
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 TIm
Exelon 7/27/2016 Greenlee Scot
Exelon 7/27/2016 Greenlee Scot
Exelon 7/27/2016 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 ALbert
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
Exelon Generation, LLC 12/1/2015 Drake Andre
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1 BACKGROUND 

On June 22, 2016, 1 in accordance with NRC Management Directive (MD) 8.4,' the NRG 
Executive Director for Operations (EDO) established a Backfit Appeal Review Panel (Panel) to 
review the appeal by Exelon Generation Company, LLG (Exelon or the licensee) of the U.S. 
Nuclear Regulatory Commission (NRG) staff's determination that a backfit is necessary al Byron 
Station. Units 1 and 2 (81,ron) and Braidwood Station, Units 1 and 2. as well as the NAC stalfs 
application of the compliance backlit exception provided in Title 1 O of the Code of Federal 
Regulations ( 1 O GFR), Section 50.109, "Backfitting. • 

This baekM determination is documented in an October 9, 2015, letter (referred to as the Backlit 
Letter). 3 The letter describes the NRG staff's rnview of licensing basis documents for Byron and 
Braidwood. The NAC staff detennined that Byron and Braidwood were not in compliance with 
the plant-specific design bases and several NRG regulations: 

• General Design Criterion (GDC) 15. "Reactor coolant system design,'' in 
10 CFR Part 50, Appendix A, "General Design Criteria tar Nuclear Power Plants" 

• GDC 21, "Protection system reliability and testability" 

• GDC 29, "Protection against anticipated operational occurrences" 

• Paragraph (b) of 1 O CFR 50.34, "Contents of applications; technical information"' 

Spec1lically, the NRG staff determined that Byron and Braidwood do not comply with provisions 
in American Nuclear Society (ANS J Standard 51.1 IN 18, 2-1973' for ensuring that ANS 
Condi~on II events' do not progress to more serious ANS Condition Ill events following water 
discharge• through certain valves. The NRC staff acknowledged that the NAC 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)' f-lowever, the NRC staff 
determined that the backfilling was justified under the compliance exception in 1 O CFR 
50. 109{a)(4}(i}. The NRC staff directed the licensee to take action to resolve the non­
compliance. 

On December 8, 2015, the I icensee appealed the NAC staff's decision to the Director of the 
Office of Nuclear Reactor Regulation (NRA), staling its disagreement with the NRC's conclusion 
that the compliance exception to the backlit rule applied in this case. while noting that the NRC 

1 NRC 2016e (Auttior an<l year citations in foolnoles relcr 10 thcdcsigroa11ar, al refenmces in Appendix D 
to this report.) 
'NRC2013 
' NRC 2015b - relerred to as the Backlit Leiter in the remainder of the report 
• ANS 1973 
'Specifically, inadvertent operation of the emergency core cooling system, malfunction of lhe chemical 
and volume control system, and inadver1enl opening of a pressurizer safety or relief valve. 
6 For consistency in lhis repor1, lhe Panel uses the phrase ··water discharge" rather than "water relief' or 
'1iquid discharge· (except in direct quotes), as this is the phrase used in the Westinghouse ~acumMls 
that ra,sed the issue addressed in this report 
1 NRC 2001 o - referred to as the Uprate SE ,n the remainder of the report 
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staff had twice approved the underlying analysis.8 The approvals referenced by the licensee 
were an August 26, 2004. license amendment associated with pressurizer safety valve (PSV) 
setpo1nts• and the above-referenced Uprate SE. In a letter dated May 3, 2016, the N RC 
responded to the licensee's appeal and reaffirmed its decision that the backlit per the 
compliance exception provisions ol 1 O CFR 50.109(a)(4)(i) is appropriate.10 

On June 2, 2016, the licensee again appealed the NRC staff's decision, this time to the ED0. 11 

The purpose of this report by the Backlit Appeal Review Panel is to provide information and 
recommendations to support the EDO's decision on the appeal. 

1.1 Conduct of the Panel's Review 

In order to establish a technically sound, well inlom1ed. 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 letters mentioned above; the 
Uprate SE and the Setpo1 nt SE: and a June 16, 2016, letter from the Nuclear Energy Institute 
(NEl) 12 supporting the EDO Appeal. The Panel also reviewed many other related documents, 
which fall into five broad categories: 

• The Backfit Rule (10 CFR 50. 1 09), related court actions, and Commission and staff 
guidance on application of the Backlit Rule 

• Docketed communications for Byron and Braidwood from 1982 to the present, including 
license amendment requests (LARs} by the licensee, NAG-issued license amendments, 
NRG requests for additional inlorma1ion (AAls). licensee responses, meeting 
summaries, NRC SEs, and the licensee's Updated Final Safety Analysis Report 
(UFSAR) 13 

• NRG guidance relevant to the analysis ot inadvertent operation of the emergency core 
cooling system (IOECCS) events over the perioo ol 1981 to the present, including 
Standard Review Plan (SAP) Section 15.0, Sections 15.5.1 - 15 5 2. and 
Section 15.6. 114 

• Westinghouse Nuclear Safety Advisory Letter (NSAL) 93-013'' and its Supplement 11", 

as well as docketed communications regarding actions taken by other licensees in 
response to Westinghouse NSAL-93-013 

• The history al NRC and industry activiti cs related lo power operated relief valves 
(PORVs), their block valves, and PSVs (including Three Mile Island (TMI) Action Plan 

• Exelon 2015 - referred to as the NRR Appeal in 1he remainder of the report 
• NRG 2004b - refelled to as lhe Setpoint SE in the remainder of the rep0r1 
,o NAC 2016d - relerred to as NRR Appeal Decision in the remainder 01 the report 
1 • Exelon 2016a - rnferred lo as EDO Appeal in the remainder of the report 
,, NEI 2016 
13 Exelon 2002 and Exslon 2014 {The Panel reviewed other revisions as well, but they are not included ,n 
Appendix D as thoy are no1 referenced in this report.) 
14 NAG 1981a, NRC 19B1b, NRC 1981c, NRC 2007a. NRG 2007b, and NRG 20070 
·' Westinghouse 1993 
'" Westinghouse 1 994 
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Items 11.D.1, 11.D.3, 11.G.1, and 11.K.3 as documented in NUREG-073717 , as well as 
Generic Letter 89-1 o's and its supplements), Electric Power Research Institute (EPRI) 
valve testing. and operating experience {NUFIEG/CR-7037'") 

In addition to the document review, the Panol had the benefit of meetings with NRA (both the 
Division ol Salety Systems and the Division of Engineering), the Office of the General Counsel. 
and the NAC Committee to Review Generic Requirements (CRGR). Both Exelon (Bradley 
Fewell, Senior Vice President of Regulatory Affairs) and NEI (Tony Pietrangelo, SeniOf Vice 
President and Chief Nuclear Officer) declined offers tor a public meeting, but indicated a 
willingness lo provide information 1f 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 ol Nuclear Regulatory Research (RES) conducted risk 
analyses using the NRC's Standardized Plant Analysis Risk model for Byron Unit 1.20 These 
analyses inlolTTled the Panel's response to the question Imm the EDO regarding the risk 
significance of lhe relevant accident sequences. 

Given that the Backlit Rue creates a structured process for changes to_ previous NRG staff 
positions-in effect, placi1g the burden of proof oo the NRG staff-the Panel determined that 
this level of historical review and staff interaction was necessary to provide context for 
consideration of the validity o1 the backlit 

12 Proposed Compliance Backfit and Exelon Appeals 

In the Backlil letter, the NRC staff informed E)Celon that it had determined that Byron and 
Braidwood are nol in compliance with GOCs 15, 21, and 29: 1 O CFR 50.34(b); and the plant· 
specific design bases that were e)(pected to demonstrale there will be no progression ol ANS 
Condition II events to ANS Condition Ill 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 
conduded that the UFSAR does not contain analyses that demonstrate that the plants' 
structures, systems, and components (SSCs) meet the design criteria for ANS Condition II 
events as stated in Byron and Braidwood UFSAR Section 15.0. 1.2. Based on the SE attached 
to its letter," lhe NRC staff found that the licensee must take action to resolve the non­
compliance, 

The Backlit SE addressed three accident analyses in Chapter 15 of the Byron and Braidwood 
UFSAA: (1) IOECCS; (2) chemical and volume control system (CVCS) malfunction that 
increases reactor coolant inventory; and (3) inadvertent opening of a pressurizer safety or rel iel 
valve (IOPORV). The NRC staff noted that each ANS Condi~on II event must be shown to meet 
the following· 

'' NRC 1980C - ref P-rred to as the TM I Action Plan in the rema,nder or the report: lessons learned from 
TMI were also presented in NUREG-0578 (NRG 1979a). NUREG-0585 {NRC 1979b). and NUREG-0660 
(NRC 1980a) 
18 NAC 1989 
' 9 NRG 2011 
'" NRC 2016f 
21 Referred to as the Dack!it SE in ttie remairider of the report . 
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1. no fuel damage, 

2. no overpressure of the reactor coolant system (RCS) or mam 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 Backlit SE that use of lhe 
block valve to isolate a stuck-open PORV was unacceplable. The NRC staff slated that 
Westinghouse /recommended this awroach in 1993, and that the NRC stall rejected this 
approach in 2005 (RIS 2005-2922). 

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 IIIRC staff faulted the 
licensee for •not appl[ying] the single-failure assumption" and stated that the following 
information was necessary to support water qualification of the PS Vs: 

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

2. In accordance with the ASME Code for Operation and Maintenance of Nuclear Power 
Plants (OM Code:,. provide lnservice test history for PSVs, including water and steam 
tests. or provide correlation test for alle mative test fluid. 

Regarding a eves malfunction. the NRC staff stated in Section 3.2 of lhe Backfit SE that the 
licensee had not provided an analysis for the eves malfunction that increases reactor coolant 
inventory that demonstraied the plants' ability to meet the requirements of an ANS Condition II 
event. 

Regarding an IOPORV, the NRC staff stated in Section 3.3 of the Backlit SE that the licensee 
had not provided an analysis for the IOPOAV thal extends long enough into the transient to 
demonstrate lhe event would not transition from an ANS Condition II event to an ANS Condition 
Ill event 

In the Bacl<fil SE, the NRG staff referenced Millstone•:; and Callaway24 licensc amendments as 
examples of licensees upgrading POAVs for water discharge; a Beaver Valley extended power 
uprate (EPU} license amendment'5 as an example of qualifying PO RVs for water discharge; and 
Turkey Point''" and St. Lucie Unit 2'7 EPU amendments as additional precedent m support of the 
backlit decision. 

"NRC 2005b 
"NRG 1998 
""NRC 2000 
>l NRG 2006 

'"' NRC 2012a 
"' NRC ~012b 
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In the NRA Appeal, Exelon asserted that the NRC had not justified invoking the compliance 
exception to the backfit rule. Exelon stated that the NRC approved its IOECCS analysis in both 
the Uprate SE and the Setpoint SE. 

In lheiNRR Appeal Oecisiofi, the NAC staff slated lhat the previous N.AC approvals in 2001 and 
2004 were inconsistent 1Mth the Agency's general position on the known and established 
standard at issue--in this case, the progression of ANS Condition II events to higher level 
events. The N AC staff stated that the fact that the N AC staff were aware o1 references to EPA I 
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 backlit. 

In the EOO Appeal, Exelon stated that the NAC had misidentified lhe 'known and established 
standard" at issue as the prohibition of ANS Condition II events progressing to ANS Condition Ill 
events. Exelon asserted that the standard in Question concerns what is necessary to "quality" 
valves for water discharge. Exelon contended that this standard was the EPRI testing and 
analysis, and thal lhe NRC agreed that Byron and Braidwood met this standard. Exelon also 
contended that the change in NRC staff position on prior approvalf.l was not a mistake of fact, 
but rather a new or modified interpretation of compliance with NRG requirements, for which use 
of the compliance except,on provided for in the Backlil Ruic was not appropriate. 

1.3 Backlit Rule and the Compliance Exception 

Backfitting is defined by 10 CFR 50.109(a) as: 

... the modification of or addition to 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 operate a facility: any 
of which may result from a new or amended provision in the Commission's 
regulalions or the imposition of a regulatory staff position interpreting tne 
Commission's regLJlations that is either new or different from a previously 
applicable staff positioo ... J 

Unless one of three specilied exceptions apply, the NAC may impose a baokfit only if it 
performs a backlit analysis in accordance with 10 CFA 50.109(a)(2) and determines in 
accordance with 1 O CFR 50.109(al(3) "that there is a substantial increase in the overall 
proteclion of the public health and safety or the common defense and security to be derived 
from the backfil and that the di reel and indirect costs of implementation for that facility are 
justified in view otthis increased protection." 

Section S0.109(a)(4) sets tonh the three excep1ions to the requirements of 10 CFA 50.109(a)(2) 
and (a)(3). The first exception, the compliance excepbon, applies if the ··modification is 
necessary to bring a facility into compliance wifl'I a license or lhe rules or orders ol lhe 
Commission, or into conformance with writlen commitments by the licensee." The second and 
third exceptions relate to acbons necessary to ensure adeciuate protection or to actions that 
involve defining or rndelining adequate protection . 
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The Commission explained its intended application of the compliance exception in tile 
Statements of Coosideratioo (SOC) accompanying the 1985 final rule amending 
10 CFR 50.109:'8 

The compliance exception is intended to address situations in which the licensee 
has failed to meet known and established standards of the Commission because 
ot 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 ihe standard. 

In the same SOC, the Commission acknoW1edged 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 
iniliatin g a backfit."29 

By its terms, the compliance exception applies to actions necessary tor compliance with rules. 
licenses, and orders, or for confonnance with written commitments.:.: Also, the Commission 
axplicilly acknowledged the importance of staff interpretations of rules in the regulatory process. 
Thus. the Panel understands lhe tenn "known and established slandard" to include standards 
established in rules, licenses, orders, and written commitments, and NRC interpretations of 
rules. Some standards may be broad-based, while others may apply only to a limited number of 
plants. As stated in NUREG-1409, "[i]nlormal or formal communications to one licensee are not 
official positions to all licensees _ Orders, licenses, and written comm1tmenls are applicable 
only lo a particular licensee." 

The failure to meet a known and established standard is grounds for a compliance backlit ii this 
failure is due to "omission or mistake of fact," Thus. if a licensee obtains NRC approval of an 
alternative to a specific standard set forth in guidance, that standard and guidance could not be 
used to support a compliance backlit unless the NRC's approval of the alternative was based on 
an omissioo or mistake of fact. "Known and established standards" are to be distinguished lrom 
"new or modified interpretations of v.tiat constitutes compliance," wtuch do not fall within the 
compliance exception. The Panel understands the term "new or modified interpretations" to 
include situations where the N AC 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 
requirement is met. Levels of assurance might be established in terms such as acceptable 
probabilities or consequences. cooservalive assumptions, or sufficient margin. 

Additional background information on the Backlit Aule and the compliance eicception is provided 
in Appendix A to this report. 

20 NRC 19~5. al 38103 
""NRC 1985, a1 38102. The 1985 backlit ,ule was 11acated by a Federal court on grounds unrelated to !M 
compliance backfil exceptio, See Union of Concerned Scrcnt1sts v. US. Nuclear Regulatoty C1lm'n, 
824 F.2d 108, 119-20 (1987)_ rn 1988, the Commission amended the backlit rule (NRC 198Bb) to address 
the court's concerns, but did not change the 1985 rule's compliance exception provision. Tilus. 1he 
quoted statements from the 1985 rule are !he applieable expression of Commission intent regarding 
compliance backfits. 
'" NUR EG-1409 (N RC 199Cc) defines wrilten commitments broadly !o include the final safety analysis 
report. licensee event reports, and docketed correspondence, including responses to NRG bulletins. 
g!::ncric letlers. inspec1ion reports, or notices of violation and confirmatory 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 NRG and industry's testing, evaluation, arid 
other consideration of PORVs and PSVs since the TMI Unit 2 (TMl-2) accident in 1979. This 
historical review provides context for discussion of valve ··qualification" in the Backlit SE. It also 
provides the basis for the Panel's conclusions regarding the 'known and established standard" 
for "qualification" in the context of TMI Action Plan llem 11.D.1 and subsequent activities, as well 
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 not applied the "single-failure 
assumption" as noted above, the Panel also considered the applicability of tile single lailure 
criterion to PSVs. The Panel expended considerable effort in searching tor an answer to what 
appears to be a simple question: 'Are PSVs active components subject ta the single failure 
criterion, or are they passive components exempt from the single failure criterion?" NRA staff 
have taken the position that PSVs have consistently been treated as active components. 

In the Panel's evaluation of the treatment of PSV lailure potential {Section 3 below), a historical 
perspective is provided. In general, the Panel found that the classification of a component as 
"active" or "passive" depends on its design, application. and function. For example, passive 
components almost always do not need external power; usually do not need an external 
actuator (e.g., signal)3': 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 NRG guidance, additional views on passive components are 
included in International Atomic Energy Agency (IAEA) TECDOC-1624. 33 This document states 
that "[s]alety related tenns such as passive and inherent safety have been widely used, 
particularly with respect to advanced nuclear plants. generally without definition arid sometimes 
with definitions inconsistent with each other." This guidance 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 inconsistencies in 
the use and application of the teITTI "passive." Additional consideration of this topic by the Panel 
is documented in Section 3.10 below. 

The introduction to the GDGs and the related footnote deline the applicability of the single 
failure criterion in terms ol electrical versus fluid systems, artd active versus passive 
components. Neither the GDCs nor NRC guidance define which characteristics of passive 
components are necessary to make a component exempt lrorn the single railure criterion. Some 
examples are clear: pipes are passive components and pumps and motor-operated valves that 
operate to perform their safety functions are active components. As discussed in Section 3.6 

"For example, SECV-77-439 (NRC 1977) states 'Examples [of passive failures in fluid systems] include 
the lailu re of a simple check valve 10 move to i!s correct position when requirco, the lea~age of fluid trom 
failed componen1s, such as pipes and valves particularly through a failed seal a1 a valve or pump-or 
line blockage. Motor-operatcc:I valves whit.h have the source of power locked out are allowed to be 
treated as passive components." 
s, For example, NUREG-1800 (NRC 2001c) states that '"[p]assive· struc1ures and components, for the 
purpose ol the license renewal rule. are those that perform an intended func1ion ... without moving parts 
or without a change in con1igum1ion or properti&s ·passive· may also be interpreted ,o •nc!ude 
structures and componen1s that do not display ·a change ol state."· 
"IAEA 2009 
'A NRC 2005a 
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below, check valves might be classmed as active or passive components depending on certain 
specific considerations. 

With respecl to PSVs, the ASME BPV Code applicable to Byran and Braidwood includes 
requirements for overpressure protection that relale 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 
almost never explicitly discusslld or applied in accident analyses. The Byron and Braidwood 
UFSAR sw.tes that "adeq•Jate overpressurization protection is provided by the three installed 
safety valves." Neither the UFSAA system descriptions nor the safety analyses provide detailed 
discussions of potential PSV failures or their consequences. The principal discussion of 
potential PSV failures in Ille 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., loss of load, loss of feedwater) do not apply the single failure criterion 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 Iha! this treatment of PSV valve 
performance during antic1paled operational occurrences (AOOs. similar to ANS Condition II 
events) and postulated accidents (similar to ANS Condition IV events) has been consistent and 
without any identified exceptions.3 ' 

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 s~pplement 1, how various licensees responded to these issues. and 
how lhH NRC was involved in reviewing and approving these acUons. This review 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 II to ANS Condition 111, 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 lailures of PSVs need 
not be assumed to occur following water discharge if the likelihood is sufficiently small, based 
on well-informed staff engineering judgment Tne Panel also concluded that. in preparing the 
Uprate SE and the Setpoint SE, the NAC staff exercised reasonable and well-informed 
angineering Judgment when the NRC staff concluded that the PS Vs were unlikely to stick open. 
The non-escalation position does not establish specific standards for valve qualification, so the 
non-escalation position, standing alone, provides no basis for rejecting the licensee's reliance 
on EPRI valve testing. Moreover, the Panel found that no mistake or error occurred in the 
licensee's or previous staffs reliance on the EPRI testing program that included an evaluation of 

30 Examples include Watts Bar (NRC 1982 and TVA 1983), Nor1h Anna (NRC 1 '.l76), and AP1000 
{WestinghOuse 2011 ). 
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waler discharge through pressurizer valves''" Therefore, the Panel also concluded that lhe NRC 
staff's position on valve qualification in the Backfit SE is a new or modified interpretation of what 
constitutes compliance. 

The Panel also concluded that the issue of pressurizer valve performance following water 
discharge appears to have generic applicability, and is not specific to only Byron and 
BraidwoocL The Panel believes that resolution of this issue would have benefited from 
consideration of the generic nature of 1he issue through the appropriate NRC processes. The 
Panel included addiUonal information about this finding in Section 6 and Appendices Band C 
below. 

3 DISCUSSION 

The compliance exception to the Backlit Rule is intended to address failures to meet known and 
established Commission standards because ol omission or mistake al fact. New or modified 
interpretaflons of what constitutes compliance do not tall within the exception. The Panel 
reviewed and evaluated the inrormation relerenced in this report to determine if, in 2001 and 
2004, there was a known and established standard of the Commission relating to the potential 
for PSVs 10 fail following water discharge during IOECCS events. 

In addition, the Panel considered the issue of "known and established standards at the 
Commission' as il relates to '"event escalation: The NRA Appeal Decision stated that the 
Backlit SE "showed that the approvals at issue for Braidwood 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 II events." The Panel recognizes that the non-escalation positioo, 
although not included m NRC regulations, is widely referenced in reactor licensing bases as an 
approach for addressing AOOs 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 delinit1an, lhese faults (or events) do nol propagate to cause a more serious fault, 1.e., [ANS] 
Condition Ill or IV events.'' 

Exelon and lhe Panel agree that the non-escalation 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 
NRG staff's view that non-escalation (trom ANS Condition II lo ANS Condition Ill 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 NRG 
staff contends, but rather the appropriate standard for PSV water discharge. In the absence of a 
PSV lailu re to reseat, the concerns articulated by the NRC staff in the backlit 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. 

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

;, "Pressurizer valves" is used in this re port to rdcr lo cilher PO RVs or PS Vs when discussing issues 
common to both types of valvos. 
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3.1 General Design Criteria (1971) 

In 1971, the Atomic Energy Commission published the GDCs, which had been under 
development since 1965 37 The introduction to 10 CFR Part 50, Appendix A addresses "Single 
Failure" in the sectioo 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 iluid system should be considered in designing the system against a single failure are under 
development'' (emphasis added), 

3.2 Commission Paper on Single Failure (1977) 

In response to several staff concerns and differing views on the subject of application of the 
single failure criterion, lhe Acting Director of NRR issued SECY-77-439 'Tt]o inform the 
Commission of the present status and future use of the Single Failure Criterion as a tool 10 the 
reactor safety process."38 I r1 part, that paper addressed the application of the single failure 
criterion to passive comp:inents in fluid systems, stating that "[a]pplication or the [single failure] 
concept is complicaled by the interrelationships between the various fluid and electrical systems 
and their supporting auxiliaries in a nuclear power plant. Furthermore, there is a need to 
stipulate the events and associated assumptions which must be considered during application 
of the Single Failure Criterion." 

SECY-77·439 specifically spol<e to how "additiaMI passive failures"-that is, failures in addition 
to the initiating event-had been and should be addressed. stating (with emphases added): 

During subsequent years [since the single failure footnote quoted above was 
published] staff assumptions regarding the nature of passive failures which 
should be considered have not been completely consistent and there has been 
some disagreement However, on the basis of !he licensing review experience 
accumulated in !he period since 1969, it has been judged in most instances that 
the probability of most types of passive failures in iluid 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 failures. Among these examples, SECY-77-439 cites "the failure of a simple check 
valve to move to ifs correct position when required" as a passive failure. Of the examples cited 
in SECY-77-439, the check valve example is most similar from a mechanic.al perspective to !he 
PSV failure addressed in the Backlit SE, as explained below in the discussion of SECY-94-084. 

SECY-77-439 also stresses tile use of engineering judgment relating to the probability of 
componenl lailure and does not suggesl that valve "certification" or "qualification" in accordance 
with ASME standards should be invoked as the basis for such decisions. 

3.3 m1 Action Plan Item ILD.1 (1980) 

As an elemenl of the TM Aclion Plan, the NRG staff required lieensees to address the capability 
of relief and safety valves to perform their intended functions without failure. Specifically. 

"AEC 1971 
is NRC 1977 
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Item 11.D 1 states that "[p]ressurized-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 tor design-basis transients and accidents." With reference to 
planned EPRI testing and other generic industry test programs, NUREG-07'.37 specified 
provisions for then-operating nuclear power plants and applicants for operating licenses and 
holders of construction permits to address the TMI Action Plan ilems, including Item ILD. 1, 
NUREG-0737 stated, for the performance testing of relief and safety valves for Item 11.D.1, that 
"[tJhe testing should demonstrate that the valves will open and reclose under the expected How 
conditions.-

Although limited in scope, the EPRI test results did not identify any generic issues with PSVs or 
PORVs sticking open following 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, "qualily" was used in a less Jormal sense to refer to a 
reasonable judgment that the valve would open to 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 at PWR nuclear power plants. The Westinghouse Owners Group 
submitted WCAP-10105 to the NRG in 1982 to demonstrate the acceptability of ttie 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 NRG staff to the licensee for Byron found the licensee's reliance an EPRI 
testing ot PSVs to be acceptable.•a The 19B8 SE states that the test program was designed "[t]o 
reconfirm the integnty of the overpressure protection sy,,tem and thereby assure that the 
{GDCs] are met." As discussed in Appendix B to this report, the 1988 SE described the NRC 
staff's evaluation of the PS Vs and PORVs !or leedwater 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 tho NRG staff and contractor review, the 1988 SE 
found that the performance 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 PORVs could be disregarded because of the long time available for 
operator action. However, the SE addressed water discharge through the PSVs and PORVs as 
part of the leedwater line break evaluation. 

In the cover letter for the 1988 SE, the NRG statf states that the licensee should develop and 
adopt plant procedures lo inspect the pressurizer valves after each lilt involving loop seal or 
water discharge. The l 988 SE contains no reference to or suggestion of a need for certification 
of these valves in accordance with the ASME BPV Code for water discharge capability. In 1990, 
the NRC staff also found the use of the EPRI test program similarly acceptable for Braidwood.•• 

39 WOG 1982 
"'NRC 1988c, referred toas the 1988 SE 
,. NRG 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)4" "are capable of closing following discharge of subcooled water" 
Westinghouse noted that the PSRVs might have been designed or "qualified" to relieve 
subcooled water. Westinghouse also noted that "licensees may have qualified these valves in 
compliance to NUREG-0737, Item 11.0.1 " If the PSAVs were not designed or qualified for 
subcooled water discharge, Westinghouse recommended that licensees reevaluate the 
IOECCS event with three possible options of (1) reducing emergency core cooling system 
(ECCS) ffow used in the safety analysis, (2) using a less restrictive operator response time, or 
(3) crediting the use of or.e or more PORVs to help mitigate the accident. 

Later, in Supplement 1 to NSAL-93-013, Westinghouse alerted licensees to potential reduced 
lime for operator action if a positive displacemenl pump (a typical component ol lhe CVCS) 
were in service, and to the need to qualily the PS RVs and the piping downstream ot the PSAVs 
and POAVs if water discharge from the pressurizer is predicted. 

Some licensees submitted license amendments that involved improvements to the POAVs and 
their circuitry to avoid water discharge through the PSVs (e.g., Salem'", Millstona44 , Callaway"5, 
and Diablo Canyon~6). The NRG staff review and approval al those proposed improvements 
relied on engineering judgment relative to the various test information and PORV circuitry 
upgrades described by individual licensees. Tho licensee for Byron and Braidwood submitted an 
LAA for similar PORV improvements,47 but that request was later withdrawn.4° 

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

3.6 Commission Paper on Passive Plant Designs {1994) 

In 1994, in preparation for the design certification reviews ol passive reactor designs (e.g., the 
Westinghouse Advanced Passive 1000 (AP1000) and the General Electric Economic Simplified 
Boiling-Water Reactor (ESBWR)J, the NRC staff presented nine issues to the Commission for 
policy decisions.49 Although PSV categorization and perfonriance requirements were not 
explicitly addressed, the paper does include an issue on "Definition of Passive Failure" and an 

''Westinghouse used the term PSRVs. The specific valves for Byron and Braidwood iihould be 
designal/ld as ·safety valves" or "pressuri2er safety valves" as they are by rhe manulacturc r, m the ASME 
BPV Code, and oy the licensee. This diflerencc in lermmology is not significant to any of lhe findings or 
conclusions ,n this report. 
' 3 NRG 1997 
"NRC 1996 
"NRC 2000 
40 NRC2004a 
'' ComEd 1998 
'" ComEd 1999 
"NRC 1994a 
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eidensive discussion on whether check valves are passive or active components and how they 
should be addressed in current plants and future passive designs. 

SECY ·94·084 recognized the GDCs and SECY· 77-439 as establishing long-standing 
requirements and guidance in this area. The paper acknov.1edgei:i that the industry (including 
EPRI documents and ANSI/ANS 5B.950) have been inconsistent with respect to check valve 
failures, sometimes considering them as "active failures" and sometimes as "passive failures." In 
SECY-77-439. however, the NRC staff stated that the failure of a simple check valve to move to 
its correct position when required was a "passive failure." In addition, SECV-94-084 states that 
"[i]n licensing reviews, tlQwever, only on a long-term basis [e.g., long-term recirculation cooling 
following a loss of coolant accident (LOCA)] does the NAG staff consider passive failures in fluid 
systems as poteniial accident inihators in addition to initiating events." The paper also states 
that "[f]or current plants, the N RC staff normally treats check valves. except for those in 
containment isciation systems, as passive devices during transients or design-basis accidents.'' 

Furthermore, SECV-94-084 states that "frledefining 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 agreed5') that the NRG staff should "maintain the 
current licensing practice for passive component failures on the passive [acvanced lighl water 
reactorJ ALWR designs, and to redefine check valves, except for those whose proper function 
can be demonstrated and documented, in the passive safety systems as active components 
subject to single failure consideration." Therefore, the NRG"s position on check valves was 
changed only for passive ALWR designs going forward. 

The Panel considered the opening function or check valves and PSVs to be similar in that they 
both open through the motion of the valve disk under differential pressure with no el<temal 
signal or motive power. The Panel also recognized that the ambiguity with respect to 'passive" 
versus "active" component definitions and nomenclature exists for salety valves. In addition, the 
passive or active classification of check valves or safety valves may differ cased on design 
considerations, inservice testing, or accident analyses. For example, the PSVs and POAVs, 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 GOG context, the Panel concluded that it is appropriate to consider the potential 
failure of a PSV following water discharge as a passive failure (consistent with the treatment of 
check valve failures for the operating fleet), provided the licensee or applicant qualifies the 
perfOrmance of the PSV in an acceptable manner. ;In the case of Byron and Braidwood, the 
NRG staff accepted the EPRI testing associated with TMI Action Plan Item 11.D. 1 to provide this 
qualification. 

3.7 Draft Standard Review Plan Revision (1996) 

The 1996 draft revision to SAP Seclions 15.5.1 - 15.5.2 on IOECCS and eves malfunctions 
includes extensive updates lo the 1981 revision. but neither version includes any discussion, 
criteria, or guidance on applying ASME Code requirements to PSVs or on applying the single 
failure criterioo or any other failure assumptioo to PSVs. 52 

50 ANS 1981 
'' NRG 1994b 
'" NRC 1996 
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3.8 Power Uprate Reviews and License Amendments (2001-2006) 

As part ol the 2001 power uprate review for Byron and Braidwood, the NRC staff approved the 
analysis of an IOECCS (UFSAR Section 15.5.1) that included pressurizer Iii ling, PSV water 
discharge. ECCS termination, and PSV closure. In the Backlit SE, the NRG staff indicated that 
tile 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 and 
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 NRG staff believed that the valves were "qualified" in an ASME BPV Code certification 
sense; rather, the record shows that the NRG staff thoroughly considered the testing conducted 
on valves ol the type installed at the plants and applied well-informed and reasoned technical 
judgment in reaching its conclusion that the EPRI test;ng provided appropriate qualification. 

The Panel confirmed its conclusions and understanding about the 2001 NRG 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 qual ilication of valves. In addition, the Panel found that the N RC approved power 
uprates tor other nuclear power plants that included comparable staff evaluations ol water 
discharge through PORVs or PSVs based on test information provided by individual licensees. 
For example, in 2001, the NRG granted a power uprate for Shearon Harris that included the 
operability of PORVs and PSVs during the discharge of subcooled water, referencing TMI 
Action Plan Item II.DJ.~ As noted above, in 2006, the NRG also granted a power uprate for 
Beaver Valley. The SE !Of 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 spurious safety injection actuation, based on the EPRI test data horn 1981 
and an evaluation of the temperature ol the liquid being discharged. 

During the NRG evaluations of license amendments since the TMl-2 accident, the NRG staff 
has specified in some SEs that a PORV or PSV would be assumed 10 stick open if ii was not 
qualified for liquid service. To address this concem, the NRG staff reviewed and accepted a 
variety of test information (including EPRI, Wyle, and vendor testing) submitted by individual 
licensees to demonstrate the capability ol PORVs or PS Vs to reseat toltowi rig water discharge. 
In the sample or SEs it reviewed, the Panel did not find a specific requirement for the PORVs or 
PSVs to be certified under the ASME BPV Code as capable of reclosing after ~ter discharge. 

In 2004, the NRG issued license amendments for Byron and Braidwood granting an adjustment 
to the PSV setpoints. In an RAI, the NRG staff requested that the licensee perform a 
quantitative analysis regarding the number of opening cycles during whkh the PSV would be 
e)(J)BCted to pass waler and the temperature of the water being discharged. In the Setpoint SE, 
the N RC staff concluded that the analysis was acceptable for assuring that Ule PS Vs would 
remain operable !allowing a spurious safety injection event. 

,,, NRC 200 Id 
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3.9 RIS 2005-29 (2005) and Proposed Draft Revision 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 power uprate [LARs]." The RIS addressed the manner in which some 
licensees acted in response to NSAL·93·013. The RIS was issued althe division level in NRR 
and does not include a record ot office·level concurrence. The RIS was not reviewed by CRGA. 
The Panel requested information on the basis for the CAGA's decision not lo review the 
proposed RIS before it was issued, but the CRGR staff could not find any related 
documentation. It appears to the Panel that the CAGR 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 backlit under 1 O 
CFR 50.109. Consequently, the NRC staff did not perform a backlit analysis." 

• 'This RIS is informational and pertains to a NRC staff position that does not depart rram 
current regulatory requirements and practice." 

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

The NAG staff's position is noted in the power uprate review standard, as follows: 
''For 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 pressuri2er water-solid condition.". 

However, lhe NRG staff review standard cited in the RIS (AS-001) is explicitly limited to EPU 
reviews, ,rn<:i stat<,>~ ir1g u·;.,t ":!\The staff does not intend to impose the criteria and/or guidance 
in this review standard on plants whose design bases do not include these criteria and/or 
guidance. No back fitting is intended or approved in connection wilh the issuance of this review 
standard. "54 

This intent of RS-001 to define and clarify the scape of EPU reviews, b ul not impose new 
requirements or new interpretations of requirements, was confinned 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 dralt Revision 1.~ which is currently 
under development, discuss water discharge certiticaliOn requirements in accordance with the 
ASME BPV Code. In fact, as stated above. the NRC issued a 2006 power uprate amendment 
for Beaver Valley in which the SE cited RIS 2005·29 and yet relied on the EPAI testing data to 
address the concern. 

3.10 SECV.(JS-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 NRG staff technical report on the single 
failure criterion. Seclion 4.2.2 of this report acknowledges tllat H[olne particular issue identified in 
tllis pro1ect is the continued existence al the footnote to the definition ol single failure in 1 O CFR 
[Part] 50 AppendiJ< A stating that the regulatory posilion on consiaering passive failures in fluid 
systems is under development." In Section 2.5.3, the draft report quotes tram SECY-77-439 
(discussed above) and recognizes that in current practice, as in 1977, "[p]assive failures 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· 
inlormed 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 syslems to replace the footnote now in 10 CFR Part 50 Appendix A definitions." 

These documenls make 11 clear that, with few exceptions, neither the NRC staff nor the 
Commission has established specific requirements relating to the treatment of passive 
component failures in fluid systems. The Panel believes the existence of this Commission 
paper, contemporaneous with discussions on potential PSV failures (e.g., AIS 2005-29), makes 
it clear that no specific "known and established standards" on PSV failures had been developed 
between 1977 and the time of the Byran and Braidwood license amendments in 2001 and 2004. 

3.11 Standard Review Plan Revision (2007) 

Revision 2 to SAP Sections 15.5.1 - 15.5.2 states: 

If the plant is equipped with PORVs that are (1) safety-related equipmenl 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 properly after 
having relieved waler; but only if such valves have been qualified for water relief. 

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

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

The Backlit SE is predicated on the following positions: 

• "water relief through a valve that is not qualilied for water relief will cause that valve to 
stick in its fully open position;' (emphasis added) 

• "the licensee ... has not applied the single-failure assumption'' (emphasis added) 

• "nor [has the licensee] provided ASME water qualification documentation tor the PSVs 
... the ASME ... original Overpressure Protection Report .. inservice test history .. 
including both water and steam tests" (emphasis added) 

The Backlit SE contends that an IOECCS would escalate to a 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} arid could be in non-compliance with the GDCs {as included in the 
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Byron and Braidwood lieensing basis) since an IOECCS with a stuck-open valve had not been 
analyzed and shown to meet the appropriate criteria for an AOO. 

Based on its review of all the relevant documents and discussions with the individuals (staff and 
managers) involved in the original review and the backfit, the Panel has developed an 
understanding of the regulatory requirements and practices, !he poteotial safety issues, and 
backtit rule obligations. The Panel 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 PS Vs in question be assumed to fail given liquid water discharge because of 
the lack of ASME BPV Code certification for water discharge? 

• Must the PSVs be assumed to fail in accordance wilh the GOC "single failure·• 
requirements? 

In the Backlit SE, the NRC staff indicaled that "[o]ne assu"l)tion that is particularly important to 
the non-escalation criteria is that water relief through a valve that is not qualified for water relief 
will cause that valve to stick in its fully open position" (emphasis added). The Panel eoncluded 
that this issue-the treatment ol potential valve failure-is not only "particularly important," it is 
the critical issue upon whicn the compliance backlit 11inges. 

Based on the historical evidence, the Panel concluded that there is not now, nor has there been, 
a known and established Commission standard (1) that PSVs must be assumed to fail following 
water discharge in the absence of ASME BPV Code certification for water discharge, or (2) thal 
PSVs must be assumed to fail as part of single failure criterion analysis. The NRC staff's 
detennination that ASM E BPV Code certification is necessary first appears in the Backlit SE. 
The determination lhat application of the single failure crilerion 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 ol the Commission is that failures of PSVs need nol be assumed to occur following 
water discharge if the likelihood is sufficiendy small, based on well-informed staff engineering 
judgment. In preparing the Uprate SE and the Setpoint SE, the NRC slaft exercised reasonable 
and well-informed engineering judgment when the NAC stall concluded that the PSVs were 
unlikely 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 areas of expertise. The NRC staff 11alve 
expert involved in tfle 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 
find any evidence that the NRC slaff'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 Backlit SE are new or modified interpretations of 
compliance. 

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

In the Backlit SE. the NRG staff discussed the definition of event conditions in ANS-51. i/N18.2-
1973 and lhe provision in this standard thal evenls of one condition do not propagate to cause a 
more serious fault. This position is commooly known as the oon-escalation position. In 
interactions with the Panel, NRA staff provided several clarifications on this topic, summarized 
by the Panel as roliows: 

• ANS-51. t/N 18.2-1973 defines the categories of design basis transients and accidents 
based on an anticipated frequency of occurrence (annually for ANS Condition II events). 

• It is a long-standing NRC position that escalation from one condition to another is not 
acceptable. 

• ANS-51. 1/N18.2-1973 constitutes a known and established standard thal has been 
reflected in NRG guidance documents and in the licensing basis of each U.S. nuclear 
power plant. 

The Panel conlinmed that this ANS standard is referenced in several places in Chapter 15 of the 
Byron and Braidwood UFSAR. The Panel agrees that the nan-escalation position is an 
established standard applicable to Byron and Braidwood. but did nal identify historical evidence 
that implementation of this standard requires Exelon to assume that its pressurizer valves will 
fail open under water discharge conditions. to apply the single failure criteriOn to PSV failure in 
these c1rcumslances, or to impose ASME Code requiremenls for certification, qualification. or 
tesli ng of PSVs for water discharge. 

3.12.2 Non-Escalation Position and Return to Service 

In the Backfit SE, the NRC staff makes reference to the time it would tal<e to clean up a 
contaminated containment following a sluck~open pressurizer valve. In interactions with the 
Panel, N RR staff re-emphasized concerns that extended steam and water discharge th rough 
the pressurizer valves W-Ould result in the failure of the pressurizer relief tank rupture disk, would 
require repair of the damaged PS Vs, and might cause an extended time period for the return lo 
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 tor plan1 startup, to constitute issues thal support a compliance backlit 
imposed by the NRC. The NAC 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 Backlit SE slates 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 t,:,s;;,,; i~sl.';iL'z.for a timing requirement in 
UFSAA Section 15.5.1.3. Also. the Panel did not find a regulatory requirement or basis lor 
delining or limiting the time available for the plant to return to operation. 

3.12.3 TMI Action Plan Item 11.D.1 and EPRI Testing 

Although the Backlit Let!er and NRR Appeal Decision do nol speak explicitly to TMI Action Plan 
Item 11.D I, in interactions with the Panel, NRR staff stated that the knov.n and established 
standard in queslion is the TMI Action Plan Item 11.D.I standard for licensees and applicants to 
conduct testing to qualify the RCS relief and safety valves under expected operating 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 saUsfy TMI Action Plan Item 11 D.1 for Byron and 
Braidwood in S~ forwarded by letters in 1988 and 1990. Therefore, the Panel concludes that 
this known and established slandard referenced by the NRC staff had been met for Byron and 
Braidwood. 

In interactions with the Panel, the NRA staff further stated that an omission or mistake of tact 
occurred when the licensee failed to acknowledge that the EPR1 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 Byron and BraidWood responses to TMI Action Plan llem 11.0.1, the NRC staff 
evaluated the capability of the PSVs and POAVs during feedwater line break accidents, 
including water discharge. In these SEs, the NRC staff found that the perfonnance of the PSVs 
and PORVs with water discharge was acceptable based on lhe EPRI tests. Therefore, the 
Panel also concluded that the licensee's reference lo the EPRI testing program was not an 
omission or a mistake of lact. 

3.12.4 ASME Code Certification 

In the Backfit SE, the NRC staff stated that cenain ASME Code information would be necessary 
to support water qualification of the PSVs. In interactions with the Panel, NRA staff stated that, 
to satisfy lhe standard for water discharge capability of pressurizer valves, it would be 
necessary to conduct flow capacity certification in accordance with the ASME BPV Code and 
inservice testing throughout the service life in accordance with the ASME OM Cade The NRA 
staff referenced certain licensing ac1ions in which water discharge was not considered 
acceptable. or diflerent actions were required. 51 

As discussed in Appendix C to this report, the NAC 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 identily 
instances where the NRC staff imposed certification by the ASME BPV Code and tes'ling in 
accordance with the OM Code, or required alternatives ta the ASME BPV or OM Codes. in the 
examples ol NRC stalf review of water discharge capability for pressurizer valves. 

The NRA staff also identified for the Panel specific ASME Code provisions that it viewed as 
supporting its position lhat ASME Code requirements apply to qualification ol pressurizer valves 
for water discharge. The NRR staff, however, did not provide evidence that the NRG staff has 
consistently interpreted these provision& as the NRC staff is now interpreting them. Given the 
'NRC staff's resolution of TMI Action Plan Item 11.D.1 and tr,e -,-,;r,;,;-,,y-1,c-•"·~he NRC staff's 
llceos"irii;i°°riracticos. the Panel concludes that the NAR staff's current application of the ASME 
Code is not supported by lhe historical record, 

3.12.5 Conduct of 2001 and 2004 license Amendment Reviews 

In light of the wide range of posrnons taken by the NRC staff during its reviews of pressurizer 
valve capability since the TMl-2 accident, the Panel agrees that, in the course of preparing the 
2001 Uprate SE or Setpoint SE, the 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 lhe PSVs t>y POAV improvements. The NRC staff may have 

~1 Salem (NRC 1997), Millslone (NRC 1998). and Callaway (NRG 2000) 
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been able to j ustily additional actions, but they determined that it was not necessary. lnslead, 
the NAC staff reviewers in 2001 used their expert engineering judgement to determine that it 
was not necessary to assume that the PSVs or PORVs would stick open with water discharge. 
based on EPRI test lnfonnation, licensee supplemental information. and their own technical 
experience. 

In disc1Jssions with the Panel, NRA staff raised a concern that the Setpoint SE does not 
document a re-review of :he qualification ol the PSVs and noted that if the Uprate SE had not 
found water discharge through the PS Vs to be acceptable, it is unlikely that the N RC staff would 
have approved this 2004 amendment. In Appendil€ C to this report, the Panel summarizes the 
discussion in the Setpaint SE ol the PSV water discharge capabilily. The Panel recognizes that 
a staff review 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 review. 

4 RESPONSE TO THE EDO QUESTIONS 

In establishing the Panel, the EDO asked the Panel to answer five specific questions. as well as 
evaluating the overall appropriateness of the backlit. 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 Bvron? 

In responding the question, the Panel has considered the differing views of the NRA staff and 
1he licensee on this issue. Those positions are summarized below: 

• In the NRR Appeal Decision, the NRC staff claims that "[t]he NAC erred in approving a 
sequence of events that allowed the [IOECCS], [GVGSJ malfunction, and inadvertent 
opening of a pressurizer safety or relief valve analyses in the 2001 and 2004 [S Es]" and 
''the N RC staff understood the PS Vs to be q ualitied for water relief when, in fact, I hey 
were not." 

• Exelon claims in the NRR Backlit Appeal that "the compliance exception requires more 
than simply assarting that the prior staff appro11als were wrong-the NRC must 
demonstrate that the prior approvals were erroneous because of an omission or mistake 
of fact at the lime of the approval. The NRG has not made that case here." 

On the basis of ilS independent review, the Panel concluded that. in 2001 and 2004. the NRC 
staff did not misunderstand the qualification status ol lhe PSVs and that it Wa3 not a mistake lo 
undertake a review of or make a technically based safety lindi ng on lhe I ikely successful 
performance of the valves. In the Panel's opinion, the actions of lhe Reactor Systems Branch in 
2001 to reach out to the Division of Engineering's Mechanical Engineering Branch for expert 
technical review assistance was both appropriate and commendable. Alter considering the 
materials presenled by tho licensee in support ol lhe 2001 and 2004 requests and discussing 
the 2001 review with one of the involved managers, the Panel found no indication that the 
senior reviewer evaluating the topic was misled regarding the qualilication status of the PSVs, 
but rather used his expert judgment in determining the appropriate le11el of qualification for a 
technicalll' complex topic for which ttiere was not a single accepted approach. For lheso 
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 for water qualification of PSVs? 

The Panel concluded that in 2001 and 2004 ancl at present, the known and established 
standard of the Commission is that the failures of PS Vs 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 prescriptive standard. 

4.3 What is the known and established standard for progression ot postulated 
events between categories ot severity? 

For Byron and Braidwood, the NRC staff and the Panel agreed that the known and established 
standard for progression of postulated events between categories of severity is the ·non­
escalation posrnon" specified in ANS-51 .1/N 18.2-1973. This position, "'1lich 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 II to ANS Condition Ill or IV). The Panel 
concluded that the IOECCS (an AOO per the GDC definition and an ANS Condition II event) 
would escalate to a more severe event !! a PSV were to stick open. or if both a PORV stuck 
open and its block valve failed to close. Such an escalation would be contrary to the Byron and 
Braidwood licensing basis (i.e., contrary lo the ANS non-escalation position) and could be in 
non-compliance wilh 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 appropriale 
criteria for an AOO. However, this event progression standard does not establish specific 
standards for valve qualification lo determine whether a valve would stick open and cause this 
escalation. Therefore, the Panel concluded that ii is not the basis for a compliance backlit given 
the current set of facts. (Additional information about ANS-51 . 1 /N 1 B.2· 1973 is included in 
Section 3.12. 1 of this report.) 

4.4 Does the current licensing basis for Braidwood and Byron comply with the 
applicable regulations? Is i1 adequate to provide protection to public health 
and safety? 

+tie-For the specific technical issue reviewed by t~1e Panel {i.e., blal1. blah blah) the Panel 
concluded that the current licensing basis for Byron and Braidwood complies wUh the applicable 
regulations aasea eA tAe I.IFSAJ;i aRal)'see, wl'l1eh tile NRC staff fa11AEI aeeeptarile lhmugh a 
raasonabla-.and tA611Ai6alty 891lM 8'l8lllB1ieA llSIR!I a1111repriale C8FJIFlli66ieR tmfety 618R8lU88. 
ffhis ~iseAsiRg basis Aas l:leeA selermiAed-by the NRC staff to c.md provide$. adequate protection 
to public health and safely. 

4.5 Given that Exelon suggests that the 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, to assure that lhe Panel's judgments were being made with a full 
understanding of their significance, and to assist in responclng to the EDO question. 
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The RES stud'/'8 suggests that the most significant IOECCS sequence, assuming that fill 
pressurizer overfill events lead to a small LOCA, contributes approximately 1 percent of the total 
internal event core damage frequency (GDF). In its report, RES estimated that the maximum 
benefit (CDF reduction) of 1.5E-07 per year would be achieved if the H.+1-h --+,,,-(:;,-;,i 

backfitJ is per1ectly eftective such that pressurizer overfilling was.Ji: always prevented. 'If the 
PSVs are not assumed to always lall following water discharge (consistent with the NRC staff 
expert judgment in 2001) or if the Fl;,,r,t;;.wer+<r~~1-w1y llia-t dW n<:J Fre,:,,nt 
press,11i1e-1 overtillinfJ.· t:·l~kfit ,s P'lsfrc;n_rlNf,,, tiv efie·~tive. the risk-reduction benefit of 
implementing the backlit would be even smaller. 

The Panel is aware of and sensitive to two important issues related ta this Question. First, NRR, 
not the Panel, is responsible for any decisions on alternabve application of the backlit rule to this 
issue (through the other categories at adequate protection or cost-justil1 ed substantial safety 
enhancement). Second, the Panel does not wish to imply that 'the contribution to plant nsk' 
should be seen as the ooly measure of enhanced safety. The issues of event classification and 
the non-escalation of events are essen1ially defense-in-depth concepts. Defense in depth has a 
recogniwd role and value in the regulatory process_ The Panel is also aware that not every 
defense-in-depth feature has the same safety significance, and that lhe estimated risk 
significance (measured in care 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 exceptio1 to the Backlit 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 wtlal crostitutes compliance do not fall within the exception. There/are, to 
address the appeal of the proposed compliance backlit, the Panel focused on determining if this 
case is most appropriately characterized as one in which the licensee ''failed to meet known and 
established standards of the Commission because ol omission or mistake of tact," or rather as a 
case al a "new or modified interpretabons al what constitutes compliance." 

The NRC staffs compliance backlit argument depends on two separate determinations: 

1. the assumed failure of PSVs ro reclosc after passing water, and 

2. the necessity of preventing •event escalation" (i.e., the position that "an incident of 
moderate frequency should not generate a more serious plant condition without other 
faults occurring independently"). 

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

In the first ol these determinations, the NRC staff's compliance backlit is based on the 
assumption in the Backlit SE that the PSV fails to reclose given the absence of "ASME water 

"NRC 20161 
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qualification documentation." As indicated in the Backlit 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 NRA Appeal Decision indicates that "the 2001 
and 2004 [license amendment] approvals occurred tlf!Cause the NRG staff understood the PSVs 
to be qualified for water relief when, in fact. tney were not." 

The Panel carefully considered these 11iews and has reviewed the relevant documents including 
the licensee's responses to the N RC staff's RAls, 60 the N RR technical branch's SE i nput,61 and 
the Uprate SE. The Panel did not find any evidence that the licensee had claimed or the NRC 
staff had believed that the val11es were •·qualified" in an ASME BPV Code certification sense: 
rather, the record shows thorough consideration of the testing conducted on valves of the type 
inslalled at the plant and a well-informed technical judgment that this testing provided 
appropriate qualification. 

On the basis of its independent review, the Panel concluded that the NRG 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 relliew of or make a technically based salety finding on tne likely 
successlul performance of the valves. In the Panel's opinion. the actions of the Reactor 
Systems Branch in 2001 to reach out to the OivisiOn of Engineering's Mechanical Engineering 
Branch for expert technical relliew assistance was both appropriate and oommendable. After, 
considering the materials presented lly the licensee in support of the ,._;,;.,,,,,h,!,.~..'. and 
discussing the review with one of the involved managers. the Panel found no indication that the 
senior reviewer e11aluating the topic in 2001 was mis I ed regarding the qualification status of the 
PSVs. but rather used his expert judgment in determining the appropriate level ol qualification 
for a technically complex topic for which there was not a single accepted approach. For these 
reasons, the Panel concluded that the NRG stalf review documented in the Uprate SE was not 
based on omissions or mistakes of fact. 

The Panel concluded tha~ three related technical and regulatory positions related to the PSVs 
(separate from the issue of the non-escalation position) underpin the backlit 

1. ASME water qualification (certification) documentation is required if a 11alve 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 position. 

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

In the Panel's view, none oflhese three positions were "known and established standards of the 
Commission" in 2001 or 2004 for detemiining when it was appropriate to assume a failure of 
PSVs to reseat. In fact, they were not "known and established standards of the Commission" in 
2005 (when AIS 2005-29 was issued) or 2006 (when the Beaver Valley EPU was approved) or 
2007 (when Revision 2 to SAP Sections 15.5.1 -15.5.2 was issued). 

Moreover, these positioos do not appear to be ·established standards of the Commission" al 
present. The 2007 version of SAP Sections 15 .5.1 - 15. 5 .2 allows credit for PO RVs and PS Vs it 
they have been "qualified for water reliet:· The NRC staff's determination that ASME BPV Code 

~i ComEd 2000b. Exelon 2001 
81 NRC2001a 

-23-

Comll'lenwcl \CH!IJ: Paslad Ujldatlld paragrapn ftcm 
above wilh a oot1p~~(~or a_,.,djc....ustmen __ ts_. ___ ~ 



certification is necessary first appears in the Backlit 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 lhe draft Revision 1 to RIS 
2005-29, which is still under development, and is not included in any final NRC requirement or 
guidance document reviewed by the panel. 

The Panel concluded that the standard in place in 2001 and :!004 and at present is simply !hat 
the failures of PSVs need not be assumed to occur following water discharge if the likelihood is 
sufficiently small, based on well-informed stafl engineering judgment. In earlier documents 
addressing this topic, beginning wilh NUREG-0737, ii is the Panel's view that the use of the 
word "qualified" or 'qualification" implies a general demonstration of capability, such as in the 
EPAI testing done in response 10 TMI Action Plan Item 11.D.1 In light of this standard, the Panel 
concluded that, when preparing the Uprate SE and the Sctpoint SE. the NRC staff exercised 
reasonable and well-Informed engineering judgment to conclude that the PSVs were unlikely to 
slick open. 

Overall, the Panel concluded that the NRC staff's position on valve qualification in the 
Backlit SE is a new or modified interpretation of whal constitutes compliance in addressing 
potential PSV failures following 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 1he absence of a PSV failure to reseat, the Panel concluded that the concems 
articulated by the NRC stafl in the Backfit SE related 10 event classification, event escala1ion, 
and compliance with 1 O CFR 50.34(b) and GDCs 15. 21, and 29 are no longer at issue. 

The Panel's findings, therefore, support the Exelon backlit appeal. 

6 ADDITIONAL PANEL THOUGHTS 

In addition to the specific finding relating to the backfit appeal, the Panel believes it is important 
to acknowledge, and for the IIIRC staff and licensees to appreciate, that water discharge 
ttirough 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 infonnation provided in NSAL-93-013 and its Supplemont 1. and the actions by 
various licensees in response to these documents, as well as lhe 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 reliance 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 designed for steam service. Steam relief is lheir normal service 
condition and applies to their ASME BPV Code certification. The Panel supports the previous 
NRC staff determinations for Byron and Braidwood and certain other plants that PSVs 
experiencing water discharge during an abnormal or accident condition need not be assumed to 
fail since !here was a roasonable and technically well-informed engineering judgement lo the 
contrary. However. lhe Panel also considers the actions by various licensees to improve the 
reliabilily and performance of the PORVs to avoid waler 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 detem,ine the extent to which the licensee lor Byron and 
Braidwood addressed crediting water discharge th rough the PSVs, PORVs, or PORV block 
valves in the Byron and Braidwood inservice testing programs. The Panel recognizes that the 
difference between the intended use of these valves for overpressure protection and their 
infrequent use in response to certain plant events might be considered in implementing 
appropriate inservice testing 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 Iha! 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 
consideration af the generic nature of the issue through the appropriate NRC processes. The 
Panel included the information ii gathered and assessed to reach its conclusion regarding the 
generic nature of the issue in Appendices Band Col lhis report. Should the NRC staff 
undertake a generic 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 lhe information and staff positions communicated in AIS 2005-29, as well as 
those included in its prop:ised Revision 1, which is currently under developmenl, to determine 
whether or not these documents include new staff positions with the potential for inappropriate 
or unintended backlitting. As part of any generic assessment, the Panel also recommends that 
staff determine whether the information in RIS 2005-29 and its proposed Revision 1 should be 
incorporated into a regulatory guide or another guidance document 
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APPENDIX A: HISTORY OF THE BACKAT RULE AND TI-IE COMPLIANCE 
EXCEPTION 

The Backfit Rule 

Title 10 of the Code of Federal Regulations (10 CFR), Section 50.109, "Backfitting." was 
originally promulgated in 1970.'12 Beceuse of perceiveel deficiencies in the rule, the U.S. Nuclear 
Regulatory Commission (NRC) substanlially revised it in 1985."' The 1985 rule was challenged 
in court. and the U.S. Circuit Court for the District of Columbia (D.C. Circuit) vacated lh1s rule in 
its entirety. The O.C. Circuit took this action because it concluded that the revised rule could be 
interpreted lo allow the NFIC to consider casts in defining or redefining what is required for 
adequate protection of the public health and safety!"' In response, the NRC revised the Backlit 
Rule in 1988 to remove any implication that costs could be considered in defining or redefining 
adequate protection.6" The 1988 revisions only differed from the 1985 rule to the extent 
necessary to address the court's concerns. The 1988 rule was also challenged in court, but this 
time the D. C. Circuit upheld the rule. 66 

In its currenl form, 1 O CFR 50.109(a) ( 1) derines backfitting as 

... the modiiicatioo of or addition to systems, structures. components, or design 
of a facility; or the design approval or manufacturing license for a facility; or the 
procedures or organizatioo 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 regulatory staff position interpreting the 
Commission's regulations that is either new or different from a previously 
applicable statt position .... 

Unless one of three specified exceptions apply, the NAC may impose a backlit only if it 
performs a back~! analysis in accordance with 1 O CFR 50.109(al(2) and determines in 
accordance with 10 CFR 50. f 09(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 backlit and that the direct and indirect costs of implementation for that facility are 
justified in view or this increased protection." 

Section 50.109(a)(4) sets forth the three exceptioos to the requirements ol 10 CFR 50.109(a)(2) 
and (aJ(3). The lirst exception, the compliance exception, applies if the "modification is 
necessary to bring a facility into compliance with a license or the rules or orders of the 
Commission, or into conformance with written commitments by the licensee." 10 CFR 
50.109(a)(4)(i). The second and third exceptions relate to actions ensuring adequate protection 
or to actions that involve de::fi ning or redefining adequate protection. 1 0 CFR 50 .1 09(a)(4)(1iHiii) 

02 AEC 1970 (Author and year citaMns in footnotes reter to the designation of references in Appenoix D 
to this report) 
6'NRC 1985 
"'Union of ConcemedScienlisrs v. U.S. Nuclear Regulatory Com'n. 824 F.2d 1GB. 119-20 (1987) 
es NRG 1988b 
'~ Umon of Concemed Scientists v. U.S. Nuclear Regul11to1y Com·n, 880 F.2d 552 (1989). 
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Commission Policy 

The Commission addressed its intended application or the compliance exception in the 1985 
rulemaking:~7 

The compliance exception 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. II should be rioted 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 also stated that "stalf inlerpretations of broadly stated rules 
are often necessary to give a rule effect and in some instances may be a causal factor in 
initiating a backlit. ... The Commission also stated, "Many of the most important changes in plant 
design, construction. operation, organization, and training have been put tn place at a level of 
detail that is e~pressed in staff guidance documents which interpret the intent ol broad, 
generally worked [sic] regulations.''"" 

Backfitting Guidance 

Extensive information regarding the appropriale implementation of backfltting is provided in 
NUAEG-140970 Relevant excerpts from this guidance are provided below. 

Applicable Regulatory Staff Positions 

According to NUAEG-1409, to tle a backlit, "a new or re11ised staff position or requirement must 
be involved, that is, there must be a change in content or applicability of the previously 
applicable regulatory staff position (in the direction ol increased safety requirements) . "An 
applicable regulatory staff position is a requirement ar position already specifically imposed on 
or committed to by a licensee_ Examples of applicable regulatory staff positions include 

• legal requirements, as in explicit regulalions, orders, and plant licenses and in 
amendments, conditioos, and technical specifications 

• written licensee commitments such as those contained in the final safety analysis report, 
hcensefl event reports, and docketed correspondence, including responses to NRG 
bulletins, generic letters, inspection reports, or notices of vial at ion and confirmatory 
action letters 

NRC stalf positions that are documented explicit inte,pretahons ot more general 
regulations and are contained in documents such as the Standard Review Plan, branch 
technical positions. regulatory guides, generic letters, and bulletins 

s, NRC 1985, al 38103 
'"Id. at 38102 
••Id.at 38103 Tt1e 1988 rulcmaKmg neither revised rM compliance el(Cep!ion as staled in the 1985 rule 
nor provided add ilional guidance oo its interpretation. 
' 0 NRC 1990c 
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A similar list of examples is provided in Manual Chapter 0514,71 which is also included as 
Appendix D to NUREG-1409. Manual Chapter 0514 was referenced in the 1988 rulemaking, 
and a working draft was provided to the Commission !Of information in SECY-88-102. 12 Manual 
Chapter 0514 provides a definition of "applicable regulatory staff positions" that is slightly more 
detailed ttlan the definition in NUREG-1409. This definition from Manual Chapter 0514 is quoted 
below. with additional detail beyond NUREG-1409 emphasi7ed in underlined te)(!. 

Applicable regulatory staff positions are those already specifically impose<! upon 
or committed to by a licensee at the time of the identification of a plant-specific 
backfit, and are of several different types and sources: 

a. Legal requirements such as in explicit regulations, orders, plant licenses 
(amendments, conditions, technical specifications). NQte that stJme regulations 
have updale fealures built in. as for example, 10 CFR 50.55a, Gades and 
Standards. Such Lipdate requirements are applicable as described in the 
regulation_ 

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

c. N RC staff positions:c;i that are documented, approved, explicit interpretations of 
the more general regulations, and are contained in documents such as ttle 
(Standard Review Plan]. Branch Technical Positions, Regulatory Guides. Generic 
Letters. and Bulletins; and to v.11ich a licensee or an applicant has previously 
committed to or relied upon. Positions contained in these documents are not 
considered applicable staff positions to the extent that staff has, in a previous 
licensing or inspection action. tacitly or explicitly excepted the licensee from part 
or all ol the position." 

Haw Regulatory PO$itions are Established 

NUAEG-1409 provides responses to a number of questions regarding backtitting. The following 
response was given to questions asking, "Is it appropriate for the NAG staff to rely on informal 
orfom,al communications to other licensees as official NRG positions? What about NAG tacit 
approval of documents?" 

Informal Of fonnal communications to one licensee are not otticial positions to all 
licensees. Section 053 of Manual Chapter 0514 identifies what can be applied as 
official stat! positions in a plant-specific context. They are legal requirements 
such as contained in explicit regulations. orders, and plant licenses; written 
commitments such as contained in final safety analysis reports, licenses event 
reports. and docketed correspondence: and documented, approved explicit 
interpretations such as contained in the [Standard Review Plan!, branch technical 

71 NRC 1988c 
"NRC 1988a 
" Requirements may be imposed by rule or order. Stall interpretations such as examples ol acceptable 
ways to mee1 re qui re men ts are not requ,remenls in and of themselves. 
"Imposition of a s1atf position from which a licensee has previously been excepted is a bac;i,tit. 
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posifons, regulatory guides, generic letters, and bulletins. Orders. licenses, and 
written commitments are applicable only to a particular licensee. 

II 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 N RC 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 backlit because it represents a change in a 
previous staff position and would require a backlit analysis (or a documented 
evaluation if it meets one ol the exceptions listed in the backlit 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, ii is considered that the NRC staff tacitly accepted the licensee's action 
since timely notice to the contrary was not given. If the NRC staff subsequently 
adopts a different position and requests a change in the licensee action, this 
change may be classified as a backfit and thus require a backlit analysis (or a 
documented evaluation if it meets one of the exceptions listed in the backfit rule). 

NU REG-1409 also addresses a question 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 lacit 
approval. The only example provided in Manual Chapter 0514 is a case where 
the NRC has indicated tacit approval by not acting in a reasonable time on a 
licensee submiHal and the licensee has moved ahead to implement the proposal 
described in the submittal. For the purpose of this question, 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 Bacldit Guidance 

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

An evolving Lmderstanding ot issues does not, by itself, define which category lits 
a particular backlit Judgment must be applied to the facts of each particular case 
to detennine whether the backlit is for compliance, to provide adequate 
protection, to redefine adequate proteclion, or to achieve a cost-justified 
substantial safety enhancement. For example, with regard lo compliance, the 
1985 statement at considerations for 1 O GFR 50.109 indicates that "ttie 
compliance exception is intended to address situations where the licensee has 
failed to meet known and established standards of tho Commission because of 
omission or mistake of fact.. .. new or modified interpretations of what constitutes 
compliance would not fall within the exception ... ." 

· 29 • 



NUREG-1409 also provides an example where an evolving understanding of technical issues 
resulted in a compliance backlit that was apparently justified for at least some licensees. In 
response to industry claims that Bulletin 88-11 75 lacked any back fitting justification, the NAC 
staff responded: 

Although the justification was not printed in the bulletin, NRC Bulletin 88-11, 
"Pressurizer Surge Line Thermal Stratrncation," was justrned as a backlit. It is an 
example of a backlit that was determined by- the responsible NRG official to be 
required as a matter of oompliance with existing requirements and commitments. 
The CRGR reviewed the bulleM and concurred. The regulations currently require 
licensees 10 meet the applicable codes of the American Society of Mechanical 
Engineers (ASM E), Boiler and Pressure Vessel Code. Because of the NRC 
staff's concern with the integrity of the surge line, licensees were requested to 
perfonn their fatigue analysis in accordance with the latest ASME Section 111 
requirements that incorporate high cycle fatigue analysis. The justification 
provided by the NAC staff was that previously unconsidered thermal stratification 
phenomenon may invalidate the existing analysis perfonned to confirm the 
integrity of the surge line. 

Subsequently, it was understood that some licensees believed that the NAC 
staff's rationale was in error because they were not committed to lhe latest 
AS ME Section 111 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 concern. 

"NAC 1988e 
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APPENDIX B: QUALIFICATION OF PRESSURE RELIEF VALVES IN 
NUCLEAR POWER PLANTS IN RESPONSE TO THE TMl-2ACCIOENT 

Byron and Braidwood Design and Code Requirements 

Nuclear power plants in the United Stales use various types of pressure relief valves to protect 
personnel and equipment from overpressure events within reactor fluid systems. Pressure relief 
valves include safety valves, safety relief valves, and relief valves, with different designs, 
operating conditions, and requirements. Tho American Society of Mechanical Engineers 
{ASME) Boller and Pressure Vessel Code (BPV Code), Section Ill, Division 1, specifies 
requirements for the design, operation, installation, and testing of pressure relief valves used for 
various functions in nuclear power plants. 76 For example, the ASME BPV Code (.2007 Edition) in 
Article NB-7000, Overpressure Protection, specifies requirements !.-.'. __ several service conditions: 

• steam and air or gas service for safety valves; 

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

• liquid service tor relief valves; and 

• steam, air or gas, and liquid service for pilot operated or power actuated pressure relief 
valves. 

The ASME Code for Operation and M.iintenance of Nuclear Power Plants (OM Code) provides 
requirements for the preservice and inservice testing (I ST) 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 conslruction permits under 
Title 1 o of the Code at Federal Regulations (1 O CFR), Part 50, in December 1975. The 
pressurizer for each unit is equipped with three pressurizer safety valves (PSVs) and two 
power-operaled relief valves (PORVs). The three PSVs are Crosby Model HP-BP-86, size 6M6 
(6-inch), spring-loaded pop type, opened by direct fluid pressure. The PORVs are Copes-Vulcan 
Model D-100-160 3-inch pneumatic-actuated globe valves that respond to a signal from the 
pressure sensing system or to manual control. Each PORV can be isolated by a motor-operated 
block valve. 

The ASME BPV Code ol record lor the design of the PSVs at Byron and Braidwood is the 1971 
Edition through the Winter 1972 addenda ot the ASME BPV Gade, Section Ill. The ASME BPV 
Code applicable to Byron and Braidwood includes requirements for overpressure protection. 
including the fallowing: 

• Section NB-7300, ·overpressure Protection Report," in NB-7320(1) requires that the 
report include the redundancy and independence of the pressure-relief devices and their 
associated pressure-sensing and controls systems employed to preclude a loss of 
overpressure protection in the event of a failure of any pressure-relief device, or its 
sensing element, or its associated central, or an external power source. 

"Reterences to individual ASME Cade publications are not provided in Appendix 0, but they are publicly 
available from ASMEtor 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 ot more than 
IO percent above system design prassure (at design temperature) within the pressure­
retaining boundary of the system, under any pressure transient anticipated to arise as 
summanzed in the Overpressure Protection Report 

• Paragraph NB-7421 "Required Number and Capacity of Pressure-Relief Devices for 
Nuclear Systems,· states thal 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 leasl 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 stalf guidance 
for these plant transientsu In March 2007, the NRC stalf issued Revision 210 these SRP 
sections with significantly more detail. including a statement in,J1c;::r,u_that PSVs and PORVs 
are assumed to fail open it they relieve water without being qualilied.7~ 

Actions Following Three Mile Island, Unit 2 Accident 

The accident at Three Mile Island. Unit 2 (TMl-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 
TMl-2 accident. the NRC issued recommendations regarding performance testing of safety and 
relief >Jalves used in nuclear power plants in NUREG--0578.79 In particular, lhe NRG staH 
recommended in Section 2.1.2, 'Performance Testing for BWR [boiling-waler reactor] and PWR 
Relief and Safety Valves." of NUREG-0578 that nuclear power plant licensses commit lo 
provide performance venfication by full-scale prototypical testing for atl relief and safety valves. 

In October 1980, the NRC issued a letter to all ttien-operaling nuclear power plants and 
applicants for operating licenses and holders of construction permits forwarding NUREG-0737.60 

TMI Action Plan Item 11.D.1 in NUREG-0737 specified the NRC position that PWR and BWR 
licensees and applicants shall cooeluct teshng 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 following: 

Licensees and applicants shall determine lhe expected valve operaling 
conditions through the use of analyses of accidents and anticipated operational 
occurrences referenced m Regulatory Guide 1.70, Revision 2. The single failures 
applied ta these analyses shall be chosen so that the dynamic forces on tile 
safety and relief valves are maximized. Test-pressures shall be the highest 
predicted by conventional safety analysis procedures. [RCS! rnlicf and safety 
valve qualification shall include qualification of associated control circuitry, piping, 
and supports, as •..veil as the valves themselves. 

A Performance Testing of Relief and Safety Valves--The following information 
must be provided in report form by October 1, 1961; 

77 NAC 1981b and NRC 1981 c 
"NRC 2007b ano fllRC 2007c 
"rJRC 1979a 
00 NRC 1980b and tJRC 19SQc 
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(1) Evidence supported by test of safety aoo relief valve functionability far 
expected operating and accidelll (non-[anticipated transient without scram]) 
conditions must be provided to NRC. The testing should demonstrate that the 
valves will open and reclose under the expected flow concitions. 

(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 EPAI (Electric Power Research Institute) or other generic test 
program demonstrate the functionability of as-installed primary relief and safety 
valves. This correlabon must show that the test conditions used are equivalent to 
expected operating and accident conditions as prescribed in the final safely 
analysis report (FSAR). The effect of as-built relief and safety valved ischarge 
piping on valve operability must also be acoounted for, it it is different from the 
generic test loop pip1 ng. 

(3) Test data including criteria for success and failure of valves tested must be 
provided for NRC staff review end evaluation. These test data should include 
data that would permit plant-specific evaluation of discharge piping and supports 
that are not directly tested. 

In describing the type of review to bo conducted lor this regulatory position, the NRC staff stated 
the following: 

Pre-implementation review will be performed for EPRI aod 8WR test programs 
with respect to qualification of relief and safety valves. Also, the applicants' 
proposal for lunctlonal testing or qualification of PWR valves will be reviewed 
Post-implementation review will also be performed of the test dala and lest 
results as applied lo plant specific situalions. 

In specifying the documentation required lo satisfy this regulalory position, the NRC slaft stated 
the following 

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

Final PWR (EPRI) Test Program·-July 1, 1980 

Final BWR Test Program--October 1, 1980 

Block Valve Qualification Program--January 1, 1981 

Post-1mplementation review will be based on the applicants' plant-specific 
submittals for qualification of safety relief valves and block valves. To proper1y 
evaluate these plant-specific applications. the test data aoo results of the various 
programs will also be required by the following dates: 

PWR (EPRl)/BWR Generic Test Program Results--July 1, 1981 

Plant-specific submittals conl1tming adequacy ol safety and relief valves 
based on licensee/applicant preliminary review of generic test program 
results--July 1, 1981 
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Plant-specific reports for safety and relief valve qualifica1ion--October 1, 
1981 

Plarit-specific submittals for piping and support evaluations-·Janua,y 1, 
1982 

Plant-specific submittals for block valve q ualification--July 1 , 1982 

EPRI Testing 

In October 1982, EPRI issued NP-2670-LD to address testing of PORVs_A· 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 (UFSAA)8')-

ln December 1982, EPRI issued N P-2628-SR, which described safety amt relief valve tests for 
types of valves in service at nuclear power plants-"" In particular, Section 3.5 documented the 
testing of Crosby safety valves similar to the PSVs at Byron and Braidwood, including two waler 
tests. The report indicated chattering of the safety valves with subsequent inspec~on finding 
galled surfaces and damage to internal parts. Section 4.6 documented testing of Copes-Vulcan 
relief valves similar to the pressurizer POAVs at Byron and Braidwood, allhough the extent of 
water testing was not fully described. The report indicated no damage found during the 
inspection of the Copes-Vulcan relief valves. The report did not indicate any failures of the 
Crosby or Copes-Vulcan valves to reseat after discharging water during the lesting. 

E PAI also publ I shed N P-2770-LD in the early t 980s to describe the testing of PWA primary 
system salety valves. Volume 1, issued in December 1982, provides a summary of the test 
program and its results.84 Section 4.5 of Volume 1 indicates that the following tests were 
pertormcd on the Crosby 6M6 PSV: i 1 steam tests with filled loop seals, 3 steam-to-water 
transition tests, and 2 water tests. The report states that lhe valve eKperienced chatter during 
the tests, and one water lest had to l'le terminated. The individual volumes of EPRI NP-2770-LD 
discuss the test resullS for each specific PSV typo. Volume 6, issued in March 1983, provides 
the test details for the Crosby 6M6 PSV. 

Westinghouse Evaluation of EPRI Testing 

In July 1982, the Westinghouse Owners Group (WOG) submittedWCAP-10105."" In 
WCAP· 10105, the WOG indicated that the design specification for PSVs in Westinghouse­
designed nuclear power plants is for steam seNice only_ Based on a review of the EPAI test 
data. the WOG concluded that the valves performed with chatter, but did not identify any valve 
damage_ 

In January 1988, Westinghouse issued WCAP-11677, which compared the EP Al test data wilh 
feedwater line break safety analyses.a. Westinghouse determined that all nuclear power plants 
addressed in the EPRI testing had PSVs that would operate reliably during water discharge. 
Westinghouse evaluated the peflormarice of the Crosby 6M6 PSVs during the EPAI tests. and 

,, EPRI 1982a 
"'VEPC02015 
•0 EPRI 1982b 
"' EPAI 1962c 
85 WOG 1982 
96 We1>lin9ho~se 1988 
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considered that the performance involved less significant flutter (half lift motion) 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 (SE Rs) associated with the issuance of the operating 
licenses for Byron and Braidwood included evaluation of the TMI Action Plan items. 87 In the 
introduction to the Braidwood SER, the NRG staff stated that the review and evaluation of 
compliance by the applicant with the licellSing requirements eslablished in NUREG-0660e,; and 
TMI Action Plan Item 11. 0.1 were incorporated into the reviews summarized throughout the SER. 

Appendix E, "Requirements Resulting from TMl-2 Accident,'' to the Byron and Braidwood 
UFSAR in Section E.23, "Relief and Safety Valve Test Requirements (11.0.1)," references the 
1982 lransmittal from Consumers Power of a test report tor the EPRI safety and relief valve test 
program.89 The UFSAR slates that the final evaluation of the data indicated that the relief and 
safety valves will perform their intended !unctions for all expected fluid inlet conditions. The 
UFSAR also rererences the October 1992 licensee evaluation of the adequacy of the relief and 
salety valves that had been submitted lo the NRC.~0 

In Supplement 1 tothe Braidwood SER,91 in Section 3.9.3.3, "Design and Installation of 
Pressure Relief Devices,' the NRG staff stated that EPAI had completed a full-scale valve 
testing program and rererenced the July 1982 submittal al WCAP-10105. The NRC staff stated 
that the applicant responded to a requirement to demoostrate operab1l1ty of these valves 
through submittals dated July 1, 1982, October 26, 1 982, and December 30, 1983. On the basis 
of a preliminary review. the NRG staff concluded that the applicant's general approach to 
responding to this item was acceptable, and provided adequate assurance that the RCS 
overpressure protection systems at BraidW-Ood could adequately perform their intended 
tunctions. The NAG staff stated that if the detail eel 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 NAG staff would require 
that the applicant make appropriate modifications. The NRG staff categorized this issue as a 
Confirmatory Item. The NRC issued operating licenses for all four Byroo and Braidwood Units 
between February 1985 and May 1988. 

Closure of TMI Action Plan Item 11.D.1 tor Byron and Braidwood 

Following the issu.i.nce of the operating licenses, the NRC staff documented its review of the 
response to TMI Action Plan Item 11.D .1 for Byron and Braidwood via two letters that transmitted 
51milar Tochnical Evaluation Reports (TERs) developed by Idaho National Engineering 
Laboratory (INEL).~ In its letters. the NRC staff indicated that the licensee should develop and 
adapt plant procedures to inspect the pressurizer valves after each lift involving loop seal or 
water discharge. The TERs descnbed the INEL review of the EPRI testing of PSVs and PORVs 

"' NRG 1983 and NRG I 986b (Braidwood), NRC 1 !)84 and NAC 1 987a (Byron) 
•• NRG 1980a 
89 Consumors 1982 
90ComE'd 1982 
91 NRC 1986b. Similar discussion appears in NRC 19S4 for Byron and NRC 1987a (also for Byron) states 
that TMI Action Plan Item II D.1 had been closed in NAC 1984 
0' NRC 1988c {Byron) and NRC 1990a (Braidwood) 
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similar lo the Byron and Braidwood pressurizer valves. The TERs concluded that Byron and 
Braidwood had provided an acceptable response to TMI Action Plan Item 11.D.1. 

Section 4.2. 3, "Extended High Pressure Injection [HPI] Event,,. of the TE Rs slated that the 
potential far water discharge in extended HPI events can be disregarded for an extended 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 al the PSVs and PORVs for feedwater line break 
accidents that would inch.de water discharge, and dete1TT1ined that the EPRI tests were 
applieable to the Byron and Braidwood PSVs and PO RVs. 

In addition, Section 4.3. 1, "Safety Valves," and Section 4.3.2, "Power Operated Reliel Valves." 
of the TE Rs detelTTlined that the performance of the PSVs and PO RVs 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 saturated water test where the valve opened 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 

Westinghouse Nuclear Safety Advisory Letter 

In 1993 and 1994, Westinghouse issued Nuclear Safety Advisory Letter (NSAL) 93-013 :a!..). its 
Supplement 1 to operahng nuclear power plants (including Byron and Braidwood)."' These 
advisories resulted from Westinghouse's discovery that poten~ally nonconservative 
assumptions were used in the licensing analysis of the Inadvertent Operation of the Emergency 
Core Cooling Svstem at Power (IOECCS) event 

In NSAL·93·013, Westinghouse recommended that licensees determine whether their 
pressurizer safety relief valves iPSRVs) ·· are capable of closing following discharge ol 
subcooled water. Westinghouse noted that tt1e PSRVs might have been designed or "qualified" 
to relieve subcooled water. westinghOuse indicated that water discharge through the power­
operaled relief valves (POAVs) is not a concern, because the PORV block valves can be used 
to isolate the PORVs if tr-ey fail to close. If the PS RVs are not designed or qualified for 
subcooled water discharge, Westinghouse recommended that licensees re-evaluate the 
IOECCS event with tt1ree possible opnons of (1) reducing emergency core cooling system 
(ECCS} flow used in the satety analysis, (2) using a less restrictive operator response time, or 
(3) crediting the use of one or more PORVs to help mitigate the event 

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

Some licensees of operating nuclear power plants informed the NRG of their actions to address 
the potential concerns regarding water discharge from pressurizer safety valves (PSVs) and 
POAVs. A sample of actions by nuclear power plant licensees is summarized below in the 
'Plant-Specific Act1oris· section. 

Additional NRC Generic Communications and Guidance 

1n 2003, the NAC stalf issued a review standard for extended power uprate (EPU) reviews.•5 

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 N RC staff staled that typically Condition II scenarios97 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 creale a small-break loss-of-coolant 

"WestinghOuse 1993 and Weslinghouse 1994 

"NRC 2003 
"NRC 2005b 
"As defined in American Nuclear Society (ANS) Standard 51.1/N18.2-1973 (ANS 1973). 
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accident (LOeA). The NAC staff stated that it was concerned that some licensees may be 
crediting POAVs without qualification for water discharge and without establishing additional 
restrictions to ensure the availability of PORVs and block valves. The NRC staff stated that the 
advice in Westinghouse NSAL-93-013 to use the F'ORV block valves to isolate the POAVs is 
inconsistent with ~l:.,:_non-escalation position. 

In draft Revision 1 to RIS 2005-29, the NRC staff addresses the specific ANS Condition 11 
scenafios of chemical volume and control system (CVCS) malfunction, inadvertent opening of a 
PORV or PSV (IOPSAV), and the IOECCS event""' Regarding the eves malfunction, lhe NRC 
staff states that perforrrir,g only a reactivity anomaly analysis or assuming that this malfunction 
is not as severe as the IOECCS event is not acceptable. Regarding the IOPSRV event, lhe 
N RC staff stated that inad11ertent opening of PSV or PORV could continue as an ANS 
Condition Ill small break LOCA and fails to meet the non-escalation position. Regarding the 
IOECCS event, the NRC staff states that live ot the alternative approaches in NSAL-93-013 fail 
to meet the non-escalation position. The NRC staff indicaled that these unacceptable altemati11e 
approaches are: 

1. closing the block valve, 

2. assuming that the PORV is not operable. 

3. addressing a stuck-open PORV or PSV as a separate ANS Condition II event, 

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

5. determining that RCS loss through PORV is made up by ECCS flow. 

Additional General PSV/PORV 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 report found that the increase in failure rates is difficult to estimate because of limited data. 
However, tho experts considered that repeated water discharge tllrough salety valves might 
cause increased chatter, and therefore, an increased failure rate. 

1n 2011, the NRC summarized relief valve performance data in NUREG/CR-7037, based on a 
study by the Idaho National Laboratory .100 With respect to pressurizer PORVs, the report found 
four separate water discrarge events at four PWA plants. The report estimated 698 total 
demands on these PORVs during their water discharge events with no failures to close. The 
report also summarized test data for three valve lypes 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 reclose during 2070 demands, but 
does not specify water or steam service for the EPIX test information. With respecl 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 Report informa!ion indicating that the 
two PSV failures involved incomplete reseating ol the valves with leakage of 25 and 200 gallons 

"" NRC 2015a 
99 EPAI 2004 
100 NRC2011 
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per minule, respectively_ The report summarized EPIX test data for PSVs as no failures to 
reclose during 1805 demands. 

Plant-Specific Actions 

Diabla Canyon 

In 1996, the licensee for Diablo Canyon Power Plant (Diablo Canyon) submitted a report of its 
evaluation under Title 10 of lhe Code of Federal Regularions (1 o CFR), Section 50.59, 
"Changes, tests and experiments," of the potential for an IOECCS event ,o, The submittal 
included NSAL-93·013 and its Supplement t as endosures The licensee indicated that the 
PSVs had not been initially qualified for water discharge, but were subsequently qualilied to 
discharge water for a brief period. The licensee indicated that WCAP-11677 (which evaluated 
the Ef>RI testing) was apoilcable and demonstrated that the PSVs were operable. 

In 2004. the N RC issued a license amendment for Diablo Canyon that allowed credit for 
acttlation of the PORVs in response to inadverlent safety injection (SI) actuation, to avoid 
challenges to lhe PS Vs_ 10• To support the NAC staffs review, the licensee submitted additional 
information related to the capability of the PORVs to function adequately under conditions 
predicted for design-basis transients and accidents.103 In response to a question regarding the 
design adequacy of the f>ORVs if the pressuri2er becomes water solid, the licensee stated that 
the PORV had no requirements for ASME BPV Code certification, but referenced a January 
1986 NRG letter that had accepted the adequacy ol 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 fluid). 1<X 

Salem 

In 1997, the NRG issued a license amendment revising the technical specification (TS) for 
Salem Nuclear Generating Station, Units 1 and 2 (Salem) to ensure that the automatic capability 
of the PORVs to relieve pressure would be maintained_105 In response to NSAL-93-013, t11e 
licensee determined that an inadvertent SI actuation at power could cause the pressurizer to 
become water solid. The PSVs would lilt and discharge water if the automatic operation of the 
PORVs were not made available for reactor coolant system (RCS) depressurization ear1y in the 
transient. In that the Salem PSVs were not designed to relieve water, it was noted tllat 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 ·salery related" 
standards and, thus, could not be credited for automatic mitigation of an inadvertent SI actuation 
at po~r- In response. the licensee proposed an upgrade of tl1e PORVs la eliminate the 
possibility that a single active failure of a PORV component could prevent the mitigation of an 
inadvertent SI actuation at power. As discussed in the NRC staff's safety evaluation 1SE), the 
licensee implemented modifications to the PORV circuitry lo qualify the upgraded c1rcu1try as 
safety-related. 

"' PG&E 1996 
,c2 NRC 2004a 
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Regarding PORV performance, the licensee evaluated the PORV air accumulators and 
determined that they had sufficient capacity for the inadvertent SI event. The licensee also 
reported that endurance tests had been performed with five different trims (with difterent trim 
materials) on one PORV at Wyle Laboratories to demonstrate that ( t) after 2000 consecutive 
operations, there were no packing leaks or packing gland adjustments required; (2) there was 
no diaphra!Jll failure; ana (3) the solenoid valve withstood 10,000 operations without any loss al 
function. Based on this information, the NRC staff concluded that the POAV performance was 
acceptable to mitigate an inadvertent SI event. 

Millstone 3 

In 1998, the NRC issued a license amendment ICM" Millstone Nuclear Power Station, Unit 3 
(Millstone 3) that revised lhe TS to ensure that the capability ot lhe PORVs to relieve pressure 
would be maintained.10~ The revised TS Bases stated that the PORVs and their associated 
piping had been demonstrated to be "qualified'' for water discharge. The PORVs would prevent 
water discharge from the PSVs, for which qualification for water discharge had not been 
demonstrated. Tha TS Bases also staled that the prime importance for the capability to close 
the block valve is lo isolate a stuck-open POAV. In the SE, the NRG stall referenced a 
December 1997 Licensee Event Report Iha! notified the N RC of the issue of potential failure of 
PSVs following water discharge.'°' 

As part of this license amendme11t, the licensee upgraded the PORV circuitry, added additional 
PORV surveillance requirements, qualified the PORVs and associated piping for water 
discharge, and revised emergency procedures to allow plant operators additional time to 
terminate lhe event With respect lo the PORV circuitry, the NAC staff coflCluded that the PORV 
circuitry modifications qualified the PORV control circuitry as safety-related. With respect to 
PORV performance, the licensee reanalyzed the inadvertent SI event with the LOFTRAN 
computer code to determine the time available far operator action to make a PORV available 
and provide the mass and energy releases needed lo qualify lhe PORVs and associated piping 
for water discharge. The licensee referenced EPRI testing that was said to generically resolve 
TMI Action Plan Items associated with PORVs and safety valve qualification for water and 
steam discharge, specifically the results lrCTn four tests of a Garrett PORV (such as used at 
Millstone 3) for waterdischarge. 10• The licensee 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 numerous cycle tests 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. 109 The NRG staff found the licensee 
information regarding the qualificalion of the POAVs for water discharge during the inadvertent 
SI event to be acceptable. 

'"" NRC 1998 
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Callaway 

In 2000, the NRG issued a license amendment for Callaway Plant, Unit 1 (Callaway) that 
revised the TS to change the PSV lilt setting range. 110 The changes also credited automatic 
actuatioo of at least one PORV during an IOECCS event to prevenl water discharge through the 
PSVs; to enable this credit, the licensee modified and upgraded the PORV circuitry lo full 
Class 1 E. In its license amendmenl request, 1 ' 1 the lieensee had stated that the design function 
of the valves was not being changed and the cor1dusions documented in the NRC staff's 
previous evaluation of Callaway's response to TMI Action Piao Item 11.0.1 112 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 Braidwood requested an amendment to its TS to take credil 
for automatic operation o! the PORVs to mitigate an IOECCS event. 11 i 1n the amendment 
request, the licensee stated that the PSVs had not been qualified to reseat after passing 
subcooled liquid. The licensee stated that the PO RVs 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 PORV circuitry 
are nonsafety-related, with improvements implemented in response to GL 90-06.11 " The 
licensee stated that the PORV block valves are within the scope al the GL B9-1C program. 

In 1999, the NRC staff requested additional information related ta concerns thal the PORV 
circuitry did not meet the single failure criterion." ·s The licensee reevaluated its approach and 
withdrew its TS amendment request.' 16 No further action regarding this amendment request was 
identified by the Panel. However, in a public mooting during the review of the NRA Appeal,'" 
the licensee stated that the PORVs and their block valves at Byron and Braidwood are safety· 
related with the exception of one circuitry aspect of the PORV · 1 ~ 

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 (MW!} to 3586. 6 MWt 
(commonly referred ({,_as a stretch power uprate). 110 During its review, the NRG staff recuested 
that the licensee address water solid condilions in the pressurizer. because .1:!·, r, :·;(;_ cc! ,:, had 
generally not accepted a solid pressurizer for an IOECCS event given the potential for all 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 Syslem During 
Power Operation," of the UFSAR had been revised to credit !he PS Vs to pass water. 1''' The 
licensee discussed the EPRI testing program in response·, TMI Action Plan Item 11.0.1, with 
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the results summarized in !"PAI NP·2628·SA .121 The licensee referenced previous NRG 
approvals related to TMI Action Plan Item 11.D.1. m 

The NRC 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 expecicd to discharge 
water. The NRC staff also asked the licensee to discL.1ss 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 leaklight.123 Tite licensee stated that the 
leakage from up to three leaking PSVs is bounded by one fully open PSV. The licensee 
indicated that the EPRI testing ol the Crosby safety valves in EPRI NP-2770-LD, Volumes 1 
and 6,m are applicable. The licensee indicated that valve chatter occurred during the tests with 
damage to the internals, but that the safety valve closed in response to system 
depressurization. The licensee stated that the Byron and Braidwood pressurizer water 
temperature of 590 'Fis higher than the EPRI tests (530 °F). The licensee stated that the 
assumed length of lhe event is 20 minutes from irnllal SI signal to when the system pressure is 
restored below PSV lilt setpoint 

In Section 3.2 of the SE accompanying the license amendment, lhe NRC staff discussed its 
review of the performance of the PORVs and PSVs to discharge liquid water for approximately 
20 minutes. The NRC statt discussed the EPRI testing program, with the conclusion that the 
PSV would close in response to system depressuriiation. The NRC staff reviewed itle 
licensee's evaluation of the performance of the PSVs for liquid water conditions. The NRC staff 
found that the EPRI tests adequately demonstrated the performance ol the valves for the 
expected water temperature conditions, and that there was reasonable assurance that the 
valves would adequately reseal following the spurious SI event. The NRC staff determined that 
EPRI test data indicated that lhe PSVs might challer 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. Therefore, the NRC staff found the licensee's crediting of 
the PSVs 10 discharge liquid water during the spurious SI event to be acceptable. This portion of 
the SE was based on input proVJded by lhe Office ot Nuclear Reactor Regulation (NRA) Reactor 
Systems Branch, with technical input from the responsible staff member for safety valves in the 
NRA Division of Engineering.m 

As noted by the licensee, Section 15.5.1 of the Byron and Bratdwood UFSAR at the time of the 
stretch power uprate includes PSV water discharge and references the TMI Action Plan 
Item 11.D.1 approvals.'~ The current UFSAR Revision 15 concludes that the IOECCS event 
does nol progress into a stuck-open PSV LOGA event. 127 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 IOPSRV event The UFSAR also specifies that if SI results in 
discharge of coolant through the pressurizer valves, the operators will bring the plant to cold 
shutdown to inspect lhe valves . 
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In 2004, the NRC issued a license amendment for Byron and Braidwood granting an adjustment 
to lhe PSV setpoints."'" As documented in the SE, lhe NRC staff requested during its review 
that the licensee perform a quantitative analysis regarding PSV water cycles and discharge 
water temperature. For the loss of ac power (LOAC) with reactor coolant pump (RCP) seal 
injection event, the licensee's analysis indicated that continued injection ol water into the RCS 
through the RCP seals would result in a water-solid pressurizer and water discharge through the 
PSVs. The proposed PSV setpoint tolerance assuming negative tolerance would result in a 
lower PSV lift setpoint. With the lower setpoint, the PSV would open ear1ier, and a larger 
number of PSV water cycles with a lower water discharge temperature could result during the 
transient. The licensee performed an analysis al the LOAC with RCP seal injection event, and 
determined the revised PSV setpoint would resull 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 SI event remained the limiting event since ii 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 water 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 spurious SI evenl was 590 'F The lowest discharge water temperature for the spurious 
SI event ONith the revised PSV setpoint was 587 'F. The NRG staff found that the calculated 
water discharge temperature (587 °F) was significantly higher than the discharge water 
temperature ol 530 'F that was used to support operability of the PSVs as discussed in lhe 
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 SI event. 

In 2014, the NAG issued a license amendment for Byron and Braidwood granting a 
measurement uncertainty recapture (MUR) power uprate.12~ The NRC staff determined that the 
IOECCS event was outside of the scope ot the MUA power uprate, because the licensee did not 
propose to modify the Chapter 15 analyses related to PSV and PORV water discharge. 

With respect ta inservice testing (1ST) activities, the Byron 1ST program""' references the ASME 
Code for Operation and Maintenance of Nuclear Power Plants (OM Code), 2004 Edition through 
2006 Addenda; and the Braidwood 1ST program'"" references the ASME OM Code, 2001 
Edition through 2003 Addenda, The Byron 1ST Program specifies tho following testing and 
intervals for the PORVs, PORV block valves, and PSVs: 

• PORV: fail safe test closed (cold shutdown interval), stroke-time exercise open and 
closed (cold shutdown interval), and position indication lest (2 year interval) 

• PORV Block Valve: exercise open and closed (2 year interval); position indication test 
(Joinl Owners Group (JOG) Program interval); and open and closed test in accordance 
with ASME OM Code Ca:.e OMN-1, "Alternative Rules for Preservice and lnservice 
Testing of Active Electric Motor Operated Valve Assemblies in Light.Water Reactor 
Power Plants'' (JOG Program interval) 

' 28 N RC 2004b 
"'NRC 2014a 
':;i Exelon 201 6 b 
10· Exelon 2009 
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• PSV: position indication test (2 year interval) and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I. "lnservice Testing of Pressure Relief Devices 
in Light-Water Reactor Nudear Power Plants" 

The Braidwood 1ST Program specifies the following testing and intervals for lhe PORVs, PORV 
block valves, and PSVs: 

• PORV: fail safe test closed (relueling outage interval), stroke-time exercise open and 
closed (refueling outage interval), and position indication test (2 year interval). 

• PORV Block Valve: exercise open and closed (quarte~y inteival) and position indication 
test (2 year interval) 

• PSV: position indication test (2 year inteival), and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I 

Shearon Harris 

In 2001. the NRC issued a license amendment to Shearon Harris Nuclear Power Plant, Unit 1 
(Shearon Harris) for steam generator replacement and a power uprate to a maximum power 
level of 2900 MW! (approximately 4.5 percent)'"'' In addressing the licensee's evaluation of 
Standard Review Plan (SAP) Section 15.5.1, the NRC staff found that the analysis showed that 
the calculated inlet pressures and temperatures required far the PO RVs and safety relief valves 
(SRVs)1xi to operate in a water environment were within the valve operable ranges, and thus 
ensured that the rm:vL'~V, and ?!-;N,J~.','._:, would be operable during lhe transient The 
valve operable ranges were previously determined by the licensee to support operability of the 
•·'•)~,,lJ.f'OH'h, and SPV:;:8't., during the discharge of subcooled water in accordance with the 
TMI Action Plan Item 11.D.1 requirements. Based on the analysis meeting the acceptance 
criteria of SAP Section 15 51 with respect to the ACS pressure limit and departure-from· 
nuc!eate·boiling limit, the NRG staff concluded that the analysis was acceptable. 

Beaver Valley 

In 2006, the NRC issued a license amendment authorizing an EPU for Beaver Valley Power 
Station, Units 1 and 2 {Beaver Valley), an approximate 8-percent increase in thermal power lo 
2,900 MWl.' 34 In the SE accompanying the amendment. the NRC staff described its review of 
the capability of the PSVs to discharge liquid and adequately reseat for a spurious SI actua'lion. 
The NRC staff specifically evaluated whether the PSVs could reasonably be expected to reseat 
to prevent the spurious SI actuation (an ANS Condition II event) from causing a stuck-open PSV 
(an ANS Condition Ill event). This issue was said to be further discussed in RIS 2005-29. While 
the PSVs for Beaver Valley were qualified lo discharge steam, if the valves discharged water 
with sufficient subcoohng, the NRC staff was concerned that they might not reseat properly. 

Based the licensee's analysis, during a spurious SI event, the PSVs would be required to 
discharge steam followed by high temperature water after the pressurizer filled. Tne licensee 
provided plots of the pressurizer water temperatures for this event that indicated that the 

,:i, NRC 2fl01d 
'"'This term is used in the Shea1on Harris SE The licensee's RAI response (CP&L 2000) makes clear 
that the relerenced SRVs a1d PORVs are pressurizer valves. 
""' NRC 2006 
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minimum temperature of 1he discharged liquid for Beaver Valley was approximately 620 °F. To 
evaluate the capabilily of the valves to discharge and reseat, lhe NRG staff reviewed the 
available data lrom the lull-flow tests performed during the EPRI test program in 1981 for the 
specific PSV models representative of those installed at Beaver Valley. The licensee also used 
the methodology contained in WCAP-11677 and determined that the minimum acceptable liquid 
temperature lor which the PSVs were expected to successfully discharge and reseat was less 
than the minimum expected temperature for the spurious SI event for Bea'iler Valley. 

The NRC staff agreed that both the minimum expected waler discharge temperature and the 
minimum acceptable water lemperature had been conservatively calculated. Therefore, the 
NRG slaff determined that, for purposes of preventing the occurrence of a more serious ANS 
Condition Ill event, there was reasonable assurance that the PSVs would discharge waler and 
reseat adequately following a spurious SI actuation. A consideration of the NAG staff in making 
this finding was that, in the unlikely e\lent of a stuck-open PSV, the ECCS was fully capable of 
mitigating the rosulting LOCA. 

Turkey Point 

In 2012, the NRG issued a license amendment authorizing an EPU for Turkey Point Nuclear 
Generating, Units 3 and 4 (Turkey Point), increasing the thermal power level al each unit 
approximately 15 percent to 2644 MWt lJ5 

In lhe SE accompanying the am1mdment, the NRC staff indicated thal ECCS actuation was not 
a possible initiator of inadvertent increase in reactor coolant inventory because lhe high head SI 
pumps have a shut-off head below the normal RCS operating pressure. The NRC staff stated 
that a CVCS malfunction that increases RCS inventory was evaluated for the effects of adding 
water inventory to the RCS. If the pressurizer filled and caused water to be relieved through the 
POAVs or PSVs, then lhese valves could slick open and create a small break LOCA. The NRC 
staff stated that this would violate the acceptance criterion that Pfohibits 1tle escalation of an 
anticipated operational occurrence (AOO) into a more serious event. Satisfaction of this 
acceptance criterion was demonstrated by showing that sufficient time would exist for the 
operator to recognize the situation and end the charging flow before the pressurizer could Iii I. 
The NRC staff concluded that the licensee's analyses ol lOECCS and eves events adequately 
accounted for operation ol the plant at the prapased power level. 

Regarding an inadvertenl opening of a PORV, the licensee initially proposed that the 
consequences of this event were bounded by the small break LOCA. The NRG staff did not 
accept this proposed disposition. If action were not taken to secure the open valve by either 
closing the PORVor its block valve, the NRC staff stated that this event could escalate to a 
small-break LOCA, which would be contrary to the non escalation position. When the 
pressurizer filled, water would begin to flow through the open PORV. II the PORV were not 
qualified for water discharge, the NRC staff stated that it was likely the PORV would not close 
upon demand. In this way, the NRC staff stated that the inadvertent opening of a PORV, an 
ADO, would become a small break-LOCA at the top of the pressurizer. an ANS Condition Ill 
event. The NAG staff requested that the licensee address the inadvertenl opening of the PORV 
with respect to the third criterion for an ANS Condition II event. 

The licensee provided an analysis performed largely in accordance with NRG-approved, 
Westinghouse analytic methodology using the AETAAN computer code; however, this analysis 

31 NRC 2012a 
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was performed assuming that the PORV opened instead of the PSV. The NRC staff staled lhal 
assuming the opening of the PORV is acceptable. because the PSV is differently qualified, and 
reseats mechanically. An additional independent fault would be required to cause the PSV to fail 
to close. The analysis indicated that the pressurizer would fill within about 240 secoods. The 
licensee slated that there were multiple alarms to indicate the opening of a POAV. The licensee 
slated that a prompt operator action would be needed to close the PORV and, ii the POAV does 
not close, the operator would be directed to close the block valve. Because then ecessary 
actions would be prompt and simple, the NAG staff agreed that there would be sufficient time to 
secure the iriadvertently open PORV v.ithout filling the pressurizer. 

St Lucie 

In 2012, the NRG issued a license amendment authorizing an EPU for St. Lucie Plant, Unit 2 
(St. Lucie, Unit 2) that increased the authorized thermal power level about 12 percent to 
3020MWt. 

Regarding an IOECCS event, the high pressure SI pumps would be incapable dunng power 
operations of delivering flow to the RCS because the pumps' shut-off head would be less than 
the nonnal RCS operating pressure of 2250 pounds per square inch absolute. Therefore, the 
licensee determined that the inadvertent operation of the ECCS at power event was not a 
credible event and did not analyze it for the proposed EPU. The NRC staff found that the 
licensee's posi~on for not analyzing the IOEGGS event to be acceptable. 

Regarding a eves malfunction, the licensee evaluated it as an AOO for the effects al adding 
water inventory 10 the RCS. The NRG stall reviewed the licensee's analyses of the eves 
malfunction event and concluded tllat the licensee's analyses adequa.lely accounted for 
operation of the plant at the proposed power level and were performed using acceptable 
analytical models. The NRG stafl determined that the licensee's ,.,,ctiy,a;.,.;in;Ji'eb 
demonstrated that the pressurizer did not become water solid, assuring no water was 
discharged through the PSVs 

Regarding an IOPORV evenl, the NRC staff stated that, when viewed from the mass addition 
perspective, this event could be evaluated in two phases: (1) an inadvertent opening of a 
pressurizer relief valve, followed by (2) an inadvertent ECCS actuation. In the first phase. the 
NAC staff stated that this event could be mitigated by closing the open PORV or its block valve. 
If the PORV or its block valve was not closed. the NRC staff stated that the IOPORV event 
would enter the second phase with actuation at the ECCS. Based on its review, the NRC staff 
determined that the pressurizer overfill analysis, available alarming system, and procedures, in 
combination with slmulatar exercise results, provided reasonable assurance that the pressurizer 
would not be expected to fill to a water solid colldition that could prevent the PORV or PSV from 
closing after they were open. The NRG stalf therefore concluded that the event would not 
generate a more serious plant condition, meeting the non-escalation criterion. The NAC staff 
stated that ii reviewed the licensee's analyses al the inadvertent opening of a pressurizer PORV 
event, and concluded that the licensee's analyses adequately accounted for operation of the 
plant at the proposed power level and were performed using acceptable analytical models. 

The NRG staff concluded that the licensee demonstrated that all AOO acceptance criteria were 
satisfactorily met. 
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North Anna 

North Anna Power Station, Units 1 and 2 (North Anna) UFSAF! Section 15.2. 14, 'Spurious 
Operation of lhe Safety Injection System al Power," describes plant response to an inadvertent 
SI-event. In particular, UFSAR Section 15.2.14.2.3, ''Event Propagation," stales lhe following: 

Safety valve (Reference 18) and PORV (Reference 19) testing has revealed no 
instances of failure ol the valves to reseat lollol'lling water reliel. Resulting 
leakage is within ttle capacity of the nom,aJ makeup system and is therefore not 
considered to be a small break loss of reactor coolant event. Therefore, the 
complete filling of the pressurizer and/or water relief via a safely valve as a result 
of a spurious safety injection does not constitute a failure to meet the event 
propagation acceptance critenon. Although primary credit for preventing tne 
propagation of the event to a small break loss of reactor coolant event is the 
reseating of the PORVs and safety valves, it is notect that the PORVs (which 
open prior to the safety valves and, if open, preclude safety valve actuation for 
this event) are provided with blocl< valves v.tiich the operator WIii close in the 
event of excessive PORV leakage. 

NOf1h Anna UFSAA Section 15.2.14.3, ·conclusions.· indicates thal the complete filling ol the 
pressurizer and water discharge via a PSV as a result ot a spurious SI does not constitute a 
failure to meet the non-escalation position. Furthermore. UFSAR Section 15.2, "References," 
lists EPAI NP-2770-LD and EPRI NP-2670-LD. 

Conclusion 

In collClusion, the reliance by the licensee for Byron and Braidwood on the acceptable 
performance of the PSVs and PORVs following water discharge in response ta abnormal events 
is not inconsistent with similar approaches by some other nuclear power plant licensees. In 
general, the review of activities by various nuclear power plant licensees related to PSV and 
POFtV perfom,ance revealed reliance on EPAI, Wyle, and valve vendor testing to provide 
support for the pertormance of these valves under various service conditions. Specific 
certification for flow capacity of these valves for water discharge in accordance with the AS ME 
BPV Code and National Board was not identified in the review of various justifications prepared 
by nuclear power plant licensees 

In evalua~ng the historical documents tor Byron and Braidwood, the Panel found ii challenging 
to determine specilically how the licensee resolved the concern raised in NSAL-93-013 in its 
analyses and plant operations. While the record does not currently support a compliance backlit 
in this case, if (as recommended by the Panel) the NRG staff undertakes a generic review of 
licensees' treatment of the potential for pressurizer valve damage following water discharge, ii 
may be appropnate to consider what actions have been taken, how operating experience with 
water discharge has been considered, and how analysis assumptions are considered in 
operational practices (including inservice testing) at each plant. 
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1 BACKGROUND 

On June 22, 2016,' in accordance with NRC Management Directive (MD) 8.4.2 the NRC 
E:,cecutlve Director for Operations (EDO) established a Backlit Appeal Review Panel (Panel) lo 
review lhe appeal by Exelon Generation Company, LLC (Exelon or the licensee) of the U.S. 
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 staff's 
application of the compliance backfil excep~on pro11idcd in Title 10 of the Code of Federal 
Regulations (10 CFR), Section 50. 109, "Backlitting.' 

This backlit determination is documented in an October 9, 2015, letter ( referred to as the Backlit 
Letter) .3 The letter describes the NRC staff's review of licensing basis documen1s tor Byron and 
Braidwood. The NRC staff detennined that Byron and Braidwood were not in compliance with 
the plant-specific design bases and several NRC regulations: 

• General Design Criterion (GDC) 15, "Reactor coolant system design,·• in 
10 CFA Part 50, Appendix A. "General Design Criteria for Nuclear Power Plants" 

• GOC 21, "Protection system reliallility and testability" 

• GOC 29. "Protection against anticipated operational occurrences" 

• Paragraph (b) of 1 O CFR 50.34, "Contents of applications; technical i nlormatioo" 

Specifically, the NAC staff detennined 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 II events5 do not progress to more serious ANS Condition Ill events following water 
discharge6 through certain valves. The NRC staff acknow1edged that the NAC 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 backfilling was justified under the compliance exception in 10 C FR 
50.109(a)(4)(i). The NRC staff directed the licensee to take aclion to resolve the non­
compliance. 

On December 8, 2015, the licensee appealed the NRC staff's decision to the Director of the 
Office al Nuclear Reactor Regulation (NRA), stating ils disagreement with the NRC's conclusion 
that the compliance exception to the backfil rule applied in this case, while noting that the NRC 
staff had twice approved the under1ying analysis.a The approvals referenced by the licensee 

' NAC 2016e (Author and .,,ear citations in footnotes refer to the designation of mforcncos in Append ix D 
to this report.) 
'NRC 2013 
• NRC 2015b - referred ta as the Backlit Leiter in the remainder of the report 
• ANS 1973 
'Specificallv, inadvertent operation of the emergency core cooling system. malfunction of the chemical 
and volume control system, and inadvertent openirig of a pressurizer safety or relief valve. 
i For consistem:y in this report, the Panel uses the phrase "water discharge" rather than ·wt1ter relief" or 
"liquid discharge" (excepl ir direcl quotes), as this is the phrase used in the Westinghouse Clocumcnls 
that raised the issue addressed in this re port. 
'NRC 2001 b - referred to as the Uprate SE in lhe remainder of the report 
1 E~elon 2015- referred to as the NRR Appeal in the remainder ollhe report 
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were an August 26, 2004, license amendment associated with pressurizer sarety 11alve (F'SV) 
setpci nts9 and the atx)lle· referenced Uprate SE. ,INSERT INFO In a letter dated May 3, 2016, 
the NRC responded ta the licensee's appeal and reaffirmed its decision that the backlit per the 
compliance exception provisions of 10 CFA 50.109(a)(4)(i) is appropriate. 10 

Ori June 2, 2016, the licensee again appealed the NRC staff's decision, this time to the ED0. 11 

The purpose of this report by the Back~! Appeal Review Panel is ta prollide information and 
reccmmendations to support the EDO's decision en the appeal. 

1.1 Conduct of the Panel's Review 

In order ta eslablish a technically sound, well informed, and legally defensible basis for its 
recommendations, !the Backfit Appeal ReYiew Panel undertook a 1'81/iew of the relevant 
doc001ents in this case. Thia included the licensee and NRC staff letters mentioned above; the 
Uprate SE and the Selpoint SE; and a June 16, 2016, I eller from the Nuclear Energy lristitute 
(NEl}' 2 supporting the EDO Appeal. The Panel also re11iewed many other related documents, 
which !all into live broad categories: 

• The Backfit Rule (10 CFR 50.109), related court actions, and Commission and staff 
guidance on application of the Backlit Rule 

• Docketed communications for Byron and Braidwood from 1962 to the present, including 
license amendment requests (LARs) by the licensee, NAC-issued license amendments, 
NRC requests for additional infonnation (RAls), licensee respooscs. meeting 
summaries, NRC SEs, and the licensee's Updated Final Safety Analysis Report 
(UFSAR)13 

• NRC guidance relevant to the analysis of inadvertent operation of the emergency core 
cooling syslem (IOECCS) events over the period ol 1981 to the present, including 
Standard Review Plan (SAP) Section 15.0, Sections 15.5.1- 15.5.2, and 
Section 15.6.1 1• 

• Westinghouse Nuclear Safety Ad11isory Letter (NSAL) 93-013'·5 and its Supplement 116, 

as well as docketed communications regarding actions taken by other licensees in 
response to Westinghouse NSAL-93-013 

• The history of NAC and industry aclivities related to power operated relief valves 
(PORVs). their block valves, and PSVs (including Three Mile Island (TMI) Action Plan 
Items 11.D.1, 11.D.3, 11.G.1, and 11.K.3 as documented in NUREG-073717, as well as 

9 NRC 2004b - referred to as the Se1poi nt SE in the remainder of the report 
10 NRC 2016d - referred to as NRR Appeal Decision in the remainder of the repO<t 
" Exelon 2016a - referred to as E DO Appeal in the remainder of the report 
12 NEI 2016 
,, Exelon 2002 and Exelon 2014 (The Panel reviewed other revisions as well, but Ret-they are not 
included in Appendix Das they are not referenced in this report.) 
14 NRC 1981 a. NRC 1901 b, NRC 1901 c. NRC 2007a. N RC 2007b, and N RC 2007c 
•• Westinghouse 1993 
·•Westinghouse , 994 
'' NRC 1900c - referred to as the TMI Action Plan in the remainder ol the report: lessons learned trom 
TMI were also presented in NURE:G-0578 (NRC 1979a), NUREG-0585 (NRC 1979b), and NUREG-0660 
(NRC 19BOa) 
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Generic Letter 89-1018 and its supplements). Electric Power Research lnslitute (EPRI) 
valve testing, and operating experience (NUREGICR-703719) 

In addition to the document review, the Panel had the benefit of meetings with NRA (both lhe 
Division ol Safety Systems and lhe Division of Engineering), the Office of the General Counsel, 
and the NRC Committee lo Review Generic Requirements (GAGA). Both Exelon (Bradley 
Fewell, Senior Vice President of Regulatory Affairs) and NE! (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 Regulatory Research (AES) conducted risk 
analyses using the NRC's Standardized Plant Analysis Risk model tor Byron Unit 1.20 These 
analyses informed lhe Panel's response to the question from the EDO regarding the risk 
significance of the relevant accident sequences. 

!Given ~hat the Backlit Rule creates a structured process for changes to previous NRC staff 
positions--in effect. placing the burden of proof on the !':,!~C s.t~.!f-the Panel delermined thal 
this level of historical review and staff interact;on was necessary to ~establish the 
appropriate coritext for cons,deration of the validity al u,e backlit directed by the NRG ,staff. 

1.2 Proposed Compliance Backfit and Exelon Appeals 

In the Backtit Letter, the NRC staff informed Exelon that it had determined thal Byron and 
Braidwood are not in compliance with GDCs 15, 21, and 29; 10 CFR 50.34(b); and the plant­
specific design bases that were expected to demonstrate there will be no progression of ANS 
Condition II events to ANS Condition Ill events, The NAC staff staled that based on its review of 
Byron and Braidwood U FSAR Sections 15. 5.1, 15.5 .2, and 15.6.1 , the UFSAR predicts water 
discharge through a valve thal is not •·qualified'' for water discharge. Therefore, the NRC staff 
concluded that the UFSAR does not contain analyses that demonstrate that the plants' 
structures, syslems, and components (SSCs) meet the design criteria for ANS Condition ti 
events as staled in Byron and Braidwood UFSAR Section 15.0. 1.2. Based on the SE attached 
to its letter,2' the NRC staff found that the licensee must take action to resolve the non­
compliance. 

The Backfit SE addressed three accident analyses in Chapter 15 of the Byron and Braidwood 
UFSAR (1) IOECCS; (2) chemical and volume control system (CVCS) malfunction that 
increases reactor coolant inventory; and (3) inadvertent opening of a pressurizer safety or reli el 
valve (IOPORV). The NRC staff noted that each ANS Condifion II event must be shown to meet 
the following: 

1. no fuel damage, 

2. no overpressure of the reactor coolant system (RCS} or main steam system, and 

"NRC 1989 
I~ NRC .2011 
21 NRC2016f 
~1 Referred to es the Backlil SE ir lhc •cmaindcr of the repon. 
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3. no progression into an event of a more senous category without another independent 
fault. 

Regarding an IOECCS, the NRC statt stated in Section 3.1.2.1 of the Backlit SE that use of the 
block valve to isolate a stuck-open PORV was unacceptable The NRC staff stated that 
Westinghouse recommended this approach in 1993, and that the NRG staff rejected this 
approach in 2005 (RIS 2C05-29") 

In Section 3. 1.2.4 of the Bacldit SE, the NRC staff staled that the Byron and Braidwood 
IOECCS analysis depend9cd on water discharge through the PSVs. The NRC stat! faulted the 
I icensee for "not appl[ying] the single-failure assumption" and stated that the following 
information was necessary to support water qualification of the PSVs: 

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

2. In accordance with the ASME Code for Operation imd Maintenance of Nuclear Power 
Plants (OM Code), provide inservice test history tor PSVs, including water and steam 
tests, or provide correlation test tor alternative test fluid. 

Regarding a CVCS malfunction, the NRC staff stated in Section 3.2 of the Backlit SE that the 
licensee had not provided an analysis for the eves malfunction that increases reactor coolant 
inventory that demonstrated the plants' ability to meet the requirements of an ANS Condition II 
event 

Regarding an IOPORV, the NAC staff stated in Section 3.3 of the Backlit SE that the licensee 
had not provided an analysis for the IOPORV that extends long enough into the transient to 
demonstrate the event would not transition from an ANS Condition II event to an ANS Condition 
111 event 

In the Backfit SE, the NRC staff referenced Millstonen and Gallaway2' license amendments as 
examples ot licensees upgrading PORVs for water discharge; a Beaver Valley extended power 
uprate (EPU) license amendment25 as an example of qualifying POAVs for water discharge: and 
Turkey Point"" and St Lucie Unit 221 EPU amendments as additional precedent in support of the 
backlit decision. 

In the NRR Appeal, E)(elon asserted that the NRG had not justified invoking the compliance 
exception to the backfit rule. E)(elon stated that the NRG approved its IOECGS analysis in both 
the Uprate SE and the Setpoint SE. 

JFl~he NRA A1-11-1ea1 DeGis,ort thL MAC stall rtated On tr1e basis of its review, the NRR Appeal 
Review Panel found lnat ttie previous NRC approvals in 2001 and 2004 were not =onsistent 
with the Agency's general position on the Known and established standard at issue-in this 

n NRC2005tl 
"NRG 1998 
24 NRG 2000 
"NRC 2006 
"NRG 2012a 
"NRG 2012h 
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case, the prei:1ressien ef ANS crov,sior.s for ensuring that ANS Condition II events do net 
progress to Ri~l=ler level more serious ANS Condition Ill events. l-he-~IF'-IC s1all :rtiat Panei also 
noted ~that the fact that the NRC staff in 2001 and 2004 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 (IA-that the compliance exception to the backlit 
rule did not apply in this case. For these reasons. the NRR Panel concluded that the backfitting 
directed by the staff was justified under the compliance exception_ to theJ3ackfit Rule. 

In the EOO Appeal, Exelon stated that the NRC had misidentified the "known and established 
standard" at issue as the prohibition of ANS Condition II events progressing lo ANS Condition Ill 
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 that the NRC agreed that Byron and Braidwood met this standard. Exelon also 
contended that the change in NRC steff position on prior epprovels was not a mistake ol fact. 
but rather a new or modified interpretation of compliance with NRC requirements, for which use 
of the compliance exception provided for in the Backlit Rule was oot appropriate. 

1.3 Backfit Rule and the Compliance Exoeption 

Backfil1ing is defined by 10 CFR 50-109(a) as: 

... the modification of or addition to systems, structures, components, or design 
of a facility; or the design approval or manufacturing license for a facility; or the 
procedures or organi2ation 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 regulatory staff posi1ion interpreting the 
Commission's regulations that is either new or different from a previously 
applicable staff position ... 

Unless one of three specified exceptions apply, the NRC may impose a backlit only it ii 
performs a backlit analysis in accordance with 10 CFR 50.109(a)(2) and determines in 
accordance with 1 O GFR 50.109(a)(3) ''that there is a substantial increase in the overall 
protection of the public health and safety or the common defense and security to be derived 
lrom the backlit 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) 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 into complianoe with a lioense or the rules or orders of the 
Commission. or into conformance with written commitments by lhe licensee." The second and 
third e,cceptions relate to acUons necessary to ensure adequate protection or to actions that 
irivolve defining or redefiriing adequate proteclion. 

The Commission explained its intended application of the compliance exception in the 
Statements of Consideration (SOC) accompanying the 1985 final rule amending 
1 O CFR 50.109:28 

The compliance exception is intended to address situations in which the licensee 
has failed to meet known and established standards of the Commission because 

2a NRC 1985, at 3B103 
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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 backlit analysis and application of the standard. 

In the same SOC, the Commission aclmowledged that staff interpretations of rules are not 
legally binding, but the Commission also staled 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 
in iliating a backlit.'"" 

By its terms, the comp I iance 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 the term "known and estatllished standard" to inc1u11e standards 
established in rules, licenses, orders, and written commitments, and NRC interpretations of 
rules. Some standards may be broad-based, while others may apply only to a limited number of 
plants. As stated in NUREG-1409, "[iJnformal or formal communications to one licensee are not 
official positions to all licensees .... Orders, licenses. and written commitments are applicable 
only to a particular licensee.• 

The failure to meet a known and established slandard is grounds for a compliance backlit if this 
failure is due to "omission or mistake of fact." Thus, if a licensee obtains NRC approval of an 
alternative to a speci1ic standard set forth in guidance, that standard and guidance could not be 
used to support a compliance backlit unless the NRC's approval of the altemative was based on 
an omission or mistak:e ol lact. "Known and established standards" are to be distinguished from 
"new or modified interprelations of what cons~tutes compliance," which do not fall within the 
oompliance 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 
requirement is met. Leveis of assurance might be established in terms such as acceptable 
probabilities or consequences, conservative assumptions, or sufficient margin. 

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

1.4 A Brief History of Pressu rlzer Valve Issues 

Appendix B to this report provides a summary of the NRC and industry's testing, evaluation, anl1 
other consideration of POAVs and PSVs since the TMI Unit 2 (TMl-2) accident in 1979. This 
historical review provides context for discussion of valve "qualification" in the Backfil SE. It also 
provides the basis for the Panel's conclusions regarding the "known and established standard" 

.. NRC 1985, at 38 t 02. The 1985 backfi1 rule was vacated by a Federal court on grounds unrelated to the 
,;ompliance ba,;kfi1 exception. See Union of Concerned Scientists 11. U.S. Nuclear Ragula!oiy Com'.n, 
824 F.2d 108. 119·20 (1987). In 1988. the Commission amended the backfit rule (NRC 1988b) 10 address 
the court's co nee rns, out did not change the 1 SBS rule's comp I iance exception provismn. Thus. the 
quoted statemenls from the 19B5 rule are the appl icabte expression ol Commission intent regarding 
compliance backlits. 
30 NUREG-1409 (NRC 1990c) defines wntten commitments broadly to include the 'final safety analysis 
report, licensee event reports, and docketed correspondence, including responses to NRC bulletins, 
generic 1e11ers, inspection reports. or notices of violation and confirmatol')I action le!lers." 
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for "qualification" in the context of TMI Action Plan Item 11. D.1 and subsequent activities, as well 
as how it should be interpreted in the Byron and Braidwood licensing basis. 

In light of the NRC staffs assertion that the licensee had not applied the "single-failure 
assumption" as noted above, the Panel also considered the applicability of the single failure 
criterion to PSVs. The Panel expended considerable effort in searching for an answer lo v.tiat 
appears to be a simple question: "Are PSVs active components subject to the single failure 
criterion, or are they passive components exempt from the single failure criterion?" NRR stall 
have taken the position that PSVs have consistently been treated as active components. 

In 1he Panel's evaluation of the trea1ment of PSV failure potential (Section 3 below), m. historical 
perspective is provided. In general, the Panel found that the classification of a componenl as 
"active" or "passive" depends on its design, application, and function. For example, passive 
components almost always do not need external power; usually do not need an external 
actuator (e.g., signal)31 ; sometimes do not involve any mechanical motion (e.g., movement of a 
valve disc)3'; and sometimes do not invOlve any motion, either fluid or mechanical (e.g., piping). 
While il does not represent formal NRC guidance, additional views on passive components are 
included in International Atomic Energy Agency (IAEA) TECDOC-1624.~ This document stales 
that "(sJafety related tenns such as passive and inherent satety have been widely used, 
particularly with respect to advanced nuclear plants, generally without definition and sometimes 
with definitions inconsistent with each other." This guidance further defines four level§. of 
"passivity" to '1lelp eliminate confusion and misuse of the terms by members of the nuclear 
comm unity." In addition, SECY ·05·01383" also acknowledged and disc -issed inconsistencies in 
the -ise and application of the term "passive." Additional consideration of !his lopic by the Panel 
is documented in Section 3.10 below. 

The introduction 10 the GDCs and the related foomole define the applicability ol the single 
failure criterion in terms of electrical versus fluid systems, and active versus passive 
components. Neither the GDCs nor NRC guidance define which characteristics of passive 
componenis are necessary to make a component exempt from the single lailure criterion. Some 
examples are clear: pipes are passive components and pumps and motor-operated valves that 
operate lo perform their safety functions are active components. As discussed in Sec'lion 3.6 
below, check valves might be classified 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 conslruction requirements. As a result, the PSVs are conservatively sized 
with sufficient margin to accommodate a single failure although the single failure criterion is 

" For example, SECV-77-439 (NRC 1977) states: "Examples [of passive lailures in fl-iid systems] include 
!he lailu re ol a simple check valve to move to its correct position when requi<ed, the leakage of fluid from 
failed components, such AR pipes and valves-particularly througn a failed seal at a valve or pump-or 
I ine tllockage. Molar-operated valves which have the source of power locked out are ;ill owed 10 be 
treated as passive components." 
" For example, NUR EG-1 800 (NRC 2001c) stales thal "' [p ]ai;sivc' structures and components, lorthe 
purpose ol lhe license renewal rule, are those that perform an intended !unction ... without moving parts 
or wilnout a change in configuration or properties ... 'passive' may atso be interpreted to include 
structures and components that do not displ;iy ·a change of state."' 
" 11\EA 2009 
34 NRG 2005a 
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almost never eKplicitly discussed or applied in accident analyses. The Byron and Braidwood 
UFSAR states that "adequate overpressurization protection is provided by the three installed 
salety valves." Neither the UFSAR system descriptions not the safety analyses provide detailed 
discussions of potential PSV failures or their consequences. The principal discussion of 
Potential PSV failures in the accidenl 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 Byran and Braidwood UFSAR analyses of overpressure 
events (e.g., loss of load, loss ol leedwaler) do not apply the single failure criterion to cause a 
PSV to stick open (i.e., la11 to reseat) when opening on steam flow. In addition, the UFSAR 
Feedwaler System Pipe Break analysis (Chapter 15.2.8) does oot apply the single failure 
criterion to cause a PSV to stick open either during steam discharge or during water discharge. 
A survey at other Westinghouse-designed plants showed that this treatment al PSV valve 
performance during anticipated operational occurrences (AOOs. similar to ANS Condition II 
evet1ts) and postulated accidents (similarto ANS Condition IV events) has been consistent and 
1Nilhout 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 review 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" for event escalation from ANS Conditioo II to ANS Condition Ill, referred to hereafter 
as the "noo-escala~on position." 

2 SUMMARY OF THE APPEAL REVIEW PANEL FINDINGS 

For the reasons provided in Section 3, the Panel concluded Iha! in 2001 and 2004 and at 
present, the koown and established standard of the Commission is that lailures of PSVs need 
not be assumed to occur following water discharge ii the likelihood is sufficiently small, based 
on well-informed staff engineering 1udgment. The Panel also concluded that, in preparing the 
Uprate SE and the Setpoint SE, the NRC slaff exercised reasonable and welHnFormed 
engineering Judgment when the NFIC staffcoocluded that the PSVs were unlikely to stick open. 
The non-escalation position does not establish specific standards for valve qualification, so the 
non-escalation position, standing alone, provides no basis for rejecling the licensee's reliance 
on EPRI valve testing, Moreover, the Panel found that no mistake or error occurred in the 
licensee·s or previous staffs reliance on the EPRI testing program that included an evaluation of 
water discharge through pressurizer valves.'" Therefore, the Panel also concluded that the NRC 
staff's position on valve qualificalion in the Backlit SE is a new or modified interpretation of what 
constitutes compliance. 

The Ei,anel also concluded thal the issue of pressurizer valve performance following water 
discharge appears lo have generic applicability, and is not specific to only Byron and 
Braidwood, The Panel believes that resolution of this issue would have benefited from 

'" E~amples include Watts Bar (NRC 1982 and TVA 1983:1, North Anna ( NRG 1976), and AP1000 
(Westinghoose 2011). 
30 "Pressurizer valves·· Is used in this report to refer to either PORVs or PS Vs wr,en discussing issues 
common to both types at valves. 
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consideration of the generic nature of the issue 1hrough the appropriale NRC processes. The 
Panel included additional information 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 to meet known and 
established Commission standards because of omission or mistake of tact. New or modified 
interpretations of what constitutes comp I iance do not fall within the exception. The Flan el 
reviewed and evaluated the information referenced in this report to determine it, in 2001 and 
2004, there was a known and established standard of the Commission relating to the potential 
for PSVs to fail lollo1Mng water discharge during IOECCS events. 

In addition, the Panel considered the issue ol ·known and established standards of the 
Commission" as it relates to "event escalation." The NRA Appeal Decision stated that the 
Backlit SE "showed that the approvals at issue tor Braidwood and Byron were inconsistent with 
the Agency's general position on the known and established standard at issue, in this case the 
progresSion of [ANSI Condition II events." The Panel recognizes that the non-escalation position, 
although not included in NRC regulations, is widely referenced in reactor licensing bases as an 
approach for addressing AOOs and postulated accidents as arnculated in the GDCs. The non­
escalation position is incorporated in Section 15.0.1.2 of the Byron 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 lV events." 

Exelon and the Panel agree that the non-escalation position is now, and was in 2001 and 2004, 
a part of the licensing basis ol both Byron and Braidwood. In addition, 1he Panel supports the 
NRC staff's view that non-escalation (from ANS Condition II to ANS Condition 111 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, lhe concerns articulated by the NRC staff in the backlit related to event 
classification, event escalation, and compliance with 10 CFA 50.34(b) and GOCs 15, 21, and 29 
would no longer be at issue. 

The Panel's evaluation of the treatment of PSV failure potential includes an assessment of 
multiple relevant references, which are discussed chronologically in the sections that follow. 

3.1 General Design Criteria (1971) 

In 1971. the Atomic Energy Commission published the G DCs, whir.h had been under 
development since 1965. ~7 The introduction to 10 C FR 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 single failure are under 
development" (emphasis added). 

31 AEC 1971 
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3.2 Commission Paper on Single 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 NRA issued SECY-77-439 "[tlo inform the 
Commission of the present status and future use ol the Single Failure Criterion as a tool in the 
reactor safety process.,,.. In part, that paper addressed the application of the single failure 
criterion lo passive components in fluid systems, staling that "[a]pplication of the (single failure] 
concept is complicated by the interrelationships between the various fluid and electrical systems 
and 111eir suppOl1ing auxiliaries in a nuclear power plant. Furthermore, there is a need to 
stipulate 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 subsequent years [since the single failure footnote quoted above was 
published! staff assumptions regarding the nature of passive failures which 
should be considered have not been completely consistent and there has been 
some disagreement. However, on the basis of the licensing review 01<perience 
accumulated in the period since 1969, it has been judged in most il15tances that 
the probability of most types of passive failures in fluid systems is sufficiently 
small that they need not be assumed in addilion 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 lailures. Among these examples. SECY-77-439 cites "the failure of a simple check 
valve to move to its correct position when required·· as a passive failure. Of the examples cited 
in SECY-77-439, the check valve example is most similar from a mechanical perspective to lhe 
PSV failure addressed in the Backfit SE, as explained below in the discussion of SECY-94-084. 

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

3.3 TMI Action Plan Item 11.D.1 (1980) 

As an element of the TMI Action Plan, the NRC staff required licensees to address the capability 
or relief and safoty valves to perfonn their intended functions w1thout failure. Specifically, 
Item 11.D.1 slates that "[p]ressurized-water reactor (PWRJ and boiling-water reactor [BWR] 
licensees and applicants shall conduct testing to qualify the [RCS] relief and safely valves under 
expecled operating conditions for design-basis transients and accidE!flts.'' With reference to 
planned EPRI testing and other generic industry test programs. NUREG-0737 specified 
provisions for then-operating nuclear power plants and applicants for operaling licenses and 
holders of construction permits to address lhe TMI Action Plan items, including Item II. D.1. 
NUREG-0737 stated, for the perfonnance testing of relief and safety valves for Item II. 0.1. that 
"[tjhe testing should demonstrate that ttie valves will open and reclose under the expected flow 
conditions." 

19 NRC 1977 
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Although limited in scope the EPRI test results did not identify any generic issues with PSVs or 
PORVs sticking open following water discharge. The NRC slaff approvals summarized below 
show that the word "qualify'' in this TMI Action Plan item was not intended to reler to ASME 
valve certification or qualification. Instead, "qualify" was used in a less formal sense to refer to a 
reasonable judgment that the valve would open to relieve pressure and then reliably reseat As 
referenced in NUREG-0737, lhe EPRI test program was the widely used approach to address 
TMI Action Plan Item ILD.1 at PWR nuclear power plants. The Westinghouse Owners Group 
submitted WCAP-10105 to the NRC in 1982 to demonstrate the acceptability ol the EPRI tesling 
program for PSVs and PORVs in Westinghouse-designed PWRs.'" 

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

A 1988 letter lrom the NRG staff to the licensee lor Byron found the licensee's reliance on EPRI 
testing ol PSVs to be acceplable.•c The 1988 SE states that the test program was designed "(t]o 
reconfirm the integrity ol lhe overpressure protection system and thereby assure that the 
[GOCs] are met" As discussed in Appendix B to this report, the 1988 SE described the NRC 
staffs evaluation of the PSVs and PO RVs 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. Based on the NRC staff and contractor review, the t 988 SE 
found that the performance 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 PORVs could be disregarded because al the long time available for 
operator actioo. However, the SE addressed water discharge through the PSVs and PORVs as 
part of the feedwater I ine break evaluation. 

In the cover letter for the 19BB SE, the NRG staff slates that the licensee should develop and 
adopt plant procedures to inspect the pressurizer valves after each 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 wilh the ASME BPV Cade tor water discharge capability. In 1990, 
the NRC staff also found the use of the EPAI test program similarly acceptable for Braidwood. 41 

3.5 Westinghouse NSAL-93-013 and Supplement 1 (1993-1994) 

In 1993, Wes~nghause 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 
ol the IOECCS event. Westinghouse recommended that licensees determine ii their pressurizer 
safety relief valves (PS RVs)"" "are capable of closing following discharge ol subcooled water." 
Westinghouse noted that the PSRVs m1ghl have been designed or "qualified" to relieve 
subcooled water. Westinghouse also noted that "'licensees may have qualified these valves in 
compliance ta NUREG-0737, Item 11.D.1." If the PSRVs were not designed or qualified for 
subcooled water discharge. Westinghouse recommended that licensees reevAluate the 

"WOO 1982 
4l NRC 1988c. referred to as tho 1988 SE 
"NRC 1990a 
"Westinghouse used lhe term PS RVs. Tne specitic valves lo r Byron and Braidwood shOuld be 
designated as "satelyvalves" or "pressurizer safety valves· as they arc by tile manulacturer, in thf! ASME 
BPV Code, and by lhe I icensee. This difference in terminology is not significanl lo any ol the findings or 
conclusions in this rep{] rt 
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IOECCS event with three possible options 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 one or more PORVs to help mitigate the accident. 

Later. in .Supplement 1 to NSAL-93-013, Westinghouse alerted licensees to potential reduced 
time for operator action if a positive displacement pump (a typical component ot the CVCS) 
were in service, and to the need to qualify 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 to the PORVs and 
their circuitry to avoid water discharge through the PSVs (e.g., Salem•~. Millstone44• Callaway'', 
and Diablo Canyon45). The NRC Slaff review and approval of those proposed improvements 
relied on engineering judgment relative to the various test infonmalion and PORV circuitry 
upgrades described by individual licensees. The licensee for Byron and Braidwood submitted an 
LAR for similar PORV improvements,•' but that request was later withdrawn ... 

As indicated below. the Panel's sampling review found a1 least two plants, in addi1ion to Byron 
and Braidwood, that chose to address this issue by crediting the capability of PS Vs to relieve 
water, based on the EPRI testing performed in response to TMI Action Plan Item 11.D 1. 

3.6 Com mlsslon 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 Electnc Economic Simplified 
Boiling-Water Reactor (ESBWR)), the NRC staff pr{lsented nine issues to the Commission for 
policy decisions.•9 Although PSV categorization and perfom1ance requirements were not 
explicitly addressed, the paper does include an issue on "Definition ol Passive Failure" and an 
extensive discussion on whether check valves are passive or active components and how they 
should be addressed in current plants and future passive designs 

SECV-94-084 recognized the GDCs and SECY-77-439 as establishing long-standing 
requirements and guidance in this area. The paper acknowledged that the industry (including 
EPRI documents and ANSI/ANS 58.950) have been inconsistent with respect to check valve 
failures, sometimes considering them as "active failures" and sometimes as "passive failures." In 
SECY-77-439, however, the NRC staff slated lhat the failure of a simple check valve to move to 
ilS correct position when required was a "passive failure." ln addition. SECV-94-0S4 states that 
"[i]n licensing reviews, however, only on a long-term basis [e.g., long-term recirculation cooling 
following a loss of coolant accident (LOCA)I does the NAC staff consider passive failures in fluid 
systems as potential accident initiators in addition to initiating events_" The paper also states 
that "[f]or current plants, the NRC staff normally treats check valves. except for '!hose in 
containment isolation systems, as passive devices during transients or design-basis accidents." 

"NRC 1997 
44 NRC 1998 
<5 NRC 2000 
,e NRC 2004a 
"com Ed 1998 
'"ComEd 1999 
"NRG 1994a 
'" ANS 1981 
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Furthermore, SECY-94-084 states that "fr)edelining check valves as active components. subject 
to consideration for single active failures would cause these valves to 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 51 ) that lhe NRC stall should "maintain the 
current licensing practice for passive component failures oo the passive [actvanced light water 
reactor] ALWR designs, and lo redefine check valves, except for those whose proper function 
can be demonstrated and documented, in lhe passive safety systems as ac1ive components 
subject to single failure consideration." Therefore, the NAC's position on check valves was 
chenged only for passive ALWR designs going forward. 

The Panel considered the opening function of check valves and PSVs to be similar in that they 
boU1 open through the motion of the valve disk under differential pressure with no external 
signal or motive power. The Panel also recognized that the ambiguity with respect to "passive" 
versus "active• component definitions and nomenclature exists tor safety valves. In adclition, the 
passive or active classification of check valves or safety valves may differ based on design 
considerations, inservice testing, 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, lor purposes of applying the single failure 
criterion in the GOC context, the Panel concluded that it is appropriate lo consider the potential 
failure of a PSV following water discharge as a passive failure, {consistent with the treatment of 
check valve failures tor the operating fleet), provided the licensee or aeJplicant qua,rf,es tl1e 
performance of the PSV in an acceptable manner. In the case ol Byron and Brnidwond, the 
NRG s!atf accepted the EPRI test1nq associated with TMI Action Plan Item II D 1 to provide this 
qualification. 

3.7 Draft Standard Review Plan Revision {1996) 

The 1996 draft revision to SAP Sections 15.5.1 - 15.5.2 on IOECCS and CVCS malfunctions 
includes extensive updates to the 1981 revision, but neither version includes any discussion, 
criteria, or guidance on applying ASME Code requirements lo PSVs or on applying the single 
lairure criterion or any other failure assumption to PSVs.fil 

3.8 Power Uprate Reviews and License Amendments (2001-2006) 

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 Backlit SE, the NRG staff indicated that 
the 2001 license amendment was predicated on the NRC's mistaken (unsubstantiated} belief 
thal the valves were ASME-qualilied {certified). However, the Panel's review of the SE and 
associated AAls showed that, in 2001, the NRC staff was well aware ol the nature ol lhe EPAI 
testing that the licensee relied on. The Panel did not find any evidence that the licensee claimed 
or the NRG staff believed that the valves were "qualilied" in an ASME BPV Code certification 
sense: rather, the record shows that the NRC staff thoroughly considered th& testing conducted 
on valves of the type installed at the plants and applied well-informed and reasoned technical 
judgment in reaching i1s conclusion that the EPRI testing provided appropriate qualification. 

The Panel confirmed its conclusions and understanding about the 2001 NAC stall review via 
discussions with the individual who was the responsible Section Chief in ttle Reac1or Systems 

s· NRC 1994b 

'' NRC 1996 
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Branch at the time. He informed the Panel that lhe 2001 license amendment was based on the 
e,cercise of staff engineering judgment and that there was no discussion of ASME BPV Code 
certification or qualification of valves. In addition, the Panel lound that the N RC 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 licensees. 
For example, in 2001, the NAG granted a power uprate for Shearon Harris that included the 
operability of PORVs and PSVs during tile discharge of subcooled water, referencing TMI 
Action Plan Item 11.0.1.5'1 As noted above, in 2006. the NRG also granted a power uprate for 
Beaver Valley. The SE for this Seaver Valley amendment referred to RI$ 2005-29 and indicated 
that there was reasonable assurance lhat the PSVs would adequately discharge water and 
reseat following a spurious safety injection actuation, based on the EPRI test data from 1981 
and an evaluation of the temperature of the liquid being discharged. 

During the NRC evaluations of license amendments since the TMl-2 accident the NRG staff 
has specified in some SEs that a PORV or PSV would be assumed to slick open if it was not 
qualified for liquid service. To address this concern, the NRG staff reviewed and accepted a 
variety of tes1 information (including EPRI, Wyle, and vendor testing) submitted by individual 
licensees to demonstrate the capability of PORVs or PSVs to reseat following water discharge. 
In the sample of SEs it reviewed, the Panel did not find a specific requirement tor the PORVs or 
PSVs to be certified under the ASME BPV Code as capable of ~-wat€freclosing ~fter 
water discharge aAr:J rselesiA\j 

In 2004, the NRC issued license amendments for Byron and Braidwood granting an adjuslment 
to the PSV setpoints. In an RAI, the NRG staff requested that the licensee perlorm a 
quantitative analysis regarding the number ol opening cycles during which the PSV would be 
expected to pass water and the temperature of the water being discharged. In the Setpoint SE, 
the NRC staff concluded that the analysis was acceptable for assuring that the PS Vs would 
remain operable following a spunous safety injection event. 

3.9 RIS 2005-29 (2005) and Proposed Draft Revision 1 to RIS 2005-29 (2015) 

In 2005, the NRG staff issued RIS 2005-29 ·1o notify licensees of a concern ide11tilied during 
recent reviews of power uprale {LA Rs]." The RIS addressed the manner in which some 
licensees acted in response to NSAL-93-013. The RIS was issued at the division level in NRR 
and does not include a record of office-level 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 nol find any related 
documentation. II appears to the Panel that the GRGR may not have reviewed the RI S because 
of assertions in the RIS such as these: 

• 'This RIS requires no aclion or written response and, therefore, is not a back.fit under 10 
CFR 50.109. Consequently, the NRC staff did not perform a backlit analysis." 

• "This AIS is informational and pertains to a NRC staff position that does not depart from 
current regulatory requirerne11ts and practice." 

A key statement in RIS 2005-29 is the following (with emphasis added)· 

"NRG 2001d 
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The NRC staff's position is noted in the power uprate review standard, as follows: 
"For the [IOECCS] and [CVCSJ malfunctions that increase reactor coolant 
inventory events: (a) non-safety-grade pressure-operated relief valves should not 
be credited for event mitigation and (bl pressurizer level should not be allowed to 
reach a pressurizer water-solid condition.". 

However, the NAG staff review standard cited in the AIS {RS-001) is explicitly limited to E PU 
reviews, stating that lt]he staff does not intend to impose the criteria and/or guidance in this 
review standard on plants whose design bases do not include these criteria and/or guidance. No 
backfitting is intended or approved in connection with the issuance of this review standard.""' 

This intent of AS-001 to define and clarify the scope ol EPU reviews. 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. 

Tho Panel also notes that neither RIS 2005-29 nor its draft Revision 1, "'' which is currently 
under development, discuss water discharge certification requirements in accordance with the 
ASME BPV Code. In fact, as stated above, the NRC issued a 2006 power uprate amendment 
for Beaver Valley in which the SE cited AIS 2005-29 and yet relied on the EPRI testing data to 
address the concern. 

3. 10 SECY -05-0138 (2005) 

SECY-05-0138 presents a comprehensive history of the applica1ion of the single failure 
criterion, incluclng extensive discussion of the treatment of passive components in fluid 
systems. :,e The paper enclosed a July 2005 draft of an NRG 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 lhe footnote to the definition of single failure in 1 O CFR 
[Pan] 50 Appendix A stating that the regulatory position on considering passive failures in fluid 
systems is under development." In Section 2.5.3, 1hc draft report quotes from SECY-77-439 
(discussed above) and recognizes that in current practice, as in 1977, "[p]assive failures 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• 
informed and performance-based approach to address the single failure issue. The draft report 
clarifies tha1 all of the alternatives "could include developing a posilion on single passive lailures 
in fluid systems to replace the footnote now in 10 CFR Part 50 Appendix A definitions." 

These documents make ii clear that, with few e~cep1ions, neilher the NAC slaff nor the 
Commission has established specific requirements relating to the treatment of passive 
component failures in lluid systems. The Panel believes the existence of this Commission 
paper, con1emporaneous with discussions on potential PSV failures (e.g., AIS 2005-29), makes 
it clear that no specific "known and established standards" on PSV failures had been developed 
between 1977 and the time of the Byron and Braidwood license amendments in 2001 and 2004. 

,. NRC2003 
11 NRC 2015a 
1' NRC2005a 
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3.11 Standard Review Plan Revision (2007) 

Revis ion 2 to SAP Sections 15.5. 1 - 15.5.2 states: 

If the plant is equi:iped with POAVs that are (1) safety-related equipment and 
(2) qualified for water relief, then they may be assumed to reseat properly after 
having relieved waler. The [PSVs], too, may l:>e assumed to reseat proper1y after 
having relieved water; but only if such valves have been qualified for water relief. 

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

3.12 Backflt Letter and Subsequent Backflt Appeals (2015·2016) 

The Backfit SE is predicaled on the following positions: 

• "water relief through a valve that is not qualified for water relief will cause Iha! valve to 
stick in its lully open position" (emphasis added) 

• "the licensee ... has not applied the single-failure assumption" (emphasis added) 

• "nor {has the licensee] provided ASME water qualification documentation for the PSVs 
... the ASME ... original Overpressure Protection Report ... inservice lest history ... 
including both water and steam tests" (emphasis added) 

The Backlit SE contends that an IOECCS would escalate to a more severe event. Such an 
escalatlon would be contrary to the Byron and Braidwood licensing basis (i.e., contrary to the 
ANS non-escalation position) and could be in non-compliance with the GOCs (as included in the 
Byron and Braidwood licensing basis) since an IOECCS wilh a stuck-open valve had not been 
analyzed and shown to meet the appropriate criteria for an AOO. 

Based on its review ol all the relevant documents and discussions with the individuals (staff and 
managers) involved in the original review and the backfit, the Panel has developed an 
understanding of the regulatory requirements and practices, the potential safety is1oues, and 
backlit rule obligations. The Panel has determined thal 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 water discharge? 

• Must the PSVs be assumed to fail in accordance with the GDC "single failure" 
requirements? 

In lhe Backlit SE, the NRC staff indicated that "[o]ne assumption that is particularly important to 
the non-escalation criteria is that water relief through a valve that is not qualili ed 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.• ii is 
the critical issue upon which the compliance backlit hinges. 

eased on the historical evidence, the Panel concluded that there is not now, nor has there been, 
a known and established Commission standard ( 1) that PSVs must be assumed to fail fol lowing 
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water discharge in the absence of ASME BPV Code certification for water discharge, or (2) that 
PSVs must be assumed to fail as part of single failure criterion analysis. The NRG staff's 
determination that ASME BPV Code certification is necossary first appears in the Backlit SE. 
The determination that application al the single failure criterion is necessary first appears in lhe 
draft Revision 1 to AIS 2005-29. The Panel has not identified these positions being staled in any 
final NRC requirement or guidance document. 

The Panel also concluded that in 2001 and 2004 and at present, !he known and established 
standard of the Commission is that failures of PSVs need not be assumed to occur following 
water discharge if the likelihood is sufficiently small, based on well-inlonned staff engineering 
judgment. In preparing the Uprate SE and the Setpoint SE, the NRC staff eJ1ercised reasonable 
and well-informed engineering judgment when the NAC staff concluded that the PSVs were 
unlikely to stick open. Clo the bases of its document reviews and interviews, the Panel 
concluded that the NRG stall reviewers involved in the 2001 power uprate review were among 
the most experienced and senior reviewers in their areas of expertise. The NRC staff vah1e 
expert involved in the review was the agency's most knowledgeable individual on PSVs and the 
relevant ASME Code requiremenls, and was a nationally recognized expert. The Panel did not 
find any e11idence that the NRC stall'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 N RC staff 
positions on valve qualification in the Backfit SE are new or modified interpretations of 
compliance. 

In interactions with the Panel, NRA slaff emphasized several issues raised in the Backlit Letter. 
The Panel summarizes ils consideration of those issues in the following subsections. 

3.12.1 Non-Escalation Position and Valve Failure 

In the Backfit SE, the NRG staff discussed the definition of event conditions in ANS-51.1/N18-2-
1973 and the provision in th is standard that events al one condition do not propagale to cause a 
more serious fault. This position is commonly known as the non-escalation position. In 
interactions with lhe Panel, NRA staff provided several clarilica1ions on this topic, summarized 
by lhe Panel as follows: 

• ANS-51. 1/N 18.2-1973 defines the categories of design basis transients and accidents 
based on an anticipated frequency of occurrence (annually for ANS Condition II events). 

• It is a long-standing NRC position that escalation from one condition ta another is not 
acceptable. 

• ANS-51.1/Ni 8 2-1973 constitutes a known and estat>lished standard that has been 
reflected in NAG guidance documents and in the licensing basis of each U.S. nuclear 
power plant. 

The Panel confim1ed that lhis 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 Exelon ta assume that its pressurizer valves will 
fail open under water discharge conditions. to apply the single failure criterion to PSV failure in 
these circumstances, or to impose ASME Code requirements for certification, qualification, or 
tesli ng of PS Vs for water discharge. 
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3.12.2 Non-Escalation Position and Return to Service 

In the Backfil SE, the NRC staff makes reference to the time it would take to clean up a 
contaminated containment following a stuck-open pressurizer valve. In interactions with the 
Panel, NRR staff re-emphasized concerns 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 to 
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 PS Vs, or to prepare for plant starlup, to constitute issues that support a compliance backlit 
imposed by the NRC. The NRC staff would verify (e.g., through inspection) that the licensee 
woo!G-had conducted ttiese activities appropriately to protect the public health and safety prior 
to plant restart. The Backlit SE states that UFSAR Sec1ion 15.5.1.3 "implie[s]" that the plant will 
return to operalion in a "short period," but the Panel found no bases for a timing requirement in 
UFSAR Section 15.5.1.3. Also, the Panel did not find a regulatory requirement or basis for 
defining or limiting the time available for the plant to return lo 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.I, in inleractions with the Panel, NRR staff stated that the known and established 
standard in question is the TMI Action Plan Item 11.0.1 standard for licensees and applicants to 
conduct testing to qualify the RCS relief and safety valves under expected operating conditions 
for design-basis transients and accidents. As discussed above and in Appendix B to this report, 
the NRC accepted the EPRI testing to satisfy TMI Action Plan Item 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 NRC staff had been met for Byron and 
Braidwood. 

In interactions with the Panel, the NRR staff further slated lhal an omission or mistake of fact 
occurred when the licensee failed to acknowledge that the EPFII 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 lhe 1988 and 
1990 SEs for the Byron and Braidwood responses to TMI Action Plan Item 11.0.1, the NRC staff 
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 pelforrnance of lhe PS Vs 
and PORVs with water discharge was acceptable based on the EPRI tests. Therefore. the 
Panel also concluded that the licensee's reference to the EPRI testing program was not an 
omission or a mistake of fact. 

3. 12.4 ASME Code Certification 

In the Baokfit S~. the NAC staff stated that certain ASME Code inlorma1ion would be necessary 
to support water qualification of the PSVs. In interactions with the Panel, NRA staff staled 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 BPV Code and 
inservice testing throughout the service life in accordance with the ASME OM Code. The NRA 
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stall referenced certain licensing actions in which water discharge was nol considered 
acceptable. Of different actions were required." 

As discussed in Appendix C lo this report, the N RC staff rsquired additional actions for soms 
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 stalf imposed certification by the ASME BPV Code and testing in 
accordance with the OM Code, or required alternatives to the ASME BPV or OM Codes, in the 
examples of NRC staff review of water discharge capability for pressurizer valves. 

The NRR stall also identified for the Panel specific ASME Code provisions that it viewed as 
supporting ils position that ASME Code requirements apply to qualification of pressurizer valves 
for water discharge. The NRR staff, however, did not provide evidence that the NRC staff has 
consistently interpreted these provisions as the NRC staff is now interpreting them Given ttle 
NRC staft's resolution of TM I Action Plan Item 11. D. 1 and the variations in the NRG slaff s 
licensing practices. the Panel concludes that the NRR staff's current application ot the ASME 
Code is nol supported by the 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 staff during its reviews of pressurizer 
valve capability since the TMI -2 accident, the Panel agrees that, in the course of prepanng the 
2001 Uprate SE or Setpoint SE, the NRC staff could have considaed the need for the licensee 
for Byron and Braidwood to improve the reliability of the PS Vs or PORVs for water discharge or 
to avoid water discharge through the PSVs by PORV improvements. The r>IRC stall may have 
been able to justify additional actions, but they determined that it was not necessary. Instead, 
the N RC staff reviewers in 2001 used their expert engineering judgement to determine that it 
was not necessary to assume that the PSVs or POAVs would stick open with water discharge, 
based on EPRI test information, licensee supplemental infonnation, and their Ov.fl technical 
experience. 

In discussions with the Panel, NAR staff raised a concern that the Setpoint SE does not 
document a re-review of the qualification of the PS Vs and noted that if the Uprate SE had not 
found water discharge through the PSVs to be acceptable. it is unlikely that the NRC staff would 
have approved this 2004 amendment. In Appendi~ C to this report, the Panel summarizes the 
discussion in the Setpoinl SE of the PSV water discharge capability The Panel recognizes that 
a staff review 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 review. 

4 RESPONSE TO THE EDO QUESTIONS 

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

57 Salem (NRC 1997). Millstone (NAG 1998], and Callaway (NRC 2000) 
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4.1 Were the approvals based on a mistake? If so, what was the mistake and 
what are the implications tor 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 NRA Appeal Decision, the NRC staff claims that "[t)he NRC erred in approving a 
sequence of events that allowed the [IOECCS], [CVCSJ malfunction, and inadvertent 
opening of a pressurizer safety or relief valve analyses in the 2001 and 2004 [SEs]" and 
"lhe NRC staff understood the PS Vs lo be qualified for water relief when, in fact, they 
were not." 

• Exelon claims in the NRA Backlit Appeal that "the compliance ei1ception requires more 
than simply asser:ing that lhe 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 1he approval. The NRC has not 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 of the PSVs and that ii was not a mistake to 
undertake a review of or make a lechnically based safety 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 of Engineering's Mechanical Engineering Branch lor expert 
technical review assistance was both appropriate and commendable. After considering the 
materials presented by the licensee in support ol the 2001 and 2004 requests and discussing 
the 2001 review with one of the involved managers, the Panel found no indication that the 
senior reviewer evaluating the topic was misled regarding the qualification status ol the PSVs, 
but rather used his expert judgment in determining the appropriate level of qualification for a 
technically complex topic for which there was not a single accepted approach. For these 
reasons, the Panel conclude<l lhat the NRC staff reviews and approvals of the 2001 and 2004 
license amendments were not based on omissions or mistakes of fact 

4.2 What is the known and established standard for water quallflcatlon of PSVs? 

The Panel concluded lhat in 2001 and 2004 and at present, the known and established 
standard of the Commission is that the failures of PS Vs 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 prescriptive standard. 

4.3 What Is the known and established standard for progression of postulated 
events between categories of severity? 

For Byron and Braidwood, the NRC staff and the Panel agreed that the known and established 
standard for progression of postulated events between categories of severity is lhe "non­
escalation posiUon" specified in ANS-51.1/N18.2-1973. This position, 'Atlich is included in the 
Byron and Braidwood U FSAR, requires that events of one oondition do not pro pa gale to cause 
a more serious condition {i.e., from ANS Condition II to ANS Condition Ill or IV). The Panel 
concluded thal the IOECCS (an AOO per the GDC definition and an ANS Condition II even!) 
would escalate to a more severe event !! a PSV were to stick open. or if both a PORV stuck 
open and its block valve failed to close. 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-compliance 'Nith the GDC (as included in the Byron and Braidwood licensing basis). since 
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an IOECCS with a stuck-open valve had not been analyzed and sho'Ml to meet the appropriale 
criteria for an AOO. However. this event progression standard does not establish specific 
standards for valve qualification lo determine whether a valve would stick opeo and cause this 
escalation. Therefore, the Panel concluded that it is not the basis for a compliance backlit given 
tile current set of lacts. (Additional information about AN S-51 . 1 /N 18.2-1973 is included in 
Section 3.12.1 of this report.) 

4.4 Does the current licensing basis for Braidwood and Byron comply with the 
appllcable regulations? Is it adequate to provide protection to public health 
and safety? 

The Panel concluded that the current licensing basis for Byron and Braidwood complies with the 
applicable regulations based on the UFSAR analyses, IMlich the NRC staff found acceptable 
through a reasonable and technically sound evaluation using appropriate Commission safety 
standards. This licensing basis has been determined by the NRG staff to provide adequate 
protection to public health and safety. 

4.5 Given that Exelon suggests that the 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, to assure that the Panel's Judgments were being made with a lull 
understanding of their s1g,ilicance, and to assist in responding to the EDO question. 

The AES study58 suggests that the most significant IOECGS sequence, assuming thal al! 
pressurizer overfill events lead to a small LOCA, contributes appro)(imately 1 percent of the total 
internal event core damage frequency (CDF). In its report, RES estimated that the maximum 
benefit (COF reduction) of 1.5E-07 per year would be achieved if the plants were modified 
(backlit) such thal pressurizer overfilling was always prevented. II the PSVs are not assumed to 
always fail following water discharge (consistent with the NRC staff expert judgment in 2001) or 
if the plants were modified in a different way that did not 8A&1#&-prevent pressurizer overfilling, 
!he risk-reduction benefit of implementing the backfit would be even smaller. 

The Panel is aware or and sensitive to two important issues related to this question. First, NRA, 
not the Panel, is responsible for any decisions on alternative application of !he backlit rule to this 
issue (through the other categories of adequate protection or cost-justified substantial safety 
enhancement). Second, the Panel does not wish to imply that "the contribution to plant risk" 
should be seen as the only measure of enhanced safety. The issues of event classification and 
the non-escalation of events are essentially defense-in-depth concepts. Defense in depth has a 
recognized role and value in the regulatory process. The Panel is also aware that not every 
defense-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 contnbulion to overall plant 
risk is very small. 

'° NRC 20161 
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5 SUMMARY AND CONCLUSIONS 

The compliance exception to the Backlit Rule is intended to address failures to meet known and 
established Commission standards because of omission or mistake ol fact. New or modified 
interpretations ol what constitutes compliance do not lall within the exception. Therefore, to 
address the appeal ol the proposed compliance backlit, the Panel focused on determining ii this 
case is most appropriately characterized as one in which the licensee "failed to meet known and 
eslablished standards of the Commission because of omission or mistake of lact." or rather as a 
case of a "new or modified interpretations of what constitutes compliance." 

The NRC staff's compliance backlit argument depends on two separate deterrninalions: 

1. the assumed failure ol PSVs to reclose after passing water, and 

2. the necessity of preventing "event escalation" (i.e., the position that ''an incident of 
moderate frequency should not generate a more serious plant condition without other 
faults occurring independently''). 

For the NRC staffs compliance backfit conclusion to be valid, both of these detemiinations must 
meet the above compliance backlit standard by involving failure to meet known and established 
standards of the Commission 

In the first of these determinations, the NAC staff's compliance backlit is based on the 
assumption in the Backlit SE that the PSV fails to reclose given the absence of "ASME water 
qualification documentation.'' As indicated in the Backlit SE, the Uprate SE involved a technical 
evaluation ol safely valve capability and likely performance under water-discharge conditions 
rather than a simple assumption ol a failure. The NRR Appeal Decision indicates thal '1he 2001 
and 2004 [license amendment! approvals occurred because the NRG 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 licensee·s responses to the NRC staff's RAls,59 !he NRA technical branch's SE input,60 and 
the Uprate SE. The Panel did not find any evidence that the licensee had claimed or the NRG 
staff had believed that the valves were "qualified" in an ASME BPV Code certification sense: 
rather, the record shows thorough coos1deration of the testing conducted on valves of the type 
installed at the plant and a well-informed technical judgment that this testing pro111d0d 
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 qualitication status of the PSVs and that ii was not a 
mistak.e to undertake a review of or make a technically based safety tinding on the likely 
successful performance of the v.ilves. In the Panel's opinion, the actions of the Reactor 
Systems Branch in 2001 to reach out to the Division ol 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 requests and discussing 
the review with one of the involved managers, the Panel found no indication that the senior 
reviewer evaluating tne topic in 2001 was misled regarding the qualification status of the PSVs, 
but rather used his expert judgment in determining the appropriate level of q ualitication for a 

5> Corn Ed 2000b, Exelon 2001 
00 NRC 2001a 
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technically complex topic for which there was not a single accepted approach. For these 
reasons, the Panel concluded that the NAC staff review documented in the Uprate SE was not 
f\8t-based on omissions or mistakes of fact. 

The Panel concluded tha1 three related technical and regulatory 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 to be 
assumed 10 reclose after passing water. 

2. Water discharge lhrough a steam-qualified valve will cause that valve to stick in its lul ly 
open position. 

3. PSVs are subject lo 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 lo reseat. In fact, they were not ''known and eslablished standards of the Commission" in 
2005 (when RIS 2005-29 was issued) or 2006 (when the Beaver Valley EPU was approved) or 
2007 (when Revision 2 to SAP Sections 15.S.1 - 1 S.S.2 was issued). 

Moreover, these positions do not appear to be ··established standards of the Commission" at 
present. The 2007 version of SAP Sections 15.5.1 - 15.5.2 allows credit for PORVs and PSVs if 
they have been "qualified for water relief." The NRG staff's determination that ASME BPV Code 
certification is necessary lirsl appears in the Backfit SE and is not addressed in any of ttie final 
NRC requirements or guidance documents reviewed by the Panel. The determination that 
application of lhe single failure criterion is necessary first appears in the draft Revision 1 to RIS 
2005-29, which is still under development. and is not included in any final NRC 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 ttiat 
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 ttiis topic, beginning with NUREG-0737, it is 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 llem 11.D.1. In light of1his standard, the Panel 
concluded that, when preparing the Uprate SE and the Setpoint SE, the NRC staff exercised 
reasonable and well-informed engineering judgment to conclude that the PSVs were unlikely to 
stick open. 

Overall, tile Panel concluded that the NRC staff's position on valve qualification in 1he 
Backtit SE is a new or modified i11terpretation of what constitutes compliance in addressing 
potential PSV failures following water discharge. Although this new staff position represents a 
well-intentioned and conservative approach that could provide additional safely margin, the 
Panel concluded that ii does not provide a basis for a compliance backlit. 

Finally, in the absence ol a PSV failure to reseat, the Panel concluded lhat the concems 
articulated hy1he NAC staff in the Backlit SE related to event classification, event escalation, 
and compliance with 10 CFR 50.34(b) and GDCs 15, .21, and .29 are no longer at issue. 

The Panel's findings, therefore, support the Exelon backlit appeal. 
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6 ADDITIONAL PANEL THOUGHTS 

In addition to the speci~c finding relating to the backlit appeal, the Panel believes it is important 
to acknowledge, and tor the NRC staff 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 infonnalion 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 tilling, and 
use of PORVs rather than reliance on PSVs, are clearty 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 designed for steam service. Steam relief is their normal service 
condition and applies to their ASM E BPV Code certification. The Panel supports the previous 
NRC staff determinations for Byron 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 to the 
contrary. However, the Panel also considers the actions by various licensees to improve the 
reliability and performance of the PORVs to avoid water discharge through the PSVs to be 
prudent in light of the design specifications al the PSVs. 

The Panel considered but could not determine lhe extent to which tho licensee tor Byron and 
Braidwood addressed crediting water discharge through the PSVs, PORVs, or PORV block 
valves in the Byron and Braidwood inservice lesting programs. The Panel recognizes that the 
difference between the intended use of these valves for overpressure protection and their 
infrequent use in response to certain plant events might be considered in implementing 
appropriate inservice testing 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 at 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 
consideration 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 ol the issue in Appendices B and C of this report. Should the NRC staff 
undertake a generic 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 of the information and slaff positions communicated in RIS 2005-29, as well as 
1hose included in its proposed Revision 1, which is cu11ently under development, la determine 
whether or not these documents include new staff positions with the potential for inappropriate 
or unintended backlitting. As pan of any generic assessment, the Panel also recommends that 
staff determine whether the information in AIS 2005-29 and its proposed Revision 1 should be 
incorporated into a regulatory guide or another guidance document 
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APPENDIX A: HISTORY OF THE BACKFIT RULE AND THE COMPLIANCE 
EXCEPTION 

The Backflt Rule 

Title 1 O of the Cade of Federal Regulations (10 CFA), Section 50.109, "Backfitting," was 
originally promulgated in 1970_61 Because of perceived deficiencies in the rule, the U.S. Nuclear 
Regulatory Commission (NAC) substantially revised it in 1985."" The 1985 rule was challenged 
in court, and the U.S. Circuit Court for the District of Columbia (O.C. Circuit) vacated this rule in 
its entirety. The O.C. Circuit took this action because it concluded that the revised rule could be 
interpreted to allow the NRC to consider C0$1S in defining or redefining what is required for 
adequate proteciion of the public health and safety.6~ In response, the NAC revised the Backlit 
Aul e in 1988 to remove any im plica~on that costs could be considered in defining or redefining 
adequate protec1ion.64 The 1988 revisions only differed from the 1985 rule to the extent 
necessary to address the court's concerns. The 1988 rule was also challenged in court, bul this 
time the D.C. Circuit upheld lhe rule."5 

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

... the modification of or addition to 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 operate 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 rei;ulalions that is either new or different from a previously 
applicable staff position .... 

Unless one of three specified exceptions apply, the NRC may impose a backfit only it it 
performs a backlit analysis in accordance 'Mlh 10 CFR 50.109(a)(2) and determines in 
accordance with 1 O CFR 50.109(a}(3) "that there is a substantial increase in the overall 
protection of the public health and safety or the common defense and security to be derived 
from the backlit and that the di reel and indi reel costs of implementation for that facility are 
justified in view of this increased protection_" 

Section 50_ 109(a)(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 into compliance with a license or the rules or orders ot the 
Commission, or into conformance with written comm it men ts by 1he licensee." 1 a CF R 
50.109(a)(4)(i). The second and third exceptions relate to actions ensuring adequate protection 
or lo actions that involve defining or redafin ing adequate protection. IO CFR 50.109(a}(4 )(ii)· (iii}. 

'' AEC 1970 (Author and year c,tations in footnotes refer 10 the designation of relerences in Appendix D 
to this report.) 
!2NAC 198S 
e3 Union of Conca med Scientists v. U.S. Nucle/Jr Regul/Jlt>,Y Com~. 824 F .2d 1 08, 1 1 9-20 ( 1 987). 
64 NRC 1988b 
•• Union of Concert18d Scientists v. U.S. Nuclear Regulato,y Com'.n. 880 F .2d 552 (1989). 
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Commission Policy 

The Commission addressed its intended application of the compliance exception in the 1985 
rulemaking:66 

The compliance &xception is intended to address situations in which the licensee 
has failed to meet kno'N!l and established standards of the Commission because 
of omission or mistake of lact. It should be noted that new or modified 
interpretations of what constitutes compliance would not tall within lhe exception 
and would require a backlit analysis and applicaUon of the standard. 

In the 1985 rule. tile Commission acknowledged that staff interpretations ol regulations are not 
legally binding, but the Commission also stated that "staff interpretations of broadly stated rules 
are often necessary to gi~e a rule effect and in some instances may be a causal factor in 
inibating a backlit. "67 The Commission also stated, "Many of the most important changes in plant 
design, construction, operation, organization, and lraining have been put in place at a level of 
detail that is expressed in staff guidance documents which interpret the intent of broad. 
generally worked [sic] regulations.""" 

Backtitting Guidance 

Extensive information regarding the appropriate implementation of backfitting is provided in 
NUREG-1409.69 Relevant excerpts from this guidance are provided below. 

Applicable Regulatory Stan Positions 

According to NUREG-1409, tobe a backlit, "a new or revised staffJX)sition or requirement must 
be involved, that is, there must be a change in content or applicability of the previously 
applicable regulatory stall position (in the direction ot increased safety requirements) .... " An 
applicable regulatory stall positioo is a requirement or position already specifically imposed on 
or committed to by a licensee, Examples of applicable regulatory staH posilions include: 

• legal requirements, as in B)(plicit 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 NRG 
bulletins, generic letters, inspection reports, or notices of violation and r:onli rrnatory 
action letters 

• NRG staff positions that are documented explicit interpretatiOns of more general 
regulations and are contained in documents such as !he Standard Review Plan. branch 
technical positions, regulatory guides, generic letters, and bulletins 

"" NRC 198.5, at 38103 
67 /ct. a! 381 02 
,;e Id. at 38103. The 1988 rulernaking neither revised the compliance exception as stated in the 1985 rule 
nor provided additional gu,cance on its interpretation. 
ss NRC 1990c 
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A similar list of examples is provided in Manual Chapter 0514,70 which is also included as 
Appendix D to NUREG-1409, Manual Chapter 0514 was referenced in the 1988 rulemaking, 
and a working drafl was provided to the Commission for information in SECY-88·102.71 Manual 
Chapter 0514 provides a delinition of "applicable regulatory staff positions" that is slightly more 
detailed than the definition in NUAEG-1409. This definition from Manual Chapter 0514 is quoted 
below, with additional detail beyond NUREG-1409 emphasized in underlined text. 

Applicable regulatory statt positions are those already specifically imposed upon 
or committed to by a licensee at the time of the identification ol a plant-specific 
backf1!, and are of several different types and sources: 

a. Legal requirements such as in explicit regulations, orders. plant licenses 
(amendments. conditions, technical specifications), Note that some regulations 
have update features bujlt in as for example. 10 CFR 50.55a. Codes and 
Standards. Such update requirements are applicable as described in the 
regulation. 

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

c. N RC staff positionsl.:l that are documented, approved. explicit interpretations of 
the more general regulations, and are contained in documents such as the 
[Standard Review PlanJ, Branch Technical Positions, Regulatory Guides, Generic 
Letters, and Bullelins; and to which a licensee or an applicant has previously 
committed to or relied upon. Positions cootained 1n these documents are not 
considered applicable staff positions to the extent that staH has, in a previous 
licensing or inspection action, tacitly or explicitly excepted the licensee from part 
or all oftlhe position.'3 

How Regulatory Positions are Establishfld 

NU R EG-1409 provides responses to a number of questions regarding backlitting. The following 
response was given ta questions asking, "Is it appropriate for lhe NRC staff lo rely on informal 
or formal communications to other licensees as official NRG positions? What about NRC la.cit 
approval of documents?" 

Informal or formal communications lo one licensee are not official positions to all 
licensees. Section 05:3 of Manual Chapter 0514 identifies what can be applied as 
official staff positions in a plant-specific context. They are legal requirements 
such as contained in explicit regulations, orders. and plant licenses; written 
commitments such as contained in final safety analysis reports, licenses event 
reports, and docketed correspondence; and documented, approved explicit 
interpretations such as contained in the [Standard Review Plan], branch technical 

,-0 NRG 198Bc 
"NRC 1988a 
' 2 Requirements may be imposed by rule or order. Swff interpretations such as examples of acceptahle 
ways to m eel requirements a re not requirements in and ol lhe msc I vcs. 
13 Imposition o1 a statt po,ition from which a licensee has oreviously been excepled i;; a backfit 
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positions, regulatory guides, generic letters. and bulletins. Orders, licenses, and 
written commitments 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 I icensee 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 backlit because it represents a change in a 
previous stall position and would require a backlit analysis (or a documented 
evaluation ii it meets one ot the exceptions listed in the backlit 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 Hie licensee. In this 
case, it is considered that the NRC staff tacitly accepted the licensee's action 
since timely notice to the contrary was not given. If the NRC staff subsequently 
adopts a different position and requests a change in !he licensee action, this 
change may be classified as a backfit and thus require a backlit analysis (or a 
documented evaluation ii it meets one al the exceptions listed in the backfit rule). 

NUREG· 1409 also addresses a question regarding tacit approvals by an inspector: "If an 
inspector has previously accepted (i.e., provided tacit approval of) a liceni.ee's method, does a 
specific request for change constitute a backfit and if so, is a backlit analysis required?" The 
response is: 

Cases where an inspector provides tacit approval are relatively rare. Simply not 
challenging a I lcensee's practice nom1ally would not be coosidered tacit 
approval. The only example provided in Manual Chapter 0514 is a case where 
the NRC has indicated tacit approval by not acting in a reasonable time on a 
licensee submittal and the licensee has moved ahead ta implement the proposal 
described in the submittal. For the purpose of this question, it would most likely 
arise in connection with review of a licensee response to an inspection report. 

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

Compliance Bscldit Guidance 

NUREG-1409 gives the following response to the question, "lh]ow does the backlit rule apply to 
new staff positions ttiat reflect an evolving understanding al technical issues?" 

An evolving understanding of issues does not, by itself, define which category fits 
a particular backlit. Judgment must be applied to the facts of each particular case 
to determine whether the backlit is for compliance, to provide adequate 
protection, to redel1ne adequate protection, orto achieve a cost-justified 
substantial safety enhancement. For example, with regard lo ccmpliance, the 
1985 statement of considerations for 10 CFR 50.109 indicates that "the 
compliance exception is intended lo address situations where the licensee has 
failed to meet known and established standards of the Commission because of 
omission or mistake of facL.new or modified interpretations of what constitutes 
oomp!iance would not fall ,,.,.;thin the eKception .... " 

- 28 • 



NUREG-1409 also provides an example where an evolving understanding of technical issues 
resulted in a compliance backlit that was apparently Justified for at least some licensees. In 
response to industry claims that Bulletin 88-11 14 lacked any backfitting justification, the NRG 
staff responded: 

Although the justi~cation was not printed in the bulletin, NRC Bulletin 38-11, 
"Pressurizer Surge Line Thermal Stratification," was justified as a backlit. It is an 
example of a backlit that was determined by the responsible NRC official to be 
required as a matter of compliance with existing requirements and commitments. 
The CRGR reviewed the bulletin and concurred. The regulations currently require 
licensees to meet the applicable codes of the Amencan Society of Mechanical 
Engineers (ASME), B0ile1 and Pressure Vessel Code. Because of the NRG 
staff's concern with the integrity of the surge line, licensees were requested to 
perform their fatigue analysis in accordance with the lalest ASME Section Ill 
recuirements that incorporate high cycle fatigue analysis, The justification 
provided by the NRC staff was that previously unconsidered thermal stratification 
phenomenon may invalidate the e~isting analysis performed to confirm the 
integrity of lhe surge line. 

Subsequently, it was understood that some licensees believed that the NRG 
staffs rationale was in error because they were not committed to the latest 
ASME Section Ill requirements by virtue ol 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 lhe ASME Code did not completely address the concern, 

74 NRC 1988e 



APPENDIX B: QUALIFICATION OF PRESSURE RELIEF VALVES IN 
NUCLEAR POWER PLANTS IN RESPONSE TO THE TMl-2 ACCIDENT 

Byron and Braidwoo<l Design and Code Requirements 

Nuclear power plants in the United States use various types of pressure relief valves to protect 
personnel and et'1Uipmen1 from overpressure events with in reactor fluid systems. Pressure relief 
valves include safely valves, safely relief valves, and reliel valves, with different designs, 
operating conditions, and requirements. The American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code (BPV Code), Section 111, Division 1, specifies 
requirements for the design, operation. installation, and testing of pressure relief valves LJsed for 
various functions in nuclear power plants.75 For example, the ASME BPV Code (2007 Edition) in 
Artide NB-7000, Overpressure Protection, specifies ret"1uirements several service conditions: 

• steam and air or gas service tor safety valves: 

• steam, air or gas, and liquid service lor sarety relier valves; 

• liquid service for relief valves; and 

• steam, air or gas. and I iquid service for pilot operated or power actuated pressure relief 
valves. 

The ASME Code for Operation and Maintenance of Nuclear Power Plan rs (OM Gode) provides 
requirements !or the preservice and inservice testing (1ST) programs tor pressure reliel valves in 
nuclear power plants 

Byron, Units 1 and 2 (Byron) and Braidwood, Units 1 and 2 (Braidwood) are Westinghouse­
designed pressurized-waler reactors (PW Rs) that received their construction permits under 
TiUe 10 ol the Code of Federal Regulations ( 1 O CFR), Part 50, in December 1975. The 
pressuri2er 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 6M6 
(6-inch), spring-loaded p::ip type, opened by direct fluid pressure. The PORVs are Copes-Vulcan 
Model D-100-160 3-inch pneumatic-actuated globe valves that respond to a signal from the 
pressure sensing system or to manual control. Each PORV can be isolated by a motor-operated 
block valve. 

The ASME BPV Code of record for the design of the PSVs at Byron and Braidwood is the 1971 
Edition through the Winter 1972 addenda of the ASME BPV Code, Section 111. The ASME BPV 
Code applicable to Byron and Elraidwood includes requiremenls for overpressure protection. 
including the following 

• Section NB-7300, "OVerpressure Protection Report," in NB-7320(1) requires that the 
report include the redundancy and independence of the pressure-relief devices and their 
associated pressure-sensing and controls systems employed to preclude a loss of 
overpressure protection in the event of a failure of any pressure-relier device, or its 
sensing element, or its associated control, or an external power source. 

"Rofcmncos to ind1v1dual ASME Code publir.a!ions are not provided in Append ii 0, but they are publicly 
available from ASME for a fee. 
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• Paragraph NB-7411, "Relieving Capacity of Pressure-Relief Devices," specifies that the 
total rated relie11ing capacity shall be sutticient 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 Report 

• Paragraph NB-7421, "Required Number and Capacity of Pressure-Relict Devices for 
Nuclear Systems,· states that the required relieving capacity intended for overpressure 
protection of a nU-Olear power system or portioos of the system shall be secured by the 
use ol at least two pressure-relief devices. 

Al the time of the Byron and Braidwood operating license review. Revision 1 of Standard 
Review Plan (SAP) Sections 15.5.1-15.5.2 and Sedion 15.6.1 provided general stall guidance 
for these planl transients.76 In March 2007, the NRC staff issued Revision 2 to these SAP 
sections 'Nith significantly more detail, including a statement that PSVs and PORVs are 
assumed to fail open if they relieve water without being qualified.r" 

Actions Following Three Mile Island, Unit 2 Accident 

The accident at Three Mile Island, Unit 2 (TMl-2) on March 28, 1979, included failure of a POAV 
on the pressurizer to roclose properly during the event. Based on lessons learned from the 
TM1·2 accident, the NRC issued recommendations regarding performance testing of safety and 
reliel valves used in nuclear power plants in NUREG-0578.79 In particular, the NRC stall 
recommended in Secbon 2. 1.2, "Performance Testing for BWR [boiling-water reactor] and PWR 
Relief and Safety Valves," of NUREG-0578 that nuclear power plant licensees commit to 
provide performance verification by full-scale prototypical testing lor 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.'9 

TMI Action Plan Item 11.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 following: 

Licensees and applicants shall delerrnine the expected valve operating 
conditions through the use of analyses ot accidents and anticipated operatiooal 
occurrences referenced in Regulatory Guide 1.70, Revision 2. The single failures 
applied to these analyses shall 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, pi ping, 
and supports, as well as tne valves themselves. 

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

,. NRG 1881 band NAC 1981 c 
n NRC 2007b and N RC 2007~ 
18 NRC 1979a 
'~ NRC 1980b and N RC 1 980c 
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(1) Evidence supported by test of safety and relief valve tunctionability tor 
expected operating and accident (non·[anbcipated transient witllout scram]) 
conditions must be provided to NRC. The tesbng should demonstrate that the 
valves will open and reclose under the ekpBcted flow conditions. 

(2) Since it is not planned to test all valves on all plants, each licensee must 
submit to NRC a correlation ar other evidenc0 to substantiate that the valves 
tested in the EPRI (Eloctric Power Research Institute) or other generic test 
program demonstrate the funclionability of as-installed primary relief and safely 
valves. This correlation must show that the test conditions used are equivalent to 
expected operating and accident conditions as prescribed in the final safety 
analysis report (FSARJ. The effecl of as-buill relief and safety valve discharge 
piping on valve operability must also be accounted for, if it is different from the 
generic test loop piping. 

(3) Test data including criteria for success and failure al valves tested must be 
provided lor NRG staff review and evaluation. These test data should include 
data thal would p<'lrmit plant-specific evaluation of discharge piping and supports 
that are not diroctfy tested. 

In descnbing the type or review to be conducted for this regulatory position. the NRC staH slated 
the lollowing: 

Pre-implementation review will be performed tor EPRI anct 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 lest data and tesl 
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 programs. These submittals should be 
made on a timely basis as noted below, to allow for adequate review and to 
ensure that the following valve qualification dates can be met: 

Final PWfl (EPRI) Test Program--July 1, 1980 

Final BWP Test Program--October 1. 1960 

Block Valve Oualilication Program--January 1, 1981 

Post-implementation re111ew will be based on the applicants· plant-specific 
submittals for qualification of safety relief valves and block valves. To properly 
evaluate these plant-specific applications, I.he test data and results of the various 
programs will also be required by the following dates: 

PW R (E PRI )/BWR Generic Test Program Results--July 1, 1981 

Plant-specilic submittals confirming adequacy o! safety and relief valves 
based on licensee/applicant preliminary review of generic test program 
results ··July 1, 1981 
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Plant-specific reparts tar safety and relief valve qualilication--October 1, 
1981 

Plant-specitic submittals for piping and support evaluations--January 1, 
1982 

Plant-specific subrnittals for block \lal\le qualification--July 1. 1982 

EPRI Testing 

In October 1982, EPRI issued NF'-2670-LD to address testing of PORVs.&:l This report has been 
referenced by certain licensees (e.g., Section 15 2.14 of the Nor1h Anna, Units 1 and 2 Updated 
Firtal Safety Analysis Report (UFSAA)"'). 

In December 1982, EPRI issued NP-2628-SR, which described safety and relief valve tests for 
types of valves in service at nuclear power plants.B2 In particular, Section 3.5 documented the 
testing of Crosby sarety valves similar to the PSVs at Byron and Braidwood, 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 pressurizer PO RVs at Byron and Braidwood, although the extent of 
water testing was not fully described. The report indicated no damage found during the 
inspection of the Copes-Vulcan relief valves. The report did not indicate any failures of the 
Grosby or Copes-Vulcan valves to reseat after discharging water during the testing. 

EPRI also published NP-2770-LD in the early 1980s to describe the testing of PWR primary 
system safety valves. Volume 1, issued in December 1982, provides a summary of the test 
program and its rosulls_a:i Section 4.5 of Volume 1 indicates that the following tests were 
performed on the Crosby 6M6 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 test had to be terminated The individual volumes of EPAI NP-2nO-LD 
discuss the test results for each specific PSV type, Volume 6, issued in March 1983, provides 
the test details for the Crosby 6M6 PSV. 

Westinghouse Evaluation of EPRI Testlng 

In July 1982, lhe Westinghouse Owners Group (WOO) submitted WCAP-10105."' In 
WCAP-10105, the WOG indicated that the design specification for PS Vs in Wes1inghouse­
designed nuclear power plants is for steam service only. Based on a review of the EPRI tesl 
data, the WOG concluded that the valves performed with chatler, but did not identify any valve 
damage. 

In January 1988. Westinghouse issued WCAP-11677, which compared the EPRI test data with 
leedwater line break safety analyses."" Westinghouse determined that all nuclear power plants 
addressee! in the EPRI testing had PSVs that would operate reliably during water discharge. 
Westinghouse evaluated the performance al the Crosby 6M6 PSVs during the EPRI tests, and 

" EPRI 19B2a 
"VEPCO 2015 
Ii EPRI 19B2b 
,; EPRI 1982c 
"WOG 1982 
'' Westinghouse 1988 
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considered that the performance involved less significant flutter (half lift motion) than the chatter 
(full llft motion) determined in the EPRI report. Westinghouse concluded that the Crosby 6M6 
PSV can pass slightly subcooled waler at a minimum up to three times without damage. 

Byron and Braidwood Licensing and Response to TMI Requirements 

The NRG safety evaluation reporls (SERs) associated with the issuance of the operating 
licenses for Byron and Braidwood included evaluation of lhe TMI Action Plan items.s5 In the 
introduction to the Braidwood SER, the NAC staff slated that the review and evaluation of 
compliance by the applicant with the licensing requirements established in NUREG·0660"7 and 
TMI Action Plan Item 11.D. t were incorporated into the reviews summarized throughout the SER. 

Appendix E. '·Requirements Resulting from TMl-2 Accident," to the Byron and Braidwood 
UFSAR in Section E.23, "Relief arid Safety Valve Test Requirements (11.D.1}," references the 
1982 transmittal from Consumers Power of a lest report for the EPRI safety and relief valve test 
program. !lil The UFSAR states that the final evaluation of the data indicated that the relief and 
satety valves will perform their intended functions for all expected fluid inlet conditions. The 
UFSAR also references the October 1982 licensee evaluation of the adequacy ol the relief and 
safety valves that had been submitted ro the NRC.89 

In Supplement 1 to the Braidwood SER.gt in Section 3.9.3.3, "Design and Installation of 
Pressure Reliel Oevices,"the NRG staff stated that EPRI had completed a full-scale valve 
testing program and referenced the July 1982 submittal of WCAP-10105. The NRC staff stated 
that the applieant responded to a requirement to demonstrate operability ol these valves 
through submittals dated July 1, 1982. October 26, 1982, and December 30, 1983. On the basis 
of a preliminary review, the NRC staff concluded lhat the applicant's general approach lo 
responding to this item was acceptable, and provided adequate assurance that the RCS 
overpressure protection systems at Braidwood could adequately perform their intended 
functions. The NAC staff staled that ii the detailed review revealed that modifications or 
adjustments to safety valves, POAVs, PORV block valves, or associated piping, would be 
needed to ensure that all lnteoded design margins were present, the NRC staff would require 
that the applicant make aopropriate modifications. The NRC staff categorized this issue as a 
Confirmatory Item. The NRC issued operating licenses tor all four Byron and Braidwood Units 
between February 1985 and May 1988. 

Closure of TMI Action Plan Item 11.D.l for Byron and Braidwood 

Following the issuance of the operating licenses, the NAC stall documented its review of the 
response to TMI Aclion Plan Item 11. D.1 tor Byron and Braidwood via two letters that transmitted 
similar Technical Evaluaticn Aeports (TEAs) developed by Idaho National Engineering 
Laboratory (INEL)." In its letters, the NRC staff 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 EPRI testing of PSVs and POAVs 

'" NRC 1983 and NRC 1986b (Braidwood), NRG 1 984 and NRG 1 987a (Byron) 
17 NRC 1980a 
,s Consume rs 1 982 
•• ComEd 1982 
so NRC 1986b. Similar discussion ~ppears in NRC 1984 for Byron, and NRC 1987a (also for Byron) states 
that TMI Action Plan llom 11.D.1 had been closed in NRC 1984. 
'' N RC 1988c (Byron) and NRC 1990a (Braidwood) 

- 34. 



similar to the Byron and Braidwood pressurizer valves. The TERs concluded that Byron and 
Braidwood had provided an acceptable response to TMI Action Plan Item 11.D.1. 

Section 4.2.3, '·Extended High Pressure Injection [HPI) Event." of the TE Rs stated lhat the 
potential for water discharge in extended HPI events can be disregarded lor an extended high 
pressure injection event because at least 20 minutes would be available for operator action. 

Water discharge was evaluated, however, in S action 4. 2.2, "FSAR Liquid Transients," of the 
TE Rs, This section discussed the evaluation ol the PSVs and PORVs for feedwater line break 
accidents that would include water discharge, and determined that the l:PRI tests were 
applicable to the Byron and Braidwood PSVs and PO RVs. 

In addition, Section 4.3.1, "Safely Valves," and Section 4.3.2. "Power Operated Relief Valves; 
of the TEAs determined that the performance of the PSVs and PORVs was acceptable based 
on the EPRI tests, includiig 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 saturated water test where the valve opened with water, chattered, 
and $tabilized. The TEAS indicated that the PORV opened and closed on demand in the loop 
seal sleam-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 

Westinghouse Nuclear Safety Advisory Letter 

In 1993 and 1994, Westinghouse issued Nu;;;lear Safety Advisory Letter (NSAL) 93-013 its 
Supplement 1 Id operating nuclear power plants (including Byron and Braidwood)."' These 
advisories resulted from Westinghouse's discovery that potentially nonconservative 
assumptions were used in the licensing analysis ol the Inadvertent Operation of the Emergency 
Core Cooling System at Power (IOECCS) event. 

In NSAL-93-013, Westinghouse recommended that licensees determine whether their 
pressurizer safety relief valves (PS RVs) are capable of closing following discharge of subcooled 
water. Westinghouse noted that the PSRVs might have been designed or "qualified" lo relieve 
subcooled water. Westinghouse indicated that water discharge through the power-operated 
relief valves (PORVs) is not a concern, because the PORV block valves can be used to isolate 
the PORVs ii they lail 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 (EGGS) flow used in the 
safety analysis, (2) using a less restrictive operator response time. or (3) crediting the use of 
one or more PORVs to help mitigate the event. 

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

Some licensees of operating nuclear power planls informed the NRG 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 plant licensees is summarized below in lhe 
"Plant-Specific Actions" section_ 

Additional NRC Generic Communications and Guidance 

In 2003, the NRG staff issued a review standard for extended power uprate (EPU) reviews."' 
Item Bon page 7 of the review standard states that pressurizer level should not be allowed ta 
reach a pressurizer water-solid condition. 

In 2005, the NAC issued Regulatory Issue Summary (RIS) 2005-29 la ootify nuclear power 
plant licensees of a concern identified during reviews of power uprate requests.'"' In AIS 2005-
29, !he NRC staff stated that typically Condition II scenariosM 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 
accident (LOCA). The NRG staff slated that 11 was concerned that some licensees may be 
crediting PORVs without qualification for water discharge and without establishing additional 
restrictions to ertSure the availability ot PORVs and block valves. The NRC staff stated that the 

02 Westinghouse t 993 and Westinghouse 1994 
"'NRC 2003 
;., NFIC 2005b 
01 As defined in Amer.can Nuclear Sociely [ANS) Standard 51 . t IN 18.2-1973 (ANS 1973). 
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advice in Westinghouse NSAL-93-013 to use ttie PORV block valves to isolate the PDRVs is 
inconsistent with non-escalation position. 

In draft Revision 1 lo RIS 2005-29, the NRC staff addresses the specific ANS Condition II 
scenarios of chemical volume and control system (CVCS) malfunction, inadvertent opening of a 
PORV or PSV (IOPSRV), and the IOECCS event. 96 Regarding ttie eves malfunction, the NRC 
stalt states that performing only a reactivity anomaly analysis or assuming that this malfunction 
is not as severe as the IOECCS event is not acceptable. Regarding the IOPSRV event, the 
NRC staff stated that inadvertent opening of PSV or PORV could continue as an ANS 
Condition Ill small break LOCA and fails to meet the non-escalation position. Regarding the 
IOECCS event, the NRC staff states that five of ttie alternative approaches In NSAL-93-013 fail 
to meet tile non-escalation position. The NRG stall indicated that these unacceptable alternative 
approaches are: 

1 . closing the block valve, 

2. assuming that the PORV is not operable, 

3. addressing a sluck-open PORV or PSV as a separate ANS Condition II event, 

4. determining that a stuck-open PORV or PSV is nol as severe as a small break LOCA,.Q[ 

5. determining that RCS loss through PORV is made up by ECCS flow, 

Additional General PSV/PORV 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.97 

The report found Iha! the increase in lailure rates is difficult to estimate because of limited data. 
However, the experts considered that repeated water discharge through safety valves 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 Idaho National Laboratory . .a With respect to pressurizer PORVs. the report found 
four separate water discharge events at four PWR plants. The report estimated 698 total 
demands on these PORVs during their water discharge events with no failures to close. The 
report also summarized test data for three valve types rrom the Equipment Performance and 
Information Exchange (EPIX) database maintained by the Institute of Nuclear Power 
Operations. The report indicates two failures of PORVs to reclose during 2070 demands, but 
does not specify 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 waler or steam service Following a request by the i=>anel, NRG staff from the Office of 
Nuclear Regulatory Research provided licensee Event Report information indicating that the 
lwo PSV failures involved incomplete reseating of the valves with leakage of 25 and 200 gallons 
per minute, respectively. The report summarized EPIX lest dala ror PSVs as no failures to 
reclose during 1805 demands. 

"NRC 2015a 
"EPRI 2004 
"NRC 2011 
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Plant-Specific Actions 

Disblo Canyon 

In 1996, the licensee for Diablo Canyon Power Plant (Oiablo Canyon) submitted a report of its 
evaluation under Title 1 O of the Code of Federal Regulaiioos (10 CFR), Section 50.59, 
"Changes, tests and experiments,·· of the potential for an I OECCS event.99 The submittal 
included NSAL-93-013 and its Supplement 1 as enclosures. The licensee indicated that the 
PSVs had not been initially qualified for waler discharge, but were subsequently qualified lo 
discharge water for a brief period. The licensee indicaled that WCAP-11677 (which evaluated 
the EPRI 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 
acluation of the PORVs in response to inadvertent safely injection (SI) actuation, lo avrnd 
challenges to the PSVs.100 To support the NRG statfs review, the licensee submitted additional 
information related to the capability ol the PO RVs to function adequately under conditions 
predicted for design-basis transients and accidents.,~, In response to a queslicn regarding the 
design adequacy of the PORVs if the pressurizer becomes water solid. the licensee stated that 
me PORV had no requirements for ASME BPV Code certific,1t,on,but relerenced a January 
1986 NRC 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 ffuid). 10. 

Salem 

In 1997. the NRC issued a license amendment revising the lechnical specification (TS) for 
Salem Nuclear Generating Slation, Units 1 and 2 (Salem) to ensure that the automatic capability 
of the PORVs to relieve pressure would be maintained.'"" In response to NSAL-93-013, the 
licensee determined that an inadvertent SI actuation at power could cause the pressurizer lo 
become water solid. The PSVs would lift and discharge water if the automatic opera1ion ol the 
PO RVs were not made avai I able for reactor coolant system (RCS) depressurizalion early 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 POAVs were not designed to "safety related" 
standards and. thus, could not be credited for automatic mitigation of an inadvertent SI actuation 
at power. In response, the licensee proposed an upgrade of the PORVs to eliminate the 
possibility that a single active failure of a PORV component could prevent the mitigation of an 
inadvertent SI actuation at power. As discussed in the NRC staff's safety evaluation (SE), the 
licensee implemented modifications to the PORV circuitry to qualify the upgraded circuitry as 
safety -related. 

Regarding PORV performance. the licensee evaluated the PORV air accumulators and 
determined that they had sufficient capacity for the inadvertent SI event. The licensee also 
reported that endurance tests had been performed with five different trims (with different trim 

99 PG&E t 996 
'"'NRC2004a 
10 ' PG&E 2003 
102 N RC 1986a 
IOJ NRC 1997 
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materials) on one PORV at Wyle Laboratories to demonstrale that (1 l alter 2000 consecutive 
operations, there were no packing leaks or packing gland adjustments required: (2/ there was 
no diaphragm failure: and (3) the solenoid valve withstood 10,000 operations without any loss of 
function. Based on this infom,ation, the NRC staff concluded that the PORV performance was 
acceptable to mitigate an inadvertent SI event. 

MIiistone 3 

In 1998. the NRC issued a license amendment for Millstone Nuclear Power Station. Unit 3 
(Millstone 3) that revised the TS to ensure lhat the capability of the PORVs to relieve pressure 
would be maintained. 10• The revised TS Bases staled that lhe PORVs and their associated 
piping had been demonstrated to be "qualified" for water discharge. The PORVs would prevent 
water discharge from the PSVs, for which qualification for water discharge had not been 
demonstrated. The TS Bases also staled that the prime importance for U,e capability to close 
the block valve is to isolate a stuck-open PORV. In the SE, the NRC staff referenced a 
December 1997 Licensee Event Report that notified the NRC of the issue of potential failure of 
PS Vs fol lowing water discharge."'' 

As part of this license amendment, the licensee upgraded the PORV circuitry, added additional 
PORV suNeillance requirements, qualified the PORVs and associated piping for water 
discharge, and revised emergency procedures to allow plant operators additional ti me to 
terminate the event. With respect to tho PORV circuitry, the NRC staff concluded that the PORV 
circuitry modifications qualified the PORV control circuitry as safety-related. With respect lo 
PORV performance, the l:censee reanalyzed the inadvertent SI event with the LOFTRAN 
computer code to determine the time available for operator action lo make a PORV available 
and provide the mass and energy releases needed to qualify the PORVs and assoaated piping 
for water discharge. The licensee relerenced EPRI testing that was said to generically resolve 
TMI Action Plan llems associated with POAVs and safety valve qualification for water and 
steam discharge, specifically the results from four tests of a Garren PORV (such as used at 
Millstone 3) for water discharge.106 The licensee determined that the PO RVs and associated 
piping are qualified for 1 hour of water discharge for an IOECCS event The licensee also stated 
that the PORV manufacturer performed numerous cycle tests 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 tor water discharge in accordance with the program 
established in response to Generic Letter (GL) 89-10.'°' The NRG staff found the licensee 
inlormatioo regarding the qualification of the PORVs for water discharge during the inadvertent 
SI event to be acceptable. 

Callaway 

In 2000, the NAC issued a license amendment for Gallaway Plant, Unit 1 (Callaway) that 
revised the TS to change the PSV lift setting range 1"" The change,s also credited automatic 
actuation of at least one PORV during an IOECCS event to prevent water discharge lhrough the 
PSVs; to enable this credit, the licensee modified aoo upgraded the POAV circuitry to lull 

,c,NRC1998 
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Class 1 E. 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 NRG statt's 
previous evaluation of Callaway's response to TMI Ac~on Plan llem 11.D.1 " 0 were also 
unchanged. As a result, the licensee staled thal the PORVs and associated discharge piping 
can accommodate water discharge 

Byron and Braidwood 

In 1998, lhe licensee for Byron and Braidwood requested an amendment lo its TS to take credit 
tor aulomatic operation ot lhe PO RVs to millgate an I OECCS event. 111 In the amendment 
request, the licensee stated that the PSVs had not been qualified to reseat afler passing 
subcooled liquid. The licensee staled thal the PORVs at Byron and Braidwood are safety­
related components with safety-related actuators and accumulator tanks. 'Nith PORV control 
circuits classlfled as safety-related. The licensee noted that some portions of the PORV circuitry 
are oonsafety-related, with improvements implemented in response to GL 90-06. 112 The 
licensee stated that the PORV block valves are within the scope of the GL 89-10 program. 

In 1999, the NRC staff requested additional information related to concerns that the PORV 
circuitry did not meet the single failure criterion. 11J The licensee reevaluated its approach and 
withdrew its TS amendment request. 114 No further action regarding this amendment request was 
identified by the Panel. However, in a public meeting during the review of the NRR Appeal, 11~ 

the licensee stated lhat the PORVs and their block valves at Byron and Braidwood are safety­
related with the exception of one circuitry aspect or the PORv. 11 e 

In 2001, the NRC issued a license amendment !Of Byron and Braidwood to increase the 
maximum thermal power ror each unit from 3411 megawatts thermal (MWt) to 2586.6 MWt 
(commonly referred as a stretch power uprate). 117 During its review, the NRG stalf requested 
that the licenS-Oe address water solid conditions in the pressurizer, because ii had generally not 
accepted a solid pressurizer for an IOECCS event ~given the potential for all 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 lo credit the PSVs to pai.s water. 116 The 
licensee discussed the EPRI testing program in response TMI Action Plan Item 11.D, 1, with the 
results summarized in EPRI NP-2628-SR.1' 9 The licensee referenced previous NRC approvals 
related to TMI Action Plan Item 11.D.1 "" 

The NRG statt made a fu,iher request regarding the temperature of water that would be 
discharged by the PSVs and the length ot time that the PSVs would be expected ta discharge 
water. The NRC staff also asked the licensee to discuss which EPRI tests are applicable to the 
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Byron and Braidwood condition. In response, the licensee stated that the PSVs would close 
after discharging water, although they may not be leaklighl. 121 The licensee stated that the 
leakage from up to three leaking PS Vs is bounded by one lully open PSV. The licensee 
indicated that the EPRI lesting of the Crosby safely valves in EPRI NP-2770-LD, Volumes 1 
and 6, 122 are awlicable. The licensee indicate<l that valve chatter occurred during the teslS with 
damage to the internals, but that the safety valve closed in response to system 
depressurization. The licensee stated that the Byron and Braidwood pressurizer water 
temperature of 590 "Fis higher than the EPRI tMts (530 "F). The l1ce11See stated that the 
assumed length of the event is 20 minutes from initial SI signal to when the system pressure is 
restored below PSV lift setpoiot. 

In Section 3.2 of the SE accompanying the license amendment, the NRC staff discussed its 
review of the performance of tho PORVs and PSVs to discharge liquid water for approximately 
20 minutes The NRC statt discussed the EPRI testing program, with the oonclusion that the 
PSV would close in response to system depressurization. The NRC staff reviewed the 
licensee's evaluation of the perfom,ance of the PSVs for liquid water conditions. The NRC staff 
found that the EPRI tests adequately demonstrated the performance of the valves for the 
expected water temperature conditions, and that there was reasonable assurance that the 
valves would adequately reseat following the spurious SI event. The NRG staff determined that 
EPRI test data indicated that the PSVs might chatter lor 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. Therefore, the NRC staff found the licensee's crediting of 
the PSVs to discharge liquid water during the spurious SI event to be acceptable. This portion of 
the SE was based on input provided by the Office or Nuclear Reactor Rcgula~on (NRR) Reactor 
Systems Branch, with technical input from the responsible staff member for safety valves in the 
NRA Division of Engineering."~ 

As noted by the licensee, Section 15.5.1 of the Byron and Braidwood UFSAR at the ti me of the 
stretch power uprate includes PSV water discharge and references the TMI Action Plan 
Item 11.0.1 approvals.,.. The current UFSAR Revision 15 concludes that the lOECCS event 
does not progress into a stuck-open PSV LOCA event.' 2$ 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 IOPSRV event. The UFSAR also specifics thal if SI results in 
discharge of coolant through the pressurizer valves. the operators will bring the plant to cold 
shutdown to inspectthe valves 

In 2004, the NRC issued a license amendment for Byron and Braidwood granting an adjustment 
to the PSV setpoints. 126 As documented in the SE. the NRG staff requested during its review 
that the licensee perform a quantitative analysis regarding PSV water cycles and cischarge 
waler temperature. For the loss of ac power (LOAC) with reactor coolant pump (RCP) seat 
injection event, the licensee's analysis indicaled that continued injection of water into lhe RCS 
through the RCP seals would result in a water-solid pressurizer and water discharge through the 
PSVs. The proposed PSV setpolnt tolerance assuming negative tolerance would resull in a 
lower PSV lift setpoint. With the lower setpoint, the PSV would open earlier, and a larger 
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number of PSV water cycles with a lower water discharge temperature could result during the 
transient. The licensee performed an analysis of the LOAC with RCP seal injection event, and 
determined the revised PSV setpoinl would result in an increase of about one PSV waler cycle 
and a reduction in the water discharge temperature of about 0.5 "F. A comparison of the 
reanalysis showed that the spurious SI evenl remained the limiting event since ii 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 water temperature (3.0 °F vs. 0.5 °F) than that calculated for the 
LOAC with RCP seal injection event. The water discharge temperature in lhe analysis of record 
for the spurious SI event was 590 "F. The lowest discharge water temperature for the spurious 
SI event with the revised PSV setpoint was 587 °F. The NRC slaff found that the calculated 
water discharge temperature (587 • F) was significantly higher than the discharge water 
temperature of 530 "F thal was used lo support operability of the PSVs as discussed in the 
analysis of record. As a result, the N RC staff concluded that the analysis was acceptable to 
assure that the PSVs will remain operable following a spurious SI event. 

In 2014, lhe NRC issued a license amendment for Byron and Braidwood granting a 
measurement uncertainty recapture (MUA) power uprate.127 The NRG staff determined that the 
IOECCS event was outside of the scope of the MUR power uprate, because the licensee did not 
propose to modify the Chapter 15 analyses related to PSV and PORV water discharge. 

Wilh respect to inservice tesling (1ST) activities, the Byron 1ST program'~ references the ASME 
Code tor Operation and Maintenance of Nuclear Power Plants (OM Code), 2004 Edition through 
2006 Addenda; and the Braidwood 1ST program'29 references lhe ASME OM Code, 2001 
Edition through 2003 Addenda. The Byron 1ST Program specifies the following testing and 
intervals for the PORVs, POAV block valves. and PSVs: 

• PORV: lail safe lest closed (cold shutdown interval), stroke-time exercise open and 
closed (cold shutdown inteN'al), and position indication test (2 year interval) 

• PORV Block Valve: exercise open and closed (2 year inlerval); 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 Preseniice and lnservice 
Testing of Active Electric Molor Operated Valve Assemblies in Light-Water Reactor 
Power Plants" (JOG Program intenial) 

• PSV: position indication test (2 year inlcrval) and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I, "lnservice Tesling of Pressure Relief Devices 
in Light-Water Reactor Nuclear Power Plants" 

Tho Braidwood 1ST Prog•am specifiei. the following testing and intervals for the PORVs. PORV 
block valves, and PSVs: 

• PORV: fail safe test closed (refueling outage interval). stroke-time exercise open and 
closed (refueling outage interval), and position indication test (2 year interval). 

mNRC2014a 
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• PORV Block Valve: exercise open and closed (quarterly interval) and position indication 
test (2 year interval) 

• PSV: position indication test (2 year interval), and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I 

Shearon Harris 

In 2001, the NAC issued a license amendment lo Shearon Harris Nuclear Power Plant, Unit 1 
(Shearon Harris) for steam generator replacement and a power uprate to a maximum power 
level of 2900 MWt (approximately 4.5 percent). 130 In addressing the licensee's evaluation of 
Standard Review Plan (SAP) Section 15.5. 1, the N RC staff fouoo that the analysis showed that 
the calculated inlet pressures and temperatures required for the PORVs and safety relief valves 
(SRVs)' 3' to operate in a water environment were within the valve operable ranges. and thus 
ensured that the PORV and SRV would be operable during the transient. The valve operable 
ranges were previously determined by the licensee to support operability of the PORV and SRV 
during 1he discharge of subcooled water in accordance with the TMI Action Plan Item 11.D.1 
requi rem en ts. Based on 1he analysis meeting the acceptance criteria of SAP Section 15 .5. 1 with 
respect to the ACS pressure limit and departure-from-nucleate-boiling limit, the NRC staff 
concluded that the analysis was acceptable. 

Beaver Valley 

In 2006, the NRC issued a license amendment authorizing an EPU for Beaver Valley Power 
Station, Units 1 and 2 (Seaver Valley), an approximate a-percent increase in thermal power to 
2,900 MWI. '12 In 1he SE accompanying lhe amendment, the NRG staff described its review of 
the capability of the PSVs to discharge liquid and adequately reseat for a spurious SI actuation. 
The NRC staff specifically evaluated whether the PSVs could reasonably be expected to reseat 
to prevent the spurious SI actuation {an ANS Condition II event) from causing a stuck-open PSV 
(an ANS Condition Ill event). This issue was said to be further discussed in RIS 2005-29. While 
1he PSVs for Beaver Valley were quafified lo discharge steam, if the valves discharged water 
with sufficient subcooling, the NRC staff was concerned that they might not reseat properly. 

Based the licensee's analysis, during a spurious SI event the PSVs would be required to 
discharge steam followed by high temperature water after lhe pressurizer filled. The licensee 
provided plots of the pressurizer water temperatures for this event that indicated that the 
minimum temperature of the discharged liquid for Beaver Valley was approximately 620 "F. To 
evaluate the capability of the valves to discharge and reseat, the NRC staff reviewed the 
available data from the full-flow tests performed during the EPRI test program in 1981 for the 
specific PSV models representative of those installed at Beaver Valley. The licensee also used 
the methodology contained in WCAP-11677 and determined that the minimum acceptable liquid 
temperature for which the PSVs were expected to successlully discharge and reseat was less 
than the minimum expected temperature for the spurious SI event for Beaver Valley. 

"" NRC 2001 d 
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The NRC stalf agreed 1hat both the minimum expected water discharge temperature and the 
minimum acceptable water temperature had been conservatively calculated. Therefore, the 
NRG staff determined that, for purposes cl preventing the occurrence of a more serious ANS 
Condition Ill event, there was reasonable assurance that the PSVs would discharge water and 
reseat adequately following a spurious SI actuation. A consideration of the NRC staff in making 
this finding was that, in the unlikely event ot a stuck-open PSV, the ECCS was fully capable of 
mitigating the resulting LOCA 

Turkey Point 

In 2012, the NRC issued a license amendment authorizing an EPU for Turkey Paint Nuclear 
Generating, Units 3 and 4 (Turkey Point), increasing the thermal power level of each unit 
approximately 15 percent to 2644 MW!. " 

In the SE accompanying lhe amendment, the NRC staff indicated that ECCS actuation was not 
a possible initiator of inadvertent increase in reactor coolant inventory because the high head SI 
pumps have a shut-off head below the normal RCS operating pressure. The NRC staff stated 
that a CVCS malfunction that increases RCS inventory was evaluated for the effects of adding 
water inventory to the RCS. II the pressurizer filled and caused water to be relieved through the 
PORVs or PSVs, then these valves could stick open and create a small break LOCA. The NRC 
staff stated that this would violate tho acceptance criterion 1hat prohibits the escalation of an 
anticipated operaliOnal occurrence (AOO) into a more serious event Satisfaction of this 
acceptance criterion was demonstrated by showing that sufficient time would exist for the 
operator to recognize the situation and end the charging ~ow before tho pressurizer could fill. 
The NRC staff concluded that the licensee's analyses of IOECCS and eves events adequately 
accounted for operation of the plant at the proposed power level. 

Regarding an inadvertent opening of a PORV. the licensee initially proposed that the 
consequences of this event were bounded by the small break LOCA The NRG staff did not 
accept this proposed disposition. If action were not taken to secure the open valve by either 
dosing the PORV or its block valve, the NAG staff slated that this event could escalate to a 
small-break LOCA, wllich would be contraiy to the non-escalation position. When the 
pressurizer filled, water would begin to flow through the open PORV. If the PORV were not 
qualified for water discharge, the NRC staff slated that it was likely the PORV would not close 
upon demand. In this way, the NRC staff stated that the inadvertent opening of a PORV, an 
AOC, would become a small break-LOCA at the top of the pressurizer, an ANS Condition Ill 
event. The NRC staff requested that the licensee address the inadvertent opening of the PORV 
with respect to the third criterion for an ANS Condition II event. 

The licensee provided an analysis performed largely 1n accordance with NRG-approved, 
Westinghouse analytic methodology using the RETRAN computer code, however, this analysis 
was performed assuming that the POFIV opened instead of the PSV. The NRG staff stated that 
assuming the opening of the PORV is acceptable, because the PSV is differently qualified, and 
reseats mechanically. An additional independent fault would be required to cause the PSV to fail 
to close. The analysis indicated that the pressurizer would fill within about 240 seconds. The 
licensee stated that there were multiple alarms to indicate the opening of a PORV. The licensee 
stated that a prompt operator action would be needed to close the PORV and, if the PORV does 
not close, the operator would be directed to close the block valve. Because the necessary 
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actions would be prompt and simple, the NRC staff agreed that there would be sufficient time to 
secure the inadvertently open PORV without filling the pressurizer. 

St. Lucie 

In 2012, the N RC i$SUed a license amendment authorizing an E PU for St. Lucie Plant, Unit 2 
(St. Lucie, Unit 2) that increased the authorized thermal power level about 12 percent to 
3020 MWt. 

Regarding an IOECCS event, the high pressure SI pumps would be incapable during power 
operations of delivering flow to the RCS because the pumps' shut-off head would be less than 
the normal RCS operating pressure of 2250 pounds per square inch absolute. Therefore, the 
licensee determined that the inadvertent operation of the ECCS at power event was not a 
credible event and did not analyze ii for the proposed EPU. The NRC staff found that the 
licensee's position for not analyzing the IOECCS event lo be acceptable. 

Regarding a eves malfunction, the licensee evaluated it as an AOO for the effects ol adding 
water inventory to the ACS. The NRe staff reviewed the licensee's analyses cf the eves 
malfunction event and concluded that the licensee's analyses adequately accounted for 
operation of the plant at the proposed power level and were performed using acceptable 
analytical models. The NAC staff detennined that the licensee's analysis demonstrated that the 
pressurizer did not become water solid, assuring no water was discharged through the PSVs. 

Regarding an IOPORV event, the NRC staff stated that, when viewed from the mass addition 
perspective, this event could be evaluated in two phases: (1) an inadvertent opening of a 
pressurizer relief valve, followed by (2) an inadvertent ECCS actuation. In the first phase, the 
NRC staff stated that this event could be mitigated by closing the open PORV or its btock valve. 
If the PORV or its block valve was not dosed, the NRe staff stated that the IOPORV event 
would enter the second phase with actuation of the ECCS. Based on its review, the NRC staff 
determined that the pressurizer overfill analysis, available alarming system, and procedures, in 
combination with simulator exercise results, provided reasonable assurance that the pressurizer 
would not be expected to fill to a water solid condition lhat could prevent the PORV or PSV from 
closing after they were open. The NAC staff therefore concluded that the event would not 
generate a mare serious plant condition, meeting the non-escalation criterion. The N RC stan 
stated that it reviewed the licensee's analyses of the inadvertent opening of a pressurizer POAV 
event, and concluded that the licensee's analyses adequately accounted for operation of the 
plant at the proposed power level and were performed using acceptable analytical models. 

The NRe staff concluded !hat the licensee demonstrated that all AOO acceptance criteria were 
satisfactorily met. 

NonhAnna 

North Anna Power Station, Units 1 and 2 (North Anna) UFSAA Section 15.2.14, ··spurious 
Operation of the Safety Injection System at Power," describes plant response to an inadvertent 
SI event. In particular, UFSAR Section 15.2.14.2.3, "Event Propagation," states the following: 

Safety valve (Reference 18) and PORV (Reference 19) testing has revealed no 
instances of failure of the valves ta reseat following water rel iel. Resulting 
leakage is within the capacity of the normal makeup system and is therefore not 
considered to be a small break less of reactor coolant event. Therefore, the 
complete filling of the pressurizer and/or water relief via a safety valve as a result 
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of a spurious safety injection does not constitute a failure to meet the event 
propagation acceptance criterion. AlthOugh primary credit for preventing the 
propagation of the event to a small break loss of reactor coolant event is the 
reseating of the PORVs and salety valves, it is noted that the PORVs (which 
open prior to the safety valves ood, if open, preclude salety valve actuation for 
this event) are provided with block valves 'At1ich the operator will ctose in the 
event of excessive PORV leakage. 

North Anna UFSAR Section 15.2.14.3, ·conclusions," indicates that the complete 1illing ol the 
pressurizer and water discharge via a PSV as a result of a spurious SI does not conslitute a 
failure to meet the non-escalation position. Furthermore, UFSAR Section 15.2, "References." 
lists EPRI NP-2770-LD and EPRI NP-2670-LO. 

Conclusion 

In conclusion. the reliance by the licensee for Byron and Braidwood on the acceptable 
performance of the PSVs and PORVs following waler discharge in response to abnormal events 
is not inconsistenl with similar approaches by some other nuclear power plant licensees. In 
general, the review ol activities by various nuclear power plant licensees related to PSV and 
PORV performance revealed reliance on E PAI, Wyle, and valve vendor tesli ng to provide 
support for the performance of these valves under various service conditions. Specific 
certilication lor flow capacity of these valves lor water discharge in accordance with the ASME 
BPV Code and National Board was not identified in the review of various justifications prepared 
by nuclear power plant licensees. 

In evaluating the historical documents for Byron and Braidwood, the Panel found it challenging 
to determine specifically how the licensee resolved the concern raised in NSAL -93-013 in its 
analyses and ploot operations. While the record does not currently support a compliance backfit 
in this case, if (as recommended by the Panel) the NRC staff undertakes a generic review of 
licensees' treatment of the potential for pressurizer valve damage following water discharge, it 
may be appropriate to consider what actions have been taken. how operating experience v.nth 
water Clischa.rge has been considered, and how analysis assumptions are considered in 
operational practices (including inservice testing) at each plant. 
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Clark, Theresa 

From: 
Sent: 
To: 

Subject; 
Attachments: 

Spencer, Michael 
Tuesday, August 23, 2016 1:04 PM 

Clark, Theresa 

Spencer Comments on Backfit Appeal Report References - 8-23-16.docx 

Spencer Comments on Backfit Appeal Report References - 8-23-16.docx 

Theresa, I did a typo review of the references and abbreviations and have a few comments, attached, on the 
references. 

Michael 

1 



Spencer Comments on Backfit Appea I Fleport Fleferences - 08/23/2016 
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Increases Reactor Coolant Inventory." Revision 1, dated July 1981. ADAMS Accession 
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51. NRC 1990a: U.S. NAC, letter from S. Sands to ThomasJ. Kovach, Commonwealth 
Edison Company, "NUREG-0737, Item 11.D. 1, Performance Testing on Relief and 
Safety Valves for Braidwood Station, UnitJK·S 1 and 2," dated May 21, 1990. ADAMS 
Accession No. ML003772409 l(pages 189-217 of file).). 

57. NRG 1996: U.S. NRG, NUREG-0800, SRP Section,, 15.5.1 -15.5.2. "Inadvertent 
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72. NRC 2007b: U.S. NAC, NUAEG-OSOO, SAP Section\; 15.5.1 -15.5.2, "Inadvertent 
Operation or ECCS and Chemical and Volume Control System Malfunction that 
Increases Reactor Caola11t l11ve11tory," Revision 2, dated March 2007. ADAMS 
Accession No. ML070820081. 

so. NRC 2015a: U.S. NRG, Draft Revision i to RIS 2005-29. "Anticipated Transients that 
Could Develop into More Serious ·Events," dated July 13, 2015. ADAMS Accession 
No. ML i5014A469. (Also published:,; for public commenl at 80 FR 42559.) 

Commeni.d [MAS1]: We-lied 0,11,r 10 the plural in 
the 1eport. 

Co111ftlented [MAS2): l11is Is not part of the tide of tlie 
do<umenl. 
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Clark, Theresa 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Theresa, 

Scarbrough, Thomas 
Monday, August 22, 201612:19 PM 
Clark, Theresa 
Spencer, Michael; West, Steven; Holahan, Gary 
RE: My comments on Friday's clean master 
Backfit Appeal Panel Report (MASTER) - Scarbrough 8-22-2016.docx 

In my attached markup of the Friday version of the report, I propose a few minor changes with comments in the margin. 

My only significant suggestion regarding the report findings is my proposed ending to the sentence at the top of page 13 
regardins the assumption that PSV failure following water discharge is a passive failure. I think we should add a 
provision to the end of the sentence that the licensee needs to justify that assumption (such as by EPRI testing). 

The changes in the version provided with your e-mail this morning look fine with a few edits as follows: 

- Footnote 13 has an extra "not" in the sentence. 
- On page 4 in the second line of the second paragraph, the word "depended" appears misspelled. 
- On page 8 in the last paragraph, the word "panel" should be capitalized. 
-On page 18 in the first full paragraph, the second sentence should use "had" rather than "would" before "conducted" 
- On page 21 in the last full paragraph, it appears that the last sentence should specify ''prevent" rather than ''ensure" 
pressurizer overfilling. 
- On page 23 in the first paragraph, the last sentence has an extra "not" 

Thanks. 
Tom 

-----Original Message----­

From: Clark, Theresa 
Sent: Monday, August 22, 2016 8:44 AM 
To: West, Steven <Steven.West@nrc.gov>; Holahan, Gary <Gary.Holahan@nrc.gov> 
Cc: Spencer, Michael <Michael.Spencer@nrc.gov>; Scarbrough, Thomas <Thomas.Scarbrough@nrc.gov> 
Subject: RE: My comments on Friday's clean master 

Thank you, Steve! 

I put in your comments through Appendix A and will be out of the office at an OEDO meeting most of the rest of the day. 
I'll get the rest in as soon as I can and resend. 

Note that I put a few comments in the margin, mostly for Steve's awareness, but one for Michael to check and one as a 
placeholder based on an email from Steve {will address more later). 

-----Origi na I Me ssage--4 -· 

From: West, Steven 
Sent: Sunday, August 21, 2016 7:35 PM 
To: Clark, Theresa <Theresa.Clark@nrc.gov>; Holahan, Gary <Gary.Holahan@nrc.gov> 
Cc: Spencer, Michael <Michael.Spencer@nrc.gov>; Scarbrough, Thomas <Thomas.Scarbrough@nrc.gov> 
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1 BACKGROUND 

On June 22, 2016,· in accordance with NRC Management Directive (MD) 8.4,2 the NRC 
Executive Director for Operations (EDO) established a Backlit Appeal Review Panel {Panel) to 
review the appeal by Exelon Generation Company, LLC (Exelon or the licensee) cl the U.S. 
Nuclear Regulatory Commission (N RC) staff" s determination U,at a backlit is necessary at 
Braidwood Station, Units 1 and 2 (Braidwood} and Byron Station, Units 1 and 2 (Byron), as well 
as the NRC staff's application of the compliance backlit exception provided in Title 10 ol the 
Code of Federal Regulations (10 CFR), Section 50.109, "Backfitting." 

This backlit determination is documented in an October 9, 2015, letter (referred to as the Backlit 
Letter).3 The letter describes the NAC 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 Dases and several NRC regulaiions: 

• General Design Criterion (GDC) 15, "Reactor coolant system design," in 
10 CFA Appendi~ A. "General Design Criteria for Nuclear Power Plants" 

• GDC 21, ''Protection system reliat.lily and testability" 

• GDC 29, "Protection against anticipated operational occurrences" 

• Paragraph (b) of 10 CFR 50.34, "'Contents of applications; technical information" 

Specifically, the NRC staff determined that Byron and Braidwood do not comply with provisions 
in American Nuclear Society (ANS) Standard 51.1/NlB.2-19734 for ensuring that ANS 
Condition II eventss do not progress to more serious ANS Condition Ill events following water 
discharge6 through certain valves. The NRC staff acknowledged that the NRC staff position 
differed from a previous staff position documented in a May 4, 2001, salety evaluation {SE) 
supporting a stretch power uprate (referred lo as the Uprate SE).7 However, the NRC staff 
determined lhal the backfilling was justified under the compliance e~cepUon in 10 CFR 
50. 109(a)(4)(i). The licensee was directed to take action to resolve the non-compliance. 

On December 8, 2015, 1he licensee appealed the N RC staff's decision to the Director of the 
Office ol Nuclear Reactor Regulation (NRA), stating its disagreement with the NRC's conclusion 
that the compliance exception to the backlit rule applies in this case, and that the NRC has 
lwice approved the underlying analysis.6 The referenced approvals were an August 26, 2004, 

'NRC 2016e (Author and year citations in footnotes refer to the designation of reterences in Appendix D 
to this report.) 
'NRC2013 
'NRC 2015b - referred to as the Backlit Leiter in the remainder of the report 
• ANS 1973 
'Specifically, inadvertenl operation of the emergency core cooling syslem (IOECCS), malfunction of the 
cnemieel and volume control system (CVCSJ. and inadvertent opening of a pressuri 7er safery or relief 
valve. 
• For consistency in this repor1, the Panel uses the phrase "water discharge" rather lhan "w;iter relief'" or 
"liquid discharge" (except in direct quotes), as this is tne phrase used in the Westinghouse documents 
that raised the issue addressed in this re port. 
' NRC 2001 b - referred to as the Uprate SE in the remainder of the repon 
' Exelon 2015 relerrnd 10 as the NRR Appeal in The remainder of the report 

- 1 -



license amendment associated with pressurizer safety valve (PSV) setpoints9 and the above­
referenced Uprate SE. In a letter dated May 3, 2016, the NRC responded to the licensee's 
appeal and reaffirmed its decision that lhe backlit per the compliance exception provisions of 
10 CFR 50.109(a)(4)(i) is appropriate.'" 

On June 2, 2016, the licensee again appealed the NRC staff's decision, this time to the E DO." 
The purpose of this report by the Backlit Appeal Review Panel is to provide information and 
recommendations to support the decisioo or the EOO. 

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 NRG staff letters mentioned above; the 
Uprate SE and Sctpoint SE; and a June 16, 2016, letterfrom the Nuclear Energy Institute 
(NEI J 12 supporting the Exelon backlit appeal. The Panel also reviewed many other related 
documents, which fall into five broad categories: 

• The Backfit Ruic (10 CFA 50_ 109), related court actions, and Commission and stafl 
guidance on application ol lhe Backfit Rule 

• Docketed commlllications for Byron and Braidwood from 1982 to the present, including 
license amendment requests (LARs) by the licensee. NAC-issued license amendments, 
NRC requests tor additional information (RA ls), licensee responses, meeting 
summaries, NRC SEs. and the licensee's Updated Final Safety Analysis Report 
(UFSAR) 

• N RC guidance relevant to the analysis of I OECCS events over the period of 1981 to the 
present, including Standard Review Plan ( SRP) Section 15 .0, Section 15.5 .1 - 15.S. 2, 
and Section 15.6.1 ' 3 

• WestinghOuse Nuclear Safety Advisory Letter (NSALJ 93-01314 and its Supplement 111 , 

as well as docketed communica1ions regarding actions taken by other licensees in 
response to Weslinghouse NSAL-93·013 

• The history of NRC and industry activities related to power operated relief valves 
(PORVs), their block valves, and PSVs (including Three Mile Island (TMI) Action Plan 
Items 11.D.1, 11.D.3,II.G.1, 11.K.3 documented in NUREG-073716, as well as Generic 

'NRC 2004b - referred to as the Setpoint SE in the remainder ol the report 
,o N AC 201 se1 - referred to as NRA Appeal Decision in the remainder of the report 
"Exelon 2016a- relerred to as EDO Appeal in the remainder of the report 
"NEI 2016 
13 NAC 1981a, NRC 1981b, NRG 1981c, NRC 2007a, NRC 2007b, and NAC 2007c 
" Westinghouse 1993 
" Westinghouse 1994 
'~ NAC 1980c - referred to as the TM I Action Plan in the remainder of the report; lessons learned lrom 
TMI were also presented in NUREG-0578 (NAC 1979a], NUAEG-0585 {NAC 1979b), and NUREG-0660 
(NRC 1980aJ 
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Letter 89-1017 and its supplements), Electric Power Research lnstitule (EPRI) valve 
testing, and operating experience (NUREG/CR-703718) 

In addition to !he document review, the Panel had the benefit of meelings with NRA (both the 
Division of Safety Systems and the Division of Engineering), lhe Office of the General Counsel. 
and the NAG Committee to Review Generic Requirements (CRGR). Both Exelon (Bradley 
Fewell, Senior Vice President of Regulatory AHairs) and NEI (Tony Pietrangelo, Senior Vice 
President and Chief Nuclear Olficer) declined offers for a public meeting, but indicaled a 
willingness to provide information if the Panel identified the need. The Panel did not identify a 
need lor add1~onal information from either Exelon or NEI to complete its review, which is 
summarized below and documented in the attached report 

At the request of the Panel, the Office of Nuclear Regulatory Research (AES) conducted risk 
analyses using the NRC's Standardized Plant Analysis Risk model for Byron Unit 1 19 These 
analyses infom,ed the Panel's response to the question from the EDO regarding the risk 
significance of the relevant accident sequences. 

1.2 Proposed Compliance Backfit and Exelon Appeals 

In the Backlit Letter. the NRC staff informed Exelon that it had determined that Byron and 
Braidwood are not in compliance with GDCs 15, 21, and 29; 10 CFR 50.34(b): and the plant­
specific design bases that were e~pected to demonstrate there will be no progression of 
Category II events to Category Ill 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 staff 
concluded that the UFSAR does not contain analyses that demonstrate that the plants' 
structures, systems, and components (SSCs) will meet the design criteria for ANS Condition II 
faults as stated in Byron and Braidwood UFSA R Section 15.0.1 .2. Based on the SE attached to 
its letter, 2·i the NAC staff 'ound that the licensee must take action to resolve the non­
compliance 

The Backlit SE addressed three accident analyses in Chapter 15 of the Byron and Braidwood 
UFSAR: (1) IOECCS: (2) CVCS malfunction that increases reactor coolant inventory: and (3) 
inadvertent opening of a pressurizer safety or reliel valve {IOPORV). The NRG staff noted that 
each ANS Condition II event musl be shown to meet the following: 

1. no fuel damage, 

2. no overpressure of the reactor coolant system {RCS) or main stearn system, and 

3. no progression into an event of a more serious category wilhout another independent 
fault. 

Regarding an IDECCS, the NRC staff stated in Section 3.1.2.1 of the Backlit SE that use of the 
block valve to isolate a stuck-open POAV was uni;cceptable. The NRG staff stated that 

"NRG 1989 
·• NRC 2011 
1" NRG 2016f 
20 Referred to as the Backfi1 SE in the remainder of the report 
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Westinghouse recommended this approach in 1993 anct that the NRC staff rejected this 
approach in 2005 (RIS 2005-2!12'). 

In Seclion 3.1.2 .4 of the Backlit SE, the NRC staff stated that the Byron and Braidwood 
IOECCS analysis depends 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 support water qualification of the PSVs: 

1 . In accordance with the American Society of Mechanical Engineers (ASME) Boiler and 
Pressure Vessel Code (BPV Code), Section Ill, provide the original Overpressure 
Protec1ion Report defining operating conditions and required relief capacities, and 
manufacturer's certification and test results 

2. In accordance with the ASM E Code for Operation and Maintenance of Nuclear Power 
Plants (OM Code), provide inservice test history for PSVs. including water and steam 
tests. or provide oorrelalion test for alternative test fluid. 

Regarding a eves malfunction, the NAC stall stated in Section 3.2 of the Backfit SE that the 
licensee had not provided an analysis for the eves malfunction that increases reactor coolant 
inventory that demonstra:es the plants' ability to meet the requirements of an ANS Condition II 
event. 

Regarding an IOPORV, the NAC staff stated in Section 3.3 of the Backlit SE that the liCensee 
had not provided an analysis for the IOPORV that extends long enough into the transient to 
demonstrate the event would not transition from an ANS Condition It event to an ANS Condition 
Ill event. 

In the Backlit SE, the NRC staff referenced Millstone22 and Callaway"' license amendments as 
examples ol licensees upgrading PORVs for water discharge; a Beaver Valley extended power 
uprate (EPU) license amendment'• as an example ot qualifying PORVs tor water discharge; and 
Turkey Point1~ and St. Lucie Unit 226 EPU amendments as additional precedent in support of the 
backfit decision. 

In the NRA Appeal, Exelon asserted that the NRC had not justified invoking the compliance 
exception to the backlit rule. Exelon stated that the NRC approved its IOECCS analysis in the 
Uprate SE and Setpoint SE. 

In the NRA Appeal Decision, the NRC staff stated that the previous approvals were inconsistent 
with the Agency's general position on the known and established standard at issue, in this case 
the progression of ANS Condition II events to higher level events. The NRC staff stated that the 
fact that the NRC staff were aware of references to EPRI repons on the ability of these non­
water qualified PSVs to reseat in certain circumslances is not sufficient to support the licensee's 
position_ 

21 NRC 2005b 
"'NRC 1998 
''NRC 2000 
24 NAC 2006 
25 NRC 2012a 
26 NAC2012b 
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In the EDO Appeal, Exelon stated that the NRC had misidentified the "known and established 
standard" at issue as the prohibition of ANS Condilion II events progressing to ANS Condition 111 
events. Exelon asserted 1flat the standard in question concerns what is necessary to "qualify" 
valves for water discharge. Exelon contended that this standard Is the EPRI les1ing and 
analysis, and that llle NRC has agreed that Byron and Braidwood meet this standard. Exelon 
also contended Iha.I the change in NRC staff position on prior approvals is not a mistake of fact 
but ralher a new or modified i nterprotation of compliance with NRC requirements, lor which use 
of the compliance exception provided lor in the Backfit Rule is not appropriate. 

1.3 Backflt Rule and the Compliance Exception 

Backtitting is defined by to CFR 50.1 OS(a) as; 

..• the modification of or addition to 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 operate a facility; any 
of which may result from a new or amended provision in the Commission's 
regulations or the imposition or a regulatory staff position interpreting the 
Commission's regulations that is either new or different from a previously 
applicable staff position .... 

Unless one of three specified exceptions apply, the NRC may impose a backlit only if it 
perlorms a backlit analysis in accordance with 10 C FR 50. 109(a)(2) and determines in 
accordance willl 1 O CFR 50.109{a)(3) '1hat there is a substantial iocrease in the overall 
protection of the public health and safety or the common defense and security to be derived 
from the backlit and that the direct and indirect costs of implementation for that facility are 
justified in View of this increased protectioo." 

Section 50.109(a)(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 1fle ''modification is 
necessary to bring a facility into compliance with a license or the 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, 

The Commission explained its intended application ol the compliance exception in the 
Statements ol Consideration (SOC) accompanying the 1985 final rule amending 
10 CFA 50.109:27 

The compliance exception 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 ol fact. II should be noled that new or modified 
interpretations of what constitutes compliance would not fall within the exception 
and would require a bac;kfit analysis and application of the standard. 

tn the same SOC, the Commission acknowledged that staff interpretations of rules are not 
legally binding, but the Commission also stated that "staff interpretations of broadly staled rules 

27 NRC 1985, at 36103 
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are often necessary to give a rule effect and in some instances may be a causal factor in 
ini liating a backlit. "2e 

By its terms, the compliance exception applies to actions necessary for compliance with rules, 
licerises, and orders, or for conformance with written commitments.29 Also, the Commission 
explicitly acknowledged the importance of staff interpretations of rules in lhe regulatory process. 
Thus, the Panel understands the term "known and established standard" to include standards 
established in rules, licenses, orders. and written commitments, and NRG interpretations of 
rules. Some standards may be broad-basocl, while others may apply only to a limited number of 
plants. As stated in NUREG-1409, "[i]nformal or formal communications to one licensee are not 
official positions to all licensees ... Orders, licenses, and written commitments are applicable 
only to a parlicular licensee," 

The failure to meet a known and established standard is grounds for a compliance backlit if this 
failure 1s due to "omission or mistake of fact" Th us, ii a licensee obtains NRC approval of an 
alternative to a specific standard set forth in guidance, that standard and guidance could not be 
used to support a compliance backfil unless the N RC's approval of lhe alternative was based on 
an omission or mistake of fact. "Known and established standards" are to be distinguished from 
"new or modified interpretations of what constitutes compliance," which do not fall within the 
compliance exception. The Panel understands the term "new or modified interpretations" to 
include situations where the NRC has, in effect, "changed its mind" on how to interpret !he 
language o( a requirement or on how much assurance is necessary to conclude that the 
requirement is met. Levels ot assurance might be established in temlS such as acceptable 
probabilities or consequences, conservative assumptions, ors ufficient margin. 

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

1.4 A Brief History of Pressurizer Valve Issues 

Appendix B to this report provides a summary of the NAC and industry"s testing, evaluation, and 
other consideration of PORVs and PSVs since the TMI Unit 2 (TMl-2) accident in 1979. This 
historical review provides context for discLJssion of valve ··qualification· in the Backlit SE. It also 
provides the basis for the Panel's conclusions regarding the "known and established standard'" 
for "qualification" in the context of the TMI Action Plan item and subsequent activities, as well 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 not applied the "single-failure 
assumption" as noted abOve, the Panel considered the applicability of the single failure criterion 
to PSVs. The Panel expended considerable efforl in searching for an answer to what appears to 
be a simple question: "Are PSVs active components subject to the single failure criterion, or are 

1• NRC 1985, at 38102. TM 19B5 backlit rule was v.icatM tly a Federal court on grounds unrelaled to lhe 
compliancA backfit excepllan. See Union of Concerned Scien~·s1s v. U.S. Nuclear Regulatory Com'n, 
824 F.2d 108, 119-20 (1987). In 1986, the Commiss,on amended the oack1it rule (NR:C 198Bb)to address 
the court's concerns, but did not change the 1985 rule's compliance excep1ion pr011ision. Thus, the 
quotoo stalcmcnts from lhe 1985 n;le are the applicable expression of Commission intent regarding 
compliance backfits. 
"" NUREG-1409 (NRC 1990c) defines written commitments broadly to include lhe 'iinnl safety analysis 
report, licensee event reports, and docketed correspondence, including responses to NRC bullelins, 
generic letters, inspection reports, or notices of violation and conti rmatory actiOn lelter;;." 
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they passive components exempl from ii?" NRA 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), an historical 
perspective is provided. In general, the Panel found that the classification of a component as 
"active" or "passive" depends on its design, application, and function. Far example, passive 
components almosl always do not need external power; usually do not need an external 
actuator (e.g., signal)00; sometimes do not involve any mechanical motion (e.g., movemenl of a 
valve disc)~1; and sometimes do not involve any motion, either fluid or mechanical (e.g., piping). 
I nlemational Atomic Energy Agency (IAEA) TECOOC-1624 stales that ''[s)afety related tem,s 
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 guidance further defines fourievel§. of "passivity' to ·to help 
eliminale confusion and misuse of the terms by members of the nuclear community." In addition, 
SECV·05·01383~ also acknowledges and discusses inconsistencies in the use and application 
of 'the term "passive." 

The introduction to lhe GDCs and the related footnote define the applicability of the single 
failure crilerion in terms of electrical versus fluid systems, and active versus passive 
components. Neither the GDCs nor NAG 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 components and pumps and motor-operated valves that 
operate to perform their safety funclions are active components. k:. discussed in Section 3.6 
below, check valves might be classified as aclive or passive components depending on specific 
considerations. 

With respect to PSVs, the ASME BPV Code applicable to Byron and Braidwood includes 
requirements for overpressure protection lhat relate to the single lailu re crilerion through several 
specific design and construction requirements. As a result, the PSVs are conservatively sized 
with sulficient margin to accommodate a single failure allhough the single failure criterion is 
almost never explrcitly discussed or applied in accidenl analyses. The Byron and Braidwood 
UFSAR states that "adequate overpressurization protection is provided by the lhree installed 
safety valves." Neilher the UFSAR system descriptions nor lhe safety analyses provide detailed 
discussions of potential F'SV failures or their consequences. The principal discussion of 
poten1ial 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 1he current issue, the Byron and Braidwood UFSAR analyses of overpressure 
events (e.g., loss of load, loss of fecdwater) do not apply the single lailure criterion to cause a 
PSV to stick open (i.e., fail to reseat) when opening on steam llow. In addition. the UFSAR 

1° For example, SECY-77--439 (NRC 1977) states: "Examples [of passive lailures in fluid systems] include 
the lailuro 01 a si mplo chock valve to move to ,ts correct position when required, the I eakage of fluid lrom 
failed components, such as pipes and valves-Par1icularly through a failed seal at a valve or pump-or 
line blockage. Motor-operated valves which have the sou roe of power lockoel out arc al!owed lo be 
treated as passive components." 
31 For example. NUREG-1 aoo (NRC 200, cJ statP.s thal "' [p)assive' structures and components. for the 
purpose ol the license renewal n.Jle, are those that perform an intended function ... without moving parts 
orwithoul a change in configuration or properties ... 'passive· may also be interpreted to include 
structures and components that do not display ·a change of slate.'" 
32 NRC 2005a 
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F eedwater System Pipe Break analysis (Chapter 15 2.8) does not apply 1he single failure 
criterion to cause a PSV to stick open either during steam discharge or during water d1sct1arge. 
A survey of other Westinghouse-designed plants showed that this traatment of PSV valve 
performance during anticipated operational occurrences (AOOs, similar to ANS Condition It 
events) and postulated accidents (similar to ANS Condition 1V evenls) has been consistent and 
without any identified exceptions.J:J 

1.5 History of Wes1inghouse 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 NRG was involved in reviewing and approving these actiOns. This review provides ttie 
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" for event escalation from ANS Coodition II to ANS Condition Ill, referred to hereafter 
as the "non-escalation positiOn " 

2 SUMMARY OF PANEL FINDINGS 

F0<the reasons provided in Section 3, the Panel concludes that 1n 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 following water discharge if the likelihood is sufficiently small, based 
on well-informed staff engineering judgment. The Panel also concludes that, in preparing the 
Uprate SE and the Setpoint SE, the NAC staff exercised reasonable and well-informed 
engineering judgment wnen the NAG stat! concluded that the PSVs were unlikely to stick: open. 
The non-escaJation position does nor establish specific standards for valve qualificalion, so the 
non-escalation posrtion, standing alone, provides no basis for rejecting ttie licensee's reliance 
on EPRI valve tes~ng. Moreover, the Panel finds 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 
water discharge through pressurizer valves.:>' Therefore, the Panel also concludes that the 
position on valve qualification in the Backlit SE 1s a new or modified interpretation al what 
constitutes compliance 

3 DISCUSSION 

The compliance exception to the Backlit Rule is intended to address failures to meet known and 
established Commissioo standards because of omission or mistake of fact New or modifiad 
interpretations of what constitutes compliance do not fall within ttie exception. The Panel 
reviewed and evaluated the informalion referenced in this report to determine if, in 2001 and 
2004, there was a known and established standard of the Commission relating to the potential 
tar PSVs to fail following water discharge during IOEGGS events. 

In addition, the Panel considered the issue of "known and established standards of the 
Commission" as ii relates to "avent escata~on." In the NRR Appeal Decision, the NRG staff 
stated that the Backlit SE "showed that the approvals at issue for Braidwood and Byron were 

;, Examples include Watts Bar (NRC 19B2 and TVA 1 983), North Anna (N RC 1 976), and AP1 ooo 
(Westinghouse 2011) 
'- "Pressurizer valves" is used in this repon to reler lo e,ther PO RVs or PSVs when d1,cussing issues 
common to both types of valves. 
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inconsistent with the Agency's general position on the known and established standard at issue, 
in this case the progression of [ANS) Condition II events." The Panel recognizes that the non­
escalation position, although not included in NAC regulations, is widel,' referenced in reactor 
licensing bases as an approach for addressing AOOs and postulated accidents as articulated in 
the GOCs. The non-escaiation position is incorporated in Section 15.0.1.2 of the Bvron and 
Braidwood UFSAR as "By definition, these faults (or events} do not propagate lo cause a more 
serious fault. i.o .. [ANS) Condition Ill or IV events." 

Neither Exelon nor lhe Panel disputes that the non-escala1ion position is now, and was in 2001 
and 2004, a part of the licensing basis of both Bvron and Braidwood. The Panel supports the 
NFIC staff's view 1hat non-escala1ion (from ANS Condi boo 11 to ANS Condition 111 or IV) is a 
known and established standard applicable to Byron and Braidwood. However, the Panel 
agrees with Exelon that the fundamental issue is oot lhe non-escalation position. but the 
appropriate standard lor PSV water discharge. In the absence of a PSV failure to reseat, the 
concerns articulated in the backfit related 10 event classification, event escalation, and 
compliance with 10 CFR 50.34(b) and GDCs 15, 21, and 29 would no longer be at issue. 

The Panel's evalua1ion of lne treatment of PSV failure potential includes an assessment al 
multiple relevant references, which are discussed chronologically in the sections that follow. 

3.1 General Design Criteria (1971) 

In 1971, the Atomic Energy Commission published the GDCs, which had been under 
development since 1965.35 The introduction to Appendix A addresses "Single Failure" in the 
seciion 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 single failure are under development" 
(emphasis added). 

3.2 Commission Paper on Single Failure (1977) 

In response to several staff concerns and differing views on the subject of application ot the 
single failure criterion, the Acting Director of N RR issued S ECY-77-439 ·'[t]o inform the 
Commission of the present status and tutu re use of the Single Failure Criterion as a tool in lhe 
reactor safety process."36 In part, that paper addressed the application of the single failure 
criterion to passive components in fluid systems, stating !hat "[a]pplication of !he [single failure) 
concept is complicated by the interrelationships between the various lluid and electrical systems 
and their supporting auxiliaries in a nuclear power plan!. Furthermore, there is a need to 
stipulate 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 subsequent years [since the single failure footnote quoted above was 
published] stalf assumptions regarding the nature of passive failures which 
should be considered have not been completely consistent and there has been 
same disagreement. However. on the basis of the licensing review experience 
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accumulated in the period since 1969, it has been judged in most instances 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. 

SECY·77·439 provides detimtions and examples for distinguishing between active and passive 
failures. Among these examples, SECY-77-439 cites "the failure of a simple check valve to 
move lo its correct position when required' as a passive failure. or the examples cited in SECY-
77-439, the check valve example is most similar from a mechanical perspective to the PSV 
failure addressed in the Backlit SE, as explained below in the discussion of SECY-94-084. 

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

3.3 TMI Action Plan Item 11.D.1 (1980) 

As an element of the TMI Action Plan, the NRG staff required licensees to address the capability 
of relief and safety valves to perform their intended functions without failure. Specifically, 
Item 11.0.1 states that "lp]ressurized-water reactor [PWA] and boiling-water reactor [BWRJ 
licensees and applicants shall conduct testing to qualify the [RCS] relief and safety valves under 
e,cpected operating conditions for design-basis transients and accidents." With reference to 
planned EPRI testing and other generic industry test programs, NUAEG-0737 specified 
provisions for then-operating nuclear power plants and applicants for operating licenses and 
holders of construdon permits to address the TMI Action Plan items, including Item 11.0.1. 
NUREG-0737 stated, for the perlormance testing of relief and safety valves for Item 11.D.1, that 
"[l]he testing should demonstrate that the valves will open and reclose under the expected flow 
conditions." 

Although limited in scope, the EPRI test results did not identity any generic issues with PSVs or 
PORVs slicking open fallowing water discharge. The NRC staff approvals summarized below 
show that the word ··qualily" in this TMI Action Plan item was not intended to refer to ASME 
valve certification or qualificalion. Instead, "qualify· was used in a less formal sense to refer to a 
reasonable judgment that the valve would open to relieve pressure and then reliably reseat. As 
rererenced in NUREG-0737, the EF'RI tesl program was the widely used approach to address 
TMI Action Plan Item 11.D.1 at PWR nuclear power plants. The Westinghouse Owners Group 
submitted WCAP-10105 :o the NRC in 1982 to dcmonskate the acceptability of the EPAI testing 
program for PSVs and PORVs in Westinghouse-designed PWRs.~7 

3.4 NRC Closure of TMI Action Plan Item 11.0.1 for Byron and Braidwood 
(1988-1990) 

A 1988 letter from the NRC staff to the licensee tor Byron found the licensee's reliance on EPRI 
testing of PS Vs 10 be acceptable."' The 1988 S ~ states that the test pwgram was designed "[t]o 
reconfirm the integrity of the overpressure protection system and thereby assure that the 
[GDCs J are met" As discussed in Appendix B to this report, the 1988 SE describes the 
evaluation of the PSVs and PORVs for feedwater line break accidents that would include water 
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discharge, and detem,ined that the EPRI tests were applicable to the Byron and Braidwood 
PSVs and PORVs, Based on the NRC staff and contractor review, the 1988 SE found that the 
performance or the PSVs and PORVs was acceptable based on the EPRI tests. 

For the specific extended high pressure inJection event, the 1988 SE slates that water discharge 
through the PSVs and PORVs could be disregarded because of the long time available for 
operator action. However. the SE addressed water discharge through the PSVs and PO RVs as 
part of the feedwaler line break evaluation. 

In the cover letter for the 1988 SE, the NRG staff states that the licensee should develop and 
adopt plant procedures to inspect the pressurizer valves after each lift involving loop seal or 
water discharge. The 1988 SE contains no reference to or suggestion or a need lor certilication 
of these valves in accordance with the ASME BPV Code !or water discharge capability. In 1990, 
the use of the EPRI test program was also lound similarly acceptable lor Braidwood.'g 

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-consefVative assumptions had been used in the licensing analysis 
of the IOECCS event. Westinghouse recommended that licensees determine if their pressurizer 
safety relief valves (PSRVs) 40 "are capable of closing following discharge of subcooled water." 
Weslinghouse noted that lhe PSRVs might have been designed or "qualified" to relieve 
subcooled water. Westinghouse also noted that "licensees may have qualified these valves in 
compliance to NUR~G-0737, Item II.D.1.· If the PS RVs were not designed or qualified for 
subcooled waler discharge. Weslinghouse recommended that licensees reevaluate the 
IOECCS event with three possible options of (1 J 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 one or more PORVs to help mitigate the accident 

In Supplement 1 to NSAL-93-013. Westinghouse alerted licensees lo potential reduced time for 
operator action if a positive displacement pump (a typical part of the CVCS) were in service, and 
to the need to qualify the PSRVs and the piping downstream of tne PSRVs and PORVs if water 
discharge from the pressurizer is predicted. 

Some licensees submitted license amendments that involved improvements to the PORVs and 
their circuitry to avoid water dischargs through the PSVs (e.g., Salem41 , Millstone•2, Callaway"", 
and Diablo Canyon44). The NRG staff review and approval at those proposed improvements 
relied on engineering judgmen1 relative to the va,ious test inlomiation and PORV circuitry 
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upgrades described by individual licensees_ The licensee for Byron and Braidwood submitted an 
LAR for similar PORV improvements,•s but that request was later withdrawn.'6 

As indicated below, the Panel's sampling review found at least~ plants, in addition to Byron 
and Braidwood, that chose to address this issue by crediting the capability ot PSVs to relieve 
water. based on the EPRI testing perfoimed in response to TMI Action Plan Item 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 (ESBWA)), the NRC staff presented nine issues ta the Commission for 
policy decisions." Although PSV categorization and perloimance requirements were not 
explicitly addressed, the paper does include an issue on "Definition of Passive Failure" and an 
extensive discussion an whether check valves are passive or active components and how they 
should be addressed in current plants and fulure passive designs_ 

SECV-94-084 recognizes the GDCs and SECV-77-439 as establishing long-standing 
requirements and guidance in this area. The paper acknowledges that the induslry (including 
EPRI documents and ANSI/ANS 58.946) have been inconsistent with respect to check valve 
failures, sometimes considering them as "active failures" and sometimes as "passive failures." In 
SECV-77-439, however, the NRC staff staled that the failure of a simple check valve to move to 
its correct position when required was a "passive failure." In addition, SECV-94-084 states that 
"[i]n licensing reviews, however, only on a long-term basis (e.g., long-term recirculation cooling 
following a loss ol coolant accident (LOCA)] does the NRC staff consider passive failures in fluid 
systems as potential accident initiators in addition to initiating events." The paper also states 
that 11Jor current plants, the NRG 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 •rr)edefining 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 agreed49) that the NAG staff should "maintain lhe 
current licensing practice for passive componenl failures on the passive (advanced light water 
reactor) ALWA designs. and to redefine check valves, except for those whose proper function 
can be demonstrated and documented, in the passive safety systems as active componen1s 
subject to single lailure consideration." Therelore. the NRC's position on check valves was 
changed only for passive ALWR designs going forward. 

The Panel considers the opening function of check valves and PSVs to be similar in that they 
both open through the motion of the valve disk under differential pressure with no extemal 
signal or motive power. The Panel also recognizes that the ambiguity with respect to "pasSive· 
versus "active" component definitions and nomenclature exists for safety valves. In addition, the 
passive or active classification of check valves or safely valves may differ based on design 
considerations, inservice testing, or accident analyses. For example, the PSVs and PORVs as 
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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 
G DC context, the Panel concludes that ii is appropriate to consider the potential failure of a PSV 
following water discilarge as a passive failure, {consistent with the treatment of check valve 
failures for Ille operating fleet} provided the licensee or applicant gual,fies the perlorm;:inc:A of 
the PSV in an acceptable manner (such as EPRI testing in the case of Braidwood and Byron). 

3.7 Draft Standard Review Plan Revision (1996) 

The 1996 draft revision to SRP Section 15.5.1 - 15.!5.2 on IOECCS and eves mallunclions 
includes extensive updates to the 1981 revision, but neither version includes any discussion, 
criteria, or guidance on applying ASME Code requirements to PSVs or on applving the single 
failure criterion or any other failure assumption to PSVs.50 

3.8 Power Uprate Reviews and License Amendments (2001-2006) 

As part of the 2001 power uprate review for Byron and Braidwood, the NRC staff approved the 
analysis of an IOE CCS (U FSAA Section 15.5. 1) tilat included pressurizer filling, PSV water 
discharge, ECCS termination, and PSV closure. In the Backlit SE, the NRC slaff indicates that 
the 2001 license amendment was predicated on tile NRC's mistaken (unsubslanliated) belief 
that the valves were ASME-qualified {certified). However, a review of the SE and associated 
RA ls shows that, in ::!001, the NAC stall was well aware of the nature of the E PAI testing that 
the licensee relied on. The Panel did not find any evidence that tile licensee claimed or the NRC 
staff believed that the valves were '"qualified" in an ASME BPV Code cerlilicatiori sense; ratiler. 
the record shows thorough consideration of the testing conducted on valves of the type installed 
at the plant and a technical judgment that this testing provided appropriate qualification. 

The Panel's conclusion was confirmed via discussions with the indivldual 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 ol staff engineering judgment and 
there was no discussion of ASME BPV CocJe certification or qualification of valves. In addition. 
the Panel found tilat the NAC approved power uprates for other nuclear power plants that 
included staff evaluation of waler discharge lhrough PORVs or PSVs based on test information 
provided by individual licensees. For example, in 2001, the NRC granted a power uprate for 
Shearon Harris that included the operability of PORVs and PSVs during the discharge of 
subcooled water, referencing TMI Action Plan Item 11.D.1. 5' As noted above, in 2006, the NRC 
also granted a power uprate for Beaver Valley. The SE tor this Beaver Valley amendment 
referred to RIS 2005-29 and found reasonable assurance that the PSVs would adequately 
discharge water and reseat following a spurious safety injection actuation, based on the EPRI 
test data from , 981 and an evaluation of the temperature of the liquid being discharged. 

During the NAC evaluations al license amendment:l since the TMJ-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 
qualified for liquid service. To address this concern, the NRC staff reviewed and accepted a 
variety of test informatior, (including EPRI, Wyle, and vendor testing) submitted by individual 
liceosees to demonstrate the capability of POAVs or PSVs to reseat fallowing water discharge. 
In lhe sample of SEs it reviewed, the Panel did not find a specific requirement for the PORVs or 
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PSVs to be certified under the ASME BPV Code as capable of water rtischargesassiA!J mater 
and reclosing. 

In 2004, the NRC issued license amendments for Byron and Braidwood granting an adjustment 
to the PSV setpoints. In an RAI, the NRC staff requested 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 otthe water being discharged. In the Setpoint SE, 
the NRC stall concluded that the analysis was acceptable for assuring that the PSVs would 
remain operable following a spurious safety injection event. 

3.9 RIS 2005-29 (2005) 

In 2005, the NRC staff issued RIS 2005-29 '1o notify licensees of a concern identified during 
recent reviews of power 1.1prate [LAAs)." The RIS addressed the manner in which some 
licensees ai;ted in response to NSAL-93-013. The RIS was issued at the division level in NRA 
and does not include a record of office-level concurrence. The FIIS was not reviewed by CRGR. 
Although no documentation was readily available regarding the CRGR's decision not to review, 
it appears that the lack of a CRGR review stemmed from the assertions in the AIS such as 
these: 

• "This Fl IS requires no action or written response and, therefore, is not a backlit under 10 
CFA 50.109. Consequenlly, the NRC staff did not perform a backlit analysis." 

• "This AIS is infonnalional and pertains to a NRC staff position that does not depart from 
current regulatory requirements and practice." 

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

The NRC stalfs position is noted in the power uprate review standard, as follows: 
"For the [IOECCS] and [CVCSJ malfunctions that increase reactor coolant 
inventory events: (a) non-safety-grade pressure-operated relief valves should not 
be credited lor event mitigation and (b) pressunzer level should not be allowed to 
reach a pressurizer water-solid condition.". 

However, the cited review standard (RS-001 ), which is explicitly limited to EPUs, states that 
"[!)he stall does not intend to impose the criteria and/or guidance in this review standard on 
plants vmose design bases do nol include these criteria and/or guidance. No backfitting is 
intended or approved in connection with the issuance of this review standard.""' 

This intent of FIS-001 to define and clarify the scope ot EPU reviews, 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 1he AIS 
statement, neither RS·001 nor RIS 2005·29 documented "known and established standards of 
lhe Commission" applicable to Byron and Braidwood. 

The Panel also notes that neither RIS 2005-29 nor its draft Revision t , 53 which is currently 
under development, discuss water discharge certifica~on requirements in accordance with the 
ASME BPV Code. In fact, a.c; stated above, the NRG issued a 2006 power uprate amendment 
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for Beaver Valley in which the SE cited RIS 2005-29 and yet relied on the EPRI testing data to 
address the concern. 

3.10 SECY-05-0138 (2005) 

SECY-05-0138 presents a comprehensive history of the application of the single failure 
criterion, including extensivo discussion of the treatment of passive components in fluid 
systems'"' The paper enclosed a July 2005 draft of a 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 eKistence of the footnote to the definition of single tailure 1n 1 O CFR 
[Part] 50Appendi~ A stating that the regulatory position on considering passive failures in fluid 
systems is under development." In Section 2.5.3, the draft report quotes from SECY-77-439 
(discussed above] and recognizes that in current practice, as in 1977, "[p]assive failures in fluid 
systems are generally excluded from single-failure assessments." 

SECY -05-0138 and the accompanying draft report present three alternatives for us1 ng a nsk· 
informed and pertormance-based approach to address the single failure issue. The draft report 
clarifies that all of the alternatives "could include developing a posilion on single passive failures 
in fluid systems to replace the footnote now in 10 CFR Part 50 Appendix A definitions." 

These documents make it clear that, with few exceptions, neither the NRG staff nor the 
Commission has established specific requirements relating to the treatment of passive 
component failures in fluid systems. The Panel believes ttle existence ol this Commission 
paper, contemporaneous with discussions on potential PSV failures (e.g., RIS 2005-29), makes 
it clear that no specific "known and established standards" on PSV failures had been developed 
between 1977 and the lime of the Byron and Braidwood license amendments in 2001 and 2004. 

3.11 Standard Review Plan Revision (2007) 

Revision 2 to SAP Section 15.5,1 -15.5.2 states: 

II the plant is equipped with PO RVs 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 [PSVsJ. too. may be assumed to reseat properly after 
having relieved water; but only if such valves have been qualified for water relief_ 

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

3.12 Backtit Letter and Subsequent Appeals (2015-2016) 

The Backlit SE is predicated on the following positions: 

• "water relief through a valve that is not q uahlied for water relief will cause that valve lo 
stick in its fully open position" {emphasis added) 

• "the licensee ... has not applied the single-failure assumption" (emphasis added) 
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• "nor have they provided ASME water qualification documentation for the PSVs ... the 
ASME ... original Overpressure Protection Report .. inservicA test history ... including 
both water and steam tests" (emphasis added) 

The Backlit SE argues that an IOECCS would escalate to a more severe event Such an 
escalation would be contrary to the Byran and Braidwood licensing basis (i.e .• contrary to the 
ANS non-escalation position) and could be in non-compliance with 11le GDCs (as included in the 
Byron and Braidwood licensing basis) since an IOECCS with a stuck-open valve had not been 
analyzed and shown to rreet the appropriate criteria for an AOO. 

Based on its review of all the relevant documents and discussions with the individuals (staff and 
managers) involved in the original review and the backlit, the Panel has developed an 
understanding of the regulatory requirements and practices, the potential safety issues, and 
backfit rule obligations. The Panel has deterTnined that the numerous. complex, and detailed 
regulatory and technical issues all depend on the answers ta 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 water discharge? 

• Must the PSVs be assumed to fail in accordance with the GDC "single failure" 
requirements? 

In the Backlit SE, the NRC staff indicates that "[o]ne assumplion that is particularly important to 
the non-escalation criteria is that water relief through a valve that is not qualified for water reliel 
will cause that valve to stck in its fully open position" (emphasis added). The Panel concludes 
that this issue-the treatment ot potential 11alve failure--is not only "particularly important," it is 
the critical issue upon which the compliance backlit hinges. 

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

The Panel also concludes that in 2001 and 2004 and at presont. the known and established 
standard of the Commission is that failures of PSVs need nOI be assumed to occur following 
water discharge if the likelihood is sutticiently small, based on well-informed staff engineering 
judgment. In preparing the Uprate SE and the Setpoint SE, the NRC statt exercised reasonable 
and well-informed engineering Judgment when lhe NRC stall concluded that the PSVs were 
unlikely to stick open. The NRC staft reviewers involved in the 2001 power uprate review were 
among the mosl experienced and senior reviewers in their areas al expertise. The NRG 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 find any evidence that 11le NRC staffs issuance of the 2001 or 2004 license 
amendments was based on an omission or mistake ol fact. Rather, the current NRG staH 
positions on valve qualification in the Backlit SE are new or modified interpretalions of 
compliance. 
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In interactions with the Panel, NRA staff emphasized several issues raised in the Backlit Letter. 
The Panel summarizes its consideration of those issues in the following subsections. 

3.12.1 Non-Escalatlan Position and Valve Failure 

In the Backfil SE, tile NAC staff discussed the definition ol event conditions in ANS-51. t/N18.2-
1973 and the provision in this standard that events of one condition do not propagate to cause a 
more serious lault (non-escalation position). In interactions with the Panel, NRA staff provided 
several clarifications on this topic. summarized by the Panel as follows: 

• ANS-51. 1/N18.2-1973 defines the categories ol design basis transients and accidents 
based on an anticipated frequency of occurrence (annually for ANS Condition II even1s). 

• It is a long-standing NRC position that escalation from one condition to another is not 
acceptable. 

• ANS-51.1/N18.2-1973 constitutes a known and established standard that has been 
reflected in NRC guidance documents and in the licensing basis of each U.S. nuclear 
power plant. 

lhe Panel confirmed that this ANS standard is referenced in several places in Chapler 15 ol lhe 
Byron and Braidwood UFSAR. The Panel agrees that the non-escalation position is an 
established standard applicable lo Byron and Braielwood, bul did not identify histoncal evidence 
that implementation of this standard requires Exelon to assume Iha! its pressurizer valves will 
tail open under water discharge conditions, to apply the single failure criterion to PSV failure in 
these circumstances, or to impose ASME Code requirements for certification, qualificalion, or 
testing ol PSVs for water discharge. 

3.12.2 Non-Escalation Position and Return 10 Service 

In the Backlit SE:, the NRC staff makes reference to the time ii would take to clean up a 
contaminated conlainment following a stuck-open pressurizer valve. In interactions with the 
Panel, NRA staff re-emphasized concerns 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 lor the return to 
seivice of the nuclear power plant. 

The Panel does not consider the time period necessary lo r the licensee to perfonn radioactive 
clean-up activities in the containment building, to inspect and conduct any necessary repairs ta 
the PSVs, or to prepare for plant startup. to constitute issues that support a compliance backlit 
imposed by the NAC. The NRC staff and inspectors would verify that these activities are 
conducted appropriately to protect the pul:Jlic health and safety prior to planl restart The 
Backlit SE stales that UFSAR Section 15.5.1.3 "implie[s]" that the plant will return to operation in 
a "short period," but the Panel sees no support for a timing requirement in UFSAA Section 
15.5. 1.3. Also, 11'1e Panel has not identified a regulatory interest in limiting the time needed for 
the plant to return to operation. 

3.12.3 TMI Action Plan Item tl.D.1 and EPRI Testing 

Although the Backlit Letter and NRA Appeal Decision do not speak explicitly ta TMI Action Plan 
Item 11.D.I, in interactions with the Panel, NRR staff stated that tne known and established 
standard in qL1estion is the TMI Action Plan Item 11.0.1 standard lor licensees and applicants to 
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conduct testing to qualify the RCS relief and satety valves under expected operating conditions 
for design-basis transien1S and accidents. As discussed above and in Appendix 8 to this report, 
the N RC accepted the EPAI testing to satisfy TM I Action Plan Item II. D .1 for Byron and 
Braidwood in SEs forwarded by letters in 1988 and 1990. Theretore, the Panel considers this 
known and established standard referenced by the N RC staff to have been met for Byron and 
Braidwood. 

In interactions with the Panel, the NRA staff further slated that an omission or mistake of fact 
occurred when the licensee failed to acknowledge that the EPRI tesling 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 on the Byron and Braidwood response to TMI Action Plan Item 11. D .1 , the N AC staff 
evaluated the capability of the PSVs and PORVs during feedwater line break accidenls, 
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 tests. Therefore, the 
Panel does not agree that the licensee's reference to the EPRI testing program was an 
omission or mistake of fact. 

3.12.4 ASME Code Certification 

In the Backlit SE, the NRC staff stated that certain ASME Code inlormation would be necessary 
to support water qualification of the PS Vs. In interactions wilh the Panel, NRA staff stated that, 
to satisfy the standard for water discharge capability of pressurizer valves, it would be 
necessary to conduct llow capacity certification in accordance with the ASME BPV Code and 
inservice testing throughout the service life in accordance with the ASME OM Code. The NRA 
staff referenced certain licensing actions in which water discharge was not considered 
acceptable, or different actions were required.55 

As discussed in Appendix Clo this report, the NRC staff required additional actions lor some 
licensees to support reliance on the PORVs for water discharge and to avoid water discharge 
through the P'SVs. 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 
inslances where the NRC staff imposed certification by the ASME BPV Code and testing in 
accordarice with the OM Code, or requited altematives to the ASME BPV or OM Codes, in the 
examples of NRC staff review of water discharge capability for pressurizer valves. 

In interactions with the Panel, the NRA staff also identified specific ASME Code provisions that 
it viewed as supporting the position that ASME Code requirements apply to qualification of 
pressurizer valves for water discharge. The NRA staff, however, did not provide evidence that 
these provisions have consistendy been interpreted as the NRC staff is now interpreting them. 
Given the NRC's treatment of TMI Action Plan Item 11.D.1 and the NRC staff's historical 
licensing practice, the Panel concludes that the IIIRR staff's current application of the ASME 
Code is not supported by the historical record. 

3.12.5 Conduct of 2001 and 2004 Reviews 

In light of lhe wide range of NRC stall positions during the review of pressurizer valve capability 
since the TMl-2 accident, the Panel agrees that, in the course of preparing the 2001 Uprate SE 
or Setpoint SE. the NRC staff could have considered the need for tho licensee for Byron and 

" Salem (NAC 1 9971, M ills:one (NRC 1998). and Callaway (N RC 2000) 
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Braidwood to improve the reliability of the PSVs or PORVs for water discharge or to avoid water 
discharge through the PSVs by PORV improvernenls. The NAC slaff may have been able to 
justify additional actions, out they determined that it was not necessary. Instead, the NRC staff 
reviewers in 2001 used their el<pert engineering judgement to determine that it was not 
necessary to assume that the PS Vs or PO RVs would stick open with water discharge, based on 
EPRI test information, licensee supplemental information, and their own technical el<perience. 

In discussions with the Panel, NRR staff raised a concern that the Setpoint SE does not 
document a re-review of the qualification of the PSVs and noted that if the Uprate SE had not 
found water discharge through the PSVs to be acceptable, it is unlikely that the NRC slaff would 
have approved this 2004 amendment. In Appendil< C to this report, the Panel summarizes the 
discussion in the Setpoint SE of the PSV water discharge capability. The Panel recognizes that 
a staff review may rely on a previous more extensive review to determine the acceptability of a 
similar request. The Panel does nol consider the review approacn used in 2004 to challenge the 
adequacy ol tne 2001 review. 

4 RESPONSE TO THE EDO QUESTIONS 

In establishing the Panel, the EDO asked the Panel to answer five specific questions, as well as 
evaluating the overall appropriateness of the backlit. The 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 tor Braidwood and Byron? 

In responding the question, the Panel has considered llie differing views of the NRA staff and 
tne licensee on tnis issue. Those positions are summarized below: 

• In the NRA Appeal Decision, the NAC staff claims that "[t]ne NRC erred in approving a 
sequence of events that allowed the [I OECCS], (CVCSJ malfunction, and inadvertent 
opening of a pressurizer safety or relief valve analyses in the 2001 and 2004 (SEsl" and 
"'the NRC staff understood the PSVs to be qualified lor water relief when, in fact, they 
were not.' 

• Exelon claims in the NRR Backlit Appeal tnal "the compliance exception requires more 
than simply asserting that lhe prior staff approvals were wrong-lne NRC must 
demonstrate that the prior approvals were erroneous because of an omission or mislake 
of fact at the time of the approvaL The NRC has not made that case here_" 

The Panel concludes that, in 2001 and 2004, the NRC staff did not misunderstand the 
qualification status ol the PSVs and that it was !lQ! a mistake to undertake a review of or make a 
tecnnically l:>ased safety finding on the likely successful performance of the valves. In lhe 
Panel's opinion. the actions of the Reactor Systems Branch in 2001 to reach out to the Division 
of Engineering's Mechanical Engineering Branch for expert lecnnical review assistance was 
both appropriate and commendable. The NAC staff reviewers involved in the 2001 power uprate 
review were among tne most experienced and senior reviewers in their areas ol eKpertise. The 
valve el<pert involved in the review was the NRC's most knowledgeable individual on PSVs and 
the relevant ASME Code requirements, and was a nationally recognized expert. The Panel 
cannot agree that tne NRC staff was misinformed, ill-informed, or in error, or that it made 
incorrect or inappropriate decisions_ 
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4.2 What is the known ancl established standard tor water qualification of PSVs? 

The Panel concludes Iha'. 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. No more detailed or prescriptive standard has been promulgated by the Commission. 

4.3 What Is the known and established standard for progression of postulated 
events between categories ot severity? 

For Byron and Braidwood, the standard for progression of postulated events between 
categories of severity is set forth in the UFSAR as described above. The Panel supports the 
NAC staff's view that non-escalation (from ANS Condilion II to ANS Condition Ill or lV) is a 
known and established standard applicable to Byron and Braidwood. This issue of event 
escalation is also a focus of AIS 2005-29 and the draft Revision 1 to AIS 2005-29 that was 
issued for public comment in 2015. The Panel concludes that the IOECCS (an AOO per the 
GDC definiMn and an ANS Condition II event) would escalate to a more severe event j! a PSV 
were to stick open. or if both a PORV stuck open and its block valve failed to close. Such an 
escalation would be contrary to the Byron and Braidwood licensing basis (i.e., contrary to the 
ANS non-escalation posi:ion) and could be in non-compliance with the GOC (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 lhe appropriate criteria for an AOO. However, this event 
progression standard does no! establish specific standards !or valve qualification to determine 
whether a valve would stick open and cause this escalation. Therelore, it is not the basis for a 
compliance backlit given the current set of facts. 

4.4 Does the current licensing basis for Braidwood and Byron comply with the 
applicable regulations? Is ii adequate to provide protection to public health 
and safety? 

The Panel concludes that Byron and Braidwood do comply with the applicable regulations 
based on the UFSAA analyses, which the NRC staff found acceptable through a reasonable 
and technically sound evaluation using appropriate Commission safety standards. 

4.5 Given that Exelon suggests that the NRC pursue a cost-justified substantial 
safety enhancement backflt, 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, to assure that the Paners judgments Mire being made with a lull 
undar1;tanding of their significaACe, and to assist in responding to ttle EDO question. 

The RES study suggests that the most significant IOECCS sequence, assuming that all 
pressurizer overfill events lead to a small LOCA, contributes approXimately 1 percent of the total 
internal event core damage frequency (CDF). In its report, RES estimated a maximum benefit 
(GDF reduction) Imm a ''perfect backlit" (i.e., always preventing pressurizer overfill) of 
1.SE-07 per year. II the PSVs are not assumed to always fail following water discharge 
(consistent with the NRC staff expert judgment in 2001) or a smaller improvement than a 
"perfect backfif' were considered, the risk-reduction benefit of implementing the backlit would be 
even smaller. 
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The Panel is aware of and sensitive to two important issues related to this question. First, NRA, 
not the Panel, is responsible for any decisions on alternative application of the backfit rule to this 
issue (through the other categories of adequate protection or cost-justified substantial safety 
enhancement). Second, the Panel does not wish to imply that "the contribution to plant risk" 
should be seen as the only measure of enhanced safety. The issues of event classification and 
the non-escalation of events are essentially defense-in-depth concepts. Defense in depth has a 
recognized role and value in the regulatory process. The Panel is also aware that not every 
defense-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 concludes that the contribution to overall plant 
risk is very small. 

5 SUMMARY AND CONCLUSIONS 

The compliance exception to the 6ackfit Rule is intended to address failures to meet known and 
established Commission standards because ol omission or mislake of fact. New or modified 
interpretations of what constitutes compliance do not fall within the eMception. Therefore, 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 ·iailed to meet known and 
established standards of the Commission beeause of omission or mistake of fact,·· or rather as a 
case of a '·new or modified interpretations of what constitutes compliance." 

The NRC staff's complia~ce backlit argument depends on two separate detcnninations: 

1. the assumed failure of PSVs to reclose after passing water, and 

2. the necessity of preventing "event escalation·· (i.e., the position that "an incident of 
moderate frequency should not generate a more serious plant condition without other 
faults occurring independently"). 

for the NRG staff's compliance backrit conclusion to be valid, both of these determinations must 
meet the above compliance backlit slandard by involving failure to meel known and established 
standards of the Commission. 

In the first of these determinations, the NRC stall's compliance backfit is based on the 
assumption in the Backlit SE that the PSV fails to reclose given the absence of "ASME water 
qualification documentation." As indicated in the Backlit SE, the Uprate SE involved a technical 
evaluation of safety valve capabilily and likely performance under water-discharge conditions 
rather than a simple assumption of a failure. The NRA Appeal Decision indicates that '1he 200i 
and 2004 approvals occurred because the NRC staff understood the PSVs to be qualified for 
water reliel when, in fact, they were not.'" 

The Panel carefully considered these views and has reviewed the relevant documents including 
the licensee's responses to lhe NRC staff's AAls,'6 lhe technical branch's SE input,57 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 •qualified'' in an ASME BPV Code certification sense; rather, 

56 Com Ed 2000b, Exelon 2001 
57 NRC2001a 
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the record shows thorough consideration of the testing conducted on valves of the type installed 
at the plant and a technical judgment that this testing provided appropriate qualification. 

On the basis of its review, the Panel concluded that the NRC staff who prepared the Uprate SE 
did IlQl misunderstand the qualification status of the PSVs and lhat ii 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 Panel's opinion, the actions ol the Reactor Systems Branch in 
2001 to reach out to the Division of Engineering's Mechanical Engineering Branch for expert 
technical review assistance was both appropriate and commendable. The NAC staff reviewers 
invol'>'ed in the 2001 power uprate review were among the most experienced and senior 
reviewers in their areas of expertise. The NRC staff valve expert involved in the review was the 
agency's most knowledgeable individual on PSVs aod the relevant ASME Code requiremenls, 
and was a nationally recognized expert. The Panel disagreed that the NRG staff was 
misinformed, ill-informed, or in error, or that it made incorrecl or inappropriate dec1si011S. 

The Panel concluded that three related technical and regulatory positions related to the PSVs 
(separate from the issua al the non-escalation position) underpin the backlit 

1. ASME BPV Code water qualificaUon (certification) documentation 1s required if a valve is 
to 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 position. 

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

r-lone of these positions were "known and established standards ol the Commission" in 2001 or 
2004 for determining when it was appropriate to assume a failure of PSVs to reseat. In fact, they 
were not "kno'M1 and established standards of the Commission" in 2005 (when RIS 2005-29 
was issued) or 2006 (when the Beaver Valley EPU was approved) or 2007 (when Revision 2 to 
SRP Section 15.5. 1 - 15 5 2 was issued). 

Moreover. these positions do not appear to be "established standards of the Commission" at 
present The 2007 version of SAP Section 15.5.1 - 15.5 2 allows credit for PORVs and PSVs if 
they have been •qualified far water relief'' The NRC staff's determination thatASME BPV Code 
certification is necessary first appears in the Backlit SE and is not addressed in any final NRC 
guidance docLJment. The determination that application of the single failure cri1erion is 
necessary first appears in the draft Revision 1 to RI S 2005-29 and is not included in any final 
NRC guidance document. 

The Panel concluded that the standard in place in 2001 and 2004 and at present is simply that 
the failures ot PS Vs need nol be assumed to occur following water discharge ii the I ikelihood is 
sufficiently small, based on well-informed staff engineering judgm1mt. In earlier documents 
addressing this topic, beginning with NU REG 0737, the use of the word "qualified" or 
"qualification" implies a general demonstration ol capability, such as in the EPRI testing done in 
response to TMI Aclion Plan Item ILD.1. In light of this standard, the Panel concluded that, 
when preparing the Uprale SE and the Sctpoint SE, the NRC staff exercised reasonable and 
well-informed engineering judgment to conclude that the PSVs were unlikely to stick open. 

Overall, the Panel concluded that the NAG staff's position on 11alve qualification in the 
Bactlit SE is a new or modified interpretation of what constitutes compliance in addressing 
potential PSV failures following water discharge. Although this new statt position represents a 
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well-intentioned and conservative approach that could provide additional safety margin, it does 
not provide a basis for a compliance backlit. 

Finally, in the absence of a PSV failure ta reseat, the Panel concluded that the concerns 
articulated by the NRC staff in the Backlit SE related to event classification, event escalation, 
and compliance with 1 O CFR 50.34(b) and GDCs 15, 21, and 29 are no longer al issue. 

The Panei·s findings, therefore, support the Exelon backlil appeal. 

6 ADDITIONAL PANEL THOUGHTS 

In addition to the specific finding relating to the backlit appeal, the Panel believes it is important 
to acknowledge, and for the NRC staff 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 lhe 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 aver 30 years ago. 

Operator training, control room procedures to terminate the event before pressurizer filling, and 
use of PO RVs rather than reliance on PSVs, are clearly preferred and prudent measures, 
whether they fo!'TTI the faalities' UFSAR licensing ba.sis and are assumed in lhe accident 
analyses or not. 

The PSVs in question were designed for steam service. Steam relief is their normal service 
condition and applies to their ASM~ BPV Code certification. The Panel supports the previous 
NRG staff determinations for Byron and Braidwood and certain other plants that PSVs 
experiencing water discharge during an abnormal or aocident condition need not be assumed to 
tail since there was a reasonable and technically well-informed engineering judgement to 1he 
contrary However, the Panel also considers the acllons by various licensees to improve the 
reliability and performance of the PORVs to avoid water discharge through the PSVs to be 
prudent in light of the design specifications of the PSVs. 

The Panel considered but could not determine the extent lo 'Nhich lhe licensee tor Byron and 
Braidwood addressed crediling water discharge through the PSVs, PORVs, or PORV block 
valves in the Byron and Braidwood inservice testing programs. The Panel recognizes that the 
difference between the intended use ol these valves for overpressure protection and their 
infrequent use in response to certa.in plant events might be considered in implementing 
appropriate inservice testing activities. 

The F'anel notes that water discharge through various pressurizer valves 1s not a new issue 
because water discharge has always bcon credited (by the licensee far Byron and Braidwood 
and other licensees] tor the feedwater line break analysis in UFSAR Section 15.2.8. 
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APPENDIX A: HISTORY OF THE BACKFIT RULE AND rne COMPLIANCE 
EXCEPTION 

The Backfit Rule 

Title 10 of the Code of Federal Regulalions (10 CFR), Section 50.109, "Backfilling," was 
originally promulgated in 1970"' Because ol perceived deficiencies 1n the rule, the UaS. Nuclear 
Regulatory Commission (NAG) substantially revised it in 1985."' The 1985 rule was challenged 
in court, arid the U.S. Circuit Court for the District al Columbia (O.C. Circuit) vacated this rule in 
its entirety. The D.C. Circuit took this action because it concluded that the revised rule could be 
interpreted to allow the NRC to consider c:osts in defining or rede~ ning what is required for 
adequate protection ot tne public health and safety. 60 In response, the NRC revised the Backlit 
Rule in 1988 to remove any implication that costs could be considered in delining or redeiining 
adequate protection .6' The 1988 revisions only clif!ered from the 1985 rule lo the extent 
necessary to address the court's concems. The 1988 rule was also challenged in court, but this 
time the D.C, Circuit upheld the rule.ll2 

In its current form, 10 CFR 50_ 109(a)(1) defines backfitting as 

... the modif1cation of or addition to systems, structures, components, or design 
al a facility; ar the design approval or manufacturing license lor a facility; or the 
procedures or organization required to design, oonstruct or operate a facility; any 
of which may result from a new or amended provision in the Commission's 
regulations or the imposition ot a regulatory staff position interpreting the 
Commission's regulations that is either new or different from a previously 
applicable staff position .... 

Unless one of three specified exceptions apply, the NRC may impose a backlit only if ii 
performs a backlit analysis in ac:cordance with 1 O CFR 50.109(a)(2) and determines in 
accordance iMth 10 CFR 50.109(a)(3) ''that there is a substantial increase in the overall 
protection of tho public health and safety or the common detense and security to be derived 
from the backlit and that the direct and indirect casts of 1mplementation for thal facility are 
jusMied in view al this increased protection." 

Section 50. 109(a)(4) sets forth the three exceptions to the requirements of 10 CFR 50.109(a)(2) 
and (a)(3). The first exception, the compliance exceplian, applies if the "modilication is 
necessary ta bring a facility into compliance with a license or the rules or orders of the 
Commission. or into conformance with written commitments by the licensee." 10 CFR 
50.109{a)(4l(i). The second and third exceptions relate to actions ensuring adequate protecMn 
or to actions that Involve defining or redefining adequate protection. 1 O CFR 50.109(a)(4)(ii)-(1ii). 

'"AEC 1970 (Author and year citations in footnotes reler to the designation of ref<lrenccs in Appendix O 
to this report.) 
1• NFIC 1985 

" Union of Concerned SciEntists v. U.S. Nuclear Regulatory Com'n, 824 F.2d 108_ 119-20 (1987). 
"NRC 1988b 
" Union of Concerned Sc1enlists v. U.S Nuclear Regulatory Com'n. 880 F.2d 552 (1989). 
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Commission Policy 

The Commission addressed its intellded application of the comphance exception in the 1985 
rulemaking :oJ 

The compliance exception is intended to address situations in which the licensee 
has failed lo mee1 known and established standards of the Commission because 
of omission or mistake of fact. II should be noted that new or modified 
interpretations of what constitutes compliaoce 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 in1erpretations of regulations are not 
legally binding, but the Commission also stated that "staff interpretations of broadly stated rules 
are often necessary lo give a rule eflect and in some instances may be a causal factor in 
initiating a bacl<:fit.'~ 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 that is expressed in statt guidance documents which interpret the intent of broad, 
generally worked [sic] regulalions."M 

Backfitting Guidance 

Extensive information regarding the appropriate implementation of backfitting is provided in 
NUAEG-1409."ij Relevant excerpts from this guidance are provided below. 

Applfcable Regulatory Staff Positions 

According to NUREG-1409, to be a backlit "a new or revised staff position or requirement mus! 
be involved, that is, there must be a change in content or applicability of the previously 
applicable regulatory stalf position (in the direction of increased safety requirements), .. :· An 
applicable regulatory stalf position is a requirement or position already specifically imposed on 
or committed to by a licensee. Examples of applicable regulatory staff positions include: 

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

• written licensee c:immitments such as those contained in the final safety analysis report, 
licensee event reports. and docketed correspondence, including responses to NRG 
bulletins, generic letters, inspection reports, or notices of violalion and confirmatory 
action I etters 

NRC staff positions Iha! are documented explicit interpretations of more general 
regulations and are contained in documents such as tho Standard Review Plan, branch 
technical positions, regulatory guides, generic letters, and bulletins 

"NFIC 1985, al 3B103 
" Id. at 38102 
" Id. at 38103. The 1988 re le making neithc>r revised lhe compliance exception as s1a1ect in the 1985 rule 
nor provided addilional guidance on its interpretation. 
"NRC 1990c 
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A similar list of examples is provided in Manual Chapter 0514.6' which 1s also included as 
Appendix D to NUREG-1409. Manual Chapter 0514 was referet1ced in the 1988 rulernaking, 
and a working draft was provided to the Commission for information in SECY-88-102. 08 Manual 
Chapter 0514 provides a definition al "applicable regulatory staff positions" that is slightly more 
detailed than the definition in NUREG-1409. This definition from Manual Chapter 0514 is quoted 
below, with additional detail beyond NUREG-1409 emphasized in underlined text. 

Applicable regulatory staH positions are those already specifically imposed upon 
or committed to by a licensee at the time of the identification of a plant-specific 
backlit, and are o! several dilferent types and sources: 

a. Legal requirements such as in explicit regulations, orders, plant licenses 
(amendments, conditions, technical specifications). Note that some regulations 
have uooate features built in, as lor example, 10 CFR 50.55a, Codes and 
Standards. Such update requirement<: are applicable as described in the 
regulation. 

b. Written commitments such as contained in the [Final Safety Analysis Report], 
[Licensee Event Repofls), and docketed correspondence, including responses to 
Bulletins, res pons es lo Generic Letters, Confimiatory Action Letters, responses 
to Inspection Reports, or responses to Notices of Violation. 

c. NRG staff positions!"' that are documented, approved. explicit interpretations ol 
the more general regulations, and are contained in documents such as the 
[Standard Review Plan], Branch Technical Positions, Regulatory Guides, Generic 
Letters, and Bulletins; and to which a licensee or an applicant has previously 
committed lo or relied upon. Positions contained in these documents are not 
considered applicable staff positions to the extent that staff has. in a previous 
licensing or inspectiOn action. tacitly or explicitly excepted the licensee from part 
or all of the position.'c 

How Regulatory Positions are Established 

NUREG-1409 pro\lides responses to a number of questions regarding backfitting. The lollo'Ning 
response was given to questions asking, "Is it appropriate for the N RC staff to rely on informal 
or formal communications to other licensees as 0H1cial NFIC positions? What about NRC tacit 
approval of documents?" 

lnlormal or formal communications to one licensee are not official positions to all 
licensees. Section 053 of Manual Chapter 0514 identifies what can be applied as 
official staff positions in a plant-specific contel<t. They are legal requirements 
such as contained in explicit regulations, orders, and plant licenses; written 
commitments such as contained in final safety analysis reports, licenses event 
reports, and docketed correspondence; and documented. approved explicit 
interpretations such as contained in the [Staridard Review Plan], branch technical 

67 NRC 1988c 
•aNAC 1988a 
"' Requirements may be imposed by rule or order. Staff interpretations such as ex.amples ol acceptable 
ways to meet requi remen1s are not req ui remenls in and of themselves. 
n Im position of a statt posiliOn !rom whict1 a licensee has previously been excepted is a backlit. 
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positions, regulatory guides, generic letters, and bulletins. Orders. licenses, and 
written commitments arc applicable only to a particular licensee. 

If the NAC staff previously exempted a licensee from a legal requirement Of 
approved position. it is not applicable to that licensee for the purpose of backfll 
consideration. Explicit exemption would be done formally in writing. The 
Appendix to NAC Manual Chapter 0514 discusses tacit approval under 
reanalysis of issues. Two siluations 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 backlit because it represents a change in a 
previous staff position and would require a backlit analysis (or a documented 
evaluation if it meets one of the exceptions listed in the backlit rule). In the 
second case. a licensee submittal committing to a specific course ol action that 
has not received timely NRC staff review is implemented by the licensee. In this 
case, it is oonsidered that the NAC staff tacitly accepted lhe licensee's action 
since timely notice to the contrary was not given. If the NRC staff subsequently 
adopts a different position and requests a change in the licensee action, this 
change may be classified as a ba.ckfit and thus require a backfit analysis (or a 
documented evaluation if it meele one of tho exceptions listed in the backlit rule). 

NUAEG-1409 also addresses a question 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 it 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 Cha.pier 0514 is a case where 
the NRG has indicated tacit approval by not acting in a 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 question, 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 thal states that a 
particular approach is acceptable. However, conclusions ol that nature are 
usually made in [safety evaluations] rather than inspection reports. 

Compliance Backlit Guidance 

NUREG-1409 gives the following response to the question, 1h]ow does the backlit rule apply to 
new staff positions that reflect an evolving understanding of technical issues?" 

An evolving understanding of issues does not, by itself, define Vllhich category lits 
a particular backfil. Judgment must be applied to the facts of each particular case 
to determine whether the backlit is for compliance, to provide adequate 
protection, lo redefine adequate protection, or to achieve a cost-justified 
substantial safety enhancement. For example, with regard to compliance, the 
1985 statement of considerations for 1 O CFR 50.109 indicates that '1hc 
compliance exceplion is intended lo address situations where Ifie 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 notfall within the exception ... :· 
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NUREG-1409 also provides an sxample where an evolving understanding of techrncal issues 
resulted in a compliance oackfit that was apparently justified for at least some licensees. In 
response to industry clairis that Bulletin 88-11 1 ' lacked any backlitting justification, the NRC 
staff responded 

Although the justilication was not printed in the bulletin, NRG Bulletin 8B-11, 
"Pressurizer Surge Line Thermal Strati~cation: was justified as a backlit It is an 
example of a back fit that was determined by the responsible N RC official to be 
required as a matter of compliance with existing requirements and commitments. 
The CRGR reviewed the bulle~n and concurred. The regulations currently require 
licensees to meet the applicable codes of the American Society ol Mechanical 
Engineers (ASME). Boiler and Pressure Vessel Code. Because ot the NAG 
staff's collCem With the integtity of the surge line, licensees were requested to 
perform their fatigue analysis in accordance with the latest ASME Section Ill 
requirements that incorporate high cycle latigue analysis. The justification 
provided by the NRG staff was lhat previously unconsidered thennal stratification 
phenomonon may invalidate the existing analysis perlormed ta 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 the latest 
ASME Section Ill requirem8flts 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 concern. 

7 ' NRC 1988e 
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APPENDIX B: QUALIFICATION OF PRESSURE RELIEF VALVES IN 
NUCLEAR POWER PLANTS IN RESPONSE TO TMl-2 ACCIDENT 

Byron and Braidwood Design and Code Requirements 

Nuclear power plarits in the United States use various types of pressure relief valves to protect 
personnel and equipment from overpressure events within reactor fluid systems. Pressure relief 
valves include safety valves, safety relief valves, and relief valves, with different designs, 
opera'lirig conditioris, and requirements. The American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code(Bf>V Code), Section Ill, Division 1. specifies 
requirements for the design, operation, installation. and testing of pressure relief valves used for 
various lunclions in nuclear power plants.72 For ei<ample, the ASME BPV Code (2007 Edition) in 
Article NB-7000, Overpressure Protection, specifies requirements several service conditions: 

• steam and air or gas service for safety valves; 

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

• liquid service for relief valves: and 

• steam, air or gas, and liquid service for pilot operated or power actuated pressure reliet 
valves. 

The ASME Code for Operation and Maintenance of Nuclear Power Plants (OM Code) provides 
requirements for the preservice and inservice tesli ng (I ST) programs for pressure relief valves in 
nuclear power plants. 

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

The ASME BPV Code of record !or the design of the PSVs at Byron and Braidwood is lhe 1971 
Edition through the Winter 1972 addenda of lhe AS ME BPV Code, Section 111. The ASME BPV 
Code applicable to Byron and Braiclwood includes requirements for overpressure protection, 
including the following: 

• Section NB-7300. "Overpressure Protection Report." in NB-7320(1) requires that the 
report include the redundancy and independence of the pressure-relief devices and their 
associated pressue-sensing and cootrols systems employed to preclude a loss of 
overpressure protection in the event of a failure of any pressure-relief device, or its 
sensing elemenl, or its associated control, or an external power source. 

12 References to I ndi\lidual ASME Code publications are not provided in Appendix D. but 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 raled 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 1he system, under any pressure transient anticipated to arise as 
summarized in the Overpressure Protection Report. 

• Paragraph NB-7421, "Required Number and Capacily of Pressure-Relief Devices for 
Nuclear Sysrems," states that the required relieving capacity intended for overpressure 
prolection of a nuclear power system or portions of the system shall be secured by the 
use of at least twc pressure-relief devices. 

At the time of the Byron and Braidwood operating license review, Revision 1 of Standard 
Review Plan (SAP) Section 15.5.1-15.5.2 and Section 15.6.1 provided general staff guidance 
for these plant transients. 7a In March 2007, the N AC staff issued Revision 2 to these SAP 
sections Wllh significantly more detail, including a statement that PSVs and PORVs are 
assumed to fail open if they relieve water without being qualified.,. 

Actions Following Three Mlle Island, Unit 2 Accident 

The accident atThree Mile Island, Unit 2 (TMl-21 on March 2B. 1979, included failure of a PORV 
on the pressurizer to reclose properly during the event. Based on lessons leamed from the 
TMl-2 accident, the NRC issued recommendations regarding pertormance testing of salety and 
relief valves used in nuclear power plants in NUREG-0578.'" In particular, the NRG staff 
recommended in Section 2_ 1.2. "Pertormance Testing for BWR (boiling-water reactor] and PWR 
Relief and Safety Valves," of NUREG-057B that nuclear power plant licensees commit to 
pro11ide performance verification by full-scale prototypical testing for all relief and safety 11alves. 

In October 1980, the NRC issued a letter to all then-operating nt1clear power plants and 
applicants for operating licenses and holders of construction permits lorwarding NUREG-0737.'e 
TMI Action Plan Item H.D. 1 in NUREG-0737 specified the NRG position that PWR and BWR 
licensees and applicants shall conduct testing to "qualify'' the reactor coolant system (ACS J 
relief and safety valves under expected operating conditions for design-basis transienls and 
accidents. The detailed darification in NUREG-0737 of lhis NRC position specified the following: 

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

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

73 NRC 19B1band NAG 19B1c 
14 NRC 2007b and NAC 2007c 
';NRC 1979a 
'" NAC 1980b and NAC 1980c 
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( 1) Evidence supported by test of safety and relief valve lu nctionability for 
expected operating and accident (non-[anticipated transient without scram]) 
condilions must be provided to NRC. The testing should demonstrate that the 
valves will open 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 correlation 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-buill relief and safety valve discharge 
piping on valve operability must also be accounted for, if it is different from the 
generic test loop piping. 

(3) Test data including criteria for success and failure of valves tested must be 
provided for NAC staff review and evaluation. These test data should inclLJde 
data that would permit plant-specilic evaluation of discharge piping and supports 
that are not directly tested. 

In describing the type of review to be conducted lor this regulatory position, the NAC stafl stated 
the /allowing: 

Pre-implementation review will be performed for EPAI and BWR test programs 
wilh respect to qualifica1ion of relief anel safety valves. Also, the applicants' 
proposal lor 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 documentaliOn required to satisfy this regulatory position, the NRC staff stated 
the following: 

Prc-i mplementation review wil I be based on E PAI, BWR, and applicant 
submittals with regard to the various test programs. These submittals should be 
made on a timely basis as noted below, to allow for adequate review and to 
ensure that the following valve qualification dates can be met: 

Final PWR (EPRI} Test Program··July 1, 1980 

Final BWR Test Program--October 1, 1980 

Block Valve Qualifica'lion Program--January , , 1981 

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

PWR (EPAl)/BWR Generic Test Program Results--July 1. 1981 

Plant-specific submittals confirming adequacy of safety and relief valves 
based on licensee/applicant preliminary relliew or generic test program 
results--July 1, 1981 
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Plant-specilic reports for salety and relief valve qualification--October 1, 
1981 

Plant-specific submitlals for piping and support evalualions-.January 1, 
1982 

Plant-specific submitlals for block valve qualification .. July 1, 1982 

EPRI Testing 

In October 1982, EPRI issued N P-2670-L D to address testing of PORVs. n 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 (UFSAR)78). 

In December 1982, EPRI issued NP-2628-SR, which described safety and relief valve tests for 
types of valves in service at nuclear power plants.'" In particular, Section 3.5 documented the 
testing of Crosby safety valves similar to the PSVs al Byron and Braidwood. including two water 
tests. The report indicated chattering of tile safety valves wilh subsequent inspection finding 
galled surlaces and damage to internal parts. Section 4.6 documented testing of Copes-Vulcan 
relief valves similar to the pressurizer PORVs at Byron and Braidwood, although the exterit of 
water testing was not fully described. The report indicated no damage found during the 
inspection of the Copes-Vulcan relief valves. The report did not indicate any failures of the 
Crosby or Copes-Vulcan valves to reseat after discharging water during the testing. 

EPRI also published NP-2770-LD in the early 1980s to describe the testing of PWR primary 
system salety valves. Volume 1 , issued in December 198.2, provides a summary of the test 
program and its resulls.00 Section 4.5 of Volume 1 indicates that the following tests were 
perlormed on the Crosby 6M6 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 
lhe tests, and one water test had to be terminated. The individual volumes of EPRI NP-2770-LD 
discuss the test results for each spccitic PSV type. Volume 6, issued in March 1983, provides 
the lest details for the Crosby 6M6 PSV. 

Westinghouse Evaluation of EPRI Testing 

In July 1982. theWestinghouse Owners Group (WOG) submittedWCAP·10105.8 ' In 
WCAP-1O105, the WOG indicated that the design specification for PS Vs in Westinghouse, 
designed nuclear power planls is for steam service only. Based on a review of the EPRI test 
data, the WOG concluded that lhe valves pertormed with chatter, but did not identify any valve 
damage. 

In January 1988, Westinghouse issued WCAP-11677. which compared the EP RI test data with 
leedwater line break safety analyses.ea Westinghouse determined that all nuclear power plants 
addressed in the EPRI testing had PS Vs that would operate reliably during water discharge. 
Westinghouse evaluated the performance of the Crosby 6M6 PSVs during the EPRI tests, and 

71 EPRI 19B2a 
" VE F'CO 2015 
70 EPRI 19820 
oC EPRI 1982c 
a, WOG 1982 
12 Westinghouse 198B 
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considered that the performance involved less significant flutter (half lift molion) than the chatter 
(full lilt motion) cietermined in the EPRI report. Westinghouse concluded that the Crosby 6M6 
PSV can pass slightly subcoo1ed water at a minimum up to lhree times without damage. 

Byron and Braidwood Licensing and Response to TMI Requirements 

The NRC safety evaluation reports (SE Rs) associated with the issuance of the operating 
licenses for Byron and Braidwood included evaluation of the TMI Action Plan items.a:i In the 
irttroduction to the Braidwood SER, the NRC staff stated that the review and evaluation of 
compliance by the applicant witl'l 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 rrom TMl-2 Accident" lo the Byron and Braidwood 
UFSAR in Section E.23, · Relief and Safety Valve Test Requiremenls (11.D.1); references the 
1982 transmittal lrom Consumers Power of a lest report for the E PAI safety and relief valve test 
prngram.85 The UFSAR slates that the final evaluation of the data indicated thal the relief and 
safety valves will perform lheir intended functions for all expected fluid inlet conditions. The 
U FSAR also references the October 1982 licensee oval uation of the adequacy of the relief and 
safety valves that had been submitted to the NRC. 86 

In Supplement 1 to the Braidwood SER,87 in Section 3.9.3.3, "Design and Installation of 
Pressure Relief Devices," the NRC staff stated that EPRI had completed a lull-scale valve 
testing program and referenced the July 1982 submittal of WCAP-10105. The NRC staff stated 
that the applicant responded to a requirement to demonslrate operability of these valves 
throc1gh submittals dated July 1, 1982, October 26, 1982, and December 30, 1983. On the basis 
of a preliminary review, the NRC staff concluded tl1at the applicant's general approach to 
responding to this item was acceptable, and provided adequate assurance that the RCS 
overpressure protection systems al Braidwood could adeqc1atcly perform their intended 
functions. The NRC slafl stated that if the detailed review revealed that modifications or 
adjustments to safety valves, PORVs, PORV block valves, or associated piping, would be 
needed 10 ensure lhat all intended design margins were present, the NRC staff would require 
that lhe applicant make appropriate modifications The NRC staff categorized this issue as a 
Confirmatory Item. The NRC issued operating licenses for all four Byron and Braidwood Units 
between February 1985 and May 1988. 

Closure of TMI Action Plan Item 11.D.1 for Byron and Braidwood 

Following the issuance ol the operating licenses, the NRC staff documented its review of the 
response to TMI Action Plan llem 11.D.1 for Byron and Braidwood via two letters that transmitted 
similar Technical Evaluation Reports (TE Rs) developed hy Idaho National Engineering 
Laboratory (INEL). ~ In its letters, the NRC staff indicated that the licensee should develop and 
adopt plant procedures to inspect the pressuri.i:er valves after each lift involving loop seal or 
water discharge. The TE Rs described thA IN EL review of lhe EPR I testing ol PSVs and PORVs 

83 NRC 1983 and NRC 1986b (Braidwood), NRC 1984 and NAC 1987a (Byron) 
64 NRC 1980a 
•• Consumers 1982 
a, CcmEd 1982 
"' NRC 1986b. Similar discussion appears ,n NRC 1984 !or Byron. and NRC 19B7a (also !or Byron) states 
tha1 TMI Atlion Plan Item 11.D.1 had been tlosed in NAC 1984. 
ti N RC 1988c (Byron) and NRC 1990a (Braidwood] 
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similar to the Byron and Braidwood pressurizer valves. The TEAs concluded that Byron and 
Braidwood had provided an acceptable response la TMI Action Plan Item 11.D.1. 

Section 4.2.3, "Extended High Pressure Injection [HPIJ Event." of the TERs staled thal the 
potential for water discharge in extended HPI events can be disregarded for an extended high 
pressure injection event because at least 20 minules would be available for operator action. 

Water discharge was evaluated, however, in Soctioo 4.2.2, "FSAR Liquid Transients;· of the 
ifERs.,_ This section discussed the evaluation of the PSVs and PORVs for teedwater line breaK 
accidents that would include water discharge, and determined that the E PAI tests were 
applicable to the Byron and Braidwood PS Vs and PORVs. 

In addition, Section 4.3.1, "Safety Valves,' and Section 4.3.2, "Power Operated Relief Valves," 
of lhe TE Rs detennined that the performance of the PSVs 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-waler transition test where the valve opened, chattered and 
stabilized lo close; and a saturaled water test where the valve opened 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 momenl that was e,;aluated by analysis. 
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APPENDIX C: CONCERNS REGARDING PERFORMANCE OF 
PRESSURIZER VALVES UNDER WATER FLOW CONDmONS 

Westinghouse Nuclear Safety Advisory Letter 

In 1993 and 1994, Westinghouse issued Nuclear Safety Advisory Letter (NSAL) 93 013 its 
Supplement 1 to operating nuclear power plants (including Byron and Braidwood) •• These 
advisories resulted from Westinghouse's discovery that potentially nonconservative 
assumptions were used in the licensing analysis of the Inadvertent Operation ol the Emergency 
Core Coaling System at Poww (IOECCS) event. 

In NSAL-93-013, Westinghouse recommended that licensees detemiine whether their 
pressurizer safely relief valves (PS RVs) are capable of closing following discharge of subcooled 
water. Wostingnouse noted that the PSRVs might have been designed or ·qualilied" to relieve 
subcooled water. Westinghouse indicated that water discharge through the power-operated 
relief valves (PORVs) is not a concern, because the PORV block valves can be used to isolate 
the PORVs ii they fail lo closo. If the PSRVs are not designed or qualified for subcooled water 
discharge, Westinghouse recommended that licensees re-evaluate the !OECCS event with 
threo possible options of (1) reducing emergency care cooling system (EGGS) flow used in the 
salety analysis, {2) using a less restrictive operator response time. or (3) crediting the use of 
one or more PORVs to help mitigate the event. 

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

Some licensees of operating nudear power plants informed the NRC of their actions lo address 
the potential concerns regarding water discharge from pressurizer safety valves (PSVs) and 
PORVs. A sample of actions by nuclear power plant licensees 1s summarized below in the 
"Plant-Specific Actions· section. 

Additional NRC Generic Communications and Guidance 

In 2003. the NRC staff issued a review standard for extended power uprate (EPU) reviews.90 

Item 8 on page 7 of the review standard states that pressurizer level should not be allowed to 
reach a pressurizer waler-solid condition. 

In 2005, the NRG issued Regulatcny Issue Summary (RIS) 2005-29 to notify nuclear power 
plant licensees of a concern identified dunng reviews of power uprate requesls. 91 In RIS 2005-
29, lhe NRC staff stated that typically Condition II scenarios.,., involve discharging water through 
relief or safety valves that are not qualified for water discharge. The NAC staff stated that these 
valves are then assumed to tail in the open position and create a small-break loss-of-coolant 
accident (LOCA)_ The NRC staff stated that it was concerned that some licensees may be 
crediting PORVs without qualification for water discharge and without establishing additional 
restrictions to ensure the availability of PORVs and block valves. The NRG staff stated that the 

••westinghause 1993 and Westinghouse 1994 
"' NRG 2003 
"' NRG 2005b 
s; As delined in American Nuclear Socir:ty (ANS) Star-dard 51 1/N18.2-1973 (ANS 1973). 
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advice in Westinghouse NSAL-93-013 to use the PORV block valves to isolate the PORVs is 
inconsistent with non-escalation position. 

In draft Re11ision 1 to RIS 2005-29. the NRC staff addresses the specific ANS Condition II 
scenarios of chemical volume and control system (CVCSJ malfunction, inadvertent opening of a 
PORV or PSV (IOPSRV), and lhe IOECCS event.93 Regarding the eves malfunction, the NRC 
staff states that performing only a reactivity anomaly analysis or assuming that this malfunction 
is not as severe as the IOECCS event is not acceptable. Regarding the IOPSRV event. the 
NRC staff stated that inadvertent opening of PSV or POAV could continue as an ANS 
Condition Ill small break LOCA and fails to meet the non-escalation position. Regarding the 
IOECCS event, the NAC staff states that live of the alternative approaches in NSAL-93-013 fail 
to meet the non-escalation position. The NRC slaff indicated that these unacceptable alternative 
approaches are: 

t. closing the block valve 

2. assuming that the PORV 1s not operable 

3. addressing a stuck-open PORV or PSV as a separate ANS Condition II event 

4. determining that a stuck-open PORV or PSV is not as severe as a small break LOCA 

S. determining that RCS loss through PORV is made up by ECCS flow_ 

Additional General PSV/PORV Information 

In 2004. EPRI issued Technical Report 1011047, which evaluated !he potential increase in 
failure rates following steam and liquid relief through safety valves based on expertjudgemant. 0' 

The report found that the increase in failure rates is difficult to estimate because of limited data. 
However, the experts considered lhal repeated water discharge through safety valves might 
cause increased chatter, and therefore, an increased failure rate. 

In 2011, the NRG summarized relief valve performaricc data in NUREGICR-7037, based on a 
study by the Idaho National Laboratory."" With respect to pressurizer PORVs, the report lound 
four separate water discharge events at four PWR plan ls. The report estimated 698 total 
demands on these PORVs during their water discharge events witl1 no failures to close. The 
report also summarized test data lor 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 ol PORVs to reclose during 2070 demands, but 
does not specify water or steam service for the EPIX test infonnation. With respect to PSVs, the 
report indicates two lailures cul of rour total demands following plant scrams, but does not 
indicate water or steam service. Fallowing a request by the Panel, NRC staff from the Office of 
Nuclear Regulatory Research provided Licensee Event Report information indicating that the 
two PSV failures involved incomplete reseating of the valves with leakage of 25 and 200 gallons 
per minute, respectively. The report summarized EPtX test data for PSVs as no failures to 
reclase during 1805 demands. 

9' NRC2015a 
"'EPRI 2004 
'l'SNAC2011 
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Plant-Specific Actions 

Diablo Canyon 

In 1996, the licensee for Diablo Canyon Power Plant (Diablo Canyon) submitted a report of its 
evaluation under Title 1 O of the Code of Federal Regulations ( 1 O CFR), Section 50.59, 
"Changes, tests and experiments," of the potential lor an IOECCS event.06 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 period. The licensee indicated that WCAP-11677 (which evaluated 
the EPAI testind) was applicable and demonstrated that the PSVs were operable. 

In 2004, the NRC issued a license amendmenl for Oiablo Canyon that allowed credit for 
actuation of the PORVs in response to inadvertent safely injection (SI) actuation, to avoid 
cha!lenges to the PSVsP To support the NRC staff's review, the licensee submitted additional 
information related to the capability of the POAVs to function adequately under conditions 
predicted for design-basis transients and accidents.98 In response to a question regarding the 
design adequacy of the PORVs if the pressurizer becomes water ~olid, the licensee staled thal 
the PORV had no requirements far ASME BPV Code certification, but referenced a January 
1986 NRC letter that had accepted the adequacy of the POAV and block. valve design and 
confirmalary testing for a range of fluid conditions (full pressure steam. steam to water 
transition, and subcooled water fluid).~g 

Salem 

In 1997, the NAC issued a license amendment revising the technical specification (TS) for 
Salem Nuclear Generating Station, Units 1 and 2 (Salem) to ensure that the automatic capability 
of the PORVs to relieve pressure would be maintained. 100 In response lo NSAL·93·013, the 
licensee determined that an inadvertent SI actuation at power could cause the pressuri.l.er to 
become water solid. The PSVs would lift and discharge water if the automatic operation of the 
POAVs were not made available for reactor coolant system (RCS) depressurization ear1y 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 "safety related" 
standards and, thus, could not be credited for automatic mitigation of an inadvertent SI actuation 
at power. In response, the licensee proposed an upgra.de of the PORVs to eliminate the 
possibility that a single active failure of a PORV component could prevent the mitigation of an 
inadver1ent SI actuation at power. As discussed in the NRG staff's satety evaluation (SE}, the 
licensee implemented modifications to the PORV circuitry to qualify the upgraded circuitry as 
safely-related. 

Regarding PORV performance. the licensee evaluated the POAV air accumulators and 
determined that lhey had sufficient capacity for the inadvertent SI event. The licensee also 
reported that endurance tests had been performed with five different lrims (with different trim 

~6 PG&E 1996 
• 1 NRC 2004a 
.apG&E 2003 
WNRC 1986a 
100 NRC 1997 
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materials) an ane PORV at Wyle Laboratories to demonstrate that (1) after 2000 consecutive 
operations. there were no packing leaks or packing gland adjustments required: (2) there was 
no diaphragm failure: and (3) the solenoid valve withstood 10,000 operations without any loss of 
fuoction. Based on this information, the NRG staff concluded that the PORV perfom1ance was 
acceptable to mitigate an inadvertent SI evont. 

Millstone 3 

In 1998, the NRC issued a license amenctment far Millstone Nuclear Power Station, Unit 3 
(Millstone 3) that revised the TS to ensure that the capability of the PORVs to relieve pressure 
would be maintained.101 The revised TS Bases stated that the PORVs and their associated 
piping had been demonstrated to be "qualified" ror water discharge. The PORVs would prevent 
water discharge from the PSVs, tor which qualification for water discharge had not been 
demonstrated. The TS Bases also stated that the prime importaoce tor the capability to close 
the block valve is to isolate a stuck-open PORV. In the SE, the NRC staff referenced a 
December 1997 Licensee Event Report that notified the NRG of lhA issue of potential failure of 
PSVs following water discharge.· 02 

As par1 of this license amendment, the licensee upgraded the PORV circuit!)'. added additional 
PORV surveillance requirements. qualified 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 circuitty. lhe I\IRC staff concluded that the PORV 
circuitry modifications qualified the PORV control circuit!)' as safety-related. With respect to 
PORV performance, the licensee reanalyzed the inadvertent SI event wilh the LOFTRAN 
computer code to determine the time available for operator action to make a PORV 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 Items associated with PO RVs and safety valve qualil1ca~on for water and 
steam discharge, specifically the results from four tests of a Garrett PO RV (such as used at 
Millstone 3) for water discharge. ,c~. The licensee determined that the PORVs and associated 
piping are qualified tor 1 hour of water discharge for an IOECCS event. The licensee also stated 
that lhe PORV manufacturer performed numerous cycle tests 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 t,:i Generic Letter (GL) 89-1 o. 101 The NRC staff found the licensee 
information regarding tho qualification of the PORVs for water discharge during the inadvertent 
SI event to be acceplable. 

Callaway 

In 2000, lhe NRG issued a license amendment for Callaway Plant, Unit 1 (Callaway) that 
revised the TS to change the PSV lift setting range. 105 The changes also credited automatic 
actuafon of at least one PORV during an IOECCS event to prevent water discharge tllrough the 
PSVs; to enable this creoit, the licensee modified and upgraded the PORV circuitry to lull 

"' NRC 1998 
· 02 Northeast 1 !l97 
·o, EPAI 1962a (Volume 11) 
°"' NRC 1989 

·os NRC 2000 
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Class lE. In its license amendment request.106 the licensee had stated that the design function 
of the valves was not being changed and the conclusions documented in the NRC statt·s 
previous evaluation of Callaway's response lo TMI Action Plan Item 11.D. 1101 were also 
unchanged. As a result, the licensee stated that the PORVs and associated discharge piping 
can accommodate waler discharge 

Byron and Braidwood 

In 1998, the licensee for Byron and Braidwood requested an amendment to its TS to take credit 
for automatic operation ol the PO RVs to m itigale an IOECCS event., la In the amendment 
request, lhe licensee stated thal the PSVs had not been qualifisd to reseat after passing 
subcooled liquid. The licensee stated that the PORVs al Byron and Braidwood are safety­
related components with safety-related actuators and accumulator tanks, with PORV control 
circuits classified as safety-related. Tho licensee noted that some portions of the PORV circuitry 
are nonsafety-related, wilh improvements implemented in response to Gl 90-06.'°" The 
licensee stated that the PORV block valves are within the scope ot the GL 89-1 O program. 

In 1999, the NRC staff requested additional information related to concerns that the PORV 
circuitry did not meet the single tailure ctiterion.110 The licensee reevaluated its approach and 
withdrew its TS amendment request. 111 No further action regarding this amendment request was 
identified by the Panel. However, in a public meeting during the review of the NRR Appeal, 1" 

the licenses statea that the PORVs and their block valves at Byron and Braidwood are safely· 
related with the exception of one circuitry aspect oflhe PORV. 111 

In 2001. the NRG issued a license amendment for Byron ana Braidwood to increase the 
maximum thermal power for each unit from 3411 megawatts thermal (MWt) to 3586.6 MW! 
{commonly re/erred as a stretch power uprate).· 14 During its review, the NRG staff requesled 
that the licensee address water solid conditions in the pressurizer, because it had generally not 
accepted a solid pressurizer for an IOECCS event IG-QrGeff.)ive~the potential for all three PSVs 
to be stuck open due to liquid relief through these satety 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 waler. 115 The 
licensee discussed the EPRI testing program in response TMI Action Plan Item 11.D.1, Vwith the 
results summarized in EPRI NP-2628-SR. 06 The licensee referenced previous NRC approvals 
related ta TMI Action Plan Item 11.D. t .111 

The NRG staff made a further request regarding the temperature of waler that would be 
discharged by the PSVs and the length ol time that the PSVs would be expected to discharge 
water. The NRC staff also asked the licensee to discuss which EPRI tests are applicable to the 
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Byron and Braidwood condition. In response, the licensee stated that the PSVs would close 
after discharging water, although they may not be leaktight. 118 The licensee stated that the 
leakage from up to three leaking PS Vs is bounded by one fully open PSV. The licensee 
indicated that the EPRI testing of the Crosby safety valves in EPRI NP-2770-LD. Volumes 1 
and 6,' 19 are applicable. The licensee indicated that valve chatter occurred during the tests with 
damage to the internals, but that the salety valve closed in response to system 
depressu rization. The licensee staled that the Byron and Braidwood pressurizer water 
temperature of 590 •f is higher than the EPRI tests (530 °F). The licensee stated that the 
assumed length of the event is 20 minutes from initial SI signal to when the system pressure is 
restored below PSV lilt setpoint. 

In Section 3.2 of the SE accompanying the license amendment, the NRC staH discussed its 
review of 1he performance of the PORVs and PSVs to discharge liquid water lor approximately 
20 minutes. The NRC staff discussed the EPRI testing program, with the conclusion that the 
PSV would close in response to system depressunzation. The NAG staff reviewed the 
licensee's evalua~on of the per1om1ance of the PS Vs far liquid water conditions. The NRC staff 
found that the EPRI tests adequately demonstrated the performance of the valves for the 
expected water temperature conditions, and that there was reasonable assurance that the 
valves would adequately reseat following the spurious SI event. The NRC staff determined that 
EPRI test data indicated that the PSVs might chatter ror 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. Therefore, the NRC staff found the licensee's crediting of 
the PSvs to discharge liquid water during the spurious SI event to be acceptable. This portion of 
the SE was based on input provided by the Office of Nuclear Reactor Regulation (NRA) Reactor 
Systems Branch, with technical input from the responsible staff member for safety valves in the 
NRA Division of Engineering."0 

As noted by the licensee, Section 15.5.1 of the Byran and Braidwood UFSAR at the time of the 
stretch power uprale includes PSV water discharge and retererices the TMI Action Plan 
Item 11.D.1 approvals.m The current UFSAR Revision 15 concludes that the IOECCS event 
does not progress into a stuck-open PSV LOCA event. '22 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 IOPSRV event The UFSAR also specifies that ii SI results in 
discharge of coolant through the pressurizer valves, the operators will bring the plant to cold 
shutdown to inspect the valves. 

In 2004, the NRC issued a license amendment for Byron and Braidwood granting an adJustment 
to the PSV setpoints.'~J 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 
water temperature. For the loss ol ac power (LOAC) with reactor coolant pump (RCP) seal 
injection event. the licensee's analysis indicated that continued injection of w1iler into the RCS 
through the RCP seals would result in a water-solid pressurizer and water discharge through the 
PSVs. The proposed PSV setpoint tolerance assuming negative tolerance would result in a 
lower PSV lift sctpoint With the lower setpoint. the PSV would open earlier, and a larger 
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number o! PSV water cycles with a lower water discharge temperature could result during the 
transient The licensee performed an analysis of the LOAC with RCP seal injection event. and 
determined the revised PSV setpoinl would result 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 SL event remained the limiting event since it resulted in a 
greater increase in the m.mber of PSV water cycles (two cycles vs. one cycle) and a greater 
decrease in the PSV discharge water 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 ol record 
for the spurious SI event was 590 'F. The lowest discharge water temperature for the spurious 
SI evem with the revised PSV selpoint was 587 °F. The NRG slat! found ttiat the calculated 
water discharge temperature (587 "Fl was significantly higher than the discharge water 
temperalure of 530 °F that was used to support operability of the PSVs as discussed in the 
analysis or record. As a result, the NRC staff concluded that the analysis was acceptable to 
assure that the PSVs will remain operable follolhing a spurious SI event 

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

With respe<ct to inservice testing (1ST) activities, the Byron 1ST program' 25 references the ASME 
Cade for Operation and Maintenance of Nuclear Power Plants (OM Code). 2004 Edition through 
2006 Addenda; and the Braidwood 1ST program"~ references the ASME OM Code, 2001 
Edition lhrough 2003 Addenda. The Byron 1ST Program specifies the following testing and 
inlervals tor the PORVs. PORV block valves, and PSVs: 

• PORV: fail safe tesl closed (cold shutdown interval). stroke-time e>o:ercise open and 
closed (cold shutdown interval), and position indication test (2 year interval) 

• PORV 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 lnservice 
Testing ot Active Electric Motor Operated Valve Assemblies in Light-Water Reactor 
Power Plants"' (JOG Program interval) 

• PSV: position indication test (2 year interval) and relief valve test (5 year interval) 
referencing ASME OM Code, AppendiM 1, "lnservice Testing of Pressure Relief Devices 
in Light-Water Reactor Nuclear Power Plants" 

The Braidwood 1ST Program specilies the following testing and intervals for the PORVs, PORV 
block valves, and PSVs: 

• PORV: fail safe test closed (refueling outage inlervalj, stroke-time exercise open and 
closed (refueling outage interval), and position indication test (2 year interval). 
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• PORV Block Valve; exercise open and closed {quarterly interval) and posilion indication 
test (2 year interval) 

• PSV: position indication test (2 year interval), and relief valve test (5 year interval). 
referencing ASME OM Code, Appendix I 

Shearon Harris 

In 2001, the NRC issued a license amendment to Shearon Harris Nuclear Power Plant, Unit 1 
(Shearon HarTis) for steam generator replacement and a power uprate to a maximum power 
level of 2900 MW! (approximately 4.5 percent).'" In addressing the licensee's evaluation of 
Standard Review Plan (SRP) Section 15. 5.1 , the NRC staff found that the analysis showed that 
the calculated inlet pressures and temperatures required for the PORVs and safety relief valves 
(SRVs)128 tq operate in a water environment were within the valve operable rang_~. an~ th us 
ensured thatthe PORV and SRV would be operable during the lrani.ient. The valve operable 
ranges were previously determined by the licensee to support operability of the PORV and SRV 
during the discharge at subcooled water in accordance with the TMI Action Plan Item 11.D.1 
requirements. Based on the analysis meeting the acceptance criteria of SAP Section 15.5.1 with 
respect to the RCS pressure limit and departure-from-nucleate-boiling limit, the NRC staff 
concluded that the analysis was acceptable. 

Beaver Valley 

In 2006, the NRC issued a license amendment authorizing an EPU for Beaver Valley Power 
Sta~on, Units 1 and 2 (Beaver Valley), an approximate a-percent increase in thermal power to 
2,900 MWt.129 In the SE accompanying the amendment, the N RC staff described its review of 
the capability of the PS Vs to discharge liquid and adequately reseat for a spurious Sf actuation. 
The NAC staff specifically evaluated whether the PSVs could reasonably be expected to reseat 
to prevent the spurious SI actuation (an ANS Condition II event) from causing a stuck-open PSV 
(an ANS Condition Ill event). This issue was said to be further discussed in RIS 2005-29. While 
lhe PSVs for Beaver Valley were qualified to discharge steam, if the valves discharged water 
with sufficient subcooling, the NRC staff was concerned that they might not reseat property. 

Based the licensee's analysis, during a spurious SI event, the PSVs would be required to 
discharge steam followed by high temperature water after the pressurizer fill ed. The licensee 
provided plots of the pressurizer water temperatures lor this event that indicated that the 
minimum temperature of the discharged liquid for Beaver Valley was approximately 620 °F. To 
evaluate the capability of the valves to discharge and reseat, the N RC staff reviewed the 
available data from the full-flow tests performed during the EPRI test program in 1981 for the 
specific PSV models roproscntative of those installed at Beaver Valley. The licensee also used 
tne methodology contained in WCAP-11677 and determined that the minimum acceptable liquid 
temperature for which the PSVs were expected to successfully discharge and reseat was less 
lhan the minimum expected temperature for the spurious SI event for Beaver Valley. 
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The NRC staff agreed that both the minimum expected water discharge temperalure and the 
minimooi aceeptable waler temperature had been conservatively calculated. Therefore, the 
NRC staff determined that, for purposes or preventing the occurrence of a more serious ANS 
Condition Ill event, there was reasonable assurance lhat the PSVs would discharge water and 
reseat adequately following a spurious SI actuation. A consideration of the NRG staff in making 
this finding was that in the unlikely event of a stuck-open PSV, the ECCS was fully capable ol 
mitigating the resulting LOGA. 

Turkey Point 

In 2012, the NRC issued a license amendment authorizing an EPU for Turkey Point Nuclear 
Generating, Units 3 and 4 (Turkey Point), increasing the thermal power level of each unit 
appro~imately 15 percentto 2644 MWt.'"" 

In the SE accompanying the amendment, the NRG staff indicated that ECCS actuation was not 
a possible initiator of inadvertent increase in reactor coolant inventor,, because the high head SI 
pumps have a shut-off head below the normal RCS operating pressure. The NRC staff stated 
that a CVCS malfunction that increases RCS inventory was evaluated for the effects of adding 
water inventory to the RCS. If the pressunzer lilled and caused water to be relieved through the 
PORVs or PSVs, then these valves could stick open and create a small break LOCA. The NRG 
staff stated that this would violate the acceptance criterion that prohibits the escalation of an 
anlicipated operational occurrence (AOO) into a more serious event Satisfaction of this 
acceptance criterion was demonstrated by showing that sufficient time would exist for the 
operator to recognize the situation and end the charging flow before the pressurizer could fill. 
The NRC staff concluded that the licensee's analyses of lOEGGS and CVCS events adequately 
accounted for operation of the plant at the proposed power level. 

Regarding an inadvertent opening of a PORV, the licensee initially proposed that the 
consequences of this event were bounded by the small break LOGA. The NRC staff did not 
accept this proposed disposition. If actiOn were not taken to secure the open valve by either 
closing the PORVor its block valve, the NRG staff staled that this event could escalate to a 
small-break LOCA, wtlich would be contrary lo !he non-escalation position. When the 
pressurizer lilted, water would begin to flow ttirough the open POAV. If the PORV were not 
qualified tor water discharge, the NRG staff stated thal it was likely the PORV would not close 
upon demand. In this way, the NRC slaff stated that the inadvertent opening of a PORV, an 
AOO, would become a small break-LOCA at the top of the pressurizer, an ANS Condition Ill 
event. The NRC staff requested that the licensee address the inadvertent opening or the PORV 
with respect to the third criterion for an ANS Condition II event 

The licensee provided an analysis performed largely in accordance with NRG-approved, 
Westinghouse analytic me1hodology using the RETRAN computer code; however, this analysis 
was perlormed assuming that the PORV opened instead al the PSV. The NRC staff stated that 
assuming the opening of the PORV is acceptable, because the PSV is differently qualified, and 
reseats mechanically. An additional independent fault would be required to cause the PSV to fail 
to close. The analysis indicated that the pressurizer would fill within about 240 seconds. The 
licensee stated that there were multiple alarms to indicate the opening of a PORV. The licensee 
stated that a prompt operator action would be needed to close the PORV and, ii the PORV does 
not close, the operator would be directed to close the blocK valve. Because the necessary 
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aclions would be prompl and simple, lhe NRC staff agreed that there would be sufficient time to 
secure the inadvertently open PORV wilhoul filling the pressurizer. 

St. Lucie 

In 2012, the NRC issued a license amendment authorizing an EPU for St. Lucie Plant, Unit 2 
(St. Lucie, Unit 2) that inc rcased the authorized lhermal power level about 12 percent to 
3020MWt. 

Regarding an IOECCS event, the high pressure SI pumps would be incapable during power 
operations of delivering flow to lhe RCS because the pumps' shut-on head would be less than 
the nonnal RCS operating pressure of 2250 pounds per square inch absolute. Therefore, the 
licensee detem, ined that the inadvE!l1ent operali on of the Eees at power event was not a 
credible event and did not analyze it for the proposed EPU. The NRC staff found that the 
licensee's position for not analyzing the IOECCS event to be acceptable. 

Regarding a eves malfunction, the licensee evaluated it as an AOO for the effects of adding 
water inventory to the RCS. The NFIC staff reviewed the licensee·s analyses of the eves 
malfunction event and CQ11cluded thal lhe licensee's analyses adequately accounted for 
operation of the plant at 111e proposed power level and were perfomied using acceptable 
analytical models. The NRC staff determined that the licensee's analysis demonstrated lhat the 
pressurizer did not become water solid, assuring no water was discharged through the PS Vs. 

Regarding an IOPORV event the NRC staff slated that, when viewed from the mass addition 
perspective, this event could be evaluated in two phases: (1) an inadvertent opening of a 
pressurizer relief valve. followed by (2) an inadvertent ECCS actuation. In the first phase, the 
NRC slaH slated that this event could be mitigated by closing the open PORV or its block valve. 
If the PORV or its block va111e was not closed, the NRG staff stated Iha! the IOPORV event 
would enter lhe second phase 'Nith actuation ol the ECCS. Based on its review. the NRC staff 
determined that the pressurizer overfill analysis, available alarming system, and procedures, in 
combinalion with simulator exercise res u1ts, provided reasonable assurance that the pressurizer 
would not be expected to fill to a water solid condilion that could prevent the PORV or PSV from 
closing after they were open. The NAC staff therefore concluded that the event would not 
generate a more serious plant condition, meeting the non-escalation criterion. The NAC staff 
stated that it reviewed the licensee's analyses of the inadvertent opening of a pressurizer PORV 
event. and concluded that the licensee's analyses adequately accounted for operation of the 
plant at the proposed power level and were performed using acceptable analytical models. 

The NRe staff concluded that lhe licensee demonstrated lhat all AOO acceptance criteria were 
satisfactorily met. 

North Anna 

Norlti Anna Power Station, Units 1 and 2 (North Anna) UFSAR Section 15.2.14, "Spurious 
Operation of the Safety Injection System at Power: describes plant response to an inadvertent 
SI event. In particular. UFSAR Section 15.2.14.2.3, "Event Propagation," stales the following: 

Safety valve ( Reference 1 S) and PORV (Reference 1 9) testing has revealed no 
inslances of failure of the valves to reseat lollowing water relief. Resulting 
leakage is within the capacity of the nomial makeup system and is therefore not 
considered to be a small break loss of reactor coolant event. Therefore, the 
complete filling of the pressurizer and/or water relief via a safety valve as a result 
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of a spurious safety injection does not constitute a failure to meet the event 
propagation aoceptance criterion. Although primary credit for preventing the 
propagation ol 111e event to a small break loss of reactor coolant even1 is the 
reseating of the PORVs and safety valves, it is noted that the PORVs (which 
open prior to the safety valves and, if open, preclude safety valve actuation tor 
this event) are provided with block valves which the operator will close in the 
event of excessive PORV leakage. 

North Anna UFSAR Section 1 S.2.14.3, "Conclusions." indicates that the complete filling of the 
pressurizer and water discharge via a PSV as a result of a spurious SI does not constitute a 
failure to meet the non-escalation position Furthermore, UFSAR Section 15.2, '·References,' 
lists EPRI NP-2770-LO and EPRI NP-2670-LD. 

Conclusion 

In conclusion, the reliance by the licensee for Byron and Braidwood on the acceptable 
perfom,ance of the PSVs and PORVs following water discharge in response to abnormal events 
is not inconsistent with similar approaches by some other nuclear power plant licensees. In 
general, the review of act.vities by various nuclear power plant licensees related to PSV and 
PORV peffonnance revealed reliance on EPRI, Wyle. and valve vendor testing to provide 
support for the pertormance of these valves under various sel\lice conditions. Specific 
certiNcation for flow capacity of these valves for water discharge in accordance with the ASME 
BPV Code aAG-Nal-ional Board wasi not identified in the review of various justifications prepared 
by nuclear power plant licensees. 

In evaluating the historical documents for Byron and Braidwood, the Panel found ii challenging 
to determine specifically how the licensee resolved the concern raised in NSAL-93-013 in its 
analyses and plant operations. While the record does ~ot__iSupport a compliance backlit in this 
case, if (as recommended by the Panel) the NRC staff undertakes a generic review of licensees' 
treatment of the potential for pressurizer valve damage following water discharge. 1t may be 
appropriate to considerv.tiat actions have been taken. how operating experience with water 
discharge has been considered, and how analysis assumptions are considered in operational 
practices (including inservice testing) at each plant. 
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1 BACKGROUND 

On June 22, 2016,1 in accordance with NRG Management Directive (MD} 8.4/ the NRG 
Executive Oireclol' for Operations (EDO} established a Backfit Appeal Review Panel (Panel) to 
review the appeal by Exelon Generation Company, LLC (Exelon or the licensee) of the U.S. 
Nuclear Regulatory Commission (NRG) staff's detennination that a backlit is necessary at Byron 
Station, Units 1 and 2 [Byron) and Braidwood Station, Units 1 and 2, as well as the NAG staff's 
application of the oompliance backlit exception provided in Title 10 of the Code of Federal 
Regulations ( 1 o CFR), Section 50.109, "Backfil'ting." 

This backlit determination is documented in an October 9, 2015, letter (referred to as the Backlit 
Letter).' The letter describes the NAG staff's review of licensing basis documents for Byron and 
Braidwood. The I\IRC staff determined that Byron and Braidwood were not in compliance with 
the plant-specific design bases and several NRC regulations: 

• General Design Criterion (GDCJ 15, "Reactor coolant system design," in 
1 O CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power Plants'' 

• GDC 21, "Protection system reliability and lestability• 

• GDC 29, "Protection against anticipated operational occurrences" 

• Paragraph (bl of 1 o CFR 50.34, "Contents of applications; technical information" 

Specifically, the NRC staff determined that Byron and Braidwood do not comply with provisions 
in American Nuclear Society (ANS) Standard 51. 1/1\118.2· 19734 for ensuring that ANS 
Condition II events~ do not progress to more serious ANS Condition Ill events folloWing water 
discharge6 through certain valves. The NRC staff acknowledged lhat 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).7 However, the NFIC staff 
determined that the backfilling was justified uncter 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 December 8. 2015, the licensee appealed the NRC staff's decision to the Director of the 
Office of Nuclear Reactor Regulation (NRA), 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 

1 NRC 2016e (Author and year dtalions in footnotes rele, to tho designation of roforonces in Append,~ D 
to lhis report. I 
2 NRC2013 
'NRC 201 Sb - referred to as the Backfil Letter in the remainderol the report 
4 ANS 1973 
• Specili~lly, inadver1en1 operation ol lhe emergency core cooling system, malfunction of the chemical 
and volume control system, and inadvertent opening of a pressurizer safety or relief valve. 
• For consistency in lhis report. the Panel uses Ule phrase "water discharge" rather than ''water relief' or 
"liquid discharge" {except in direct quotes). as this is lhe phrase used in lhe Westinghouse documents 
that raised Iha issua addressed in this report. 
' N RC 2001 b - referred to as the Uprate SE in the remainder ol the repor1 
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staff had twice approved the underlying analysis.8 The approvals referenced by the licensee 
were an August 26. 2004. license amendment associated with pressurizer safety valve (PSV) 
se1j)Oints• and the above-referenced Uprate SE. In a letter dated May 3, 2016, the N AC 
responded to the licensee's appeal and reaffirmed its ttecision that the backfit per the 
compliance e><Ception provisions of 1 O CFR 50.109(a)(4J(i) is appropriate. 10 

On June 2, 2016, the licensee again appealed the NRC staff's decision, this time to the EDO." 
The purpose of this repon by the Backlit Appeal Review Panel is 10 provide information and 
recommendations to support the EDO's decision on 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 Backlit Appeal Review Panel undertook a review of the relevant 
documents in this case. This included the licensee and NRC staff letters mentioned above: the 
Uprate SE and the Setpoinl SE; and a June 16, 2016, 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 (1 O CFR 50.109), related court actions. and Commission and Slaff 
guidance on application of the Backlit Rule 

• Dockeled communications for Byron and Braidwood from 1982 to the presenl, including 
license amendment requesls (LARs) by the licensee, NRC-issucd license amendments, 
NRC requests for additional information (RAls), licensee responses, meeting 
summaries. NRC SEs, and the licensee's Upttated Final Safely Analysis Report 
(UFSAR}'! 

• NAC guidance relevant to the analysis of inadvenent operation of the emergency core 
cooling system (IOECCS) events ovor the period ol 1981 lo the present, incluttlng 
Standard Review Plan (SAP) Section 15.0, Sections 15.5.1 - 15.5.2, and 
Section 15.6.1 14 

• Westinghouse Nuclear Safety Advisory Letter (NSAL) 93-013'• and its Supplement 11•, 

as well as docketed communications regarding actions taken by other licensees in 
response to Westinghouse NSAL-93-013 

• The history of NRG and industry activities related to power operated relief valves 
(PORVs), their block valves, and PSVs (including Three Mile Island (TMIJ Action Plan 

• Exelon 2015- referred to as the NRR Appeal in the remainder of the report 
• NAC 2004b - relerred to as 1he Setpoi nt S !: in the remainder ol lhe report 
· ~ NRC 2016d referred to as NRA Appeal Decision in the remainder of the report 
·' Elcelon 2016a - referred to as E DO Appeal in the remainder at the report 
''NEI 2016 
·• E1<elon 2002 and Exelon 2014 {The Panel reviewed olher revisions as well. but lhey are not included in 
Appendix D as they are not referenced in th is report.) 
., NRC 1981a, NRC 1981b, NRC 1981c. NRC 2007a, NRC 2007b, and NRG 2007c 
,; Weslinghouse 1993 
"Weslinghouse 1994 
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Items IID.1, 11.D.3, 11.G.1, and 11.K.3 as documented in NUREG-073717 , as well as 
Generic Letter B9-1018 and its supplements}, Electric Power Research Institute (EPRI) 
valve testing, and opera~ng experience (NUREG/CR-7037 19) 

In addition to the document review, the Panel had the benefit of meetings with NRA {both the 
Division of Safety Systems and the Division of Engineering), the Office of the General Counsel, 
and the NRC Committee to Review Generic Requirements (CRGRJ. Both Exelon (Bradley 
FeWBII, Senior Vice President of Regulatory Affairs) and NEI {Tony Pietrangelo, Senior Vice 
President and Chief Nudear Officer) declined offers tor 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. 

Al the request of the Panel, the Office of Nuclear Regulatory Research (RES) conducted risk 
analyses using the NRC's Standardized Plant Analysis Risk model for Byron Unit 1.20 These 
analyses informed the Panel's response to the question from the EDO regarding the risk 
significance of the relevant accident sequences. 

Given ~hat the Backlit Rule creates a structured process lor changes ta previous NRG staff 
positions-in effect, placing ihe burden of proof an the NRC stalf-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 Backfi1 and Exelon Appeals 

In the Backlit Letter, the NAG stall informiid Exelon that ii had determined that Byron and 
Braidwood are not in compliance with GDCs 15, 21, and 29; 10 CFA 50.34{b); and the plant­
specific design bases that were expected to demonstrate there will be no progression of ANS 
Condition II events to ANS Condition Ill events The NRC staff state-d 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" !or water discharge. Therelare, the NRG staff 
concluded that the UFSAR does not contain analyses that demonstrate that the plants· 
slruc!ures, systems, and components (SSCs) meet the design criteria for ANS Condition II 
events as stated in Byron and Braidwood UFSAR Section 15.0.1.2. Based on the SE anached 
to its letter,;' lhe NRC staff found that the licensee must take action to resolve the non· 
compliance. 

The Backlit SE addressed three accident analyses in Chapter 15 of the Byron and Braidwood 
UFSAR: (1) IOECCS: (2) chemical and volume cootrol system (CVCS) malfunction that 
increases reactor coolant inventory: and {3) inadvertent opening of a pressuri2er safety or relief 
valve (IOPORV). The NRC stat! noted that each ANS Condition II event must be shown to meet 
the following: 

11 NAC 1980c - referred to as the TMI Ac lion Plan in the rema, nder of the repa rt; lessons learned from 
TMI were also prcscnlod in NUAEG-0578 (NAC 1979a}, NUAEG-0585 (NRC 1979b). and NUREG-0660 
(NAC 1980a) 
'"NRC 1989 
~NRC2011 

zo NRG 20161 
21 Referred to as the 8ackfl1 SE in the remainder of the report 
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1 . no fuel damage, 

2. no overpressure al 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 10 ECCS. the NRC staff stated in Section 3.1.2.1 of the Backlit SE that use of the 
block valve to isolate a s!Jck-open PORV was unacceptable. Tho NRC staff stated that 
Westinghousfj recommended this approach in 1993, and that the NRG staff rejected this 
approach in 2005 (RI$ 2005-2!J22). 

In Section 3.1.2.4 of the Backlit SE, the NRC staff stated that the Byron and Braidwood 
IOECCS analysis depended on water discharge through the PSVs. The NRC staff faulted the 
licensee for "not appl[yingJ the single-failure assumption" and stated that the following 
information was necessary to support water qualification of the PSVs: 

1. In accordance with the Amem;an Society of Mechanical Engineers (ASMEJ Boiler and 
Pressure Vessel Cade (BPV Code), Sectioo Ill, provide the original Overpressure 
Protection Report defining operating conditions and required relief capacities, and 
manufacturer's certification and test results 

2. In accordance with the ASME Code for Operation and Maintenance of Nuclear Power 
P/fjn/s (OM Code), provide inservice test history for PSVs, including water and steam 
tests, or provide correlation test for alternative test fluid. 

Regarding a CVCS malfunction, the NRC staff stated in Section 3.2 of the Backfit SE thal the 
licensee 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 II 
event. 

Regarding an IOPORV, the NRC staff stated in Section 3.3 of the Backfit SE that the licensee 
had not proVieled an analysis for the IOPORV that e>ctends loog enough into the transient to 
demonstrate the event would not transition from an ANS Condition II e11ent to an ANS Condition 
Ill event. 

In the Backlit SE, the NRC staff rererenced Millstooc23 and Callaway"' license amendments as 
examples of licensees upgrading PORVs for water discharge; a Beaver Valley extended power 
uprate (EPU) license amendment25 as an example of qualifying PO RVs for water discharge; and 
Turf<ey Point>" and St. Lucie Unit 227 EPU amendments as additional precedent in support of the 
backlit dee ision. 

''' NRG 2005b 
2• NRC 1998 
'" NAG 2000 
"NRC 2006 
-"" NRC 2012a 
'°' NRC2012b 
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In the NRA Appeal, Exelon asserted that the N RC had not justified invoking the compliance 
exception to the backfit n.Jle. Exelon stated that the NRC approved its IOECCS analysis in both 
the Uprate SE and the Selpoint SE. 

In the NRR Appeal Decision, the NRC staff stated that the previous NRC approvals in 2001 and 
2004 were inconsistent with the Agency's general position on the known and established 
standard at issue-in this case, the progression of ANS Condition II events to higher level 
events_ The NRC staff stated that the facl that the NRC staff were aware of references to EPRI 
reports on lhe ability of these non-water qualified PS Vs to reseat in certain circumstances was 
not sufficient to support the licensee's position on the compliance backlit. 

In the EDO Appeal, Exelon slated that the NRC had misidentified the "known and established 
standard" at issue as the prohibition of ANS Condition II events progressing to ANS Condition Ill 
events. Exelon asserted that the standard in question concerns what is necessary to ·qualify" 
valves for water discharge. Exelon contended that lhis slandard was the EPRI testing and 
analysis, and that the NRC agreed that Byron and Braidwood met this standard. Exelon also 
oontencJed lhat the change in NRC slatt 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 exception provided for in the Backlit Rule was not appropriate. 

1.3 Bacldit Rule and the Compliance Exception 

Backfilling is defined by 10 CFR 50.109(al as: 

... the modification of or addition to systems, structures, components, or design 
of a facility: or the design approval or manufacturing license for a facility: or the 
procedures or organization required lo 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 regulatory staff position interpreting the 
Commission's regulations that is eitller new or different from a previously 
applicable staff position .... 

Unless one of three specified exceptions apply, the NRC may impose a backlit only if it 
performs a back1it analysis in accorcance with 1 o CFR 50.109(a)(2) and determines in 
accordance with 1 O CFA 50.109(a)(3) "that there is a substantial increase in the overall 
protection of the public heallh and safety or the common defense and security to be derived 
from the backlit and that t'1e direct and indirect costs of implementation for that lacility are 
justified in view of this increased protection." 

Section 50.109(a)(4) sets forth the three exceplions to the requirements at 10 CFA 50.109(a](2) 
and (a){3). The firs! exception, the compliance exception, applies if the 'modification is 
necessary to bring a facility into compliance with a license or tho rulos or orders of the 
Commission, or into conformance with written commitments by the licensee." The seconcl and 
third exceptions relate to actions necessary lo ensure adequate protection or lo actions that 
involve defining or redefining adequate protection . 
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The Commission explained 1ts intended application of the compliance exception in the 
Statements of Consideration (SOC) accompanying the 1985 final rule amending 
10 CFR 50.109:2S 

The compliance exception is intended to addrass situations in which the licensee 
has failed to meet known and established standards of the Com mission 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 backlit analysis and application of the standard. 

In the same SOC, the Commission acknowledged that stafl interpretations of rules are not 
legally binding, but the Commission also stated that "stall 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 backlit."21 

By its terms, the compliance exception applies to actions necessary for compliance with rules, 
licenses, and orders, or for conformance with written comrnitments.30 Also, the Commission 
explicitly acknowledged the importance of staff interpretations of rules in the regulatory process. 
Thus. the Panel understands the term "known and established standard" to include standards 
established in rules, licenses, orders, and written commitments, and NFIC interpretations of 
rules. Some standards may be broad-based, while others may apply only to a limited number of 
plants. As stated in NU REG-1409. ''[i)nformal or formal communications to one licensee are not 
official positions ta all licensees .... Orders, licenses. and written commitments arc applicable 
only to a particular licensee " 

The failure to meel a known and established standard is grounds for a compliance backlit if this 
failure is due to "omission or mistake ol lact." Thus, ii a licenseEi obtains NRC approval of an 
alternative to a specific standard set forth in guidance, that standard and guidance could nol be 
used to support a compliance backlit 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 from 
·new or modified interpretations of what constitutes compliance," v.nich do not fall within the 
compliance exception. The Panel understands the term "new or modified interpretations" to 
include situaHons wtlere t~e NRC staff has, in effect, "changed its mind" on how lo interpret the 
Ian guage of a requirement or on how much assurance is necessary to conclude that the 
requirement is met. Levels of assurance might be established in terms such as acceptable 
probabilities or consequences. conservative assumptions, or sufficient margin. 

Addi1ional background information on the Backlit Rule and the compliance exception is provided 
in Appendix A to this report. 

28 NRG 1 985, at 38103 
"~ NRC 1985, at 38102. The 1985 backlit rule was vaca1ed by a Feaeral cour1 on grounds unrelated to the 
compliance oackfit exception See Union of Concerned Scion lists v. U.S. Nuclear RegLJ!atory Com'n, 
824 F 2d 1 08, 119-20 ( 1 987). In 1988 the Comm,ss1on amended 1he backlit rule ( NRC 1988b) to address 
the court's concerns, but did not change the 1985 rule's compliance exceplion provision Thl>S, 1lle 
quoted statements from the 19B5 rule are the applicable express,on of Commission intent regarding 
compliance backlits. 
""NURE(.,-1409 (NRC 1990c) defines wn1ten commitments broadly 10 include the "final safety analysis 
report, licensee event reports. and docketed correspondence, including responses lo NRC bulletins. 
generic letters. inspection reports. or no11ces of violation ,md confirma1ory action 1eners." 
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1.4 A Brief History of Pressurizer Valve Issues 

Appendix B to !his report provides a summary of lhe NRG and industry's testing, evaluation, and 
other consideration of PO RVs and PS Vs since the TMI Unit 2 (TMl-2) accident in 1979. This 
historical review provides coolext for discussion of valve "qualification" in the Backlit SE. II also 
provides the basis tor the Panel's conclusions regarding the "known and established standard" 
for "qualificaUon" in the context ol TMI Action Plan Item 11.D.1 and subsequent activities, as well 
as how it should be interpreted in the Byron and Braidwood licensing basis. 

In light ol lhe NAC staff's assertion that the licensee had not applied the "single-failure 
assumption" as noted above, the Panel also considered the applicability of the single failure 
criterion to PSVs. The Panel expended considerable effort in searching for an answer to what 
appears to be a simple question: "Are PSVs active components subject to the single failure 
criterion. or are lhey passive components exempt lrom the single !allure cnterion?' NRR staff 
have taken the position that PS Vs have consistently been treated as active components_ 

In the Panel's evaluation of the treatment of PSV failure potential (Section 3 below). a historical 
perspective is provided. In general, the Panel found that the classification of a component as 
"active" or "passive" depends on its design, application, and function. For example, passive 
components almost always do not need external power; usually do not need an external 
actuator (e.g .. signa1)31; sometimes do not involve any mechanical motion (e.g., movement of a 
valve disc)3"; and sometimes do not involve any motion, either fluid or mechanical (e.g_, piping}. 
While it does not represent formal NRC guidance, additional views oo passive components are 
included in International Atomic Energy Agency (IAEAl TECDOC-1624.:,i This document slates 
that "[sjafety related terms such as passive and inherent salety have been widely used, 
particularly with respect to advanced nuclear planls, generally without definition and sometimes 
with definitions inconsistent with each other.'' This guidance further defines tour levels of 
"passivity" to "help eliminate confusion and misuse of the terms by members of the nuclear 
community." In addition, SECY-05-013834 also acknowledged and discussed inconsistencies in 
the use and application al the term ;'passive." Additional consideration of this lopic by the Panel 
is documented in Seclion 3.10 below. 

The introduction to the GDCs and the related footnote define the applicability of the single 
failure crilerion in terms of electrical versus fluid systems, and active versus passive 
components. Neither the GDCs nor NAC guidance define which characteristics of passive 
compooents are necessary to make a componant exempt from the single failure criterion. Some 
examples are clear: pipes are passive components and pumps and motor-operated valves thal 
operate to perform their safety functions are active components. As discussed in Section 3 6 

~1 For example, SlcCY-77-439 (NRG 1977) states: "Examples [of passi\le fa,l~res in fluid systems] incl~e 
the failure of a simple check valve 10 move to its correct position when required, the leakage of fluid from 
failed components, such as pipes and valves-par1icularly ttlrough a failed seal at a valve or pump-or 
line blockage. Motor-operated valves which have the sourr.e ol power locked out are allowed to be 
treated as passive components." 
32 For example, NU REG· 1800 (NRG 2001 c) states mat ·"[p]assive· struc1ures and components, lor the 
purpose of ttle license renewal rule. are those !hat penorm an intended function ... without moving par1s 
or wilhout a change in configuration or properties ... 'passive' may also be interpreted to include 
structures and components that do not display 'a change of stale . .,. 
31 IAEA 2009 
"'NRC 2005a 
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below, check valves might be classified as active or passive components depending on certain 
specific considerations. 

With respecl to PSVs, the ASME BPV Code applicable to Byron and Braidwood indudes 
requirements for overpressure protection that relate lo the single failure criterion through several 
specific design and construction requirements. As a result, the PSVs are COflservalively sized 
wilh sufficient margin to accommodate a single failure although the single failure criterion is 
almost never explicitly discussed or applied in accident analyses. The Byron and Braidwood 
UFSAR slates that "adequate overpressurization protection is provided by the three installed 
safety valves." Neitner the UFSAR system descriptions nor the sare1y analyses provide detailed 
discussions of potential PSV fa.ilures or their consequences. The principal discussion of 
polenlial PSV failures in the accident analyses occurs in the evaluation of an inadvertent 
opening of a PSV in U l"SAR Section 15.6.1. 

Most relevant for the current Issue, the Byron and Braidwood UFSAR analyses of overpressure 
events (e.g., loss of load, loss of feedwater) do not apply the single failure criterion 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 sfick open either during steam discharge or during water discharge. 
A survey of other Westinghouse-designed plants showed that this lreatmenl of PSV valve 
p011ormal'\Ce during an1ic1pated operational occurrences (AOOs, similar to ANS Corldition II 
events) and poslulated accidents (similar to ANS Condi lion IV events) has been consistent and 
without any idenlilied exceptions_J,, 

1.5 History and Review of Westinghouse NSAL and Related Activities 

AppenciK 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 review 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 
standa.rd" for event escalation from ANS Condition II to ANS Condition Ill, 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 following water discharge ii the likelihood is sut11ciently small, based 
on well-informed staff engineering judgment The Panel also concluded that, in preparing the 
Uprate SE and the Setpoint SE, the NRC statt exercised reasonable and well-informed 
engineering judgment when the NRG staff concluded that lhe PSVs were unlikely to slick open. 
Tho non-escalation position does not establish specific standards tor valve qualification, so the 
non-escalation posilion, standing alone, provides no basis for rejecting the licensee·s reliance 
on EPA! 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 

ls Examples include Watts Bar (NRC 1 982 and TVA 1983). North Anna (NRG 1976], and AP1000 
(Westinghouse 201 1) 
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waler discharge through pressurizer valves.~6 Therefore, the Panel also concluded that the NRC 
staff's position on valve qualification in the Backfit SE is a new or modified interpretation of what 
constitutes compliance. 

The Panel also concluded that the issue of pressurizer valve performance following water 
Clischarge appears to have generic applicability, and is not specific to only Byron and 
Braidwood. The Panel be'leves that resolution of this issue would have benefited from 
consideration of the generic nature of the issue through the appropriate NRC processes. The 
Panel included additional information about this finding in Sedan 6 and Appendices Band C 
below. 

3 DISCUSSION 

The compliance exception to the Backflt Rule is intended lo address failures lo meet known and 
established Commission standards because of omission or mistake of fact. New or modified 
interpretations of what coristitutes 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 relating to the potential 
for PSVs to fail folloWing water discharge during IOECCS evenls. 

In addition, the Panel considered the issue of "knoWfl and established standards of the 
Commission" as it relates to "event escalation.'' The NRA Appeal Decision stated that the 
Backtlt SE "showed that the approvals at issue for Braidwood and Byron were inconsistent with 
the Agency's general pos lion on the knov,,n and established standard al issue, in this case the 
progression of[ANS] Condition II events." The Panel recognizes that the non•escalation position, 
although not included in NRC regulations, is widely referenced in reactor licensing bases as an 
approach for addressing AOOs and postulated accidents as articulated in the GDCs. The non­
escalation position is incorporated in Section 15 .0. 1.2 of lho Byron and Braidwood U FSAR as 
"By definition, these faults (or events) do not propagate to cause a more serious tault. i.e .• (ANS] 
Condition Ill or IV events." 

Exelon and the Panel agree that the non-escalation 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 
NAC staff's view that non-escalation (lrom ANS Condi~on 11 to ANS Condition 111 or IV) is a 
knovm and established standard applicable to Byron and Braidwood. However, the Panel also 
agrees with Exelon thatthe 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 backlit 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. 

The Panel's evaluation ot the treatment of PSV failure potential includes an assessment of 
multiple relevant references. which are discussed chronologically in the sections that follow. 

36 "PreSSl.lriZer ~atves· is used in 1h is report 10 refer to oith er POAVs or PS Vs when discussing ,ssues 
common to both types of valves. 
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3.1 General Design Criteria (1971) 

In 1971, the Atomic Energy Commission published the GDCs, which had been under 
development since 1965.37 The introduction to 10 CFA Part 50, Appendix A addresses ';Single 
Failure" in the section on Definitions and Explanations. The paragraph on single failures 
includes a footnote slating: ''The conditions under which a single failure of a passive component 
in a fluid system should be considered in designing the system againsl a single failure are under 
development" (emphasis added). 

3.2 Commission Paper on Single Failure (1977) 

In response to several staff concerns and differing views on the subiect ol application of the 
single failure criterion, the Acting Director of NRA issued SECY-77-439 ltJo inform 1fle 
CommisSion of the present status and future use of the Single Failure Criterion as a tool in the 
reactor safety process.''38 In part, that paper addressed the application of the single failure 
criterion to passive components in fluid systems, stating that "[aJpplication of fhe (single failure] 
concept is complicated by the interrelationships between the various ffuid and electrical systems 
and their supporting auxiliaries in a nuclear power plant. Furthermore, there is a need to 
stipulate the even1s and associated assumptions which must be considered during application 
of the Single Failure Criterion." 

SECY-n-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 subsequent years [since the single failure footnote quoted above was 
published] slaff assumptions regarding the nature of passive·failures which 
should be considered have not been oompletely consistent and there has been 
some disagreement. However, on the basis ol the licensing review experience 
accumulated in the period since 1969, it has been judged in most instances 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 elC8.mples ror distinguishing between active 
and passive failures. Among 1flese examples, SECY-77-439 cites "the failure of a simple check 
valve to move to its correct posilion when required" as a passive failure. Of 1fle exam pl es cited 
in SECV-77-439, the check valve example is most similar from a mechanical perspective lo the 
PSV failure addressed in the Backfit SE, as explained below in the discussion of SECY ·94-084_ 

SECY-77-439 also stresses lhe use ol engineering jud~ent relating to the probability of 
component failure and does not suggest that valve "certification" or •qualification" in accorda.nce 
with ASME standards should be invoked as the basis for such decisions. 

3.3 TMI Action Plan Item 11.D.1 (1980) 

A!:, an element of 1fle TMI Action Plan, the NRC staff required licensees to address the capability 
of relief arid safety valves to perform their intended functions without failure. Specifically, 

"AEC 1971 
"NRC 1977 
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Item 11.D.1 states that "{p]ressurized-water reactor [PWR] and boiling-water reactor [BWRJ 
licensees and applicants shall conduct testing to qualify the [ACS! relief and satety valves under 
expected operating conditions tor design-basis transients and accidents." With reference to 
planned EPRI testing and other generic industry test programs, NUREG-0737 specified 
provisions far lhen-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 staled, for the performance testing of relief and sale!':{ valves for Item 11.0.1, that 
1t]he testing should demonstrate that the valves will open and reclose under the expected flow 
conditions." 

Although limited in scope, the EPRI test results did not identity any generic issues with PSVs or 
PORVs sticking open following 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 certifica~on or qualilication. Instead, "qualify' was used in a less formal sense ta refer to a 
reasonable judgment that the valve would open to 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 IL D.1 at PW R 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.~9 

3.4 NRC Closure of TMI Action Plan Item 11.0.1 for Byron and Braidwood 
(1988·1990) 

A 1988 letter from the NRC staff to the licensee for Byran found the licensee's reliance on EPRI 
testing of PSVs to be acceptable."° The 1988 SE states that the test program was designed "[t]o 
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 NRG 
staff's evaluation al the PS Vs and PORVs for leedwater 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 staff and contractor review. the 1988 SE 
found that the performance of the PS Vs and PORVs was acceptable based on the EPRI tests. 

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

In lhe cover letter for the 1988 SE, the NRC stall states that the licensee should develop and 
adopt planl procedures to inspect the pressurizer valves after each 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 BPV Code for water discharge capability. In 1990, 
the NRG staff also found the use of the EPRI test program similarly acceptable lor Braidwood . ., 

';'WOO 1982 
'" NRG 1988c, referred 10 as the 1988 SE 
"NRC 1990a 
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3.5 Westinghouse NSAL-93-013 and Supplement 1 (1993-1994) 

In 1993, Westingllouse sent NSAL-93-013 lo 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 dosing following discharge of subcooled water." 
Westinghouse noted that the PS RVs might have been designed or "qualified" to relieve 
subcooled water. Westingiouse also noted that "licensees may have qualified these valves in 
compliance to NUREG-0737, Item 11.D.1 ." If the PS RVs were not designed Of"qualified for 
subcooled water discharge, Weslinghouse recommended that licensees reevaluate the 
IOECCS event with three possible options 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 one or more PORVs to help mitigate the accident. 

Laler, in Supplement 1 to NSAL-93-013, Westingiouse alerted licensees to potential reduced 
time far operator action if a positive displacement pump (a typical component of the CVCS) 
were in service. and to the need to qualify the PSRVs and the piping downstream of the PSRVs 
and PORVs ii water discharge from the pressurizer is predicted. 

Some licensees submitted license amendments that involved improvements to the PORVs and 
their circuitry to avoid water discharge through the PSVs (e.g., Salem"3, Millstone44, Callaway", 
and Diablo Canyon"'). The NAC staff review and approval ot those proposed improvements 
relied on engineering judgment relative to the various test information and PORV circuitry 
upgrades described by individual licensees. The licensee for Byron and Braidwood submitted an 
LAR for similar PORV improvements,47 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 to address this issue by crediting the capability ol PSVs to relieve 
water, based on the EPRI testing performed in response to TMI Act,on Plan Item 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 1 ooo (AP1000) and the General Electnc Economic Simplified 
Boiling-Water Reactor (ESBWR)J, the NRC staff presented nine issues 10 the Commission for 
policy decisions.49 Although PSV categorization and performance requirements were not 
el(plicilly addressed, the paper does include an issue on ;,Definition of Passive Failure'; and an 

"Westinghouse: used lhe term PS RVs. The specific valves for Dyron and Braidwood should be 
designaled as •safety valves" or "'pressurizer salety valves·· as they are by the manulactu m r, in the AS ~E 
BPV Code. and by the licensee. This dil!erence ,n terminology is not sign111cant lo any ol the find ,ngs or 
conclusions in this report. 
'~ NRC 1997 
"'NRG 1998 
"NRC 2000 
'"NRC2004a 
47 ComEd 1998 
'" ComEd 1999 
•• NRC 1994a 
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extenSive discussion on whether chock valves are passive or active components and how they 
should be addressed in current plants and future passive designs. 

SECY-94-084 recognized the GOCs and SECY-77-439 as establishing long-standing 
requirements and guidance in this area. The paper acknowledged thal the industry (including 
EPAI documents and ANSI/ANS 58.9"') have been inconsistent with respect to check valve 
failures, sometimes oonstdering them as "active failures" and sometimes as "passive failures." In 
SECY-n-439 however, the NAC staff stated that the failure of a simple check valve to move to 
its correct posilion when required was a ·passive failure." In addition, SECY-94-084 states that 
"[iJn lieensing reviews, however, only on a long-term basis [e.g., long-term recirculation cooling 
following a loss of coolant accident (LOCA)I does the NRG staH consider passive failures in fluid 
systems as potential accident initiators in addition to initialing events." The paper also states 
that '·[nor current plants, the NRC staH normally treats chock valves, except for those in 
containment isolation systems, as passive devices during transients or design-basis accidents." 

Furthermore. SECY-94-0B4 states that ··[r]edefining check valves as active components, subject 
to consideration lor singte active failures would cause these valves to be eval ualed in a more 
stringent manner than that used in previous licensing reviews" (emphasis added}. The NRC 
staff then recommended {and the Commission agreed51 ) that the NRC staff should ''maintain the 
current licensing practice for passive component failures on lhe passive [advanced light water 
reactor] ALWR designs, and to redefine check valves. except for those whose properfunction 
can be demonstrated and documented, in the passive safety systems as active components 
subject to single failure consideration." Therefore, the NRC"s position on check valves was 
changed only lor passive ALWR designs going loiward 

The Panel considered the opening function of check valves and PSVs to be similar in that they 
both open through the motion of the valve disk under differential pressure with no external 
signal or motive power. The Panel also recognized that the ambiguity with respect to "passive" 
versus "active" component definitions and nomenclature exists for safety valves. In addition, the 
passive or active classification of check valves or safety valves may differ based on design 
considerations, inservice testing, or accident analyses. For e/\ample, the PSVs and POAVs, 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 GDC context. the Panel concluded that it is appropriate to consider the potential 
failure of a PSV following water discharge as a passive failure (consistent with the treatment of 
check valve failures for the operating fleet), provided the licensee or applicant qualifies the 
perfonnance of the PSV in an acceptable manner. In tt,e case of Byron and Braidwood, the 
NRC staff accepted the EPRI testing associated with TMI Action Plan Item ILD 1 to provide this 
qualificalion. 

3.7 Draft Standard Review Plan Revision (1996) 

The 1996 draft revision to s RP Sections 15.5.1 - ; 5 5.2 on IOECCS and eves malfunctions 
includes extensive updates to lhe 1981 revision, but neither version includes any discussion, 
criteria, or guidance on applying ASME Code requirements to PSVs or on applying the single 
failure criterion or any other failure assumption to PSVs."' 

C<l ANS 1981 
s NRC 1994b 
52 NRC 19% 
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3.8 Power Uprate Reviews and License Amendments (2001·2006) 

As part of the 2001 power uprate review for Byron and Braidwood. the NRC staff approved the 
analysis or an IOECCS (UFSAR Section 15.S.1) lhat included pressurizer filling, PSV water 
discharge, ECCS termination, and PSV closure. In the Backfit SE, the NRC staff 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 and 
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 NRC staff believed that the valves were "quatlfied" in an ASME BPV Code certification 
sense: rather. Iha record shows that the NAC staff thoroughly considered lhe testing conducted 
an valves of the type installed at lhe plants and applied well-informed and reasoned technical 
judgment in reaching its conclusion that the EPAI testing provided appropriate qualification. 

The F'anel confinned its conclusions and understanding about the 2001 NRC stall review via 
discussions with the individual who was the responsible Section Chief in the Reactor Systems 
Branch at the time. He infonned the F'anel 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 qualitication of valves. In addition, the Panel found that the NRC approved power 
up rates for other nuclear power plants that included comparable staff evaluations of water 
discharge through PORVs or PSVs based on test information provided by individual licensees. 
For example, in 2001, the NRC granted a power uprate for Shearon Harris that included the 
operability of PORVs and PSVs during the discharge of subcooled waler, referencing TMI 
Action Plan Item 11.D.1 ... ' As noted above, in 2006, the NRG 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 lhe PSVs would adequately discharge water and 
reseat following a spurious safety injection actuation. based an the EPRI test data from 1981 
and an evaluation of the temperature of the liquid being discharged. 

During the NRG evaluations of license amendments since the TMl-2 accident, the NAG staff 
has specified in some SEs that a PORV or PSV would be assumed to stick open if it was not 
qualified tor liquid service. To address this concern, the NRC staff reviewed and accepted a 
variety of test intannation (including EPRI, Wyle, and vendor testing) submitted by individual 
licensees to demonstrate the capability of POAVs or F'S Vs to reseat following water discharge_ 
In the sample of SEs it reviewed, the Panel did not find a specific requirement for lhe PORVs or 
PSVs to be certified under the ASME BPV Code as capable of reclosing after :WSter discharge. 

In 2004. the NFIC issued license amendments for Byran and Braidwood granting an adjustment 
to 1he PSY setpoints. In an RAI, the NRC staff requested 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 or the water being discharged. In the Setpoint SE, 
the NAC staff concluded that the analysis was acceptable for assuring that the PSVs would 
remain operable following a spurious safety injection event. 

s;NRC2001d 
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3.9 AIS 2005-29 (2005) and Proposed Draft Revision 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 power uprate (LARs]." The RIS addressed the manner in which some 
licensees acted in response to NSAL-93-013. The RIS was issued at the division level in NRA 
and does not include a record of office-level concurrence. The RIS was not reviewed by CRGR. 
The Panel requested infcrmation on the basis for the CRGR's decision nol to review the 
proposed RIS before it was issued, but the CRGR staff could not find any related 
documentation. It appears to the Panel that the CRGR may not have reviewed the AIS because 
of assertions in the RIS such as these: 

• ''This RIS requires no action or written response and, theretore, is not a backlit under 10 
CFR 50.109. Consequently, the NRG stall did not perform a backfit analysis." 

• "'This RIS is informational and pertains to a NRG staff position that does not depart lrom 
current regulatory requirements and practice." 

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

The NRC staH's posi~on is noted in the power uprate review standard, as follows: 
"For the (IOECCS] and [CVCS] mallunctions that increase reactor coolant 
inventory events: (a) non-safety-grade pressure-operated relief valves should not 
be credited lar event mitigation and (b) pressurizer level should not be allowed to 
reach a pressurizer water-solid condition.". 

However, lhe NRG staff review standard cited in the RIS {RS-001) is explicitly limited to EPU 
reviews, and stat_t,_i11u IC\;.;! '':Ii The stalf does not intend to impose the criteria and/or guidance 
in this review standard on plants whose design bases do not include these criteria and/or 
guidance. No backfitting is intended or approved in connection with the issuance of this review 
standard."54 

This mtent of RS-001 to define and clarify the scope of EPU reviews, t>ut not impose new 
requirements or new intelpretalions of requirements, was con/inned by the Panel in discussions 
with the manager responsible tor developing and issuing RS·001. Therefore, contrary to the RIS 
statement, neither RS-001 nor RI$ 2005-29 documcnled "known and established standards of 
the Commission" applicable to Byron and Braidwood. 

The Panel also notes that neither RIS 2005-29 llOr its draft Revision 1,5~ which is currently 
under development, discuss water discharge certification requirements in accordance with the 
ASME BPV Code. In fact, as slated above, the NRC issued a 2006 power uprate amendment 
for Beaver Valley in Which the SE cited RIS 2005-29 and yet relied on the EPRI testing data to 
address the concern. 

3.10 SECY-05•0138 (2005) 

SECY-05-0138 presef1ts a comprehensive history of the application of the single failure 
criterion, including extensive discussion of the treatment of passive components in fluid 

"NRG 2003 
"NRC 2015a 
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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 footnote to the definition of single failure in 10 CFR 
[Part] 50 Appendix A stating that the regulatory position on considering passive failures in fluid 
systems is under development." In Section 2.5.3, the draft report quotes from SECY-77-439 
(discussed above) and recognizes that in current practice, as in 1977. "[p]assive lailures 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
informed and pertormance-based approach to address the single failure issue. The draft report 
clarifies thal all of the alternatives "could include developing a position on single passive failures 
in fluid systems to replace the footnote oow in 10 CFR Part 50 Appendix A definitions." 

These documents make it clear that, with few exceptions, neither the N RC stall nor the 
Commission has established specific requirements relating lo the treatment of passive 
component failures in fluid systems. The Panel believes the eltistence ol lhis Commission 
paper, contemporaneous with discussions on potential PSV failures (e.g .. AIS 2005-29), makes 
it clear that no specific "knowo and established standards" on PSV failures 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 SAP Sections 15.5.1 - 15.5.2 slates: 

If the plant is equipped with POAVs thal are (t) safety-related equipment and 
(2) qualified for water relief, then they may be assumed to reseat properly after 
having relieved water. The IPSVs]. too, may be assumed 10 reseat properly after 
having relieved water; but only if such valves have been qualitied for water relief. 

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

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

The Backfit SE is predicated on the following positions: 

• "water relief throu~h a valve that is not qualified for water relief will cause that valve to 
stick in its fully open position" {emphasis added) 

• "the licensee ... has not applied the single-failure assumption" (emphasis added) 

• "nor [has the licensee] pro,.,ided ASME water qualification documentation for the PSVs 
.. the ASME .. original Overpressure Prctection Report .. inservice test history ... 
including both water and steam tests· (emphasis added) 

The Backlit SE contends that an IOECCS would escalate to a more severe event. Such an 
escalation would be contrary to the Byron and Braidwood licensing basis (i.e , conlrary to tho 
ANS non-escalation position} and could be in non-compliance with the GDCs (as included in the 

"NRC2005a 
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Byron and Braidwood licensing basis) since an IOECCS with a stuck-open valve ilad not been 
analyzed and shown to meet the appropriate criteria for an AOO. 

Based on its review of all the relevant documents and discussions with the individuals (staff and 
managers) involved in lhe original review and the backlit, the Panel has developed an 
uMerstanding of lhe regulatory requirements and practices, the potential safety issues, and 
backfit rule obligations. The Panel has determined that 111e numerous, complex, and detailed 
regulatory and technical issues all depend on the answers to two cri1ica1 questions on valve 
pel1ormance: 

• Must the PSVs in question be assumed to fail given liquid water discharge because of 
the lack of AS ME BPV Code certilicali on for water discharge? 

• Must the PSVs be assumed to tail in accordance with the GDC "single failure" 
requirements? 

In the Backlit SE, the NAC stall indicated that "[oJne assumption that is particularly important to 
the non-escalation crile ria is that water relief through a valve that is not qualified for water relief 
will cause that valve to stick in its fully open position" (emphasis added). The Panel concluded 
that this issue-the trealment of potential valve lailure---is not only "particularly imporlant" it is 
the critical issue upon wllich the compliance backfit hinges. 

Based on the historical evidence, the Panel concluded lhat there is not now, nor has there been, 
a known and established Commission standard (1 J that PSVs must be assumed to fail following 
water discharge in the absence of ASME BPV Code certification for water discharge, or (2) that 
PSVs must be assumed to fail as part of single failure criterion analysis. TM NRC stall's 
de!ermina~on that ASME BPV Code certification is necessary first appears in the Backlit SE. 
The determination that application of the single lailure criterion is necessary first appears in the 
draft Aevisioo 1 to RIS 2005-29. The Panel has not identified these positions being stated in any 
final NRC requirement or guidance document. 

The Panel also concluded that in 2001 and 2004 and at present, the known and established 
slandard of the Commission is that 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 preparing the Uprate SE and the Setpoint SE, 111e NRC staff exercised reasonable 
and well-informed engineering judgment when the NRC staff concluded that the PSVs were 
unlikely to stick open. On 111e bases of its document reviews and inleniiews, the Panel 
concluded that the NAC staff reviewers involved in tho 2001 power uprate review were among 
the most experienced and senior reviewers in their areas 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 
find any evidence that the NRG staff's issuance of the 2001 or 2004 license amendments was 
based on an omission or mistake of fact. Ralher, 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, NRA staff emphasized several issues raised in the Backlit Leiter. 
The Panel summarizes its consideration of tllose issues in the following subsections. 
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3.12.1 Non-Escalation Position and Valve Failure 

In the Backlit SE, the NRC staff discussed the definition of event conditions in ANS-51.11N18.2-
1973 and the provision in this standard that events of one condition do not propagate to cause a 
more serious fault This position is commonly known as the non-escalation position. In 
interactions with the Panel, NRR staff provided several clarifications on this topic, summarized 
by Uie Panel as follows: 

• ANS-51.1/Nl 8.2-1973 defines the calegooes of design basis transienls and accidents 
based on an anticipated lrequency ol occurrence (annually for ANS Condition II events). 

• It is a long-standing NRC position that escalation from one condition to another is not 
acceptable. 

• ANS-51.1/N18.2-1973 constitutes a known alld established standard that has been 
reflected in NRC guidance documents and in the licensing basis of each US nuclear 
power plant 

The Panel confirmed that lhis ANS standard is relerenced in several places in Chapter 15 of the 
Byron and Braidwood UFSAA. The Panel agrees thal the non-escala~on position is an 
established standard applicable to Byron arid Braidwood, but did not identify historical evidence 
that implementation of this standard requires El<elan ta assume that its pressurizer valves will 
tail open under water discharge conditions, to apply the single Failure criterion to PSV failure in 
these circumstances, or to impose ASME Gode requirements for certification, qualification, or 
testing of PSVs for water discharge. 

3.12.2 Non-Escalation Position and Return to Service 

In the Backlit SE, the NAC staff makes reference to the time it wou Id take to clean up a 
contaminated containment following a stuck-open pressurizer valve. In interactions With the 
Panel. NRA staff re-emphasized concerns that extended steam and water discharge lhrough 
the pressurizer valves would result in the failure of the pressurizer relief tank rupture disk. would 
require repair of the damaged PS Vs. and might cause an extended time period for the return to 
service ol lhe 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 conducl any necessary repairs to 
the PSVs, or to prepare for plant startup, to constitute issues that support a compliance backlit 
imposed tJy the NRC. The NRG staff would verity (e.g., through inspection) thal the licensee had 
conducted these activities appropriately to protect the public health and safety prior to plant 
restart. The Backlit SE states that UFSAR Section 15.51 3 "irnplie[sj" thal the plant will return to 
operation in a "short period,' but the Panel found no'~'-"-" b.-1'.,,-, for a timing requirement in 
UFSAFI Section 15.5.1.:3. Also, the Panel did not find a regulatory requirement or basis for 
defining or limiting the tirre available for the plant to return to operation. 

3.12.3 TMI Action Plan Item 11.D.1 and EPAI Testing 

Although the Backlit Letter and NRA Appeal Decision do not speak explicitly to TMI Action Plan 
Item 11,D.I. in interactions with the Panel, NAR staff staled that the known and established 
standard in question is the TMI Action Plan Item 11.D.I standard for licensees and applicants to 
conduct testing to qualify the RCS relief and safely valves under expected operating conditions 
for design-basis transients and accidents. As discussed above and in Appendix B to this report, 

• 18 -

· Commented !Cfl21: May want to di:5cuss. The 1 
purpose of my vague W<.ll"d "i'11eractin;' was Iha! some i 
of lhese w&r11 In written comments from NAA and weie I 
not lflll raJs&d in m aetingsldiscu1siclns, as S1<tve 

~rop~loecl_lt._~pl;e!.~CNJt~"~"~-~- _ j 
• C-nMCI [MASU]: I ha~e111 aeen 1he allsmatl\/e, 
• but 11 ika rileractions. 



the NRC accepted the EPRI testing to satisfy TMI Action Plan Item 11.D.1 for Byron and 
Braidwood in SEs forwarded by letters in 1988 end 1990. Therefore, the Panel concludes that 
this known and established standard referenced by the NRC staff had been met tor Byron and 
Braidwood. 

In interactions with the Panel, the NRA staff further stated that an omission or mistake of lact 
occurred when the licensee la1led to acknowledge that the EPRI testing program did oot 
evaluate water discharge from the pressLJrizer valves during extended high pressure safety 
injection !or Byron and Braidwood. As discussed in Appendix B to this report, in the 1988 and 
1990 St"s for the Byron and Braidw:>od responses lo TMI Action Plan Item 11.0.1. the NRC staff 
evaluated the capability of the PSVs and POAVs 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 tests. Therefore, the 
Panel also concluded that the licensee's reference to the EPRI testing program was not an 
omission or a mistake of iact 

3.12.4 ASME Code Certification 

In the Backlit SE, the NRG staff staled that certain ASME Code information would be necessary 
to support water qualification of the PSVs. In interactions ,,..;th the Panel, r-lRA staff 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 BPV Code and 
inservice testing throughout the service life in accordance 111/ith the ASME OM Code. The r-lAA 
staff referenced certain licensing actions in which water discharge was not considered 
acceptable, or dillerent actions were required. 57 

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

The NRR staff also identified for the Panel specific ASME Gode provisions that it viewed as 
supporting its position that ASM E Code requirements apply to qualification of pressurizer valves 
for water discharge. The NRR staff, however, did not provide evidence that the NRC staff has 
consistently interpreted these provisions as the NRG staff is now interpreting them. Given the 
NRG staff's resolution of TMI Action Plan Item 11.D.1 and ''""· .,;,,,;:,;,,.,; n the NRC stalfs 
licensing practices, the Panel concludes that the NRR stalf's current application of the AS ME 
Code is not supported by the historical record. 

3.12.5 Conduct of 2001 and 2004 License Amendment Reviews 

In light of the wide range of positions taken by the NRG staff during its reviews of pressurizer 
valve capability since the TMl-2 accident, the Panel agrees that, in the course of preparing the 
2001 Uprate SE or Setpoinl SE, the NRG staff could have considered the need for the licensee 
for Byron and Braidwood to improve the reliability of the PSVs or POAVs for water discharge or 
to avoid water discharge through the PSVs by PORV improvements The NRG staff may have 

51 Salem (NAC 1997), Millslone (NRC 1998), and Callaway (NRC 2000) 
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been able to Justify additional actions, but they determined that it was not necessary. Instead, 
the NRC staff reviewers in 2001 used their expert engineering Judgemenl to determine that it 
was not necessary to assume that the PSVs or PORVs would stick open with waler discharge, 
based on EPRI test infornatian, licensee supplemenlal information, and their awn technical 
experience. 

ln discussions with the Panel, NRA staff raised a concern that the Setpaint SE does not 
document a re-review of 1he qualification of the PSVs and noted that if the Uprate SE had not 
found water discharge through the PSVs to be acceptable, 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 Setpoin! SE al the PSV water discharge capability. The Panel recognizes that 
a staff review may rely on a previous more ex1ensive 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 review. 

4 RESPONSE TO THE EDO QUESTIONS 

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

4.1 Were the approvals based on a mistake? If 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 ot the NRR staff and 
the licensee on this issue. Those positions are summarized below: 

• In the NRA Appeal Decision, the NRG staff claims that "[t]he NRC erred in approving a 
sequence or events that allowed the [IOECCS), [CVCS] malfunction, and inadvertent 
opening of a pressurizer safety or reliet 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 
were not." 

• Exelon claims in the NFIFI Backlit Appeal that "the compliance exception requires more 
than simply asserting that lhe prior staff approvals were wrong-the NRC must 
demonstrate that the prior approvals were erroneous because of an omission or mistake 
ol lact at the time of lhc approval. The NAC has not 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 al 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 Panel's opinion, the actions of the Reactor Systems Branch in 
2001 to reach out to the Division of Enginccri ng's Mechanical EnginMring Branch !or expert 
technical review assistance was both appropriate and commendable. Alter considering the 
matenals presented by the licensee in support of the 2001 and 2004 requests and discussing 
the 2001 review with one of the involved managers, the Panel found no indication that the 
senior reviewer evaluating the topic was misled regarding the qualification slatus of the PSVs, 
but rather used his expert judgment in determining the appropriate level of qualification for a 
technically complex topic for wr1ich there was not a single accepted approach. For these 
reasons, the Panel concluded ttlat the NRC staff reviews and approvals al 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 for water qualification of PSVs? 

The Panel concluded that in 2001 and 2004 and at present, lhe known and established 
slandard of the Commission is that the failures of PSVs need not be assumed lo occur tollowing 
water discharge 1f the likelihood is sufficiently small, based on well-informed staff engineering 
judgment. The Commission has not established a more detailed or prescriptive standard. 

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

For Byron and Braidwood, the NRG staff and the Panel agreed that the known and established 
standard for progression of postulated events between categories of severity is the "non. 
escalation position" specified in ANS-51.1/N18.2-1973. This position. wich is included in the 
Byron and Braidwood UFSAR, requires that events of one condition do not propagate to cause 
a more serious condilion (Le., from ANS Condition II to ANS Condition Ill or IV). The Panel 
concluded that the IOECCS (an AOO per the GDC definition and an ANS Condition II event) 
would escalate to a more severe event it a PSV were to stick open, or if both a PORV stuck 
open and its block valve failed to cklse. 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-compliance with the GDC (as included in the Byron and Braidwood licensing basis). since 
an IOECCS 'Nith a stuck-open valve had not been analyzed and shown to meel the appropriate 
criteria for an AOO. However, this event progression standard does not establish specific 
standards for valve qualification to determine whether a valve woutd stick open and cause th is 
escalation. Therefore, the Panel concluded that it is not the basis for a compliance backlit given 
the CLment set of facts. (Additional information about ANS-51 .1/N1B.2-1973 is included in 
Section 3.12.1 of this report.) 

4.4 Does the current licensing basis for Braidwood and Byron comply with the 
applicable regulations? Is It adequate to provide protection to public health 
and safety? 

The Panel concluded that the current licensing basis !or Byron and Braidwood complies wilh the 
applicable rcgulalions based on the UFSAR analyses, which the NAC statl found acceptable 
through a reasonable and technically sound evaluation using appropriate Commission safety 
standards. This licensing basis has been determined by the NRG staff to provide adequate 
protection to public health and sare1y. 

4.5 Given that Exelon suggests that the 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, to assure that the Pane1·s Judgments were being made with a full 
understanding of their significance, and to assisl in responding to the ~00 question. 

The RES stud~ suggcsis that the most significant IOECCS sequence, assum1ng that !ill 
pressurizer overfill events lead to a small LOCA, contributes approximately 1 percent of the total 

1• NRC 2016! 
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internal event core damage frequency (CDF). In its report. AES estimated that the maximum 
benefit {CDF reduction) of 1.5E-07 per year would be achieved if the, .;,,,·,,c . . ,,,.,.,,:, a,.,,,,.: .• ec i 

,backfit• ;s pertectly ellective such that pressurizer overfilling wi,ti,§ always prevented. ' If the 
PS Vs are not assumed to always fail following water discharge (consistent with the NAC staff 
expert judgment in 2001) or if the f-'"nts w<Ye ,n,,ditied in a ,ll!fereni wc1.y •hHt ,-Jl,i.pr~ r-r,;.·._.;:ont 
fl-'e&&uriz;:r ovenill.n'}, IJ20i:kfi: ·S_le',s :r1ai'.J'<2r1s:\!Y_ ;,•fi,-Jclivt· ... the risk-reduction benefit of 
implementing the backlit would be even smaller. 

The Panel is aware of and sensitive to two importanl issues related to this question. First, NRA, 
not the Panel, is responsible for any decisions on alternative application of the backlit rule to this 
issue (through the other categories of adequate protection or cost-justified substantial safety 
enhancement). Second, the Panel does not wish to imply that ''the contribution lo plant risk" 
should be seen as the on,y measure of enhanced safety, The issues of event classification and 
the non-escalation of eve1ts are essentially defense in-depth concepts. Defense in depth has a 
recognized role and value in the regulatory process. The Panel is also aware that not every 
defense-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 lo overall plant 
risk is very small. 

5 SUMMARY AND CONCLUSIONS 

The compliance exception to the Backlit Rule is intended to address failures to meet known and 
established Commission standards because of omission or mistake ol tact. New or modified 
inlerpretations of what constitutes compliance do not fall within the exception. Therefore, lo 
address the appeal of the proposed compliance backlit, the Panel focused on determining if this 
case is mast appropriate!~ characterized as one in 'Nhich the licensee ''failed to meet known and 
established standards al the Commission because ol omission or mistake of fact," or rather as a 
case of a "new or modified interpretations of what constitutes compliance." 

The NRC staff's compliance backlit argument depends on two separate determinations: 

1. the assumed failure of PSVs to reclose after passing water, and 

2. the necessity of preventing "event escalation" (i.e., the position lhat ''an incident of 
moderate frequency should not generate a more serious plan! condition without other 
faults occurring independently"). 

For the NRC staff's compliance backlit conclusion to be valid, bath of these determinations must 
meet the above compliance backlit standard by involving failure lo meet known and established 
standards or the Commission. 

In the first of these determinations, the NRC staff's compliance backlit is based an the 
assumption in the Backlit SE that the PSV fails to reclose given the absence of "ASME water 
qualification documentation." As indicated in the Backlit SE, the Uprate SE involved a technical 
evaluation of safety valve capability and likely petformance under water-discharge conditions 
rather than a simple assumption al a failure. The NRR Appeal Decision md1eates that "the 2001 
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and 2004 [license amendment) approvals occurred because the NRC staff understood the PSVs 
to be qualified for water relief when, in fact, they were not." 

The Panel carerully considered these views and has reviewed the relevant documents including 
the licensee's responses lo the NRC staff's RAls,,;c the NRA technical branch's SE input.ft' and 
the Uprate SE. The Panel did not find any evidence that the licensee had claimed or the N RC 
staff had believed that the valves were "qualified" in an ASME BPV Code certification sense; 
rather, the record shows thorough consideration ol the testing conducted on valves of the 1ype 
installed at the plant and a well-informed technical judgment that this testing provided 
appropriate qualification. 

On the basis of its independent review, the Panel concluded that the NAC stall who prepared 
the Uprate SE did not misunderstand the qualification status ot the PSVs and that it was not a 
mistake to undertake a review of or make a technically based safety finding on the likely 
i.uccesslul performance of the valves. In the Panel's opinion, the actions ol lhe Reactor 
Systems Branch in 2001 to reach out to the Division of Engineering's Mechanical Engineering 
Branch for expert technical review assistance was both appropriate and commendable. :After 
considering the malerials presented by lhe licensee in support of the ,;;,,_Jt•,-+.-:,ii.f.: and 
discussing the review with one of the involved managers, lhe Panel found no indication that the 
senior reviewer evaluating the topie in 2001 was misled regarding the qualification status of the 
PSVs, but rather used his expert judgment in determining the appropriate level of qualiiication 
for a technically complex topic for which there was not a single accepted approach. For these 
reasons, the Panel concluded that the NRC staff review documenled in the Uprate SE was not 
based on omisSiOns or mislaKes of fact. 

The Panel concluded that three related technical and regulatory positions related to the PSVs 
(separate rrom lhe issue of the non-escalation posilion) underpin the backlit: 

1. ASME water qualification (certification) documentation is required if a valve is ta be 
assumed to reclose alter passing water. 

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

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

In the Panel's view, none of these lhree 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 to reseat. In fact, !hey were not ·'known and established standards of the Commission" in 
2005 (when RIS 2005-29 was issued) or 2006 (when the Beaver Valley EPU was approved} or 
2007 (when Revision 2 to SAP Sections 15_5_ 1 -15.5.2 was issued). 

Moreover, these positions do not appear to be "established standards of the Commission" at 
present. The 2007 version of s RP Sec1ions 15.5.1 - 15.5.2 allows credit for POAVs and PS Vs if 
they have been •qualilieo for water relief." The NRC staff's determination that ASME BPV Code 
certification is necessary first appears in the Backfit SE and is not addressed in any of the final 
NAC 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 to RIS 
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2005-29, li'ltiich is still under development, and is not included in any final NRG 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 lollowing water discharge if the likelihood is 
sufficiently small, based on well-informed staff engineering judgment In earlier documents 
addressing this topic, beginning with NUREG-0737, it is 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 lo TMI Action Plan Item 11.0.1. In light of lhis slandard, the Panel 
concluded that. when preparing the Uprate SE and the Setpoint SE, the NRC staff exercised 
reasonable and well-informed engineering judgment to conclude that the PSVs were unlikely to 
stick open. 

Overall, the Panel concluded that the NRC statt·s position on valve qualification in the 
Backlit SE is a new or modified interpretalion of \Ntiat constitutes compliance in addressing 
potential PSV failures following water discharge. Although this new staff position represents a 
well-intentioned and conservative approach that could provide additional safety margin, the 
Panel concluded thal 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 concerns 
articulated by the NRC staff in the Backlit SE related to evE!llt classification, event escalation, 
and compliance Vllith 10 CFR 50.34(b) and GDCs 15, 21, and 29 are no longer at issue 

The Panel's findings, therefore. support the Exelon backlit appeal. 

6 ADDITIONAL PANEL THOUGHTS 

In addition to the specific finding relating to the backlit appeal, the Panel believes it is important 
to acknowledge, and for the NRG slaff and licensees to appreciate. that waler 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 ils Supplement 1, and the actions by 
various licensees in response to these documents, as well as the limited scope of the EPAI 
testing conducted over 30 years ago. 

Operator training, control room procedures to terminate the event before pressurizer filling, and 
use of PORVs rather than reliance 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 designed for steam service. Steam relief is their normal service 
condition and applies to their ASME BPV Code certification. The Panel supports the previous 
NRC staff determinations for Byron and Braidwood and certain other plants that PSVs 
experiencing water discharge during an abnormal or accident condition need oot be assumed to 
fail since there was a reasonable and technically well-informed engineering judgement to the 
contrary. However, the Panel also considers the actions by various licensees to improve the 
reliability and performance ol the PORVs to avoid water discharge through the PSVs to be 
prudent in lighl or the design specifications of the PSVs. 

The Panel considered bul could nol determine the extent to which the licensee for Byron and 
Braidwood addressed crediting water discharge through the PSVs. PORVs, or POF!V block 
valves in the Byron and Braidwood inservice testing programs. The Panel recognizes that the 
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difference between the intended use of these valves for overpressure protection and their 
infrequent use in response to certain plant events might be considered in implementing 
appropriate inservice testing 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 lor 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 
lollowing 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 appropriate NRG processes. The 
Panel included the infomiation it gathered and assessed to reach ils conclusion regarding the 
generic nature of the issue in Appendices Band C of this report. Should the NAC staff 
undertake a generic look of the issues, it should, among other things, consider the information 
presented and questions raised in !hose appendices. The review should also include a 
reassessment of the information and staff positions communicated in RIS 2005-29, as well as 
those included in its proposed Revision 1, which is currently underdevelopment, to detennine 
whether or not these documents include new staff positions with the potential for inappropriate 
or unintended backtitting. As part of any generic assessment, the Panel also recommends that 
slaff detemiine whether the information in AIS 2005·29 and its proposed Revision 1 should be 
incorporated into a regulatory guide or anolher guidance document. 
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APPENDIX A: HISTORY OF THE BACKFIT RULE ANO THE COMPLIANCE 
EXCEPTION 

The Backfit Rule 

Title 1 O of the Code of Federal Regulallons (1 O CFR), Section 50.109, 'Backfilling," was 
originally promulgated int 970.6:' Because of perceived deficiencies 1n the rule, the U.S. Nuclear 
Regulatory Commission (NRC) substantially revised ii in 1985.fi'.l The 1985 rule was challenged 
in court, and the U.S. Circuit Court for the District of Columbia (DC. Circuit) vacated this rule in 
its entirety. The D.C. Circuit took this action because it concluded that the revised rule could be 
interpreted to allow the NRC to consider costs in defining or redefining what is required for 
adequate protection ol the public health and safety.•• in response, the NRC revised the Backlit 
Rule in 1988 to remove any implication that costs could be considered in defining or redefining 
adequate protection."' T~,e 1988 revisions only differed from the 1985 rule to the extent 
necessary to address the court's concerns. Tl1e 1988 rule was also challenged in court but this 
time the D.C. Circuit upheld the rule."" 

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

... the modification of or addition to 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 operate 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 staff position .... 

Unless one of three specified exceptions apply, the NRC may impose a backfit only ii it 
performs a backlit analysis in accordance With 10 CFR 50.109(a)(2) and determines in 
accordance with 1 O CFR 50.109(a)(3) "that there is a substantial increase in the overall 
protection of the public health and safety or the common delense and security to be detivcd 
from the backJit and that the direct and illdirect costs of implementation for that facility are 
justified in view of this increased protection." 

Section 50.109(a)(4) sets for1h the three ellceptions lo the requirements of 1 O CFR 50.109(a)(2) 
and (a)(3). The first exception, the compliance exception, applies if the "modification is 
necessary to bnng a facility into compliance with a license or the rules or orders of the 
Commission, or into conformance with written commitments by the licensee" 10 CFR 
50.109(al{ 4)(i). The second and third excep~ons relate to aciions ensuring adequate protection 
or to actions that involve defining or redefining adequate protection. 10 CFR 50. I09(a)(4){ii)-(iii). 

62 AEC 1970 (Author and year citalions in footnotes refer to the designation of references in Appendix D 
to this report.} 
63 NRC 1965 
.. Union ol ConcerneoScientists v, US. Nuclear Regulatory Com'n, 824 F 2d 108, 119-20 (1987). 
e.s NRC 1988b 
' 6 Union of Concerned Scientisls v. U.S. Nuclear Regulatory Cnm'n, 880 F.2d 552 ( 1989). 
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Commission Polley 

The Commission addressed its inlended application of the compliance exception in the 1985 
rulemaking: 67 

The compliance exception is intended to address situations in 'Mlich 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 coostitutes compliance would not fall within the exception 
and would require a backlit analysis and application of the standard. 

In the 1965 rule, the Commission acknowledged that staff interpretations of regulations are not 
legally binding, but the Commission also stated 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 
initialing a backfit.,-ee The Commission also stated, 'Many ol the most important changes in plant 
design, construction. operation, organization, and training have been put in place at a level of 
detail that is expressed in staff guidance documents which interpret the intent of broad, 
generally worked [sic] regulations.''"" 

Backflttlng Guidance 

Extensive information regarding lhe appropriale implementation ot backlitting is provided in 
NUREG-1409.'° Relevant excerpts from this guidance are provided below. 

Applicable Regulatory Staff Positions 

According to NUREG-1409, to be a backnt "a new or revised staff position or requirement must 
be involved, that is, there must be a change in content or applicability otthe previously 
applicable regulatory slaff position (in the direction of increased safety requirements)." "An 
applicable regulatory staff position is a requirement or position already specifically imposed on 
or committed to by a licensee. Examples of applicable regulatory staff positions 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 lhe final safety analysis report, 
licensee event reports, and dockeled correspondence, including responses to NRC 
bulletins, generic letters, inspection reports, or notices of violation and confirmatory 
action letters 

NRC stall positions that are documented explicit interpretations of more general 
regulations and a•e contained in documents such as the Standard Review Plan, branch 
technical positions, regulatory guides, generic letters, and bulletins 

" NAG 1985. at 381 03 
•• Id. at 36102 
es Id_ at 38103. The 1988 rulernakmg neither revised the compliance exception as staled in the 1985 rule 
nor provided add iliMal quidance on its interpr<'ltation. 
"' NRG 1990c 



A similar list of examples is provided in Manual Chapter 0514," 'M"lich is also included as 
Appendix D to NUREG-1409. Manual Chapter 0514 was relerenced in the 1988 rulemaking, 
and a working draft was provided to the Commission for i nforma1ion in SECY-88-1 02, 72 Manual 
Chapter 0514 provides a definition of "applicable regulatory staff positions" tnat is slightly more 
detailed than lhe definition in NUREG-1409. This definition from Manual Chapter 0514 is quoted 
below, with additional detail beyond NUAEG-1409 emphao;ized in under1ined text. 

Applicable regulatory slaff positions are those already specifically imposed upon 
or committed to by a licensee at the lime of the identification of a plant-specific 
be.ck.fit, and are of several different types and sources: 

a. Legal requirements such as in explicit regulations, orders. plant licenses 
(amendments, conditions, technical specifications). Note that some regulations 
have update features built in. as ror example, 1 O CFR 50. 55a Codes and 
Standards. Such update requirements are applicable as described in the 
regulation. 

b. Written commilmenls such as contained in the [Final Safety Analysis Report], 
[Licensee Event Reports]. and docketed correspondence, including responses to 
Bulletins, responses to Generic Letters, Confirma1ory Action Letters, responses 
to Inspection Reports, or responses to Notices al Violation. 

c. NRC staff position~ that are documented, approved, explicit interpretations of 
the more general •egulalions, and are contained in documents such as the 
[Standard Review Plan], Branch Technical Positions, Regulatory Guides, Generie 
Letters, and Bulletins; and to which a licensee or an applicant has previously 
committed to or relied upon. Flositions contained in these documents are not 
considered applicable staff positions to the extent that staff has, in a previous 
licensing or inspection action, tacitly or explicitly excepted the licensee from part 
or all of the position. 7~ 

How Regulatory Posll/ons are Established 

NUREG· t 409 provides responses to a number al questions regardi 119 backfilling. The fol lowing 
response was given to questions asking, "Is it appropriate for the NRG slaff to rely on informal 
or formal communications to other licensees as official NRC positions? What about NRC tacit 
approval of documents?" 

lnfonnal or formal communications to one licensee are nol official positions to all 
licensees. Section 053 of Manual Chapter 0514 identifies oMlat can be applied as 
otticial staff positions in a plant-specific context They arc legal requirements 
sucn as contained in e)(J)licit regulations, orders, and plant licenses; written 
commitmenls such as contained in final safety analysis reports, licenses event 
reports, and docketed correspondence; and documented, approved explicit 
interpretations such as contained in the [Slandard Review Plan), branch technical 

71 NRC 1988c 
71 NRC 1988a 
"Requirements may be imposed by rule or order. Stall interpretations such as e1<amptes of acceptable 
ways to meet requirements are not requirements in and of themselves. 
1• Imposition ol a staff position lrom which a licensee hes previously been excepted is a backlit 
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positions, regulatory guides, generic letters. and bulletins. Orders, licenses, and 
written commitments 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 I icensee for the purpose of backlit 
consideration. Explicit exemption would be done formally in writing. The 
Appendix to N RC 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 backlit because it represents a change in a 
previous staff position and would require a backlit analysis (or a documented 
evaluation if it meets one of the exceptions listed in lhe backlit 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, it is considered that the NRC staff tacitly accepted the licensee's action 
since timely notice to the contrary was not given. If the NRC staff subsequently 
adopts a different position and requests a change in the I icensee action, this 
change may be classified as a backlit and thus require a backlit analysis (or a 
documenled evaluation if it meets one of the exceptions listed in the backlit rule). 

NU REG-1409 also addresses a question regarding ta.cit 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 back fit and if so, is a backlit 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 tacit approval by not acting in a rea1.1onable time on a 
licensee subminal and the licensee has moved ahead to implement the proposal 
described in the submittal. For the purpose of this question, it would most likely 
arise in connection with review of a licensae 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] ralher than inspection reports. 

Compliance Backflt Guidance 

NUREG-1409 gives the following response to the question, "[h]ow does the backlit rule apply to 
new staff positions that reflect an e11ol11ing understanding of technical issues?·' 

An evolving understaneling of issues does not. by itself, define which category fits 
a particular backfil. Judgment must be applied to 1he facts of each particular case 
to determine whether the backlit is for compliance, to provide adequate 
protection, to redeline adequate protection, or to achieve a cost-justified 
substantial safety enhancement. For example, with regard to compliance, the 
1985 slatement of coosiderations tor 1 O CFR 50.109 indicates that "the 
compliance e~ception is inlended to address situations where the licensee has 
Jailed to moet known and established standards of the Commission because ol 
omission or mistake of fact .... new or modified interpretations of what constitutes 
compliance would not fall within the exception .... • 
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NUAEG-1409 also provides an example where an evolving understanding of technical issues 
resulled in a compliance backfil that was apparently justified for at least some licensees. In 
response to induslry claims that Bulletin 88-11 75 lacked any backlitting justification, the NAC 
staff responded: 

Although the justilication was not printed in the bulletin, NRC Bulletin 88-11, 
"Pressurizer Surge Line Thermal Stratilicalion,· was justified as a backfit. It is an 
example of a backfit that was detem,ined by the responsible NRC official to be 
required as a matter of compliance with existing requirements and commitments. 
The CRGR reviewed the bulletin 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 IMlh the integrity of the surge line, licensees were requested to 
perform their fatigue analysis in accordance with the latest ASME Section Ill 
requirements that incorporate high cycle fatigue analysis. The justification 
provided by Uie NRC staff was that pre11iously unconsidered thermal stratificalion 
phenomenon 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 nol committed to the latest 
ASME Section Ill 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 concern . 

.. ....... ____ ------

"NRC 19S8e 
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APPENDIX B: QUALIFICATION OF PRESSURE RELIEF VALVES IN 
NUCLEAR POWER PLANTS IN RESPONSE TO THE TMl•2 ACCIDENT 

Byron and Braidwood Design and Code Requirements 

Nuclear power plants in the United States use varioL1s types of pressure relief valves to protect 
personnel and equipment from overpressure events within reactor fluid systems. Pressure relief 
valves include safety valves, safety relief valves, and relief valves, ,...;th different designs, 
operating con<itions, and requirements. The American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Cnde (BPV Code), Section 111, Division 1, specifies 
requirement& for the design, operatioo, installation, and tos~ng of pressure relief valves used for 
various functions in nuclear power plants.76 For example, the ASME BPV Code (2007 Edition) in 
Article NB-7000, Overpressure Protection, specifies requirements'·" several service conditions: 

• steam and air or gas service for safety valves; 

• steam, air or gas, and liquid service tor safety relief 11ah1es; 

• liquid service for relief valves; and 

• steam, air or gas, and liquid service for pilot operated or power actuated pressure relief 
valves. 

The ASM E Code for Operation and Maintenance of Nuclear Power Plants (OM Code J provides 
require men ts for Ule preseivice and inservice testing (1ST) 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 (PW Rs) that received their construction permits under 
Title 1 O of the Code of Federal Regulations (1 O CFR}. Part 50, in December 1975. The 
pressurizer for each unit is equipped with three pressurizer safety valves (PSVs) and IWo 
power-operated relief valves (PORVs). The three PSVs are Crosby Model HP-BP-86, size 6M6 
(6-inch), spring-loaded pop type, opened by direct fluid pressure. The POAVs are Copes-Vulcan 
Model D-100--160 3-inch pneumatic-actuated globe valves that respond to a signal from the 
pressure sensing system or to manual conlrol. Each PORV can be isolated by a motor-operated 
block valve. 

The ASME BPV Code of record for the design of the PSVs at Byron and Braidwood is the 1971 
Edition through the Winter 1972 addenda of the ASME BPV Code, Section Ill. The ASME BPV 
Cade applicable ta Byron and Braidwood includes requirements for overpressure protection, 
including the following: 

• SecliQO N B-7300, "Overpre:.i.ure Protection Report," in NB-7320(1) re qui ros that the 
report include the redundancy and indeJM!ndence of the pressure-relief devices and their 
associated pressure-sensing and controls systems employed to preclude a loss of 
overpressure protection in the event of a failure of any pressure-relief device, or its 
sensing element, or its associated control, or an external power source. 

" References to individual ASME Code publications are not provided in Appendix D, but they are publicly 
a~ailable from ASME for a fee. 
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• Paragraph NB-7411, "Relieving Capacity of Pressure-Relief Devices," specifies that the 
total rated relieving capacity shall be sufficient ta prevent a rise in pressure of mare than 
10 percent above system design pressure 1at design temperature) within the pressure­
retaining boundary of the system, under any pressure transiem anticipated to arise as 
summarized in the Overpressure Protection Report. 

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

At the lime of the Byron and Braidwood operating license review, Revision 1 of Standard 
Review Plan (SAP) 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 lo these SAP 
sections with significan'lly more detail. including a statement i1,j,cat:r,a 111at PSVs and PORVs 
are assumed to fail open if they relieve water without being qualified. 71 

Actions Following Three Mile Island, Unit 2 Accident 

The accident at Three Mile Island, Unit 2 (TMl-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 
TMl-2 accident, the NAC issued recommendations regarding performance lesting of safety and 
rolief valves used in nuclear power plants in NUREG-0578.JY In particular, the NRC staff 
recommended in Section 2.1.2, "Performance Testing for BWA [boiling-water reactor] and PWR 
Relief and Safety Valves," of NUREG-0578111at nuclear power plant licensees commit lo 
provide performance veri1ication by full-scale prototypical testing for all relief and safety valves. 

In October 1980, the N RC issued a letter to all then-operating nuclear power plants and 
applicants for operali ng licenses and holders of construction permits forwarding NUREG-0737. "" 
TMI Action Plan Item 11.0.1 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 following: 

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

A. Performance Testing ol Relief and Safety Valves--The following information 
must be provided in report lorm by October 1, 1981: 

"NAC 1981b and NAC 1981c 
" NAC 2007b and NRC 2007G 
79 NRC 1979a 
• 0 NRC 1900band NRC 1980c 
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(1) Evidence supported by lest of safety and relief valve functionability for 
expected operating and accident (non-[anlicipated transient without scram]) 
conditions must be provided to NRC. The testing should demonstrate that the 
valves will open and reclose under tho 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 lest 
program demonstrate the functionability of as-installed primary relief and satety 
valves. This correlation must show that the test conditions used are equivalent to 
expected operating and accident conditions as prescribed in the final safety 
analysis report (FSAAJ. The effect of as-built relief and safety valve discharge 
piping on valve operability must also be accounted for, if it is different from lhe 
generic test loop piping. 

(3) Test data including criteria for success and lailure of valves tested must be 
provided for NFIC staff review and evaluation. These test data should include 
data that would permit plant-specific evaluation of discharge piping and supports 
that are not directly tested. 

In describing the lype of review to be conducted for this regulatory position. the NRC staff stated 
the following: 

Pre-implementation review will be performed for EPRI and BWR lest programs 
with respect to qualification of relief and safely valves. Also, the applicants' 
proposal for functional testing or qualification ct 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 NAC staff stated 
the following: 

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

Final PWFI (EPRI) Test Program--July t, 1980 

Final BWR Test Program--October 1, 1980 

Block Valve Quatmcation 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 properly 
evaluate these plant-specific applications, lhe test data and results of the various 
programs will also be required by the following dates: 

PWA (EPRl}IBWR Generic Test Program Resulls--July l, 1981 

Plant-specific submittals confirming adequacy of safety and relief valves 
based on licensee/applicanl preliminary review of generic test program 
results-July 1, 1981 
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Plant-specific reports for safety and reliel valve qualification-·October 1, 
1981 

Plant-specific submiltals for piping and support evaluations--January t, 
1982 

Plant-specific submiltals for block valve qualification ··July 1, 1982 

EPRI Testing 

In Oclober 1982, EPRI issued N P-2670-L D to address testing of PORVs. 81 This report has been 
referenced by certain lice1sees (e.g., Section 15.2. 14 of the North Anna, Units 1 and 2 Updated 
Final Safety Analysis Report {UFSAR)"). 

In December 1982, EPRI issued NP-2628-SR, which described safety and relief valve tests for 
types of valves in seivice al nuclear power planlS."' In particular, Section 3.5 documented the 
testing of Crosby safety valves similar to the PSVs at Byron and Braidwood, including two water 
tests. The report indicated chattering of the safety valves wilh subsequent inspection finding 
galled surfaces and damage to internal parts. Section 4.6 documented testing of Copes-Vulcan 
relief valves similar to the pressurizer PORVs al Byron and Braidwood, although the elC!ent of 
water testing was not fully described. The report indicated no damage found during the 
inspection of 1he Copes-Vulcan relief valves. The report did not indicate any failures of the 
Crosby or Copes-Vulcan valves to reseat after discharging water during the tes~ng. 

EPRI also published NP-2770-LD in the early 1980s to describe the testing of PWR primary 
system safety valves. Volume 1, issued in December 1982, provides a summary of lhe test 
program and its results. 84 Section 4.5 of Volume 1 indicates tnat the following tests were 
performed on the Crosby 6M6 PSV: 11 steam tests v.iith filled loop seals, 3 steam-to-water 
transition tests, and 2 waler tests. The report states that the valve experienced chatter during 
the tests, and one water test had to be terminated. The individual volumes of EPAI NP-2770-LO 
discuss lhe test results for each specific PSV type. Volume 6, issued in March 198a, provides 
the test details for the Crosby 6M6 PSV. 

Westinghouse Evaluation of EPRI Testing 

In July 1982, lhe Westifldtouse Owners Group (WOG) submitted WCAP-10105 .as In 
WCAP-10105, the WOG indicated that the design specification for PS Vs in Westinghouse­
designed nuclear power planls is for steam service only. Based on a review of the EPRI test 
data. the WOG concluded that the valves performed with chatter, but did not identify any valve 
damage. 

In January 1988, Westinghouse issued WCAF'-11677, which compared the EPRI test data with 
feedwater line break safety analyses.88 Westinghouse determined that all nuclear power plants 
addressed in the EPRI testing had PSVs that would operate reliably during water discharge. 
Westinghouse evaluated the perfomiancc of the Crosby 6M6 PSVs during the EPRI tests. and 

" EPRI 1902a 
" VEPCO 2015 
93 EPRI 1982b 
8~ EPRI 1982c 
9!WOG 1982 
01 Westinghouse 1986 
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considered that the performance involved less significant rlutter (hall lift motion) than the chatter 
(full lift motion) determined in the EPRI report. Westinghouse concluded that lhe Crosby 6M6 
PSV can pass slightly subcooled water at a minimum up to three times without damage. 

Byran and Braidwaod Licensing and Response to TMI Requirements 

The NAC safety evaluation reports (SERs} associated with the issuance ol the operating 
licenses for Byron and Braidwood included evaluation of the TMI Action Plan items.a7 In the 
introduction to the Braidwood SER, the NRG staff stated that the review and evaluation al 
compliance by the applicant with the licensing requirements established in NUREG-0660ae and 
TMI Aciion Plan Item 11.D.1 were incorporated into the reviews summarized throughout the SER. 

Appendix E, "Requirements Resulting from TMt-2 Accident, .. to the Byron and Braidwood 
UFSAA in Section E.23, "Relief and Safety Valve Test Requirements (11.D.1}," references the 
1982 transmittal from Consumers Power of a lest report for 1he EPRI safely and relier valve test 
program. 89 The UFSAA slates that the final evaluation of tile data indicated that the relief and 
safety valves wm perform 1hei r intended I unctions for all expected nuid inlet conditions. The 
U FSAA also references the October 1962 licensee evaluation of the adequacy of the relief and 
salety valves that had been submitted le the NRC.~0 

In Supplement 1 to the Braidwood SER,91 in Section 3.9.3.3, "Design and Installation of 
Pressure Relief Devices," the NRG slaff stated that EPRI had completed a full-scale valve 
testing program and referenced the July 1982 submittal of WCAP· 10105. The NAC staff stated 
that lhe applicant responded to a requirement to demonstrate operability cf these valves 
through submitlals dated July 1, 1982, October 26, 1982, and December 30, 1983. On the basis 
of a preliminary review, the NAC staff concluded that tho applicant's general approach to 
responding to this item was acceptable, and provided adequate assurance that the RCS 
overpressure protection systems at Braidwood could adequately perform their intended 
functions. The N AC staff stated I hat ii lhe detailed review revealed that modifications or 
adjustments to sarety valves, POAVs, POAV block valves, or associated piping, would be 
needed to ensure that all intended design margins were present, the NAC staff would require 
that the applicant make appropriate modilicalions. The N RC staff categorized this issue as a 
Confirmatory Item. The NRC issued operating licenses for all four Byron and Braidwood Units 
between February 1985 and May 1988. 

Closure of TMI Action Plan Item 11.D.1 for Byron and Braidwood 

Following the issuance of the operating licenses, the N AC staff documented its review of the 
response to TMI Action Plan Item 11.D.1 for Byron and Braidwood via two letters that transmitted 
similar Technical Evaluation Reports (TE Rs) developed by Idaho National Engineering 
Laboratory (INEL).a2 1n its letters. the NRC staff indicated that the licensee should develop and 
adopt plant procedures to inspect the pressurizer valves alter each lift involving loop seal or 
water discharge. The TERs described the INEL review of the EPRI testing of PSVs and PORVs 

87 NAG 1983 and NAG 1986b (Braidwood), NRG 1984 and NAG 1987a (Byron) 
•• NRC 1980a 
81 Con=,~mer.. 1982 
"'ComEd 19B2 
"'NAG 1986b. Similar discussion appears in NRC 1984 for Byron. and NRC 1987a (also tor Byron) states 
that TMI Action Plan Item 11.D.1 had been closed in NRG 1984. 
"'NRC 1988c (Byron) and NRG 1990a (Braidwood) 
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similar to the Byron and Braidwood pressurizer valves. The TE Rs concluded lhat Byron and 
Braidwood had provided an acceptable response to TMI Action Plan Item 11.D.1. 

Section 4.2.3; "Extended High Pressure Injection [HPIJ Event," of the TEAs stated that the 
potential tOf' water discharge in extended HPI events can be disregarded for an extended 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 PO RVs for fecdwater line break 
accidents that would include water discharge, and determined that the EPRI tests were 
applicable to the Byron and Braidwood PSVs and POAVs. 

In addition, Section 4.3.1, ·safety Valves." and Section 4.3.2, "Power Operated Relief Valves,'' 
of the TE Rs detennined that the performance of the PSVs and PORVs was acceptable based 
on the EPRI tests, including water discharge tests. The TEAs 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 saturated water test where the valve opened 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 thal was evaluated by analysis. 
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APPENDIX C: CONCERNS REGARDING PERFORMANCE OF 
PRESSURIZER VALVES UNDER WATER FLOW CONDITIONS 

Westinghouse Nuclear Safety Advisory Letter 

In 1993 and 1994, Westinghouse issued Nuclear Safety Advisory Letter (NSAL) 93-013 ->,,' .. its 
Supplement 1 to operating nuclear power plants (including Byron and Braidwood)."-' These 
advisories resulted from Westinghouse's discovery that poten~ally nonconservative 
assumptions were used in the licensing analysis of the Inadvertent Operation of the Emergency 
Core Cooling System at 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 of 
s1.1bcooled 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 concern, because the POAV block valves can be used 
to isolate the PORVs if they fail to close. 11 lhe 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) flow used in the safety analysis, (2) using a less restrictive operator response time, or 
(3) credi1ing the use of one or more PORVs to help mitigate the event. 

In Supplement 1 to NSAL -93-013, Westinghouse informed licensees of a potential reduced lime 
for operator action if a positive clsplacement pump is in service. Westinghouse also advised 
licensees to qualify the PSAVs and the piping downstream of lhe PSRVs and PORVs if water 
discharge lrom the pressurizer were predicted. 

Some licensees of operating nuclear power plants informed lhe 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 plant licensees is summarized below in the 
"Plant-Specific Actions" section. 

Additional NRC Generic Communications and Guidance 

In 2003. the NRC start issued a review standard for eJ<tcndcd 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, lhe NRC issued Regulatory Issue Summary (RIS) 2005-29 to notify nuclear power 
pl,mt liceni.ees of a concern identified during rovic'WS of power uprate requests."" In AIS 2005-
29, the NRC staff staled that typically Condition II scenarios97 involve discharging water through 
relief or safety valves that are not qualified for water discharge. The NRC staff staled that these 
valves are then assumed to fail in the open position and create a small-break loss·of-coolant 

93 WestinghOuse 1993 and Westinghouse 1994 
,· .. 'I: ::·t: ;/.·.-·-':: · :~~-- : (_,=-c:: -i-.:. ·:: ··:- :-. ~-f· -. ; . 

f.:.:·"'V. ~>".::-:.t.= .. :;;:r~J... ·1 : ... ·.-· ...... - .. ..: • .:i·::•··. 
"NRC2003 
91 NRC2005b 
"' As detincd in American Nuclear S0cie1y (ANS) Standard 51 . 1 /N 1 fl.2-1973 (ANS 1973). 
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accident (LOCA}. The NRG stalf staled that it was concerned that some licensees may be 
crediting PORVs without qualification for water discharge and without establishing additional 
restrictions to ensure the availability of PORVs and block valves. The NRC staff stated that the 
advice in Westinghouse NSAL-93-013 to use lhe POAV block valves to isolate the PORVs is 
inconsistent with 11..\,.non-escalation position. 

In draft Revision 1 to RIS 2005-29, the NAC staff addresses the specific ANS Condilion II 
scenarios of chemical volume and control system {CVCS) maltunction, inadvertent opening of a 
POAV or PSV (IOPSRV). and the IOEGCS event.98 Regarding lhe eves malfunction, the NRC 
staff states that performing ooly a reactivity anomaly analysis or assuming that this malfunction 
is not as severe as the IOECCS event is not acceptable_ Regarding the IOPSRV event, the 
NAC staff stated that inadvertent opening of PSV or PORV could continue as an ANS 
Condition Ill small break LOCA and fails to meet the non-escalation position_ Regarding the 
tOEGGS event, the NRG staff states that live of the alternative approaches in NSAL-93-013 fail 
to meet the non-escalatioo position. The NRC staff indicated that these unacceptable allernative 
approaches are: 

1. closing the block valve, 

2. assuming that the PORV is not operable, 

3. addressing a stuck-open POAV 01 PSV as a separate ANS Condition 11 even I, 

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

5. determining that ACS loss through ~ORV is made up by ECCS flow. 

Additional General PSV/PORV 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 report 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 valves 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 Idaho National Laboratory.' 00 With respect lo pressurizer PO RVs, the report found 
four separate water discharge events at four PWR plants. The report estimated 698 total 
demands on these PORVs during their water discharge events with no failures to close. The 
report also summarized tesl data for three valve types from the Equipment Performance and 
Information Exchange (EPIX) database maintained by the Institute of Nuclear Power 
Operations. The report indicales two failures of PORVs lo reclose during 2070 demands, but 
does not specify water or steam service tor the EPIX test informalion. Witt, respect to PSVs, the 
report indicates two failures out of lour total demands following plant scrams, but does not 
indicate water or steam service. Following a request by the Panel, NRC staff from the Olfice of 
Nuclear Regulatory Research provided licensee Evenl Report information indicating that the 
two PSV failures involved incomplete reseating of the valves with leakage of 25 and 200 gallons 
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per minute, respectively. The report summarized EPIX test data for PSVs as no failures la 
reclose during 1805 demands. 

Plant-Specific Actions 

Diablo Canyon 

In 1996, the licensee for D1ablo Canyon Power Plant {Diablo Canyon) submitted a report of its 
evaluation under Title 10 of the Code of Federal Regulations (10 CFR}, Section 50.59, 
"Changes, tests and expenm ents. '' of the potential for an IOECCS event. 10· The submittal 
included NSAL-93-013 and its Supplement 1 as enclosures. The licensee indicated that the 
PS Vs had not been initially qualified for water discharge, but were subsequently qualified to 
discharge water for a brief period. The licensee indicated that WCAP-11677 (which evaluated 
the EPRI testing) was applicable and demonstrated that the PSVs were operable. 

In 2004, the NRC issued a license amendment /Of Diablo Canyon that allowed credit for 
actuation or the PORVs in response to inadvertent safety injection (SI) actuation, to avoid 
challenges to the PSVs.m To support the NRG staff's review, the licensee submitted additional 
information related to the capability of the POAVs to function adequately under conditions 
predicted for design-basis transients and accidents. ,c~ In response to a question regarding the 
design adequacy of the PORVs if the pressurizer becomes water solid, the licensee stated that 
the PORV had no requirements for ASME BPV Code certification, but referenced a January 
1986 NRC lettef that had accepted the adequacy of the PORV and block valve design and 
confirmalofy tosting for a range of fluid conditions (full pressure steam, steam to water 
transition, and subcooled water lluid).'c.. 

Salem 

In 1997, the NRC issued a license amendment revising the technical spocification (TS) !or 
Salem Nuclear Generating Station, Units 1 and 2 (Salem) 10 ensure that the automatic capability 
of the PO RVs 10 relieve pressure would be maintained ,cs In response to NSAL-93-013, the 
licensee detennined that an inadvertent SI actuation at power could cause the pressurizer lo 
become water solid. The PSVs would lift and discharge water if the automatic operation of the 
PORVs were not made available for reactor coolant system (RCS) deprossurization early in the 
transl ent. In that 1he Salem PSVs were not designed to relieve water, it was noted that water 
discharge could cause the PS Vs to fail in the open position. 

During the review, tile NRC staff noted that the PORVs were not designed to 'safety related" 
standards and, thus, could not be credited for automatic mitigation of an inadvertent SI actua~on 
at power. In response, the licensee proposed an upgrade of the PORVs to eliminalE!! the, 
possibility !hat a single active failure of a PORV component could prevent the mitigation of an 
inadve.rtent SI actuation at power. As discussed in the NRC staff's safety evaluation (SE). the 
licensee implemented modifications to the PORV circuitry to qualify the upgraded circuitry as 
safety-related . 
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Regarding PORV performance, the licensee evaluated the PORV air accumulators and 
determined that ihey had sufficient capacity for the inadvertent SI event. The licensee also 
reported that endurance tests had been performed with five different trims (with different trim 
materials) on one PORV at Wyle Laboratories to demonstrate that (1) after 2000 consecutive 
operations, there were no packing leaks or packing gland adjustments required; (2) there was 
no diaphra(1TI failure; ana (3) the solenoid valve withstood 10,000 operations without any loss of 
function. Based on this intonnation, the NRG staff coocluded thal the PORV perfom1ance was 
acceptable to mitigate an inadvertent SI event. 

Millstone3 

In 1998, the NRG issued a license amendment for Millstone Nuclear Power Station, Unil 3 
(Millstone 3) that revised lhe TS to ensure that the capability of ltle PORVs to relieve pressure 
would be maintained.'°" The revised TS Bases slated that the PORVs and their associated 
piping had been demonstrated to be "qualified" for water discharge. The PORVs would prevent 
water discharge from the PSVs, for which qualification for water discharge had not been 
demonstrated. The TS Bases also staled that the prime importance for the capability to close 
the block valve is to isolate a stuck-open PORV. In the SE, !he NRC stafl relerenced a 
December 1997 Licensee Event Report that notified the NRC of the issue of potential failure of 
PSVs following water discharge. 107 

As part of this license amendment, lhe licensee upgraded the PORV circuitry, added additional 
PORV surveillance requirements, qualified the PO RVs and associated piping for water 
discharge, and revised emergency procedures to allow plant operators additional time to 
terminate the event. With respecl to the PORV circuitry, the NRG staff concluded that the PORV 
circuitry modifications qualified the PORV control circuitry as safety-related. With respect to 
PORV performance, the ~censee reanalyzed the inadvertent SI event with the LOFTRAN 
computer code to determine the time available for operator actioo to make a PORV available 
and provide the mass and energy releases needed to qualify the PORVs and associated piping 
for waler discharge. The icensee refereoc:ed EPRI testing that was said to generically resolve 
TMI Action Plan Items associated with PORVs and safety valve qualification for water and 
steam diScharge, specifically the results from four tests of a Garrett PORV (such as used at 
Millstone 3) for water discharge. ,as The licensee determined that lhe PORVs and associated 
piping are qualified for 1 hour of water discharge lor an IOECCS event. The licensee also stated 
that the PORV manufacturer performed numerous cycle tests to verify the performance of the 
valve design, and also venlied tt1at valve seat leakage was acceptable. The licensee stated that 
the F'ORV block valves had been evaluated lor water discharge in accordance wHh the program 
established in response to Generic Letter (GL) 89-10. 10• The N RC staff found the licensee 
information regarding the qualification of the PORVs for water discharge during the inadvertent 
SI event to be accept;;ble. 
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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.' 10 The changes also credited automatic 
actuation of at least one PORV during an IOECCS event to prevent water discharge through the 
PS Vs; to enable this cred t, the licensee modilied and upgraded the PORV circuitry to lul I 
Class 1 E. In its license amendment request, 111 the licensee had stated that the design function 
of the valves was not being changed and the conclusions documented in the N RC staff's 
previous evaluation of Callaway's response to TM I Action Plan Item 11.0.1 112 were also 
unchanged. As a result, the licensee staled thal the PORVs and associated discharge piping 
can accommodate water discharge. 

Byron and Braidwood 

In 1998, the licensee for Byron and Braidwood requested an amendment to its TS to take credit 
for automatic operation ol the POAVs to mitigate an I OECCS event. 1 'J 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 dassified as safety-related. The licensee noted that some portions of the PORV circuitry 
are nonsafety-related, with improvements implemented in response 10 GL 90-06. 114 The 
licensee stated that the PORV block valves are within the scope of the GL 89-10 program. 

In 1999, the N AC staff requested additional information related to concerns that the PORV 
circuitry did not meet the single failure criterion. 115 The licensee reevaluated its approach and 
withdrew its TS amendment request. " 6 No further action regarding this amendment request was 
idenlili ed by lhe Panel. However, in a public meeting during the review of the NRA Appeal, 117 

the licensee stated that the F'ORVs and their block valves al Byron and Braidwood are safety­
related with the eKception of one circuitry aspect of the POAV. 11" 

In 2001, the NRC issued a license amendment for Byron and Braidwood to increase the 
maximum thennat power for each unit from 3411 megawatts themial (MWt) to 3586.6 MWt 
(commonly referred ;,c1_as a stretch power uprate).119 During its review, the NRC staff requested 
that the licensee address water solid conditions in the pressurizer, because ;.;n .. _,, ~F::,~_ ,:;0:'1 had 
generally not accepted a solid pressurizer for an tOECCS event given the potential for all 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 lhe PSVs ta pass water.120 The 
licensee discussed the EPAI testing program in response'.'.;:.. TMI Action Plan Item 11.D.1, with 
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the results summarized in EPRI NP-2628-SR. 121 The licensee referenced previous NRG 
approvals related to TMI Action Plan Item 11.D 1 1"' 

The NRG staff made a turther request regarding the temperature of water that would be 
discharged by the PS Vs and the length of time that the PSVs would be expected to discharge 
water. The NRC staff alsc asked the licensee to discuss Vvtlich EPAI 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. 123 The licensee slated lhat the 
leakage lrom up to three leaking PSVs is bounded by one fully open PSV. The licensee 
indicated thatthe EPRI testing of the Crosby salety valves in EPRI NP-2770-LD, Volumes 1 
and 6,124 are applicable. The licensee indicated that valve chatter occu!'fed during the tests with 
damage to the internals, but that the safety valve closed in response to system 
depressurization. The licensee stated that the Byron and Braidwood pressurizer water 
temperature of 590 °Fis higher than the EPRI tests (530 "F). The licensee stated thal the 
assumed length ol the event is 20 minutes from initial SI signal to when the system pressure is 
restored below PSV lift selpoint 

In Section 3.2 of the SE accompanying the license amendment, the NRG slaff discussed ils 
review ol the performance of the PORVs and PSVs lo discharge liquid water for approximately 
20 minutes. The NRC staff discussed the EPRI testing program, with the conclusion that the 
PSV would close in response to system depressurization. The NRG stall reviewed the 
licensee's evaluation of the performance of the PSVs for liquid water conditions. The NFIC slaff 
found that the EPRI tesls adequately demonstrated the performance of the valves for the 
expected water temperature conditions. and that !here was reasonable assurance that lhe 
valves would adequately reseat following the spurious SI event. The NRC staff determined that 
EPRI test data indicated that the PS Vs might chatter lor 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. Therefore, the NRC staff found the licensee's crediting of 
the PSVs to discharge liquid water during the spurious SI event to be acceptable This portion of 
the SE was based on inpul provided by the Office of Nuclear Reactor Regulalion (NRA) Reactor 
Systems Branch, with technical input from the responsible staff member for safety valves in the 
NRA Division ot Engineering.'" 

As noted by the licensee, Section 15.5.1 of the Byron and Braidwood UFSAR at thetimo ol the 
stretch power uprate includes PSV water discharge and references the TMI Action Plan 
Item 11.D.1 approvals. 126 The current UFSAR Revision 15 concludes that the IOECCS event 
does not progress inlo a stuck-open PSV LOCA even1.· 27 The UFSAR slates that all three PSVs 
may lift but will reclose, and that the laakage is bounded by one fully open valve with the 
consequences bounded tJy the IOPSRV event. The UFSAR also specifies that ii SI results in 
discharge of coolant through the pressurizer valves, the operators will bring the plant to cold 
shutdovm to inspect the valves 
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In 2004, the NRC issued a license amendment for Byron and Braidwood granting an adjustment 
to the PSV setpoints. '28 As documented in 1he SE, the NRC staff requested during its review 
that the licensee perfonn a quantitative analysis regarding PSV water cycles and discharge 
water temperature. For tr e loss of ac power (LOAC) with reaclor coolant pump (RCP) seal 
injection event, the licensee's analysis indicated that continued injection of water into lhe RCS 
lhrough the RCP seals would result in a water-solid pressurizer and water discharge through the 
PSVs. The proposed PSV selpoint tolerance assuming negative tolerance would resull in a 
lower PSV lift setpoint. With the lower setpoint, the PSV would open earlier, and a larger 
number of PSV water cycles with a lower water discharge temperature could resull during the 
transient. The licensee performed an analysis of the LOAC with RCP seal injection event, and 
determined the revised PSV setpoint would result 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 1hat the spurious SI event remained the limi'ling 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 water temperature (3.0 °F vs. Q_5 "F) than that calculated for the 
LOAC with RC P seal i njec:tion event. The water discharge temperature in 1he analysis of record 
for the spurious SI event was 590 °F. The lowest discharge water temperature for the spurious 
SI event with the revised PSV setpoinl was 587 'F. The NRC staff found that the calculated 
water discharge temperature (587 °F) was significanlly higher than the discharge water 
temperature of 530 ·F that was used to support operability of the PSVs as discussed in the 
analysis or record. As a result, the NRC staff concluded that the analysis was acceptable to 
assure 1hat the PSVs will remain operable following a spurious SI event. 

In 2014, lhe NRC issued a license amendment for Byron i:llld 8 raid wood gran!i ng a 
measurement unccrtai nty recapture (MU R) power uprate."' The NRC staff determined that the 
IOECCS event was outside of the soope or the MUR power uprate, because the licensee did not 
propose lo modify the Chapter 15 analyses related to PSV and PORV water discharge. 

With respect to inservice testing (1ST) activities, the Byron 1ST program' 3" references the ASME 
Code for Operation and Maintenance of Nuclear Power Plants (OM Code}, 2004 Edition through 
2006 Addenda; and the Braidwood 1ST program1~1 references the ASME OM Code, 2001 
Edition through 2003 Addenda. The Byron 1ST Program specifies the following testing and 
intervals for the POAVs, "ORV block valves, and PSVs: 

• PORV: fail safe test closed (cold shutdown interval), stroke-time exercise open and 
closed (cold shutdown interval), and position indication test (2 year interval) 

• PORV Elock Valve: exercise open and closed (2 year interval); position indication test 
(Joint Owners Group (JOG) Program intel'llal); and open and closed test in accordance 
with ASME OM Code Case OMN-1, "Alternative Rulos for Preservice and lnservice 
Testing ot Active Electric Motor Operaled Valve Assemblies in Light-Water Reactor 
Power Plants" (JOG Program interval) 
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• PSV: positlon indication test (2 year interval] and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I. "lnservice Testing ol Pressure Relief Devices 
in light-Water Reactor Nuclear Power Plants" 

The Braidwood 1ST Program specifies the fallowing testing and intervals for the PO RVs, PORV 
block valves, and PSVs: 

• PORV: fail safe test closed (refueling outage interval), stroke-time exercise open and 
closed (refueling outage interval), and position indication lest (2 year interval). 

• PORV Block Valve: exercise open and closed (quarteny interval) and position indication 
test (2 year interval) 

• PSV: position indication test (2 year interval), and relief valve lest (5 year interval), 
referencing ASME OM Code. Appendix I 

Shearon Harris 

In 2001, the N AC issued a license amendment to Shearon Harris Nuclear Power Plant, Unit 1 
(Shearon Harris) for steam generator replacement and a power uprate to a maximum power 
level of 2900 MWt (approximately 4.5 percent)."' In addressing the licensee's evaluation of 
Standard Review Plan (SAP) Section 15.5.1, the NRC staff found that the analysis showed that 
the calculated inlet pressures and temperatures required for the PORVs and safety relief valves 
(SAVs)'!rl to operate in a water envirooment were within the valve operable ranges, and thus 
ensured that the f!G-~¥{'.;?.FYt and rn·,·;;.L'.L! would be operable during the transient The 
valve operable ranges were previously determined by the licensee lo support operability of the 
:,,;:;rn1f'Ofi"J~ and ,i;,e•V=:;~·,,:,, during the discharge of subcooled water in accordance with the 
TMI Action Plan Item 11.D.1 requiremenls. Based on lhe analysis meeting the acceptance 
criteria of SAP Section 15.5.1 with respect to 1he RCS pressure limit and departure-from­
nucleate•boiling limit, the NRC staff concluded that the analysis was acceptable. 

Beaver Valley 

In 2006, the N AC issued a license amendment authorizing an E PU for Seaver Valley Power 
Station, Units 1 and 2 (Beaver Valley), an approximate a-percent increase in lllermal power to 
2,900 MWt.' 34 In the SE accompanying the amendment. the NRC staff described its review of 
the capability of the PSVs to discharge liquid and adequately reseal for a spurious SI actuation. 
The NRC staff specifically evaluated whether lhe PSVs could reasonably be expected to reseat 
to prevent tile spurious SI actuaHon (an ANS Condition II event) from causing a stuck-open PSV 
(an ANS Condilion Ill event). Tl'lis issue was said to bP. further discussed in RIS 2005-29. While 
the PSVs for Beaver Valley were qualified to discharge steam, if the valves discharged water 
witn sufficient subcooling, the NAC staff was concerned that they might not reseat properly. 

Bas11d the licensee's analysis, during a spurious SI event. the PSVs would be required to 
discharge steam followed by high temperature water after the pressurizer filled. The licensee 
provided plots of the pressurizer water temperatures for this event that indicated that lhe 
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minimum temperalure of the discharged liquid for Beaver Valley was approximately 620 °F. To 
evaluate the capability of the valves to c:tischarge and reseat, the NRC staff reviewed the 
available data from the f~11-flow tests performed during the EPA! test program in 1981 for the 
specific PSV models representative of those installed at Beaver Valley. The licensee also used 
the methodology containec:t in WCAP-11677 and determinec:t that the minimum acceptable liquid 
temperalure for which the PSVs were expected ta successfully discharge anc:t reseat was less 
than the minimum expec1ed temperature for the spurious SI event for Beaver Valley. 

The NRC staff agreed that both the minimum expected water discharge temperature and the 
minimum acceptable water temperature hac:t been conservatively calculated. Therelore, the 
NAC staff determined tllat, for purposes of preventing the oocurrence of a more serious ANS 
Condition Ill event, there was reasonable assurance that the PSVs would discharge water and 
reseat adequately following a spurious SI actuation. A oonsideration of the NAC staff in making 
this finding was that, in the unlikely event or a stuck-open PSV. the ECCS was full v capable of 
mitigating the resulting LOCA. 

Turkey Point 

In 2012, the NRC issued a license amendment authorizing an EPU for Turkey Point Nuclear 
Generating, Units 3 and 4 (Turkey Point), increasing the thermal power level of each unit 
approximately 15 percent to 2644 MWt. 1~5 

In the SE accompanying the amendment, the NAC staff indicated that ECCS actuation was not 
a possible initiator of inadvertent increase in reactor coolant inventory because the high head SI 
pumps have a shut-off head below the normal RCS operating pressure. The NRC staff stated 
that a eves malfunction that increases RCS inventory was evaluated for the effects of adding 
water inventory to the ACS. If the pressurizer filled and caused water to be relieved through the 
POAVs or PSVs, then these valves could stick open anc:t create a small break LOCA. The NRC 
staff stated that this would violate the acceptance criterion that prohibits the escalation of an 
anticipaled operational occurrence (AOO) into a more serious event. Satisfaction of this 
acceptance criterion was demonstrated by showing that sufficient time would exist for the 
operator to recognize lhe situation and end the charging flow before the pressurizer could fill. 
The NRC staff concluded that lhe licensee's analyses ot IDECCS and eves events adequately 
accounted for operation of the plant al the proposed power level. 

Regarding an inadvertent opening of a PORV, the licensee initially proposed that the 
consequences of this event were bounded by the small break LOCA. The NRC staff did not 
accept this proposed disposition. If action were not taken to secure the open valve by either 
closing the PORV or its block valve, the NRC staff stated that this event could escalate to a 
small-break LCCA, lM'lich would be conlrary to the non-escalation position. When the 
pressurizer filled, water would begin to flow through the open PORV. If the PORV were not 
qualified far water discharge, the N RC staff staled that it was likely the PORV would nol close 
upon demand. In this way, the NRC staff stated that lhe inadvertent opening of a PORV, an 
AOO, would become a small break-LOCA at the top of the pressurizer, an ANS Condition Ill 
event. The NRC staff requested that the licensee address tho inadvertent opening of the PORV 
with respect to the third criterion for an ANS Condition II event. 

The licensee provided an analysis performed largely in accordance with NAC-approved, 
Westinghouse analytic methodology using the RETRAN computer code; however, this analysis 
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was performed assuming that the PORV opened instead of the PSV. Th€ NRC staH stated that 
assuming the opening of the PORV is acceptable, because the PSV is differently qualified, and 
reseats mechanically. An additional independent fault would be required to cause the PSV lo fail 
to close. The analysis indicated that the pressurizer would fill within about 240 seconds. The 
licensee stated that there were multiple alanns to indicate the opening of a PORV. The licensee 
stated that a prompt operator action would be needed to close lhe PORV and, if the PORV does 
not close, the operator would be directed to close the block valve. Because the necessary 
actions would be prompt and simple. the NRC staff agreed that there would be sufficient time to 
secure the inadvertently open PORV without filling lhe pressurizer. 

St. Lucie 

In 2012, the N RC issued a license amendment authorizing an E PU for St Lucie Plant, Unit 2 
(St Lucie, Unit 2) that increased the authorized thermal power level about 12 percent to 
3020 MWt. 

Regarding an IOECCS event, lhe high pressure SI pumps would be incapable during power 
operations of delivering flow to the RCS because the pumps' shut-off head would be less than 
the normal RCS operating pressure of 2250 pounds per square inch absolute. Therefore, the 
licensee determined that the inadvertent operation of the ECCS at power event was not a 
credible event and did not analyze ii for the proposed EPU. The NRG staff found that the 
licensee's position for not analyzing the IOECCS event to be acceptable. 

Regarding a CVCS malfunction. the licensee evaluated it as an AOO for the effects of adding 
water inventory to the RCS. The NRG staff reviewed the licensee's analyses of the eves 
malfunction event and co1cluded that the licensee's analyses adequately accounted for 
operation of the plant at the proposed power level and were performed using acceptable 
analytical models. The NAC staff determined that the licensee's dHaf-Y"'*·,'tr ,~fu"'"'" 
demonstrated that the pressurizer did not become water solid, assuring no water was 
discharged through the PSVs. 

Regarding an IOPORV evenl, the NRC staff stated that, when viewed from the mass addition 
perspective, this event could be evaluated 1n two phases: (1) an inadvertent opening of a 
pressurizer relief valve, followed by (2) an inadvertent ECCS actuation. In the first phase, the 
NAC staff stated that this eveot could be mitigated by closing the open PORV or its block valve. 
11 the PORV or ils block valvo was not closed. the NRC staff stated that the IOPOAV event 
would eoter the second phase with actuation of the ECCS. Based on its review, the NRC staff 
determined that the pressurizer overfill analysis, availatlle alarming system, and procedures, in 
combination with simulator exercise results, provided reasonable assurance that the pressuri2er 
would not be expected to fill to a water solid condition that could prevent the PORV or PSV from 
closing after they were open. The N RC staff therefore conducted that the event would not 
generate a more serious plant condition. meeting the non-escalation criterion. The. NRC slaff 
stated that it reviewed the licensee's analyses of the inadvertent opening of a pressurizer PORV 
event, and concluded that the I icensee·s analyses adequately accounted for operation of the 
plant at the proposed power level and were pertormed using acceptable analytical models. 

The NRC staff concluded that the licensee demonstrated that all AOO acceptance criteria were 
satisfactorily met 
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Nort.h Anna 

North Anna Power Station, Units 1 and 2 (North Anna) UFSAR Section 15.2.14, ··spurious 
Operation of the Safety l"jectiOn System at Power,"' describes plant response to an inadvertenl 
SI event. In particular, UFSAA Section 15.2.14. 2.3, "Event Propagation," states the following: 

Safety valve (Reference 18) and PORV (Reference 19) testing has revealed no 
instances of failure of the valves to reseat following water relief. Resulting 
leakage is within the capacity of 1he nonnal makeup system and is ttlerelore not 
considered to be a small break IO$S of reactor coolant event. Therefore, the 
complete filling of the pressuri2er and/or water relief via a safety valve as a result 
of a spurious safety injeclion does not constitute a failure to meet the event 
propagation acceptance criterion. Although primary credit for preventing the 
propagation ol the event to a small break loss of reactor coolant event is the 
reseating of Ille PORVs and safety valves, it is noted that the POFIVs (which 
open prior to the safety valves and, ii open, preclude safety valve actuation lor 
this even!) are provided with block valves which the operator will close in the 
event of excessive PORV leakage. 

North Anna UFSAR Section 15.2.14.3, •conclusions," indicates that the complete tilling of the 
pressurizer and water discharge via a PSV as a result of a spurious SI does not constitute a 
failure to meet the non-escalation position. Furthermore, UFSAR Section 15.2, "References," 
lists EPRI NP-2770-LD and EPAI NP-2670-LD. 

Conclusion 

In conclusion, the reliance by the licensee tor Byron and Braidwood on the acceptable 
performance of the PSVs and PORVs following water discharge in response to abnormal events 
is not inconsistent with similar approaches by some other nuclear power plant licensees. In 
general, the review of activities by various nuclear power plant licensees related to PSV and 
POAV perfonnance revealed reliance on EPRI, Wyle, and valve vendor testing to provide 
support for the performance of these valves under various service conditions. Specific 
certification for flow capacity of these valves for waler discharge in accordance with the ASME 
BPV Code and National Board was not identified in the review of various justifications prepared 
by nuclear power plant licensees. 

In evaluating the historical documents for Byron and Braidwood, the Panel found it challenging 
to detennine specifically how the licensee resolved the concern raised in NSAL-93-013 in its 
analyses and plant operations. While the record does not currently supporl a compliance backlit 
in this case. if (as recommended by the Panel) lhe NFIC staff undertakes a generic review of 
licensees' 1rea1rnent of the potential for pressurizer valve damage following water discharge, it 
may Ile appropriate to consider what actions have been taken, hOw operating e~peri ence with 
water discharge has been considered, and how analysis assumptions are considered in 
operational practices (including inservice testing) at each plant 
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McCree, Victor 
Sunday. September l l, 2016 6:14 PM 
Clark, Theresa; Holahan, Gary 

Johnson, Michael; Tracy, Glenn 
RE: backfit documents 
EDO Memo to NRR FINAL3.docx 

Please incorporate my final edits !attached). Thanks again! 

Vic 

From: Clark, Theresa 
Sent: Saturday, September 10, 2016 9:32 PM 

To: Mccree, Victor <Victor.McCree@nrc.gov>; Holahan, Gary <Gary.Holahan@nrc.gov> 
Subject: RE: backfit documents 

Hi Vic! 

I worked with Tom on an updated response to question 2.c that is much stronger/more specific. It along with the rest of 
your reclama response are now included in the enclosure to the memo to NRR, both in ADAMS and attached. The 

tracked version includes the new response alongside the old, as well as the light edits that I made (again, mostly 

. _acronym definitions). 

-.._. .ease let me know if you'd Ii ke any further changes to this or the other documents and I can have them ready by the 
time we need them Monday. Thanks! 

View ADAMS P8 Properties ML16246A247 

Open ADAMS P8 Document (Appeal .9.f Backfit Imposed in Braidwood and Byron Stations (To: William Dean, From: Victor 
Mccree)) 

Theresa Valentine Clark 
Executive Technical Assistant (Reactors) 
U.S. Nuclear Regulatory Commission 

Theresa.Clark@nrc.gov I 301A15-4048 I 0-16E22 

From: Mccree, Victor 
Sent: Friday, September 09, 2016 4:46 PM 

To: Clark, Theresa <Theresa.Clark@nrc.gov>; Holahan, Gary <Gary.Holahan@nr.c:.,gQY> 
Subject: Re: backfit documents 

Theresa/Gary, 

.-...e attached edits to the reclama response. I need a stronger response to question 2.c. Please work either Tom and let 

......._ a know what you propose. 

Thanks, Vic 
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MEMORANDUM TO: William M. Dean, Director 
Office of Nuclear Reactor Regulation 

FROM: Victor M. Mccree 
Executive Director for Operations 

SUBJECT: RESULT OF APPEAL TO THE EXECUTIVE DIRECTOR FOR 
OPERATIONS OF BACKFIT IMPOSED ON BYRON AND 
BRAIDWOOD STATIONS REGARDING COMPLIANCE WITH 
10 CFA 50.34(b), GDC 15, GDC 21, GDC 29, AND THE LICENSING 
BASIS 

As you are aware, on June 22, 2016, I established a Backfit Appeal Review Panel (Panel) in 
accordance with Management Directive (MD) 8.4, "Management of Facility-specific Backfitting 
and Information Collection," to review the subject appeal and to provide me with 
recommendations (Agencywide Documents Access and Management System {ADAMS) 
Accession No. ML 16173A311 ). On August 24, 2016, the Panel transmitted the results of its 

·....._,.. review to me (ADAMS Accession No. ML 16236A202). The memorandum from the Panel 
responding to my tasking, recommended that the 2015 compliance backfit be withdrawn, and 
included the Panel's report and the basis for this recommendation (ADAMS Accession 

--

No. ML 16236A208). 

I have reviewed the Panel's report, its recommendations, and its responses to the questions I 
posed when establishing the panel. In addition, I met with you on September 12, 2016, to 
discuss my decision and assure that it reflects the thorough, technically sound, and legally well­
founded consideration that this matter merits. Our discussion included my response to the 
additional perspectives you provided to me in your email dated September 2, 2016, which is 
enclosed, for reference. 

As we discussed, the central question in the ,pp,,<Vffanel's review was whether an adequate 
basis exists for backfitting using the compliance exception in Title 10 of the Code of Federal 
Regulations (10 CFR), Section 50.109(a)4(i) to address potential pressurizer safety valve 
failures following water discharge. With regard to compliance, the 1985 statement of 
considerations for 1 O CFR 50.109 indicates that gthe 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 .... " In answering this question, 
the Panel focused on the following three related technical and regulatory positions for the 
pressurizer safety valves (PSVs) described in the staff's October 9, 2015, safety evaluation 

....__., CONTACT: Gary M. Holahan, OEDO 
(301} 415-1765 
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imposing the backfit (ADAMS Accession No. ML 14225A871, referred to as the Backtit SE), as 
well as the staff's May 3, 2016, response (ADAMS Accession No. ML 16095A204) to the backfit 
appeal by Exelon Generation Company, LLC (the licensee): 

1. American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code 
(BPV Code} water qualification (certification) documentation is required if a PSV is to be 
assumed to reclose after passing water. 

2. Water discharge through a steam-qualified PSV will cause the valve to stick in its fully 
open position. 

3. PSVs are subject to the single-failure criterion. 

As the Panel noted in its report, it is important to acknowledge that the PSVs in question were 
designed for steam service and that water discharge through such valves is undesirable and 
should be minimized or avoided as a matter of conservative engineering and prudent 
operations. This perspective is reinforced by several industry positions and testing, as well as 
operator training and control room procedures intended to terminate a potential pressurizer 
overfill event before filling the pressurizer ;;;i;r,;i. For these reasons, the staff's position 
described in the NRC's backfit imposition letter and its response to the backfit appeal, 
represents a well-intentioned and conservative approach that could provide additional safety 
margin. However, based on my review of the relevant documents and discussions, I agree with 
the Panel's conclusions and support its recommendations. In particular, I agree with the Panel's 

....__, assessment of the three relevant technical and regulatory positions. 

First, regarding ASME Code water qualification (or certification), when considered in the context 
of the Byron and Braidwood licensing basis, valve "qualification" implies a general 
demonstration of capability, such as through the Electric Power Research Institute testing 
conducted in response to Three Mile Island (TM1) Action Plan Item 11.D.1, not ASME BPV Code 
certification. Thus, when preparing the safety evaluations associated with two license 
amendments in 2001 and 2004 (referred to as the Uprate SE and the Setpoint SE), the NRC 
staff exercised reasonable and well-informed engineering judgment to conclude that the PSVs 
were unlikely to stick in the fully open position. The NRC staff's determination that ASME BPV 
Code certification is necessary for PSVs first appears in the Backfit SE and is not addressed in 
any of the final NRC requirements or guidance documents reviewed by the Panel. As such, the 
NRC staff's position on valve qualification in the Backfit SE represents a new or modified 
interpretation of what constitutes compliance in addressing potential PSV failures following 
water discharge. 

Second, regarding PSV failure following water discharge, 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. Without the presumption of PSV failure to reseat, the concerns in the Backfit SE 
related to event classification, event escalation, and compliance with 10 CFR 50.34(b) and 
General Design Criteria 15, 21, and 29 are no longer at issue. 

Third, the determination that application of the single failure criterion is necessary first appears 
·.....,_., in the draft Revision 1 to Regulatory Issue Summary 2005-29. This position, which is still under 



-
W. Dean -3-

development, is not included in any final NRG requirement or guidance document reviewed by 
the panel. 

In sum, neither of the three positions were "known and established standards of the 
Commission" when the NRG issued the Uprate SE and the Setpoint SE in license amendments 
for Byron and Braidwood in 2001 and 2004, respectively, for determining when it was 
appropriate to assume a failure of a PSV to reseat. Based on the Panel's review, they were not 
''known and established standards of the Commission" in 2005 (when RIS 2005-29 was issued), 
in 2006 (when the Beaver Valley extended power uprate was approved), in 2007 (when 
Revision 2 to Standard Review Plan Sections 15.5.1 - 15.5.2 was issued), nor are they 
"established standards of the Commission" at present. 

As a result, I do not support the use of the compliance exception to impose the subject backfit. 
agree with the Panel's assessment that the current licensing basis for Byron and Braidwood 
complies with the applicable regulations and provides adequate protection of public health and 
safety. I have responded directly to the licensee with my decision on its appeal. 

The Panel's report also identifies two issues that warrant further NRC consideration. The report 
reveals the need to assess the treatment of the underlying technical issue described in the 1993 
Westinghouse Nuclear Safety Advisory Letter (NSAL-93-013) on PSV performance after water 
discharge at pressurized water reactors. In addition, given the decision communicated herein, 
the positions included in RIS 2005-29, as well as its proposed Revision 1, should be 
(re)assessed through the appropriate generic process to ensure they receive appropriate backfit 

·.._, consideration. You are requested to inform me within 30 days of your plan to respond to these 
issues. 

As you are also aware, I have recently directed the U.S. Nuclear Regulatory Commission (NRG) 
Committee to Review Generic Requirements (CRGR) to assess the adequacy and currency of 
existing NRG requirements, guidance, criteria, procedures, and training on the subject of 
backfitting (ADAMS Accession No. ML 16133A575). The Panel an(:nJi·;?r:;_havc:s already been in 
contact with the CRGR to share insights and perspectives from this review. I believe that the 
CRGR evaluation of our implementation of the backfit process presents us with a timely 
opportunity to further enhance our regulatory process. 

Finally, I recognize that the technical and regulatory positions used in the staff's decision­
making involved careful, thorough, and technically solid considerations, reflecting their 
commitment to ensuring safety. Knowing that our people take seriously the responsibility for 
assuring public health and safety and are willing to pursue backfits, when appropriate, to assure 
or enhance safety is key to successfully fulfilling our mission. Although expected, I also 
sincerely appreciate the cooperation and respect evidenced by both your staff and the Panel 
members as the Panel evaluated the merits of the licensee's appeal of this technically complex 
and difficult regulatory issue. Their,i ,c 11 ,:,.,_r -,, < collegial interactions reflected the 
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best of our agency values and contributed to what I consider to be a sound 
decision. 

Enclosure: 
As stated 

cc: Chairman Burns 
Commissioner Svinicki 
Commissioner Baran 

regulatory 
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RESPONSE BY EXECUTIVE DIRECTOR FOR OPERATIONS (EDO) TO ADDITIONAL 
PERSPECTIVES ON BACKFIT APPEAL REVIEW PANEL FINDINGS PROVIDED IN 

SEPTEMBER 2, 2016, EMAIL FROM THE DIRECTOR OF THE 
OFFICE OF NUCLEAR REACTOR REGULATION (NRR) 

1. NRR appreciates the panel's efforts. However, NRR believes that the panel's 
perspectives do not provide sufficient basis to overturn the backflt. 

Response: Based on my review, the Panel's perspectives provide a sound basis for 
supporting the licensee's appeal of the compliance exception backfit. The concerns listed 
below do not address the specific Panel finding that is a primary basis for overturning the 
backfit. In particular, the NRC has previously accepted water qualification of pressurizer 
safety valves (PSVs) and power-operated relief valves (PORVs) based on Electric Power 
Research Institute (EPRI), Wyle, or vendor testing for nuclear power plants (beyond Byron 
and Braidwood) as part of Three Mile Island (TMI) action items, Chapter 15 accident 
analyses, and other evaluations. In those evaluations, the NRC did not require American 
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code (BPV Code) 
certification for water service. 

2. NRR Concerns 

a. The panel has narrowly focused Its review on the water qualification question. 
NRR maintains that the original backfit documents numerous issues with the 
licensing basis for Byron and Braidwood that have not been addressed in the 
panel's assessment. 

Response: In the report, I find that the Panel adequately addressed the issues 
identified as important by NRA in its comments on the preliminary findings. Although it 
is not clear which specific additional issues are of concern to NRA, I find that the most 
salient positions and issues associated with the compliance exception backfit question 
have been appropriately considered in this decision. 

b. With regard to the PSV water qualification question, the panel's position is reliant 
on its interpretation of the 1977 Information SECY [SECY-77-439, "Single Failure 
Criterion," dated August 17, 19n]. The panel has provided select quotes from 
that SECY that it believes supports Its position. NRR believes that when the entire 
SECY is reviewed it becomes clear that the SECY was simply documenting 
current practices in 1977, some of which were stlll being researched, and does not 
provide a "known and established standard." The staff contends that if the 1977 
SECY had been intended to provide the "known and established standard" it 
would have been included in subsequent updates to regulations, regulatory 
guides, and SRPs [Standard Review Plans] over the following nearly 40 years. It 
has not. 

Response: In its report, the Panel indicates that it addressed SECY-77-439 in response 
to NRR's assertion that Exelon had not satisfied the "single failure assumption" for the 
PSVs at Byron and Braidwood. The intent regarding NRR's reference to a "'known and 
established standard" in this comment on SECY-77-439 is not clear. On page 21, the 
report states that the Panel concluded that in 2001 and 2004 and at present, the known 
and established standard of the Commission is that failures o1 PSVs to reclose need not 
be assumed to occur following water discharge if the likelihood is sufficiently small, 
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based on well-informed staff engineering judgment. This is the "known and established 
standard" of interest for water qualification of PSVs with respect to the backfit. 

c. In numerous places the panel quotes documents that it interprets as describing 
the treatment of check valves as analogous to PSVs. The panel did not find any 
definitive documentation that demonstrates that the agency concluded that PSVs 
are analogous to check valves and, as such, should be considered passive 
components. This appears to be the panel's judgement, not an NRC position. 
NRR disagrees with the panel's interpretation and has historically treated PSVs as 
active components, including designating them as such during license renewal. 
PSVs are designed to perform a specific RCS overpressure protection safety 
function critical to protecting one of the key defense-in-depth barriers to protect 
public health and safety from the release of radioactive materials. The staff 
believes the panel's comparison is inappropriate and establishes a very 
concerning precedent. 

Response: The Panel's discussion of check valves in relation to PSVs was provided for 
context given that PSVs were not explicitly discussed in documents describing passive 
failures and the application of the single failure criterion (e.g., SECY-77-439; SECY-94-
084, "Policy and Technical Issues Associated with the Regulatory Treatment of Non­
Safety Systems in Passive Plant Designs," dated March 28, 1994; and SECY-05-0138, 
"Risk-ln1ormed and Performance-Based Alternatives to the Single-Failure Criterion," 
dated August 2, 2005). The Panel did not intend to establish precedent, but rather 
summarize past practice that could be used to consider PSVs. The Panel explicitly 
acknowledged that PSVs may be considered "active" for various regulatory applications 
(e.g., inservice testing). As indicated in the comment, license renewal aging 
management programs are another regulatory application where active and passive 
components are distinguished, and PSVs may be considered active for purposes of 
some such programs. 

To apply the "single failure assumption" to the PSVs at Byron and Braidwood as NRA 
asserts, however, the PSVs would need to have been treated as active components in 
the accident analysis to which single failures are applied, and the Panel did not find 
evidence that this has been the case. The principal discussion o1 potential PSV failures 
in the accident analyses occurs only in the evaluation of an inadvertent opening of a 
PSV. In addition, other analyses of overpressure events (e.g., loss of load, loss of 
feedwater) do not apply the single failure criterion to cause a PSV to stick open (i.e., fail 
to reseat) when opening on steam flow. In addition, the feedwater system pipe break 
analysis does not apply the single failure criterion to cause a PSV to stick open either 
during steam discharge or during water discharge. Furthermore, the Panel reviewed 
documentation for several other Westinghouse-designed plants showing consistent 
treatment of the PSVs (i.e., without single failure assumptions) in the accident analyses. 
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d. On page 13, the panel acknowledges the Byron/Braidwood licensing basis as 
categorizing the PSVs and PORVs as active components. However, the panel, 
given its reliance on treating PSVs akin to check valves, establishes a new and 
different position in its own summary when it determines these valves should be 
treated as passive components for the purposes o1 considering the single failure 
criterion. 

Response: In this section and in Section 3.2 of the report, the Panel indicates that the 
failure of a "simple check valve" is most similar, from a mechanical perspective, to the 
PSV failure addressed in the October 9, 2015, Backfit SE. The discussion also 
indicates that PSVs (like check valves) could be considered passive or active depending 
on the specific evaluation, such as for design, accident analysis, or in service testing. 
The report includes the following quote from SECY-94-084: " ... the NRC statt normally 
treats check valves, except those in containment isolation systems, as passive devices 
during transients or design·basis accidents." Thus, the Panel is not establishing a new 
position, but rather summarizing past NAC practice. 

e. Regarding ASME, [Title 10 of the Code of Federal Regulations (10 CFR), Section] 
50.55a requires nuclear power plants to be initially designed and constructed [in 
accordance with] ASME [BPV Code], Section Ill and to be tested throughout their 
service life [in accordance with] ASME OM Code [Operation and Maintenance of 
Nuclear Power Plants]. These codes comprise the qualiflcatlon standards for 
ASME Class 1 safety valves such as the pressurizer PSVs with which licensees 
are required to comply unless alternatives have been authorized by the staff [in 
accordance with] 1 O CFR 50.55a. 

Response: ASME BPV Code does indeed provide certification requirements for safety 
and relief valves for their intended design function. However, as noted in the Panel's 
report, since the TM1·2 accident, the NRC has accepted qualification of safety and relief 
valves based on EPRI, Wyle, and vendor testing to demonstrate that these valves will 
not stick open during water discharge as part of TMI action items, Chapter 15 accident 
analyses, or other evaluations for numerous nuclear power plants. Therefore, a 
longstanding NRC precedent for the acceptance of water qualification of safety and relief 
valves through such testing has been established in those evaluations. Based on 
information provided by NRA and a sampling review by the Panel, the NRC has not 
required safety or relief valves to be certified by the ASME BPV Code for water service 
when referenced Chapter 15 accident analyses. A requirement at this time that all 
safety and relief valves be certified for water service in accordance with the ASME BPV 
Code for every reference to safety and relief valves not sticking open upon water 
discharge for all TMI action items, Chapter 15 accident analyses, and other evaluations 
would constitute a significant regulatory action and warrant a different decision-making 
process 

f. The panel asserts in its summary that the valves in question were water qualified 
due to the licensee's reliance on them to pass water during feedline break events. 
The panel does not appear to acknowledge that feedline breaks are Condition IV 
events, similar to [loss·Of·coolant accidents], which are never expected to occur 
in the lifetime of the facilities and therefore, given their lower probability of 
occurrence, are permitted to have more significant consequences. The EPAI 

·-.,,... testing demonstrated acceptable performance under conditions anticipated 
during these Condition IV events (higher temperature fluid - 650°F), while the EPRI 
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test at the more likely Condition II inadvertent mass addition event conditions 
(lower temperature fluid -550°F) was terminated early due to valve chatter on 
opening. The summary of the EPRI testing indicated that for subcooled water 
conditions valve chatter and resultant valve damage was generally observed. 

Response: In evaluating information provided by NRA associated with water testing, 
NRA maintained that the EPRI testing did not address water discharge for the Byron and 
Braidwood PS Vs. The current question recognizes the EPRI testing, but asserts that the 
water was not at an acceptable temperature, or the water relief might result in valve 
chatter or damage. Based on the Panel's document review and discussions, the NRC 
staff approval of the amendments during the 2001 and 2004 reviews evaluated the EPRI 
testing, and were indeed aware of the test, its results and water temperatures. 

3. Path Forward 

a. If the EDO supports the original backflt, NRA agrees with the panel that risk 
insights are important considerations in determining how reasonable assurance 
of compliance can be demonstrated. However, as acknowledged by the panel, 
consistent with [Regulatory Guide (RG)) 1.174, risk insights must Include 
consideration of de1ense-in-depth and safety margins. If a PSV were to stick open 
or significantly leak at Bryon and Braidwood during a licensing basis Condition II 
event, which is anticipated to occur on an annual frequency, the licensee has not 
yet demonstrated adequate defense-in-depth. NRR is open to considering risk­
informed licensing basis changes, or potential plant modifications, that 
appropriately consider all 5 elements of RG 1.174. 

Response: I support the recommendations of the Panel. However, I agree that the 
safety significance of the potential for the PSVs to stick open should be considered as 
part of a generic resolution of this issue for all pressurized-water reactors. 

b. 11 the EDO supports the Backfit Panel's conclusion, NRA requests that the EDO 
allow the staff to independently assess what path forward is appropriate given the 
positions documented in the panel's report and EDO's decision. In particular, 
NRR has concerns regarding the recommendations on page 3 of the report that 
need to be further considered before determining what future course of action is 
most appropriate. 

Response: I agree. The report reveals the need to assess the treatment of the 
underlying technical issue described in the 1993 Westinghouse Nuclear Safety Advisory 
Letter (NSAL-93-013) on PSV performance after water discharge at pressurized-water 
reactors. In addition, given the decision communicated herein, the positions included in 
Regulatory Issue Summary 2005-29, as well as its proposed Revision 1, should be 
(re)assessed through the appropriate generic process to ensure they receive appropriate 
back1it consideration. The Director of NRR should inform me within 30 days of the plan 
to respond to these issues. 

-4-
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Clark, Theresa 
Sunday. August 21, 2016 12:06 AM 
Holahan, Gary; West, Steven; Scarbrough, Thomas; Spencer, Michael 

REVIEW: informal concurrence version of panel report 
Backfit Appeal Panel Report (MASTER).docx; Backfit Appeal Panel Report (MASTER) -

tracked.docx; cover memo (MASTER).docx 

High 

Hi all-attached are the cover memo (no change since the last version, I think} and report (both clean and with changes 

tracked to the last version I sent-not since the beginning). I incorporated the edits that Michael sent Friday. 

I recommend that you guys read these and send any remaining edits/comments by mid-day Tuesday-consider this 
informal concurrence. Then I can give another look before we have the meeting with Vic. Shortly thereafter I assume we 

would be able to sign an official copy. (Somewhere in there I will ask Patti to make a concurrence package.) 

Thanks! 

Theresa Valentine Clark 
Executive Technical Assistant \Reactors) 
U.S. Nuclear Regulatory Commission 

Theresa.Clark@nrc.gov I 301-415-4048 I 0-16E22 
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1 BACKGROUND 

On June 22, 2016, 1 in accordance with NAC Management Directive (MD) 8.4,2 the NRG 
Executive Director tor Operations (EDO) established a Backfit Appeal Review Panel (Panel) to 
review the appeal by Exelon Generation Company, LLC (Exelon or the licensee) of the U.S. 
Nuclear Regulatory Commission (NRG) staff's determination that a backfit is necessary at 
Braidwood Station, Units 1 and 2 (Braidwood) and Byron Station, Units 1 and 2 (Byron), as well 
as the NRC staff's application of the compliance backfit exception provided in Title 10 oi the 
Code of Federal Regulations ( 1 O CFR), Section 50.109, "Backfitting." 

This backfit determination is documented in an October 9, 2015, letter (referred to as the Backfit 
Letter). 3 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 (GDC) 15, "Reactor coolant system design," in 
10 CFR Appendix A, "General Design Criteria for Nuclear Power Plants" 

• GDC 21, "Protection system reliability and testability" 

• GOG 29, "Protection against anticipated operational occurrences" 

• Paragraph (b) of 10 CFR 50.34, "Contents of applications; technical information" 

Specifically, the NRG staff determined that Byron and Braidwood do not comply with provisions 
in American Nuclear Society {ANS) Standard 51.1/N18.2-19734 for ensuring that ANS 
Condition II events5 do not progress to more serious ANS Condition Ill events following water 
discharge6 through certain valves. The NAG staff acknowledged that the NRG 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).7 However, the NRG staff 
determined that the backfitting was justified under the compliance exception in 1 O CFR 
50.109(a)(4)(i). The licensee was directed to take action to resolve the non-compliance. 

On December 8, 2015, the licensee appealed the NRG staff's decision to the Director of the 
Office of Nuclear Reactor Regulation (NRA), stating its disagreement with the NRC's conclusion 
that the compliance exception to the backfit rule applies in this case, and that the NRC has 
twice approved the underlying analysis.8 The referenced approvals were an August 26, 2004, 

1 NAC 201 Be (Author and year citations in footnotes refer to the designation of references in Appendix D 
to this report.) 
2 NAC 2013 
3 NRG 2015b referred to as the Backfit Letter in the remainder of the report 
4 ANS 1973 
5 Specifically, inadvertent operation of the emergency core cooling system (IOECCS), malfunction of the 
chemical and volume control system (CVCS), and inadvertent opening of a pressurizer safety or relief 
valve. 
s For consistency in this report, the Panel uses the phrase "water discharge" rather than "water relief" or 
"liquid discharge" (except in direct quotes), as this is the phrase used in the Westinghouse documents 
that raised the issue addressed in this report. 
7 NRC 2001 b - referred to as the Uprate SE in the remainder of the report 
ti Exelon 2015 - referred to as the N RR Appeal in the remainder of the report 
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license amendment associated with pressurizer safety valve (PSV) setpoints9 and the above­
referenced Uprate SE. In a letter dated May 3, 2016, the NRC responded to the licensee's 
appeal and reaffirmed its decision that the backfit per the compliance exception provisions of 
10 CFR 50.109(a)(4)(i) is appropriate. 10 

On June 2, 2016, the licensee again appealed the NRC staff's decision, this time to the ED0.11 

The purpose of this report by the Backfit Appeal Review Panel is to provide information and 
recommendations to support the decision of the EDO. 

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 letters mentioned above; the 
Uprate SE and Setpoint SE; and a June 16, 2016, letter from the Nuclear Energy Institute 
(NEl)12 supporting the Exelon backfit appeal. The Panel also reviewed many other related 
documents, which fall into five broad categories: 

• The Backfit Rule (1 O CFR 50.109), related court actions, and Commission and staff 
guidance on application of the Backfit Rule 

• Docketed communications for Byron and Braidwood from 1982 to the present, including 
license amendment requests (LARs) by the licensee, NRG-issued license amendments, 
NRC requests for additional information (RAls), licensee responses, meeting 
summaries, NRC SEs, and the licensee's Updated Final Safety Analysis Report 
(UFSAR) 

• NRG guidance relevant to the analysis of IOECCS events over the period of 1981 to the 
present, including Standard Review Plan (SAP) Section 15.0, Section 15.5.1 - 15.5.2, 
and Section 15.6.1 13 

• Westinghouse Nuclear Safety Advisory Letter (NSAL) 93-01314 and its Supplement 115, 

as well as docketed communications regarding actions taken by other licensees in 
response to Westinghouse NSAL-93-013 

• The history of NRC and industry activities related to power operated relief valves 
(PORVs), their block valves, and PSVs {including Three Mile Island (TMI) Action Plan 
Items 11.D.1, 11.0.3,11.G.1, 11.K.3 documented in NUREG-073716, as well as Generic 

9 NRC 2004b- referred to as the Setpoint SE in the remainder of the report 
10 NAG 2016d - referred to as NRA Appeal Decision in the remainder of the report 
11 Exelon 2016a - referred to as EDO Appeal in the remainder of the report 
12 NEI 2016 
13 NAC 1981a, NRC 1981b, NRC 1981c, NRC2007a, NAC2007b, and NRC 2007c 
14 Westinghouse 1993 
1s Westinghouse 1994 
16 NRC 1980c - referred to as the TMI Action Plan in the remainder of the report; lessons learned from 
TMI were also presented in NUREG-0578 (NRC 1979a), NUREG-0585 (NRC 1979b), and NUREG-0660 
(NRG 1980aj 
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Letter 89-1017 and its supplements), Electric Power Research Institute (EPRI) valve 
testing, and operating experience (NUREG/CR-703718) 

In addition to the document review, the Panel had the benefit of meetings with NRA (both the 
Division of Safety Systems and the Division of Engineering), the Office of the General Counsel, 
and the NRC Committee to Review Generic Requirements (CRGR). Both E><elon (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 its review, which is 
summarized below and documented in the attached report. 

At the request of the Panel, the Office of Nuclear Regulatory Research (RES) conducted risk 
analyses using the NRC's Standardized Plant Analysis Risk model for Byron Unit~ .19 These 
analyses informed the Panel's response to the question from the EDO regarding the risk 
significance of the relevant accident sequences. 

1.2 Proposed Compliance Backlit and Exelon Appeals 

In the Backfit Letter, the NRC staff informed Ex.elon that it had determined that Byron and 
Braidwood are not in compliance with GDCs 15, 21, and 29; 10 CFR 50.34(b); and the plant­
specific design bases that were expected to demonstrate there will be no progression of 
Category II events to Category Ill 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 UFSAA predicts water 
discharge through a valve that is not "qualified" for water discharge. Therefore, the NRC staff 
concluded that the UFSAR does not contain analyses that demonstrate that the plants' 
structures, systems, and components (SSCs) will meet the design criteria for ANS Condition II 
faults as stated in Byron and Braidwood UFSAR Section 15.0.1.2. Based on the SE attached to 
its letter,20 the NRC staff found that the licensee must take action to resolve the non­
compliance. 

The Backfit SE addressed three accident analyses in Chapter 15 of the Byron and Braidwood 
UFSAA: (1) IOECCS; (2) eves malfunction that increases reactor coolant inventory; and (3) 
inadvertent opening of a pressurizer safety or relief valve (IOPORV). The NRC staff noted that 
each ANS Condition II event must be shown to meet the following: 

1. no fuel 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 unacceptable. The NRC staff stated that 

17 NRG 1989 
18 NRC 2011 
19 NRC 20161 
20 Referred to as the Backfit SE in the remainder of the report. 
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Westinghouse recommended this approach in 1993 and that the NRC staff rejected this 
approach in 2005 (RIS 2005-2921 ). 

In Section 3.1.2.4 of the Backfit SE, the NRG staff stated that the Byron and Braidwood 
IOECCS analysis depends 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 support water qualification of the PSVs: 

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

2. In accordance with the ASME Code for Operation and Maintenance of Nucfear Power 
Plants (OM Code), provide inservice test history for PSVs, including water and steam 
tests, or provide correlation test for alternative test fluid. 

Regarding a eves malfunction, the NRC staff stated in Section 3.2 of the Backtit SE that the 
licensee had not provided an analysis for the eves malfunction that increases reactor coolant 
inventory that demonstrates the plants' ability to meet the requirements of an ANS Condition II 
event. 

Regarding an IOPORV, the NRC staff stated in Section 3.3 of the Backfit SE that the licensee 
had not provided an analysis for the IOPORV that extends long enough into the transient to 
demonstrate the event would not transition from an ANS Condition II event to an ANS Condition 
Ill event. 

In the Backfit SE, the NRC staff referenced Millstone22 and Callaway23 license amendments as 
examples of licensees upgrading PORVs for water discharge; a Beaver Valley extended power 
uprate (EPU) license amendment24 as an example of qualifying PORVs for water discharge; and 
Turkey Point25 and St. Lucie Unit 226 EPU amendments as additional precedent in support of the 
backfit decision. 

In the NRR Appeal, Exelon asserted that the NRC had not justified invoking the compliance 
exception to the backfit rule. Exelon stated that the NRC approved its IOECCS analysis in the 
Uprate SE and Setpoint SE. 

In the NRR Appeal Decision, the NRC staff stated that the previous approvals were inconsistent 
with the Agency's general position on the known and established standard at issue, in this case 
the progression of ANS Condition II events to higher level events. The NRC staff 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 is not sufficient to support the licensee's 
position. 

21 NRC 2005b 
22 NRC 1996 
23 NRC 2000 
24 NRC 2006 
25 NRC 2012a 
26 NAC 2012b 
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In the EDO Appeal, Exelon stated that the NAG had misidentified the "known and established 
standard" at issue as the prohibition of ANS Condition II events progressing to ANS Condition Ill 
events. Exelon asserted that the standard in question concerns what is necessary to "qualify" 
valves for water discharge. Exelon contended that this standard is the EPAI testing and 
analysis, and that the NAC has agreed that Byron and Braidwood meet this standard. Exelon 
also contended that the change in NRC staff position on prior approvals is not a mistake of fact, 
but rather a new or modified interpretation of compliance with NRC requirements, for which use 
of the compliance exception provided for in the Backfit Rule is not appropriate. 

1.3 Backfit Rule and the Compliance Exception 

Backfitting is defined by 1 o CFR 50.109{a) as: 

... the modification of or addition to 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 operate 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 di1ferent from a previously 
applicable staff position .... 

Unless one of three specified exceptions apply, the NAC may impose a backflt 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 health and safety 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(a)(4) sets forth the three exceptions to the requirements of 1 O 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 license or the rules or orders of the 
Commission, or into conformance with written commitments by the licensee.M The second and 
third exceptions relate to actions necessary to ensure adequate protection or to actions that 
involve defining or redefining adequate protection. 

The Commission explained its intended application of the compliance exception in the 
Statements of Consideration (SOC) accompanying the 1985 final rule amending 
10 CFR 50.109:27 

The compliance exception 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 same SOC, the Commission acknowledged that staff interpretations of rules are not 
legally binding, but the Commission also stated that "staff interpretations of broadly stated rules 

21 NRC 1985, at 38103 



are often necessary to give a rule effect and in some instances may be a causal factor in 
initiating a backfit."2a 

By its terms, the compliance exception applies to actions necessary for compliance with rules, 
licenses, and orders, or for conformance with written commitments. 29 Also, the Commission 
explicitly acknowledged the importance of staff interpretations ot rules in the regulatory process. 
Thus, the Panel understands the term "known and established standard" to include standards 
established in rules, licenses, orders, and written commitments, and NRC interpretations of 
rules. Some standards may be broad·based, while others may apply only to a limited number of 
plants. As stated in NUREG·1409, "[i]nformal or formal communications to one licensee are not 
official positions to all licensees .... Orders, licenses, and written commitments are applicable 
only to a particular licensee." 

The failure to meet a known and established standard is grounds for a compliance backfit if this 
failure is due to "omission or mistake of fact." Thus, if a licensee obtains NRC approval of an 
alternative to a specific standard set forth 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 from 
"new or modified interpretations of what constitutes compliance," which do not fall within the 
compliance exception. The Panel understands the term "new or modified interpretations" to 
include situations where the NRC 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 
requirement is met. Levels of assurance might be established in terms such as acceptable 
probabilities or consequences, conservative assumptions, or sufficient margin. 

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

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 PSVs since the TMI Unit 2 (TM1·2} accident in 1979. 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 "qualification" in the context of the TMI Action Plan item and subsequent activities, as well as 
how it should be interpreted in the Byron and Braidwood licensing basis. 

In light of the NRG staff's assertion that the licensee had not applied the "single·failure 
assumption" as noted above, the Panel considered the applicability of the single failure criterion 
to PSVs. The Panel expended considerable effort in searching for an answer to what appears ta 
be a simple question: "Are PSVs active components subject to the single failure criterion, or are 

28 NRC 1985, at 36102. The 1985 backfit rule was vacated by a Federal court on grounds unrelated to the 
compliance backfit exception. See Union of Concerned Scientists v. U.S. Nuclear Regulatory Com'n, 
824 F.2d 108, 119·20 (1987). In 1988, the Commission amended the backfit rule (NRC 1988bl to address 
the coun'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. 
29 NUREG-1409 (NRC 1990c) defines written commitments broadly to include the "final safety analysis 
report, licensee event reports, and docketed correspondence, including responses to NRC bulletins, 
generic letters, inspection reports, or notices of violation and confirmatory action letters." 
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they passive components exempt from it?" NRA 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), an historical 
perspective is provided. In general. the Panel found that the classification of a component as 
"active" or "passive" depends on its design, application, and function. For example, passive 
components almost always do not need external power; usually do not need an external 
actuator (e.g., signal)30; sometimes do not involve any mechanical motion (e.g., movement of a 
valve disc)31 ; and sometimes do not involve any motion, either fluid or mechanical (e.g., piping). 
International Atomic Energy Agency (IAEA) TECDOC-1624 states that "[s]afety related 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 guidance further defines four level of "passivity'' to 'to help 
eliminate confusion and misuse at the terms by members of the nuclear community." In addition, 
SECY-05-013832 also acknowledges and discusses inconsistencies in the use and application 
of the term "passive." 

The introduction to the GDCs and the related footnote define the applicability of the single 
failure criterion in terms of electrical versus fluid systems, and active versus passive 
components. Neither the GDCs nor NRG 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 components and pumps and motor-operated valves that 
operate to perform their safety functions are active components. As discussed in Section 3.6 
below, check valves might be classified as active or passive components depending on specific 
considerations. 

With respect to PSVs, the ASME BPV Code applicable to Byron and Braidwood includes 
requirements for overpressure protection that relate to 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 
almost never explicitly discussed or applied in accident analyses. The Byron and Braidwood 
UFSAR states that "adequate overpressurization protection is provided by the three installed 
safety 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 UFSAA analyses of overpressure 
events (e.g., loss of load, loss of feedwater) do not apply the single failure criterion to cause a 
PSV to stick open (i.e., fail to reseat) when opening on steam flow. In addition, the UFSAR 

30 For example, SECY-77-439 (NRG 1977) states: "Examples [of passive failures in fluid systems] include 
the failure of a simple check valve to move to its correct position when required, the leakage of fluid from 
failed components, such as pipes a.nd valves-particularly through a failed seal at a valve or pump-or 
line blockage. Motor-operated valves which have the source of power locked out are allowed to be 
treated as passive components." 
31 For example, NUREG-1800 (NRG 2001 c) states that "'[p]assive' structures and components, for the 
purpose of the license renewal rule, are those that perform an intended function ... without moving parts 
or without a change in configuration or properties ... 'passive' may also be interpreted to include 
structures and components that do not display 'a change of state."' 
32 NRC 2005a 
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Feedwater System Pipe Break analysis (Chapter 15.2.8) does not apply the single failure 
criterion to cause a PSV to stick 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 11 
events) and postulated accidents (similar to ANS Condition IV events) has been consistent and 
without any identified exceptions.33 

1.5 History 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 review 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" for event escalation from ANS Condition II to ANS Condition Ill, referred to hereafter 
as the "non-escalation position." 

2 SUMMARY OF PANEL FINDINGS 

For the reasons provided in Section 3, the Panel concludes 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 following water discharge if the likelihood is sufficiently small, based 
on well-informed staff engineering judgment. The Panel also concludes that, in preparing the 
Uprate SE and the Setpoint SE, the NRG staff exercised reasonable and well-informed 
engineering judgment when the NRC staff concluded that the PSVs were unlikely to stick open. 
The non-escalation position does not establish specific standards for valve qualification, so the 
non-escalation position, standing alone, provides no basis for rejecting the licensee's reliance 
on EPRI valve testing. Moreover, the Panel finds that no mistake or error occurred in the 
licensee's or previous sta1f's reliance on the EPRI testing program that included an evaluation of 
water discharge through pressurizer valves.34 Therefore, the Panel also concludes that the 
position on valve qualification in the Backfit SE is a new or modified interpretation of what 
constitutes compliance. 

3 DISCUSSION 

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. 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 relating 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." In the NRA Appeal Decision, the NRG staff 
stated that the Backfit SE "showed that the approvals at issue for Braidwood and Byron were 

33 Examples include Watts Bar (NRC 1982 and TVA 1983), North Anna (NRC 1976), and AP1000 
(Westinghouse 2011 ). 
34 "Pressurizer valves" is used in this report to refer to either PORVs or PSVs when discussing issues 
common to both types of valves. 
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inconsistent with the Agency's general position on the known and established standard at issue, 
in this case the progression of [ANS] Condition II events." The Panel recognizes that the non­
escalation position, although not included in NRC regulations, is widely referenced in reactor 
licensing bases as an approach for addressing AOOs and postulated accidents as articulated in 
the GDCs. 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." 

Neither Exelon nor the Panel disputes that the non-escalation position is now, and was in 2001 
and 2004, a part of the licensing basis of both Byron and Braidwood. The Panel supports the 
NRG staff's view that non-escalation (from ANS Condition II to ANS Condition 111 or IV) is a 
known and established standard applicable to Byron and Braidwood. However, the Panel 
agrees with Exelon that the fundamental issue is not the non-escalation position, but the 
appropriate standard for PSV water discharge. In the absence of a PSV failure to reseat, the 
concerns articulated in the backfit related to event classification, event escalation, and 
compliance with 1 O CFR 50.34(b) and GDCs 15, 21, and 29 would no longer be at issue. 

The Panel's evaluation of the treatment of PSV failure potential includes an assessment of 
multiple relevant references, which are discussed chronologically in the sections that follow. 

3.1 General Design Criteria (1971) 

In 1971, the Atomic Energy Commission published the GDCs, which had been under 
development since 1965.35 The introduction to 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 single failure are under development'' 
(emphasis added). 

3.2 Commission Paper on Single 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."36 In part, that paper addressed the application of the single failure 
criterion to passive components in fluid systems, stating that "[a]pplication of the [single failure] 
concept is complicated by the interrelationships between the various fluid and electrical systems 
and their supporting auxiliaries in a nuclear power plant. Furthermore, there is a need to 
stipulate 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 subsequent years [since the single failure footnote quoted above was 
published] staff assumptions regarding the nature of passive failures which 
should be considered have not been completely consistent and there has been 
some disagreement. However, on the basis of the licensing review experience 

35 AEC 1971 
36 NRG 1977 



accumulated in the period since 1969, it has been judged in most instances 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. 

SECY-77-439 provides definitions and examples for distinguishing between active and passive 
failures. Among these examples, SECY-77-439 cites "the failure of a simple check valve to 
move to its correct position when required" as a passive failure. Of the examples cited in SECY-
77-439, the check valve example is most similar from a mechanical perspective to the PSV 
failure addressed in the Backfit SE, as explained below in the discussion of SECY-94-084. 

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

3.3 TMI Action Plan Item 11.D.1 (1980) 

As an element of the TMI Action Plan, the NRC staff required licensees to address the capability 
of relief and safety valves to perform their intended functions without failure. Specifically, 
Item 11.D.1 states that "[p]ressurized-water reactor [PWR] and boiling-water reactor (BWRJ 
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 testing and other generic industry test programs, NUREG-0737 speci1ied 
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 Item 11.D.1, that 
a[t]he testing should demonstrate that the valves will open and reclose under the expected flow 
conditions." 

Although limited in scope, the EPRI test results did not identify any generic issues with PSVs or 
PORVs sticking open following water discharge. The NRC staff approvals summarized below 
show that the word Mqualify'' in this TMI Action Plan item was not intended to refer to ASME 
valve certification or qualification. Instead, "qualify" was used in a less formal sense to refer to a 
reasonable judgment that the valve would open to relieve pressure and then reliably reseat. As 
referenced in NUAEG-0737, the EPRI test program was the widely used approach to address 
TMI Action Plan Item 11.D.1 at PWR nuclear power plants. The Westinghouse Owners Group 
submitted WCAP-1O105 to the NRC in 1982 to demonstrate the acceptability of the EPRI testing 
program for PSVs and PORVs in Westinghouse-designed PWRs.37 

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

A 1988 letterfrom the NRC staff to the licensee for Byron found the licensee's reliance on EPRI 
testing of PSVs to be acceptable.38 The 1988 SE states that the test program was designed "[t]o 
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 describes the 
evaluation of the PSVs and PORVs for feedwater line break accidents that would include water 

37 WOG 1982 
38 NRC 1988c, referred to as the 1988 SE 
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discharge, and determined that the EPAI tests were applicable to the Byron and Braidwood 
PSVs and PORVs. Based on the NRG staff and contractor review, the 1988 SE found that the 
per1ormance 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 PORVs could be disregarded because of 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 tor the 1988 SE, the NRC staff states that the licensee should develop and 
adopt plant procedures to inspect the pressurizer valves after each 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 BPV Code for water discharge capability. In 1990, 
the use of the EPRI test program was also found similarly acceptable for Braidwood. 39 

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)40 "are capable of closing following discharge of subcooled water." 
Westinghouse noted that the PSRVs might have been designed or "qualified" to relieve 
subcooled water. Westinghouse also noted that "licensees may have qualified these valves in 
compliance to NUREG-0737, Item 11.D.1." If the PSRVs were not designed or qualified for 
subcooled water discharge, Westinghouse recommended that licensees reevaluate the 
IOECCS event with three possible options 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 one or more PORVs to help mitigate the accident. 

In Supplement 1 to NSAL-93-013, Westinghouse alerted licensees to potential reduced time for 
operator action if a positive displacement pump (a typical part of the CVCS) were in service, and 
to the need to qualify 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 to the PORVs and 
their circuitry to avoid water discharge through the PSVs (e.g., Salem41 , Millstone42 , Callaway43, 

and Diablo Canyon44). The NRC staff review and approval of those proposed improvements 
relied on engineering judgment relative to the various test information and PORV circuitry 

39 NAC 1990a 
40 Westinghouse used the term PSAVs. The specific valves for Byron and Braidwood should be 
designated as "safety valves" or "pressurizer safety valves" as they are by the manufacturer, in the ASME 
BPV Code, and by the licensee. This difference in terminology is not significant to any of the findings or 
conclusions in this report. 
41 NRC 1997 
42 NRC 1998 
43 NRC 2000 
44 NRC 2004a 
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upgrades described by individual licensees. The licensee for Byron and Braidwood submitted an 
LAA for similar PORV improvements,45 but that request was later withdrawn.46 

As indicated below, the Panel's sampling review found two plants, in addition to Byron and 
Braidwood, that chose to address this issue by crediting the capability of PSVs to relieve water, 
based on the EPRI testing performed in response to TMI Action Plan Item 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 (ESBWA)), the NRC staff presented nine issues to the Commission for 
policy decisions.47 Although PSV categorization and performance requirements were not 
explicitly addressed, the paper does include an issue on "Definition of Passive Failure" and an 
extensive discussion on whether check valves are passive or active components and how they 
should be addressed in current plants and future passive designs. 

SECY-94-084 recognizes the GDCs and SECY-77-439 as establishing long-standing 
requirements and guidance in this area. The paper acknowledges that the industry (including 
EPRI documents and ANSI/ANS 58.948) have been inconsistent with respect to check valve 
failures, sometimes considering them as "active failures" and sometimes as "passive failures." In 
SECY-77-439, however, the NRC staff 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 
"[i]n licensing reviews, however, only on a long-term basis [e.g., long-term recirculation cooling 
following a loss of coolant accident (LOCA)] does the NRC staff consider passive failures in fluid 
systems as potential accident initiators in addition to initiating events." The paper also states 
that "[f]or 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 "[r]edefining check valves as active components, subject 
to consideration for single active failures would cause these valves to be evaluated in a more 
stringent manner than that used in previous licensing reviews" (emphasis added). The NRC 
staff then recommended (and the Commission agreed49) 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 proper function 
can be demonstrated and documented, in the passive safety systems as active components 
subject to single failure consideration." Therefore, the NRC's position on check valves was 
changed only for passive ALWR designs going forward. 

The Panel considers the opening function of check valves and PSVs to be similar in that they 
both open through the motion of the valve disk under differential pressure with no external 
signal or motive power. The Panel also recognizes that the ambiguity with respect to "passive" 
versus "active" component definitions and nomenclature exists for safety valves. In addition, the 
passive or active classification of check valves or safety valves may differ based on design 
considerations, inservice testing, or accident analyses. For example, the PSVs and PORVs as 

45 ComEd 1998 
46 ComEd 1999 
47 NRC 1994a 
48 ANS 1981 
49 NRG 1994b 
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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 
GDC context, the Panel concludes that it is appropriate to consider the potential failure of a PSV 
following water discharge as a passive failure, consistent with the treatment of check valve 
failures for the operating fleet. 

3.7 Draft Standard Review Plan Revision (1996) 

The 1996 draft revision to SRP Section 15.5.1 - 15.5.2 on IOECCS and eves malfunctions 
includes extensive updates to the 1981 revision, but neither version includes any discussion, 
criteria, or guidance on applying ASME Code requirements to PSVs or on applying the single 
failure criterion or any other failure assumption to PSVs.50 

3.8 Power Uprate Reviews and License Amendments (2001-2006) 

As part of the 2001 power uprate review for Byron and Braidwood, the NRC 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 NRG staff indicates that 
the 2001 license amendment was predicated on the NRC's mistaken (unsubstantiated) belief 
that the valves were ASME-qualified (certified}. However, a review of the SE and associated 
RAls shows 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 NRC 
staff believed that the valves were "qualified" in an ASME certification sense; rather, the record 
shows thorough consideration of the testing conducted on valves of the type installed at the 
plant and a technical judgment that this testing provided appropriate qualification. 

The Panel's conclusion was confirmed 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 
there was no discussion of ASME certification or qualification of valves. In addition, the Panel 
found that the NRG approved power uprates for other nuclear power plants that included staff 
evaluation of water discharge through PORVs or PSVs based on test information provided by 
individual licensees. For example, in 2001, the NRC granted a power uprate for Shearon Harris 
that included the operability of PO RVs and PSVs during the discharge of subcooled water, 
referencing TMI Action Plan Item 11.D.1.51 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 found reasonable assurance that the PSVs would adequately discharge water 
and reseat following a spurious safety injection actuation, based on the EPRI test data from 
1981 and an evaluation of the temperature of the liquid being discharged. 

During the NRG evaluations of license amendments since the TMl-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 
qualified for liquid service. To address this concern, the NRG 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 to 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 certified under the ASME BPV Code as capable of passing water and reclosing. 

50 NRC 1996 
51 NRC 2001d 
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In 2004, the NRG issued license amendments for Byron and Braidwood granting an adjustment 
to the PSV setpoints. In an RAI, the NRG staff requested 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 Setpoint SE, 
the NRC staff concluded that the analysis was acceptable for assuring that the PSVs would 
remain operable following a spurious safety injection event. 

3.9 RIS 2005-29 (2005) 

In 2005, the NRG staff issued RIS 2005-29 "to notify licensees of a concern identified during 
recent reviews of power uprate [LAAs]." The AIS addressed the manner in which some 
licensees acted in response to NSAL-93-013. The RIS was issued at the division level in NRA 
and does not include a record of office-level concurrence. The RIS was not reviewed by CRGA. 
Although no documentation was readily available regarding the CRGR's decision not to review, 
it appears that the lack of a CRGR review stemmed from the assertions in the AIS such as 
these: 

• "This AIS requires no action or written response and, therefore, is not a backfit under 10 
CFR 50.109. Consequently, the NAC staff did not perform a backfit analysis." 

• "This RIS is informational and pertains to a NRG staff position that does not depart from 
current regulatory requirements 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: 
"For 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, the cited review standard (RS-001), which is explicitly limited to EPUs, states that 
"[t]he staff does not intend to impose the criteria and/or guidance in this review standard on 
plants whose design bases do not include these criteria and/or guidance. No backfitting is 
intended or approved in connection with the issuance of this review standard."52 

This intent of RS-001 to define and clarify the scope of EPU reviews, 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 1,53 which is currently 
under development, discuss water discharge certification requirements in accordance with the 
ASME BPV Code. In fact, as stated above, the NRC issued a 2006 power uprate amendment 
for Beaver Valley in which the SE cited RIS 2005-29 and yet relied on the EPRI testing data to 
address the concern. 

52 NRG 2003 
53 NRC 2015a 
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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 
systems.54 The paper enclosed a July 2005 draft of a 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 footnote to the definition of single failure in 10 CFR 
[Part] 50 Appendix A stating that the regulatory position on considering passive failures in fluid 
systems is under development." In Section 2.5.3, the draft report quotes from SECY-77-439 
(discussed above) and recognizes that in current practice, as in 1977, '1p]assive failures 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
informed 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 footnote now in 10 CFR Part 50 Appendix A definitions." 

These documents make it clear that, with few exceptions, neither the NAC staff nor the 
Commission has established specific requirements relating to the treatment of passive 
component failures in fluid systems. The Panel believes the existence of this Commission 
paper, contemporaneous with discussions on potential PSV failures (e.g., RIS 2005-29), makes 
it clear that no specific "known and established standards" on PSV failures 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 Section 15.5. 1 - 15.5.2 states: 

If the plant is equipped with PORVs 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 properly after 
having relieved water; but only if such valves have been qualified for water relief. 

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

3.12 Backfit Letter and Subsequent Appeals (2015-2016) 

The Backfit SE is predicated on the following positions: 

• "water relief through a valve that is not qualified for water relief will cause that valve to 
stick in its fully open position'' (emphasis added) 

• "the licensee ... has not applied the single-failure assumption" (emphasis added) 

• "nor have they provided ASME water qualification documentation for the PSVs ... the 
ASME ... original Overpressure Protection Report ... inservice test history ... including 
both water and steam tests" (emphasis added) 

54 NRC 2005a 
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The Backfit SE argues that an IOECCS would escalate to a 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-compliance with the GDCs (as included in the 
Byron and Braidwood licensing basis) since an IOEGCS with a stuck-open valve had not been 
analyzed and shown to meet the appropriate criteria for an AOO. 

Based on its review of all the relevant documents and discussions with the individuals (staff and 
managers) 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 Panel 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 certification for water discharge? 

• Must the PSVs be assumed to tail in accordance with the GDC "single failure" 
requirements? 

In the Backfit SE, the NRC staff indicates that "[o]ne assumption that is particularly important to 
the non-escalation criteria is that water relief through a valve that is not qualified for water relief 
will cause that valve to stick in its fully open position" (emphasis added). The Panel concludes 
that this issue-the treatment oi potential valve failure-is not only "particularly important," it is 
the critical issue upon which the compliance backlit hinges. 

Based on the historical evidence, the Panel concludes that there is not now, nor has there been, 
a known and established Commission standard (1) that PSVs must be assumed to fail following 
water discharge in the absence of ASME certification for water discharge, or (2) that PSVs must 
be assumed to fail as part of single fallure criterion analysis. The NRG staff's determination that 
ASME 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 NRG guidance 
document. 

The Panel also concludes that in 2001 and 2004 and at present, the known and established 
standard oi the Commission is that 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 preparing the Uprate SE and the Setpoint SE, the NRG staff exercised reasonable 
and well-informed engineering judgment when the NRC statt concluded that the PSVs were 
unlikely to stick open. The NRC statt reviewers involved in the 2001 power uprate review were 
among the most experienced and senior reviewers in their areas 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 find 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 current NRC staff 
positions on valve qualification in the Backfit SE are new or modified interpretations of 
compliance. 

In interactions with the Panel, NRR staff 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 one condition do not propagate to cause a 
more serious fault (non-escalation position). In interactions with the Panel, NRA staff provided 
several clarifications on this topic, summarized by the Panel as follows: 

• ANS-51.1/Nl B.2·1973 defines the categories of design basis transients and accidents 
based on an anticipated frequency of occurrence (annually for ANS Condition 11 events). 

• It is a long-standing NRG position that escalation from one condition to another is not 
acceptable. 

• ANS-51.1/N18.2-1973 constitutes a known and established standard that 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 Exelon to assume that its pressurizer valves will 
fail open under water discharge conditions, to apply the single failure criterion to PSV failure in 
these circumstances, or to impose ASME Code requirements for certification, qualification, or 
testing of PSVs for water discharge. 

3.12.2 Non·Escalation Position and Return to Service 

In the Backfit SE, the NRG staff makes reference to the time it would take to clean up a 
contaminated containment following a stuck-open pressurizer valve. In interactions with the 
Panel, NRA staff re-emphasized concerns 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 to 
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 constitute issues that support a compliance backfit 
imposed by the NRC. The NRC staff and inspectors would verify that these activities are 
conducted appropriately to protect the public health and safety prior to plant restart. The 
Backlit SE states that UFSAR Section 15.5.1.3 "implie(st that the plant will return to operation in 
a "short period," but the Panel sees no support for a timing requirement in UFSAR Section 
15.5.1.3. Also, the Panel has not identified a regulatory interest in limiting the time needed for 
the plant to return to operation. 

3.12.3 TMI Action Plan Item 11.D.1 and EPRI Testing 

Although the Backf it Letter and NRR Appeal Decision do not speak explicitly to TMI Action Plan 
Item 11.D.I, in interactions with the Panel, NRA staff stated that the known and established 
standard in question is the TMI Action Plan Item 11.D.I standard for licensees and applicants to 
conduct testing to qualify the RCS relief and safety valves under expected operating conditions 
for design-basis transients and accidents. As discussed above and in Appendix B to this report, 
the NRC accepted the EPRI testing to satisfy TMI Action Plan Item 11.D.1 for Byron and 
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Braidwood in SEs forwarded by letters in 1988 and 1990. Therefore, the Panel considers this 
known and established standard referenced by the NRC staff to have been met for Byron and 
Braidwood. 

In interactions with the Panel, the NRA staff further stated that an omission or mistake of tact 
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 on the Byron and Braidwood response to TMI Action Plan Item 11.0.1, the NRC staff 
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 tests. Therefore, the 
Panel does not agree that the licensee's reference to the EPRI testing program was an 
omission or mistake of fact. 

3.12.4 ASME Code Certification 

In the Backfit SE, the NRC staff stated that certain ASME Code information would be necessary 
to support water qualification of the PSVs. In interactions with the Panel, NRA staff 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 BPV Code and 
inservice testing throughout the service life in accordance with the ASME OM Code. The NRR 
staff referenced certain licensing actions in which water discharge was not considered 
acceptable, or different actions were required. 55 

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 NRG staff also allowed some licensees 
to rely only on EPRI testing without significant additional activities. The Panel did not identify 
instances where the N RC staff imposed certification by the ASME BPV Code and testing in 
accordance with the OM Code, or required alternatives to the ASME BPV or OM Codes, in the 
examples of NRC staff review of water discharge capability for pressurizer valves. 

In interactions with the Panel, the NRR staff also identified specific ASME Code provisions that 
it viewed as supporting the position that ASME Code requirements apply to qualification of 
pressurizer valves for water discharge. The NRA staff, however, did not provide evidence that 
these provisions have consistently been interpreted as the NAG staff is now interpreting them. 
Given the NRC's treatment of TMI Action Plan Item 11.D.1 and the NRC staff's historical 
licensing practice, the Panel concludes that the NRR staff's current application of the ASME 
Code is not supported by the historical record. 

3.12.5 Conduct of 2001 and 2004 Reviews 

In light of the wide range of NRC staff positions during the review of pressurizer valve capability 
since the TMl-2 accident, the Panel agrees that, in the course of preparing the 2001 Uprate SE 
or Setpoint SE, the 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 PORV improvements. The NRC staff may have been able to 
justify additional actions, but they determined that it was not necessary. Instead, the NRG staff 

55 Salem (NRC 1997), Millstone (NAC 1998), and Callaway (NRC 2000) 
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reviewers in 2001 used their expert engineering judgement to determine that it was not 
necessary to assume that the PSVs or PORVs would stick open with water discharge, based on 
EPRI test information, licensee supplemental information, and their own technical experience. 

In discussions with the Panel, NRR staff raised a concern that the Setpoint SE does not 
document a re-review of the qualification of the PSVs and noted that if the Uprate SE had not 
found water discharge through the PSVs to be acceptable, it is unlikely that the NRG staff would 
have approved this 2004 amendment. In Appendix C to this report, the Panel summarizes the 
discussion in the Setpoint SE of the PSV water discharge capability. The Panel recognizes that 
a staff review 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 
adequacy of the 2001 review. 

4 RESPONSE TO THE EDO QUESTIONS 

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

4.1 Were the approvals based on a mistake? If 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 NRG staff claims that "[t)he NRC erred in approving a 
sequence of events that allowed the [IOECCS], [CVCS] malfunction, and inadvertent 
opening of a pressuri2er 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 
were not." 

• Exelon claims in the NRA 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 NRG has not made that case here." 

The Panel concludes that, in 2001 and 2004, the NRG staff 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 safety 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 
of Engineering's Mechanical Engineering Branch for expert technical review assistance was 
both appropriate and commendable. The NRG staff reviewers involved in the 2001 power uprate 
review were among the most experienced and senior reviewers in their areas of expertise. The 
valve expert involved in the review was the NRC's most knowledgeable individual on PSVs and 
the relevant ASME Code requirements, and was a nationally recognized expert. The Panel 
cannot agree that the NRC staff was misinformed, ill-informed, or in error, or that it made 
incorrect or inappropriate decisions. 
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4.2 What is the known and established standard for water qualification of PSVs? 

The Panel concludes that in 2001 and 2004 and at present, the known and established standard 
at 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. No more detailed or prescriptive standard has been promulgated by the Commission. 

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

For Byron and Braidwood, the standard for progression of postulated events between 
categories of severity is set forth in the UFSAR as described above. The Panel supports the 
NRG staff's view that non-escalation (from ANS Condition II to ANS Condition Ill or IV) is a 
known and established standard applicable to Byron and Braidwood. This issue of event 
escalation is also a focus of RIS 2005-29 and the draft Revision 1 to RIS 2005-29 that was 
issued for public comment in 2015. The Panel concludes that the IOECCS (an AOO per the 
GDC definition and an ANS Condition II event) would escalate to a more severe event jf a PSV 
were to stick open, or if both a PORV stuck open and its block valve failed to close. 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-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 AOO. However, this event 
progression standard does not establish specific standards for valve qualification to determine 
whether a valve would stick open and cause this escalation. Therefore, it is not the basis for a 
compliance backfit given the current set of facts. 

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

The Panel concludes that Byron and Braidwood do comply with the applicable regulations 
based on the UFSAR analyses, which the NRC staff found acceptable through a reasonable 
and technically sound evaluation using appropriate Commission satety standards. 

4.5 Given that Exelon suggests that the 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, to assure that the Panel's judgments were being made with a full 
understanding of their significance, and to assist in responding to the EDO question. 

The RES study suggests that the most significant IOECCS sequence, assuming that all 
pressurizer overfill events lead to a small LOCA, contributes approximately 1 percent of the total 
internal event core damage frequency (GDF). In its report, RES estimated a maximum benefit 
(GDF reduction) from a "perfect backfit'' (i.e., always preventing pressurizer overfill) of 
1.SE-07 per year. If the PSVs are not assumed to always fail following water discharge 
(consistent with the NRG staff expert judgment in 2001) or a smaller improvement than a 
"pertect backfit" were considered, the risk-reduction benefit of implementing the backfit would be 
even smaller. 
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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 of adequate protection or cost-justified substantial safety 
enhancement). Second, the Panel does not wish to imply that "the contribution to plant risk" 
should be seen as the only measure of enhanced safety. The issues of event classification and 
the non-escalation of events are essentially de1ense-in-depth concepts. Defense in depth has a 
recognized role and value in the regulatory process. The Panel is also aware that not every 
defense-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 concludes 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. Therefore, 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 ''failed to meet known and 
established standards of the Commission because of omission or mistake of fact," or rather as a 
case of a "new or modified interpretations of what constitutes compliance." 

The NRC staff's compliance backfit argument depends on two separate determinations: 

1. the assumed failure of PSVs to reclose after passing water, and 

2. the necessity of preventing "event escalation" (i.e., the position that "an incident of 
moderate frequency should not generate a more serious plant condition without other 
faults occurring independently"). 

For the NRG staff's compliance backfit conclusion to be valid, both of these determinations must 
meet the above compliance backfi1 standard by involving 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 water 
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 approvals occurred because the NRG 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 licensee's responses to the NRC staff's RAls,56 the technical branch's SE input,57 and the 
Uprate SE. The Panel did not find any evidence that the licensee had claimed or the NRG staff 
had believed that the valves were "qualified" in an ASME certification sense; rather, the record 

56 ComEd 2000b, Exelon 2001 
57 NRG 2001a 
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shows thorough consideration of the testing conducted on valves of the type installed at the 
plant and a technical judgment that this testing provided appropriate qualification. 

On the basis of its 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 safety 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 of Engineering's Mechanical Engineering Branch for expert 
technical review assistance was both appropriate and commendable. The NRC staff reviewers 
involved in the 2001 power uprate review were among the most experienced and senior 
reviewers in their areas 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 disagreed that the NRC staff was 
misinformed, ill-informed, or in error, or that it made incorrect or inappropriate decisions. 

The Panel concluded that three related technical and regulatory 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 to 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 position. 

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

None of these 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 to reseat. In fact, they 
were not "known and established standards of the Commission" in 2005 (when AIS 2005-29 
was issued) or 2006 (when the Beaver Valley EPU was approved) or 2007 (when Revision 2 to 
SRP Section 15.5.1 - 15.5.2 was issued). 

Moreover, these positions do not appear to be ~established standards of the Commission" at 
present. The 2007 version of SRP Section 15.5.1 - 15.5.2 allows credit for POAVs and PSVs if 
they have been "qualified for water reliee The NRG staff's determination that ASME certification 
is necessary first appears in the Backfit SE and is not addressed in any final NRC guidance 
document. The determination that application of the single failure criterion is necessary first 
appears in the draft Revision 1 to RIS 2005-29 and is not included in any final NRG guidance 
document. 

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 with NUREG-0737, 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 Item 11.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-informed engineering judgment to conclude that the PSVs were unlikely to stick open. 

Overall, the Panel concluded that the NRG staff's position on valve qualification in the 
Backfit SE is a new or modified interpretation of what constitutes compliance in addressing 
potential PSV failures following water discharge. Although this new staff position represents a 
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well-intentioned and conservative approach that could provide additional safety margin, 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 concerns 
articulated by the NRG staff in the Backfit SE related to event classification, event escalation, 
and compliance with 10 CFR 50.34(b) and GDCs 15, 21, and 29 are no longer at issue. 

The Panel's findings, therefore. support the Exelon backfit appeal. 

6 ADDITIONAL PANEL THOUGHTS 

In addition to the specific finding relating to the backfit appeal, the Panel believes it is important 
to acknowledge, and for the NRC staff 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 reliance 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 designed for steam service. Steam relief is their normal service 
condition and applies to their ASME BPV Code certification. The Panel supports the previous 
NRC statt determinations for Byron 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 to the 
contrary. However, the Panel also considers the actions by various licensees to improve the 
reliability and performance of the PORVs to avoid water discharge through the PSVs to be 
prudent in light of the design specifications of the PSVs. 

The Panel considered but could not determine the extent to which the licensee for Byron and 
Braidwood addressed crediting water discharge through the PSVs, PORVs, or PORV block 
valves in the Byron and Braidwood inservice testing programs. The Panel recognizes that the 
difference between the intended use of these valves for overpressure protection and their 
infrequent use in response to certain plant events might be considered in implementing 
appropriate inservice testing 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. 
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APPENDIX A: HISTORY OF THE BACKFIT RULE AND THE COMPLIANCE 
EXCEPTION 

The Backfit Rule 

Title 1 O of the Code of Federal Regulations (1 O CFR), Section 50.109, "Backfitting," was 
originally promulgated in 1970.58 Because of perceived deficiencies in the rule, the U.S. Nuclear 
Regulatory Commission (NRC) substantially revised it in 1985. 59 The 1985 rule was challenged 
in court, and the U.S. Circuit Court for the District of Columbia (D.C. Circuit) vacated this rule in 
its entirety. The D.C. Circuit took this action because it concluded that the revised rule could be 
interpreted to allow the NRC to consider costs in defining or redefining what is required for 
adequate protection of the public health and safety.60 In response, the NRC revised the Backfit 
Rule in 1988 to remove any implication that costs could be considered in defining or redefining 
adequate protection.61 The 1988 revisions only differed from the 1985 rule to the extent 
necessary to address the court's concerns. The 1988 rule was also challenged in court, but this 
time the D.C. Circuit upheld the rule.62 

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

... the modification of or addition to 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 operate 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 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 1 O CFR 50.109(a}(2) and determines in 
accordance with 10 CFR 50. i09(a)(3) "that there is a substantial increase in the overall 
protection of the public health and safety or the common defense and security ta 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(a)(4) sets forth the three exceptions to the requirements of 1 O 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 license or the rules or orders of 1he 
Commission, or into conformance with written commitments by the licensee." 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. 1 O CFR 50.109(a)(4)(ii)-(iii). 

58 AEC 1970 (Author and year citations in footnotes refer to the designation of references in Appendix D 
to this report.) 
59 NRC 1985 
60 Union of Concerned Scientists v. U.S. Nuclear Regulatory Com'n, 824 F.2d 108, 119-20 (1987). 
61 NRC 1988b 
62 Union of Concerned Scientists v. U.S. Nuclear Regulatory Com'n, 880 F.2d 552 (1989). 
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Commission Policy 

The Commission addressed its intended application of the compliance exception in the 1985 
rulemaking:63 

The compliance exception 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 also stated 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."64 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 that is expressed in staff guidance documents which interpret the intent of broad, 
generally worked [sic] regulations."65 

Backfitting Guidance 

Extensive information regarding the appropriate implementation of backfitting is provided in 
NUREG-1409.66 Relevant excerpts from this guidance are provided below. 

Applicable Regulatory Staff Positions 

According to NU REG-1409, to be a backfit, "a new or revised staff position or requirement must 
be involved, that is, there must be a change in content or applicability of the previously 
applicable regulatory staff position (in the direction of increased safety requirements) .... " An 
applicable regulatory staff position is a requirement or position already specifically imposed on 
or committed to by a licensee. Examples of applicable regulatory staff positions 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 violation and confirmatory 
action letters 

• NRG staff positions that are documented explicit interpretations of more general 
regulations and are contained in documents such as the Standard Review Plan, branch 
technical positions, regulatory guides, generic letters, and bulletins 

f.i NRC 1985, at 38103 
64 Id. at 38102 
65 Id. at 38103. The 1988 rulemaking neither revised the compliance exception as stated in the 1985 rule 
nor provided additional guidance on its interpretation. 
66 NRG 1990c 

- 25 -



A similar list of examples is provided in Manual Chapter 0514,67 which is also included as 
Appendix 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. 68 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 
below, with additional detail beyond NUAEG-1409 emphasized in underlined text. 

Applicable regulatory staff positions 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 different types and sources: 

a. Legal requirements such as in explicit regulations, orders, plant licenses 
(amendments, conditions, technical specifications). Note that some regulations 
have update features built in. as for example, 10 CFR 50.55a, Codes and 
Standards. Such update requirements are applicable as described in the 
regulation. 

b. Written commitments such as contained in the [Final Safety Analysis Report). 
[Licensee 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. 

c. NRC staff positions!lli that are documented, approved, explicit interpretations of 
the more general regulations, and are contained in documents such as the 
[Standard Review Plan], Branch Technical Positions, Regulatory Guides, Generic 
Letters, and Bulletins; and to which a licensee or an applicant has previously 
committed to or relied upon. Positions contained in these documents are not 
considered applicable staff positions to the extent that staff has, in a previous 
licensing or inspection action, tacitly or explicitly excepted the licensee from part 
or all of the position.70 

How Regulatory Posit/ans are Established 

NUREG-1409 provides responses to a 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 NRG tacit 
approval of documents?" 

Informal or formal communications to one licensee are not official positions to all 
licensees. Section 053 of Manual Chapter 0514 identifies what can be applied as 
official staff positions in a plant-specific context. They are legal requirements 
such as contained in explicit regulations, orders, and plant licenses; written 
commitments such as contained in final safety analysis reports, licenses event 
reports, and docketed correspondence; and documented, approved explicit 
interpretations such as contained in the [Standard Review Plan], branch technical 

67 NRC 1988c 
63 NRC 1988a 
69 Requirements may be imposed by rule or order. Staff interpretations such as examples of acceptable 
ways to meet requirements are not requirements in and of themselves. 
70 Imposition of a staff position from which a licensee has previously been excepted is a backfit. 
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positions, regulatory guides, generic letters, and bulletins. Orders, licenses, and 
written commitments 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 in a 
previous staff position and would require a backfit analysis {or a documented 
evaluation if it meets one of the exceptions listed in the backfit 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, it is considered that the NRC staff tacitly accepted the licensee's action 
since timely notice to the contrary was not given. If the NRC staff subsequently 
adopts a different position and requests a change in the licensee action, this 
change may be classified as a backlit and thus require a backfit analysis (or a 
documented evaluation if it meets one of the exceptions listed in the backfit rule). 

NUREG-1409 also addresses a question regarding tacit approvals by an inspector: "If an 
inspector has previously accepted {Le., 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 tacit approval by not acting in a 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 question, 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 Backflt Guidance 

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

An evolving understanding of issues does not, by itself, define which category fits 
a particular backfil. Judgment must be applied to the facts of each particular case 
to determine whether the backfit is for compliance, to provide adequate 
protection, to redefine adequate protection, or to achieve a cost-justified 
substantial safety enhancement. For example, with regard to compliance, the 
1985 statement of considerations for 1 O CFR 50.109 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 88-11 71 lacked any backfitting justification, the NAC 
staff responded: 

Although the justification was not printed in the bulletin, NRC Bulletin 88-11, 
"Pressurizer Surge Line Thermal Stratification," was justified as a backfit. It is an 
example of a backfit that was determined by the responsible NRG official to be 
required as a matter of compliance with existing requirements and commitments. 
The CRGA reviewed the bulletin 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 NAC 
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 Ill 
requirements that incorporate high cycle fatigue analysis. The justification 
provided by the NRC staff was that previously unconsidered thermal stratification 
phenomenon 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 the latest 
ASME Section Ill 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 concern. 

71 NRC 1988e 



APPENDIX B: QUALIFICATION OF PRESSURE RELIEF VALVES IN 
NUCLEAR POWER PLANTS IN RESPONSE TO TMl-2 ACCIDENT 

Byron and Braidwood Design and Code Requirements 

Nuclear power plants in the United States use various types of pressure relie1 valves to protect 
personnel and equipment from overpressure events within reactor fluid systems. Pressure relief 
valves include safety valves, safety relief valves, and relie1 valves, with different designs, 
operating conditions, and requirements. The American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code (BPV Code), Section Ill, Division 1, specifies 
requirements for the design, operation, installation, and testing of pressure relief valves used for 
various functions in nuclear power plants.72 For example, the ASME BPV Code (2007 Edition) in 
Article NB-7000, Overpressure Protection, specifies requirements several service conditions: 

• steam and air or gas service for safety valves; 

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

• liquid service for relief valves; and 

• steam, air or gas, and liquid service for pilot 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 inservice testing (1ST) programs for pressure relief valves in 
nuclear power plants. 

Braidwood, Units 1 and 2 (Braidwood) and Byron, Units 1 and 2 (Byron) are Westinghouse­
designed pressurized-water reactors (PWRs) that received their construction permits under 
Title 1 O of the Code of Federal Regulations (1 O 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, si:ze 6M6 
(8-inch), spring-loaded pop type, opened by direct fluid pressure. The PORVs are Copes-Vulcan 
Model D-100-160 3-inch pneumatic-actuated globe valves that respond to a signal from the 
pressure sensing system or to manual control. Each POAV can be isolated by a motor-operated 
block valve. 

The ASME BPV Code of record for the design of the PSVs at Byron and Braidwood is the 1971 
Edition through the Winter 1972 addenda of the ASME BPV Code, Section Ill. The ASME BPV 
Code applicable to Byron and Braidwood includes requirements for overpressure protection, 
including the following: 

• Section NB-7300, "Overpressure Protection Report," in NB-7320(1) requires that the 
report include the redundancy and independence of the pressure-relief devices and their 
associated pressure-sensing and controls systems employed to preclude a loss of 
overpressure protection in the event of a failure of any pressure-relief device, or its 
sensing element, or its associated control, or an external power source. 

72 References to individual ASME Code publications are not provided in Appendix D, but they are publicly 
available from ASME for a fee. 
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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 Report. 

• 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 at least r.vo pressure-relief devices. 

At the time o1 the Byron and Braidwood operating license review, Revision 1 of Standard 
Review Plan (SRP) Section 15.5.1-15.5.2 and Section 15.6.1 provided general staff guidance 
for these plant transients.73 In March 2007, the NRC staff issued Revision 2 to these SAP 
sections with significantly more detail, including a statement that PSVs and PO RVs are 
assumed to fail open if they relieve water without being qualified.74 

Actions Following Three Mile Island, Unit 2 Accident 

The accident at Three Mile Island, Unit 2 (TMl-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 
TMl-2 accident, the NRC issued recommendations regarding performance testing of safety and 
relief valves used in nuclear power plants in NUREG-0578.75 In particular, the NRC staff 
recommended in Section 2.1.2, "Pertormance Testing for BWR [boiling-water reactor] and PWR 
Relief and Safety Valves," of NUREG-0578 that nuclear power plant licensees commit to 
provide performance verification by full-scale prototypical testing for all relief and safety valves. 

In October 1980, the N RC issued a letter to all then-operating nuclear power plants and 
applicants for operating licenses and holders of construction permits forvvarding NUREG-0737.76 

TMI Action Plan Item 11.D.1 in NUREG-0737 specified the NRG 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 following: 

Licensees and applicants shall determine the expected valve operating 
conditions through the use of analyses of accidents and anticipated operational 
occurrences referenced in Regulatory Guide 1.70, Revision 2. The single failures 
applied to these analyses shall 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 be provided in report form by October i, 1981: 

73 NRC 1981band NRC 1981c 
74 NRC 2007b and NRC 2007c 
75 NRC 1979a 
76 NRC 1980b and NRC 1980c 
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(1) Evidence supported by test of safety and relief valve functionability for 
expected operating and accident {non-[anticipated transient without scram]) 
conditions must be provided to NRG. The testing should demonstrate that the 
valves will open 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 correlation must show that the test conditions used are equivalent to 
expected operating and accident conditions as prescribed in the final sa1ety 
analysis report (FSAR). The effect of as-built relief and safety valve discharge 
piping on valve operability must also be accounted for, if it is different from the 
generic test loop piping. 

(3) Test data including criteria for success and failure of valves tested must be 
provided for NRG staff review and evaluation. These test data should include 
data that would permit plant-specific evaluation of discharge piping and supports 
that are not directly tested. 

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

Pre-implementation review will be performed 1or EPRI 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 per1ormed 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 programs. These submittals should be 
made on a timely basis as noted below, to allow for adequate review and to 
ensure that the following valve qualification dates can be met: 

Final PWR (EPRI) Test Program--July 1, 1980 

Final BWR Test Program--October 1, 1980 

Block Valve Qualification Program--January 1, 1981 

Post-implementation review will be based on the applicants' plant-specific 
submittals for quali1ication of safety relief valves and block valves. To properly 
evaluate these plant-specific applications, the test data and results of the various 
programs will also be required by the following dates: 

PWR (EPRl)/BWR Generic Test Program Results--July 1, 1981 

Plant-specific submittals confirming adequacy of safety and relief valves 
based on licensee/applicant preliminary review of generic test program 
resu lts·-J u ly 1 , 1981 
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Plant-specific reports for safety and relief valve qualification--October 1, 
1981 

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

Plant-specific submittals for block valve qualification--Juty 1, 1982 

EPRI Testing 

In October 1982, EPRI issued NP-2670-LD to address testing of PORVs.77 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 (UFSAR)78). 

In December 1982, EPAI issued NP-2628-SR, which described safety and relief valve tests tor 
types of valves in service at nuclear power plants.79 In particular, Section 3.5 documented the 
testing of Crosby safety valves similar to the PSVs at Byron and Braidwood, 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 pressurizer PORVs at Byron and Braidwood, although the extent of 
water testing was not fully described. The report indicated no damage found during the 
inspection of the Copes-Vulcan relief valves. The report did not indicate any failures of the 
Crosby or Copes-Vulcan valves to reseat after discharging water during 1he testing. 

EPRI also published NP-2770-LD in the early 1980s to describe the testing of PWR primary 
system safety valves. Volume 1, issued in December 1982, provides a summary of the test 
program and its results.80 Section 4.5 of Volume 1 indicates that the following tests were 
performed on the Crosby 6M6 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 test had to be terminated. The individual volumes of EPRI NP-2770-LD 
discuss the test results for each specific PSV type. Volume 6, issued in March 1983, provides 
the test details for the Crosby 6M6 PSV. 

Westinghouse Evaluation of EPRI Testing 

In July 1982, the Westinghouse Owners Group (WOG) submitted WCAP-10105.81 In 
WCAP-10105, the WOG indicated that the design specification for PSVs in Westinghouse­
designed nuclear power plants is for steam service only. Based on a review of the EPRI test 
data, the WOG concluded that the valves performed with chatter, but did not identity any valve 
damage. 

In January 1988, Westinghouse issued WCAP-11677, which compared the EPRI test data with 
feedwater line break safety analyses.82 Westinghouse determined that all nuclear power plants 
addressed in the EPRI testing had PSVs that would operate reliably during water discharge. 
Westinghouse evaluated the performance of the Crosby 6M6 PSVs during the EPRI tests, and 

77 EPRI 1982a 
70 VEPCO 2015 
n EPRl 1982b 
eo EPRI 1982c 
81 WOG 1982 
82 Westinghouse 1 988 
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considered that the performance involved less significant flutter (half lift motion) than the chatter 
(full lift motion) determined in the EPAI 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.83 In the 
introduction to the Braidwood SER, the NRG staff stated that the review and evaluation of 
compliance by the applicant with the licensing requirements established in NUREG-066084 and 
TMI Action Plan Item 11.D.1 were incorporated into the reviews summarized throughout the SER. 

Appendix E, "Requirements Resulting from TMl-2 Accident," to the Byron and Braidwood 
UFSAR in Section E.23, "Relief and Safety Valve Test Requirements (11.0.1 )," references the 
1982 transmittal from Consumers Power of a test report for the EPRI safety and relief valve test 
program.85 The UFSAR states that the final evaluation of the data indicated that the relief and 
safety valves will perform their intended functions for all expected fluid inlet conditions. The 
UFSAR also references the October 1982 licensee evaluation of the adequacy of the relief and 
safety valves that had been submitted to the NRC.86 

In Supplement 1 to the Braidwood SER,87 in Section 3.9.3.3, "Design and Installation of 
Pressure Relief Devices," the NRC staff stated that EPRI had completed a full-scale valve 
testing program and referenced the July 1982 submittal of WCAP-10105. The NRG staff stated 
that the applicant responded to a requirement to demonstrate operability of these valves 
through submittals dated July 1, 1982, October 26, 1982, 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 item was acceptable, and provided adequate assurance that the RCS 
overpressure protection systems at Braidwood could adequately perform their intended 
functions. The NRC staff stated that if the detailed review revealed that 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 NRG staff would require 
that the applicant make appropriate modifications. The NRC staff categorized this issue as a 
Confirmatory Item. The NAC issued operating licenses for all four Byron and Braidwood Units 
between February 1985 and May 1988. 

Closure of TMI Action Plan Item 11.0_1 for Byron and Braidwood 

Following the issuance of the operating licenses, the NRG staff documented its review of the 
response to TMI Action Plan Item 11.D.1 for Byron and Braidwood via two letters that transmitted 
similar Technical Evaluation Reports {TERs) developed by Idaho National Engineering 
Laboratory (INEL).BR In its letters, the NRC staff indicated that the licensee should develop and 
adopt plant procedures to inspect the pressurizer valves after each lift involving loop seat or 
water discharge. The TERs described the INEL review of the EPRI testing of PSVs and PORVs 

83 NRC 1983 and NRC 19861:> (Braidwood), NRC 1984 and NRC 1987a (Byron) 
a4 NRC 1980a 
0s Consumers 1982 
oo ComEd 1982 
a7 N RC 1986b. Similar discussion appears in NRC 1984 for Byron, and NRC 1987a (also for Byron) states 
that TMI Action Plan Item 11.0.1 had been closed in NAC 1984. 
88 NRC 1988c (Byron) and NRC 1990a (Braidwood) 
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similar to the Byron and Braidwood pressurizer valves. The TERs concluded that Byron and 
Braidwood had provided an acceptable response to TMI Action Plan Item 11.D.1. 

Section 4.2.3, "Extended High Pressure Injection [HPI] Event," of the TERs stated that the 
potential for water discharge in extended HPI events can be disregarded for an extended 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 
TEAs 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, Section 4.3.1, "Safety Valves," and Section 4.3.2, "Power Operated Relief Valves," 
of the TERs determined that the performance of the PSVs 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 saturated water test where the valve opened 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 

Westinghouse Nuclear Safety Advisory Letter 

In 1993 and 1994, Westinghouse issued Nuclear Safety Advisory Letter (NSAL) 93-013 its 
Supplement 1 to operating nuclear power plants (including Byron and Braidwood).89 These 
advisories resulted from Westinghouse's discovery that potentially nonconservative 
assumptions were used in the licensing analysis of the Inadvertent Operation of the Emergency 
Core Cooling System at 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 of 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 concern, because the PORV block valves can be used to isolate 
the PORVs if they 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) flow used in the 
safety analysis, (2) using a less restrictive operator response time, or (3) crediting the use of 
one or more PORVs to help mitigate the event. 

In Supplement 1 to NSAL-93-013, Westinghouse informed 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 plant licensees is summarized below in the 
"Plant-Specific Actions" section. 

Additional NRC Generic Communications and Guidance 

In 2003, the NAG staff issued a review standard for extended power uprate (EPU) reviews. 90 

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.91 In RIS 2005-
29, the NRC staff stated that typically Condition II scenarios92 involve discharging water through 
relief or safety valves that are not qualified for water discharge. The NRG staff stated that these 
valves are then assumed to fail in the open position and create a small-break loss-of-coolant 
accident (LOCA). The NRC staff stated that it was concerned that some licensees may be 
crediting PORVs without qualification for water discharge and without establishing additional 
restrictions to ensure the availability of PORVs and block valves. The NRC staff stated that the 

89 Westinghouse 1993 and Westinghouse 1994 
90 NRC 2003 
91 NRC 2005b 
92 As defined in American Nuclear Society (ANS) Standard 51.1/N18.2-1973 {ANS 1973). 
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advice in Westinghouse NSAL-93-013 to use the PORV block valves to isolate the PORVs is 
inconsistent with non-escalation position. 

In draft Revision 1 to RIS 2005-29, the NRC staff addresses the specific ANS Condition II 
scenarios of chemical volume and control system (CVCS) malfunction, inadvertent opening of a 
PORVor PSV (IOPSRV), and the IOECCS event.~ Regarding the eves malfunction, the NRG 
staff states that performing only a reactivity anomaly analysis or assuming that this malfunction 
is not as severe as the IOECCS event is not acceptable. Regarding the IOPSRV event, the 
NRG staff stated that inadvertent opening of PSV or PORV could continue as an ANS 
Condition Ill small break LOCA and fails to meet the non-escalation position. Regarding the 
IOECCS event, the NRG staff states that five of the alternative approaches in NSAL-93-013 fail 
to meet the non-escalation position. The NRG staff indicated that these unacceptable alternative 
approaches are: 

1. closing the block valve 

2. assuming that the PORV is not operable 

3. addressing a stuck-open PORV or PSV as a separate ANS Condition II event 

4. determining that a stuck-open PORVor PSV is not as severe as a small break LOCA 

5. determining that RCS loss through PORV is made up by ECGS flow 

Additional General PSV/PORV 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.94 

The report found that the increase in failure rates is difficult to estimate because of limited data. 
However, the experts considered that repeated water discharge through sa1ety valves might 
cause increased chatter, and therefore, an increased failure rate. 

In 2011, the NRG summarized relief valve performance data in NUREG/CR-7037, based on a 
study by the Idaho National Laboratory.95 With respect to pressurizer PORVs, the report found 
four separate water discharge events at four PWR plants. The report estimated 698 total 
demands on these PORVs during their water discharge events with no failures to close. The 
report 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 reclose during 2070 demands, but 
does not specify 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, NRG staff from the Office of 
Nuclear Regulatory Research provided Licensee Event Report information indicating that the 
two PSV failures involved incomplete reseating of the valves with leakage o1 25 and 200 gallons 
per minute, respectively. The report summarized EPIX test data for PSVs as no failures to 
reclose during 1805 demands. 

93 NRC 2015a 
94 EPRI 2004 
95 NRC 2011 
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Plant-Specific Actions 

Diab/a Canyon 

In 1996, the licensee for Diablo Canyon Power Plant (Diablo Canyon) submitted a report of its 
evaluation under Title 10 of the Code of Federal Regulations (10 CFR), Section 50.59, 
"Changes, tests and experiments," of the potential for an IOECCS event.96 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 period. The licensee indicated that WCAP-, 1677 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 inadvertent safety injection (SI) actuation, to avoid 
challenges to the PSVs.97 To support the NRC staff's review, the licensee submitted additional 
information related to the capability of the PORVs to function adequately under conditions 
predicted for design-basis transients and accidents.98 In response to a question regarding the 
design adequacy of the PORVs if the pressurizer becomes water solid, the licensee referenced 
a January 1986 NRC 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 fluid).99 

Salem 

In 1997, the NRC issued a license amendment revising the technical specification (TS) for 
Salem Nuclear Generating Station, Units 1 and 2 (Salem) to ensure that the automatic capability 
of the PORVs to relieve pressure would be maintained. 100 In response to NSAL·93-013, the 
licensee determined that an inadvertent SI actuation at power could cause the pressurizer to 
become water solid. The PSVs would lift and discharge water if the automatic operation of the 
PORVs were not made available for reactor coolant system (RCS) depressurization early 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 "safety related" 
standards and, thus, could not be credited for automatic mitigation of an inadvertent SI actuation 
at power. In response, the licensee proposed an upgrade of the PORVs to eliminate the 
possibility that a single active failure of a POAV component could prevent the mitigation of an 
inadvertent SI actuation at power. As discussed in the NRC staff's safety evaluation (SE), the 
licensee implemented modifications to the PORV circuitry to qualify the upgraded circuitry as 
safety-related. 

Regarding PORV performance, the licensee evaluated the PORV air accumulators and 
determined that they had sufficient capacity for the inadvertent SI event. The licensee also 
reported that endurance tests had been performed with five different trims (with different trim 
materials) on one PORV at Wyle Laboratories to demonstrate that ( 1) after 2000 consecutive 

96 PG&E 1996 
97 NRC 2004a 
98 PG&E 2003 
!)9 N RC 1986a 
100 NRC 1997 
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operations, there were no packing leaks or packing gland adjustments required; (2) there was 
no diaphragm failure; and (3) the solenoid valve withstood 10,000 operations without any loss of 
function. Based on this information. the NRC staff concluded that the PORV performance was 
acceptable to mitigate an inadvertent SI event. 

Millstone3 

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 capability of the PORVs to relieve pressure 
would be maintained. 101 The revised TS Bases stated that the PORVs and their associated 
piping had been demonstrated to be "qualified" for water discharge. The PORVs would prevent 
water 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 staff referenced a 
December 1997 Licensee Event Report that notified the NRC of the issue of potential failure of 
PSVs following water discharge.102 

As part of this license amendment, the licensee upgraded the PORV circuitry, added additional 
PORV surveillance requirements, qualified 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 NRG staff concluded that the PORV 
circuitry modifications qualified the PORV control circuitry as safety-related. With respect to 
PORV performance, the licensee reanalyzed the inadvertent SI event with the LOFTRAN 
computer code to determine the time available for operator action to make a PORV 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 Items associated with PORVs and safety valve qualification for water and 
steam discharge, specifically the results from four tests of a Garrett PORV (such as used at 
Millstone 3) for water discharge. 103 The licensee determined that the PORVs and associated 
piping are qualified for 1 hour of water discharge for an IOECCS event. The licensee also stated 
that the PORV manufacturer performed numerous cycle tests 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) 89-10.104 The NRC staff found the licensee 
information regarding the qualification of the PORVs for water discharge during the inadvertent 
SI event to be acceptable. 

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.105 The changes also credited automatic 
actuation of at least one PORV during an IOECCS event to prevent water discharge through the 
PSVs; to enable this credit, the licensee modified and upgraded the PORV circuitry to full 
Class 1 E. In its license amendment request, 106 the licensee had stated that the design function 

101 NRG 1998 
102 Northeast 1997 
103 EPRI 1982a (Volume 1 i) 
104 NRC 1989 
105 NRC 2000 
10s Union Electric 2000 
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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 Item II.D.1 107 were also 
unchanged. As a result, the licensee stated that the PO RVs and associated discharge piping 
can accommodate water discharge. 

Byron and Braidwood 

In 1998, the licensee for Byron and Braidwood requested an amendment to its TS to take credit 
tor automatic operation of the PORVs to mitigate an IOECCS event.108 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 PORV circuitry 
are nonsafety-related, with improvements implemented in response to GL 90-06.109 The 
licensee stated that the PORV block valves are within the scope of the GL 89-10 program. 

In 1999, the NRG staH requested additional information related to concerns that the PORV 
circuitry did not meet the single failure criterion. 110 The licensee reevaluated its approach and 
withdrew its TS amendment request. 111 No further action regarding this amendment request was 
identified by the Panel. However, in a public meeting during the review of the NRR Appeal, 112 

the licensee stated that the PORVs and their block valves at Byron and Braidwood are safety­
related with the exception of one circuitry aspect of the PORV. 113 

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 (MWt) to 3586.6 MWt 
(commonly referred as a stretch power uprate).114 During its review, the NRG staff requested 
that the licensee address water solid conditions in the pressurizer, because it had generally not 
accepted a solid pressurizer for an IOECCS event to order given the potential for all 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. 115 The 
licensee discussed the EPRI testing program in response TMI Action Plan Item 11.D.1, with the 
results summarized in EPRI NP-2628-SR. 116 The licensee referenced previous NRG approvals 
related to TMI Action Plan Item 11.0.1.117 

The NRC 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 expected 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 dose 

107 NRG 1987b 
108 ComEd 1998 
'°9 NRG 1990b 
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113 NAC 2016a 
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115 ComEd 2000b 
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111 NRC 1998c and NRG 1990a 
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a1ter discharging water, although they may not be leaktight. 118 The licensee stated that the 
leakage from up to three leaking PSVs is bounded by one fully open PSV. The licensee 
indicated that the EPRI testing of the Crosby safety valves in EPRI NP-2770-LD, Volumes 1 
and 6, 119 are applicable. The licensee indicated that valve chatter occurred during the tests with 
damage to the internals, but that the safety valve closed in response to system 
depressurization. The licensee stated that the Byron and Braidwood pressurizer water 
temperature of 590 °Fis higher than the EPAI tests (530 °F). The licensee stated that the 
assumed length of the event is 20 minutes from initial SI signal to when the system pressure is 
restored below PSV lift setpoint. 

In Section 3.2 of the SE accompanying the license amendment, the NAC staff discussed its 
review of the performance of the PORVs and PSVs to discharge liquid water for approximately 
20 minutes. The NRG staff discussed the EPRI testing program, with the conclusion that the 
PSV would close in response to 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 performance of the valves for the 
expected water temperature conditions, and that there was reasonable assurance that the 
valves would adequately reseat following the spurious SI event. The NRC staff determined that 
EPRI test data indicated that the PSVs 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. Therefore, the NRC staff found the licensee's crediting of 
the PSVs to discharge liquid water during the spurious SI event to be acceptable. This portion of 
the SE was based on input provided by the Office of Nuclear Reactor Regulation (NRR) Reactor 
Systems Branch, with technical input from the responsible staff member for safety valves in the 
NRA Division of Engineering.120 

As noted by the licensee, Section 15.5.1 of the Byron and Braidwood UFSAR at the time of the 
stretch power uprate includes PSV water discharge and references the TMI Action Plan 
Item 11.D.1 approvals. 121 The current UFSAR Revision 15 concludes that the IOECCS event 
does not progress into a stuck-open PSV LOCA event. 122 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 IOPSRV event. The UFSAR also specifies that if SI results in 
discharge of coolant through the pressurizer valves, the operators will bring the plant to cold 
shutdown to inspect the valves. 

In 2004, the NRC issued a license amendment for Byron and Braidwood granting an adjustment 
to the PSV setpoints.123 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 
water 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 result in a water-solid pressurizer and water discharge through the 
PSVs. The proposed PSV setpoint tolerance assuming negative tolerance would result in a 
lower PSV lift setpoint. With the lower setpoint, the PSV would open earlier, and a larger 
number of PSV water cycles with a lower water discharge temperature could result during the 

116 Exelon 2001 
1l9 EPAI , 982c and EPRI , 983 
120 NRG 2001 a 
121 Exelon 2002 
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transient. The licensee performed an analysis of the LOAC with RCP seal injection event, and 
determined the revised PSV setpoint would result 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 SI 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 water 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 spurious SI 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 found that the calculated 
water discharge temperature (587 °F) was significantly higher than the discharge water 
temperature of 530 °F that was used 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 wilt remain operable following a spurious SI event. 

In 2014, the NRC issued a license amendment for Byron and Braidwood granting a 
measurement uncertainty recapture (MUA) power uprate.124 The NRC staff determined that the 
IOECCS event was outside of the scope of the MUR power uprate, because the licensee did not 
propose to modify the Chapter 15 analyses related to PSV and PORV water discharge. 

With respect to inservice testing (1ST) activities, the Byron 1ST program 1~5 references the ASME 
Code for Operation and Maintenance of Nuclear Power Plants (OM Code), 2004 Edition through 
2006 Addenda; and the Braidwood 1ST program 126 re1erences the ASME OM Code, 2001 
Edition through 2003 Addenda. The Byron 1ST 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 exercise open and 
closed (cold shutdown interval), and position indication test {2 year interval) 

• PORV 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 lnservice 
Testing of Active Electric Motor Operated Valve Assemblies in Light-Water Reactor 
Power Plants" (JOG Program interval) 

• PSV: position indication test (2 year interval) and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I, "lnservice Testing of Pressure Relief Devices 
in Light-Water Reactor Nuclear Power Plants" 

The Braidwood 1ST Program specifies the following testing and intervals for the PORVs, PORV 
block valves, and PSVs: 

• PORV: fail safe test closed (refueling outage interval), stroke-time exercise open and 
closed (refueling outage interval), and position indication test (2 year interval). 

• PORV Block Valve: exercise open and closed (quarterly interval) and position indication 
test (2 year interval) 

124 NRC 2014a 
125 Exelon 2016b 
126 Exelon 2009 
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• PSV: position indication test (2 year interval), and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I 

Shearon Harris 

In 2001, the NRG issued a license amendment to Shearon Harris Nuclear Power Plant, Unit 1 
(Shearon Harris) for steam generator replacement and a power uprate to a maximum power 
level of 2900 MWt (approximately 4.5 percent). 127 In addressing the licensee's evaluation of 
Standard Review Plan (SAP) Section 15.5.1, the NRG staff found that the analysis showed that 
the calculated inlet pressures and temperatures required for the PORVs and safety relief valves 
(SRVs)128 to operate in a water environment were within the valve operable ranges, and thus 
ensured that the PORV and SRV would be operable during the transient. The valve operable 
ranges were previously determined by the licensee to support operability of the PORV and SRV 
during the discharge of subcooled water in accordance with the TMI Action Plan Item 11.D.1 
requirements. Based on the analysis meeting the acceptance criteria of SAP Section 15.5.1 with 
respect to the ACS pressure limit and departure-from-nucleate-boiling limit, the NRG staff 
concluded that the analysis was acceptable. 

Beaver Valley 

In 2006, the NRG issued a license amendment authorizing an EPU for Beaver Valley Power 
Station, Units 1 and 2 (Beaver Valley), an approximate 8-percent increase in thermal power to 
2,900 MWl. 129 In the SE accompanying the amendment, the NRG staff described its review of 
the capability of the PSVs to discharge liquid and adequately reseat far a spurious SI actuation. 
The NRG staff specifically evaluated whether the PSVs could reasonably be expected to reseat 
to prevent the spurious SI actuation (an ANS Condition II event) from causing a stuck-open PSV 
(an ANS Condition Ill event). This issue was said to be further discussed in RIS 2005-29. While 
the PSVs for Beaver Valley were qualified to discharge steam, if the valves discharged water 
with sufficient subcooling, the NRG staff was concerned that they might not reseat properly. 

Based the licensee's analysis, during a spurious SI event, the PSVs would be required to 
discharge steam followed by high temperature water after the pressurizer filled. The licensee 
provided plots of the pressurizer water temperatures for this event that indicated that the 
minimum temperature of the discharged liquid for Beaver Valley was approximately 620 °F. To 
evaluate the capability of the valves to discharge and reseat, the NRC statt reviewed the 
available data from the full-flow tests performed during the EPRI test program in 1981 for the 
specific PSV models representative of those installed at Beaver Valley. The licensee also used 
the methodology contained in WCAP-11677 and determined that the minimum acceptable liquid 
temperature for which the PSVs were expected to successfully discharge and reseat was less 
than the minimum expected temperature for the spurious SI event far Beaver Valley. 

The NAC staff agreed that both the minimum expected water discharge temperature and the 
minimum acceptable water temperature had been conservatively calculated. Therefore, the 
NRC staff determined that, for purposes of preventing the occurrence of a more serious ANS 
Condition Ill event, there was reasonable assurance that the PSVs would discharge water and 
reseat adequately following a spurious S1 actuation. A consideration of the NRC staff in making 

127 NRG 2001 d 
128 This term is used in the Shearon Harris SE; the Panel considers the term SRV to be equivalent to PSV 
for this facility. 
129 NRG 2006 

- 42 -



this finding was that, in the unlikely event of a stuck-open PSV, the ECCS was fully capable of 
mitigating the resulting LOCA. 

Turkey Point 

In 2012, the NRC issued a license amendment authorizing an EPU for Turkey Point Nuclear 
Generating, Units 3 and 4 (Turkey Point), increasing the thermal power level of each unit 
approximately 15 percent to 2644 MWt.130 

In the SE accompanying the amendment, the NRC staff indicated that ECCS actuation was not 
a possible initiator of inadvertent increase in reactor coolant inventory because the high head SI 
pumps have a shut-off head below the normal RCS operating pressure. The NRG staff stated 
that a eves malfunction that increases RCS inventory was evaluated for the effects of adding 
water inventory to the RCS. If the pressurizer filled and caused water to be relieved through the 
PORVs or PSVs, then these valves could stick open and create a small break LOCA. The NRG 
staff stated that this would violate the acceptance criterion that prohibits the escalatiOn of an 
anticipated operational occurrence (AOO) into a more serious event. Satisfaction of this 
acceptance criterion was demonstrated by showing that sufficient time would exist for the 
operator to recognize the situation and end the charging flow before the pressurizer could fill. 
The NRC staff concluded that the licensee's analyses of IOECCS and eves events adequately 
accounted for operation of the plant at the proposed power level. 

Regarding an inadvertent opening of a PORV, the licensee initially proposed that the 
consequences of this event were bounded by the small break LOCA. The NRC staff did not 
accept this proposed disposition. If action were not taken to secure the open valve by either 
closing the PORV or its block valve, the NRC staff stated that this event could escalate to a 
small-break LOCA, which would be contrary to the non-escalation position. When the 
pressurizer filled, water would begin to flow through the open PORV. If the PORV were not 
qualified for water discharge, the NRC staff stated that it was likely the PORV would not close 
upon demand. In this way, the NRC staff stated that the inadvertent opening of a PORV, an 
AOO, would become a small break-LOCA at the top of the pressurizer, an ANS Condition Ill 
event. The NRC staff requested that the licensee address the inadvertent opening of the PORV 
with respect to the third criterion for an ANS Condition II event. 

The licensee provided an analysis performed largely in accordance with NRC-approved, 
Westinghouse analytic methodology using the RETRAN computer code; however, this analysis 
was performed assuming that the PORV opened instead of the PSV. The NRC staff stated that 
assuming the opening of the PORV is acceptable, because the PSV is differently qualified, and 
reseats mechanically. An additional independent fault would be required to cause the PSV to fail 
to close. The analysis indicated that the pressurizer would fill within about 240 seconds. The 
licensee stated that there were multiple alarms to indicate the opening of a PORV. The licensee 
stated that a prompt operator action would be needed to close the PORV and, if the POAV does 
not close, the operator would be directed to close the block valve. Because the necessary 
actions would be prompt and simple, the NRC staff agreed that there would be sufficient time to 
secure the inadvertently open PORV without filling the pressurizer. 

130 NRC 2012a 
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St. Lucie 

In 2012, the NRG issued a license amendment authorizing an EPU for St. Lucie Plant, Unit 2 
(St. Lucie, Unit 2) that increased the authorized thermal power level about 12 percent to 
3020 MWt. 

Regarding an IOECCS event, the high pressure SI pumps would be incapable during power 
operations of delivering flow to the RCS because the pumps' shut-off head would be less than 
the normal RCS operating pressure of 2250 pounds per square inch absolute. Therefore, the 
licensee determined that the inadvertent operation of the ECCS at power event was not a 
credible event and did not analyze it for the proposed EPU. The NRG staff found that the 
licensee's position 1or not analyzing the IOECCS event to be acceptable. 

Regarding a eves malfunction, the licensee evaluated it as an AOO for the effects of adding 
water inventory to the RCS. The NRC staff reviewed the licensee's analyses of the eves 
malfunction event and concluded that the licensee's analyses adequately accounted for 
operation of the plant at the proposed power level and were performed using acceptable 
analytical models. The NAC staff determined that the licensee's analysis demonstrated that the 
pressurizer did not become water solid, assuring no water was discharged through the PSVs. 

Regarding an IOPORV event, the NRC staff stated that, when viewed from the mass addition 
perspective, this event could be evaluated in two phases: (1) an inadvertent opening of a 
pressurizer relief valve, followed by (2) an inadvertent ECCS actuation. In the first phase, the 
NRC staff stated that this event could be mitigated by closing the open PORV or its block valve. 
If the PORV or its block valve was not closed, the NRC staff stated that the IOPORVevent 
would enter the second phase with actuation of the ECCS. Based on its review, the NRC staff 
determined that the pressurizer overfill analysis, available alarming system, and procedures, in 
combination with simulator exercise results, provided reasonable assurance that the pressurizer 
would not be expected to fill to a water solid condition that could prevent the PORV or PSV from 
closing after they were open. The NRC staff therefore concluded that the event would not 
generate a more serious plant condition, meeting the non-escalation criterion. The NRG staff 
stated that it reviewed the licensee's analyses of the inadvertent opening of a pressurizer PORV 
event, and concluded that the licensee's analyses adequately accounted for operation of the 
plant at the proposed power level and were performed using acceptable analytical models. 

The NRC staff concluded that the licensee demonstrated that all AOO acceptance criteria were 
satisfactorily met. 

North Anna 

North Anna Power Station, Units 1 and 2 (North Anna) UFSAR Section 15.2.14, "Spurious 
Operation of the Safety Injection System at Power, n describes plant response to an inadvertent 
SI event. In particular, UFSAR Section 15.2.14.2.3, "Event Propagation,n states the following: 

Safety valve (Reference 18) and PORV (Reference 19) testing has revealed no 
instances of failure of the valves to reseat following water relief. Resulting 
leakage is within the capacity of the normal makeup system and is therefore not 
considered to be a small break loss of reactor coolant event. Therefore, the 
complete filling of the pressurizer and/or water relief via a safety valve as a result 
of a spurious safety injection does not constitute a failure to meet the event 
propagation acceptance criterion. Although primary credit for preventing the 
propagation of the event to a small break loss of reactor coolant event is the 
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reseating of the PORVs and safety valves, it is noted that the PORVs (which 
open prior to the safety valves and, if open, preclude safety valve actuation for 
this event) are provided with block valves which the operator will close in the 
event of excessive PORV leakage. 

North Anna UFSAR Section 15.2.14.3, "Conclusions," indicates that the complete filling of the 
pressurizer and water discharge via a PSV as a result of a spurious SI does not constitute a 
failure to meet the non-escalation position. Furthermore, UFSAR Section 15.2, "References.~ 
lists EPRI NP-2770-LD and EPRI NP-2670-LD. 

Conclusion 

In conclusion, the reliance by the licensee for Byron and Braidwood on the acceptable 
performance of the PSVs and PORVs following water discharge in response to abnormal events 
is not inconsistent with similar approaches by some other nuclear power plant licensees. In 
general, the review of activities by various nuclear power plant licensees related to PSV and 
PORV performance revealed reliance on EPRI, Wyle, and valve vendor testing to provide 
support for the performance of these valves under various service conditions. Specific 
certification for flow capacity of these valves for water discharge in accordance with the ASME 
BPV Code and National Board was not identified in the review of various justifications prepared 
by nuclear power plant licensees. 

In evaluating the historical documents for Byron and Braidwood, the Panel found it challenging 
to determine specifically how the licensee resolved the concern raised in NSAL-93-013 in its 
analyses and plant operations. While the record does support a compliance backfit in this case, 
if (as recommended by the Panel) the NRC staff undertakes a generic review of licensees' 
treatment of the potential ior· pressurizer valve damage following water discharge, it may be 
appropriate to consider what actions have been taken, how operating experience with water 
discharge has been considered, and how analysis assumptions are considered in operational 
practices (including inservice testing) at each plant. 
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1 BACKGROUND 

On June 22, 2016, 1 in accordance with NRC Management Directive (MO) 8.4,2 the NAG 
Executive Director for Operations (EDO) established a Backfit Appeal Review Panel {Panel) to 
review the appeal by Exelon Generation Company, LLC (Exelon or the licensee) of the U.S. 
Nuclear Regulatory Commission (NRC) staff's determination that a backfit is necessary at 
Braidwood Station, Units 1 and 2 (Braidwood) and Byron Station, Units 1 and 2 (Byron), as well 
as the NRC staff's application of the compliance backfit exception provided in Title 1 O of the 
Code of Federal Regulations (1 o CFR), Section 50.109, "Backfitting." 

This backfit determination is documented in an October 9, 2015, letter (referred to as the Backfit 
Letter).3 The letter describes the NRG 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 
1 O CFR Appendix A, "General Design Criteria for Nuclear Power Plants" 

• GDC 21, "Protection system reliability and testability'' 

• GDC 29, "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/N18.2-19734 for ensuring that ANS 
Condition II events5 do not progress to more serious ANS Condition Ill events following water 
discharge6 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).7 However, the NRC staff 
determined that the backfitting was justified under the compliance exception in 1 o CFR 
50.109(a)(4)(i). The licensee was directed to take action to resolve the non-compliance. 

On December 8, 2015, the licensee appealed the NAC 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 backfit rule applies in this case, and that the NAC has 
twice approved the underlying analysis.I! The referenced approvals were an August 26, 2004, 

1 NAC 2016e {Author and year citations in footnotes refer to the designation of references in Appendix D 
to this report.) 
2 NRC 2013 
3 NRC 2015b - referred to as the Backfit Letter in the remainder of the report 
4 ANS 1973 
5 Specifically, inadvertent operation of the emergency core cooling system (IOECCS), malfunction of the 
chemical and volume control system (CVCS), and inadvertent opening of a pressurizer safety or relief 
valve. 
e For consistency in this report, the Panel uses the phrase "water discharge" rather than "water relief" or 
"liquid discharge" (excepl in direct quotes), as this is the phrase used in the Westinghouse documents 
that raised the issue addressed in this report. 
7 NRC 2001 b- referred to as tl'le Uprate SE in the remainder of the report 
s Exelon 2015 - referred to as the NAR Appeal in the remainder of the report 
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license amendment associated with pressurizer safety valve (PSV) setpoints9 and the above­
referenced Uprate SE. In a letter dated May 3, 2016, the NRC responded to the licensee's 
appeal and reaffirmed its decision that the backfit per the compliance exception provisions of 
1 o CFA 50.109(a)(4)(i) is appropriate. 10 

On June 2, 2016, the licensee again appealed the NRC staff's decision, this time to the ED0. 11 

The purpose of this report by the Backfit Appeal Review Panel is to provide information and 
recommendations to support the decision of the EDO. 

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 letters mentioned above; the 
Uprate SE and Setpoint SE; and a June 16, 2016, letter from the Nuclear Energy Institute 
(NEl)12 supporting the Exelon backfit appeal. The Panel also reviewed many other related 
documents, which fall into five broad categories: 

• The Backfit Rule (1 O CFR 50.109), related court actions, and Commission and staff 
guidance on application of the Backfit Rule 

• Docketed communications for Byron and Braidwood from 1982 to the present, including 
license amendment requests (LARs) by the licensee, NRC-issued license amendments, 
NRC requests for additional information (RAls), licensee responses, meeting 
summaries, NRC SEs, and the licensee's Updated Final Safety Analysis Report 
(UFSAR) 

• NRC guidance relevant to the analysis of IOECCS events over the period of 1981 to the 
present, including Standard Review Plan {SRP) Section 15.0, Section 15.5.1 - 15.5.2, 
and Section 15.6.1 13 

• Westinghouse Nuclear Safety Advisory Letter (NSAL) 93-01314 and its Supplement 115, 

as well as docketed communications regarding actions taken by other licensees in 
response to Westinghouse NSAL-93-013 

• The history of NRC and industry activities related to power operated relief valves 
(PORVs), their block valves, and PSVs (including Three Mile Island (TMI) Action Plan 
Items 11.D.1, 11.D.3,II.G.1, 11.K.3 documented in NUREG-073716, as well as Generic 

s NRC 2004b- referred to as the Setpoint SE in the remainder of the report 
10 NRC 2016d-referred to as NRA Appeal Decision in the remainder of the report 
11 Exelon 2016a- referred to as EDO Appeal in the remainder of the report 
12 NEI 2016 
13 NRC 1981 a, NRC 1981 b, NAC 1981 c, NRC 2007a, N RC 2007b, and NRC 2007c 
14 Westinghouse 1993 
1s Westinghouse 1994 
16 NRG 1980c - referred to as the TMI Action Plan in the remainder of the report; lessons learned from 
TMI were also presented in NUREG-0578 (NRG 1979a), NUREG-0585 (NRG 1979b), and NUREG-0660 
(NRC 1980a) 
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Letter 89-1017 and its supplements), Electric Power Research Institute (EPRI) valve 
testing, and operating experience (NUREG/CR-703718) 

In addition to the document review, the Panel had the benefit of meetings with NRA (both the 
Division of Safety Systems and the Division of Engineering), the Office of the General Counsel, 
and the NRC Committee to Review Generic Requirements (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 its review, which is 
summarized below and documented in the attached report. 

At the request of the Panel, the Office of Nuclear Regulatory Research (RES) conducted risk 
analyses using the NRC's Standardized Plant Analysis Risk model for Byron Unit 1.19 These 
analyses informed the Panel's response to the question from the EDO regarding the risk 
significance of the relevant accident sequences. 

1.2 Proposed Compliance Backlit and Exelon Appeals 

In the Backfit Letter, the NRC staff informed Exelon that it had determined that Byron and 
Braidwood are not in compliance with GDCs 15, 21, and 29; 10 CFR 50.34(b); and the plant· 
specific design bases that were expected to demonstrate there will be no progression of 
Category II events to Category Ill events. The NAC 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 staff 
concluded that the UFSAR does not contain analyses that demonstrate that the plants' 
structures, systems, and components {SSCs) will meet the design criteria for ANS Condition II 
faults as stated in Byron and Braidwood UFSAR Section 15.0.1.2. Based on the SE attached to 
its letter,20 the NRC staff found that the licensee must take action to resolve the non­
compliance. 

The Backfit SE addressed three accident analyses in Chapter 15 of the Byron and Braidwood 
UFSAR: (1) IOECCS; (2) eves malfunction that increases reactor coolant inventory; and (3) 
inadvertent opening of a pressurizer safety or relief valve (IOPORV). The NRC staff noted that 
each ANS Condition II event must be shown to meet the following: 

1. no fuel 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 NAC 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 unacceptable. The NRC staff stated that 

17 NRC 1989 
IE NRC 2011 
19 NRC 2016f 
20 Referred to as the Backfit SE in the remainder of the report. 
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Westinghouse recommended this approach in 1993 and that the NRC staff rejected this 
approach in 2005 (RIS 2oos-2921 ). 

In Section 3.1.2.4 of the Backfit SE, the NRG staff stated that the Byron and Braidwood 
IOECCS analysis depends 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 support water qualification of the PSVs: 

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

2. In accordance with the ASME Code for Operation and Maintenance of Nuclear Power 
Plants (OM Code), provide inservice test history for PSVs, including water and steam 
tests, or provide correlation test for alternative test fluid. 

Regarding a eves malfunction, the NAC staff stated in Section 3.2 of the Backfit SE that the 
licensee had not provided an analysis for the CVCS malfunction that increases reactor coolant 
inventory that demonstrates the plants' ability to meet the requirements at an ANS Condition II 
event. 

Regarding an IOPORV, the NRC staff stated in Section 3.3 of the Backfit SE that the licensee 
had not provided an analysis for the IOPORV that extends long enough into the transient to 
demonstrate the event would not transition from an ANS Condition II event to an ANS Condition 
Ill event. 

In the Backfit SE, the NRC staff referenced Millstone2~ and Callaway23 license amendments as 
examples of licensees upgrading PORVs for water discharge; a Beaver Valley extended power 
uprate (EPU) license amendment24 as an example of qualifying PORVs for water discharge; and 
Turkey Point25 and St. Lucie Unit 226 EPU amendments as additional precedent in support of the 
backfit decision. 

In the NRA Appeal, Exelon asserted that the NRC had not justified invoking the compliance 
exception to the backfit rule. Exelon stated that the NRC approved its IOECCS analysis in the 
Uprate SE and Setpoint SE. 

In the NRR Appeal Decision, the NRG statt stated that the previous approvals were inconsistent 
with the Agency's general position on the known and established standard at issue, in this case 
the progression of ANS Condition II events to higher level events. The NRC staff stated that the 
fact that the NRC staff were aware of reierences to EPRI reports on the ability of these non­
water qualified PSVs to reseat in certain circumstances is not sufficient to support the licensee's 
position. 

21 NRC 2005b 
22 NRC 1998 
23 NRC 2000 
24 NRC 2006 
25 NRG 2012a 
26 NRC 2012b 
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In the EDO Appeal, Exelon stated that the NRG had misidentified the "known and established 
standard" at issue as the prohibition of ANS Condition II events progressing to ANS Condition 111 
events. Exelon asserted that the standard in question concerns what is necessary to "qualify" 
valves for. water discharge. Exelon contended that this standard is the EPRI testing and 
analysis, and that the NRG has agreed that Byron and Braidwood meet this standard. Exelon 
also contended that the change in NRC staff position on prior approvals is not a mistake of fact, 
but rather a new or modified interpretation of compliance with NRC requirements, for which use 
of the compliance exception provided for in the Backfit Rule is not appropriate. 

1.3 Baekfit Rule and the Compliance Exception 

Backfitting is defined by 1 O CFR 50.109(a) as: 

... the modification of or addition to 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 operate 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 staff position .... 

Unless one of three specified exceptions apply, the NRC may impose a backlit only if it 
performs a backfit analysis in accordance with 10 CFR 50.109{a)(2) and determines in 
accordance with 1 O CFR 50.109(a)(3) "that there is a substantial increase in the overall 
protection of the public health and safety 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(a)(4) sets forth the three exceptions to the requirements of 1 O 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 license or the 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. 

The Commission explained its intended application of the compliance exception in the 
Statements of Consideration (SOC) accompanying the 1985 final rule amending 
10 CFR 50.109:27 

The compliance exception 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 same SOC, the Commission acknowledged that staff interpretations of rules are not 
legally binding, but the Commission also stated that astaff interpretations of broadly stated rules 

21 NRG 1985, at 38103 
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are often necessary to give a rule effect and in some instances may be a causal factor in 
initiating a backfit."28 

By its terms, the compliance exception applies to actions necessary for compliance with rules, 
licenses, and orders, or for conformance with written commitments.29 Also, the Commission 
explicitly acknowledged the importance of staff interpretations of rules in the regulatory process. 
Thus, the Panel understands the term "known and established standard" to include standards 
established in rules, licenses, orders, and written commitments, and NRG interpretations of 
rules. Some standards may be broad-based, while others may apply only to a limited number of 
plants. As stated in NUREG-1409, "[i]nformal or formal communications to one licensee are not 
official positions to all licensees .... Orders, licenses, and written commitments are applicable 
only to a particular licensee." 

The failure to meet a known and established standard is grounds for a compliance backfit if this 
failure is due to "omission or mistake of fact." Thus, if a licensee obtains NRC approval of an 
alternative to a specific standard set forth 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 from 
"new or modified interpretations of what constitutes compliance," which do not fall within the 
compliance exception. The Panel understands the term "new or modified interpretations" to 
include situations where the NRC 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 
requirement is met. Levels of assurance might be established in terms such as acceptable 
probabilities or consequences, conservative assumptions, or sufficient margin. 

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

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 PSVs since the TMI Unit 2 (TMl-2) accident in 1979. 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 wknown and established standard" 
for "qualification" in the context of the TMI Action Plan item and subsequent activities, as well 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 not applied the "single-failure 
assumption" as noted above, the Panel considered the applicability of the single failure criterion 
to PSVs. The Panel expended considerable effort in searching for an answer to what appears to 
be a simple question: "Are PSVs active components subject to the single failure criterion, or are 

' 8 NRC 1985, at 38102. The 1985 backfit rule was vacated by a Federal court on grounds unrelated to the 
compliance back1it exception. See Union of Concerned Scientists v. U.S. Nuclear Regulatory Com'n, 
824 F.2d 108, 119·20 (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. 
29 NUREG-1409 (NRC 1990c) defines written commitments broadly to include the "final safety analysis 
report, licensee event reports, and docketed correspondence, including responses to NRC bulletins, 
generic letters, inspection reports, or notices of violation and confirmatory action letters.'' 
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they passive components exempt from it?" NRA 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), an historical 
perspective is provided. In general, the Panel found that the classification of a component as 
"active" or "passive" depends an its design, application, and function. For example, passive 
components almost always do not need external power; usually do not need an external 
actuator (e.g., signal)30; sometimes do not involve any mechanical motion (e.g., movement of a 
valve disc}31 ; and sometimes do not involve any motion, either fluid or mechanical (e.g., piping). 
International Atomic Energy Agency (IAEA) TECDOC-1624 states that "{s]afety related 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 .'1 This guidance further defines four level of "passivity" to '1o help 
eliminate confusion and misuse of the terms by members of the nuclear community." In addition, 
SECY-05-01383:l also acknowledges and discusses inconsistencies in the use and application 
of the term "passive." 

The introduction to the GDCs and the related footnote define the applicability of the single 
failure criterion in terms of electrical versus fluid systems, and active versus passive 
components. Neither the GDCs nor NRG 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 components and pumps and motor-operated valves that 
operate to perform their safety functions are active components. As discussed in Section 3.6 
below, check valves might be classified as active or passive components depending on specific 
considerations. 

With respect to PSVs, the ASME BPV Code applicable to Byron and Braidwood includes 
requirements for overpressure protection that relate to the single failure criterion through several 
specific design and construction requirements. As a result, the PSVs are conservatively sized 
with suf1icient margin to accommodate a single failure although the single failure criterion is 
almost never explicitly discussed or applied in accident analyses. The Byron and Braidwood 
UFSAR states that wadequate overpressurization protection is provided by the three installed 
safety 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 o1 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., loss of load, loss of feedwater) do not apply the single failure criterion to cause a 
PSV to stick open {i.e., fail to reseat) when opening on steam flow. In addition, the UFSAR 

30 For example, SECY-77-439 (NAC 1977) states: ~Examples [of passive failures in fluid systems] include 
the failure of a simple check valve to move to its correct position when required, the leakage of fluid from 
!ailed components, such as pipes and valves-particular1y through a failed seal at a valve or pump-or 
line blockage. Motor-operated valves which have the source of power locked out are allowed to be 
treated as passive components." 
3, For example, NUREG-1800 (NAG 2001 c) states that '"[p]assive' structures and components, for the 
purpose of the license renewal rule, are those that perform an intended function ... without moving parts 
or without a change in configuration or properties ... 'passive' may also be interpreted to include 
structures and components that do not display 'a change of state."' 
32 NRC 2005a 



Feedwater System Pipe Break analysis (Chapter 15.2.8) does not apply the single failure 
criterion to cause a PSV to stick open either during steam discharge or during water discharge. 
A survey of other Westinghouse-designed plants showed that this treatment of PSV valve 
periormance during anticipated operational occurrences (AOOs, similar to ANS Condition II 
events) and postulated accidents (similar to ANS Condition IV events) has been consistent and 
without any identified exceptions.33 

1.5 History 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 review 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" for event escalation from ANS Condition II to ANS Condition 111, referred to hereafter 
as the "non-escalation position." 

2 SUMMARY OF PANEL FINDINGS 

For the reasons provided in Section 3, the Panel concludes 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 following water discharge if the likelihood is sufficiently small, based 
on well-informed staff engineering judgment. The Panel also concludes that, in preparing the 
Uprate SE and the Setpoint SE, the NRG staff exercised reasonable and well-informed 
engineering judgment when the NRC staff concluded that the PSVs were unlikely to stick open. 
The non-escalation position does not establish specific standards for valve qualification, so the 
non-escalation position, standing alone, provides no basis for rejecting the licensee's reliance 
on EPRI valve testing. Moreover, the Panel finds 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 
water discharge through pressurizer valves. 34 Therefore, the Panel also concludes that the 
position on valve qualification in the Backfit SE is a new or modified interpretation at what 
constitutes compliance. 

3 DISCUSSION 

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. 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 relating 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." In the NRR Appeal Decision, the NRC staff 
stated that the Backfit SE "showed that the approvals at issue for Braidwood and Byron were 

33 Examples include Watts Bar (NRC 1982 and TVA 1983), North Anna (NRC 1976), and AP1000 
(Westinghouse 2011 ). 
34 "Pressurizer valves" is used in this report to refer to either PO RVs or PSVs when discussing issues 
common to both types of valves. 
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inconsistent with the Agency's general position on the known and established standard at issue, 
in this case the progression of [ANS] Condition ll events." The Panel recognizes that the non­
escalation position, although not included in NRC regulations, is widely referenced in reactor 
licensing bases as an approach for addressing AOOs and postulated accidents as articulated in 
the GDCs. The non-escalation position is incorporated in Section 15.0.1.2 of the Byron 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." 

Neither Exelon nor the Panel disputes that the non-escalation position is now, and was in 2001 
and 2004, a part of the licensing basis of both Byron and Braidwood. The Panel supports the 
NRG staff's view that non-escalation (from ANS Condition II to ANS Condition Ill or IV) is a 
known and established standard applicable to Byron and Braidwood. However, the Panel 
agrees with Exelon that the fundamental issue is not the non-escalation position, but the 
appropriate standard for PSV water discharge. In the absence of a PSV failure to reseat, the 
concerns articulated in the backf it related to event classification, event escalation, and 
compliance with iO CFR 50.34(b) and GDCs 15, 21, and 29 would no longer be at issue. 

The Panel's evaluation of the treatment of PSV failure potential includes an assessment of 
multiple relevant references, which are discussed chronologically in the sections that follow. 

3.1 General Design Criteria (1971) 

In 1971, the Atomic Energy Commission published the GDCs, which had been under 
development since 1965.35 The introduction to 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 single failure are under development" 
(emphasis added). 

3.2 Commission Paper on Single 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."36 In part, that paper addressed the application of the single failure 
criterion to passive components in fluid systems, stating that "[a]pplication of the [single failure) 
concept is complicated by the interrelationships between the various fluid and electrical systems 
and their supporting auxiliaries in a nuclear power plant. Furthermore, there is a need to 
stipulate 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 
lo the initiating event-had been and should be addressed, stating (with emphases added): 

During subsequent years [since the single failure footnote quoted above was 
published] staff assumptions regarding the nature of passive failures which 
should be considered have not been completely consistent and there has been 
some disagreement. However, on the basis of the licensing review experience 

35 AEC 1971 
36 NRC 1977 
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accumulated in the period since 1969, it has been judged in most instances 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. 

SECY-77-439 provides definitions and examples for distinguishing between active and passive 
failures. Among these examples, SECY-77-439 cites "the failure of a simple check valve to 
move to its correct position when required" as a passive failure. Of the examples cited in SECY-
77-439, the check valve example is most similar from a mechanical perspective to the PSV 
failure addressed in the Backfit SE, as explained below in the discussion of SECY-94-084. 

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

3.3 TMI Action Plan Item 11.D.1 (1980) 

As an element of the TMI Action Plan, the NRC staff required licensees to address the capability 
of relief and safety valves to perform their intended functions without failure. Specifically, 
Item 11.0.1 states that "[p]ressurized-water reactor [PWR] and baiting-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 testing 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 11.0.1. 
NUREG-0737 stated, for the perlormance testing of relief and safety valves for Item 11.D.1, that 
"[t]he testing should demonstrate that the valves will open and reclose under the expected flow 
conditions." 

Although limited in scope, the EPRI test results did not identify any generic issues with PSVs or 
PORVs sticking open following 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, "qualify" was used in a less formal sense to refer to a 
reasonable judgment that the valve would open to relieve pressure and then reliably reseat. As 
referenced in NUREG-0737, the EPR1 test program was the widely used approach to address 
TMI Action Plan Item tl.D.1 at PWR nuclear power plants. The Westinghouse Owners Group 
submitted WCAP-10105 to the NRG in 1982 to demonstrate the acceptability of the EPRI testing 
program for PSVs and PORVs in Westinghouse-designed PWRs.37 

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

A 1988 letter from the NRC staff to the licensee for Byron found the licensee's reliance on EPRI 
testing of PSVs to be acceptable. 38 The 1988 SE states that the test program was designed "[t]o 
reconfirm the integrity of the overpressure protection system and thereby assure that the 
(GOCs] are met." As discussed in Appendix B to this report, the 1988 SE describes the 
evaluation of the PSVs and PORVs for feedwater line break accidents that would include water 

37 WOG 1982 
38 NRG 1988c, referred to as the 1988 SE 
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discharge, and determined that the EPAI tests were applicable to the Byron and Braidwood 
PSVs and PORVs. Based on the NRC staff and contractor review, the 1988 SE found that the 
performance of the PSVs and POAVs 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 PO RVs could be disregarded because of 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 NRG staff states that the licensee should develop and 
adopt plant procedures to inspect the pressurizer valves after each 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 BPV Code for water discharge capability. In 1990, 
the use of the EPRI test program was also found similarly acceptable for Braidwood.39 

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 ta 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)40 "are capable of closing following discharge of subcooled water." 
Westinghouse noted that the PSRVs might have been designed or "qualified" to relieve 
subcooled water. Westinghouse also noted that "licensees may have qualified these valves in 
compliance to NUREG-0737, Item 11.0.1." If the PSAVs were not designed or qualified for 
subcooled water discharge, Westinghouse recommended that licensees reevaluate the 
IOECCS event with three possible options 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 one or more PORVs to help mitigate the accident. 

ln Supplement 1 to NSAL-93-013, Westinghouse alerted licensees to potential reduced time for 
operator action if a positive displacement pump (a typical part of the CVCS) were in service, and 
to the need to qualify the PSRVs and the piping downstream of the PSAVs and PORVs if water 
discharge from the pressurizer is predicted. 

Some licensees submitted license amendments that involved improvements to the PORVs and 
their circuitry to avoid water discharge through the PSVs (e.g., Salem41 , Millstone42 , Callaway43 , 

and Oiablo Canyon44). The NRC statt review and approval of those proposed improvements 
relied on engineering judgment relative to the various test information and PORV circuitry 

39 NAG 1990a 
40 Westinghouse used the term PS RVs. The specific valves for Byron and Braidwood should be 
designated as "safety valves" or "pressurizer safety valves" as they are by the manufacturer, in the ASME 
BPV Code, and by the licensee. This difference in terminology is not significant to any of the findings or 
conclusions in this report. 
41 NRG 1997 
42 NRC 1998 
43 NRC 2000 
44 NRC 2004a 
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upgrades described by individual licensees. The licensee for Byron and Braidwood submitted an 
LAA for similar PORV improvements,45 but that request was later withdrawn. 46 

As indicated below, the Panel's sampling review found two plants, in addition to Byron and 
Braidwood, that chose to address this issue by crediting the capability of PSVs to relieve water, 
based on the EPRI testing periormed in response to TMI Action Plan Item 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. 47 Although PSV categorization and performance requirements were not 
explicitly addressed, the paper does include an issue on "Definition of Passive Failure" and an 
extensive discussion on whether check valves are passive or active components and how they 
should be addressed in current plants and future passive designs. 

SECY-94-084 recognizes the GDCs and SECY-77-439 as establishing long-standing 
requirements and guidance in this area. The paper acknowledges that the industry (including 
EPRI documents and ANSI/ANS 58.948) have been inconsistent with respect to check valve 
failures, sometimes considering them as "active failures" and sometimes as "passive failures." In 
SECY-77-439, however, the NRG statt 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 
"[i]n licensing reviews, however, only on a long-term basis [e.g., long-term recirculation cooling 
following a loss of coolant accident (LOCA)] does the NRC statt consider passive failures in fluid 
systems as potential accident initiators in addition to initiating events." The paper also states 
that "[f]or 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 "[r)edefininq check valves as active components, subject 
to consideration for single active failures would cause these valves to be evaluated in a more 
stringent manner than that used in previous licensing reviews" (emphasis added). The NRC 
staff then recommended (and the Commission agreed49) that the NRC staff should "maintain the 
current licensing practice for passive component failures on the passive [advanced light water 
reactor] ALWA designs, and to redefine check valves, except for those whose proper function 
can be demonstrated and documented, in the passive safety systems as active components 
subject to single failure consideration." Therefore, the NRC's position on check valves was 
changed only for passive ALWR designs going forward. 

The Panel considers the opening function of check valves and PSVs to be similar in that they 
both open through the motion of the valve disk under differential pressure with no external 
signal or motive power. The Panel also recognizes that the ambiguity with respect to "passive" 
versus "active" component definitions and nomenclature exists for safety valves. In addition, the 
passive or active classification of check valves or safety valves may differ based on design 
considerations, inservice testing, or accident analyses. For example, the PSVs and PORVs as 

45 Com Ed 1998 
46 Com Ed 1999 
47 NRC 1994a 
48 ANS 1981 
49 NRG 1994b 
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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 
GDC context, the Panel concludes that it is appropriate to consider the potential failure of a PSV 
following water discharge as a passive failure, consistent with the treatment of check valve 
failures for the operating fleet. 

3.7 Draft Standard Review Plan Revision (1996) 

The 1996 draft revision to SRP Section 15.5. 1 - 15.5.2 on IOECCS and CVCS malfunctions 
includes extensive updates to the 1981 revision, but neither version includes any discussion, 
criteria, or guidance on applying ASME Code requirements to PSVs or on applying the single 
failure criterion or any other failure assumption to PSVs. so 

3.8 Power Uprate Reviews and License Amendments (2001-2006) 

As part of the 2001 power uprate review for Byron and Braidwood, the NRC 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 NRG staff indicates that 
the 2001 license amendment was predicated on the NRC's mistaken (unsubstantiated) belief 
that the valves were ASME-qualified (certified). However, a review of the SE and associated 
RAls shows 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 NRC 
staff believed that the valves were "qualified" in an ASME certification sense; rather, the record 
shows thorough consideration of the testing conducted on valves of the type installed at the 
plant and a technical judgment that this testing provided appropriate qualification. 

The Panel's conclusion was confirmed 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 
there was no discussion of ASME certification or qualification of valves. In addition, the Panel 
found that the NRC approved power uprates for other nuclear power plants that included staff 
evaluation of water discharge through PORVs or PSVs based on test information provided by 
individual licensees. For example, in 2001, the NRC granted a power uprate for Shearon Harris 
that included the operability of PORVs and PSVs during the discharge of subcooled water, 
referencing TMI Action Plan Item 11.D.1.51 As noted above, in 2006, the NAC also granted a 
power uprate for Beaver Valley. The SE for this Beaver Valley amendment referred to 
RIS 2005-29 and found reasonable assurance that the PSVs would adequately discharge water 
and reseat following a spurious safety injection actuation, based on the EPRI test data from 
1981 and an evaluation of the temperature of the liquid being discharged. 

During the NRG evaluations of license amendments since the TMl-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 
qualified for liquid service. To address this concern, the NRG 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 to 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 certified under the ASME BPV Code as capable of passing water and reclosing. 

50 NRC 1996 
51 NAC 2001d 
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In 2004, the NRC issued license amendments for Byron and Braidwood granting an adjustment 
to the PSV setpoints. In an RAI, the NRC staff requested 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 Setpoint SE, 
the NRC staff concluded that the analysis was acceptable for assuring that the PSVs would 
remain operable following a spurious safety injection event. 

3.9 RIS 2005-29 (2005) 

In 2005, the NRG staff issued RIS 2005-29 ''to notify licensees of a concern identified during 
recent reviews of power uprate [LARs]." The RIS addressed the manner in which some 
licensees acted in response to NSAL-93-013. The RIS was issued at the division level in NRA 
and does not include a record of office-level concurrence. The RIS was not reviewed by CRGR. 
Although no documentation was readily available regarding the CRGR's decision not to review, 
it appears that the lack of a CRGR review stemmed from the assertions in the AIS such as 
these: 

• ''This RIS requires no action or written response and, therefore, is not a backfit under 10 
CFR 50.109. Consequently, the NRG staff did not perform a backfit analysis." 

• "This RIS is informational and pertains to a NRG staff position that does not depart from 
current regulatory requirements 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: 
"For 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, the cited review standard (RS-001), which is explicitly limited to EPUs, states that 
"[t]he staff does not intend to impose the criteria and/or guidance in this review standard on 
plants whose design bases do not include these criteria and/or guidance. No backfitting is 
intended or approved in connection with the issuance of this review standard."52 

This intent of RS-001 to define and clarify the scope of EPU reviews, 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 AIS 
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 RI S 2005-29 nor its draft Revision 1, 53 which is currently 
under development, discuss water discharge certification requirements in accordance with the 
ASME BPV Code. In fact, as stated above, the NRC issued a 2006 power uprate amendment 
for Beaver Valley in which the SE cited RIS 2005-29 and yet relied on the EPAI testing data to 
address the concern. 

52 NRC 2003 
53 NRC 2015a 
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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 
systems.54 The paper enclosed a July 2005 draft of a 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 footnote to the definition of single failure in 10 CFR 
(Part] 50 Appendix A stating that the regulatory position on considering passive failures in fluid 
systems is under development." In Section 2.5.3, the draft report quotes from SECY-77-439 
(discussed above) and recognizes that in current practice, as in 1977, "[p]assive failures 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
informed 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 footnote now in 10 CFR Part 50 Appendix A definitions." 

These documents make it clear that, with few exceptions, neither the NRG staff nor the 
Commission has established specific requirements relating to the treatment of passive 
component failures in fluid systems. The Panel believes the existence of this Commission 
paper, contemporaneous with discussions on potential PSV iailures (e.g., RIS 2005-29), makes 
it clear that no specific "known and established standards" on PSV failures 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 Section 15.5.1 - 15.5.2 states: 

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

However, this section does not reference ASME BPV Code requirements for safety valve 
ce rtif icati on. 

3.12 Backfit Letter and Subsequent Appeals (2015-2016) 

The Backfit SE is predicated on the following positions: 

• "water relief through a valve that is not qualified for water relief will cause that valve to 
stick in its fully open position" ( emphasis added) 

• "the licensee ... has not applied the single-failure assumption" (emphasis added) 

• "nor have they provided ASME water qualification documentation for the PSVs ... the 
ASME ... original Overpressure Protection Report ... inservice test history ... including 
both water and steam tests" (emphasis added) 

~4 NRG 2005a 
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The Backfit SE argues that an IOECCS would escalate to a 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-compliance with the GDCs (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 AOO. 

Based on its review of all the relevant documents and discussions with the individuals (staff and 
managers) 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 Panel 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 certification for water discharge? 

• Must the PSVs be assumed to fail in accordance with the GDC "single failure" 
requirements? 

In the Backfit SE, the NRC staff indicates that "[o]ne assumption that is particularly important to 
the non-escalation criteria is that water reliei through a valve that is not qualified for water relief 
will cause that valve to stick in its fully open position" (emphasis added). The Panel concludes 
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 concludes that there is not now, nor has there been, 
a known and established Commission standard (1) that PSVs must be assumed to fail following 
water discharge in the absence of ASME certification for water discharge, or (2) that PSVs must 
be assumed to fail as part of single failure criterion analysis. The NRG staff's determination that 
ASME certification is necessary first appears in the Backlit 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 NRC guidance 
document. 

The Panel also concludes 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 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 NRG staff exercised reasonable 
and well-informed engineering judgment when the NRC staff concluded that the PSVs were 
unlikely to stick open. The NRC staff reviewers involved in the 2001 power uprate review were 
among the most experienced and senior reviewers in their areas 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 find any evidence that the NRG staff's issuance of the 2001 or 2004 license 
amendments was based on an omission or mistake of fact. Rather, 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 staff 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 one condition do not propagate to cause a 
more serious fault (non-escalation position). In interactions with the Panel, NRR staff provided 
several clarifications on this topic, summarized by the Panel as follows: 

• ANS-51.1/N18.2-1973 defines the categories of design basis transients and accidents 
based on an anticipated frequency of occurrence (annually for ANS Condition II events). 

• It is a long-standing NRC position that escalation from one condition to another is not 
acceptable. 

• ANS-51.1 /N 18.2-1973 constitutes a known and established standard that 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 Exelon to assume that its pressurizer valves will 
fail open under water discharge conditions, to apply the single failure criterion to PSV failure in 
these circumstances, or to impose ASME Code requirements for certification, qualification, or 
testing of PSVs for water discharge. 

3.12.2 Non-Escalation Position and Return to Service 

In the Backlit SE, the NRG staff makes reference to the time it would take to clean up a 
contaminated containment following a stuck-open pressurizer valve. In interactions with the 
Panel, NRR staff re-emphasized concerns 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 to 
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 constitute issues that support a compliance backfit 
imposed by the NRC. The NRC staff and inspectors would verify that these activities are 
conducted appropriately to protect the public health and safety prior to plant restart. The 
Backfit SE states that UFSAR Section 15.5.1.3 "implie[s]" that the plant wi11 return to operation in 
a "short period," but the Panel sees no support for a timing requirement in UFSAR Section 
15.5.1.3. Also, the Panel has not identified a regulatory interest in limiting the time needed for 
the plant to return to operation. 

3.12.3 TMI Action Plan Item 11.D.1 and EPRI Testing 

Although the Backfit Letter and NRA Appeal Decision do not speak explicitly to TMI Action Plan 
Item 11.D.I, in interactions with the Panel, NRA staff stated that the known and established 
standard in question is the TMI Action Plan Item 11.D.I standard for licensees and applicants to 
conduct testing to qualify the RCS relief and safety valves under expected operating conditions 
for design-basis transients and accidents. As discussed above and in Appendix B to this report, 
the NRC accepted the EPRI testing to satisfy TMI Action Plan 1tem 11.D.1 for Byron and 
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Braidwood in SEs forwarded by letters in 1988 and 1990. Therefore, the Panel considers this 
known and established standard referenced by the NAC staff to have been met for Byron and 
Braidwood. 

In interactions with the Panel, the NRR staff further stated that an omission 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 on the Byron and Braidwood response to TMI Action Plan Item 11.D.1, the NRC staff 
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 tests. Therefore, the 
Panel does not agree that the licensee's reference to the EPRI testing program was an 
omission or mistake of fact. 

3.12.4 ASME Code Certification 

In the Backfit SE, the NRG staff stated that certain ASME Code infonnation would be necessary 
to support water qualification of the PSVs. In interactions with the Panel, NRA staff 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 BPV Code and 
inservice testing throughout the service life in accordance with the ASME OM Code. The NRA 
staff referenced certain licensing actions in which water discharge was not considered 
acceptable, or different actions were required.55 

As discussed in Appendix C to this report, the NRC staff required additional actions for some 
licensees to support reliance on the POAVs 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 NRG staff imposed certification by the ASME BPV Code and testing in 
accordance with the OM Code, or required alternatives to the ASME BPVor OM Codes, in the 
examples of NRC staff review of water discharge capability for pressurizer valves. 

In interactions with the Panel, the NRA staff also identified specific ASME Code provisions that 
it viewed as supporting the position that ASME Code requirements apply to qualification of 
pressurizer valves 1or water discharge. The NRR staff, however, did not provide evidence that 
these provisions have consistently been interpreted as the NRC staff is now interpreting them. 
Given the NRC's treatment of TMI Action Plan Item 11.D.1 and the NRC staff's historical 
licensing practice, the Panel concludes that the NRA staff's current application of the ASME 
Code is not supported by the historical record. 

3.12.5 Conduct of 2001 and 2004 Reviews 

In light of the wide range of NRC staff positions during the review of pressurizer valve capability 
since the TMl-2 accident, the Panel agrees that, in the course of preparing the 2001 Uprate SE 
or Setpoint SE, the 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 PORV improvements. The NRG staff may have been able to 
justify additional actions, but they determined that it was not necessary. Instead, the NRC staff 

55 Salem (NAC 1997), Millstone (NRC 1998), and Callaway (NRC 2000) 
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reviewers in 2001 used their expert engineering judgement to determine that it was not 
necessary to assume that the PSVs or PORVs would stick open with water discharge, based on 
EPRI test information, licensee supplemental information, and their own technical experience. 

In discussions with the Panel, NRA staff raised a concern that the Setpoint SE does not 
document a re-review of the qualification of the PSVs and noted that if the Uprate SE had not 
found water discharge through the PSVs to be acceptable, 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 of the PSV water discharge capability. The Panel recognizes that 
a staff review 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 
adequacy of the 2001 review. 

4 RESPONSE TO THE EDO QUESTIONS 

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

4.1 Were the approvals based on a mistake? If 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 NRA Appeal Decision, the NRC staff claims that "[t)he NRC erred in approving a 
sequence of events that allowed the [IOECCS], [CVCS] 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 
were not." 

• Exelon claims in the NRA Backfit Appeal that "the compliance exception requires more 
than simply asserting that the prior staff approvals were wrong-the NAC 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 not made that case here." 

The Panel concludes that, in 2001 and 2004, the NRC staff 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 safety 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 
of Engineering's Mechanical Engineering Branch for expert technical review assistance was 
both appropriate and commendable. The NRC staff reviewers involved in the 2001 power uprate 
review were among the most experienced and senior reviewers in their areas of expertise. The 
valve expert involved in the review was the NRC's most knowledgeable individual on PSVs and 
the relevant ASME Code requirements, and was a nationally recognized expert. The Panel 
cannot agree that the NRC staff was misinformed, ill-informed, or in error, or that it made 
incorrect or inappropriate decisions. 
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4.2 What is the known and established standard for water qualification of PSVs? 

The Panel concludes 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. No more detailed or prescriptive standard has been promulgated by the Commission. 

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

For Byron and Braidwood, the standard for progression of postulated events between 
categories of severity is set forth in the UFSAR as described above. The Panel supports the 
NRG staff's view that non-escalation (from ANS Condition II to ANS Condition Ill or IV) is a 
known and established standard applicable to Byron and Braidwood. This issue of event 
escalation is also a focus of RIS 2005-29 and the draft Revision 1 to RIS 2005-29 that was 
issued for public comment in 2015. The Panel concludes that the IOECCS (an AOO per the 
GDC definition and an ANS Condition II event) would escalate to a more severe event if. a PSV 
were to stick open, or if both a PORV stuck open and its block valve failed to close. 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-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 AOO. However, this event 
progression standard does not establish specific standards for valve qualification to determine 
whether a valve would stick open and cause this escalation. Therefore, it is not the basis for a 
compliance backfit given the current set of facts. 

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

The Panel concludes that Byron and Braidwood do comply with the applicable regulations 
based on the UFSAR analyses, which the NRC staff found acceptable through a reasonable 
and technically sound evaluation using appropriate Commission safety standards. 

4.5 Given that Exelon suggests that the 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, to assure that the Panel's judgments were being made with a full 
understanding of their significance, and to assist in responding to the EDO question. 

The RES study suggests that the most significant IOECCS sequence, assuming that all 
pressurizer overtill events lead to a small LOCA, contributes approximately 1 percent of the total 
internal event core damage frequency (CDF). In its report, RES estimated a maximum benefit 
(GDF reduction) from a "perfect backfit'' (i.e., always preventing pressurizer overfill) of 
1.5E-07 per year. If the PSVs are not assumed to always fail following water discharge 
(consistent with the NRC staff expert judgment in 2001) or a smaller improvement than a 
"perfect backfit" were considered, the risk-reduction benefit of implementing the backfit would be 
even smaller. 
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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 ta this 
issue (through the other categories of adequate protection or cost-justified substantial safety 
enhancement). Second, the Panel does not wish to imply that "the contribution to plant risk" 
should be seen as the only measure of enhanced safety. The issues of event classification and 
the non-escalation of events are essentially defense-in-depth concepts. Defense in depth has a 
recognized role and value in the regulatory process. The Panel is also aware that not every 
defense-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 concludes 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. Therefore, 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 'failed to meet known and 
established standards of the Commission because of omission or mistake of fact," or rather as a 
case of a "new or modified interpretations of what constitutes compliance." 

The NRC staff's compliance backfit argument depends on two separate determinations: 

1. the assumed failure of PSVs to reclose after passing water, and 

2. the necessity of preventing "event escalation" (i.e., the position that "an incident of 
moderate frequency should not generate a more serious plant condition without other 
faults occurring independently''). 

For the NRG statt's compliance backfit conclusion to be valid, both of these determinations must 
meet the above compliance backfit standard by involving failure ta 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 water 
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 NRA Appeal Decision indicates that '1he 2001 
and 2004 approvals occurred because the NRC staff understood the PSVs to be qualified tor 
water relief when, in fact, they were not." 

The Panel carefully considered these views and has reviewed the relevant documents including 
the licensee's responses to the NRC staff's RAls, 56 the technical branch's SE input, 57 and the 
Uprate SE. The Panel did not find any evidence that the licensee had claimed or the NRG staff 
had believed that the valves were "qualified" in an ASME certification sense; rather, the record 

56 ComEd 2000b, Exelon 2001 
57 NRG 2001a 

- 21 -



shows thorough consideration of the testing conducted on valves of the type installed at the 
plant and a technical judgment that this testing provided approprfate qualification. 

On the basis of its 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 safety 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 of Engineering's Mechanical Engineering Branch for expert 
technical review assistance was both appropriate and commendable. The NRC staff reviewers 
involved in the 2001 power uprate review were among the most experienced and senior 
reviewers in their areas of expertise. The NRG 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 disagreed that the NRC staff was 
misinformed, ill-informed, or in error, or that it made incorrect or inappropriate decisions. 

The Panel concluded that three related technical and regulatory positions related to the PSVs 
(separate from the issue of the non-escalation position) underpin the backf it: 

1. ASME water qualification (certification) documentation is required if a valve is to 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 position. 

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

None of these positions were "known and established standards of the Gommissionn in 2001 or 
2004 for determining when it was appropriate to assume a failure of PSVs to reseat. In fact, they 
were not "known and established standards of the Commission~ in 2005 (when RIS 2005-29 
was issued) or 2006 (when the Beaver Valley EPU was approved) or 2007 (when Revision 2 to 
SAP Section 15.5.1 - 15.5.2 was issued). 

Moreover, these positions do not appear to be "established standards of the Commission" at 
present. The 2007 version of SRP Section 15.5. 1 - 15.5.2 allows credit for PORVs and PSVs if 
they have been "qualified for water relief." The NRG staff's determination that ASME certification 
is necessary first appears in the Backfit SE and is not addressed in any final NRC guidance 
document. The determination that application of the single faiture criterion is necessary first 
appears in the draft Revision 1 to RIS 2005-29 and is not included in any final NRG guidance 
document. 

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 with NUREG-0737, 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 Item 11.0.1. 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-informed engineering judgment to conclude that the PSVs were unlikely to stick 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 what constitutes compliance in addressing 
potential PSV failures following water discharge. Although this new staff position represents a 
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well-intentioned and conservative approach that could provide additional safety margin, 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 concerns 
articulated by the NRG staff in the Backfit SE related to event classification, event escalation, 
and compliance with 1 O CFR 50.34(b) and GDCs 15, 21, and 29 are no longer at issue. 

The Panel's findings, therefore, support the Exelon backfit appeal. 

6 ADDITIONAL PANEL THOUGHTS 

In addition to the specific finding relating to the backfit appeal, the Panel believes it is important 
to acknowledge, and for the NRC staff 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 reliance 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 designed for steam service. Steam relief is their normal service 
condition and applies to their ASME BPV Code certification. The Panel supports the previous 
NRC staff determinations for Byron 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 welHnformed engineering judgement to the 
contrary. However, the Panel also considers the actions by various licensees to improve the 
reliability and performance of the PORVs to avoid water discharge through the PSVs to be 
prudent in light of the design specifications of the PSVs. 

The Panel considered but could not determine the extent to which the licensee for Byron and 
Braidwood addressed crediting water discharge through the PSVs, PORVs, or PORV block 
valves in the Byron and Braidwood inservice testing programs. The Panel recognizes that the 
difference between the intended use of these valves for overpressure protection and their 
infrequent use in response to certain plant events might be considered in implementing 
appropriate inservice testing 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. 
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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 Regulations (10 CFR), Sec1ion 50.109, "Backfitting," was 
originally promulgated in 1970.58 Because of perceived deficiencies in the rule, the U.S. Nuclear 
Regulatory Commission (NRC) substantially revised it in 1985.59 The 1985 rule was challenged 
in court, and the U.S. Circuit Court for the District of Columbia (D.C. Circuit) vacated this rule in 
its entirety. The D.C. Circuit took this action because it concluded that the revised rule could be 
interpreted to allow the NRC to consider costs in defining or redefining what is required for 
adequate protection of the public health and safety.60 In response, the NRC revised the Backfit 
Rule in 1988 to remove any implication that costs could be considered in defining or redefining 
adequate protection.61 The 1988 revisions only differed from the 1985 rule to the extent 
necessary to address the court's concerns. The 1988 rule was also challenged in court, but this 
time the D.C. Circuit upheld the rule.62 

In its current form, 1 O CFR 50. 109(a)(1) defines backfitting as 

... the modification of or addition to 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 operate 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 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 1 D CFR 50.109(a)(2) and determines in 
accordance with 1 O CFR 50. 109(a)(3) "that there is a substantial increase in the overall 
protection of the public health and safety 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(a)(4) sets forth the three exceptions to the requirements of 1 O CFA 50.109(a)(2) 
and (a)(3}. The first exception, the compliance exception, applies if the "modifica1ion is 
necessary to bring a facility into compliance with a license or the rules or orders of 1he 
Commission, or into conformance with written commitments by the licensee." 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. 1 O CFR 50.109{a)(4)(ii)-(iii). 

5ll AEC 1970 (Author and year citations in footnotes refer to the designation of references in Appendix D 
to this report.) 
59 NRG 1985 
00 Union of Concerned Scientists v. U.S. Nuclear Regulatory Com'n, 824 F.2d 108, 119-20 (1987). 
61 NRG 1988b 
62 Union of Concerned Scientists v. U.S. Nuclear Regulatory Com'n, 880 F.2d 552 (1989). 
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Commission Policy 

The Commission addressed its intended application of the compliance exception in the 1985 
rulemaking:63 

The compliance exception 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 also stated 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."64 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 that is expressed in staff guidance documents which interpret the intent of broad, 
generally worked [sic] regulations."65 

Backfitting Guidance 

Extensive information regarding the appropriate implementation of backfitting is provided in 
NUREG-1409.66 Relevant excerpts from this guidance are provided below. 

Applicable Regulatory Staff Positions 

According to NUREG-1409, to be a backfit, "a new or revised staff position or requirement must 
be involved, that is, there must be a change in content or applicability of the previously 
applicable regulatory staff position (in the direction of increased safety requirements) .... " An 
applicable regulatory staff position is a requirement or position already specifically imposed an 
or committed to by a licensee. Examples of applicable regulatory staff positions 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 violation and confirmatory 
action letters 

• NRC staff positions that are documented explicit interpretations of more general 
regulations and are contained in documents such as the Standard Review Plan, branch 
technical positions, regulatory guides, generic letters, and bulletins 

63 NRC 1985, at 381 03 
6-1 Id. at 38102 
ti5 Id. at 38103. The 1988 rulemaking neither revised the compliance exception as stated in the 1985 rule 
nor provided additional guidance on its interpretation. 
tis NRC 1990c 



A similar list of examples is provided in Manual Chapter 0514,67 which is also included as 
Appendix 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-88-102.68 Manual 
Chapter 0514 provides a definition of "applicable regulatory staff positions" that is slightly more 
detailed than the definition in NUAEG-1409. This definition from Manual Chapter 0514 is quoted 
below, with additional detail beyond NUREG-1409 emphasized in underlined text. 

Applicable regulatory staff positions 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 different types and sources: 

a. Legal requirements such as in explicit regulations, orders, plant licenses 
(amendments, conditions, technical specifications}. Note that some regulations 
have update features built in. as for example, 10 CFR 50.55a. Codes and 
Standards. Such update requirements are applicable as described in the 
regulation. 

b. Written commitments such as contained in the [Final Safety Analysis Report], 
[Licensee 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. 

c. NRG staff positions.§!! that are documented, approved, explicit interpretations of 
the more general regulations, and are contained in documents such as the 
[Standard Review Plan], Branch Technical Positions, Regulatory Guides, Generic 
Letters, and Bulletins; and to which a licensee or an applicant has previously 
committed to or relied upon. Positions contained in these documents are not 
considered applicable staff positions to the extent that staff has, in a previous 
licensing or inspection action. tacitly or explicitly excepted the licensee from part 
or all of the position.70 

How Regulatory Positions are Established 

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

Informal or formal communications to one licensee are not o1ficial positions to all 
licensees. Section 053 of Manual Chapter 0514 identifies what can be applied as 
official staff positions in a plant-specific context. They are legal requirements 
such as contained in explicit regulations, orders, and plant licenses; written 
commitments such as contained in final safety analysis reports, licenses event 
reports, and docketed correspondence; and documented, approved explicit 
interpretations such as contained in the [Standard Review Plan], branch technical 

s7 NRC 1988c 
68 NRC 1988a 
es Requirements may be imposed by rule or order. Staff interpretations such as examples of acceptable 
ways to meet requirements are not requirements in and of themselves. 
70 Imposition of a staff position from which a licensee has previously been excepted is a backfit. 



positions, regulatory guides, generic letters, and bulletins. Orders, licenses, and 
written commitments 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 in a 
previous staff position and would require a backfit analysis (or a documented 
evaluation if it meets one of the exceptions listed in the backfit 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, it is considered that the NRC staff tacitly accepted the licensee's action 
since timely notice to the contrary was not given. If the NRC sta1f subsequently 
adopts a different position and requests a 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 also addresses a question 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 NRG has indicated tacit approval by not acting in a 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 question, 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 evolving 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 determine whether the backf it is for compliance, to provide adequate 
protection, to redefine adequate protection, or to achieve a cost-justified 
substantial safety enhancement. For example, with regard to compliance, the 
1985 statement of considerations for 10 CFR 50.109 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 88·11 71 lacked any backfitting justification, the NRG 
staff responded: 

Although the justification was not printed in the bulletin, NRG Bulletin 88-11, 
"Pressurizer Surge Line Thermal Stratification," was justified as a backfit. It is an 
example of a backfit that was determined by the responsible NRC official to be 
required as a matter of compliance with existing requirements and commitments. 
The CRGR reviewed the bulletin and concurred. The regulations currently require 
licensees to meet the applicable codes of the American Society o1 Mechanical 
Engineers (ASME), Boiler and Pressure Vessel Code. Because of the NRG 
staff's concern with the integrity of the surge line, licensees were requested to 
per1orm their fatigue analysis in accordance with the latest ASME Section 111 
requirements that incorporate high cycle fatigue analysis. The justification 
provided by the NRC staff was that previously unconsidered thermal stratification 
phenomenon 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 the latest 
ASME Section Ill 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 concern. 

71 NRG 1988e 
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APPENDIX B: QUAURCATION OF PRESSURE RELIEF VALVES IN 
NUCLEAR POWER PLANTS IN RESPONSE TO TMl-2 ACCIDENT 

Byron and Braidwood Design and Code Requirements 

Nuclear 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. Pressure relief 
valves include safety valves, safety relief valves, and relief valves, with different designs, 
operating conditions, and requirements. The American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code (BPV Code), Section Ill, Division 1, specifies 
requirements for the design, operation, installation, and testing of pressure relief valves used for 
various functions in nuclear power plants.72 For example, the ASME BPV Code (2007 Edition) in 
Article NB-7000, Overpressure Protection, specrties requirements several service conditions: 

• steam and air or gas seivice for safety valves; 

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

• liquid service for relief valves; and 

• steam, air or gas, and liquid service for pilot 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 inservice testing (1ST) programs for pressure relief valves in 
nuclear power plants. 

Braidwood, Units 1 and 2 (Braidwood) and Byron, Units 1 and 2 (Byron) 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 6M6 
(6-inch), spring-loaded pop type, opened by direct fluid pressure. The PORVs are Copes-Vulcan 
Model D-100-160 3-inch pneumatic-actuated globe valves that respond to a signal from the 
pressure sensing system or to manual control. Each PORV can be isolated by a motor-operated 
block valve. 

The ASME BPV Code of record for the design of the PSVs at Byron and Braidwood is 1he 1971 
Edition through the Winter 1972 addenda of the ASME BPV Code, Section Ill. The ASME BPV 
Code applicable to Byron and Braidwood includes requirements for overpressure protection, 
including the following: 

• Section NB-7300, "Overpressure Protection Report," in NB-7320(f) requires that the 
report include the redundancy and independence of the pressure-relief devices and their 
associated pressure-sensing and controls systems employed to preclude a loss of 
overpressure protec1ion in the event of a failure of any pressure·relief device, or its 
sensing element, or its associated control, or an external power source. 

72 References to individual ASME Code publications are not provided in Appendix D, but they are publicly 
available from ASME for a fee. 
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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 
1 o 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 Report. 

• Paragraph NB-7421, "Required Number and Capacity of Pressure-Relief Devices tor 
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 at least two pressure-relief devices. 

At the time of the Byron and Braidwood operating license review, Revision 1 of Standard 
Review Plan (SAP) Section 15.5.1-15.5.2 and Section 15.6.1 provided general staff guidance 
for these plant transients.73 In March 2007, the NRC staff issued Revision 2 to these SAP 
sections with significantly more detail, including a statement that PSVs and PORVs are 
assumed to fail open if they relieve water without being qualified.74 

Actions Following Three Mile Island, Unit 2 Accident 

The accident at Three Mile Island, Unit 2 (TMl-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 
TMl-2 accident, the NRC issued recommendations regarding performance testing of safety and 
relief valves used in nuclear power plants in NUREG-0578.75 In particular, the NRC staff 
recommended in Section 2.1.2, "Performance Testing for BWR (boiling-water reactor] and PWR 
Relief and Safety Valves," of NUREG-0578 that nuclear power plant licensees commit to 
provide pertormance verification 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-0737.76 

TMI Action Plan Item 11.D.1 in NUREG-0737 specified the NRC position that PWA 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 following: 

Licensees and applicants shall determine the expected valve operating 
conditions through the use of analyses of accidents and anticipated operational 
occurrences referenced in Regulatory Guide 1. 70, Revision 2. The single failures 
applied to these analyses shall 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 be provided in report form by October 1, 1981 : 

73 NRG 1981 band NRC 1981c 
74 NRG 2007b and NRC 2007c 
75 NRG 1979a 
7e NRG 1980b and NRC 1980c 
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(1) Evidence supported by test of safety and relief valve functionability for 
expected operating and accident (non-[anticipated transient without scram]) 
conditions must be provided to NRC. The testing should demonstrate that the 
valves will open 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 EPAI (Electric Power Research Institute) or other generic test 
program demonstrate the functionability of as-installed primary relief and safety 
valves. This correlation must show that the test conditions used are equivalent to 
expected operating and accident conditions as prescribed in the 1inal safety 
analysis report (FSAR). The effect of as-built relief and safety valve discharge 
piping on valve operability must also be accounted for, if it is 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 not directly tested. 

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

Pre-implementation review will be performed for EPAI 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, BWA, and applicant 
submittals with regard to the various test programs. These submittals should be 
made on a timely basis as noted below, to allow for adequate review and to 
ensure that the following valve qualification dates can be met: 

Final PWR (EPRI) Test Program--July 1., 1980 

Final BWR Test Program--October 1, 1980 

Block Valve 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 properly 
evaluate these plant-specific applications, the test data and results of the various 
programs will also be required by the following dates: 

PWA (EPRl)/BWR Generic Test Program Results--July 1, 1981 

Plant-specific submittals confirming adequacy of safety and relief valves 
based on licensee/applicant 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 submittals for piping and support evaluations--January 1, 
1982 

Plant-specific submittals for block valve qualification--July 1, 1982 

EPRI Testing 

In October 1982, EPRI issued NP-2670-LD to address testing of PORVs.77 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 (UFSAR)78). 

In December 1982, EPRI issued NP-2628-SR, which described safety and relief valve tests for 
types at valves in service at nuclear power plants. 7Ei In particular, Section 3.5 documented the 
testing of Crosby safety valves similar to the PSVs at Byron and Braidwood, 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 pressurizer PORVs at Byron and Braidwood, although the extent of 
water testing was not fully described. The report indicated no damage found during the 
inspection of the Copes-Vulcan relief valves. The report did not indicate any failures of the 
Crosby or Copes-Vulcan valves to reseat after discharging water during the testing. 

EPRI also published NP-2770-LD in the early 1980s to describe the testing of PWR primary 
system safety valves. Volume 1, issued in December 1982, provides a summary of the test 
program and its results.80 Section 4.5 of Volume 1 indicates that the following tests were 
performed on the Crosby 6M6 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 test had to be terminated. The individual volumes of EPRI NP-2770-LD 
discuss the test results for each specific PSV type. Volume 6, issued in March 1983, provides 
the test details for the Crosby 6M6 PSV. 

Westinghouse Evaluation of EPRI Testing 

In July 1982, the Westinghouse Owners Group (WOG) submitted WCAP-10105.81 In 
WCAP-10105, the WOG indicated that the design specification for PSVs in Westinghouse­
designed nuclear power plants is for steam service only. Based on a review of the EPRI test 
data, the WOG concluded that the valves performed with chatter, but did not identify any valve 
damage. 

In January 1988, Westinghouse issued WCAP-11677, which compared the EPRI test data with 
feedwater line break safety analyses.82 Westinghouse determined that all nuclear power plants 
addressed in the EPRI testing had PSVs that would operate reliably during water discharge. 
Westinghouse evaluated the performance of the Crosby 6M6 PSVs during the EPRI tests, and 

77 EPRI 1982a 
7e VEPCO 2015 
79 EPRI 1982b 
00 EPRI 1982c 
81 WOG 1982 
82 Westinghouse 1988 
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considered that the performance involved less significant flutter (half lift motion) 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 NRG safety evaluation reports (SERs) associated with the issuance of the operating 
licenses for Byron and Braidwood included evaluation of the TMI Action Plan items.83 In the 
introduction to the Braidwood SER, the NRC staff stated that the review and evaluation of 
compliance by the applicant with the licensing requirements established in NUREG-066084 and 
TMI Action Plan Item 11.0.1 were incorporated into the reviews summarized throughout the SER. 

Appendix E, "Requirements Resulting from TMl-2 Accident," to the Byron and Braidwood 
UFSAR in Section E.23, "Relief and Safety Valve Test Requirements (11. D. 1 )," references the 
1982 transmittal from Consumers Power of a test report for the EPRI safety and relief valve test 
program.85 The UFSAR states that the final evaluation of the data indicated that the relief and 
safety valves will perform their intended functions for all expected fluid inlet conditions. The 
UFSAR also references the October 1982 licensee evaluation of the adequacy of the relief and 
safety valves that had been submitted to the NRC.86 

In Supplement 1 to the Braidwood SER,87 in Section 3.9.3.3, "Design and Installation of 
Pressure Relief Devices," the NRG staff stated that EPRt had completed a full-scale valve 
testing program and referenced the July 1982 submittal of WCAP~10105. The NRC staff stated 
that the applicant responded to a requirement to demonstrate operability of these valves 
through submittals dated July 1, 1982, October 26, 1982, 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 item was acceptable, and provided adequate assurance that the RCS 
overpressure protection systems at Braidwood could adequately perform their intended 
functions. The NRG staff stated that if the detailed review revealed that 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 NRG staff would require 
that the applicant make appropriate modifications. The NRG staff categorized this issue as a 
Confirmatory Item. The NRC issued operating licenses for all four Byron and Braidwood Units 
between February 1985 and May 1988. 

Closure of TMI Action Plan Item 11.D.1 for Byron and Braidwood 

Following the issuance of the operating licenses, the NRG staff documented its review of the 
response to TMI Action Plan Item II. D.1 for Byron and Braidwood via two letters that transmitted 
similar Technical Evaluation Reports (TERs) developed by Idaho National Engineering 
Laboratory (INEL).88 In its letters, the NRG staff indicated that the licensee should develop and 
adopt plant procedures to inspect the pressurizer valves aHer each lift involving loop seal or 
water discharge. The TERs described the INEL review of the EPRI testing of PSVs and PORVs 

83 NRC 1983 and NRC 1986b (Braidwood), NRC 1984 and NRC 1987a (Byron) 
84 NRC 1980a 
Bs Consumers 1982 
86 ComEd 1982 
87 NRC 1986b. Similar discussion appears in NRC 1984 for Byron, and NRG 1987a (also for Byron) states 
thatTMI Action Plan Item 11.D.1 tiad been closed in NRC 1984. 
88 NRG 1988c (Byron) and NRC 1990a (Braidwood) 
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similar to the Byron and Braidwood pressurizer valves. The TERs concluded that Byron and 
Braidwood had provided an acceptable response to TMI Action Plan Item 11.D.1. 

Section 4.2.3, "Extended High Pressure Injection [HPI) Event," of the TERs stated that the 
potential for water discharge in extended HPI events can be disregarded for an extended 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, Section 4.3.1, "Safety Valves," and Section 4.3.2, "Power Operated Relief Valves," 
of the TERs determined that the performance of the PSVs 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 saturated water test where the valve opened with water, chattered, 
and stabilized. The TERs indicated that the PORVopened and closed on demand in the loop 
seal steam-water transition test, with a bending moment that was evaluated by analysis. 



APPENDIX C: CONCERNS REGARDING PERFORMANCE OF 
PRESSURIZER VALVES UNDER WATER FLOW CONDITIONS 

Westinghouse Nuclear Safety Advisory Letter 

In 1993 and 1994, Westinghouse issued Nuclear Safety Advisory Letter (NSAL) 93-013 its 
Supplement 1 to operating nuclear power plants (including Byron and Braidwood). 89 These 
advisories resulted from Westinghouse's discovery that potentially nonconservative 
assumptions were used in the licensing analysis of the Inadvertent Operation of the Emergency 
Core Cooling System at 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 of 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 concern, because the PORV block valves can be used to isolate 
the PORVs if they 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 (EGGS) flow used in the 
safety analysis, (2) using a less restrictive operator response time, or (3) crediting the use of 
one or more PORVs to help mitigate the event. 

In Supplement 1 to NSAL-93-013, Westinghouse informed 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 plant licensees is summarized below in the 
"Plant-Specific ActionsM section. 

Additional NRC Generic Communications and Guidance 

In 2003, the NRC staff issued a review standard for extended power uprate (EPU) reviews. 90 

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.91 In RIS 2005-
29, the NRC staff stated that typically Condition II scenarios92 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 
accident (LOCA). The NRG staff stated that it was concerned that some licensees may be 
crediting PORVs without qualification for water discharge and without establishing additional 
restrictions to ensure the availability of PORVs and block valves. The NRC staff stated that the 

89 Westinghouse 1993 and Westinghouse 1994 
90 NRC 2003 
91 NRC2005b 
92 As defined in American Nuclear Society (ANS) Standard 51.1/N18.2-1973 (ANS 1973). 
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advice in Westinghouse NSAL-93-013 to use the PORV block valves to isolate the PORVs is 
inconsistent with non-escalation position. 

In draft Revision 1 to RI$ 2005-29, the NRC staff addresses the specific ANS Condition II 
scenarios of chemical volume and control system (CVCS) malfunction, inadvertent opening of a 
POAV or PSV (IOPSRV), and the IOECCS event93 Regarding the CVCS malfunction, the NRG 
staff states that performing only a reactivity anomaly analysis or assuming that this malfunction 
is not as severe as the IOECCS event is not acceptable. Regarding the IOPSRV event, the 
NRC staff stated that inadvertent opening of PSV or PORV could continue as an ANS 
Condition Ill small break LOCA and fails to meet the non-escalation position. Regarding the 
IOECCS event, the NRG staff states that five of the alternative approaches in NSAL-93-013 fail 
to meet the non-escalation position. The NRC staff indicated that these unacceptable alternative 
approaches are·. 

1. closing the block valve 

2. assuming that the PORV is not operable 

3. addressing a stuck-open PORV or PSV as a separate ANS Condition II event 

4. determining that a stuck-open PORV or PSV is not as severe as a small break LOCA 

5. determining that RCS loss through PORV is made up by EGCS flow 

Additional General PSV/PORV 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.94 

The report 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 valves might 
cause increased chatter, and therefore, an increased failure rate. 

In 2011, the NRG summarized relief valve performance data in NUAEG/CR-7037, based on a 
study by the Idaho National Laboratory. 95 With respect to pressurizer PO RVs, the report found 
four separate water discharge events at four PWR plants. The report estimated 698 total 
demands on these PO RVs during their water discharge events with no failures to close. The 
report 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 reclose during 2070 demands, but 
does not specify 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, NRG staff from the Office of 
Nuclear Regulatory Research provided Licensee Event Report information indicating that the 
two PSV failures involved incomplete reseating of the valves with leakage of 25 and 200 gallons 
per minute, respectively. The report summarized EPIX test data for PSVs as no failures to 
reclose during 1805 demands. 

93 NRC 2015a 
94 EPRI 2004 
% NRG 2011 
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Plant-Specific Actions 

Dlablo Canyon 

In 1996, the licensee for Diablo Canyon Power Plant (Diablo Canyon) submitted a report of its 
evaluation under Title 10 of the Code of Federal Regulations (10 CFR), Section 50.59, 
"Changes, tests and experiments," of the potential for an IOECCS event.96 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 period. The licensee indicated that WCAP-1 1677 was applicable and 
demonstrated that the PSVs were operable. 

In 2004, the NAC issued a license amendment for Diablo Canyon that allowed credit for 
actuation of the PORVs in response to inadvertent safety injection (SI) actuation, to avoid 
challenges to the PSVs.97 To support the NRC staff's review, the licensee submitted additional 
information related to the capability of the PORVs to function adequately under conditions 
predicted for design-basis transients and accidents. 98 In response to a question regarding the 
design adequacy of the PORVs if the pressurizer becomes water solid, the licensee referenced 
a January 1986 NRG 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 fluid).99 

Salem 

In 1997, the NRC issued a license amendment revising the technical specification (TS) for 
Salem Nuclear Generating Station, Units 1 and 2 (Salem) to ensure that the automatic capability 
of the PORVs to relieve pressure would be maintained. 100 In response to NSAL-93-013, the 
licensee determined that an inadvertent SI actuation at power could cause the pressurizer to 
become water solid. The PSVs would lift and discharge water if the automatic operation of the 
PORVs were not made available for reactor coolant system (RCS) depressurization early 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 "safety related" 
standards and, thus, could not be credited for automatic mitigation of an inadvertent SI actuation 
at power. In response, the licensee proposed an upgrade of the PORVs to eliminate the 
possibility that a single active failure of a PORV component could prevent the mitigation of an 
inadvertent SI actuation at power. As discussed in the NRC staff's safety evaluation (SE), the 
licensee implemented modifications to the PORV circuitry to qualify the upgraded circuitry as 
safety-re lated. 

Regarding PORV performance, the licensee evaluated the PORV air accumulators and 
determined that they had sufficient capacity for the inadvertent SI event. The licensee also 
reported that endurance tests had been performed with five different trims (with different trim 
materials) on one PORV at Wyle Laboratories to demonstrate that (1) after 2000 consecutive 

96 PG&E 1996 
97 NRC 2004a 
98 PG&E 2003 
99 NRC 1986a 
100 NRC 1997 
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operations, there were no packing leaks or packing gland adjustments required; (2) there was 
no diaphragm failure; and (3) the solenoid valve withstood 10,000 operations without any loss of 
function. Based on this information, the NRC staff concluded that the PORV performance was 
acceptable to mitigate an inadvertent SI event. 

Millstone 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 capability of the PORVs to relieve pressure 
would be maintained. 101 The revised TS Bases stated that the PORVs and their associated 
piping had been demonstrated to be "qualified" for water discharge. The PORVs would prevent 
water 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 staff referenced a 
December 1997 Licensee Event Report that notified the NAC of the issue of potential failure of 
PSVs following water discharge.102 

As part of this license amendment, the licensee upgraded the PORV circuitry, added additional 
PORV surveillance requirements, qualified the PO RVs 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, the licensee reanalyzed the inadvertent SI event with the LOFTRAN 
computer code to determine the time available for operator action to make a PORV available 
and provide the mass and energy releases needed to qualify the PO RVs and associated piping 
for water discharge. The licensee referenced EPRI testing that was said to generically resolve 
TMI Action Plan Items associated with PO RVs and safety valve qualification for water and 
steam discharge, specifically the results from four tests of a Garrett PORV (such as used at 
Millstone 3) for water discharge.103 The licensee determined that the PORVs and associated 
piping are qualified for 1 hour of water discharge for an IOECCS event. The licensee also stated 
that the PORV manufacturer performed numerous cycle tests 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. 104 The NRG staff found the licensee 
information regarding the qualification of the PORVs tor water discharge during the inadvertent 
SI event to be acceptable. 

Callaway 

In 2000, the NAC issued a license amendment for Callaway Plant, Unit 1 {Callaway) that 
revised the TS to change the PSV lift setting range. 105 The changes also credited automatic 
actuation of at least one PORV during an IOECCS event to prevent water discharge through the 
PSVs; to enable this credit, the licensee modified and upgraded the PORV circuitry to full 
Class 1 E. In its license amendment request, 106 the licensee had stated that the design function 

101 NRG 1998 
102 Northeast 1997 
103 EPRI 1982a (Volume 11) 
104 NRC 1989 
105 NRC 2000 
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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 Item II.D.1 107 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 Braidwood requested an amendment to its TS to take credit 
for automatic operation of the PORVs to mitigate an IOECCS event. 108 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 PORV circuitry 
are nonsafety-related, with improvements implemented in response to GL 90-06. 109 The 
licensee stated that the PORV block valves are within the scope of the GL 89-1 O program. 

In 1999, the NRC staff requested additional information related to concerns that the PORV 
circuitry did not meet the single failure criterion.110 The licensee reevaluated its approach and 
withdrew its TS amendment request.111 No further action regarding this amendment request was 
identified by the Panel. However, in a public meeting during the review of the NRR Appeal, 112 

the licensee stated that the PORVs and their block valves at Byron and Braidwood are safety­
related with the exception of one circuitry aspect of the PORV.113 

In 2001, the NRG issued a license amendment for Byron and Braidwood to increase the 
maximum thermal power for each unit from 3411 megawatts thermal (MWt) to 3586.6 MWt 
(commonly referred as a stretch power uprate). 114 During its review, the NRC staff requested 
that the licensee address water solid conditions in the pressurizer, because it had generally not 
accepted a solid pressurizer for an IOECCS event to order given the potential for an 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. 115 The 
licensee discussed the EPRI testing program in response TMI Action Plan Item 11.D.1, with the 
results summarized in EPRI NP-2628-SR. 116 The licensee referenced previous NRC approvals 
related to TMI Action Plan Item II.D.1.117 

The NRC 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 expected 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 
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after discharging water, although they may not be leaktight.118 The licensee stated that the 
leakage from up to three leaking PSVs is bounded by one fully open PSV. The licensee 
indicated that the EPRI testing of the Crosby safety valves in EPRI NP-2770-LD, Volumes 1 
and 6, 119 are applicable. The licensee indicated that valve chatter occurred during the tests with 
damage to the internals, but that the safety valve closed in response to system 
depressurization. The licensee stated that the Byron and Braidwood pressurizer water 
temperature of 590 °Fis higher than the EPRI tests (530 °F}. The licensee stated that the 
assumed length of the event is 20 minutes from initial SI signal to when the system pressure is 
restored below PSV lift setpoint. 

In Section 3.2 of the SE accompanying the license amendment, the NRC staff discussed its 
review of the pertormance of the PORVs and PSVs to discharge liquid water for approximately 
20 minutes. The NRC staff discussed the EPRI testing program, with the conclusion that the 
PSV would close in response to 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 performance of the valves for the 
expected water temperature conditions, and that there was reasonable assurance that the 
valves would adequately reseat following the spurious SI event. The NRG staff determined that 
EPRI test data indicated that the PSVs 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. Therefore, the NRG staff found the licensee's crediting of 
the PSVs to discharge liquid water during the spurious SI event to be acceptable. This portion of 
the SE was based on input provided by the Office of Nuclear Reactor Regulation {NRA} Reactor 
Systems Branch, with technical input from the responsible staff member for safety valves in the 
NRA Division of Engineering. 120 

As noted by the licensee, Section 15.5.1 of the Byron and Braidwood UFSAR at the time of the 
stretch power uprate includes PSV water discharge and references the TMI Action Plan 
Item 11.D.1 approvals.121 The current UFSAA Revision 15 concludes that the IOECGS event 
does not progress into a stuck-open PSV LOCA event.122 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 IOPSRV event. The UFSAR also specifies that if SI results in 
discharge of coolant through the pressurizer valves, the operators will bring the plant to cold 
shutdown to inspect the valves. 

In 2004, the NRG issued a license amendment for Byron and Braidwood granting an adjustment 
to the PSV setpoints. 123 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 
water 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 result in a water-solid pressurizer and water discharge through the 
PSVs. The proposed PSV setpoint tolerance assuming negative tolerance would result in a 
lower PSV lift setpoint. With the lower setpoint. the PSV would open earlier, and a larger 
number of PSV water cycles with a lower water discharge temperature could result during the 
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transient. The licensee performed an analysis of the LOAC with RCP seal injection event, and 
determined the revised PSV setpoint would result 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 SI 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 water temperature (3.0 °F vs. 0.5 cF) than that calculated for the 
LOAC with ACP seal injection event. The water discharge temperature in the analysis of record 
for the spurious SI 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 found that the calculated 
water discharge temperature (587 °F) was significantly higher than the discharge water 
temperature of 530 °F that was used 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 SI event. 

In 2014, the NRG issued a license amendment for Byron and Braidwood granting a 
measurement uncertainty recapture (MUR) power uprate. 124 The NRC staff determined that the 
IOECCS event was outside of the scope of the MUR power uprate, because the licensee did not 
propose to modify the Chapter 15 analyses related to PSV and PORV water discharge. 

With respect to inservice testing (1ST) activities, the Byron 1ST program 125 references the ASME 
Code for Operation and Maintenance of Nuclear Power Plants (OM Code), 2004 Edition through 
2006 Addenda; and the Braidwood 1ST program126 references the ASME OM Code, 2001 
Edition through 2003 Addenda. The Byron 1ST 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 exercise open and 
closed (cold shutdown interval), and position indication test (2 year interval) 

• PORV 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 lnservice 
Testing of Active Electric Motor Operated Valve Assemblies in Light-Water Reactor 
Power Plants" (JOG Program interval) 

• PSV: position indication test (2 year interval) and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I, "lnservice Testing of Pressure Relief Devices 
in Light-Water Reactor Nuclear Power Plants· 

The Braidwood 1ST Program specifies the following testing and intervals for the PORVs, PORV 
block valves, and PSVs: 

• PORV: fail safe test closed (refueling outage interval), stroke-time exercise open and 
closed (refueling outage interval), and position indication test (2 year interval). 

• PORV Block Valve: exercise open and closed (quarterly interval) and position indication 
test (2 year interval) 

124 NRC 2014a 
125 Exelon 2016b 
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• PSV: position indication test (2 year interval), and relief valve test (5 year interval), 
referencing ASME OM Code, Appendix I 

Shearon Harris 

In 2001, the NRC issued a license amendment to Shearon Harris Nuclear Power Plant, Unit 1 
(Shearon Harris) for steam generator replacement and a power uprate to a maximum power 
level of 2900 MWt (approximately 4.5 percent).127 In addressing the licensee's evaluation of 
Standard Review Plan (SRP) Section 15.5.1, the NRC staff found that the analysis showed that 
the calculated inlet pressures and temperatures required for the POAVs and safety relief valves 
(SRVs)128 to operate in a water environment were within the valve operable ranges, and thus 
ensured that the PORV and SRV would be operable during the transient. The valve operable 
ranges were previously determined by the licensee to support operability of the PORV and SRV 
during the discharge of subcooled water in accordance with the TMI Action Plan Item 11.0.1 
requirements. Based on the analysis meeting the acceptance criteria of SAP Section 15.5.1 with 
respect to the RCS pressure limit and departure-1rom-nucleate-boiling limit, the NRC staff 
concluded that the analysis was acceptable. 

Beaver Valley 

In 2006, the NRC issued a license amendment authorizing an EPU for Beaver Valley Power 
Station, Units 1 and 2 (Beaver Valley), an approximate a-percent increase in thermal power to 
2,900 MWt. 129 In the SE accompanying the amendment, the NRC staff described its review of 
the capability of the PSVs to discharge liquid and adequately reseat for a spurious SI actuation. 
The NRC staff specifically evaluated whether the PSVs could reasonably be expected to reseat 
to prevent the spurious SI actuation (an ANS Condition II event) from causing a stuck-open PSV 
(an ANS Condition Ill event). This issue was said to be further discussed in RIS 2005-29. While 
the PSVs for Beaver Valley were qualified to discharge steam, it the valves discharged water 
with sufficient subcooling, the NRC staff was concerned that they might not reseat properly. 

Based the licensee's analysis, during a spurious SI event, the PSVs would be required to 
discharge steam followed by high temperature water after the pressurizer filled. The licensee 
provided plots of the pressurizer water temperatures for this event that indicated that the 
minimum temperature of the discharged liquid for Beaver Valley was approximately 620 °F. To 
evaluate the capability of the valves to discharge and reseat, the NRC staff reviewed the 
available data from the full-flow tests performed during the EPAI test program in 1981 for the 
specific PSV models representative of those installed at Beaver Valley. The licensee also used 
the methodology contained in WCAP-11677 and determined that the minimum acceptable liquid 
temperature for which the PSVs were expected to successfully discharge and reseat was less 
than the minimum expected temperature for the spurious SI event for Beaver Valley. 

The NRC staff agreed that both the minimum expected water discharge temperature and the 
minimum acceptable water temperature had been conservatively calculated. Therefore, the 
NRC staff determined that, for purposes of preventing the occurrence of a mare serious ANS 
Condition Ill event, there was reasonable assurance that the PSVs would discharge water and 
reseat adequately following a spurious SI actuation. A consideration of the NRC staff in making 

127 NRC 2001 d 
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this finding was that, in the unlikely event of a stuck-open PSV, the ECCS was fully capable of 
mitigating the resulting LOCA. 

Turkey Point 

In 2012, the NRC issued a license amendment authorizing an EPU for Turkey Point Nuclear 
Generating, Units 3 and 4 (Turkey Point), increasing the thermal power level of each unit 
approximately 15 percent to 2644 MWt. 130 

In the SE accompanying the amendment, the NRC staff indicated that ECCS actuation was not 
a possible initiator of inadvertent increase in reactor coolant inventory because the high head SI 
pumps have a shut-off head below the normal RCS operating pressure. The NRG staff stated 
that a eves malfunction that increases RCS inventory was evaluated for the effects of adding 
water inventory to the RCS. If the pressurizer filled and caused water to be relieved through the 
PORVs or PSVs, then these valves could stick open and create a small break LOCA. The NRC 
staff stated that this would violate the acceptance criterion that prohibits the escalation of an 
anticipated operational occurrence (AOO) into a more serious event. Satisfaction of this 
acceptance criterion was demonstrated by showing that sufficient time would exist for the 
operator to recognize the situation and end the charging flow before the pressurizer could fill. 
The NRe staff concluded that the licensee's analyses of IOEeCS and eves events adequately 
accounted for operation of the plant at the proposed power level. 

Regarding an inadvertent opening of a PORV, the licensee initially proposed that the 
consequences of this event were bounded by the small break LOCA. The NRC staff did not 
accept this proposed disposition. If action were not taken to secure the open valve by either 
closing the PORV or its block valve, the NRe staff stated that this event could escalate to a 
small-break LOCA, which would be contrary to the non-escalation position. When the 
pressurizer filled, water would begin to flow through the open PORV. If the PORV were not 
qualified for water discharge, the NRC staff stated that it was likely the PORV would not close 
upon demand. In this way, the NRC staff stated that the inadvertent opening of a PORV, an 
AOO, would become a small break-LOCA at the tap of the pressurizer, an ANS Condi1ion Ill 
event. The NRC staff requested that the licensee address the inadvertent opening of the PORV 
with respect to the third criterion for an ANS Condition II event. 

The licensee provided an analysis performed largely in accordance with NRG-approved, 
Westinghouse analytic methodology using the RETRAN computer code; however, this analysis 
was performed assuming that the POAV opened instead of the PSV. The NRC staff stated that 
assuming the opening of the PORV is acceptable, because the PSV is differently qualified, and 
reseats mechanically. An additional independent fault would be required to cause the PSV to fail 
to close. The analysts indicated that the pressurizer would fill within about 240 seconds. The 
licensee stated that there were multiple alarms to indicate the opening of a PORV. The licensee 
stated that a prompt operator action would be needed to close the PORV and, if the PORV does 
not close, the operator would be directed to close the block valve. Because the necessary 
actions would be prompt and simple, the NRC staff agreed that there would be sufficient time to 
secure the inadvertently open PORV without filling the pressurizer. 

130 NRC 2012a 
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St. Lucie 

In 2012, the NRC issued a license amendment authorizing an EPU for St. Lucie Plant, Unit 2 
(St. Lucie, Unit 2) that increased the authorized thermal power level about 12 percent to 
3020 MWt. 

Regarding an IOECCS event, the high pressure SI pumps would be incapable during power 
operations of delivering flow to the RCS because the pumps' shut-off head would be less than 
the normal RCS operating pressure of 2250 pounds per square inch absolute. Therefore, the 
licensee detem,ined that the inadvertent operation of the ECCS at power event was not a 
credible event and did not analyze it for the proposed EPU. The NRC staff found that the 
licensee's position for not analyzing the IOECCS event to be acceptable. 

Regarding a eves malfunction, the licensee evaluated it as an AOO for the effects of adding 
water inventory to the RCS. The NRC staff reviewed the licensee's analyses of the eves 
malfunction event and concluded that the licensee's analyses adequately accounted for 
operation of the plant at the proposed power level and were pertormed using acceptable 
analytical models. The NRC staff determined that the licensee's analysis demonstrated that the 
pressurizer did not become water solid, assuring no water was discharged through the PSVs. 

Regarding an IOPORV event, the NRC staff stated that, when viewed from the mass addition 
perspective, this event could be evaluated in two phases: (1) an inadvertent opening of a 
pressurizer relief valve, followed by (2) an inadvertent ECCS actuation. In the first phase, the 
NRG staff stated that this event could be mitigated by closing the open PORV or its block valve. 
If the PORV or its block valve was not closed, the NRC staff stated that the IOPORV event 
would enter the second phase with actuation of the ECCS. Based on its review, the NRC staff 
determined that the pressurizer overfill analysis, available alarming system, and procedures, in 
combination with simulator exercise results, provided reasonable assurance that the pressurizer 
would not be expected to fill to a water solid condition that could prevent the PORV or PSV from 
closing after they were open. The NRC staff therefore concluded that the event would not 
generate a more serious plant condition, meeting the non-escalation criterion. The NRC staff 
stated that it reviewed the licensee's analyses of the inadvertent opening of a pressurizer PORV 
event, and concluded that the licensee's analyses adequately accounted for operation of the 
plant at the proposed power level and were pertormed using acceptable analytical models. 

The NRC staff concluded that the licensee demonstrated that all AOO acceptance criteria were 
satisfactorily met. 

North Anna 

North Anna Power Station, Units 1 and 2 (North Anna) UFSAR Section 15.2.14, "Spurious 
Operation of the Safety Injection System at Power," describes plant response to an inadvertent 
SI event. In particular, UFSAR Section 15.2.14.2.3, "Event Propagation," states the following: 

Safety valve (Reference 18) and PORV (Reference 19) testing has revealed no 
instances of failure of the valves to reseat following water relief. Resulting 
leakage is within the capacity of the normal makeup system and is therefore not 
considered to be a small break loss of reactor coolant event. Therefore, the 
complete filling of the pressurizer and/or water relief via a safety valve as a result 
of a spurious safety injection does not constitute a failure to meet the event 
propagation acceptance criterion. Although primary credit for preventing the 
propagation of the event to a small break loss of reactor coolant event is the 
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reseating o1 the PORVs and safety valves, it is noted that the PORVs (which 
open prior to the safety valves and, if open, preclude safety valve actuation for 
this event) are provided with block valves which the operator will close in the 
event of excessive PORV leakage. 

North Anna UFSAR Section 15.2.14.3, "Conclusions," indicates that the complete filling of the 
pressurizer and water discharge via a PSV as a result of a spurious SI does not constitute a 
failure to meet the non-escalation position. Furthermore, UFSAR Section 15.2, "References," 
lists EPRI NP-2770-LO and EPRI NP-2670-LD. 

Conclusion 

In conclusion, the reliance by the licensee for Byron and Braidwood on the acceptable 
performance of the PSVs and PORVs following water discharge in response to abnormal events 
is not inconsistent with similar approaches by some other nuclear power plant licensees. In 
general, the review of activities by various nuclear power plant licensees related to PSV and 
PORV performance revealed reliance on EPRI, Wyle, and valve vendor testing to provide 
support for the performance o1 these valves under various service conditions. Specific 
certification for flow capacity of these valves for water discharge in accordance with the ASME 
BPV Code and National Board was not identified in the review of various justifications prepared 
by nuclear power plant licensees. 

In evaluating the historical documents for Byron and Braidwood, the Panel found it challenging 
to determine specifically how the licensee resolved the concern raised in NSAL·93-013 in its 
analyses and plant operations. While the record does support a compliance backfit in this case, 
if (as recommended by the Panel) the NRC staff undertakes a generic review of licensees' 
treatment of the potential for pressurizer valve damage following water discharge, it may be 
appropriate to consider what actions have been taken, how operating experience with water 
discharge has been considered, and how analysis assumptions are considered in operational 
practices (including inservice testing) at each plant. 
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MEMORANDUM TO: Victor M. Mccree 
Executive Di rector for Operations 

FROM: Gary M. Holahan, Backfit Appeal Review Panel Chairman 
Ottice of the Execulive Director for Operations 

SUBJECT. 

K. Steven West, Deputy Director 
Office of Nuclear Security and Incident Response 

Thomas G. Scarbrough, Senior Mechanical Engineer 
Office of New Reaclors 

Michael A Spencer. Senior Attorney 
Office of the General Counsel 

Theresa Valentine Clark, Executive Technical Assistant 
Office of the Executive Director for Operations 

BACKFIT APPEAL REVIEW PANEL FINDINGS ASSOCIATED WITH 
BYRON AND BRAIDWOOD COMPLIANCE WITH 10 CFR 50.34(b), 
GDC 15, GOG 21, GOG 29, AND THE LICENSING BASIS 

In response to your memorandum ol June 22, 2016, establishing a Backlit Appeal Review Panel 
(Agencywide Documents Access and Management System (ADAMS) Accession 
No. ML 16173A311 ), the Panel undertook a review ol the relevanl documents in this case. This 
included ttie licensee and NRC staff letters related to the backlit: the 2001 power uprate and the 
2004 valve setpoint license amendments (ADAMS Accession Nos. ML033040016 and 
ML042250531, respectively); and a June 16, 2016, letter from the Nuclear Energy lnstltule (NEI) 
supporting the Exelon backrit appeal (ADAMS Accession No. ML 16208A008). The Panel also 
reviewed numerous other documents related to the topjc of inadvertent operation of the 
emergency core cooling system (ECCS) and pressurizer safety valve performance. 

In addition to the document review, the Panel had the bonelit ol meetings with the Office of 
Nuclear Reactor Regulation (NRR) (both the Division of Salety Systems and the Division ol 
Engineering), the Office of tho General Counsel, and 'the NRG Cornm1nee to Review Generic 
Requirements (CRGR). In addition, the Office ol Nuclear Regulatory Research (RES) conducted 
an analysis that provided insights on ttie risk significance of the sequence at issue. 

CONTACT: Gary M. Holahan. OEDO 
301-415-1765 
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The Panel also shared it;; draft preliminary findings with NRA and OGG for comment. NRR 
provided comments, lhe consideration ol which is reflected in the attached report Both Exelon 
(Bradley Fewell, Senior Vice President of Regulatory Affairs) and NEI (Tony P1etrangelo, Senior 
Vice President and Chief Nuclear Officer) declined offers for a public meeting but indicated a 
willingness to provide information ii the Panel identified the need. The Panel did not identify a 
need for additional information from either Exelon or NEI to complete its review, which is 
summanzed below and documented in the attached report. 

Based on its review, the Panel concludes that the NRC staff positions tal<en to support the 
compliance backfit finding represent new and different staff views on how to address potential 
pressurizer safety valve failures following water discharge. Alltlough these staff positions are 
well-intentioned and conservative approaches lhat could provide additional safety margin, they 
do not provide a basis for a compliance backfit. In lhe absence of a lailure of the pressurizer 
safety valve to reseat, the concerns articulated in the backlit relaled to event classification, 
event escalation. and compliance with 10 CFR 50.34(b) and General Design Crilena 15, 21, and 
29 are no longer at issue 

The Panel notes, as did a member of the earlier NRR backlit appeal panel (ADAMS Accession 
No. ML 16081 A405), that 1he issue of pressurizer valve performance following water discharge 
appears to have generic applicability, and is not specific to Byron and Braidwood. The Panel 
believes that resolution of this issue wt>uld have benefited from consideration of the generic 
nature of the issue through the appropriate NRG processes. 

Your June 22, 2016 memorandum asked lhe Panel to answer five questions. These questions 
and !tie Panel"s responses follow: 

1. Were the approvals based on a mistake? II so, what was the mistake and what are 
lhe impllcations tor Braidwood and Byron? 

Answer: The 2001 and 2004 license amencnienls were based on reasonable and well­
informed engineering judgment of the NRC staff, not a mistake. 

2. What is the known and established standard for water quelification of pressurizer 
safety valves? 

Answer: The standard in place in 2001 and 2004 and at present is that failures of 
pressurizer safety valves to reclose need not be assumed to occur following water 
discharge if the likelihood is sufficiently small, based on well-informed stall engineering 
judgment. 

3. What is the known and established standard for progression of postula1ed events 
between categories of severity? Include a discussion of Regulatory Issue 
Summary 2005-29, "Anticipated Transients that Could Develop into More Serious 
Events," dated December 14, 2005 [ADAMS Accession No. ML051890212], and the 
draft Revision 1 that was issued for public comment in 2015 [ADAMS Accession 
No. ML15014A469]. 

Answer: For Byron and Braidwood, the standard for progression of postulated events 
between categories of severity is set forth in the Updated Final Safety Analysis Report 
(UFSAR), as described in the NRG stall's October 9, 2015, backlit imposition letter 
(ADAMS Accession No. ML14225A871 ). The Panel supports the NRG staffs view that 
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non-escalation (from Condition II to Coodition Ill or IV, as defined in American Nuclear 
Society Standard 51.1/N18.2-1973, "Nuclear Safety Criteria for the D@sign of Stationary 
Pressurized Water Reactor Plants," daled August 6, 1973) is a known and established 
standard applicable to Byron and Braidwood. However, this event progression standard 
does not establish specific standards for valve qualification. Therefore. it is nol the basis 
for a compliance backlit given this set of facts. Regulatory Issue Summary 2005-29 and 
its draft Revision 1 do not alter this conclusion. 

4. Does the current licensing basis for Braidwood and Byron comply with the 
applicable regulations? Is it adequate to provide protection to public health and 
safety? 

Answer: The Panel concludes that the current licensing bases for Braidwood and Byron 
do comply with the applicable regulations based on the UFSAR analyses which the NRG 
staff found acceptable through a reasooable and technically sound evaluation using 
appropriate Commission safety standards. The Panel also concludes that there is 
reasonable assurance of adequate proteclion of the public health and safety. 

5. Given that Exelon suggests that the 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? 

Answer: The analysis performed for the Panel by RES provides insights on the risk 
significance of the sequence at issue. This analysis suggests that an inadvertent EGGS 
actuation sequence, assuming that pressurizer overfill leads to a small loss-of-coolant 
accident, contributes approximately 1 percent al the total internal events core damage 
frequency (CDF). If the backlit were implemented such that pressurizer overfill were 
always prevented. the GDF reduction is estimated at 1.5E-07 per year. ,1_ t,,e Psv,, ,,re 
not u$sumcd tq..')lwavs f~il tG;lo'."lr.td wc1ter disch~_JSQ_r,_~,:'~{'Je:t_x,:!!l!JC;E!.Jlf3g_-y;,1,_1 
9}fl.<>r_t_LJQ9!:DfJRi_ri 20:J 1' or a srna•is,1 m1p.!9.';!§'rne11t than a· l""r/!';,;I bao;;.!i!!!Y•'.'.C::.r::: 
considered the ri,k-reductio11 hf'!nAfll f!f ir11pt;:,mm1!ing01e back11! woult1_ be c'vff 
smatler.be&S--ti-Of~~-a~~+"1j){L(~~s-!4taA--the-ss, -E'*tt~-fi1~--~~ttkf-pro·v1tW~ :1 .~),-~~~~il<:"7r 
risk Gefl8fit thrh, if~1 Inf' har~kJ,.,. 

The Panel is aware of and sensitive to two important issues related lo this question. 
First, NRR, not the appeal Panel, is responsible tor any decisions on alternative 
applicafon of the backlit rule to this issue, Second. the Panel does not wish to imply that 
"the contribution to plant risk" should be seen as the only measure ol enhanced safety, 
For example, defense-in-depth has a recognized role and value in the regulatory 
process. 

The Panel's findings therefore support the Exelon backfit appeal, and we recommend that you 
respond to NRR's repeal with a reversal of the October 9, 2015, bac~fit imposition. In addition, 
to address the generic nature of the issues described in the enclosed report, we recommend 
that you direct NRR to: 

• verify (e.g., through lener, meeting. or owners group activity) that all pressurized-water 
reactors have resolved this technical issue in a reasonable manner, and 

Commented [MAS1J; I took this from 1h8 ,eport. 1rs " 
clearer Slltement ol oow coose!VadYe the RES 
8"5umpllon was_. 
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• re-evaluate the matters discussed in Regulatory Issue Summary 2005-29 and its draft 
Revision 1111rough the appropriate generic process to avoid lhe inappropriate or 
inadvertent imp<>sition of backfits. 

Furthermore, in the course ol its activities, the Panel has developed several insights relevant 10 
the backlit process and the use of generic processes to address potential safety issues. The 
Pan el plans to share these insights with the C RGR for its use in addressing your June 9, 2016, 
tasking related to implementation of agency backfilling and issue finality guidance. The Panel 
also identified other lessons from its review of the NRC evaluation of the performance of 
pressurizer safety valves for Braidwood, Byron, and other nuclear power planls that are 
identified in the attached report. 

Finally, the Panel would like to recognize the valuable context and insights provided by NRA 
and OGC staff dunng this effort, arid the timely and responsive efforts of RES in providing lhe 
comprehensive and useful risk analyses requested by the Panel. 

The Panel is available to respond to any questions or provide any other assistance needed. 

Enclosure: As stated 
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Panel plans to share these insights with the C RGR for its use in addressing your June 9, 2016, 
tasking related to implementation of agency back1itting and issue finality guidance. The Panel 
also identified other lessons from its review of the NRC evaluation of the performance of 
pressulize1 safety valves for Braidwood, Byrcm, and other nuclear power planls that are 
identified in the attached report. 

Finally, the Panel would like to recognize the valuable context and insights provided by NRA 
and OGC staff during this effort, aod the timely and responsive efforts of RES in providing the 
comprehensive and useful risk analyses requested by Ille Panel. 

The Panel is available to respood to any questions or provide any other assistance needed. 

Enclosure: As stated 
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Clark, Theresa 

From: 
Sent: 
To: 

Cc: 
Subject: 
Attachments: 

Clark, Theresa 
Fr'1day. September 09, 2016 4:32 PM 
McCree, Victor; Johnson, Michael 

Holahan, Gary; Lewis, Robert; Tracy, Glenn 
RE: backfit documents 
EDO Memo to NRR FINAL2.docx; EDO Memo to NRR FINAL2 tracked.docx 

Thanks, Vic! I hope you will not mind that I was so bold as to make some editorial changes, mainly to define acronyms 

and add MUts. Attilched is the updilted version {which is also in ADAMS) as well as a tracked version so you can see what 

I did (with pure formatting changes accepted so it doesn't look messyj. I also created a placeholder enclosure so it will 
be easy to paste in the "reclama" information when you are ready. 

I will update the paper package (on Gary's desk) shortly. I will also be taking my computer home over the weekend so 

please let me know if you need anything else or see issues with the changes J made. Thanks! 

Theresa Valentine Clark 
Executive Technical Assistant (Reactors) 

U.S. Nuclear Regulatory Commission 

Theresa.Clark@nrc.gov I 301-415-4048 I 0-16E22 

From: Mccree, Victor 
Sent: Friday, September 09, 2016 3:33 PM 
To: Clark, Theresa <Theresa.Clark@nrc.gov>; Johnson, Michael <Michael.Johnson@nrc.gov> 

Cc: Holahan, Gary <Gary.Holahan@nrc.gov>; Lewis, Robert <Robert.Lewis@nrc.gov>; Tracy, Glenn 
<Glenn.Tracy@nrc.gov> 

Subject: Re: backfit documents 

Hi Theresa! 

Please see my edits, attached, and prepare for final signature. 

I'll send edits to the Tom Scarborogh-penned response to Bill's reclama for use as the attachment referenced in the 

memo. 

Thanks for your help! 

Vic 

On: 09 September 201610:48, "Clark, Theresa" <Theresa.Clark@nrc.gov> wrote: 

Vic, 

Per your request, attached are the current Word versions of the three documents we are working related to the backfit 

decision. ADAMS links are also provided below for completeness. I would be happy to assist in incorporating your 

changes into the paper/ADAMS packages. Feel free to email or call me at 301-415-4048 (office) or 301-693-9929 {cell). 



MEMORANDUM TO: William M. Dean, Director 

FROM: 

SUBJECT: 

Office of Nuclear Reactor Regulation 

Victor M. McCree 
Executive Director for Operations 

RESULT OF APPEAL TO THE EXECUTIVE DIRECTOR FOR 
OPERATIONS OF BACKFIT IMPOSED ON BRAIDWOOD AND 
BYRON STATIONS REGARDING COMPLIANCE WITH 
10 CFR 50.34(b), GDC 15, GOC 21, GDC 29, AND THE LICENSING 
BASIS 

As you are aware, on June 22, 2016, I established a Backfit Appeal Review Panel (Panel) in 
accordance with Management Directive (MD) 8.4, "Management of Facility-specific Backfitting 
and Information Collection," to review the subject appeal and to provide me with 
recommendations (Agencywide Documents Access and Management System (ADAMS) 
Accession No. ML 16173A311 ). On August 24, 2016, the Panel transmitted the results of its 
review to me (ADAMS Accession No. ML 16236A202). The memorandum from the Panel 
responding to my tasking, recommended that the 2015 compliance backfit be withdrawn, and 
included the Panel's report and the basis for this recommendation (ADAMS Accession No. 
ML 16236A208). 

I have reviewed the Panel's report, its recommendations_,_ and responseits responses to the 
questions I posed when establishing the panel. In addition, I met with you on September 12, 
2016, to discuss my decision and assure that it reflects the thorough, technically sound, and 
legally well-founded consideration that this matter merits. Our discussion included my response 
to the additional perspectives you provided to me in your email dated September 2, 2016, which 
is attast:let!lenclosed, for reference. 

As we discussed, the central question in the appeal panel's review was whether an adequate 
basis exists for backfitting using the compliance exception in 10 C FRTitle 10 of the Code of 
Federal Regulations (1 O CFRL Section 50.109(a)4(i) to address potential pressurizer safety 
valve failures following water discharge. With regard to compliance, the 1985 statement of 
considerations for 1 O CFR 50.109 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 .... " In answering this question, 
the Panel focused on the following three related technical and regulatory positions for the 
pressurizer safety valves (PSVs) described in the staff's October 9, 2015, safety evaluation 

CONTACT: Gary M. Holahan, OEOO 
(301) 415-1765 
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imposing the backfit (ADAMS Accession No. ML 14225A871, referred to as the Backfit SE).,_aAG 
~as well as the staff's May 3, 2016, response (ADAMS Accession No. ML 16095A204) to the 
backfit appeal by Exelon Generation Company, LLC {the licensee)-dated-May-3,-2016~ 

1. 

2. 

3. 

American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code 
{BPV Code) ASME Code water qualification (certification) documentation is required if a 
PSV is to be assumed to reclose a1ter passing water. 

Water discharge through a steam-qualified PSV will cause the valve to stick in its fully 
open position. 

PSVs are subject to the single-failure criterion. 

As the Panel noted in its report, it is important to acknowledge that the PSVs in question were 
designed for steam service and that water discharge through such valves is undesirable and 
should be minimized or avoided as a matter of conservative engineering and prudent 
operations. This perspective is reinforced by several industry positions and testing, as well as 
operator training and control room procedures intended to terminate a potential pressurizer 
overfill event before filling the pressurizer filling. For these reasons, the staff's position 
described in the NRC's backfit imposition letter and its response to the backfit appeal, 
represents a well-intentioned and conservative approach that could provide additional safety 
margin. However, based on my review of the relevant documents and discussions, I agree with 
the Panel's conclusions and support its recommendations. In particular, I agree with the Panel's 
assessment of the three relevant technical and regulatory positions+~ 

First, regarding ASME Code water qualification (or certification), when considered in the context 
of the Byron and Braidwood licensing basis, valve "qualification" implies a general 
demonstration of capability, such as through the ~Electric Power Research Institute testing 
conducted in response to Three Mile Island (TMll Action Plan Item 11.D.1. not ASME BPV Code 
certification. Thus, when preparing the safety evaluations associated with two license 
amendments in 2001 and 2004 (referred to as the Uprate SE and the Setpoint SE iR 2QQ1 aREI 
2004, respectively,l. the NRC staff exercised reasonable and well-informed engineering 
judgment to conclude that the PSVs were unlikely to stick in the fully open position. The NRG 
staff's determination that ASME BPV Code certification is necessary for PSVs first appears in 
the Backfit SE and is not addressed in any of the final NRG requirements or guidance 
documents reviewed by the Panel. As such, the NRG staff's position on valve qualification in 
the Backfit SE represents a new or modified interpretation of what constitutes compliance in 
addressing potential PSV failures following water discharge. 

Second, regarding PSV failure following water discharge, 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. Without the presumption of PSV failure to reseat, the concerns in the Backfit SE 
related to event classification, event escalation, and compliance with 10 CFR 50.34{b) and 
@GsGeneral Design Criteria 15, 21, and 29 are no longer at issue. 

Third, the determination that application of the single failure criterion is necessary first appears 
in the draft Revision 1 to -RISRequlatory Issue Summary 2005·29. This position, which is still 
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under development, is not included in any final NRC requirement or guidance document 
reviewed by the panel. 

In sum, neither of the three positions were "known and established standards of the 
Commission~ when the NRG issued the Uprate SE and the Setpoint SE in license amendments 
tG-for Byron and Braidwood in 2001 and 2004, respectively, for determining when it was 
appropriate to assume a failure of a PSV to reseat. Based on the Panel's review, they were not 
"known and established standards of the Commission" in 2005 (when RIS 2005-29 was issued), 
in 2006 (when the Beaver Valley extended power uprate was approved), in 2007 (when 
Revision 2 to Standard Review Plan Sections 15.5.1 -15.5.2 was issued), nor are they 
"established standards of the Commission" at present. 

As a result, I do not support the use of the compliance exception to impose the subject backfit. 
agree with the Panel's assessment that the current licensing basis for Byron and Braidwood 
complies with the applicable regulations and provides adequate protection of public health and 
safety. I have responded directly to the licensee with my decision on its appeal. 

The Panel's report also identifies two issues that warrant further NRC consideration. The report 
reveals the need to assess the treatment of the underlying technical issue described in the 1993 
Westinghouse Nuclear Safety Advisory Letter {NSAL-93-013) on PSV performance a1ter water 
discharge at pressurized water reactors. In addition, given the decision communicated herein, 
the positions included in RIS 2005-29, as well as its proposed Revision 1, should be 
(re)assessed through the appropriate generic process to ensure they receive appropriate backfit 
consideration. You are requested to inform me within 30 days of your plan to respond to these 
issues. 

As you are also aware, I have recently directed the U.S. Nuclear Regulatory Commission (NRG) 
Committee to Review Generic Requirements (CRGR) to assess the adequacy and currency of 
existing NRC requirements, guidance, criteria, procedures, and training on the subject of 
backfitting (ADAMS Accession No. ML 16133A575). The Panel has already been in contact with 
the CRGR to share insights and perspectives from this review. I believe that the CRGR 
evaluation of our implementation of the backfit process presents us with a timely opportunity to 
further enhance our regulatory process. 

Finally, I recognize that the technical and regulatory positions used in the staff's decision­
making involved careful, thorough, and technically solid considerations, reflecting their 
commitment to ensuring safety. Knowing that our people take seriously the responsibility for 
assuring public health and safety and are willing to pursue backfits, when appropriate, to assure 
or enhance safety is key to successfully fulfilling our mission. Although expected, I also 
sincerely appreciate the cooperation and respect evidenced by both your staff and the Panel 
members as the Panel evaluated the merits of the licensee's appeal of this technically complex 
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and difficult regulatory issue. Their collegial interactions reflected the best of our agency values 
and contributed to what I consider to be a sound regulatory decision. 

Enclosure: 
As stated 

cc: Chairman Burns 
Commissioner Svinicki 
Commissioner Baran 
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MEMORANDUM TO: William M . Dean, Director 
Office of Nuclear Reactor Regulation 

FROM: Victor M . Mccree 

SUBJECT: 

Executive D irector for Operations 

RESULT OF APPEAL TO THE EXECUTIVE DIRECTOR FOR 
OPERATIONS OF BACKFIT IMPOSED ON BYRON AND 
BRAIDWOOD STATIONS REGARDING COMPLIANCE WITH 
10 CFR 50.34(b), GDC 15, GDC 21 , GDC 29, AND THE LICENSING 
BASIS 

As you are aware, on June 22, 2016, I established a Backfit Appeal Review Panel (Panel) in 
accordance with Management Directive (MD) 8 .4 , "Management of Facility-specific Backfitting 
and Information Collection," to review the subject appeal and to provide me with 
recommendations (Agencywide Documents Access and Management System (ADAMS) 
Accession No. ML 16173A311). On August 24, 2016, the Panel transmitted the results of its 
review to me (ADAMS Accession No. ML 16236A202) . The memorandum from the Panel 
responding to my tasking, recommended that the 2015 compliance backfit be withdrawn, and 
included the Panel's report and the basis for this recommendation (ADAMS Accession 
No. ML 16236A208). 

I have reviewed the Panel's report, its recommendations, and its responses to the questions I 
posed when establishing the panel. In addition, I met with you on September 12, 2016, to 
d iscuss my decision and assure that it reflects the thorough, technically sound, and legally well­
founded consideration that this matter merits. Our discussion included my response to the 
additional perspectives you provided to me in your email dated September 2, 2016, which is 
enclosed, for reference. 

As we discussed, the central question in the appeal panel's review was whether an adequate 
bas is exists for backfitting using the compliance exception in Title 10 of the Code of Federal 
Regulations (10 CFR), Section 50.109(a)4(i) to address potential pressurizer safety valve 
failures following water discharge. With regard to compliance, the 1985 statement of 
considerations for 10 CFR 50.109 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 .. .. " In answering this question, 
the Panel focused on the following three related technical and regulatory positions for the 
pressurizer safety valves (PSVs) described in the staff's October 9 , 2015, safety evaluation 

CONTACT: Gary M . Holahan, OEDO 
(301) 415-1765 
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imposing the backfit (ADAMS Accession No. ML 14225A871, referred to as the Backfit SE), as 
well as the staff's May 3, 2016, response (ADAMS Accession No. ML 16095A204) to the backfit 
appeal by Exelon Generation Company, LLC (the licensee): 

1. American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code 
(BPV Code) water qualification (certification) documentation is required if a PSV is to be 
assumed to reclose after passing water. 

2. Water discharge through a steam-qualified PSV will cause the valve to stick in Jts fully 
open position. 

3. PSVs are subject to the single-failure criterion. 

As the Panel noted in its report, it is important to acknowledge that the PSVs in question were 
designed for steam service and that water discharge through such valves is undesirable and 
should be minimized or avoided as a matter of conservative engineering and prudent 
operations. This perspective is reinforced by several industry positions and testing, as well as 
operator training and control room procedures intended to terminate a potential pressurizer 
overfill event before filling the pressurizer filling. For these reasons, the staff's position 
described in the NRC's backfit imposition letter and its response to the backfit appeal, 
represents a well-intentioned and conservative approach that could provide additional safety 
margin. However, based on my review of the relevant documents and discussions, I agree with 
the Panel's conclusions and support its recommendations. In particular, I agree with the Panel's 
assessment of the three relevant technical and regulatory positions. 

First, regarding ASME Code water qualification (or certification), when considered in the context 
of the Byron and Braidwood licensing basis, valve "qualification" implies a general 
demonstration of capability, such as through the Electric Power Research Institute testing 
conducted in response to Three Mile Island (TMI) Action Plan Item II. D .1 , not ASME BPV Code 
certification. Thus, when preparing the safety evaluations associated with two license 
amendments in 2001 and 2004 (referred to as the Uprate SE and the Setpoint SE), the NRC 
staff exercised reasonable and well-informed engineering judgment to conclude that the PSVs 
were unlikely to stick in the fully open position. The NRC staff's determination that ASME BPV 
Code certification is necessary for PSVs first appears in the Backfit SE and is not addressed in 
any of the final NRC requirements or guidance documents reviewed by the Panel. As such, the 
NRC staff's position on valve qualification in the Backfit SE represents a new or modified 
interpretation of what constitutes compliance in addressing potential PSV failures following 
water discharge. 

Second, regarding PSV failure following water discharge, 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. Without the presumption of PSV failure to reseat, the concerns in the Backfit SE 
related to event classification, event escalation, and compliance with 10 CFR 50.34(b) and 
General Design Criteria 15, 21, and 29 are no longer at issue. 

Third, the determination that application of the single failure criterion is necessary first appears 
in the draft Revision 1 to Regulatory Issue Summary 2005-29. This position, which is still under 
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development, is not included In any final NRC requirement or guidance document reviewed by 
the panel. 

In sum. neither of the three positions were "known and established standards of the 
Commission" when the NRC issued the Uprate SE and the Setpoint SE in license amendments 
for Byron and Braidwood in 2001 and 2004, respectively, for determining when it was 
appropriate to assume a failure of a PSV to reseat. Based on the Panel's review, they were not 
"known and established standards of the Commission" in 2005 (when RIS 2005-29 was issued), 
in 2006 (when the Beaver Valley extended power uprate was approved), in 2007 (when 
Revision 2 to Standard Review Plan Sections 15.5.1 - 15.5.2 was issued), nor are they 
"established standards of the Commission" at present. 

As a result, I do not support the use of the compliance exception to impose the subject backfit. 
agree with the Panel's assessment that the current licensing basis for Byron and Braidwood 
complies with the applicable regulations and provides adequate protection of public health and 
safety. I have responded directly to the licensee with my decision on its appeal. 

The Panel's report also identifies two issues that warrant further NRG consideration. The report 
reveals the need to assess the treatment of the underlying technical issue described in the 1993 
Westinghouse Nuclear Safety Advisory Letter (NSAL-93-013) on PSV performance after water 
discharge at pressurized water reactors. In addition, given the decision communicated herein, 
the positions included in RIS 2005-29, as well as its proposed Revision 1, should be 
(re)assessed through the appropriate generic process to ensure they receive appropriate backfit 
consideration. You are requested to inform me within 30 days of your plan to respond to these 
issues. 

As you are also aware, I have recently directed the U.S. Nuclear Regulatory Commission (NRC) 
Committee to Review Generic Requirements (CRGR) to assess the adequacy and currency of 
existing NRC requirements, guidance, criteria, procedures, and training on the subject of 
backfitting (ADAMS Accession No. ML 16133A575). The Panel has already been in contact with 
the CRGR to share insights and perspectives from this review. I believe that the CRGR 
evaluation of our implementation of the backfit process presents us with a timely opportunity to 
further enhance our regulatory process. 

Finally, I recognize that the technical and regulatory positions used in the staff's decision­
making involved careful, thorough, and technically solid considerations, reflecting their 
commitment to ensuring safety. Knowing that our people take seriously the responsibility for 
assuring public health and safety and are willing to pursue backfits, when appropriate, to assure 
or enhance safety is key to successfully fulfilling our mission. Although expected, I also 
sincerely appreciate the cooperation and respect evidenced by both your staff and the Panel 
members as the Panel evaluated the merits of the licensee's appeal of this technically complex 
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and difficult regulatory issue. Their collegial interactions reflected the best of our agency values 
and contributed to what I consider to be a sound regulatory decision. 

Enclosure: 
As stated 

cc: Chairman Burns 
Commissioner Svinicki 
Commissioner Baran 
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Boyer. Rachel 

From: Clark, Theresa 
Sent: Friday, August 26, 2016 10:35 AM 
To: Inverso, Tara; Araguas, Christian; Sampson, Michele; Bloomer, Tamara; Jolicoeur, John; 

Bowen, Jeremy 
Subject: FYI: Byron/Braidwood backfit appeal panel report 

Hi all I Passing along just for awareness as this report is being discussed in several offices. Vic has not made his decision 
on this backfit appeal-this is just the panel's report to him. Any questions, let me know. Thanks! 

From: Sprogeris, Patricia 
Sent: Wednesday, August 24, 20161:41 PM 
To: RidsNrrOd Resource <RidsNrrOd.Resource@nrc.gov>; Correia, Richard <Richard.Correia@nrc.gov>; Mizuno, Geary 
<Geary.Mizuno@nrc.gov>; Lewis, Robert <Robert.Lewis@nrc.gov>; McGinty, Tim <Tim.McGinty@nrc.gov>; RidsNroOd 
Resource <RidsNroOd.Resource@nrc.gov>; Johnson, Michael <Michael.Johnson@nrc.gov>; Lubinski, John 
<John.Lubinski@nrc.gov>; Mayfield, Michael <Michael.Mayfield@nrc.gov>; Tracy, Glenn <Glenn.Tracy@nrc.gov>; 
RidsResOd Resource <RidsResOd.Resource@nrc.gov>; RidsOgcMailCenter Resource 
<RidsOgcMa ilCenter.Resource@nrc.gov> 
Subject: Backfit Appeal Review Panel Findings Associated with Byron & Braidwood 

Date: 

From: 

August 24, 2016 

Gary M. Holahan 
K. Steven West 
Thomas G. Scarbrough 
Michael A. Spencer 
Theresa Valentine Clark 

View ADAMS PS Properties ML16236Al98 
Open ADAMS P8 Package (Backfit Appeal Review Panel Findings {Byron and Braidwood)) 

Thank you, Patti 

Patti Sprogeris . 
Assistant to Michael R. Johnson 
Office of the Executive Director for Operations 
301-415-1713 

1 
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From: McDermott, Brian 
Sent: Tuesday, June 07, 2016 11:06 AM 
To: 
Subject: 
Attachments: 

Inverso, Tara; Bowen, Jeremy; Lewis, Robert 
Fwd: Braidwood/Byron Backfit Appeal to EDO 
RS-16-134.pdf 

Any Insight on how OEDO will handle the appeal? Support from NRR needed? 

Begin Forwarded Message: 

From: "Evans, Michele" <Michele.Evans@nrc.gov> 
Subject: FW: Braidwood/Byron Backfit Appeal to EDO 
Date: 07 June 2016 10:57 
To: "McDermott, Brian" <Brian.McDermott@nrc.gov> 

As we were discussing this morning, this is the only email I could find on this. 

From: Stuchell, Sheldon 
Sent: Monday, June 06, 2016 9:08 AM 
To: Miller, Ed <Ed.Miller@nrc.gov>; Boland, Anne <Anne.Boland@nrc.gov>; Duncan, Eric <Eric.Duncan@nrc.gov>; 
Jandovitz, John <John.Jandovitz@nrc.gov>; McGhee, James <James.McGhee@nrc.gov>; Benjamin, Jamie 
<Jamie.Benjamin@nrc.gov>; Betancourt, Diana <Dlana.Betancourt@nrc.gov>; Draper, Jason <Jason.Draper@nrc.gov>; 
Garmoe, Alex <Alex.Garmoe@nrc.gov>; Keene, Todd <Todd.Keene@nrc.gov> 
Cc: Lund, Louise <louise.Lund@nrc.gov>; Gavrilas, Mirela <Mirela.Gavrilas@nrc.gov>; Dean, Jeremy 
<Jeremy.Dean@nrc.gov>; Evans, Michele <Michele.Evans@nrc.gov>; Bailey, Marissa <Marissa.Bailey@nrc.gov> 
Subject: FW: Braidwood/Byron Backfit Appeal to EDO 

All, 

As needed, I am assigning Todd Keene as the Project Manager if needed by the EDO. 

Alex Garmoe._l<b_J<_6J _____ __.! next week and will provide back-up support. 

Please let us know what is needed. 

Sheldon 

From: Wiebe, Joel 
Sent: Thursday, June 02, 2016 4:10 PM 
To: Stuchell, Sheldon <Sheldon.Stuchell@nrc.gov> 
Subject: FW: Braidwood/Byron Backfit Appeal to EDO 

Alex is .... !<b_)(6_J _ _. 
1 
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Joel 

From: Wiebe, Joel 
Sent: Thursday, June 02, 2016 4:06 PM 
To: Miller, Ed <Ed.Miller@nrc.gov>; Boland, Anne <Anne.Boland@nrc.gov>; Duncan, Eric <Eric.Duncan@nrc.goy>; 
Jandovitz, John <John.Jandovitz@nrc.gov>; McGhee, James {James.McGhee@nrc.gov) <James.McGhee@nrc.gov>; 
Benjamin, Jamie <Jamie.Benjamin@nrc.gov>; Betancourt, Diana <Diana.8etancourt@nrc.gov>; Draper, Jason 

<Jason.Draper@nrc.gov>; Garmoe, Alex <Alex.Garmoe@nrc.gov> 

Subject: Braidwood/Byron Backfit Appeal to EOO 

2 



Holahan, Gary 

From: 
Sent: 
To: 
Cc: 
Subject: 

McCree, Victor 
Thursday, June 23, 2016 2:21 PM 
Clark, Theresa 
Johnson, Michael; Holahan, Gary; Inverso, Tara 
RE: backfit appeal notification 

Thanks Theresa. Yes, I would like to speak with Brad. Please coordinate with Pat to arrange the phone call 

for me. 

Vic 

From: Clark, Theresa 
Sent: Thursday, June 23, 2016 9:00 AM 
To: Mccree, Victor <Victor.McCree@nrc.gov> 
Cc: Johnson, Michael <Michael.Johnson@nrc.gov>; Holahan, Gary <Gary.Holahan@nrc.gov>; Inverso, Tara 
<Tara.lnve.rso@nrc.gov> 
Subject: backfit appeal notification 

Vic, 

Thanks for signing the appeal charter! 

To follow up on yesterday's question, I re-scanned MD 8.4 and didn't see anything specific about 
acknowledging the initiation of the appeal review to the licensee. The total of the guidance on this second-level 
appeal is a few bullets (which we are following). 

However, as mentioned yesterday, I am guessing that if you wanted to call Brad Fewell at Exelon (senior VP of 
reg affairs who has been the contact on this topic) and let him know you have appointed a panel and are looking 
into the matter, that would be fine. Please let me know if I can support you in this matter. 

Thanks, 
Theresa 



Holahan, Gary 

From: West, Steven 
Sent: 
To: 

Wednesday, June 22, 2016 9:59 AM 
Holahan, Gary 

Subject: RE: Backfit appeal 

I've been "volunteering" for a lot lately. Looking forward to the opportunity. 

Steve 

Steven West. Deputy Director 
Office of Nuclear Security and Incident Response 
U.S. Nuclear Regulatory Commission 

301-287-3734 
Steven.West@nrc.gov 

From: Holahan, Gary 
Sent: Wednesday, June 22, 2016 8:56 AM 
To: West, Steven <Steven.West@nrc.gov> 
Subject: RE: Backfit appeal 

Thanks, Steve. And thanks for "volunteering" to be involved with the Exelon/safety valve backfit appeal 
panel. Vic should sign the charter out today naming you, me, Tom Scarbrough and Mike Spencer (OGC) to 
the panel. Your CRGR connection and the CRGR task on backfit guidance will be important. The CRGR 
tasking should inform the panel's effort and the panel's effort could be a "pilot" for any enhanced guidance. 

Stay tuned ... 

Gary 

From: West, Steven 
Sent: Wednesday, June 22, 2016 8:43 AM 
To: Holahan, Garv <Gary.Holahan@nrc.gov> 
Subject: Backfit appeal 

Gary, 

When Les reported to me, he mentioned several times that he had a file on the last backfit appeal to the 
EDO. I understand he is out until July 5t11, but suggest you take a look at what he has filed away. 

Steve 

Steven West, Deputy Director 
Office of Nuclear Security and Incident Response 
U.S. Nuclear Regulatory Commission 

1 
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Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

Backfit Appeal Panel 
0 17 H 14 

Thu 06/23/2016 3:00 PM 
Thu 06/23/2016 4:00 PM 

(none) 

Meeting organizer 

Holahan, Gary 
West, Steven; Spencer, Michael; Scarbrough, Thomas; Clark, Theresa 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

Backfit Appeal Panel 
0 17 H 14 

Mon 06/27/20161:00 PM 
Mon 06/27/2016 2:00 PM 

(none) 

Meeting organizer 

Holahan, Gary 
West, Steven; Spencer, Michael; Scarbrough, Thomas; Clark, Theresa 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 
Optional Attendees: 

Backfit Panel Meeting 
017 H 14 

Tue 06/28/2016 3:00 PM 
Tue 06/28/2016 4:00 PM 

(none) 

Meeting organizer 

Holahan, Gary 
Holahan, Gary; West, Steven; Scarbrough, Thomas; Spencer, Michael; Clark, Theresa 
HACKETT, EDWIN M 

1 



Holahan, Gary 

From: 
Sent: 
To: 
Subject: 

Todd, 

HOLAHAN, GARY M 
Wednesday, June 29, 2016 5:06 PM 
Keene, Todd T 
FW: Teleconference with Gary Holahan, Sr. Technical Advisor, Office of the Executive 
Director for Operations, us NRC 

Just come to my office (0 17 H 16); and you and I and Theresa can take the call together. 

Gary 

-----Original Appointment----­
From: Keene, Todd T 
Sent: Wednesday, June 29, 2016 4:39 PM 
To: HOLAHAN, GARY M 

Subject: Accepted: Teleconference with Gary Holahan, Sr. Technical Advisor, Office of the Executive Director for 
Operations, US NRC 
When: Thursday, June 30, 2016 9:30 AM-10:00 AM IUTC-05:00) Eastern Time (US & Canada). 
Where: Mr. Fewell to call Mr. Holahan: 301.415.1765 (@ 9:30 ET: 8:30 CT) 

1 



Holahan, Gary 

Subject: 

Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 
Optional Attendees: 

Teleconference with Gary Holahan, Sr. Technical Advisor, Office of the Executive Director 
for Operations, US NRC 
Mr. Fewell to call Mr. Holahan: 301.415.1765 (@ 9:30 ET: 8:30 CT) 

Thu 06/30/2016 9:30 AM 
Thu 06/30/2016 10:00 AM 

(none) 

Meeting organizer 

HOLAHAN, GARY M 
bradley.fewell@exeloncorp.com; cynthia.webb@exeloncorp.com; Clark, Theresa 
Keene, Todd T 

Reguestor - Victor Mccree, EDO, US NRC. Gary Holahan will be the lead on the call. 

Purpose - advise Mr. Fewell regarding: Charter for Backfit Appeal Review Panel Associated with Byron and 
Braidwood Compliance with 10 CFR 50.34(b). GDC 15, GDC 21, GDC 29, and the Licensing Basis. 

Point of Contact: Patricia Burbank or Jane Kreuter, 301.415.1700. Added 6/24/16 

Exelon: Mr. Fewell's office number: 630.657.3752 (Assistant: Cynthia). 

1 



Holahan. Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence; 

Meeting Status: 

Organizer: 
Required Attendees: 

backfit appeal panel 
0-16B2 

Thu 06/30/2016 10:00 AM 
Thu 06/30/2016 11:00 AM 

(none) 

Accepted 

CLARK. THERESA V 
HOLAHAN, GARY M; WEST, Steven S; SCARBROUGH, THOMAS G; SPENCER, MICHAEL A 

This time looked OK if Steve can get out of his standing meeting. Please note that the room labeling is messed up right now, but I 
have 0-16B2 reserved (I think) as noted in the subject line. 

Thanks, 
Theresa 

1 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

backfit appeal panel 
0-1086 

Tue 07/05/2016 11:00 AM 
Tue 07/05/2016 12:00 PM 

(none) 

Accepted 

CLARK, THERESA V 
Holahan, Gary; West, Steven; Scarbrough, Thomas; Spencer, Michael 

This time looks OK if Gary and Steve are willing to shift their reserved lunchtime. 

Thanks, 
Theresa 

1 



Holahan. Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

Ed Hackett 

017 H 16 

Tue 07/05/2016 9:00 AM 
Tue 07/05/2016 9:30 AM 

(none) 

Meeting organizer 

HOLAHAN, GARV M 

HACKETT, EDWIN M; WEST, Steven S; CLARK, THERESA V 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

Note that Tom isl(bl(6l 
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backfit appeal panel 
0 -1686 

Tue 07/12/2016 1:00 PM 
Tue 07/12/2016 2:00 PM 

(none) 

Accepted 

CLARK, THERESA V 
HOLAHAN, GARY M; WEST, Steven S; SCARBROUGH, THOMAS G; SPENCER, MICHAEL A 

!but others appear to be OK for this one. 

[FYI didn't schedule for 7/7 as there wasn't a good time for all.I 



Holahan. Gary 

Subject: 
Location: 

Start: 
End: 
Show Time As: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

backfit appeal panel 
0-1662 

Thu 07/14/2016 10:30 AM 
Thu 07/14/2016 11:30 AM 
Tentative 

(none) 

Not yet responded 

Clark, Theresa 
HOLAHAN, GARY M; WEST, Steven S; SCARBROUGH, THOMAS G; SPENCER, MICHAEL A; 
Correia, Richard 

Note that Steve will be on travel, but looks good for the rest. I shifted by half an hour so that Rich can join us for the second part (I 
think he has a meeting till 11). 

1 
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Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 

Exel'on backfit discussion 
HQ-OWFN-16806-12p 

Mon 07/18/2016 12:30 PM 
Mon 07/18/2016 1:30 PM 

(norne) 

Accepted 

Clark, Theresa 
Required Attendees: McGinty, Tim; DSSCAL Resource; Holahan, Gary; West, Steven; Scarbrough, Thomas; 

Spencer, Michael 

Hi Tim, 

Thanks for being willing to meet with the EDO's appeal panel for the Exelon backfit. As we discussed on the phone, you can bring 
staff if you would llke to. However, you may not feel the need at this point- we are intending for this to be a casual conversation 
about the technical issues that led to the backfit and aren't sending any preparatory materials/questions. If we need further 

discussions (e.g., with particular staff) after this we can certainly do that. 

Also-II know this isn't a great time (and Steve has a potential conflict) but getting another time in the next two weeks was nigh on 

impossible. Let me know if it is really bad timing for you. Thanks I 

Background References: 
• Appeal panel charter: M L16173A311 

• 6/16/16 NEI letter supporting Exelon backfit appeal to EDO: (attached, not yet in ADAMS) 

• 6/2/16 Exelon backfit appeal to EDO: ML16154A254 

• 5/ 3/16 NRR backfit appeal decision: M L16095A204 

• 12/8/2015 Exelon backfit appeal to NRR: M L15342A112 

• 10/9/2015 NRC backfit letter: ML1422SA871 

• 8/26/04 pressurizer safety valve setpoint safety evaluation: M L042250531 

• 5/4/01 stretch power uprate safety evaluation: M L033040016 

1 

Documents listed are publicly 
available in ADAMS 



Holahan, Gary 

Subjed: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

discuss NRR questions 
0-17Hl6ish 

Mon 07/18/2016 9:30 AM 
Mon 07/18/2016 10:00 AM 

(none) 

Accepted 

Clark, Theresa 
Scarbrough, Thomas; Holahan, Gary 

Tom, thanks for being willing to discuss your questions given that I couldn't find an NRR meeting time that worked for everyone. 

Gary, hope you don't mind me scheduling in your office since I don't have such amenities, and I thought you might want to 
participate. 

Thanks, 
Theresa 



Holahan. Gary 

Subject: 
Location: 

Start: 
End: 
Show Time As: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

Good morning! 

Exelon backfit appeal w/ GSM 
ED0-0WFN-l6B02-l2p 

Tue 07/19/20161:00 PM 
Tue 07/19/2016 2:00 PM 
Tentative 

(none) 

Not yet responded 

Clark. Theresa 
HOLAHAN, GARY M; SCARBROUGH. THOMAS G; WEST. Steven S; SPENCER, MICHAEL A; 
Mizuno, Geary 

As discussed between Margie and Gary, the backfit appeal panel for the Byron/Braidwood PSV/PORV backfit would like to discuss 
the initial backfit review process with Geary Mizuno. This looks like the only time in the near-term that will work for most. (Steve, I 
know you have a meeting but am hoping you might be able to reschedule or have Brian cover it.) 

I don't believe any prep/questions/materials are needed (just a chat) but others on the panel can correct me, 

Thanks, 
Theresa 

1 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 
Show Time As: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

Hi all, 

Exelon backfit appeal discussion with NRR/OE 
0-16B2 

Wed 07/20/2016 12:30 PM 
Wed 07/20/2016 1:30 PM 
Tentative 

(none) 

Not yet responded 

Clark, Theresa 
Holahan, Gary; West. Steven; Scarbrough, Thomas; Spencer, Michael; Lubinski, John; 
Alley, David; Billerbeck, John 

As noted by email, following their meeting with DSS earlier today, the EDO-level appeal panel for the Exelon backfit 
(Byron/Braidwood PORV/PSV) would like to meet with DE management/staff for an informal discussion of your review 
role in the 2015 backfit letter and associated inputs. 

I know this isn't a perfect time for everyone so I appreciate your patience and willingness to meet. Thanks so much! 

Theresa 

1 



Holahan, Gary 

Subject: 

Location: 

Start: 
End: 
Show Time As: 

Recurrence: 

Meeting Status; 

Organizer: 

When: Thu, Jul 21, 2016, 3:00 PM 
Where: T-2B1 (ACRS Room) 

Confirmed: CRGR Formal Review of Review of RIS 2005-29, Rev. 1 ''Anticipated 
Transients That Could Develop Into More Serious Events" 
T-281 (ACRS Room) 

Thu 07/21/2016 3:00 PM 

Thu 07/21/2016 5:00 PM 

Tentative 

(none) 

Not yet responded 

Cupidon, Les 

I have cancelled the June 16th date. We will meet in the ACRS conference room T2B1. 

1 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 
Show Time As: 

Recurrence: 

Meeting Status: 

Organizer: 

Required Attendees: 

Hi all, 

Exelon backfit appeal w/ FMA 
T-6F34 

Tue 07/26/2016 2:00 PM 
Tue 07/26/2016 3:00 PM 
Tentative 

(none) 

Not yet responded 

Clark, Theresa 
Akstulewicz, Frank; Holahan, Gary; WEST, Steven S; SPENCER, MICHAEL A; 

SCARBROUGH, THOMAS G 

As noted by email, the EDD-level appeal panel for the Exelon backfit (Byron/Braidwood PORV/PSV) would like to meet 
with Frank for an informal discussion of his recollection of the origin a! 2001 stretch power uprate that is brought up in 
the context of the appeal. 

I know this isn't a perfect time for everyone (I think it'll be Gary, Michael, and me only with Frank) so I appreciate 
everyone's flexibilityl. Thanks so much! 

Theresa 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 
Show Time As: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

backfit appeal panel 
0-16B6 

Wed 07/27/2016 2:00 PM 
Wed 07/27/2016 3:00 PM 
Tentative 

(none) 

Not yet responded 

CLARK, THERESA V 
HOLAHAN, GARY M; WEST, Steven S; SCARBROUGH, THOMAS G; SPENCER, MICHAEL A 

I think Steve and Tom are both out, but blocking for Gary and Michael anyway. 

[FYI, only meeting this week given two all-day Commission meetings on 7/26 and 7 /28.] 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

backfit appeal panel meeting 
HQ-0WFN-11802-12p 

Tue 08/09/2016 11:00 AM 

Tue 08/09/2016 12:00 PM 

(none) 

Accepted 

Clark, Theresa 

Holahan, Gary; West, Steven; Spencer, Michael; Scarbrough, Thomas 

Just realized we didn't have any more meetings scheduled! 

T 

1 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

backfit appeal panel 
HQ-OWFN-16B06-l2p 

Thu 08/11/2016 12:00 PM 
Thu 08/11/2016 1:00 PM 

(none) 

Accepted 

Clark, Theresa 

Holahan, Gary; West, Steven; Scarbrough, Thomas; Spencer, Michael 

This is just a placeholder. I'm fully aware that meetings at noon are inhumane. I just don't see another option if we do 
want to meet Thursday. More to come©. 

There5a 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 
Show Time As: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

backfit appeal panel meeting 
EDO-OWFN-17Hl4-14p 

Wed 08/17/2016 8:30 AM 
Wed 08/17/2016 10:00 AM 
Tentative 

(none) 

Not yet responded 

Clark, Theresa 
Holahan, Gary; West, Steven; Scarbrough, Thomas; Spencer, Michael 

Steve's conference session is Tuesday, 10:30-12:00, so I'm hoping this time will work out well. Steve, if you give me a 

number, we can call you. 

I'm guessing this meeting will focus on comment response, discussion of the RES input, and other final items. 

Thanks, 
Theresa 

1 



Holahan, Gary 

Subject: 
Location: 

Start: 
End: 

Recurrence: 

Meeting Status: 

Organizer: 
Required Attendees: 

backfit appeal panel meeting 
ED0-0WFN-l7H14-14p 

Tue 08/23/201610:00 AM 
Tue 08/23/201611:00 AM 

(none) 

Accepted 

Clark, Theresa 
Holahan, Gary; West, Steven; Scarbrough, Thomas; Spencer, Michael 

As discussed via email, to prep for the meeting with Vic and understand any other remaining items. 
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