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Thermal Analysis

~ What are the realistic temperatures that
cladding experiences during drying and
extended storage?
Hoop Stresses
= Whatis the range and distribution of end of
life rod internal pressures, accounting for
HE and pellet swelling/bonding, and clad

thicknesses and diameters?
W Ring Compression Tests
— Identify the ductile to brittle transition
temperatures for cladding under realistic
temperatures and hoop stress
® Cyclic I Bendit
Fatigue Test (CIRFT)
~ Identify the role
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® Better understand canister
degradation, Support Aging
Management Plans, and license
extensions.

‘M Residual stress measurements
on full-scale (diameter) mock-up )
T —, B Obtain site data to assess
atmospheric conditions an
Wwith initiating conditions
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® Due to large stresses present in weld, material wil

cut for traditional DHD — as a result, incremental DHD
are made

2zsof N
; 'l||=='|
I

® DHD near surface, iDHD
in bulk
B Hoop stress strong

& 3.1.7 [BIE 7 A #7282l B TR aR E
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& 3.1.8 SCC &A= 11yiate
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fiZe(incubation)ikfi] - HEIRE B2 IR IE AR © — ELfLEhsRAa1% - fLehptded R (pit
growth) » A= R L EEHIRET - Bl & B ERERIET IS AR L — BALeuZ A R pll Ry
4 (crack) - TEEE —EARL - SLE MR - FENRAVERAT RN (RIZACEREIR
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Pitting and SCC crack initiation

B Corrosion starts (pits form) once the RH, is exceeded.

W Pits grow over time, but for any given set of environmental conditions (T,

RH, salt load), pit depths reach a limiting value.

B Maximum pit depth model (Chen and Kelly 2010) can be used to calculate
the maximum possible pit depth over time as a function of environmental
parameters (temperature, RH, and deposited salt density).

B Pits generate aggressive chemistry and act as local stress focusers. Scc
initiate from corrosion pits on the metal surface.

ck transition can be estimated using the “Kondo criterion”
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3D view of Surveillance Specimen Desig
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Fs o
Penn State Robotic Tech. Other Robotic
of TN Suppliers

Eddy
Current

8 EPRI QA
NGRS Guided
Waves

Sandia
Mockup

Acoustic
Emission

Mockups Development

Industry/Future

Mockups Collaboration

[ Utilities (APS, PSEG, J [Wn dors] [National] [ ESCP NDE ] [UniversiﬁesJ
PG&E, SCE, etc.) Labs Subcommittee
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3.2.7 1Rl

-
Origins: Why we need

* The service life of canister is
planned to be extended to
120 years.

* Itis hard and costly to
perform 100% NDTs on the
welds of every canister.

* Some examination method is _
needed to make sure that

each canister in service does
not need any fug gst or
corrective ack

INER-HPS Dry Storage System
v

[&3.2.8 AFTiEE{ SRR
£ Hitachi Zosen 1y Masanori Goto 5= fij# i BH: R $7 1% - 518 B G 2
RAGHERNIVEEIES) - HNEEEFZENEe/AEH =L - 7Rl RiRE
77~ EEahnvERE M EROR - 4018 3.2.9 AR o WIFIHBRERE )7L - it E R HE
BRI AR B E ) - 40lEl 3.2.10 Fw(H https:/iwww.inmm.org/ NE#) < Hjt
7 B S R AR BRS  [FURAVTE R TRIE 18 R BAE T - Dbk TR R IE I

ZNTN

AR H A —BE R AR R E I Re S AR - AU R RS E S
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Residual stress (MPa)
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800
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400
200

-200
-400
-600
-800

Susceptible Corrosive
Material Environment

SCC

Tensile stress

[E3.2.9 FEAFEEET G =52

\ -+ Grindig
-+ Grinding+Buffing
\ - Grinding+Buffing+Zirconia peening
\ P nl—
// -
K e
7
7
\/‘/ (SUS304L)
0 02 04 0.6 0.8 1 1.2
Depth from surface(mm) H [ t 4
Hitachi Zosen

[&3.2.10 PREERSFEREEH E I E b
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AGENDA

2016 Used Fuel - High Level Waste
Extended Storage Collaboration Program

EPRI Charlotte Office, 1200 West WT Harris Blvd
Building 3, Conference Room 741_A-F
Charlotte, North Carolina 28262

November 29-December 1, 2016

DA DA O BER 29, 2016
TIME TOPIC PRESENTER
7:30 am. Breakfast/Registration
8:00 a.m. Welcome and Review of Agenda Hatice Akkurt (EPRI)
8:15a.m. DOE Activities on Extended Storage Ned Larson (DOE)/ Ken
Sorenson (SNL)
8:45 am. NRC Activity Update Mark Lombard (NRC)
9:15a.m. Managing Aging Processes in Storage (MAPS) Report | John Wise (NRC)
9:35 a.m. Railcar Development for a Commercial Spent Fuel Joe Carter (SRS)
Transportation System
10:00 a.m. Break
10:30 a.m. Overview of EPRI Activities on CISCC Shannon Chu (EPRI)
10:50 a.m. Residual Stress Final Results and CISCC Model Charles Bryan (SNL)
Development
11:15 am. SCC Growth Evaluation for Canister Flaw Disposition | Bob Sindelar (SRNL)
11:40 am. CISCC Susceptibility Assessment for Southern Gabriel Grant (Southern)
Nuclear ISFSIs
12:00 p.m. Lunch
1:00 p.m. Perspective on Ductile-to-Brittle Transition Albert Machiels (EPRI)
Temperature Testing
1:30 p.m. Effects of Hydrogen Content and Drying-Storage Mike Billone (ANL)
Hoop Stress on PWR Cladding Ductility
2:00 p.m. PNNL Thermal Modeling Results Brady Hanson (PNL)
2:20 p.m. Sister Rod Test Plan Brady Hanson (PNL)
2:40 p.m. ORNL NDE Progress Update John Scaglione (ORNL)
3:00 p.m. Break
3:30-5:30 pm | Subcommittee Meeting
e CISCC
6:00-7:30 pm | ESCP Reception — Hilton Charlotte University
8629 JM Keynes Drive, Charlotte, North Carolina,
28262, USA

18




EXTENDED STORAGE COLLABORATION PROGRAM

November 29-December 1, 2016 — Charlotte, NC

ESCP CISCC Subcommittee Meetin;

DA DA @) BER 29, 2016

TIME TOPIC PRESENTER

3:30 p.m. | Welcome and Introductions Shannon Chu (EPRI)

3:40 p.m. | CISCC related Activities in Canada Roger Newman (University of

Toronto)

4:00 p.m. | The unique laboratory\field experiments that mimic the | Zhenzhen Yu (Colorado
SCC initiation and growth rate in canister at ISFSlI's School of Mines)
sites

4:20 p.m. | CISCC R&D Roadmap Shannon Chu (EPRI), ALL

4:40 p.m. | Path forward ALL

5:30 p.m. | Adjourn

19




EXTENDED STORAGE COLLABORATION PROGRAM

November 29-December 1, 2016 — Charlotte, NC

DA DA O BER 30, 2016
TIME TOPIC PRESENTER
7:30 a.m. Continental Breakfast
8:00 a.m. CNL NDE and Repair Activities Richard Lakhan (CNL)
8:20 a.m. Multimodal Nondestructive Dry Cask Internals Wayne Prather (Ole Miss)
Evaluation
8:40 a.m. A new approach of dry storage canister inspection Zeev Shayer (Colorado
School of Mines)
9:10 a.m. ASME Code Development Updates Kenn Hunter (Exelon)
9:20 a.m. EPRI NDE Activities on DCSS Inspection Jeremy Renshaw (EPRI)
9:30 a.m. RTT Robotic Delivery System Development Jamie Beard (RTT)
9:40 a.m. GE NDE Development Jim Stadler (GE)
9:50 a.m. McGuire Demo Matt Keene (Duke)
10:00 a.m. Maine Yankee Demo Paul Plante (MY)
10:10 a.m. Break
10:30 a.m. Panel Discussion — NDE SC Path-forward
* Jeremy Renshaw (EPRI)
e Steve Glovsky (RTT)
e Jim Stadler (GE)
* Neil Fales (MY)
* Matt Keene (Duke)
e Kenn Hunter (Exelon)
11:30 a.m. Multi-Nodal Transportation Test Paul McConnell (SNL)
12:00 p.m. Lunch
1:00 p.m. Update on CIRFT Tests Jy-An Wang (ORNL)
1:20 p.m. Update on NEUP drying project Travis Knight (USC)
1:40 p.m. Friction Stir Welding Ben Sutton (EPRI) and
Glenn Grant (PNNL)
2:00 p.m. Panel Discussion — Mitigation/Repair SC Objectives
and Path Forward
e Dana Couch (EPRI)
e Gary Cannel (Fluor)
e Al Csontos (EPRI)
» Mark Joseph (SIA)
e Roy Folley (APS)
e Brady Hanson (PNL)
3:00 p.m. Break
3:30-5:30 pm | Subcommittee Meetings

+ NDE followed with Mitigation/Repair
Subcommittee meeting
e Fuel Assembly Subcommittee

20




EXTENDED STORAGE COLLABORATION PROGRAM

November 29-December 1, 2016 — Charlotte, NC

ESCP Fuel Assembly Subcommittee Meeting

DA D DA O BER 30, 2016
TIME TOPIC PRESENTER
3:30 p.m. | Welcome and Agenda Review Mike Billone (ANL)
3:35 p.m. | Open Discussion Mike Billone (ANL)
3:50 p.m. | Fuel-Cladding Bonding and Potential Consequences to Joe Rashid (Anatech) and
Hydrides Reorientation, Albert Machiels (EPRI)
4:10 p.m. | PNNL Test Plan for Sister Rods Brady Hanson (PNNL)
4:30 p.m. | ORNL Test Plan for Sister Rods John Scaglione (ORNL)
4:50 p.m. | Sister Rod Heat Treatment Furnace Design Rose Montgomery (ORNL)
5:10 pm. ORNL Expansion Wedge Test Methodology Jy-An Wang (ORNL)
5:30 p.m. | Adjourn
ESCP NDE Subcommittee Meeting
DATE: WEDNESDAY, NOVEMBER 30, 2016
TIME TOPIC PRESENTER
3:30 p.m. | Welcome and Introductions Jeremy Renshaw (EPRI)
3:40 p.m. | NDE SC Report and Path Forward ALL
4:00 p.m. | Adjourn NDE SC Meeting
ESCP Mitigation/Repair Subcommittee Meetin
DA D DA ® BER 30, 2016
TIME TOPIC PRESENTER
4:00 p.m. | Welcome and Introductions Dana Couch (EPRI)/Gary
Cannel (Fluor)
4:10 p.m. | Roadmap Development for Mitigation/Repair SC ALL
5:30 p.m. | Adjourn
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EXTENDED STORAGE COLLABORATION PROGRAM

November 29-December 1, 2016 — Charlotte, NC

DA RSDA D BER 016
TIME TOPIC PRESENTER
7:30 a.m. | Continental Breakfast
8:00 a.m. ESCP Subcommittee reports — International Subcommittee | Holger Volzke (BAM)
8:20 a.m. | Update on IAEA CRP Activities Amparo GONZALEZ
ESPARTERO (IAEA)
8:50 a.m. | Fukushima Spent Fuel Defueling Status Takao Shimura, Shinichi
Ishioka (Hitachi-GE)
9:15a.m. | Spent Fuel Storage Status in Korea and KAERI's Research | Woo-seok Choi (KAERI)
and development activities - Part I: Performance evaluation
tests for storage cask
9:40 a.m. | Spent Fuel Storage Status in Korea and KAERI's Research | Donghak Kook (KAERI)
and development activities - Part 2: Spent fuel integrity
evaluation
10:00 a.m. | BREAK
10:30 a.m. | Update on Germany’s Extended Storage Activities Holger Volzke (BAM)
10:50 a.m. | Summary of recent results from the CEA-GNS-CRIEPI Masumi Wataru (CRIEPI)
project on metal seals
11:10 a.m. | Quasi Pressure Test for Canisters in Service Kuei-Jen Cheng (INER)
11:30 a.m. | A concept for the monitoring technique of the dry storage Hsiao-Ming Tung (INER)
canister integrity by surveillance specimens
12:00 p.m. | Lunch
1:00 p.m. | Update on Studsvik activities and plans focused on failed Joakim Karlsson
fuel and dry storage (Studsvik)
1:30 p.m. | Results from the Monitoring of a Spanish Cask Javier Fernandez Lopez
(ENRESA)
1:55 p.m. | CFD modeling of a dry storage cask performance J. Penalva, F. Feria, L.E.
Comparison to available data Herranz (CIEMAT)
2:20 p.m. | The possibility of delayed hydride cracking of used nuclear | Y.S.Kime and Kwangheon
fuels during dry storage Park (KHU)
2:40 p.m. | The calculation of burnup credit for Korean used nuclear H.J.Yun and Kwangheon
fuels in a dry storage system Park (KHU)
3:00 p.m. | BREAK
3:30 p.m. | ESCP Subcommittee reports — Fuel Assembly Michael Billone (ANL)
3:50 p.m. | ESCP Subcommittee reports — CISCC Shannon Chu (EPRI)
4:10 p.m. | ESCP Subcommittee reports — NDE Jeremy Renshaw (EPRI)
4:30 p.m. | ESCP Subcommittee reports — Mitigation/Repair Dana Couch (EPRI)
4:50 p.m. | ESCP and Subcommittee General Discussion Hatice Akkurt (EPRI)
e  Subcommittee Health
e Resolution of data gaps
e Future ESCP Meetings
5:30 p.m. | Adjourn ESCP meeting
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Harold Adkins Battelle Pacific Northwest Laboratories harold.adkins@pnnl.gov
Hatice Akkurt Electric Power Research Institute (EPRI) hakkurt@epri.com
Abdelhalim  |Alsaed Idaho National Laboratory halimalsaed@environuclear.net
Ryoji Asano Hitachi Zosen asano@hitachizosen.co.jp

Bill Babiak FirstEnergy Service Company ibbabiak@firstenergycorp.com
Steven Baker Transware Enterprises, Inc. shaker@twe.com

Jamie Beard Robotic Technologies of Tennessee jbeard@robotictechtn.com
Bruce Bevard Oak Ridge National Laboratory bevardbb@ornl.gov

Michael Billone Argonne National Laboratory billone@anl.gov

Sandra Birk Idaho National Laboratory sandra.birk@inl.gov

Jayant Bondre AREVA, Inc. jayant.bondre@areva.com
Tom Brookmire |Dominion Generation tom.brookmire@dom.com
John Broussard |Dominion Engineering, Inc. jbroussard@domeng.com
Charles Bryan Sandia National Laboratories crbryan@sandia.gov

Gary Cannell Fluor Enterprises, Inc. gary.cannell@fluor.com

Joe Carter Savannah River National Laboratory joe.carter@srs.gov

George Carver NAC International gcarver@nacintl.com

Sacit Cetiner 0Oak Ridge National Laboratory cetinerms@ornl.gov
Kai-Hsiang Chang Taiwan Power Company u270367 @taipower.com.tw
Stylianos Chatzidakis |UT Battelle, LLC chatzidakiss@ornl.gov
Kuei-Jen Cheng Institute of Nuclear Energy Research kijcheng@iner.gov.tw
Wooseok Choi Korea Atomic Energy Research Institute wschoi@kaeri.re.kr

Shannon Chu Electric Power Research Institute (EPRI) schu@epri.com

Donald Cool Electric Power Research Institute (EPRI) dcool@epri.com

Robert Couch Electric Power Research Institute (EPRI) rcouch@epri.com

Aladar Csontos Electric Power Research Institute (EPRI) acsontos@epri.com
Kristopher Cummings |Nuclear Energy Institute kwc@nei.org

James Dante Southwest Research Institute james.dante@swri.org
Dorothy Davidson  |AREVA Federal Services dorothy.davidson@areva.com
Dwight Diercks Argonne National Laboratory diercks@anl.gov

Kyle Duke Pacific Gas & Electric Co. KADb@pge.com

Andrew Duncan Savannah River National Laboratory andrew.duncan@srnl.doe.gov
Jiri Dus ENSI duj@ensi.ch
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Lisa Edwards Electric Power Research Institute (EPRI) ledwards@epri.com

Robert Einziger Nuclear Waste Technical Review Board einziger@nwtrb.gov

Jeff England Savannah River National Laboratory jeffery.england@srnl.doe.gov
Neil Fales Maine Yankee Atomic Power Co. nfales@3yankees.com

Nathan Fellows U.S. Dept. of Energy fellowsnc@id.doe.gov

Javier Fernandez-L{ENRESA ffel@enresa.es

Brayton Ford U.S. Dept. of Energy fordbj@id.doe.gov

Greg Frederick  |Electric Power Research Institute (EPRI) gfrederick@epri.com

Kevin Fuhr Dominion Engineering, Inc. kfuhr@domeng.com

Yasuhiro Furutani Shikoku Electric Power Co., Inc. yfurutani@guestresearcher.epri.com
Bernard Gilligan Hitachi America, Ltd. bernard.gilligan@hal.hitachi.com
Steve Glovsky Robotic Technologies of Tennessee sglovsky@cox.net

Maria AmpardGonzalez Esginternational Atomic Energy Agency (IAEA) m.a.gonzalez-espartero@iaea.org
Roderick Gooch AREVA Rod.Gooch@areva.com
Masanori Goto Hitachi Zosen gotoh_ma@hitachizosen.co.jp
Randall Granaas Southern California Edison Co. RANDALL.GRANAAS@SCE.COM
Gabriel Grant Southern Nuclear Operating Co. ggrant@southernco.com
Glenn Grant Pacific Northwest National Lab. glenn.grant@pnnl.gov

Bruce Greer Electric Power Research Institute (EPRI) bgreer@epri.com

Brian Gutherman |Gutherman Technical Services, LLC gutherman@comcast.net
Brady Hanson Pacific Northwest National Lab. brady.hanson@pnnl.gov

Luis Herranz CIEMAT luisen.herranz@ciemat.es
Kenn Hunter Exelon Corporation Kenn.Hunter@ExelonCorp.com
Philip Jensen Pacific Northwest National Lab philip.jensen@pnnl.gov
Samuel Johnson Electric Power Research Institute (EPRI) sjohnson@epri.com

Mark Joseph Structural Integrity Associates, Inc. mjoseph@Structint.com
Hundal Jung AREVA, Inc. andy.jung@areva.com

Joakim Karlsson Studsvik Nuclear AB joakim.karlsson@studsvik.se
Matt Keene Duke Energy Carolinas matt.keene@duke-energy.com
Charles Keller Canadian Nuclear Laboratories Ltd. charles.keller@cnl.ca

John Kessler J. Kessler & Associates, LLC john@jkesslerassociates.com
Jwayoung Kim Korea Hydro & Nuclear Power Co., Ltd. kimjyoung@khnp.co.kr

Travis Knight University of South Carolina twknight@sc.edu
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Donghak Kook Korea Atomic Energy Research Institute syskook@kaeri.re. kr

Chia Kuo Taiwan Power Company u479028@taipower.com.tw
Ned Larson U.S. Dept. of Energy ned.larson@doe.gov

Suzanne Leblang Entergy Services, Inc. sleblaz@entergy.com
Geonyong Lee Kyung Hee University gylee0323@naver.com
Sanghoon Lee Keimyung University shlee1222 @kmu.ac.kr

Bin Lin University of South Carolina linbin@cec.sc.edu

Stephen Liu Colorado School of Mines sliu@mines.edu

Yung Liu Argonne National Laboratory yyliu@anl.gov

Miriam Lloret ENUSA Industrias Avanzadas, S.A. mll@enusa.es

Mark Lombard U.S. Nuclear Regulatory Commission mark.lombard@nrc.gov

Albert Machiels Electric Power Research Institute (EPRI) amachiel@epri.com

loe Mahal GE Inspection Technologies joe.mahal@ge.com

Thomas Malota Florida Power & Light Co. Thomas.Malota@FPL.com
Miguel Manrique  [AREVA Transnuclear, Inc. miguel.manrique.ext@areva.com
Zita Martin Tennessee Valley Authority (TVA) zimartin@tva.gov

Donald McGee AREVA, Inc. donald.mcgee@areva.com
Alastair McKay EDF Energy Nuclear Generation, Ltd. alastair. mckay@edf-energy.com
Carson McNair Idaho National Laboratory Carson.Mcnair@inl.gov
Christopher [Miller AREVA, Inc. christopher.miller@areva.com
Rosemary MontgomenyOak Ridge National Laboratory montgomeryra@ornl.gov
Michael Moran Southern California Edison Co. michael.moran@sce.com

Paul Murray AREVA paul.murray@areva.com

Steve Nesbit Duke Energy Carolinas steve.neshit@duke-energy.com
Roger Newman University of Toronto roger.newman@utoronto.ca
Yi-Ming Pan Southwest Research Institute ypan@swri.org

Kwangheon |[Park Kyung Hee University kpark@khu.ac.kr

Terry Pickens Xcel Energy Services, Inc. terry.a.pickens@xcelenergy.com
Paul Plante Maine Yankee Atomic Power Co. pplante@3yankees.com

lan Porter U.S. Nuclear Regulatory Commission lan.Porter@nrc.gov

Wayne Prather The University of Mississippi wayne@olemiss.edu

Meraj Rahimi U.S. Nuclear Regulatory Commission meraj.rahimi@nrc.gov

Yusef Rashid Anatech Corp. joe.rashid@anatech.com
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Karl Reichard Applied Research Laboratory kmr5@psu.edu

Richard Reid Electric Power Research Institute (EPRI) rreid@epri.com

Jeremy Renshaw Flectric Power Research Institute (EPRI) jrenshaw @epri.com

Mark Richter Nuclear Energy Institute mar@nei.org

Rich Ridder Dominion Resources, Inc. richard.ridder@dom.com
Javier Romero Westinghouse Electric Company LLC romeroje@westinghouse.com
Sylvia Saltzstein  |Sandia National Laboratories sjsaltz@sandia.gov

John Scaglione  |Oak Ridge National Laboratory scaglionejm@ornl.gov

Brian Schimmoller|Electric Power Research Institute (EPRI) bschimmoller@epri.com

Eric Schindelholz|Sandia National Laboratories ejschi@sandia.gov

Glenn Schwartz PSEG Nuclear, LLC glenn.schwartz@pseg.com
Zeev Shayer Colorado School of Mines zshayer@mines.edu

Eric Shewbridge |NAC International eshewbridge@nacintl.com
Takao Shimura Hitachi-GE Nuclear Energy, Ltd. takao.shimura.vc@hitachi.com
Robert Sindelar Savannah River National Laboratory robert.sindelar@srnl.doe.gov
Steve Sisley Energy Solutions ssisley@energysolutions.com
Brian Somerday |Southwest Research Institute brian.somerday@swri.org
Ken Sorenson  |Sandia National Laboratories kbsoren@sandia.gov

Randal Stark Electric Power Research Institute (EPRI) rstark@epri.com

Raymond Termini Exelon Generation, LLC raymond.termini@exeloncorp.com
Ash Thakker Global Technology Connection, Inc. athakker@globaltechinc.com
Phung Tran Electric Power Research Institute (EPRI) ptran@epri.com

Hsiao-Ming |Tung Institute of Nuclear Energy Research htung2@iner.gov.tw

Paul Turinsky North Carolina State University turinsky@ncsu.edu

Jason Van Velsor |Structural Integrity Associates, Inc. jvanvelsor@structint.com
Dennis Vinson Savannah River National Laboratory dennis.vinson@srnl.doe.gov
Holger Voelzke Bundesanstalt for Materialforschung (BAM) holger.voelzke @bam.de
Keith Waldrop Electric Power Research Institute (EPRI) kwaldrop@epri.com

Jy-An Wang Oak Ridge National Laboratory wangja@ornl.gov

Masumi Wataru CRIEPI wataru@criepi.denken.or.jp
Jay Wellwood |NAC International jwellwood @ nacintl.com
David Wilson Pacific Gas & Electric Co. DLW4@PGE.com

John Wise U.S. Nuclear Regulatory Commission john.wise@nrc.gov
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Michael Wright Canadian Nuclear Laboratories Ltd. michael.wright@cnl.ca
Suresh Yagnik Electric Power Research Institute (EPRI) syagnik@epri.com

Chen Yeh Taiwan Power Company ub15310@taipower.com.tw
Lingyu Yu University of South Carolina yu3@cec.sc.edu

Jinsuo Zhang Ohio State University zhang.3558@osu.edu

Paul Ziehl University of South Carolina ziehl@cec.sc.edu
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