Yes






Typical OLM System Output
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Simulated Anomalies

Residuals for Simulated Anomalies
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Event Notification
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Requirements for Accurate & Reliable Early Warning

= Successful OLM models will provide early warning of impending
failure or warning of sufficient degradation. Several requirements
must be met in order for these capabilities to be available:

— Differentiability — The various failure modes or degradation
mechanisms for a component or piece of equipment must be
differentiable from one another so that the diagnosis is accurate
and unambiguous.

— Anomalous — Indications of the condition must be identifiable by
an OLM model.

— Repeatability — All occurrences of a given degradation
mechanism or failure must consistently produce the same
precursor indications.

— Timely — Indications must occur and be properly identified with
enough lead time to provide some advantage (e.g. event
avoidance).

Instrumentation & Control Center (2008) /






Establishing a Failure Signature
Database

EVALUATE
» Failure Modes & Degradation Modes

— consider probability of modes based on history or manufacturers
data

— consider effect of failure with respect to personnel safety, loss of
production, maintenance and related costs

DEFINE

= Potential indicators of these modes (with respect to information
contained in or produced by an OLM system)

— consider the requirements for accurate identification (DART)
— consider input from various modeling tools deployed

— construct interpretation logic to combine resultant information
from multiple monitoring tools and other information streams to
present a concise diagnosis (in some cases, prognosis)

Instrumentation & Control Center (2008) /






OLM and Traditional PM

= As equipment ages, the probability of failure will
Increase.

= Historically successful PM intervals may no longer
be as effective beyond the 60y mark

= Augmenting an overall O&M strategy with an OLM
system may allow a greater use of condition-based
maintenance schedules

— The potential for excessive costs from too frequent
maintenance is reduced

— The potential for missed maintenance is reduced due to
real-time health assessments

Instrumentation & Control Center (2008) /






Incorporating Wireless Sensors

* The addition of new data streams into empirical
models is arelatively simple process

= Rapid advances in the development of wireless
sensors and related technology present new cost-
effective solutions to improving monitoring coverage

= Wireless vibration sensors have the potential to
Improve OLM system diagnostics and reduce (or
eliminate) the efforts required to perform routine
(manual) vibration monitoring

Instrumentation & Control Center (2008) /






Common Wireless Sensor Configurations
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Common Wireless Sensor Configurations

Temperature, Pressure,

Vibration

Sensor

DAQ Hardware &
Wireless Radio

(battery or AC power)

Instrumentation & Control Center (2008)
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On-Line Monitoring Across a Fleet

— Coal —
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Generating
Fleet
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Conclusions

» The deployment of OLM systems with the necessary diagnostic
capabilities may assist in the safe and economical operation of
NPPs beyond 60years.

— Early warning potential (of failure or degradation)
— Condition based maintenance schedules

— Knowledge capture and retention (through failure signatures and
diagnostic rules)

» Taking advantage of wireless sensors and related hardware can
Improve the coverage of monitoring systems and provide
additional diagnostic benefits

— Real-time (cost-effective) vibration monitoring for critical
equipment
— More comprehensive diagnostics

Instrumentation & Control Center (2008) /
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Coated Surfaces in Power Plants

» Affected Components
— Reactor containment
— Above ground pipe and vessels
— Buried pipes, and tanks

» Coatings fail primarily due to chemistry with the
environment

— Coatings absorb gases or liguids at varying rates
— Eventually disbonds
— Leads to formation corrosion cells

What are long term effects of radiation?

© 2008 Electric Power Research Institute, Inc. All rights reserved. 2
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. Evaluation of Coating Failures and the
Potential Influence of Aging

* The nuclear industry has experienced instances of
degradation of the protective coating systems applied
Inside reactor containment (Service Level 1 coatings).

* In response, EPRI is conducting research to:
— Gain an understanding of the coating degradation and

— Evaluate the effects of aging on the qualified coatings
used inside containment

e Future R&D should concentrate on longer term

Cl:'a] ELECTRIC POWER
A
RESEARCH IMSTITUTE





I Coated Surfaces in Power Plants

 Coating life is difficult to predict.
* [t depends on
— Environment
— Coating type
— Coating thickness
— Base material
* Need improved testing
and prediction models

=PI | wesehncy wsnrore

© 2008 Electric Power Research Institute, Inc. All rights reserved. 4





Service Level | Coatings, Before and After

:':El ELECTRIC POWER
A
RESEARCH IMSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 5





I Possible Life Beyond 60 Coating Project

* Project phases:

— Task 1: Coatings
Degradation Utility Survey

— Task 2: Coatings
Degradation Research

— Task 3: Containment
Coatings Adhesion
Testing

— Task 4: Coatings Aging
Research
— Task 5: Long-term

Performance Integrity of
Coatings

:PEI ELECTRIC POWER
RESEARCH IMSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 6





I Example:
Task 4: Coatings Aging Research

« Long term research project

» Coating systems used in the fleet will be subjected to:
— thermal oxidation aging tests
— radio oxidation aging tests

* Purpose is to evaluate the affects, if any, on coating
service life as aresult of the normal operating
environments to which the coatings are exposed.

© 2008 Electric Power Research Institute, Inc. All rights reserved. 7
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I British Energy — Sizewell B:
High Density Polyethylene Piping

P2 | kesearch mstrure

© 2008 Electric Power Research Institute, Inc. All rights reserved. 8





. Summary
80 Year Coating Attributes

o Last for 80 years
— Corollary: Use materials not requiring coating
« Easy to apply perfectly
— A majority of degradation related to application
— Surface preparation results in loose particles

« Self regulating cathodic protection system that
supplements coatings as degradation increases

» Accelerated tests are accurate

 Self monitoring
— Monitor thickness, adhesion, and coating ‘gaps’
— Application for nano-technology?

Cl:'a] ELECTRIC POWER
A
RESEARCH IMSTITUTE
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License Renewal

o Granted in 2004, solidified corporate
support for “life” to 2033 and beyond.
— Economics
— Reliable Operation
— Efficiency
— Extended Power Uprate (EPU) of 17%

Omaha Public Power District
Fort Calhoun Station





2005 Outage

e Condenser Replacement
— Chronic tube/tube sheet leakage
— Chloride pitting 7% of one bundle
— Under sized for current power, now EPU
— Overall health of RSG
— Titanium tubes

e Moisture Separator Refurbishment
— Efficiency
— Reduce moisture

Omaha Public Power District
Fort Calhoun Station





2006 Outage

* Nuclear Steam Supply System
Refurbishment Project (NSSSRP)
— Steam Generators
— Pressurizer
— Reactor Vessel Head
— Rapid Refueling Package
(aka - Integrated Head Assembly)

Omaha Public Power District
Fort Calhoun Station





Steam Generators

« Among longest service alloy 600 mill annealed
— IGSCC, dents at carbon steel supports, inspection cost

 Improvements
— Integral forged piping nozzles and forged shells
— Alloy 690 thermally treated tubing
— Feedring and loose parts trap
— Inspection port access
— Supports — wear & corrosion
» Anti-vibration bars
* Broached hole
« Stainless steel
— Tube expansion techniques — reduced stresses
— Blowdown
— Sized for EPU

Omaha Public Power District
Fort Calhoun Station





Pressurizer

 One leak at temperature nozzle. 72 heater nozzles.
— Predict failure in plant life
— Concern of leak at start-up
— Containment opening available

 |Improvements
— Integral forged piping nozzles and forged shells
— Stainless steel heater sleeves
— 36 heaters
— Alloy 52/152 weld material
— Increased size — EPU operational benefit
— TE for thermal transient monitoring
— Insulation access for inspection

Omaha Public Power District
Fort Calhoun Station





Reactor Vessel Head

 Replacement
— High inspection costs
— Predict failure during plant life
— Containment opening available

* |Improvements
— Mono-block forging
— Eliminate extra nozzles
— Alloy 690/52/152 materials
— Minimize J-groove stresses

Omaha Public Power District
Fort Calhoun Station





Rapid Refueling Package

 Replacement
— CEDM upper housing leaks — PWSCC on spare housings
— Outage time constraints, space available and predicted dose
e [mprovement
— CEDM upper housing design for stress and weld reduction
— Improved cooling with focus on housings and EEQ
— Minimize outage time

Reactor Coolant Pumps/Motors — Not part of NSSSRP
* Rotating through pumps and motors for rebuild

Omaha Public Power District
Fort Calhoun Station





2006 Outage

 Low Pressure Turbine Rotors
— Indications of SCC in disk
— Benefit of efficiency
— Size for EPU

 Generator Hydrogen Coolers

— Copper — Impact on RSG
— Size for EPU

e Main Transformer
— Degradation of Insulation

Omaha Public Power District
Fort Calhoun Station





Planned Projects

 Extended Power Uprate
— High Pressure Turbine
» Efficiency
— Generator Rewind

* Rerate
« Time and temperature on insulation

— Feedwater Heaters - possible
* Pressure and flow

e Transformers
— Spare house and auxiliary

Omaha Public Power District
Fort Calhoun Station
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Integrity of Buried Piping Problems

Microbiological Influenced Corrosion Tuberculation

Pitting

:PEI ELECTRIC POWER
S
RESEARCH INSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 2





l Integrity of Buried Piping
Problem Statement

« Degradation of raw water piping is affecting plant reliability
and increasing O&M costs

 Problem is particularly acute for buried piping lines
iIncluding under buildings and equipment

 Three main components to the issue:

1. Assessing the health of existing piping and determining
remaining service life
2. Developing methods to repair buried piping in-situ

3. Selection and qualification of better materials and service
environments (e.g., HDPE, water treatment, cathodic
protection, etc)

CPE] ELECTRIC POWER
=
RESEARCH INSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 3





Assessment of the Condition of Buried Pipe

* Physical Access to Exterior of Pipe

— Where to inspect, how to excavate, how to inspect,
and how to properly backfill and cover

* Guided Wave Inspection Technology

— Signal impressed on pipe; reflected wave provides
Indication of flaws and wall thickness

— May be able to inspect a few hundred feet of length
— Current reality is tens of feet are assessable

— Many factors need further understanding to address
problems with attenuation and noise

© 2008 Electric Power Research Institute, Inc. All rights reserved. 4
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I Interior Inspection Techniques

If guided wave inspection
identified a problem, in- Remote Field ET Pipe Inspection Tool

pipe inspection would be
used to further quantify the
problem.

Instrumented Vehicle
Detection of

*External corrosion
*|nternal corrosion
Assessment through
*Mud

*Coatings

*Cement or plastic liners

Exciter

R Detector

Motorized wheels

CPEI ELECTRIC POWER
S
RESEARCH INSTITUTE
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Repair/Replacement Options

* Repair Types

— Liners that provide a corrosion barrier (old pipe is
pressure boundary) (already in-service)

— Liners that are strong enough to be the pressure
boundary (Yet to be accepted for service)

— Exterior joint repairs strong enough to be the pressure
boundary (Yet to be accepted for service)

* Replacement in Kind (concrete or carbon steel)

— Essentially gives the same expected life as replaced
pipe (20 to 40 years)

* Replacement with High Density Polyethylene or exotic
metals (6% moly SS or titanium): Promise of very long life

esearch Institute, Inc. All rights reserved. 6
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Research Activities for Buried Piping

 Technology for Condition Assessment of Buried Piping

— Technology to inspect large-diameter piping with high
resolution (36” < D < 12)

— Technology to inspect intermediate diameter piping
(12" <D < 367)

— Technology to inspect medium-diameter piping without
draining the pipe

e Qualification of High-Density Polyethylene for ASME
Class 3 Piping

— Testing to determine engineering and materials properties
needed for general plant design

— Support of Code Case N-755 through regulatory review

CPE] ELECTRIC POWER
=
RESEARCH INSTITUTE
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I Research Activities for Buried Piping
(continued)
I
* Repair of Buried ASME Class 3 Piping In-Situ

— Testing to determine engineering properties of cured in-place
piping (CIPP) needed for general plant design

— Support of Code Case N-589-3 (use of CIPP for ASME Class 3
piping) through ASME and regulatory review

— Qualification of other types of non-metallic repairs (e.g., sprayed
resins, wraps, etc) for partial restoration of degraded pipe

e Degradation of Concrete Pipe

— Identification of degradation mechanisms and projects to resolve
the iIssues — each type of concrete pipe had different failure
mechanisms with different assessment needs and cures

e Optimization of Service Environments
— Optimization of cathodic protection

CPE] ELECTRIC POWER
=
RESEARCH INSTITUTE

© 2008 Electric Power Research Institute, Inc. All rights reserved. 8





I Research Activities for Buried Piping
(continued)

 Exterior Inspection of Piping - Overall research on how to
Implement inspections

 Improvement of Guided Wave Inspection Technigues

— Full understanding of causes of attenuation and means
of improvement of signal to allow longer pipe lengths to
be inspected

 Evaluation of need for coatings/linings and wrapping on
exotic metals to assure the availability of alternate
technology to HDPE

CPE] ELECTRIC POWER
=
RESEARCH INSTITUTE
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Questions?

ELECTRIC POWER
RESEARCH INSTITUTE

=Pl
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Outline

« State of low-voltage cable aging management
o State of medium-voltage cable aging management
e Research needed to attain 80 year cable system life

CPEI ELECTRIC POWER
S
RESEARCH INSTITUTE
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I State of Low-Voltage (<600 V) Cable Aging
Management

» Aging of currently used insulations* and jackets*is well
understood and documented (thanks to NEPO, NRC, and
Industry research)

* In-plant and laboratory mechanical/chemical assessment
techniques are available with aging data under multiple
aging regimens

* New electrical test (LIRA) allows assessment of cables
from terminations. Hot spot damage can now be
identified via an electrical test well before
thermal/radiation damage becomes a concern

* Cross-linked Polyethylene; Ethylene Propylene Rubber

* Neoprene; Hypalon; Chlorinated Polyethylene

© 2008 Electric Power Research Institute, Inc. All rights reserved. 3
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State of Low-Voltage Cable Aging Management

» Most of the concern relates to localized aging from
localized adverse conditions (e.g., heat from adjacent
pipes and valves)

* An 80 year exposure will broaden the number of cables
that will require replacement from long-term thermal
exposure

* Long-term wet exposure of low-voltage cable may
become significant (not necessarily a large population)

© 2008 Electric Power Research Institute, Inc. All rights reserved. 4
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I Interactions that Could Affect Cable
Replacement

e Replacement of the control/instrument signaling system
with fiber optics could significantly reduce the number of
Instrument and control cables in service

e Significant plant modifications requiring new cables may
occur (i.e., old cables may not be compatible with new
systems)

© 2008 Electric Power Research Institute, Inc. All rights reserved. 5
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I Logistical Problems if Large Numbers of Low-
Voltage Cables Have to Be Replaced

 Many plants have full trays and conduits

e Cables in control and instrument trays and conduits wrap
around each other

 Removing tens of cables from trays with 100 or more
cables may not be possible

« Just layering more cables on top could exceed seismic
loadings limits and will significantly increase the fire load

e Alternate tray routings or replacement of “unaged” cables
with the aged cables may be necessary

© 2008 Electric Power Research Institute, Inc. All rights reserved. 6
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I State of Medium-Voltage (4 to 13 kV) Cable
Aging Management

MV cables are known to slowly age by water treeing or
water-related degradation in wet environments

 Ethylene propylene rubber cables (dominant type) age
more slowly than crosslinked polyethylene cables

» Cables subject to long-term (decades of wetting) tend to
fail whether wet in small area (feet) or entire length

» Water-treeing/water damage causes voltage stress to be
concentrated in area of good remaining insulation, which
eventually breaks down from overstress

© 2008 Electric Power Research Institute, Inc. All rights reserved. 7
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MV Cable Condition Assessment

* Methods to identify damage currently depend on
disconnection of cable and subjecting the cable to higher
than normal operating voltage

* Methods include: tan delta; partial discharge; and high-
potential testing

» Acceptance criteria is limited:

— Tan delta — only for XLPE (EPRI is developing
acceptance criteria for EPR)

— Partial discharge — requires expert interpretation

— Hi-pot — requires extended application to assure that
weak spots are eliminated

esearch Institute, Inc. All rights reserved. 8
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MV Cable Condition Assessment

* Electrical tests can only be performed if cable is shielded
(17 plants report some unshielded cables)

* For PD tests to be possible, shields must not be
significantly corroded (long-term wetting tends to corrode
copper tape shields)

* Electrical testing requires disconnection of connected
loads (not necessarily a simple past-time)

© 2008 Electric Power Research Institute, Inc. All rights reserved. 9
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Replacement Medium Voltage Cables

» Selection of replacement cable types could be different if
plants know they will desire an 80 year life

« Commonly available replacement cable types are highly
likely to make 60 year life mark even in wet environments,
but may not make an 80 year plant life

« Consideration should be given to installation of water-
Impervious designs with water-proof continuous shields
that keep water out of the insulation

* Replacement of MV cables inside the plant may be
difficult due to limited spacing between trays and stiffness
of cables (Original cables were installed before other
equipment was In place)

© 2008 Electric Power Research Institute, Inc. All rights reserved. 10
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Low-Voltage Cable Research

* Research related to logistics of possible replacements
and effects could be useful.

o Effects of replacing 1&C backbone with fiber optics could
be studied. If a positive effect (e.qg., fiber optic system
replaces a large portion of aging | & C cable), further
justification for fiber optic would be available.

e Research on aging effects of very long-term wetting of LV
cable could be useful.

o If new low smoke, zero halogen insulations and jackets
are installed, research on aging of these materials will be
needed (likely in conjunction with new plants).

© 2008 Electric Power Research Institute, Inc. All rights reserved. 11
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Medium Voltage Cable Research

* Development of a test that could assess condition of cables
without use of high voltages and disconnection of loads would be
useful

— Line Resonance Analysis (LIRA) may be able to do this

— Simulated failure conditions would have to be assessed as
well as deteriorated cables removed from the field

« Continued research into the development of acceptance criteria
for existing electrical tests is needed for existing and newer cable
Insulations

* Development of one or more aging models for wet EPR insulation
would be useful in projecting remaining life (Not a simple effort)

e Developing a means for assessing non-shielded cables is
desirable (Replacement cables are likely to be non-shielded as
well)

CPE] ELECTRIC POWER
=
RESEARCH INSTITUTE
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Purpose of LTP and LTAM Exelon.

Nuclear
* Ensure Comprehensive ldentification of Issues Requiring

Incremental Investment.
Short Term (0 to 5 Years)
Long Term (6 Years to End-of-Plant Life, i.e., 60 years)

o Ensure that Asset will perform intended function for life of the
plant or Identify needed projects throughout the remaining life
of the plant.

« Ensure Optimal Project Selection Over a 10-year Rolling
Period (i.e. Project Management 10-year plan)





Key Attributes of LTP/LTAM Exelon.

_ _ Nuclear
e Engineering Inputs/Sources:

Plant System Long Term Plans
OPEX
EPRI (and Other Industry/Vender Information)

 Integration of Both Site and Corporate Inputs.
« Maintaining A Living Pipeline for Project Planning, For the Life of
the Plant (Projects > $500K 5 year out and >$1000K to 60 years)

and For Project Management 10-Year Plan.

o Utilization of a Central Information Repository
(Portfolio Director Database)





LTP and LTAM Process Flow Exelon.

Industry Information

*EPRI Life Cycle and
Aging Management
Guides

*Obsolete Item
Replacement (POMs)

*WOG Aging
Assessment Field
Guide

*INPO EPIX
eInternal OPEX
*Other

Nuclear

Project Approval and Prioritization

*PRC Threat Recommendation
Package

«Site and Corporate PRC Review and [
Approval (Corporate for multi-site
projects)

«Site and Corporate Checkbooks

Y *Exelon Nuclear Business Plan

Corporate Strategies & Deliverables

Feedback:

«Site Obsolescence Concerns
*PCM Template Improvements
L TAM Improvements
*Business Plan input
*Checkbook Input

sLong Term Asset Management Strategies
*PCM Templates

System Long Term Planning

*System Long Term Improvement
» Plan (0-5 years & 6 years to End-of
Plant Life)

A
Site Specific Long Term Issue Prioritization
*Site MCIP Matrix

+Site PHC Review and Approval : :
«Site Business Plans

«Site “Top-10 Issues™ Lists «Site Checkbooks

«Site PRC Review and Approval






Long Term Asset Management Strategies Exelon.

Nuclear

e Qverall Purpose: A Strategic Evaluation Performed
Yearly, by Corporate Subject Matter Experts (SMES)
to Identify Degradation or Aging Mechanisms.

— ldentify Actions to Maintain or Upgrade Significant Assets
to Maximize Equipment Reliability, Plant Availability &
Cost Optimization.

— Be An Input to Fleetwide or Site Plans to Monitor,
Mitigate or Correct Identified Vulnerabilities






LTAM Strategies (cont’d) Exelon.

Nuclear

« Evaluation Performed Yearly, typically in 15t Quarter.

— Results reviewed by key stakeholders.

 LTAM Strategies Apply to Significant Plant Assets

— Steam Generators, Large Motors, Large Pumps, Main
Condensers, Large Transformers, etc.

» Currently Have Twenty-Seven (27) LTAM Strategies.





LTAM Format and Content Exelon.

Nuclear

e Scope Statement
— Identifies applicable site
— References PCM Templates

— Clearly states that asset is good for life of plant or optimal
replacement time

e Failure Mechanisms

— Includes Aging and Obsolescence

e Mitigation Strategies

— Provides Basis for 60-Year Life
e Issue Summary
— Risk Mitigation

— Long Term Recommendation .





2007 LTAM Strategies

Exelon.

« Buried Pipe .
« BWR Reactor Internals

e Containment Liners *
* Cooling Towers *
 EHC Hydraulics ¢

» Emergency Diesel Generators (Engine)

« Emergency Diesel Generators
(Generator/EXxciter)

 Feedwater Heaters
» Heat Exchangers

e Instrumentation & Controls *
o Large Cranes *
e Large Motors *

e Large Pumps

Nuclear

Large Transformers (Main, Aux,
SU)

Main Condensers
Main Generators

Main Generator (Exciters and
VRs)

Main Turbine Rotors & Casings
Major Structures

NSSS Piping

PWR Inconel

Raw Water Systems

Reactor Recirc.MG Sets
Refueling Equipment

Spent Fuel Storage

Steam Generators

Torus & Suppression Pools





L TAM Strategy Process

Exelon.

LTAM Scope Determination/Confirmation
(December/January)

«<

L,

Assign/Verify SMEs (January)

Assemble Existing/New Industry and
Manufacturer data (January/February)

Develop/Modify Fleet LTAM Strategy
(February/March)

(June/July)

L Develop/Modify site specific Long Term Plans

Develop/Modify Fleet LTAM Schedule,
> Budget and Cash Flow Tables

(July-October)

> site projects at PHC/PRC

Review & Approve new/changed

(continuous)






LTAM Strategy Results Exelon.
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Engineering
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Engineering

Corporate Design

Corporate Plant
Engineering News

Corporate Programs * Please welcome Rich Ciemiewicz to Corporate Engineering
» Line Management Observation {LMO) Opportunities

Related Topics * Please welcome summer intern Benjamin Young

Asset Management ¢ Please welcome summer interns Darrin McMew and Jason Ballengee

¢ Cantera All Hands Meeting Presentation Awvailable
Component Programs

Equipment Reliahility

Fleet Wide Equipment Engineering Links
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Engineering Long Term Planning (LTP)  Exelyn.

Nuclear

e Source: Internal and External OPEX

o System Managers Prepare/Update System Health
Overview Report (SHOR)

e Long Term Plans Identify Problems or Improvements
for Plant Systems (and Major Components Within
Those Systems).

 SHOR Includes a Long Term Improvement Plan
Section.

— Short-Term: 0 to 5 Year Period
— Long-Term: 6 Years to End-Of-Plant Life Period

11





Engineering LTP (cont’d) Exelon.

Nuclear

Long Term Plans are Maintained in the SHIP Database
(eSHIP) Accessible From the Exelon Nuclear
Equipment Reliability Website.

Identified Long Term Plan Issues are Presented to Site
Plant Health Committee and Project Review
Committee for Review and Approval

— Issues Maintained in Portfolio Director Database

12





LTP & LTAM Issue Prioritization Exelon.

Nuclear

 LTAM Strategy Items and Long Term Plan Issues
Are Integrated and Prioritized to Identify Those
Items That Need Action Over the Life of the Plant

 Prioritization is Accomplished Through:
— PHC Plant Health Issue Priority Ranking Score
— Project Prioritization Ranking Score
— LTAM Consequence of Failure Rating
— LTAM Probability of Failure Rating

13





P/LTAM interface w/ Business Plan  Exel®n.

1 @ Nuclear
rtfolio Direc
Software

10 Year
Capital Plan

PHC/PRC

s =
. Z
. Z
@ o
STRATEGIC B 7
MCIP |
«Controlled by Corp Sr. Mgmt *Site Prioritization

«Controlled by Site VP
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Benefits of Good Long Term Planning  Exel®n.

 |dentifies and Solves Problems In a Significant Period Nuclear

Before They Impact Plant Operation.

— Minimizes Emergent/Crisis Projects by Executing Steps Before the
Plant Is Impacted.

— Provides Time for Alternate Approaches or Contingency Actions,
When Necessary.

e Optimizes the Use of Site & Corporate Resources (Internal
and External).

o Optimizes Outage Durations

o Supports Meeting Budget and Generating Commitments to
the Corporation

e QOverall, Improves Equipment Reliability.
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