Exelon Corporation 2/13/2017 Reddick Dariani
Exelon 2/10/2017 Kelley Chris
Exelon 2/10/2017 Karney Mike
Exelon 2/10/2017 Jury Keith
Exelon 2/10/2017 Greenlee Scot
Exelon 2/10/2017 Fewell Brad
Exelon 2/10/2017 Hanson Bryan
Exelon 2/9/2017 Connelly John
Exelon 2/8/2017 Schrage John
Exelon 2/8/2017 Connelly John
Exelon 2/6/2017 Linthicum Roy
Exelon 1/26/2017 GALLAGHER Michael
Exelon 1/26/2017 Krueger Greg
Exelon 1/26/2017 Naron Larry
Exelon 1/26/2017 CUMMINGS KRISTOPHER
Exelon 1/25/2017 LINTHICUM ROY
Exelon 1/25/2017 KELLY EUGENE
Exelon 1/25/2017 NICELY KENNETH
Exelon 1/25/2017 BATCHE DOUGLAS
Exelon 1/25/2017 GERNER RICHARD
Exelon 1/23/2017 Beaumont Robert
Exelon 1/23/2017 Barstow Jim
Exelon 1/23/2017 Beaumont Robert
Exelon 1/23/2017 Barstow Jim
Exelon 1/19/2017 McKean Chris
Exelon 1/19/2017 Anthony Dave
Exelon 1/18/2017 Linthicum Roy
Exelon 1/18/2017 Anthony Dave
Exelon 1/18/2017 McKean Chris
Exelon 1/17/2017 McKean Chris
Exelon 1/17/2017 Anthony Dave
Exelon 1/12/2017 Reddick Darani
Exelon 1/12/2017 Gaston Ronald
Exelon 1/12/2017 Linthicum Roy
Exelon 1/10/2017 Connelly John
Exelon 12/13/2016 Odell Andrew
Exelon 12/13/2016 Stewart Glenn
Exelon 12/13/2016 Greenlee Scott
EXELON 12/13/2016 RANEK NANCY




EXELON 12/8/2016 robbins kirk
Exelon 12/8/2016 LEDGER BRIAN
EXELON 12/8/2016 BEUTLER FRED
EXELON 12/8/2016 mathews mitch
EXELON 12/8/2016 BEUTLER FRED
Exelon 12/8/2016 LEDGER BRIAN
EXELON 12/8/2016 robbins kirk
Exelon 12/7/2016 BEUTLER FRED
EXELON 12/7/2016 RODDINS KIRK
Exelon 12/7/2016 MATTEWS MITCH
Exelon 12/7/2016 LEDGER BRIAN
Exelon 12/7/2016 Connelly John
Exelon 12/7/2016 Connelly John
EXELON 12/7/2016 RODDINS KIRK
Exelon 12/7/2016 MATTEWS MITCH
Exelon 12/7/2016 LEDGER BRIAN
Exelon 12/7/2016 BEUTLER FRED
Exelon 12/6/2016 Vickers Glen
EXELON 12/6/2016 Krueger Greg
EXELON 12/6/2016 Greenlee Scot
Exelon 12/6/2016 FAITH NATHAN
Exelon 12/6/2016 Vickers Glen
Exelon 12/5/2016 Youman Benjamin
Exelon 12/5/2016 Lanka Bradley
Exelon 12/5/2016 Rudell Bernard
Exelon 12/5/2016 Krejcie Jessica
Exelon 12/5/2016 Vickers Glen
Exelon 12/5/2016 Simpson Lisa
Exelon 12/5/2016 Kruger Nathan
Exelon 12/5/2016 Reitmeyer MICHAEL
Exelon 12/5/2016 Kruger Nathan
Exelon 12/5/2016 Reitmeyer MICHAEL
Exelon 12/5/2016 Simpson Lisa
Exelon 12/5/2016 Youman Benjamin
Exelon 12/5/2016 Lanka Bradley
Exelon 12/5/2016 Rudell Bernard
Exelon 12/5/2016 Krejcie Jessica
Exelon 12/5/2016 Vickers Glen
Exelon 12/1/2016 Connelly John
Exelon 12/1/2016 Connelly John




Exelon 11/30/2016 Stone JEFFREY
Exelon 11/30/2016 Cavedo Robert
Exelon 11/30/2016 Cavedo Robert
Exelon 11/30/2016 Odell Andrew
Exelon 11/30/2016 Stone JEFFREY
Exelon 11/30/2016 Cavedo Robert
Exelon 11/30/2016 Odell Andrew
Exelon 11/29/2016 Stone Jeffrey
Exelon 11/29/2016 KRUEGER Gregory
Exelon 11/29/2016 Linthicum Roy
Exelon 11/29/2016 Tyers Bradley
Exelon 11/29/2016 Naron Larry
Exelon 11/29/2016 Grobe John (Jack)
Exelon 11/29/2016 KRUEGER Gregory
Exelon 11/29/2016 Stone Jeffrey
Exelon 11/29/2016 Linthicum Roy
Exelon 11/21/2016 Wood James
Exelon 11/16/2016 AMWAY PHILLIP
Exelon 11/16/2016 LINTHICUM Roy
Exelon 11/16/2016 REDDICK Darani
Exelon 11/16/2016 Gaston Ron
Exelon 11/16/2016 Techau Susan
Exelon 11/16/2016 Jury Keith
Exelon 11/16/2016 Barstow JAMES
Exelon 11/16/2016 AMWAY PHILLIP
Exelon 11/16/2016 Techau Susan
Exelon 11/16/2016 Jury Keith
Exelon 11/16/2016 REDDICK Darani
Exelon 11/16/2016 Gaston Ron
Exelon 11/16/2016 LINTHICUM Roy
Exelon 11/15/2016 Grobe John
Exelon 11/15/2016 GUDGER DAVID
Exelon 11/15/2016 GUDGER DAVID
Exelon 11/15/2016 Grobe John
Exelon 11/15/2016 Grobe John
Exelon 11/14/2016 Bonnett PAUL
Exelon 11/14/2016 Bakalar Dennis
Exelon 11/14/2016 WILSON Chris
Exelon 11/14/2016 Landis Ray
Exelon 11/14/2016 GALLAGHER Mike




Exelon 11/10/2016 GALLAGHER Mike
Exelon 11/10/2016 amway phillip
Exelon 11/10/2016 amway phillip
Exelon 11/10/2016 amway phillip
Exelon 11/10/2016 Piha Albert
Exelon 11/10/2016 Piha Albert
Exelon 11/10/2016 GALLAGHER Mike
Exelon 11/8/2016 Grobe John
Exelon 11/8/2016 Grobe John
Exelon 11/3/2016 white robbie
Exelon 11/1/2016 Wheeler John
Exelon 11/1/2016 Wheeler John
ExelonGeneration 10/28/2016 Wood Jim
Exelon 10/25/2016 GROBE JOHN
Exelon 10/25/2016 GREENLEE SCOT
Exelon 10/25/2016 GASSMANN WILLIAM
Exelon 10/25/2016 GASSMANN WILLIAM
Exelon 10/25/2016 GROBE JOHN
Exelon 10/25/2016 GREENLEE SCOT
Exelon 10/25/2016 Drake Andre
Exelon 10/25/2016 Haydin John
Exelon 10/25/2016 Sellers Craig
Exelon 10/25/2016 Drake Andre
Exelon 10/25/2016 Sellers Craig
Exelon 10/25/2016 Haydin John
Exelon 10/20/2016 Grobe Jack
Exelon 10/20/2016 Barstow James
Exelon 10/20/2016 Barstow James
Exelon 10/20/2016 Grobe Jack
Exelon 10/19/2016 AMWAY PHILLIP
Exelon 10/19/2016 SCHEIDT CORTNEY
Exelon 10/19/2016 CZINCILA SHANNON
Exelon 10/19/2016 GALLAGHER MICHAEL
Exelon 10/19/2016 HUFNAGEL JOHN
Exelon 10/19/2016 FORD GUY
Exelon 10/19/2016 RANEK NANCY
Exelon 10/19/2016 Wilson Christopher
Exelon 10/19/2016 SCHIERER ANDREW
Exelon 10/19/2016 WOLEN RALPH
Exelon 10/19/2016 WEYHMULLER PAUL




Exelon 10/19/2016 WARFEL DONALD
Exelon 10/19/2016 HILDITCH JOHN
Exelon 10/19/2016 CZINCILA SHANNON
Exelon 10/19/2016 RANEK NANCY
Exelon 10/19/2016 WOLEN RALPH
Exelon 10/19/2016 WEYHMULLER PAUL
Exelon 10/19/2016 HILDITCH JOHN
Exelon 10/19/2016 SCHEIDT CORTNEY
Exelon 10/19/2016 HUFNAGEL JOHN
Exelon 10/19/2016 WARFEL DONALD
Exelon 10/19/2016 SCHIERER ANDREW
Exelon 10/19/2016 WARFEL DONALD
Exelon 10/19/2016 Wilson Christopher
Exelon 10/19/2016 GALLAGHER MICHAEL
Exelon 10/19/2016 FORD GUY
Exelon 10/19/2016 AMWAY PHILLIP
Exelon 10/18/2016 GALLAGHER MICHAEL
Exelon 10/18/2016 GALLAGHER MICHAEL
Exelon 10/13/2016 Greenlee Scot
Exelon 10/13/2016 Greenlee Scot
Exelon 10/5/2016 Karney Mike
Exelon 10/5/2016 Kelley Chris
Exelon 10/4/2016 Grobe John (Jack)
Exelon 10/4/2016 Naron Larry
Exelon 10/4/2016 Naron Larry
Exelon 10/4/2016 Grobe John (Jack)
Exelon 9/29/2016 CONNELLY John
Exelon 9/29/2016 CONNELLY John
Exelon 9/28/2016 Rudell Bernie
Exelon 9/28/2016 Rudell Bernie
Exelon 9/27/2016 Sickle Julie
Exelon 9/27/2016 Sickle Julie
Exelon 9/21/2016 Gaston Ron
Exelon 9/21/2016 Linthicum Roy
Exelon 9/21/2016 Reddick Darani
Exelon 9/21/2016 Gaston Ron
Exelon 9/21/2016 Reddick Darani
Exelon 9/21/2016 Linthicum Roy
Exelon 9/16/2016 REDDICK DARANI
EXELON CORP 9/15/2016 KELLEY CHRISTOPHER




EXELON CORP 9/15/2016 KARNEY MICHAEL
EXELON CORP 9/15/2016 ALTIZER JACK
Exelon 9/15/2016 TYERS BRADLEY
Exelon 9/14/2016 Greenlee Scot
Exelon 9/14/2016 LINTHICUM ROY
Exelon 9/14/2016 catron steven
Exelon 9/14/2016 Jury Keith
Exelon 9/14/2016 Greenlee Scot
Exelon 9/14/2016 Hanson Bryan
EXELON CORP 9/13/2016 REDDICK DARANI
Exelon 9/8/2016 WILSON Chris
Exelon 9/8/2016 Dostal Jeff
Exelon 9/8/2016 Dwyer Joe
Exelon 9/8/2016 Bonnet Paul
Exelon 9/8/2016 Bakalar Dennis
Exelon 9/8/2016 Keenan Tim
Exelon 9/8/2016 GALLAGHER Mike
EXELON CORP 9/7/2016 HANSON bryan
EXELON CORP 9/7/2016 HANSON bryan
EXELON CORP 9/7/2016 HANSON bryan
Exelon 9/7/2016 Malikowski Heather
Exelon 9/1/2016 Barstow Jim
Exelon CORPORATE 8/31/2016 KELLEY CHRISTOPHER
Exelon 8/30/2016 Stewart Glenn
Exelon 8/30/2016 Sloane Barry
Exelon 8/30/2016 Budock George
Exelon 8/30/2016 Sauers Benjamin
Exelon 8/30/2016 Kelly Gene
Exelon 8/30/2016 Warren Vicki
Exelon 8/30/2016 dovas michael
Exelon 8/30/2016 dovas michael
Exelon 8/30/2016 dovas michael
Exelon 8/30/2016 Millard Chuck
Exelon 8/25/2016 Kelley Chris
Exelon 8/25/2016 Techao Susan
Exelon 8/22/2016 Connelly John
Exelon Generation, LLC 8/19/2016 Onuorah Nnamdi
Exelon Generation, LLC 8/19/2016 McQuighan James
Exelon 8/18/2016 NICELY KENNETH
Exelon Generation, LLC 8/18/2016 Onuorah Nnamdi




Exelon Generation, LLC 8/18/2016 McQuighan James
EXELON 8/17/2016 REDNER SCOTT
Exelon 8/17/2016 mauer andrew
Exelon 8/17/2016 mauer andrew
Exelon 8/17/2016 mauer andrew
Exelon 8/17/2016 Friant Carl
Exelon Generation, LLC 8/17/2016 McQuighan James
Exelon Generation, LLC 8/16/2016 Onuorah Nnamdi
Exelon Generation, LLC 8/16/2016 McQuighan James
Exelon Generation, LLC 8/16/2016 McQuighan James
Exelon Generation, LLC 8/16/2016 Onuorah Nnamdi
Exelon Generation, LLC 8/15/2016 Onuorah Nnamdi
Exelon Generation, LLC 8/15/2016 McQuighan James
Exelon 8/11/2016 Krueger Greg
Exelon 8/11/2016 Linthicum Roy
Exelon 8/11/2016 Greenlee Scott
Exelon 8/11/2016 Greenlee Scott
Exelon 8/11/2016 Greenlee Scott
Exelon 8/11/2016 Greenlee Scott
Exelon 8/11/2016 Greenlee Scott
Exelon 8/11/2016 Greenlee Scott
Exelon Generation, LLC 8/11/2016 Basehore Kerry
Exelon Generation, LLC 8/11/2016 Wong Annie
Exelon Generation, LLC 8/11/2016 Bauer Joseph
Exelon Generation, LLC 8/11/2016 Wengloski Philip
Exelon Generation, LLC 8/11/2016 Massari John
Exelon Generation, LLC 8/11/2016 Stevens Tyrone
Exelon 8/11/2016 Lyter Jay
Exelon 8/11/2016 Johnson Ron
Exelon 8/11/2016 Hanley Joe
Exelon 8/11/2016 Hanley Joe
Exelon 8/11/2016 Hanley Joe
Exelon 8/10/2016 Grobe Jack
Exelon 8/10/2016 Hanley Joe
Exelon 8/10/2016 Johnson Ron
Exelon 8/10/2016 Lyter Jay
Exelon 8/10/2016 Lynde Jim




Exelon 8/10/2016 Linthicum Roy
Exelon 8/2/2016 mc vey edward
Exelon 8/2/2016 Close Robert
Exelon 8/2/2016 Holmes Michael
Exelon 7/28/2016 ELLIS WILLIAM
Exelon Corporate 7/28/2016 Altizer Jack
Exelon Corporate 7/28/2016 Kelley Christopher "Chris"
Exelon Corporate 7/28/2016 Karney Michael
Exelon 7/28/2016 Piha Albert
EXELON 7/27/2016 Hanson Bryan
Exelon 7/27/2016 Naron Larry
Exelon 7/27/2016 Inch George
EXELON 7/27/2016 Hanley Tlm
Exelon 7/127/2016 Greenlee Scot
Exelon 7/27/2016 Greenlee Scot
Exelon 7/127/2016 Greenlee Scot
Exelon 7/27/2016 Greenlee Scot
EXELON 7/26/2016 REDDICK DARANI
Exelon 7/26/2016 Hanson Bryan
Exelon 7/26/2016 Hanson Bryan
Exelon 7/21/2016 Barstow James
Exelon 7/21/2016 Reddick Darani
Exelon 7/21/2016 Helker David
Exelon 7/21/2016 behrend charles
Exelon 7/19/2016 Kelley Chris
Exelon 7/19/2016 Grobe john
Exelon 7/19/2016 Gudger Dave
Exelon 7/19/2016 Malikowski Heather
Exelon 7/19/2016 Odell Drew
Exelon 7/19/2016 Rudell Bernie
EXELON CORPORATION 7/15/2016 PATTERSON JAMES
EXELON CORPORATION 7/15/2016 CHOUINARD MATTHEW
EXELON CORPORATION 7/15/2016 SIMPSON LISA
EXELON CORPORATION 7/15/2016 FORD GUY
EXELON CORPORATION 7/15/2016 SHAH VIKRAM
Exelon 7/14/2016 Gaston Ron
Exelon 7/14/2016 Reddick Darani
Exelon 7/14/2016 Linthicum Roy
Exelon 7/14/2016 Hanson Stephanie




Exelon 7/12/2016 GALLAGHER Michael
Exelon 7/12/2016 WILSON Chris
Exelon 7/12/2016 Bonnet Paul
Exelon 7/11/2016 Connelly John
Exelon 7/7/2016 Linthicum Roy
Exelon 7/6/2016 Kaufman Scott
Exelon 7/6/2016 Guthrie Michael
Exelon 7/6/2016 Anthony David
Exelon 7/6/2016 Schierer Andrew
Exelon 7/6/2016 Jordan James
Exelon 7/6/2016 Greenblott Jereme
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Zickerfoose Mark
Exelon 7/6/2016 Spamer Debora
Exelon 7/6/2016 Ford Guy
Exelon 7/6/2016 Weyhmuller Paul
Exelon 7/6/2016 Becknell Gary
Exelon 7/6/2016 Trafton William
Exelon 7/6/2016 Kowalski John
Exelon 7/6/2016 Tamburro Peter
Exelon 7/6/2016 Warfel Donald
Exelon 7/6/2016 Clohecy David
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon 7/6/2016 Ferraro Don
Exelon Corp. 7/6/2016 GALLAGHER Michael




Exelon 6/29/2016 Grobe John
Exelon 6/28/2016 Grobe Jack
Exelon 6/28/2016 Reddick Darani
Exelon Corp. 6/23/2016 Meister Jim

Exelon Corp. 6/23/2016 Mudrick Christopher
Exelon 6/23/2016 Piha Albert
Exelon Corp. 6/22/2016 Altizer Jack
Exelon Corp. 6/22/2016 Karney Micheal
Exelon 6/20/2016 GALLAGHER Michael
Exelon 6/20/2016 Kelly Gene
Exelon 6/20/2016 Greenlee Scot
Exelon 6/20/2016 stone Jeff

Exelon 6/20/2016 Reddick Darani
Exelon Corp. 6/9/2016 GALLAGHER Michael
Exelon 6/8/2016 STONE JEFFREY
Exelon Corp. 6/8/2016 BASSO THOMAS
Exelon 6/7/2016 Connelly John
Exelon 6/2/2016 LINTHICUM ROY
Exelon 6/1/2016 HILDITCH JOHN
Exelon 6/1/2016 Piha AlLbert
Exelon 5/23/2016 LINTHICUM ROY
EXELON 5/23/2016 STONE JEFFREY
Exelon/Aterra Solutions 5/18/2016 Bellini Joseph "Joe"
Exelon 5/18/2016 Linthicum Roy

Exelon 5/18/2016 GASTON Ron

Exelon 5/18/2016 HANSON Stephanie
Exelon 5/17/2016 Karney micheal
Exelon 5/17/2016 Karney micheal
EXELON 5/17/2016 LINTHICUM ROY
Exelon 5/12/2016 Pallansch Dave
Exelon 5/12/2016 KELLEY CHRISTOPHER
Exelon 5/12/2016 KELLEY CHRISTOPHER
Exelon 5/11/2016 GROBE JOHN
Exelon 5/11/2016 Greenlee Scot
Exelon 5/10/2016 Greenlee Scott
Exelon 5/10/2016 Linthicum Roy

Exelon 5/10/2016 Krueger Greg
Exelon 5/5/2016 McVey Ed

Exelon 5/5/2016 Malikowski Heather
Exelon 5/5/2016 Rudell Bernie




EXELON 5/4/2016 hilditch JOHN
EXELON 5/4/2016 STONE JEFFERY
EXELON 5/2/2016 STONE JEFFREY
Exelon 4/29/2016 Grobe Jack
Exelon 4/28/2016 Golub Pareez
Exelon 4/27/2016 STAUM CHRISTOPHER
EXELON 4/26/2016 MINNICK STEPHEN
Exelon 4/26/2016 Rommel John
Exelon 4/26/2016 Olson Andy
Exelon 4/26/2016 Borton Kevin
Exelon 4/26/2016 Neff David
Exelon 4/26/2016 Lohmann Marv
Exelon 4/26/2016 MCDONALD WILLIAM
Exelon 4/26/2016 ARMSTRONG JAMES
Exelon 4/26/2016 HERNY DAVID
Exelon Nuclear 4/26/2016 Pragman Christopher
Exelon 4/26/2016 Tamburro Pete
Exelon 4/26/2016 Rudell Bernie
Exelon 4/22/2016 DRIEHAUS PAUL
Exelon 4/22/2016 ALESHIRE KIMBERLY
Exelon 4/20/2016 Fewell John
EXELON 4/19/2016 BARSTOW JAMES
EXELON 4/19/2016 THREET ANDREA
Exelon 4/19/2016 Polonsky Alex
Exelon 4/19/2016 Kauffman Scott
Exelon 4/19/2016 Wolen Ralph
Exelon 4/19/2016 Kelly George
Exelon 4/19/2016 Collins William
Exelon 4/19/2016 Anthony David
Exelon 4/19/2016 Wirtz Charles
Exelon 4/19/2016 Hall Kevin
Exelon 4/19/2016 Trafton William
Exelon 4/19/2016 Meyer Richard
Exelon 4/19/2016 Annett James
Exelon 4/19/2016 Becknell Gary
Exelon 4/19/2016 Zickefoose Mark
Exelon 4/19/2016 Bussey Paul
Exelon 4/19/2016 Pflugshaupt Jillian
Exelon 4/19/2016 Hufnagel John
Exelon 4/19/2016 Hilditch John




Exelon 4/19/2016 Weyhmuller Paul
Exelon 4/19/2016 Schierer Andrew
Exelon 4/19/2016 Sanchez Jorge
Exelon 4/19/2016 Greenblott Jereme
Exelon 4/19/2016 Ford Guy
Exelon 4/19/2016 Martin Michael
Exelon 4/19/2016 Tamburro Peter
Exelon 4/19/2016 Spamer Debra
Exelon 4/19/2016 Miller Mark
Exelon 4/19/2016 Kowalski John
Exelon 4/19/2016 Kowalski Mary
Exelon 4/19/2016 Jordan James
Exelon 4/19/2016 Guthrie Michael
Exelon 4/19/2016 Clohecy David
Exelon 4/19/2016 Enright Daniel
Exelon 4/19/2016 Warfel Donald
Exelon 4/19/2016 Gallagher Michael
Exelon 4/11/2016 Barstow Jim
Exelon 4/6/2016 Dostal Jeff
Exelon 4/6/2016 Cowan Pam
Exelon 4/6/2016 Walker Doug
Exelon 4/6/2016 Barnes Kathy
Exelon 4/6/2016 Wilson Chris
Exelon 4/6/2016 Bonnett Fred
Exelon 4/5/2016 DISTEL DAVID
Exelon 3/31/2016 Karney Mike
Exelon 3/31/2016 KELLEY Chris
Exelon 3/30/2016 Connelly John
Exelon 3/29/2016 REDDICK DARANI
Exelon 3/29/2016 ALTIZER JACK
Exelon 3/29/2016 KELLEY CHRIS
Exelon 3/29/2016 Karney Mike
EXELON 3/24/2016 WOOD JAMES
EXELON 3/23/2016 JURY KEITH
EXELON 3/23/2016 FEWELL JOHN
Exelon 3/23/2016 Hanson Bryan
Exelon 3/23/2016 Rhoades David
Exelon 3/23/2016 Greenlee Scott
Exelon 3/23/2016 LINTHICUM ROY
Exelon 3/23/2016 WOOD JAMES




Exelon 3/23/2016 Grobe Jack
Exelon 3/22/2016 Sickle Julie
Exelon 3/22/2016 Davis Heather
Exelon 3/22/2016 Helker Dave
Exelon 3/22/2016 Mascitelli Frank
Exelon 3/22/2016 Mullens Patrick
Exelon 3/22/2016 Spagnuolo Jessica
Exelon 3/22/2016 Piazza John
Exelon 3/22/2016 Aggarwal Vinod
Exelon 3/22/2016 Distel David
Exelon 3/22/2016 Thurston Barry
Exelon 3/22/2016 NARON STEPHEN
EXELON 3/21/2016 CONNELLY JOHN
Exelon 3/17/2016 Pragman Christopher
Exelon 3/17/2016 GASTON Ron

Exelon 3/17/2016 LINTHICUM Roy

Exelon 3/17/2016 LANDALE James
Exelon 3/17/2016 HANSON Stephanie
Exelon 3/16/2016 TARPINIAN PHILIP
Exelon Generation 3/15/2016 Cowan Pamela
EXELON 3/11/2016 REDDICK DARANI
Exelon 3/11/2016 Gallagher Michael
Exelon 3/11/2016 HILDITCH JOHN
Exelon 3/11/2016 CLOHECY DAVID
Exelon 3/11/2016 PIHA ALBERT
Exelon Generation 3/10/2016 Beck Wally
Exelon 3/9/2016 TARPINIAN PHILIP
Exelon 3/9/2016 Kelley Christopher
Exelon 3/9/2016 KARNEY MICHAEL
EXELON 3/8/2016 REDDICK DARANI
Exelon 3/7/2016 Panici Giovanni
Exelon 3/7/2016 Staum Christopher
Exelon 3/7/2016 Staum Christopher
Exelon 3/7/2016 Staum Christopher
Exelon 3/7/2016 Staum Christopher
Exelon 3/7/2016 Gullott David
Exelon 3/7/2016 Domeyer Tamra
Exelon 3/7/2016 Krejcie Jessica
Exelon 3/7/2016 Fewell John
Exelon 3/7/2016 Rausch Phil




Exelon 3/7/2016 Reddick Darani
Exelon 3/7/2016 Kaegi Glen
Exelon 3/7/2016 Jury Keith
Exelon 3/4/2016 Reddick Darani
Exelon 3/3/2016 Reddick Darani
Exelon 3/2/2016 JORDAN JAMES
Exelon 3/2/2016 KAUFFAMN SCOTT
Exelon 3/2/2016 Malikowski Heather
EXELON 3/1/2016 PAK JAMES
EXELON 3/1/2016 LINTHICUM ROY
EXELON 3/1/2016 GROPP RICHARD
EXELON 3/1/2016 LYNCH LAURA
EXELON 2/25/2016 Mascitelli Frank
EXELON 2/19/2016 HILDITCH JOHN
Exelon 2/19/2016 Phegley Dave
EXELON 2/18/2016 KRUEGER GREG
EXELON 2/18/2016 Lithicum Roy
EXELON 2/18/2016 LYTER JAY
EXELON 2/18/2016 AMWAY PHIL
EXELON 2/17/2016 HILDITCH JOHN
EXELON 2/17/2016 GALLAGHER MICHAEL
EXELON 2/17/2016 GALLAGHER MICHAEL
Exelon 2/11/2016 Karney Michael
Exelon 2/11/2016 Kelley Christopher
Exelon 2/11/2016 Young Tuane
Exelon 2/9/2016 LINTHICUM RAY
Exelon 2/4/2016 Rudell Bernie
Exelon 2/4/2016 Olson Andy
Exelon 2/4/2016 Feimster Willard
Exelon 2/4/2016 Psaros Alex
Exelon 2/4/2016 Tusar James
Exelon 2/4/2016 Hightower Tony
Exelon 2/4/2016 Turek David
Exelon 2/4/2016 Neff David
Exelon 2/4/2016 Minnick Steve
Exelon 2/4/2016 Armstrong Jim
Exelon 2/3/2016 Grobe John
EXELON 2/3/2016 Gropp Richard
EXELON 2/3/2016 CARTER Mike
EXELON 2/3/2016 Keenan Tim




EXELON 2/3/2016 Helker Dave
EXELON 2/3/2016 Karney Mike
EXELON 2/3/2016 Kelley Chris
EXELON CORPORATION 2/3/2016 FRIANT LEE
EXELON 1/28/2016 Barstow James
Exelon 1/27/2016 Wolen Ralph
EXELON 1/27/2016 Piha Albert
Exelon 1/27/2016 Marchionda-Palmer Marri
Exelon 1/27/2016 Valdez Maribel
EXELON 1/27/2016 Mumford James
Exelon 1/27/2016 Hufnagel John
EXELON 1/27/2016 Ranek Nancy
EXELON 1/27/2016 GALLAGHER Mike
EXELON 1/27/2016 Warfel Don
Exelon 1/27/2016 Kinkead Christine
Exelon 1/27/2016 Hilditch John
EXELON 1/27/2016 Karney Michael
EXELON 1/27/2016 Kelley Christopher
EXELON 1/21/2016 LYTER JAY
EXELON 1/21/2016 GULLOTT DAVID
EXELON 1/21/2016 SIMPSON PATRICK
EXELON 1/21/2016 HELKER DAVID
EXELON 1/21/2016 GUDGER DAVID
EXELON 1/21/2016 KAEGI GLEN
EXELON 1/21/2016 BARSTOW JAMES
EXELON 1/21/2016 Reddick Darani
EXELON 1/21/2016 Smith Harry
EXELON 1/21/2016 Anthony Dave
EXELON 1/21/2016 Malikowski Heather
EXELON 1/21/2016 GALLAGHER MICHAEL
EXELON 1/21/2016 Piha Albert
Exelon 1/21/2016 Rudell Bernie
Exelon 1/20/2016 Barstow Jim
EXELON 1/20/2016 CONNELLY JOHN
EXELON 1/20/2016 Smith Harry
EXELON 1/20/2016 Anthony Dave
EXELON 1/20/2016 McKean Chris
EXELON 1/19/2016 Smith Harry
EXELON 1/19/2016 Anthony Dave
EXELON 1/19/2016 McKean Chris




EXELON 1/19/2016 Malikowski Heather
Exelon 1/14/2016 HANSON Stephanie
Exelon 1/14/2016 GASTON Ron
Exelon 1/14/2016 LANDALE James
EXELON 1/13/2016 Grobe John
EXELON 1/12/2016 KARNEY MICHAEL
EXELON 1/12/2016 KELLEY CHRISTOPHER
Exelon 1/7/2016 Amway Phil
EXELON 1/7/2016 REDDICK DARANI
EXELON 1/7/2016 Loomis Thomas
EXELON 1/7/2016 Knepper David
EXELON 1/7/2016 McVey Edward
EXELON 1/7/2016 REYNOLDS RONNIE
EXELON 1/6/2016 Barstow James
EXELON 1/6/2016 Behrend Chuck
EXELON 1/6/2016 Lyter JAY
Exelon 1/6/2016 Thurston Barry
EXELON 1/6/2016 DISTEL Dave
EXELON 1/6/2016 Amway Phil
Capital Projects, Exelon Nuclear [12/17/2015 Connelly John
EXELON 12/17/2015 REDDICK DARANI
Capital Projects, Exelon Nuclear [12/17/2015 Connelly John
Exelon 12/11/2015 Greenlee Scot
Exelon 12/11/2015 Greenlee Scot
Exelon 12/11/2015 Jury Keith
Exelon 12/11/2015 Fewell Bradley
Exelon 12/11/2015 Greenlee Scot
Exelon 12/11/2015 Hanson Bryan
Exelon 12/10/2015 GALLAGHER Mike
Exelon 12/10/2015 GALLAGHER Mike
EXELON 12/9/2015 Reddick Darani
EXELON 12/9/2015 Cowan Pam
Exelon 12/9/2015 Greenlee Scot
Exelon 12/9/2015 Feimster Jack
Exelon 12/9/2015 Rudell Bernie
EXELON 12/8/2015 LYTER JAY
EXELON 12/8/2015 SCHUPP DAVID
Exelon 12/3/2015 KOELBEL JOHN
Exelon 12/3/2015 Grobe John
Exelon 12/3/2015 SELLERS CRAIG




Exelon 12/2/2015 Naron Larry
Exelon 12/2/2015 Tyers Bradley
Exelon 12/2/2015 Navin Patrick
Exelon 12/2/2015 Hightower Anthony
Exelon 12/2/2015 Armstrong James
Exelon 12/2/2015 Rommel John
Exelon 12/2/2015 Psaros Alex
Exelon 12/2/2015 McClintock John
Exelon 12/2/2015 Kovalchick James
Exelon 12/2/2015 Borton Kevin
Exelon 12/2/2015 Tusar James
Exelon 12/2/2015 Olson Andy
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1 BACKGROUND

OnJune 22, 2018," in accordance with NRC Management Directive {MD) 8.4,% the NRC
Executive Director for Operations (EDO) established a Backfit Appeal Review Panel {Pans!) to
review the appeal by Exelon Generation Company, LLC (Exelon or the licensee) of the U.8.
Nuclear Regulatory Commission {(NRC) staff's determination that a backfit is necessary at Byron
Station, Units 1 and 2 (Byron) and Braidwood Station, Units 1 and 2, as well as the NRC stalf's
application of the compliance backfit exception provided in Title 10 of the Code of Federal
Regufations {10 CFR), Section 50.109, “Backfitting.”

This backfit determination is documented in an October 9, 2015, letter {referred to as the Backfit
Letter).? The letter describes the NRC staff's review of licensing basis documents for Byron and
Braidwood. The NRG staff determined that Byron and Braidwood were not in compliance with
the plant-specific design bases and several NRC regulations:

- General Design Criterion {GOC) 15, “Reactor coolant system design,” in
10 CFR Part 50, Appendix A, "General Design Crileria for Nuclear Power Plants”

. GDC 21, “Protection system reliability and testability”
. GDC 28, "Protection against anticipated operational occurrences”
. Paragraph (b} of 10 CFR 50.34, “Contents of applications; technical information™

Specifically, the NAC staff determined that Byron and Braidwood do not comply with provisions
in American Nuclear Society (ANS) Standard 51.1/N18.2-1973* for ensuring that ANS
Condition I events® do not progress to more serious ANS Condition |1l events following water
discharge® through certain valves. The NRC staff acknowledged that the NRC staff position
differed from a previous staff position documented in a May 4, 2001, safety evaluation (SE)
supporting a stretch power uprate (referred to as the Uprate SE).” However, the NRC staff
determined that the backfitting was justified under the compliance exception in 10 CFR
50.109(a}(4}(i). The NRC staff directed the licensee to take action to resolve the non-
compliance.

On Decemnber B, 2015, the licensee appealed the NRC staff's decision to the Director of the
Office of Nuclear Reactor Regulation (NRR), stating its disagreement with the NRC’s conclusion
that the compliance exception to the backlit rule applied in this case, while noting that the NRC

' NRC 2016e {Auther and year citations in fooinoles reler 1o the designalion of references in Appendix D
to this report.)

2NRC 2013

* NRC 2015b - refarred to as the Backlit Letter in the remainder of the report

4 ANS 1973

% Spacifically, inadvertent operation of the emergency core cooling system, malfunction of the chemical
and volume control system, and inadvertenl opening of a pressurizer safety or retief valve.

¢ For consistency in This reporl, the Panel uses the phrase "water discharge” rather than “water relict” or
iquid discharge” {except in direct quoles), as this is the phrase used in the Westinghouse dacuments
that raised the issue addressed in this report.

T NRC 2001b — referred Io as the Uprate SE in the remainder of the report



staff had twice approved the underlying analysis.? The approvals referenced by the licensee
were an August 26, 2004, license amendment associated with pressurizer safety valve {PSY)
setpoints® and the above-referenced Uprate SE. In a letter dated May 3, 2016, the NRC
responded to the licensee’s appeal and reaffirmmed its decision that the backfit per the
compliance exception provisions of 10 CFR 50.109(a)(4)(i) is appropriate.'®

On June 2, 20186, the licensee again appealed the NRC staff's decision, this time to the EDO."'
The purpose of this report by the Backiit Appeal Review Panel is to provide information and
recommendations to support the EDO’s decision an the appeal.

1.1 Conduct of the Panel’s Review

In order to establish a technically sound, well informed, and legally defensible basis for its
recommendations, the Backfit Appeal Review Panel undertook a review of the relevant
documents in this case. This included the licensee and NRC staff etters mentioned above; the
Uprate SE and the Setpoint SE; and a June 18, 20186, letter from the Nuclear Energy Institute
{NEI)" supporting the EDO Appeal. The Panel also reviewed many other related documents,
which fall into five broad categories:

. The Backfit Rule {10 CFR 50.109), relatsd court actions, and Commission and staft
guidance on application of the Backlit Rule

. Docketed communications far Byron and Braidwood from 1982 to the present, including
license amendment requests (LARSs) by the licensee, NRC-issued license amendments,
NRC requests for additional information (RAIls), licensee responses, meeting
summarics, NRC SEs, and the licensee’s Updated Final Safety Analysis Report
(UFSAR)"

. NRC guidance relevant to the analysis of inadvertent operation of the emergency core
cooling system (IOECCS) events over the period of 1981 to the present, including
Standard Review Plan (SRP) Section 15.0, Sections 15.5.1 — 15.5.2, and
Section 15.6.1"

. Westinghouse Nuclear Safety Advisory Letter (NSAL) 83-013' and its Supplement 118,
as well as dacketed communications regarding actions taken by other licenseas in
response to Westinghouse NSAL-93-013

. The history of NRC and industry activities related to power operated relief valves
{PORVs), their black valves, and PSVs {including Three Mile Island (TMI) Aclion Plan

% Exelon 2015 ~ referred to as the NRR Appeal in the remainder of the repornt

FNRC 2004b - referved to as the Setpoint SE in the remainder af the report

'Y NRAC 20164 — reterred to as NRR Appeal Decision in the remainder of the report

" Exelon 2016a — referred lo as EDQO Appeal in the remainder of the report

" NEI 2018

2 Exelon 2002 and Exelon 2014 {The Panel reviewad other revisions as wall, but they are not included n
Appendix D as they are not referenced in this report.)

“NAC 19812, NRC 1881b, NRC 1981¢, NRC 2007a. NRC 2007b, and NRC 2007¢

% Westinghouse 1993

% Westinghouse 1994



ttems I1.D.1, I1.D.3, I1.G.1, and |.K.3 as documented in NUREG-C737", as well as
Generic Letter 89-10'® and its supplemants), Electric Power Research Institute (EPRI)
valve testing, and operating experience (NUREG/CR-7037 %)

In addition to the document review, the Panel had the benefit of meetings with NRR (both the
Division of Satety Systems and the Division of Engineering), the Office of the General Counsel,
and the NRC Committee to Review Generic Requirernents (CRGR). Both Exelon (Bradley
Fewell, Senior Vice President of Regulatory Affairs) and NEI {Tony Pietrangelo, Senior Vice
President and Chief Nuclear Officer) declined offers for a public meeting, but indicated a
willingness to provide information if the Panel identified the need. The Panel did not identify a
need for additional information from either Exelon or NEI to complete the review documented in
this report.

At the request of the Panel, the Office of Nuclear Requlatary Research (RES) conducted risk
analyses using the NRC's Standardized Plant Analysis Risk model for Byron Unit 1.2° These
analyses informed the Panel's response to the question from the EDO regarding the risk
significance of the relevant accident sequences.

Given that the Backfit Ru e creates a structured process for changes to previous NRC staff
positions—in effect, placing the burden of proof on the NRC staffi—the Panel determined that
this level of historical review and staff interaction was necessary to provide context for
consideration of the validity of the backlit.

1.2 Proposed Compliance Backfit and Exelon Appeals

In the Backfit Letter, the NRC staff informed Exelon that it had determined that Byron and
Braidwood are niot in compliance with GDCs 15, 21, and 29: 10 GFR 50.34(b); and the plant-
specific design bases that were expecled to demonstrate there will be no progression of ANS
Condition || events to ANS Condition lIl events. The NRC staff stated that based on its review of
Byron and Braidwood UFSAR Sections 15.5.1, 15.5.2, and 15.6.1, the UFSAR predicts water
discharge through a valve that is not “qualified” for water discharge. Therefore, the NRC slaff
concluded that the UFSAR does not contain analyses that demoenstrale that the plants’
structures, systems, and components (S5Cs) meet the design criteria for ANS Condition |1
events as stated in Byron and Braidwood UFSAR Section 15.0.1.2. Based on the SE attached
toits letter,”! the NRC staff tound that the licensee must take action to resclve the non-
compliance.

The Backiit SE addressed three accident analyses in Chapter 15 of the Byron and Braidwood
UFSAR: {1) FOECCS; (2) chemical and volume control system {CVCS) malfunction that
increases reactar coolant inventory; and (3) inadvertent opening of a pressurizer safety or relief
valve (IOPORV). The NRC staff nated that each ANS Conditicn |1 event must be shown to meet
the followang:

7 NRC 1980¢ — referred to as the TM{ Action Plan in the remainder of the report; lessons leamed from
TMI were also presented in NUREG-0578 (NRC 1979a). NUREG-0585 {NRC 1973b}, and NUREG-0860
(NRC 1980a)

" NRC 1982
*NRC 2011

22 NRC 2016f

21 Referred to as the Backlit SE in the remainder of the repant,
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1. no fuei damage,

2. no overpressure of the reactor coolant system (RCS) or main steam system, and
3. no progression into an event of a more serious category without another independent
fault.

Regarding an IOECCS, the NRC staff stated in Section 3.1.2.1 of the Backfit SE that use of the
block valve to isolate a stuck-open PORV was unacceplable. The NRC staff siated that
Westinghouse recommended this approach in 1933, and that the NRC staff rejected this
approach in 2005 (RIS 2005-29%),

In Section 3.1.2.4 of the Backfit SE, the NRC stafl stated that the Byron and Braidwood
IOECCS analysis depended on water discharge through the PSVs. The NRC staff faulted the
licensee for “not appl[ying] the single-failure assumption” and stated that the following
information was necessary to suppont water gualification of the PSVs:

1. In accordance with the American Society of Mechanical Engineers (ASME) Boiler and
Pressure Vessel Code (BPV Code), Section lll, provide the original Overpressure
Protection Report defining operating conditions and required relief capacities, and
manufacturer’s certification and test results

2. {n accordance with the ASME Code for Operation and Maintenance of Nuclear Power
Plants {OM Code), provide Inservice test histary for PSVs, including water and steam
tesis, or provide correlation test for altemative test fluid.

Regarding a CVCS malfunction, the NRC staff stated in Section 3.2 of the Backfit SE that the
licenses had not provided an analysis for the CVCS malfunction that increases reactor coolant
inventory that demonstrated the plants' ability to meet the requirements of an ANS Condition 11
avent.

Regarding an IOPORY, the NRC staff stated in Section 3.3 of the Backfit SE that the licansea
had not pravided an analysis for the IOPORY that extends long enough into the transient to
demonstrate the event would not transition from an ANS Condition Il event to an ANS Condition
11l event.

in the Backfit SE, tha NRC staff referenced Millslone®® and Callaway?* licensc amendments as
examples of licensees upgrading PORVs for water discharge; a Beaver Valley extended power
uprate (EPU} license amendment® as an example of qualifying PORVs for water discharge; and
Turkey Point?® and St. Lucie Unit 277 EPU amendments as additicnal precedent in support of the
backfit decision.

22 NRC 2005b
“3NRC 1998
2 NRC 2000
28 NRC 2006
*® NRC 20122
2?NRC 2012b
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In the NRR Appeal, Exelon asserted that the NBC had not justified invoking the compliance
exception to the backfit rule. Exefon stated that the NRC approved its IOECCS analysis in both
the Uprate SE and the Setpoint SE.

In the {NRR Appeal Decision, the NRC staff slated ihat the previous NRC approvals in 2001 and
2004 were inconsistent with the Agency’s general pasition on the known and established
standard at issue—in this case, the progression of ANS Condition Il events to higher level
events. The NRC staft stated that the fact that the NRC staff were aware of references to EPRI
reports on the ability of these non-water qualified PSVs to reseat in certain circumstances was
not sufficient to support the licensee's position on the compliance backfit.

In the EDO Appeal, Exelon stated that the NRC had misidentified the “known and established
standard” at issue as the prohibition of ANS Condition 1l events progressing to ANS Condition [l
events. Exelon asserted that the standard in question concerns what is necessary to “qualify”
valves for water discharge. Exelon contended that this standard was the EPRI testing and
analysis, and thal the NRC agreed that Byron and Braidwoed met this standard. Exelon also
contended that the change in NRC staff position on prior approvals was not a mistake of fact,
but rather a new or modified interpretation of compliance with NRC requirements, for which use
of the compliance excepton provided for in the Backfil Rule was not appropriate.

1.3 Backfit Rule and the Compliance Exception
Backfitting is defined by 10 CFR 50.108{a) as:

... the maditication of or addition to systems, structures, compeonents, or design
of a facility; or the design approval or manufacturing license for a facility; or the
procedures or crganization required to design, construct or operate a facility; any
of which may result from a new or amended provision in the Commission's
regulations or the imposition of a reguiatory staff position interpreting the
Commission's requlations that is either new or ditferent from & previously
applicable staff position ...

Unless one of three specified exceptions apply, the NRC may impose a backfit only if it
performs a backfit analysis in accordance with 10 CFR 50.109{a}{2) and determines in
accordance with 10 CFR 50.109(a){3) "that there is a substantial increase in the overall
protection of the public heaith and safety or the common defense and security to be denved
from the backfil and that the direct and indirect costs of implementation for that facility are
justified in view of this increased protection.”

Section 50.109(a){4) sats forth the three exceptions ta the requirements of 10 CFR 50.109(a}2}
and (a)(3). The first exception, the compliance exception, applies if the “modification is
necessary to bring a facility into compliance with a licenss ar (he rules or orders of the
Commission, or into conformance with written commitments by the licensee.” The second and
third exceptions relate to actions necessary to ensure adequate protection or to actions that
involve defining or redefining adequate protection.
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The Commission explained its intended application of the compliance exception in the
Statements of Consideration (SOC) accompanying the 1985 final rule amending
10 CFR 50.109:>

The compliance exception is intended to address situations in which the licensee
has failed to meet known and established standards of the Commission because
aof omissian or mistake of fact. it should be noted that new ar modified
interpretations of what constitutes comptiance would not all within the exception
and would require a backfit analysis and application of the standard.

In the same SOC, the Commission acknowledged that staff interpretations of rules are not
legally binding, but the Commission also slated that “staff interpretations of broadly stated rules
are often necessary to give a rule effect and in some instances may be a causal factor in
initiating a backfit. "

By its terms, the compliance exception applies to actions necessary for compliance with rules,
licenses, and orders, or for conformance with written commitments.* Also, the Commission
explicitly acknowledged the importance of staff interpretations of rules in the regulatory process.
Thus, the Panel understands lhe term “known and established slandard” to include standards
established in rules, licenses, orders, and written commitments, and NRC interpretations of
rules. Scre standards may be broad-based, while others may apply only to a limited number of
plants. As stated in NUREG-1409, “[ilnformal or formal communications te one licensee are nol
official positions to all licensees. ... Orders, licensas, and written commitments are applicable
only to a particular licensee.”

The failure to meet a known and established standard is grounds far a compliance backfit if this
failure is due to “omission or mistake of fact.” Thus, if a licensee obtains NRC approval of an
altermative to a specific standard set farth in guidance, that standard and guidance could not be
used to support a compliance backfit unless the NRC's approval of the alternative was based on
an omission or mistake of fact. “Known and established standards” are to be distinguished Irom
“new or modified interpretations of what constitutes compliance,” which do not fall within the
campliance exception. The Panel understands the term “new or modified interpretations” to
include situations where the NRC staff has, in effect, “changed its mind™ on how to interpret the
language of a requirement or on how much assurance is necessary to conclude that the
requlremant is met. Levsls of assurance might be established in terms such as acceptable
prebabilities or conseguences, conservative assumptions, or sufficiant margin.

Addilicnal background information on the Backfit Rule and the compliance exception is provided
in Appendix A to this report.

% NRC 1985, al 35103

2 NRC 1985, al 38102. The 1985 backfit rule was vacated by a Federal court on grounds unrelated to the
compliance backfit exception. See Union of Concemed Scicntists v. U.S. Nuclear Regulatory Com'n,

824 F.2d 108, 118-20 {1987). In 1988, the Commission amended the backfit rule (NRC 1988b) to address
the court's concerns, but did not change the 1985 rule’s compliance exception provision. Thus. the
quoted statements from the 1985 rule are the applicable expression of Commission intent regarding
compliance backfits.

% NUREG-1409 (NRC 199Cc) defines written commitments broadty to include the “final safety analysis
report, licensee event reports, and docketed carrespondence, including responses to NRC bulletins,
generic letlers, inspection reports, or notices of violation and confirmatery action letters.”
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1.4 A Brief History of Pressurizer Valve Issues

Appendix B to this report provides a summary of the NRC and industry's testing, evaluation, and
other consideration of PORVs and P8Vs since the TMI Unit 2 (TMI-2) accident in 1879. This
historical review provides context for discussion of valve “qualification” in the Backfit SE. It also
provides the basis for the Panel's conclusions regarding the “known and established standard”
for “gualification” in the context of TM! Action Plan Item 11.0.1 and subsequent activities, as wsll
as how it should be interpreted in the Byron and Braidwood licensing basis.

In light of the NRC staff's assertion that the licensee had nat applied the “single-failure
assumption” as nated above, the Panel alsc considered the applicability of the single failure
cnterion to PSVs. The Panel expendad cansiderable effort in searching for an answer to what
appears to be a simple question: “Are PSVs active components subject ta the single fallure
criterion, or are they passive components exempt from the single failure criterion?” NRR staff
have taken the position that PSVs have consistently been treated as active components.

In the Panel's evaluation of the treatment of PSV failure potential (Section 3 below), & historical . - Commented (CT11]: Differing views on s topic... but |
perspective is provided. In general, the Panel found that the classification of a component as > as | am of the “a historical® persuasion personally, I'm
“active” or “passive” depends on its design, application, and function. For example, passive -, taking Tom's edit @.
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actuator (e.g., signal)®'; sometimes do not involve any mechanical motion (e.g., movement of a
valve disc)®; and sometimes do not involve any motion, either fluid or mechanical (e.g., piping).
While it does not represent formal NRC guidance, additional views on passive components areg
included in International Atomic Energy Agency (IAEA) TECDOC-1624.% This document states
that “[s]afety relaled terms such as passive and inherent safety have been widely used,
particularly with respect to advanced nuclear plants, generally without definition and sometimes
with definitions inconsistent with each other.” This quidance further defines four levels of
"passivity” to “help eliminate confusion and misuse of the terms by members of the nuclear
community.” In addition, SECY-05-0138" also acknowledged and discussed incensistencies in
the use and application of the term “passive.” Additional consideration of this topic by the Panel
is documented in Section 3.10 below.

The introductian to the GDCs and the related footnote deline the applicability of the single
failure criterion in terms of electrical versus fluid systams, and active versus passive
components. Neither the GDCs nor NRC guidance define which characteristics of passive
components are necessary to make a component exempt from the single failure criterion. Some
examples are clear. pipes are passive compenents and pumps and maotor-operated valves that
operate to perform their safsty functions are active components. As discussed in Section 3.6

1 For example, SECY-77-439 (NRC 1977) states: “Examples [of passive failures in fluid systems] include
the failure of a simple check valve 10 move lo its correct position when raquired, the leakage of fluid from
failed componenis, such as pipes and valves particularly through a failed seal at a valve or pump—or
line blockage. Motor-operated valves which have the saurce of powar locked cut are allowed to be
treated as passive compenents.”

¢ For example, NUREG-1800 (NRC 2001¢) states that “[plassive’ structures and components, for the
purpese of the license renewal rule, are those that perferm an intended funclion ... without meving parts
or without a change in configuration or properties ... ‘passive’ may also be interpreted to :nclude
structures and componenis that do not display 'a change of state,™

2 |AEA 2009

“ NRC 2005a



below, check valves might be classitied as active or passive components depending on certain
specific considerations.

With respect to PSVs, the ASME BPV Code applicable to Byron and Braidwood includes
requirements for overpressure protection that relate lo the single failure criterion through several
specific design and construction requirements. As a result, the PSVs are conservatively sized
with sufficient margin to accommodate a single failure although the single failure criterion is
almest never explicitly discussed or applied in accident analyses. The Byron and Braidwood
UFSAR slates that “adequate overpressurization protection is pravided by the three installed
satety valves.” Neither the UFSAR system descriptions nor the safety analyses provide detailed
discussions of potential PSV failures or their consequences. The principal discussion of
potential PSV failures in the accident analyses occurs in the evaluation of an inadvertent
opening of a PSV in UFSAR Section 15.6.1.

Most relevant for the current issue, the Byron and Braidwood UFSAR analyses of overpressure
events {e.g., foss of load, loss of feedwater) do not apply the single failure criterian to cause a
PSV to stick open {i.e., fail to reseat) when opening on steam flow. In addition, the UFSAR
Feedwater System Pipe Break analysis (Chapter 15.2.8) does not apply the single failure
criterion to cause a PSV to slick open either during steam discharge or during water discharge.
A survey of other Westinghouse-designed plants showed that this treatment of PSV valve
performance during anticipated operational occurrences (AOOs, similar to ANS Condition Il
events) and postulated accidenis (similar to ANS Candition V¥ events) has been consistent and
without any identified exceptions.*

1.5 History and Review of Westinghouse NSAL and Related Activities

Appendix C to this report provides the Panel's review of the issues identified by Westinghouse
in NSAL-93-13 and its Supplement 1, how various licensees responded to these issues, and
how the NRC was involved in reviewing and approving these actions. This revlew provides the
basis for the Panel's conclusions related to the approach taken by Byron and Braidwood to
address these issues in their licensing basis, as well as on the “known and established
standard" tor event escalation from ANS Condition (I to ANS Condition Il1, referred to hereafter
as the “non-escalation position.”

2 SUMMARY OF THE APPEAL REVIEW PANEL FINDINGS

For the reasons provided in Section 3, the Panel concluded that in 2001 and 2004 and at
present, the known and established standard of the Commission is that failures of PSVs need
not be assumed to occur fallowing water discharge if the likelinooed is sufficiently smali, based
on well-informed staff engineering judgment. The Panel also concluded that, in preparing the
Uprate SE and the Setpoint SE, the NRC staff exercised reasonable and wall-informed
engineering judgment when the NRC staff concluded that the PSVs were unlikely to stick open.
The non-escalation pesition dees not establish specific standards for valve qualification, so the
non-escalation position, standing alone, provides no basis for rejecting the licensee's reliance
an EPRI valve testing. Moreover, the Panel found that no mistake or error occurred in the
licensee’s or previous staff's reliance on the EPRI testing program that included an evaluation of

3 Exarmples include Watts Bar (NRC 1982 and TVA 1983), Norlh Anna {NRC 1978), and AP1G00
{Waeslinghouse 2011).



waler discharge through pressurizer valves.™ Therefore, the Panel also concluded that the NRC
staff's position on valve qualification in the Bacikfit SE is a new or modified interpretation of what
constitutes compliance.

The Panel also concluded that the issue of pressurizer valve perfortance following water
discharge appears to have generic applicability, and is not specific to only Byron and
Braidwood. The Panel believes that resolution of this issue would have benefited from
consideration of the generic nature of the issue through the approgriate NRC processes. The
Panel included additional infermation about this finding in Section 6 and Appendices Band C
below.

3 DISCUSSION

The compliance exception to the Backfit Rule is intended to address failures ta meet known and
established Commission standards because of omission or mistake of fact. New or modified
interpretations of what constitutes compliance do not fall within the exception. The Panel
reviewed and evaluated the information referenced in this report to determine if, in 2001 and
2004, there was a known and established standard of the Commission refating to the potential
for PSVs to fail following water discharge during IOECCS events.

In addition, the Panel considered the issue of “known and established standards of the
Commission” as it relates to “event escalation.” The NRR Appeal Decision stated that the
Backlit SE “showed that the approvals at issue for Braidwoad and Byron were inconsistent with
the Agency's general position on the known and established standard at issue, in this case the
progression of [ANS] Condition |l events.” The Panel recognizes that the non-escalation position,
although net included in NRC regulations, is widely referenced in reactor licensing basss as an
approach tor addressing AOQOs and postulated accidents as articulated in the GOCs. The non-
escalation position is incorporated in Section 15.0.1.2 of the Byran and Braidwood UFSAR as
“By definition, these faults (or events) do not propagate to cause a more serious fault, i.e., [ANS]
Condition Ill or IV events.”

Exelon and the Panel agree that the non-ascalation position is now, and was in 2001 and 2004,
a part of the licensing basis of both Byron and Braidwood. In addition, the Panel supports the
NRC staff's view that non-escalation (from ANS Condition [1 to ANS Condition 1l or IV) is a
known and established standard applicable to Byron and Braidwood. However, the Panel also
agrees with Exelon that the fundamental issue is not the non-escalation position, as the NRC
staff contends, but rather the appropriate standard for PSV water discharge. In the absence of a
PSV failure to reseat, the concerns articulated by the NRC staff in the backfit related to event
classification, event escalation, and compliance with 10 CFR 50.34(b) and GDCs 15, 21, and 29
would no longer be at issue.

Tha Panel’s evaluation of the treatment of PSV lailure potential includes an assessment of
multiple relevant references, which are discussed chronolegically in the sections that follow.

* “Pressurizer valves” is used in this report to refer to either PORVs or PSVs when discussing issues
common to bath types of valves.



3.1 General Design Criteria (1571)

In 1971, the Atomic Energy Commission published the GDCs, which had been under
development since 1965.% The introduction to 10 CFR Part 50, Appendix A addresses “Single
Failure” in the section on Definitions and Explanations. The paragraph on single failures
includes a footnote stating: “The conditions under which a single failure of a passive component
in a fluid system should be considered in designing the system against a singla failure are under
development” (emphasis added).

3.2 Commission Paper on Singla Failure (1977)

In response to several staff concerns and differing views on the subject of application of the
single failure criterion, the Acting Director of NRR issued SECY-77-439 ‘(t]o inform the
Commission of the present status and future use of the Single Failure Criterion as a tool in the
reactor safety process.™ In part, that paper addressed the application of the single failure
criterion to passive components in fluid systerns, stating that “[a]pplication of the [single failure]
concept is complicaied by the interrelationships between the various fluid and electrical systems
and their supporting auxiliaries in a nuclear power plant. Furthemore, there is a need to
stiputate the events and associated assumptions which must be considered during application
of the Single Failure Criterion.”

SECY-77-439 specifically spoke to how "additional passive failures'—that is, failures in addition
to the initiating event—had been and should be addressed, stating (with emphases added):

During subsaquent years [since the single failure foolnote quoted above was

published)] staff assumptions regarding the nature of passtve failures which
should be considered have not been completely consistent and there has been

some disagreement. Howevaer, on the basis of the licensing review experience
accumulated in the period since 1969, it has been judged in most instancas that
the probability of most types of passive failures in fluid systems is sufficiently
small that they need not be assumed in addition to the initiating failure in
application of the Single Failure Criterion to assure safety of a nuclear power
plant.

Furthermore, SECY-77-439 provides definitions and examples for distinguishing between active
and passive tailures. Among these examples, SECY-77-439 cites “the failure of a simple check
valve to move 1o its correct position when required” as a passive failura. Of the examples ciled
in SECY-77-439, the check valve examgple is most similar from a mechanical perspective to the
PSY failure addressed in the Backfit SE, as explained balow in the discussion of SECY-94-084.

SECY-77-439 also stresses the use of engineering judgment relating to the probability of
component tailure and does not suggest that valve “certification” or "gualification” in accordance
with ASME standards should be invoked as the basis for such decisions.

3.3 TMI Action Plan ltem It.D.1 (1980)

As an element of the TM: Aclion Plan, the NRC staff required licensees to address the capability
of relief and safety valves to perform their intended functions without failure. Specifically,

3 AEC 1971
¥ NRC 1977
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Item 11.D.1 states that “[piressurized-water reactor [PWR] and boiling-water reactor [BWR]
licensees and applicants shall conduct testing to qualify the [RCS] relief and safety valves under
expected operating conditions for design-basis transients and accidents.” With reference to
planned EPRI tesling and other generic industry test programs, NUREG-0737 specified
provisions for then-operating nuclear power plants and applicants for operating licenses and
holders of construction permits to address the TMI Action Plan items, including Item 11.D.1.
NUREG-0737 stated, for the performance testing of relief and safety valves for ltem 11.D.1, that
“[t}he testing should demonstrate that the vaives will open and reclose under the expected flow
conditions.”

Althcugh limited in scope, the EPRI test results did not identify any generic issuss with PSVs or
PORVs sticking open foilowing water discharge. The NRC staff approvals summarized below
show that the word “qualify” in this TMI Action Plan item was not intended to refer to ASME
valve certification or qualification. Instead, “quality” was used in a less formal sense to referto a
reasonable judgment that the valve would open ta relieve pressure and then reliably reseat. As
referenced in NUREG-0737, the EPRI test program was the widely used approach to address
TMI Action Plan Item 11.D.1 al PWR nuclear power plants. The Westinghouse Owners Group
submitted WCAP-10105 to the NRC in 1982 to demonstrate the acceptability of the EPRI testing
program for PSVs and PORVs in Westinghouse-designed PWRs.*

3.4 NRC Closure of TMI Action Plan Item 11.D.1 for Byron and Braidwood
{1988-1990)

A 1988 letter from the NRC staff to the licensae for Byron found the licensee's reliance on EPRI
testing of PSVs to be acceptable.*® The 1988 SE stales that the test program was designed *[tJo
reconfirm the integrity of the overpressure protection system and thereby assure that the
[GDCs] are met.” As discussed in Appendix B to this report, the 1988 SE described the NRC
slaff's evaluation of the PSVs and PORVYs lor feedwater line break accidents that would include
water discharge, and determined that the EPRI tests were applicable to the Byron and
Braidwood PSVs and PORVs. Based on the NRC stafl and contractor review, the 1988 SE
found that the perfarmance of the PSVs and PORVs was acceptable based on the EPRI tests.

For the specific extended high pressure injection event, the 1988 SE states that water discharge
through the PSVs and PORVSs could be disregarded because cof the long time available for
operator action. However, the SE addressed water discharge through the PSVs and PORVs as
part of the feedwater line break evaluation.

In the cover letter for the 1988 SE, the NRC stalf states that the licensee should develop and
adopt plant procedures to inspect the pressurizer valves after gach lift involving loop seal or
water discharge. The 1988 SE contains no reference to or suggestion of a need for certification
of these valves in accordance with the ASME BPY Code for water discharge capability. In 1990,
the NRC staff also found the use of the EPRI test program similarly acceplable for Braidwood.*!

B WOG 1982
4 NAC 1988¢, referred to as the 1988 SE
4 NRC 1990a
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3.5 Westinghouse NSAL-93-013 and Supplement 1 (1993-1994)

In 1993, Westinghouse sent NSAL-93-013 to operating nuclear power plants in response to its
discovery that potentially non-conservative assumptions had been used in the licensing analysis
of the IOECCS event. Westinghouse recommended that licensees determine if their pressurizer
safety relief valves (PSRVs)* “are capable of ¢losing following discharge of subcooled water.”
Westinghouse noted that the PSRVs might have been designed or “qualified” to refieve
subcooled water. Westinghouse also noted that “licensees may have qualified these valves in
compliance to NUREG-0737, Item |1.D.1." If the PSRVs were not designed or qualified for
subcooled water discharge, Westinghouse recommended that licensees regvaluate the
IOECCS event with three possible aptions of (1) reducing emergency core cooling system
(ECCS) flow used in the safety analysis, (2) using a less restrictive operator response time, or
(3) crediting the use of ore or more PORVSs to help mitigate the accident.

Later, in Supplement 1 to NSAL-23-013, Westinghouse alerted licensees ta potential reduced
time for operator action if a positive displacement pump {a typical component ol the CVCS)
were in service, and 1o the need to qualily the PSRVs and the piping downstream of the PSRVs
and PORVs if water discharge from the pressurizer is predicted.

Some licensees submitted license amendments that involved improvements te the PORVs and
their circuitry to avoid water discharge through the PSVs (e.g., Salem*, Millstone**, Callaway*®,
and Diablo Canyon*). The NRC staff review and approval of those proposed improvements
relied on engineering judgment relative to the various test information and PORY circuitry
upgrades described by individual licensees. The licensee for Byron and Braidwood submitted an
LAR for similar PORY impravements,* but that request was later withdrawn #

As indicated below, the Panel’s sampling review found at least two plants, in addition to Byron
and Braidwood, that chose ta address this issue by crediting Llhe capability of PSVs to relieve
water, based on the EPRI testing performed in response to TMI Action Plan [tem 11.D.1.

3.6 Commission Paper on Passive Plant Designs {1994)

In 1994, in preparation for the design certification reviews of passive reactor designs (e.g., the
Westinghouse Advanced Passive 1000 (AP1000) and the General Electric Economic Simplified
Boiling-Water Reactor (ESBWR)), the NRC staff presented nine issues to the Commission for
policy decisions.*® Although PSV categorization and performance requirements were not
explicitly addressed, the paper does include an issue on "Definilion of Passive Failure” and an

“2 Westinghouse usad the term PSRVs, The specific valves for Byron and Braidweod should be
designated as “salety valves” or “pressurizer safety valves" as they are by the manulacturer, in the ASME
B8PV Code, and by the licensee. This diference in terminology is not significant ta any of 1he findings or
canclusions n this report.

SNAC 1997

“NAC 1998

* NAC 2000

“¢ NRC 2004a

*7 ComEd 1998

8 ComEd 1998

INRC 1994a
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extensive discussion on whether check valves are passive or active compenents and how they
should be addressed in current plants and future passive designs.

SECY-94-084 recognized the GDCs and SECY-77-433 as establishing long-standing
requirements and guidance in this area. The paper acknowledged that the industry (including
EPRI documents and ANSI/ANS 58.9%%) have been inconsistent with respect to check valve

tailures, sometimes considering them as “active failures” and sometimes as “passive failures.” In

SECY-77-439, however, the NRC statf stated that the failure of a simple check valve to move to
its correct position when required was a “passive failure.” in addition, SECY-94-084 states that
“(iln licensing reviews, however, only on a long-term basis (e.g., long-term recirculation cooling
following a toss of coolant accident (LOCA}] does the NRC staff consider passiva failures in fluid
systems as potantial accident iniliators in addition to initiating events.” The paper also states
that “[flor current plants, the NRC staff normally treats check valves, except for those in
containment isolation systems, as passive devices during transients or design-basis accidents.”

Furthermore, SECY-94-084 states that “[rledefining check valves as active components, subject
to consideration for single active failures would cause these valves lo be evaluated in a more
stringent manner than that used in previous licensing reviews" (emphasis added). The NRC
staff then recommended (and the Commission agreed®') that the NRC staff should “maintain the
current licensing practice for passive component failures on the passive (advanced light water
reactor} ALWR designs, and to redefine check valves, except for those whose praper function
can be demanstrated and documented, in the passive safety systems as active companents
subject to single failure consideration.” Theretore, the NRC's position on check valves was
changed only for passive ALWR designs going forward.

The Panel considered the opening function of check valves and PSVs to be similar in that they
both open thraugh the motion of the valve disk under diflerential pressure with no extemal
signal er motive power. The Panel also recognized that the ambiguity with respect to “passive”
versus “active” component definitions and nomenclature exists for satety valves. In addition, the
passive or active classification of check valves or safety valves may differ based on design
considerations, inservice lesting, or accident analyses. For example, the PSVs and PORVs, as
well as numerous check valves, are classified as active components in the Byron and
Braidwood inservice testing programs. However, for purposes of applying the single failure
criterion in the GOC conlaxt, the Panel concluded that it is appropriate to consider the potential
failure of a PSV foliowing water discharge as a passlve failure (consistant with the treatment of
check valve failures for the operating fleet), provided the licensee or applicant qualifies the
performance of tha PSV in an acceptable manner. In the case of Byron and Braidwood, the
NRAC staft accepted the EPRI testing associated with TMI Action Plan Itern 11.D.1 to provide this
qualitication.

3.7 Draft Standard Review Plan Revision (1996}

The 1996 draft revision to SRP Seclions 15.5.1 - 15.5.2 on IOECCS and CVCS malfunctions
includes extensive updates to the 1981 revision, but neither version includes any discussior,
criteria, or guidance on applying ASME Code requirements to PSVs or on applying the single
faiture criterion or any other lailure assumption to PSVs.5?

50 ANS 1981
I NRC 1394b
2 NRC 1996
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3.8 Power Uprate Reviews and License Amendments (2001-2008)

As part of the 2001 power uprate review for Byron and Braidwood, the NAC staff approved the
analysis of an IOECCS (UFSAR Section 15.5.1) that included pressurizer filling, PSV water
discharge, ECCS termination, and PSV closure. In the Backfit SE, the NRC staft indicated that
the 2001 license amendment was predicated on the NRC's mistaken (unsubstantiated) belief
that the valves were ASME-qualified (certified). However, the Panel's review of the SE angd
associated RAls showed that, in 2001, the NRC staff was well aware of the nature of the EPRI
testing that the licensee relied on. The Panel did not find any evidence that the licensee claimed
or the NAC staif believed that the valves were “qualified” in an ASME BPV Code certification
sense; rather, the record shows that the NRC staff thoroughly considered the testing conducted
on valves of the type installed at the plants and applied well-informed and reasoned technical
judgment in reaching its conclusion Lhat the EPRI testing provided appropriate qualification.

The Panel cenfirmed its conclusions and understanding about the 2001 NRC staff review via
discussions with the individual who was the responsible Section Chief in the Reactor Systems
Branch at the time. He informed the Panel that the 2001 license amendment was based on the
exercise of staff engineering judgment and that there was no discussion of ASME BPV Code
certification or qualification of valves. In addition, the Panel found that the NRC approved power
uprates for other nuclear power plants that included comparable staff evaluations of water
discharge through PORVs or PSVs based on test information provided by individual licensess.
Far example, in 2001, the NRC granted & power uprate for Shearon Harris that included the
operability of PORVs and P5Vs during the discharge of subeaoled water, referencing TMI
Action Plan Item 11.D.1.% As noted above, in 2006, the NRC also granted a power uprate for
Beaver Valley. The SE for this Beaver Valley amendment referred to RIS 2005-29 and indicated
that there was reasonable assurance that the PSVs would adequately discharge water and
reseat following a spuricus safety injection actuation, based on the EPRI test data Irom 1881
and an evaluation of the temperature of the liquid being discharged.

During the NRC evaluations of license amendments since the TMI-2 accident, the NRC staff
has specified in some SEs that a PORV or PSV would be assumed to stick open if it was not
qualitied for liquid service. To address this concern, the NAC staff reviewed and accepted a
variety of test information (including EPRI, Wyle, and vendor testing) submitted by individual
licensees to demonstrate the capability of PORVs or PSVs fo reseat following water discharge.
In the sample of SEs it reviewed, the Panel did not find a specific requirement for the PORVs or
PSVs to be cartified under the ASME BPV Code as capable of reclosing after water discharge.

In 2004, the NRC issued license amendments for Byron and Braidwood granting an adjustment
to the PSV setpoints. In an RAI, the NRC staff requestsd that the licensee perform a
quantitative analysis regarding the number of opening cycles during which the PSV would be
expected to pass water and the temperature of the water being discharged. In the Setpaint SE,
the NRC staft concluded that ihe analysis was acceptable for assuring that the PSVs would
remain operable following a spurious safety injection event.

STNRC 2001d
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3.9 RIS 2005-29 (2008) and Proposed Draft Revisian 1 to RIS 2005-29 (2015)

in 2005, the NRC staff issued RIS 2005-29 “to notify licensees of a concern identified during
recent reviews of powar uprate [LARs].” The RIS addressed the manner in which some
licensees acted in response 10 NSAL-93-013. The RIS was issued at the division level in NRR
and does not include a record of office-ievel concurrence. The RIS was not reviewed by CRGR.
The Panel requested information on the basis for the CRGR's decision not to review the
proposed RIS before it was issued, but the CRGR staff could not find any related
docurnentation. It appears to the Panel that the CRGR may not have reviewed the RIS because
of assertions in the RIS such as these:

. “This RIS requires no action or written response and, therefore, is not a backfit under 10
CFR 50.109. Consequently, the NRC staff did not perform a backfit anaiysis.”

. “This RIS is informational and pertains to a NAC staff position that does not depart from
current regulatory reguirements and practice.”

A key statement in RIS 2005-29 is the following {with emphasis added):

The NRC staff's position is noted in the power uprate review standard, as follows:
“Far the [IOECCS] and [CVCS] malfunctions that increase reactor coolant

inventory events: {a) non-safety-grade pressure-operated relief valves should not
be credited for event mitigation and (b) pressurizer level should not be allowed to

reach a pressurizer water-solid condition.”.

However, \he NRC staff review standard cited in the RIS {RS-001) is explicitly limited to EFU
reviews, and states ing that “iiThe staff does not intend to impose the criteria and/or guidance
in this review standard on plants whose design bases do notinclude these criteria and/or
quidance. No backfitting is intended or approved in connection with the issuance of this review
standard."**

This intent of RS-001 to define and clarify the scape of EPU reviaws, but not impose new
requirements or new interpretations of requirements, was confirmed by the Panel in discussions
with the manager responsible for developing and issuing RS-001, Therefore, contrary to the RIS
statement, neither RS-001 nor RIS 2005-29 documented “known and established standards of
the Commission” applicable to Byron and Braidwood.

The Panel also notes that neither RIS 2005-29 nor its draft Revision 1, which is currently
under development, discuss water discharge certitication raquirements in accordance with the
ASME BPY Code. In fact, as stated abave, the NRC issued a 2006 power uprate amendment
for Beaver Valley in which the SE cited RIS 2005-28 and yet relied on the EPAI testing data to
address the concem.

3.10 SECY-05-0138 (2005}

SECY-05-0138 presents a comprehensive history of the application of the single failure
criterion, including extensive discussion of the treatment of passive components in fluid
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systems.* The paper enclosed a July 2005 draft of an NRC staff technical report on the single
failure criterion. Section 4.2.2 of this report acknowledges that ‘[o]ne particular issue identified in
this project is the continued existence of the foolnote to the definition of single failure in 10 CFR
{Par] 50 Appendix A stating that the regulatory position on considening passive failures in fluid
systems is under development.” In Section 2.5.3, the draft report quotes trom SECY-77-439
{(discussed above} and recognizes that in current practice, as in 1977, "[plassive tailures in fluid
systems are generally excluded from single-failure assessments.”

SECY-05-0138 and the accompanying draft report present three alternatives for using a risk-
intormed and performance-based approach to address the single failure issue. The draft report
clarifies that all of the alternatives “could include developing a position on single passive failures
in fluid systems to replace the foctnote now in 10 CFR Part 50 Appendix A definitions.”

These documenls make it clear that, with few exceptions, neither the NRC staff nor the
Commissian has established specific requirements relating to the treatment of passive
component failures in fluid systems. The Panel believes the existence of this Cammission
paper, contemporaneous with discussions on patential PSV failures (e.g., RIS 2005-29), makes
it clear that no specific “known and established standards” on PSV tailures had been developed
between 1977 and the time of the Byron and Braidwood license amendments in 2001 and 2004,

3.11 Standard Review Plan Revision {2007)
Revision 2 to SRP Sections 15.5.1 - 15.5.2 states:

if the plant is equipped with PORVSs that are (1) safety-related equipment and
{2) qualified for water relief, then they may be assumed to reseat properly after
having relieved water. The [PSVs], too, may be assumed to reseat propery after
having relieved water; but only it such valves have been qualified tor water relief.

However, this section does not reference ASME BPY Code requirements for safety valve
certification.

3.12 Backfit Letter and Subsequent Backfit Appeals (2015-2016)

The Backfit SE is predicated on the following positions:

. “water reliel through a valve that is not qualitied for water relief will cause that valve to
stick in its fully open position” {emphasis added)

. “the licensee ... has not applicd the single-failure assumption” (emphasis added)

. “nor [has the licensee] provided ASME water qualification documentation for the PSVs

... the ASME ... oniginal Overpressure Protection Report ... inservice test history ...
including both water and steam tests" {emphasis added)

The Backfit SE contends that an IDECCS would escalate to & more severe event, Such an
escalation would be contrary to the Byron and Braidwood licensing basis {i.e., contrary to the
ANS non-escalation position} and could be in non-caompliance with the GDCs (as included in the
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Byron and Braidwood licensing basis) since an IOECCS with a stuck-open valve had not been
analyzed and shown to meet the appropriate criteria for an AGC.

Based on its review of all the relevant documents and discussions with the individuals {staff and
rmanagers) involved in the original review and the backfit, the Panel has developed an
understanding of the regulatory requirements and practices, the potential safety issues, and
backfit rule obligations. The Panet has determined that the numerous, complex, and detailed
regulatory and technical issues all depend on the answers to two critical questions on valve
performance:;

. Must the PSVs in question be assumed to fail given liquid water discharge because of
the lack of ASME BPV Code certification for waler discharge?

. Must the PSVs be assumed to fail in accordance with the GOC “single failure”
requirements?

In the Backfit SE, the NRC staff indicaled that “[o]ne assumption that is particularly important to
the non-escalalion criteria is that water relief through a valve that is not qualitied for water relief
will cause that valve to stick in its fully open position” (emphasis added). The Panel concluded
that this issue—the treatment of potential valve failure—is not only “particularly important,” it is
the critical issue upon which the compliance backfit hinges.

Based on the historical evidence, the Panel concluded that there is nat now, nor has thers been,
a known and established Commission standard (1) that PSVs must be assumed to fail following
water discharge in the absence of ASME BPY Code certification for water discharge, or (2} that
PSVs must be assumed to fail as pan of single failure criterion analysis. The NRC staff's
determination that ASME BPV Cade certification is necessary first appears in the Backfit SE.
The determination that application of the single failure criterion is necessary first appears in the
draft Revision 1 to RIS 2005-29. The Panel has not identified these positions being stated in any
final NAC requirement or guidance document.

The Panel also concluded that in 2001 and 2004 and at present, the known and established
standard of the Commission is that failures of PSVs need not be assumed to accur following
water discharge if the likelihood is sufficiently small, based on well-informed staff engineering
judgment. In preparing the Uprate SE and the Setpoint SE, the NRC staff exercised reasonable
and well-informed engineering judgment when the NRC staff concluded that the PSVs were
uniikely to stick open. On the bases of its document reviews and interviews, the Panel
concluded that the NRC staff reviewers involved in the 2001 power uprate review were among
the most experienced and senior reviewers in their arcas of expertise. The NRC staff valve
expert involved in the review was the agency’s most knowledgeable individual on PSVs and the
relevant ASME Code requirements, and was a nationally recognized expert. The Panel did not
fing any evidence that the NRC staff's issuance of the 2001 or 2004 license amendments was
based on an omission or mistake of fact. Rather, the Panel concluded that the current NRC staff
positions on valve qualification in the Backfit SE are new or modified interpretations of
compliance.

In interactions with the Panel, NRR stalf emphasized several issues raised in the Backfit Letter.
The Panel summarizes its consideration of those issues in the following subsections.
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3.12.1 Non-Escalation Position and Valve Failure

In the Backfit SE, the NRC staff discussed the definition of event conditions in ANS-51.1/N18.2-
1973 and the provision in this standard that events of ong condition do not propagate to cause a
more serous fault. This position is commonly known as the non-escalation position. In
interactions with the Panel, NRR stalf provided several clarifications on this topic, summarized
by the Panel as follows:

. ANS-51.1/N18.2-1973 delines the categories of design basis transients and accidents
based on an anticipated frequency of occurrence {annually for ANS Condition |l events).

- Itis a long-standing NRC position that escalation from one condition to another is not
accaptable.

. ANS-51.1/N18.2-1973 constitutes & knawn and astablished standard thal has been
reflected in NRC guidance documents and in the licensing basis of each U.S. nuclear
power plant.

The Panel confirmed that this ANS standard is referenced in several places in Chapter 15 of the
Byron and Braidwood UFSAR. The Panel agrees that the non-escalation position is an
established standard applicable to Byron and Braidwood. but did not identify historical evidence
that implementation of this standard requires Exelen to assume that its pressurizer valves will
fail open under waler discharge conditions, to apply the single failure criterion to PSV failure in
these circumslances, or to impose ASME Code requirements for certification, qualification, or
testing of PSVs for water discharge.

3.12.2 Non-Escalation Pasition and Return to Service

In the Backfit SE, the NRC staff makes reference ta the tims it would take to clean up a
contaminated containment following a stuck-open pressurizer valve. In interactions with the
Panel, NRR staff re-emphasized concems that extended steam and water discharge through
the pressurizer valves would result in the failure of the pressurizer relief tank rupture disk, would
require repair of the damaged PSVs, and might cause an extended time period for the return 1o
service of the nuclear power plant.

The Panel does not consider the time period necessary for the licensee to perform radioactive
clean-up activities in the containment building, to inspect and conduct any necessary repairs to
the PSVs, or to prepare for plant startup, to constilute issues that support a compliance backfit
imposed by the NRC. The NRC staff would verify (e.g., through inspeclion) that the licensee had
conducted these activities appropriately to protect the public health and safety prior to plant
restart. The Backiit SE states that UFSAR Section 15.5.1.3 “implie[s]” that the plant will return to
operation in a “short period,” but the Panel found no bases bas;s for a timing requirement in
UFSAR Section 15.5.1.3. Also, the Panel did not find a regulatory requirement or basis far
defining or limiting the time available for the plant to return ta operation.

3.12,3 TMI Action Plan item 11.D.1 and EPRI Testing

Although the Backfit Letter and NRR Appeal Decision do not speak explicitly to TMI Action Plan
Item 11.D.L, in interactions with the Panel, NRR staft stated that the known and established
standard in queslion is the TMI Action Plan Item |1.D.1 standard for licensees and applicants to
condugct testing to qualify the RCS relief and safety valves under expected operaling conditions
for design-basis transients and accidents. As discussed above and in Appendix B to this report,
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the NRC accepted the EPRI testing to satisfy TMI Action Pian ttem 11.D.1 for Byron and
Braidwood in SEs forwarded by letters in 1988 and 1990. Therefore, the Panel concludes that
this known and established standard referenced by the NRG staff had been met for Byron and
Braidwood.

In interactions with the Panel, the NRR staff further stated that an ornission or mistake of fact
occurred when the licensee failed to acknowledge that the EPRI testing program did not
evaluate water discharge from the pressurizer valves during extended high pressure safety
injection for Byron and Braidwood. As discussed in Appendix B to this report, in the 1988 and
1990 SEs for the Byran and Braidwood responses to TMI Action Plan ltem 11.D.1, the NRC staft
evaluated the capability of the PSVs and PORVs during feedwater line break accidents,
including water discharge. In these SEs, the NRC staff found that the performance of the PSVs
and PORVs with water discharge was acceptable based on the EPRI tasts. Therefore, the
Panel also concluded that the licensee's reference lo the EPRI testing program was not an
Qmission or a mistake of fact.

3.12.4 ASME Code Certification

In the Backfit SE, the NRC staff stated thal certain ASME Code information would be necessary
to suppon water qualification of the PSVs. In interactions with the Panel, NAR staft stated that,
to satisfy the standard for water discharge capability of pressurizer valves, it would be
necessary to conduct flow capacity certification in accordance with the ASME BPY Code and
ingervice testing throughout the service life in accordance with the ASME OM Code. The NRR
staff refarenced certain licensing actions in which water discharge was not considered
acceptable, or different actions were required.®’

As discussed in Appendix C to this report, the NRC staff required additional actions for some
licensees to support reliance on the PORVs for water discharge and to avoid water discharge
through the PSVs. The Panel found, however, that the NRC staff also allowed some licensees
to rely only on EPRI testing without significant additional activities. The Panel did not identify
instances where the NRC staff imposed certification by the ASME BPY Code and testing in
accordance with the OM Code, or required alternatives to the ASME BPV or OM Codes, in the
examples ol NRC staff review of water discharge capability for pressurizer valves.

The NAR staff also identified for the Panel specific ASME Code provisions that it viewed as
supporting its position that ASME Code requirements appiy fo qualification of pressurizer valves
for water discharge. The NRR staff, however, did not provida evidence that the NRC staff has
consistently interpreted these provisions as the NRC staff is now interpreting them. Given the
'NRC staff's resolution of TMI Action Plan ttem 11.D.1 and the wrnisasssthe NRC staff's
licensing practices, the Panel concludes that the NRR staff's current application of the ASME
Code is not supported by Ihe historical record.

3.12.5 Conduct of 2001 and 2004 License Amendment Reviews

In light of the wide range of positions taken by the NRC staft during its reviews of pressurizer
valve capability since the TMI-2 accident, the Panel agrees that, in the course of preparing the
2001 Uprate SE or Setpeint SE, tha NRC staff could have considered the need for the licensee
for Byron and Braidwood to improve the reliability of the PSVs or PORVs for water discharge or
to avoid water discharge through the PSVs by PORY improvements. The NRC staff may have
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been able to justify additional actions, but they determined that it was not necessary. Instead,
the NAC staff reviewers in 2001 used their expert engineering judgement to determine thal it
was not necessary to assume that the PSVs or PORVs would stick open with water discharge,
based on EPAI test Information, licensee supplemental information. and their own technical
experience.

In discussions with the Panel, NRR stalf raised a concern that the Setpaint SE does not
document a re-review of the gualification ol the PSVs and noted that if the Uprate SE had nol
found water discharge through the PSYs to be acceptabls, it is unlikely that the NRC staff would
have approved this 2004 amendment. In Appendix C to this report, the Panel summarizes the
discussion in the Setpoint SE ot the PSV water discharge capability. The Panel recognizes that
a staff raview may rely on a previous more extensive review to determine the acceptability of a
similar request. The Panel does not consider the review approach used in 2004 to challenge the
acceptability of the 2001 revigw.

4 RESPONSE TO THE EDO QUESTIONS

In establishing the Panel, the EDQ asked the Panel to answer five specific questions, as well as
evaluating the overall appropriatensss of the backfit. The Panel's answers to these questions
are provided below.

4.1 Were the approvals based on a mistake? It so, what was the mistake and
what are the implications for Braidwood and Byron?

In responding the question, the Panel has considered the differing views of the NRR staff and
the licensee on this issue. Those positions are summarized below:

. In the NRR Appeal Decision, the NRC staff claims that “[t]he NRC erred in approving a
sequence of events that allowed the [IOECCS], [CVCE] malfunction, and inadvertent
opening of a pressurizer safety or relief valve analyses in the 2001 and 2004 [SEs]” and
“the NRC staff understood the PSVs to be qualified for water relief when, in fact, they
werg not.”

. Exelon claims in the NRR Backfit Appeal that “the compliance exception requires more
than simply asserting that the prior staff approvals were wrong—the NRC must
demonstrate that the prior approvals were erroneous because of an omission or mistake
of fact at the time of the approval. The NRC has nat made that case here.”

On the basis of its independent review, the Panel concluded that, in 2001 and 2004, the NRC
staff did not misunderstand the qualification status ol the PSVs and that it was not a mistake to
undertake a review of or make a technically based safety finding on the likely successful
performance of the valves. in the Pancl's opinion, the actions of the Reactor Systems Branch in
2001 to reach out to the Division of Engineering's Mechanical Engineering Branch lor expert
technical review assistance was both appropriate and commendable. After considering the
materials presentied by the licensee in support of the 2001 and 2004 requests and discussing
the 2001 review with one of the invclved managers, the Panel found no indication that the
senior reviewer evaluating the topic was misled regarding the quailication status of the PSVs,
but rather used his expert judgment in determining the appropriate level of qualification for a
tachnically complex topic for which there was not a single accepted approach. For lhese
reasons, the Panel concluded that the NRC staff reviews and approvals of the 2001 and 2004
license amendments were not based on omissions or mistakes of fact.
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4.2 What is the known and established standard tor water qualitication of PSVs?

The Panel concluded that in 2001 and 2004 and at present, the known and established
standard of the Commission is that the failures of PSVs need not be assumed to occur following
water discharge if the likelihood is sufficiently small, based on well-informed staff engineering
judgment. The Commission has not established a more detailed or prascriptive standard.

4.3 What is the known and established standard for progression of postulated
evenis between categories of severity?

For Byron and Braidwood, the NRC staff and the Panel agreed that the known and established
standard for progression of pastulated events between categories of severity is the “non-
escatation position” specified in ANS-51.1/N18.2-1973. This position, which is included in the
Byron and Braidwood UFSAR, requires that events of one condition do not propagate to cause
a more serious condition {i.e., from ANS Condition Il to ANS Condition IIl or IV). The Panel
concluded that the IOECCS {an AQOQ per the GDC definition and an ANS Condition Il event}
would escalate ta a mare severe event if a PSV were to stick open, or if bolh a PORY stuck
open and its block valve failed to close. Such an escalation would be contrary to the Byran and
Braidwoad licensing basis {i.e., contrary lo the ANS non-escalation pesition} and could be in
non-compliance with the GDC (as included in the Byron and Braidwood licensing basis), since
an IOECCS with a stuck-open valve had not been analyzed and shown to meet the appropriate
criteria for an AQO. However, this event progression standard does not estabhsh specific
standards for valve qualification to determine whether a valve would slick open and causa this
escalation. Therefore, the Panel concluded that it is not the basis for a compliance backfit given
the current set of facts. {Additiona! infarmation about ANS-51.1/N18.2-1973 is included in
Section 3.12.1 of this report.)

4.4 Does the current licensing basis for Braidwood and Byron compiy with the
applicable regulations? ls it adequate to provide protection to public health
and safety?

The-For the specific technical 1ssue reviewed by the Panel {i.¢., blah, blab. blah) the Panel
concluded that the current I|cens1ng ba5|s for Byron and Braldwood comphes with the applmable

1o public health and safely.

4.5 Given that Exelon suggests that tha NRC pursue a cost-justified substantial
safety enhancement backfit, what is the contribution to overall plant risk of
the current configuration at Braidwood and Byron?

The Panel requested RES to provide information and insights on the risk significance of the

sequence at issue, t0 assure that ihe Panel's judgments were being made wilh a full
understanding of their significance, and to assist in responding to the EDO guestion.
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The RES study™ suggests that the most significant IOECCS sequance, assuming that all
pressurizer overfill events lead to a small LOCA, contributes approximately 1 percent of the total
intemal event core damage frequancy (CDF). In its report, RES estimated that the maximum
benefit (COF reduction) of 1.5E-07 per year would be achieved if the mards witbpeiiid
‘backfity is perectly effective such that pressurizer overfilling was): always prevented. ” I the
PSVs are not assumed to aiways fall following water discharge (consistent with the NRC staff
expert judgment in 2001) or if the slants were-madibedbna diflsrent way that did not pravent
presturiyer ovestiing. Takiit is 'ess han perfecly sfiective, the risk-reduction benefit of
implementing the backfit would be even smaller.

The Panel is aware of and sensitive to two important issues related to this question. First, NRR,
not the Panel, is responsible for any decisions on alternative application of the backfit rule to this
issue {through the other categories af adequate protection or cost-justified substantial safety
enhancement). Second, the Panel does not wish to imply that “the contribution to plant risk”
should be sean as the only measure of enhanced safety. The issues of event classification and
the non-gscalation of events are essentially defense-in-depth concapts. Defense in depth has a
recognized role and value in the regulatory process. The Panel is also aware that not every
detense-in-depth feature has the same safety significance, and that the estimated risk
significance (measured in core damage frequency) is very relevant.

Within the context described above, the Panel concluded that the contribution to overall plant
risk is very small.

5 SUMMARY AND CONCLUSIONS

The compliance exception to the Backfit Rule is intended to address failures to meet known and
established Commission standards because of omission or mistake of fact. New or modified
interpretations of what constitutes compliance do not fall within the exception. Theretore, to
address the appeal of the proposed compliance backfit, the Panel focused on determining if this
case is most appropriately characterized as one in which the licensee “fatled to meet known and
established standards of the Commission because ot omission or mistake of fact," or rather as a
case of a “new or modified interpretations ol what constitutes compliance.”

The NRC staff s compliance backfit argument depends on two separate determinations:
1. the assumed lailure of PSVs to reclose after passing water, and

2. the necessity of preventing “event escafation” (i.e., the position that “an incident of
modarate frequency should not generate a more serious plant condition without other
faults oceurring independently”).

For the NRC staff's compliance backfit conclusion to be valid, both of these determinations must
meet the above compliance backfit standard by invalving failure to meet known and established
standards of the Commission.

In the first of these determinations, the NRC staff's compliance backfit is based on the
assumption in the Backfit SE that the PSV fails to reclose given the absence of "ASME watsr
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qualification documentation.” As indicated in the Backfit SE, the Uprate SE involved a technical
evaluation of safety valve capability and likely performance under water-discharge conditions
rather than a simple assumption of a failure. The NRR Appeal Decision indicates that “the 2001
and 2004 [ficense amendment] appravals occurred bacause tha NRC staff understood the PSVs
to be qualified for water relief when, in fact, they were not.”

The Panel carefully considered these views and has reviewed the relevant documents including
the licensea's responses to the NRC staff's RAls,® the NAR technical branch's SE input,®' and
the Uprate SE. The Panel did not find any evidence that the licensee had claimed or the NRC
staff had believed that the valves were “gualified” in an ASME BPV Code certification sense;
rathar, the record shows thorough consideration of the testing conducted on valves of the type
installed at the plant and a well-informed technical judgment that this lesting provided
appropriate qualification.

On the basis of its independent review, the Panel concluded that the NRC staff who prepared
the Uprate SE did not misunderstand the qualification status of the PSVs and that it was not a
mistake to undertake a review of or make a technically based salety finding on the likely
successful performance of the valves. In the Panel's opinion, the actions of the Reactor
Systems Branch in 2001 to reach out to the Division ot Engineering's Mechanical Engineering
Branch for expert technical review assistance was both appropriate and commendable. After
considering the materials presented by the licensee in support of the »=:uexisi AN and
discussing the review with one of the involved managers, the Panel found no indication that the
senior reviewer evaluating the topic in 2001 was misled regarding the qualification status of the
PSVs, but rather used his expert judgment in determining the appropriate levet of qualification
for a technically complex topic for which there was not a single accepted approach. Far these
reasons, the Panel concluded that the NRC staff review documented in the Uprate SE was not
based on omissions or mistakes of fact.

The Fanel concluded that three refated technical and requiatory positions related to the PSVs
{separate from the issue of the non-escalation position) underpin the backfit:

1. ASME water qualification {certification) documentation is required if a valve is lo be
assumed to reclose after passing water.

2. Water discharge through a steam-qualified valve will cause that valve to stick in its fully
open pesition.

3. PSVs are subject to a single-failure assumption.

In the Panel's view, none of these three positions were “known and established standards of the
Commission” in 2001 or 2004 for determining when it was appropriate to assume a failure of
PSVs fo reseat. In fact, they were not “known and established standards of the Commission” in
2005 (when RIS 2005-20 was issued) ar 2006 (when the Beaver Valley EPU was approved) or
2007 (when Revision 2 to SAP Sections 15.5.1 — 15.5.2 was issued).

Mareover, these positions da not appear to be “established standards of the Commission” at
present, The 2007 version of SRP Sections 16.6.1 — 15.5.2 allows credit for PORVSs and PSVs it
they have been “qualified for water relief.” The NRC staff's determination that ASME BPV Code

53 ComEd 20000, Exelon 2001
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certification is necessary first appears in the Backiit SE and is not addressed in any of the final
NRC requirements or guidance documents reviewed by the Panel. The determination that
application of the single failure criterion is necessary first appears in the draft Revision 1 1o RIS
2005-249, which is still under development, and is nol included in any final NAC requirement or
guidance document reviewed by the panel.

The Panel concluded that the standard in place in 2001 and 2004 and at present is simply that
the failures of PSVs need not be assumed to occur following water discharge if the likelihood is
sufficiently small, based on well-informed staff engineering judgment. In earlier documents
addressing this topic, beginning wilh NUREG-0737, itis the Panel's view that the use of the
word “qualified” or “qualification” implies a general demonstration of capability, such as in the
EPRI testing done in response to TMI Action Plan ltem I1.D.1. In light of this standard, the Panel
concluded that, when preparing the Uprate SE and the Setpoint SE, the NRC staff exercised
reasonable and well-Infermed engineering judgment ta conclude that the PSVs were unlikely to
slick open.

Overall, the Panel concluded that the NRC staff's position on valve qualification in the

Backfit SE is a new or modified interpretation of whal constitutes compliance in addressing
potential PSV failures tollowing water discharge. Although this new staff position represents a
well-intentioned and conservative approach that could provide additional safety margin, the
Panel concluded that it does not provide a basis for a compliance backfit,

Finally, in the absence of a PSV failure to reseat, the Panel concluded that the concems
articulated by the NRC staff in the Backiit SE related to event classification, event escalation,
and compliance with 10 CFR 50.34{b} and GOCs 15, 21, and 29 are na longer at issue.

The Panel’s findings, therefore, support the Exelon backfit appeal.
6 ADDITIONAL PANEL THOUGHTS

Iin addition to the specific finding relating to the backfit appeal, the Panel believes it is important
to acknowledge, and for the NRC staft and licensees to appreciate, that water discharge
through a PSV not specifically designed for such service is undesirable and should be
minimized or avoided as a matter of conservative engineering and prudent operations. This is
reinforced by the information provided in NSAL-93-013 and its Supplement 1, and the actions by
various licensees in response to these documents, as well as the limited scope of the EPRI
testing conducted over 30 years ago.

Operator training, control room procedures to terminate the event before pressurizer filling, and
use of PORVs rather than refiance on PSVs, are clearly preferred and prudent measures,
whether they form the facilities’ UFSAR licensing basis and are assumed in the accident
analyses or not.

The PSVs in question were designad for steam service. Steam relief is Iheir normal service
congdlition and applies to their ASME BPV Code certification. The Panel supports the previcus
NRC staff determinations for 8yron and Braidwood and certain other plants that PSVs
experiencing water discharge during an abnormal or accident condition need not be assumed to
fail since there was a reasonable and technically well-informed engineering judgement lo the
contrary. However, the Panel also considers the actions by various licensees to improve the
reliability and performance of the PORVs to avoid watsr discharge through the PSVs to be
prudent in light of the design specifications of the PSVs.
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The Panel considered but could not determine the extent to which the licensee lor Byron and
Braidwood addressed crediting water discharge through the PSVs, PORVs, or PORV tlock
valves in the Byron and Braidwood inservice testing programs, The Panel recognizes that the
difference between the intended use of these valves for averpressure protection and their
infrequent use in response to certain plant events might be considered in implementing
appropriate inservice tesling activities.

The Panel notes that water discharge through various pressurizer valves is not a new issue
because water discharge has always been credited (by the licensee for Byron and Braidwood
and other licensees) for the feedwater line break analysis in UFSAR Section 15.2.8.

On the basis of its review, the Panel also noted that the issue of pressurizer valve performance
following water discharge appears to have generic applicability, and is not specific to only Byron
and Braidwood. The Panel believes that resolution of this issue would have benefited from
consideratian of the generic nature of the issue through the appropriate NRC processes. The
Panel included the information it gathered and assessed to reach its conclusion regarding the
generic nature of the issue in Appendices B and C ol this report. Should the NRAC staff
undertake a generlc look of the issues, it should, among other things, consider the information
presented and questions raised in those appendices. The review should also include a
reassessment ol the information and staff positions communicated in RIS 2005-28, as well as
those included in its proposed Revision 1, which is currently under development, to determine
whether or not these documents include new stalf positions with the patential for inappropriate
or unintended backfitting. As part of any generic assessment, the Panel also recommends that
statt determine whether the information in RIS 2005-29 and its proposed Revisian 1 should be
incorporated into a regulatory quide or another guidance document.
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APPENDIX A: HISTORY OF THE BACKFIT RULE AND THE COMPLIANCE
EXCEPTION

The Backfit Rule

Title 10 of the Code of Federal Regufations (10 CFR), Section 50.109, "Backfitting,” was
originally promulgated in 1970.% Because of perceived deficiencies in the ruie, the U.S. Nuclear
Regulatory Commission (NRC) substantiaily revised it in 1985.% The 1985 rule was challenged
in court, and the U.S. Circuit Gourt for the District of Columbia (D.C. Circuit) vacated this rule in
its entirety. The D.C. Gircuit took this action because it concluded that the revised rule could be
interpreted 10 allow the NRC to consider costs in defining or redefining what is required for
adequate protection of the public health and safety.™ In respanse, the NRC revised the Backfit
Rule in 1988 to remove any implication that costs could be considered in defining or redefining
adequate protection.$® The 1988 revisions only differed from the 1985 rule to the extent
necessary to address the court's concems. The 1988 rule was also challenged in court, but this
tima the D.C. Circuit upheld the rule.®

In its current form, 10 CFR 50.109(a)(1) defines backfitting as

... the modification of or addition ta systems, structures, components, or design
of a facility; or the design approval or manufacturing license for a facility; or the
procedures or organization required to design, construct or aperate a facility; any
of which may result from a new or amended provision in the Commission's
regulations or the imposition of a regulatory staff position interpreting the
Commission's regulations that is either new or different from a previously
applicable staf position ... .

Unless one of three specified exceptions apply, the NRC may impose a backfit only if it
performs a backfit analysis in accordance with 10 CFR 50.109(2){2) and determines in
accordance with 10 CFR 50.108(a)3} ‘that there is a substantial increase in the overall
protection of the public health and salety or the common defense and security to be derived
from the backfit and that the direct and indirect costs of implementation for that facility are
justified in view of this increased protection.”

Section 50.109(aj{4) sets forth the three exceptions to the requirements of 10 CFR 50.109(a)(2)
and (a}(3). The first exception, the compliance exception, applies if the “modification is
necessary to bring a facility intc compliance with a license or the rules or orders of the
Commission, er into conformance with written commitments by the ticensee.” 10 CFR
50.109(a)(4)(i}. The second and third exceptions relate to actions ensuring adequate protection
or to actions that involve defining or redefining adequate protection. 10 CFR 50.109(a){4){i)-(iii}.

%2 AEC 1970 (Author and year citations in footnotes refer to the designaticn of references in Appengix D
te his reporl.)

53 NRC 1985

§ Union of Concerned Scientists v. U.S. Nucfear Regufatory Com'n. 824 F.2d 108, 119-20 (1987)

5 NRC 1988b

% Union of Concerned Scientists v. U.S. Nuclear Reguiatory Com’n, BBO F.2d 552 (1989).
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Commission Policy

The Commission addressed its intended application of the compliance exception in the 1985
rulemaking:®

The compliance exceplion is intended to address situations in which the licensee
has failed to meet known and established standards of the Commission because
of omission or mistake of fact. it should be noted that new or modified
interpretations of what constitutes compliance would not fall within the exception
and would require a backfit analysis and application of the standard.

in the 1985 rule, the Commission acknowledged that staff interpretations of regulations are not
legally binding, but the Commission alsa stated that "stalf interpretations of broadly staled rules
are often necessary to give a rute effect and in some instances may be a causal factor in
initiating a backfit.*® The Commission also stated, “Many of the most important changes in plant
design, construction, operation, organization, and training have been put in place at a level of
detail thal is expressed in staff guidance documents which interpret the intent ol broad,
generally worked [sic] regulations.™

Backfitting Guidance

Extensive information regarding the appropriate implementation of backfitting is provided in
NUREG-1409.7® Relevant excerpts from this guidance are provided below.

Applicable Regulatory Staff Positions

According to NUREG-1408, to be a backfit, “a new or revised staff position or requirement must
be involved, that is, there must be a change in content ar applicability of the previously
applicable regulatory staff position (in the direction of increased safety requirements) ... ." An
applicable regulatory staff pasition is a requirement or position already specifically imposed on
or commitied to by a licensee. Examples of applicable regulatory staft pasitions include:

. legal requirements, as in explicit regulations, orders, and plant licenses and in
amendments, conditions, and technical specifications

. written licensee commitments such as those contained in the final safety analysis report,
licensee event reports, and docketed correspondence, including responses to NRC
bulletins, generic letters, inspection reports, or notices of vialation and confimnatory
action letters

. NRC staff positions that are documented explicit interpretations of more general
ragulations and are contained in documents such as the Standard Review Plan, branch
technical positions, regulatary guides, generic letters, and bulleling

€7 NAC 1985, al 38103
& g, at 38102
% . at 38103. The 1988 rulemaking neither revised the compliance exception as staled in the 1985 rule

nor provided additional guidance oo its interpretatian.
™ NAC 1930¢
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A similar list of examples is provided in Manual Chapter 0514,7" which is also included as
Appandix D to NUREG-1409. Manual Chapter 0514 was referenced in the 1988 rulemaking,
and a working draft was provided to the Commission for information in SECY-88-102.7 Manual
Chapter 0514 provides a definition of “applicable regulatory staff positions” that is slightly more
detailed than the definition in NUREG-1409. This definition from Manual Chapter 0514 is quoted
helow, with additional detail beyond NUREG- 1409 emphasized in underlined text.

Applicable regulatory staff pesiticns are those already specifically imposed upon
or committed to by a licensee at the time of the identification of a plant-specific
backfit, and are of several differant types and sources:

a. Legal requirements such as in explicit reguiations, orders, plant licenses
{amendments, conditions, technical specifications}. Note that some requlations
have update features built in, as for exampla, 10 CFR §0.55a, Codes and
Standards. Such update requirements are applicable as described in the
requlation.

b. Written commitments such as contained in the [Final Safety Analysis Report],
[Licenses Event Reports], and docketed correspondence, including responses to
Bulletins, responses to Generic Letters, Confirmatory Action Letters, responses
to Inspection Reports, or responses to Notices of Violation.

¢. NRC staff positions’® that are documented, approved, explicit interpretations of
the more general regulations, and are contained in documents such as the
[Standard Revlew Plan], Branch Technical Positions, Regulatory Guides, Generic
Letters, and Bulletins; and to which a licensee or an applicant has previously
committed to or reliad upon. Positions contained in these documents are not
considered applicable staff positions to the extent that staft has, in a previgus
licensing or ingpection action, tacitly or explicitly excepted the licensee from part
or all of the paosition.™

How Regulatory Positions are Established

NUREG-1409 provides responses to @ number of questions regarding backfitting. The following
response was given to questions asking, “Is it appropriate for the NRC staff to rely on informal
or formal communications to other licensees as official NRC positions? What about NRC tacit
approval of documents?”

Inkormal or formal communications to one licensee are not official pesitions to all
licensess. Saction 053 of Manual Chapter 0514 identifies what can be applied as
cfficial staff positions in a piant-specific context. They are legal requiremenis
such as contained in explicit regulations, orders, and plant licenses; written
commitments such as contained in final safety analysis reports, licenses gvent
reports, and docketed cotrespondence: and documented, approved explicit
interpretations such as conlained in the [Standard Review Plan], branch technical

TTNRC 1988c

‘2 NRC 1988a

73 Requirements may be imposed by rule or order. Staff interpretatians such as examples of acceptable
ways to meet requirements are not reguiremenls in and of themselves.

* Imposition of & slaff position from which a licensee has previously been excepted is a bacxdit.
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positions, regulatory guides, generic letters, and bulletins. Orders, licenses, and
written cammitments are applicable only to a particular licensee.

If the NRC staff previously exempted a licensee from a legal requirement or
approved position, it is not applicable to that licensee for the purpose of backfit
consideration. Explicit exemption would be done formally in writing. The
Appendix to NRC Manual Chapter 0514 discusses tacit approval under
reanalysis of issues. Two situations are covered. In the first case, staff review of
a previously accepted licensee action or program may result in a requested
change. This would be classified as a backfit because it represents a change ina
previous staff position and would require a backfit analysis {or a documented
evaluation if it meets one of the exceptions listed in the backdit rule). In the
second case, a licensee submittal committing to a specific course of action that
has not received timely NRC staff review is implemented by the licensee. In this
case, itis considered that the NRC staff tacitly accepted the licensee’s action
since timely notice to the contrary was not given. If the NRC staf subsequently
adopts a different position and requests & change in the licensee action, this
change may be classified as a backfit and thus require a backfit analysis {or a
documented evaluation if it meets one of the exceptions listed in the backfit rule).

NUREG-1409 zlso addresses a quastion regarding tacit approvals by an inspector: “If an
inspector has previously accepted (i.e., provided tacit approval of) a licensee's method, does a
specific request for change constitute a backfit and if so, is a backfit analysis required?” The
response is:

Cases where an inspector provides tacit approval are relatively rare. Simply not
challenging a licensee’s practice normally would not be considered tacit
approval. The only example provided in Manual Chapter 0514 is a case where
the NRC has indicated tacil approval by not acting in & reasonable time on a
licensee submittal and the licensee has moved ahead to implement the proposal
described in the submittal. For the purpose of this questian, it would most likely
arise in connection with review of a licensee response to an inspection report.,

Explicit approval could be provided in an inspection report that states that a
particular approach is acceptable. However, conclusions of that nature are
usually made in [safety evaluations] rather than inspection reports.

Compliance Backfit Guidance

NUREG-1409 gives the following response to the question, “[h]ow does the backfit rule apply to
new staff positions that reflect an evoiving understanding of technical issues?"

An evolving understanding of issues does not, by itself, define which category fits
a particular backfit. Judgment must be applied to the facts of each particular case
to detenmnine whelher the backfit is for compliance, o provide adequate
protection, to redefine adequate protection, or to achieve a cost-justified
substantial safety enhancemert. For example, with regard to compliance, the
1985 statement ot considerations for 10 CFR 50.108 indicates that “the
compliance exception is intended to address situations where the licensee has
failed to meet known and established standards of the Commission because of
omission or mistake of fact....new or modified interpretations of what constitutes
compliance would not fall within the exception_..."
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NUREG-1409 also provides an example where an evolving understanding of technical issues
resulted in a compliance backfit that was apparently justified for at least some licensees. In
response to industry claims that Bulletin 88-1179 lacked any backfitting justification, the NRC
staff responded:

Although the justification was not printed in the bulletin, NRC Bulletin 88-11,
“Pressurizer Surge Line Thermal Stratilication,” was justified as a backfit. It is an
example of a backfit that was determined by the respansible NRC official o be
required as a matter of compliance with existing requirements and commitmants.
The CRGR reviewed the bullstin and concurred. The regulations currently require
licensees to meet the applicable codes of the American Society of Mechanical
Engineers (ASME), Boiler and Pressure Vessel Code. Because of the NRC
staff's concern with the integrity of the surge line, licensees were requested to
perform their fatigue analysis in accordance with the latest ASME Section il
requirements that incorporate high cycle fatigue analysis. The justification
provided by the NRC staff was that previously unconsidered thermal stratification
phancmenan may invalidate the existing analysis performed to confirm the
integrity of the surge line.

Subsequently, it was understood that some licensees believed that the NRC
staff's rationale was in error because they were not committed to lhe latesl
ASME Section Il requirements by virtue of their license commitment. However,
the issue became moot because these licensees undertook the analysis
voluntarily in view of the safety importance of the issue and the fact that previous
versions of the ASME Code did not completely address the concem.

" NRC 1988¢
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APPENDIX B: QUALIFICATION OF PRESSURE RELIEF VALVES IN
NUCLEAR POWER PLANTS IN RESPONSE TO THE TMI-2 ACCIDENT

Byron and Braidwood Design and Code Requirements

Nugclear power plants in the United States use various types of pressure relief valves to protect
personnel and equipment from overpressure events within reactor fluid systems. Prassura relief
valves include safety valves, safety refief valves, and relief valves, with different designs,
operating conditions, and requirements. The American Scciety of Mechanical Enginesrs
{ASME) Boifer and Pressure VVessel Code (BPV Code), Section ill, Division 1, specifies
requirements for the dasign, operation, installation, and testing of pressure relief valves used for
varnous functions in nuclear power plants.™ For example, the ASME BPV Code (2007 Edition) in

. steam and air or gas service for safety valves;

. steam, air or gas, and liquid service for safety relief valves;

. liquid service for relief vaives, and

. st?am, air or gas, and liquid service for pilat operated or power actuated pressure relief
valves.

The ASME Code for Operation and Maintenance of Nuclear Power Plants (OM Code) provides
requirements for the preservice and inservics testing (IST} programs for pressure relief valves in
nuclear power plants,

Byron, Units 1 and 2 {Byron) and Braidwood, Units 1 and 2 {Braidwood) are Westinghouse-
designed pressurized-water reactors {PWRs) that received their construction permits under
Title 10 of the Code of Federal Regulations {10 CFR), Part 50, in December 1975. The
pressurizer for each unit is equipped with three pressurizer safety valves (PSVs) and two
power-operated relief valves {PORVs). The three PSVs are Crosby Model HP-BP-86, size 8M6
{6-inch), spring-loaded pop type, opened by direct fluid pressure. The PORVs are Copes-Vulcan
Madel D-100-160 3-inch pneumatic-actuated globe valves that respond to a signal from the
pressure sensing system or ta manual control. Each PORV can be isolated by a motor-operated
block valve.

The ASME BPY Cade of record for the design of the PSVs at Byron and Braidwood is the 1871
Edition through the Winter 1972 addenda of the ASME BPV Code, Section I, The ASME BPV
Code applicable to Byron and Braidwoad includes requirements for overpressure protection,
including the fallowing:

. Section NB-7300, “Overpressure Protection Report,” in NB-7320(f} requires that the
report include the redundancy and independence of the prassure-relief devices and their
associated pressure-sensing and controls systems employed to preciude a loss of
overpressure protection in the event of a failure of any pressure-refief device, or its
sensing element, or its associated controt, ar an external power source.

* References to individual ASME Cade publications are not provided in Appendix D, bul they are publicly
available from ASME for a lee.
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. Paragraph NB-7411, “Relieving Capacity of Pressure-Relief Devices,” specifies that the
total rated relieving capacity shall be sufficient to prevent a rise in pressure of more than
10 percent above system design pressure (at design temperature) within the pressure-
retaining boundary of the system, under any pressure transient anticipated to arise as
summarized in the Overpressure Protection Repont,

. Paragraph NB-7421, “Required Number and Capacity of Pressure-Relief Devices for
Nuclear Systems,” states that the required relieving capacity intended for overpressure
protection of a nuclear power system or portions of the system shall be secured by the
use of al least two pressure-relief devices.

At the time of the Byron and Braidwood operating license review, Revision 1 of Standard
Review Plan (SRP) Sections 15.5.1-15.5.2 and Section 15.6.1 provided general staff guidance
for these plant transients.’” In March 2007, the NRC staff issued Revision 2 to these SRP
sections with significantly more delail, including a statement irdicatng that PSVs and PORVs
are assumed ta fail open if they relieve water without being qualified.”™

Actions Following Three Mile Island, Unit 2 Accident

The accident at Three Mile [sland, Unit 2 (TM{-2} on March 28, 1979, included failure of a PORV
on the pressurizer to reclose properly during the event. Based on lessons learned from the
TMI-2 accident, the NRC issued recommendations regarding performance testing of safety and
relief valves used in nuclear power plants in NUREG-0578.7 In particular, the NRC statf
recommended in Section 2.1.2, “Performance Testing for BWR [balling-water reactor] and PWR
Relief and Safety Valves,” of NUREG-0578 that nuclear power plant licensees cammit to
provide perfarmance vedfication by full-scale prototypical testing for all relief and safety valves.

In October 1980, the NRC issued a letter to all then-operating nuclear power plants and
applicants for operating licenses and holders of construction permits forwarding NUREG-0737 %
TMI Action Plan ltem I1.D.1 in NUREG-0737 specified the NRC position that PWR and BWR
licensees and applicants shall conduct testing to "qualify” the reactor coolant system (RCS)
relief and safety valves under expected operating conditions for design-basis transients and
accidents. The detailed clarification in NUREG-0737 of this NRC position specified the lollowing:

Licensees and applicants shall determine the expected valve operating
conditions through the use of analyses of accidents and anticipated operational
accurrences referenced in Regulatery Guide 1.70, Revision 2. The single failures
applied to these analyses shalt be chosen so that the dynamic forces on the
safety and relief valves are maximized. Test-pressures shall be the highest
predicted by conventional safety analysis procedures. [RCS] relief and safety
valve qualification shall include qualification of associated control circuitry, piping,
and supports, as well as the valves themselves.

A. Performance Testing of Relief and Safety Valves--The following information
must ba provided in report form by October 1, 1981:

TTNRC 1981b and NRC 1981¢
T NAC 2007b and NRC 2007¢
MNRC 1979a

% NRC 1980b and NRC 1980¢
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{1) Evidence supported by test of safety and relief valve functianability for
expected operating and accident (nan-[anticipated transient without scram])
conditions must be provided to NRC. The testing should demonstrate that the
valves will apan and reclose under the expected flow conditions.

(2) Since it is not planned to test all valves on all plants, each licensee must
submit to NRC a correlation or other evidence to substantiate that the valves
tested in the EPRI (Electric Power Research Institute) or other generic test
program demonstrate the functionability of as-installed primary relief and safety
valves. This carrelation must show that the test conditions used are equivalent to
expected operating and accident conditions as prescribed in the final safety
analysis report (FSAR). The effect of as-built relief and safety valve discharge
piping on valve operability must also be accounted far, if itis different from the
generic test loop piping.

{3) Test data including criteria for success and failure of valves tested must be
provided for NRC staff review and evaluation. These test data should include
data that would permit plant-specific evaluation of discharge piping and supports
that are naot directly tested.

In describing the type of review to be conducled for this regulatory position, the NRC staff stated
the following:

Pre-implementation review will be perforrmed for EPR! and BWR test programs
with respect to qualification of relief and safety valves. Also, the applicants’
proposal for functional testing or qualification of PWR valves will be reviewed.
Post-implementation review will also be performed of the test data and test
results as applied to plant-specific situations.

In specifying the documentation required to satisfy this regulatory position, the NRC staff stated
the following:

Pre-implementation review will be based on EPRI, BWR, and applicant
submittals with regard to the various test pragrams. These submittals should be
made on a timely basis as noted bslow, to allow for adequate review and to
ensure that the following valve qualification dales can be met:

Final PWR (EPRI) Test Program--July t, 1980
Final BWR Test Program--October 1, 1980
Bleck Vaive Qualification Program--January 1, 1981

Post-implementation review will be based on the applicants' plant-specific
submittals for qualification of safety relief valves and block valves. To propery
evaluate these plant-specific applications, the test data and results of the varicus
programs will also be required by the following dates:

PWR (EPRIYBWR Generic Test Program Results--July 1, 1981

Plant-specific submittals confirming adequacy of safety and relief valves
based an licenseefapplicant preliminary review of generic test program
results--July 1, 1981
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Plant-specific reports for safety and relief valve qualification--October 1,
1981

Plant-specific submitials for piping and support evaluations--January 1,
1982

Flant-specific submittals for block valve qualification--July 1, 1982
EPRI Testing

{n October 1982, EPRI issued NP-2670-LD to address testing of PORVs.* This report has been
referenced by certain licensees (e.g., Section 15.2.14 of the North Anna, Units 1 and 2 Updated
Final Safety Analysis Report (UFSARY™).

In December 1982, EPRI issued NP-2628-5R, which described safety and relief valve tests for
types of valves in service at nuclear power plants_*® In particular, Saction 3.5 documented the
testing of Crosby safety valves similar to the PSVs at Byron and Braidwoed, including two water
tests. The report indicated chattering of the safety valves with subsequent inspection finding
galled surfaces and damage to internal parts. Section 4.6 documented testing of Copes-Vulcan
relief valves similar to the pressurizar PORVs at Byron and Braidwood, although the extent of
water testing was not fully described. The report indicated no damage found during the
inspecticon of the Copes-Vulcan reliet valves. The report did not indicate any failures of the
Crosby or Copes-Vulcan valves to reseat after discharging water during the testing.

EPAI also published NP-2770-LD in the early 1980s to describe the testing of PWH primary
system safety valves. Volume 1, issued in December 1982, provides a summary of the test
program and its results.* Section 4.5 of Volume 1 indicates that the following tests were
pertormed on the Crosby 6MB PSV: 11 steam tests with filled loop seals, 3 steam-to-water
transition tests, and 2 water tests. The report states that the valve experienced chatter during
the tests, and one water lest had to be terminated. The individual volumes of EPRI NP-2770-LD
discuss the test resulls for each specific PSY type. Volume 6, issued in March 1983, provides
the test details for the Crasby 6M6 PSV.

Westinghouse Evaluation of EPRI Testing

In July 1982, the Westinghouse Owners Group {WOG) submitted WCAP-10105% In
WCAP-10105, the WOG indicated that the design specification for PSVs in Westinghouse-
designed nuclear power plants is for steam service only. Based an a review of tha EPRI test
data, the WOQG concluded that the valves performed with chatter, but did not identify any valve
damage.

In January 1988, Wastinghouse issued WCAP-11677, which compared the EPRI test data with
feedwater line break safety analyses.® Westinghouse determined that all nuclear power plants
addressed in the EPRI testing had PSVs that would operate reliably during water discharge.

Wastinghouse evaluated the performance of the Crosby 6M6 PSVs during the EPRI tests, and

¢ EPR! 196822

R VEPCO 2015

8 EPRi 19682b

" EPRI 1982¢

B WOG 1982

% Weslinghouse 1988
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considered that the performance involved less significant flutter (half lift motian) than the chatter
{full lift motion) determined in the EPRI report. Westinghouse concluded that the Crosby 6M6
PSV can pass slightly subcooled water at a minimum up to three times without damage.

Byron and Braidwood Licensing and Response to TMI Requirements

The NRC safety evaluation reports (SERs) associated with the issuance of the operating
licenses for Byron and Braidwood included evaluation of the TMI Action Plan items.# In the
introduction to the Braidwood SER, the NRC staff stated that the review and evaluation of
comgpliance by the applicant with the licensing requirements established in NUREG-0660% and
TMI Action Plan Item 11.0.1 were incorporated into the reviews summarized throughout the SER.

Appendix E, “Requirements Resulting from TMI-2 Accident,” to the Byron and Braidwood
UFSAR in Section £.23, “Relief and Safety Valve Test Requirements (I1.D.1),” references the
1982 lransmittal from Consumers Power of a lest report for the EPRI safety and relief valve test
program.®® The UFSAR states that the final evaluation of the data indicated that the relisf and
salety valves will perform their intended lunctions for all expected fluid inlet conditions. The
UFSAR also references the October 1382 licensee evaluation of the adequacy of the relief and
salety valves that had been submitted lo the NRC.?®

In Supplement 1 ta the Braidwood SER.®' in Section 3.9.3.3, “Design and Installation of
Pressure Relief Davices,” the NAC staft stated that EPRI had completed a full-scale valve
testing program and referenced the July 1982 submittal ol WCAP-10105. The NRC staff stated
that the applicant responded to a requirement to demonsirate operability of these valves
through submittals dated July 1, 1982, Octaber 26, 1882, and December 30, 1983. On the basis
of a preliminary review. the NRC staff concluded that the applicant's general approach to
responding to this itern was acceplable, and provided adequate assurance that the RCS
overpressure protection systems at Braidwood could adequately perform their intended
tunctions. The NRC staff stated that if the detailed review revealed thal modifications or
adjustments to safety valves, PORVs, PORV block valves, or associated piping, would be
needed to ensure that all intended design margins were present, the NRC staff would require
that the applicant make appropriate modifications. The NRC staff categorized this issue as a
Confirmatary Item, The NAC issued operating licenses for all four Byron and Braidwood Units
between February 1985 and May 1988.

Closure of TMI Action Plan ltem I.D.1 for Byron and Braidwood

Following the issuance of the operating licenses, the NRC staff documented its review of the
response to TMI Actian Plan Item [1.D.1 for Byran and Braidwood via two letters that transmitted
similar Technical Evaluation Reports {TERs) developed by ldaho National Engineering
Laboratory {INEL).% In its letters, the NRC siaff indicated that the licensee should develop and
adopt plant procedures to inspect the pressurizer valves after each lift involving loop seal or
water discharge. The TERs described the INEL review of the EPHI testing of PSVs and PORVs

57 NRC 1983 and NRC 1986b (Braidwood), NRC 1984 and NRC 1987a (Byron)

% NRC 1980a

* Consumers 1982

% ComEd 1982

' NRC 1986b. Similar discussion appears in NRC 1984 for Byron. and NRC 1987a (also for Byron) states
that TMI Action Plan tem |l D.1 had beon closed in NAC 1984,

92 NRC 1988c {Byron) and NRC 1930a (Braidwood)}
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similar \o the Byron and Sraidwood pressunizer valves. The TERs concluded that Byron and
Braidwood had provided an acceptable response to TMI Action Plan ltem (11.D.1.

Section 4.2.3, "Extended High Pressure Injection [HFI] Event,” of the TERs stated that the
potential for water discharge in extended HPI events can be disregarded lor an extanded high
pressure injection event because at least 20 minutes would be available for operator action.

Water discharge was evaluated, however, in Section 4.2.2, "FSAR Liquid Transients,” of the
TERs. This section discussed the evaluation of the PSVs and PORVs for feedwater line break
accidents that would include water discharge, and determined that the EPRI tests were
applicable to the Byron and Braidwood PSVs and PORVs.

In addition, Seclion 4.3.1, "Safety Valves,” and Section 4.3.2, “Power Operated Reliel Valves,”
of the TERs determined that the performance of the P8Vs and PORVs was acceptable based
on the EPRI tests, including water discharge tests. The TERs indicated that the PSV had two
applicable tests: a loop seal steam-water transition test where the valve opened, chattered and
stabilized to close; and a salurated water test where the valve apened with water, chattered,
and stabilized. The TERs indicated that the PORV opened and closed on demand in the loop
seal steam-water transition test, with a bending moment that was evaluated by analysis.
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APPENDIX C: CONCERNS REGARDING PERFORMANCE OF
PRESSURIZER VALVES UNDER WATER FLOW CONDITIONS

Westinghaouse Nuclear Safety Advisory Letter

In 1993 and 1994, Westinghouse issued Nuclear Safety Advisory Letter (NSAL) 93-013 -, :iits
Supplement t to operaling nuclear power plants {including Byron and Braidwood).* These
advisories resuited from Westinghouse's discovery that potentially nonconservative
assumptions were used in the licensing analysis of the Inadvertent Operation of the Emergency
Core Cocoling System atl Power (IOECCS) event,

In NSAL-93-013, Westinghouse recommended that licensees determine whether their
pressurizer safety relief valves (PSRVs) ~ are capable of closing following discharge ot
subcooled water. Westinghouse noted that the PSRVs might have been designed or “qualified”
to relieve subcooled water. Westinghouse indicated that water discharge through the power-
operated relief valves (PORVs) is not a concem, because the PORV block valves can be used
to isolate the PORVSs if trey fail to close. If the PSRVs are not designed or qualified for
subcooled water discharge, Westinghouse recommended that licensees re-evaluate the
IOECCS event with three possible options of {1) reducing emergency core cooling system
{ECCS} fiow used in the safety analysis, (2} using a less restrictive operator response time, or
{3) crediting the use of one or more PORYS to help mitigate the event.

In Supplement 1 to NSAL-93-013, Westinghouse intarmed licensees of a potential reduced time
for operator action if a positive displacement pump is in service. Westinghouse also advised
licensees to qualify the PSRVs and the piping downstream of the PSRVs and PORVs if water
discharge from the pressurizer were predicted.

Some licensees of operating nuclear power plants informed the NRC of their actions to address
the potential concerns regarding water discharge from pressurizer safety valves (PSVs) and
PORVs. A sample of actions by nuclear power piant licensees is summarized below in the
“Plant-Specific Actions” section.

Additional NRC Generic Communications and Guidance

1In 2003, the NRC stalf issued a review standard for extended power uprate (EPU) reviews %
Item 8 on page 7 of the review standard states that pressurizer level should not be allowed to
reach a pressurizer water-solid condition.

In 2005, the NRC issued Regulatory Issue Summary (RIS) 2005-29 to notify nuclear power
plant licensees of a concern identified during reviews of power uprate requests.® In RIS 2005-
29, the NRC staff stated that typically Condition Il scenarios® involve discharging water through
relief or safety valves that are not qualified for water discharge. The NRC staff stated that these
valves are then assumed to fail in the open position and create a small-break loss-of-coolant

% Weslinghouse 1993 and Weslinghouse 1994

3 NRC 2003
* NRC 2005b
" As defined in American Nuclear Society (ANS) Standard 51.1/N18.2-1973 (ANS 1973).
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accident {LOCA). The NAC staff stated that it was concemed that some licensees may be
craditing PORVs without qualification for water discharge and without establishing additional
restrictions to ensure the availability of PORVs and block valves. The NRC staff stated (hat the
advice in Westinghouse NSAL-93-013 1o use the PORV block valves to isolate the PORVs is
inconsistent with :t:: non-escalation position.

In draft Revision 1 to RIS 2005-29, the NRC staff addresses the specific ANS Condition ||
scenarios of chemical volume and control system (CVCS) malfunction, inadvertent opening of a
PORV or PSV {IOPSRVY), and the IOECCS event® Regarding the CVCS malfunclion, the NRC
staff states that performing only a reactivity anomaly analysis or assuming that this malfunction
is not as savere as the IOECCS event is not acceptable. Regarding the IOPSRV event, the
NRC staff stated that inadvertent cpening of PSV or PORV could continue as an ANS

Condition 11l small break LOCA and fails to meet the non-escalation position. Regarding the
IOECCS event, the NRC staff states that five of the alternative approaches in NSAL-93-013 tail
to meet the non-gscalation position, The NRC staff indicaled that these unacceptable altemnative
approaches are:

1. closing the block valve,
assuming that the PORY is not operable,
addressing a stuck-cpen PORY or PSV as a separate ANS Condition Il event,

determining that a stuck-open PORY or PSV is not as severe as a small break LOCA, or

S

determining that RCS loss through PORYV is made up by ECCS flow.
Additional General PSVY/PORYV Information

In 2004, EPRI issued Technical Report 1011047, which evaluated the potential increase in
failure rates following steam and liquid relief through safety valves based on expert judgement.®
The raport found that the increase in failure rates is difficult to estimate because of limited data.
However, the experts considered that repeated water discharge through safety valvas might
cause increased chatter, and therefore, an increased failure rate.

in 2011, the NRC summarized relief valve performance data in NUREG/CR-7037, based on a
study by the kdaho National Laboratory.'® With respect to pressurizer PORVs, the report found
four separate water discrarge events at four PWR plants. The report estimated 698 total
demands on these PORVYs during their water discharge events with no failures to close. The
rgport also summarized test data for three valve types from the Equipment Performance and
Information Exchange (EPIX) database maintained by the Institute of Nuclear Power
Operations. The report indicates two failures of PORVs to reclosa during 2070 demands, but
doss not spacify water or steam service for the EPIX test information. With respect to PSVs, the
report indicates two failures out of four total demands following plant scrams, but does not
indicate water or steam service. Following a request by the Panel, NRC staff from the Office of
Nuclear Regulatory Research provided Licensee Event Peport information indicating that the
two PSYV failures involved incomplete reseating of the valves with leakage of 25 and 200 gallons

“ NRC 2015a
* EPAI 2004
%0 NRC 2014
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per minute, respectively. The report summarized EPIX test data for PSVs as no failures to
reclose during 1805 demands.

Plant-Specific Actions
Diabio Canyon

In 1896, the licensee for Diablo Canyan Power Piant {Diablo Canyon) submitted a report of its
evaluation under Title 10 of the Code of Federal Reguiations {10 CFR), Section 50.59,
"Changes, tests and experiments,” of the potential for an ICECCS event.' The submittal
included NSAL-93-013 and its Supplement 1 as enclosures. The licensee indicated that the
PSVs had not been initially qualified for water discharge, but were subsequently qualified to
discharge water for a brief periad. Tha licensee indicated that WCAP-11877 {which evaluated
the EPR testing) was applicable and demonstrated that the PSVs were operable

In 2004, the NRC issued a license amendment for Diablo Canyon that allowed credit for
actuation of the PORVs in response to inadventent safety injection (SI} actuation, to avoid
challenges ta the PSVs.'"” To support the NRC staff's review, the licensee submitted additional
information related to the capability of the PORVSs to function adequalely under conditions
predicted for design-basis transients and accidents.'® In response to a question regarding the
design adequacy of the PORVs if the pressurizer becames water solid, the licensee stated that
the PORV had no requirements for ASME BPV Code certification, but referenced a January
1686 NRAC letter that had accepted the adequacy of the PORV and block valve design and
confirmatory testing for a range of fluid conditions (full pressure steam, steam to water
transition, and subcooled water fiuid).'™

Salem

In 1997, the NRC issued a license amendment revising the technical specification {TS) for
Salem Nuclear Generating Station, Units 1 and 2 {Salemn) to ensure that the automatic capability
of the PORVSs to relieve pressure would be maintained.'™ In response to NSAL-93-013, the
licensee determinad that an inadvertent St actuation at power could cause the pressunzer to
become water solid. The PSVs would {ift and discharge water if the automatic operation of the
PORVs were not made available for reactor coolant system (RCS) depressurization eary in the
transient. In that the Salem PSVs were not designed to relieve water, it was noted that water
discharge could cause the PSVs to fail in the open position.

During the review, the NRC staff noted that the PORVs were not designed to "salety related"
standards and, thus, could not be credited for automatic mitigation of an inadvertent Sl actuation
at power. In response. the licensee proposed an upgrade of the PORVs lo eliminate the
possibility that a single active failure of a PORY component could prevent the mitigation of an
inadvertent S| actuation at power. As discussed in the NRC staff's safety evaluation {SE), the
licensee implemented modifications to the PORV circuitry ta qualify the upgraded circuitry as
safety-related.

U PGAE 1996
%2 NRC 2004a
13 PGAE 2003
14 NRC 1986a
't5 NRC 1897
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Regarding PORY performance, the licensee evaluated the PORV air accumulators and
determined that they had sufficient capacity for the inadvertent S| event. The licenses alsa
reported that endurance tests had been performed with five different trims {with different trim
materials) on cne PORV at Wyle Laboratories to demonstrate that (1) after 2000 consecutive
operations, there were nc packing leaks or packing gland adjustments required; (2) there was
no diaphragm failure; ana (3) the solenoid valve withstood 10,000 cperations without any loss of
function. Based on this information, the NRC staff concluded that the PORV performance was
acceptable to mitigate an inadvertent St event.

Milistone 3

In 1998, the NRC issued a license amendment for Millstone Nuclear Power Station, Unit 3
{Millstone 3} that revised the TS to ensure that the capabhility of the PORVSs to relieve pressure
would be maintained.'® The revised TS Bases stated that the PORYs and their assaciated
piping had been demonstrated to be “qualified” for water discharge. The PORVs would prevent
waler discharge from the PSVs, for which qualification for water discharge had not been
demonstrated. The TS Bases also stated that the prime importance for the capability to close
the block valve is to isolate a stuck-open PORV. In the SE, the NRC staft reterenced a
December 1997 Licensee Event Report that notified the NAC of the issue of potential failure of
PSVs following water dischargs.'™

As part of this license amendment, the licensee upgraded the PORV circuitry, added additional
PORYV surveillance requirements, gualified the PORVs and associated piping for water
discharge, and revised emergency procedures to allow plant operators additional time to
terminate the event. With respect to the PORV circuitry, the NRC staff concluded that the PORV
circuitry modifications qualified the PORV control circuitry as safety-related. With respect to
PORV performance, tha licensee reanalyzed the inadvertent Sl event with the LOFTRAN
computer code to determine the time available for operator action to make a PORY available
and provide the mass and energy releases needed to qualify the PORVs and associated piping
for water discharge. The licensee referenced EPRI testing that was said to generically resolve
TMI Action Plan ltems asscciated with PORVs and safety valve qualification for water and
steam discharge, specifically the results from four tests of a Garrett PORY (such as used at
Milistone 3) for water discharge.'® The licensge determined that the PORVs and associated
piping are qualilied for 1 hour of water discharge for an IOECCS event. The licensee also stated
that the PORV manufacturer performed numercus cycle tesls to verify the performance of the
valve design, and also verified that valve seat leakage was acceptable. The licensee stated that
the PORV block valves had been evaluated for water discharge in accordance with the program
established in response to Generic Letter (GL) 89-10.' The NRC staff found the licensee
information regarding the qualificalion of the PORVs for water discharge during the inadvertent
Sl event to be acceptable.

‘% NRC 1998

‘™ Northeast 1997

98 EPRI 1982a (Volume 11)
"% NRC 1989
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Callaway

In 2000, the NRC issued a license amendment for Callaway Plant, Unit 1 (Callaway) that
revised the TS to change the PSV lift setting range.''? The changes also credited automatic
actuation of at least one PORY during an IOECCS event to prevent water discharge through the
PSVs; to enable this credit, the licensee moditied and upgraded the PORY circuitry to full

Class 1E. In its license amendment request,’’’ the licensee had stated that the design function
of the valves was not being changed and the conclusions documented in the NRC staff's
previous evaluation of Callaway's response to TMI Action Plan ltem 11.D.172 were also
unchanged. As a result, the licensee stated that the PORVs and associated discharge piping
can accommodate water discharge.

Byron and Braidwood

In 1998, the licensee for Byron and Braidwoed requested an amendment to its TS to take credil
for autornatic operation of the PORVs ta mitigate an IOECCS event.''? In the amendment
request, the licensee stated that the PSVs had not been qualified to reseat after passing
subcooled liquid. The licensee stated that the PORVs at Byron and Braidwood are safety-
related components with safety-related actuators and accumulator tanks, with PORV control
circuits classified as safety-related. The licensee noted that some portions of the PORVY circuitry
are nonsatety-related, with improvements implemented in response to GL 90-06.""* The
licensee stated that the PORV block valves are within the scope ot the GL 88-10 program.

In 1999, the NRC staff requested additional information related ta concerns that the PORV
circuitry did not meet the single failure criterion.” '3 The licensee reevaluated its approach and
withdrew its TS amendment request. '® No further action regarding this amendment request was
identified by the Panel. However, in a public meeting during the review of the NRR Appeal,"’
the licensee stated that the PORVs and their block valves at Byren and Braidwood are safety-
related with the exception of one circuitry aspect of the PORV.""®

In 2001, the NRC issued a license amendment for Byron and Braidwood to increase the
maximum thermal power for each unit from 3411 megawatts thermal (MW1) to 3586.6 MWt
{commonly referred 1o as a stretch power uprate).''® During its review, the NRC staff requested
that the licensee address water solid conditions in the pressurizer. because «1:}: I zi* had
generally not accepted a salid pressurizer for an IOECCS event given the poten | three
PSVs to be stuck open due to liquid relief through these safety valves. In response, the licensee
stated that Section 15.5.1, “Inadvertent Operation of Emergency Core Cooling System During
Power Operation,” of the UFSAR had been revised to credit the PSVs to pass water.'® The
licensee discussed the EPRI testing program in response -.: TMI Action Pian Item 11.D.1, with

1 NRC 2000

‘11 Union Electric 2000
P NRC 19870
¥ ComEd 1998
"M NRC 1920b
"1FNRC 19499

16 ComEd 1999
7 Exelon 2015
"3 NRC 2018a
19 NRC 2001b
20 GomEd 2000b
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the results summarized in EPRI NP-2628-SR.'?' The licensee referenced previous NRC
approvals related ta TMI Action Plan Item 11.D.1.%2

The NAC staff made a further request regarding the temperature of water that would be
discharged by the PSVs and the length of time that the PSVs would be expecied to discharge
water. The NRC staff also asked the licensee to discuss which EPRI tests are applicable to the
Byron and Braidwood condition. In response, the licensee stated that the PSVs would close
after discharging water, although they may not be leaktight.'?® The licensee stated that the
leakage from up to three leaking PSVs is bounded by cne fully open PSV. The licensee
indicated that the EPRI testing of the Crosby safety valves in EPRI NP-2770-LD, Volumes 1
and 6,'® are applicable. The licensee indicated thal valve chatter occurred during the tests with
damage to the interals, but that the safety valve closed in response to system
depressurization. The licensee stated that the Byron and Braidwood pressurizer water
temperature of 530 °F is higher than the EPRI tests {530 °F). The licensee stated that the
assumed length of the event is 20 minutes from initial S signal to when the system pressure is
restored below PSV lit setpaint.

In Section 3.2 of the SE accompanying the license amendment, the NRC staff discussed its
raview of the perfermance of the PORVs and PSVs to discharge liquid water for approximately
20 minutes. The NRC stalf discussed the EPRI testing program, with the conclusion that the
PSV would close in response ta system depressurization. The NRC staff reviewed the
licensee’s evaluation of the performance of the PSVs for liquid water conditions. The NRC staff
found that the EPRI tests adequately demonstrated the perfarmance ol the valves for the
expected water temperature conditions, and that there was reasonable assurance that the
valves would adequately ressal following the spurious Si event. The NRC staff determined that
EPRI test data indicated that the FSVs might chatter for the expected fluid inlet temperature, but
that the resulting PSV seat leakage following the water discharge would be less than the
discharge from one stuck-open PSV. Theretore, the NRC staff found the licensee’s crediting of
the P8Vs to discharge liquid water duning the spurious Sl event to be acceptable. This portion of
the SE was based an input provided by the Office of Nuclear Reactor Regulation (NAR) Reactor
Systems Branch, with technical input from the responsible staff member for satety valves in the
NRR Division of Engineering.'?*

As noted by the licensee, Section 15.5.1 of the Byren and Braidwood UFSAR at the time of the
stretch power uprate includes PSV water discharge and references the TMI Actien Plan

Itern 11.D.1 approvals.'? The current UFSAR Revision 15 concludes that the IOECCS event
does not progress into a stuck-opan PSV LOCA event.'” The UFSAR states that all three PSVs
may lift but will reclose, and that the leakage is bounded by one fully open valve with the
consequences bounded by the IOPSRYV event. The UFSAR also specifies that if Si results in
dischargs of cootant through the pressurizer valves, the operators wili bring the plant to cold
shutdown to inspect the valves.

2V EPAL 1982b
77 NRC 1998¢ and NRC 1990a
‘23 Exelon 2001
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In 2004, the NRC issued a license amendment for Byron and Braidwaad granting an adjustment
to the PSV setpoints.'® As documented in the SE, the NRC staff requested during its review
that the licensee perform a quantitative analysis regarding PSV water cycles and discharge
watar temperature. For the loss of ac power {LOAC) with reactor coolant pump {RCP) seal
injection event, the licensee’s analysis indicated that continued injection of water into the RCS
through the RCP seals would resudt in a water-solid pressurizer and water discharge through the
PSVs. The proposed PSV setpoint tolerance assuming negative lolerance would result in a
lower PSV lift setpoint. With the lower setpaint, the PSV would open earlier, and a larger
nurnber of PSV water cycles with a lower water discharge temperature could result duning the
transient. The licensee performed an analysis of the LOAC with RCP seal injection event, and
determined the revised PSV setpoint would resuli in an increase of about one PSV water cycle
and a reduction in the water discharge temperature of about 0.5 °F. A comparison of the
reanalysis showed that the spurious S| event remained the limiting event since it resulted in a
greater increase in the number of PSV water cycles (two cycles vs. one cycle} and a greater
decrease in the PSV discharge waler temperature (3.0 °F vs. 0.5 °F) than that calculated for the
LOAC with RCP seal injection event. The water discharge temperature in the analysis of record
for the spuricus S| event was 590 °F. The lowest discharge water temperature for the spurious
SI event with the revised PSV setpoint was 587 °F. The NRC staff tound that the calculated
water discharge temperature (587 °F) was significantly higher than the discharge water
temperature of 530 °F that was vsed to support operability of the PSVs as discussed in the
analysis of record. As a result, the NRC staff concluded that the analysis was acceptable to
assure that the PSVs will remain operable following a spurious S| event.

In 2014, the NRC issued a license amendment for Byron and Braidwood granting a
measurement uncertainty recapture {(MUR) power uprate.'?® The NRC staff determined that the
I0ECCS event was outside of the scope of the MUR power uprate, because the licensee did not
propasa to modify the Chapter 15 analyses related to PSV and PORV water discharge.

With respect to inservice testing (IST) activities, the Byron IST program'* references the ASME
Code for Operation and Maintenance of Nuclear Power Plants (OM Code), 2004 Edition through
2008 Addenda; and the Braidwood IST program'™! references the ASME OM Code, 2001
Edition through 2603 Addenda. The Byron IST Program specifies the following testing and
intervals for the PORVs, PORV block valves, and PSvs:

. PORV: fail safe test closed {cold shutdown interval), stroke-time exsrcise open and
closed {cold shutdown interval}, and position indication lest (2 year interval)

. PORY Block Valve: exercise open and closed {2 year interval); position indication test
(Joint Owners Group {JOG) Program interval); and open and closed test in accordance
with ASME OM Code Case OMN-1, “Alternative Rules for Preservice and Insenvice
Testing of Active Electric Molar Operated Valve Assemblies in Light-Water Reactor
Power Plants” (JOG Program interval)
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