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STATEMENT OF DISCLAIMER 
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applying the information presented herein, or in regard to the use and application of the before 
mentioned material. The user assumes the entire risk as to the accuracy and the use of this 
document. 
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Mr. G. R. Peterson 
Site Vice President 
Catawba Nuclear Station 
Duke Energy Corporation 
4800 Concord Road 
York, South Carolina 29745=9635- 

licri I 6, 2001 

SUBJECT: CATAWBA NUCLEAR STATION, UNITS 1 AND 2 RE: REVISION 4 TO THE 
DUKE ENERGY CORPORATION TOPICAL REPORT DPC-NE-3002-A, -UFSAR 
CHAPTER 15 TRANSIENT'ANALYSIS METHODOLOGY' (TAC NOS. MA8928 
AND MA8929). 

Dear Mr. Peterson: 

The accepted version of Duke Energy Corporation topical report DPC-NE-3002,A,' Revision 3, 
was sUbinittedia the NRC'on May 430999. By letter dated April 19, 2000, as supplemented 
by letters dated August 24 and Septernber 22, 2000, and March 21-,-2001; you submitted 
Revision 4 of the topicalreport- for- NRC review. You proposed three changes to thepreviOutly 
approved revision,of the topicalreport.,-The first change corrects the deScriptiOn the piiriiary 
coolant volume that is used in thaUpdated•Final.Safety Analysis Report, SectiOn 15A.6,:fOr 
boron dilution acCident-analytitimMOde 4 tOr Catawba Nuclear Station,,Units 1 and 2: The 
second change involves an increase 'nine number of operable main steam line 
power-operatedrefief valves-credited Mille steam generator tube ruptiireenalysis forCatawba 
Nuclear Station, Units 1 and 2. The third change -specifies a three-mIn#eTifiplitialoTretplititi37-' 
time to initiate the depressurliation•of the primary system and a separate three-Minute' 
response time for initiating safetyinjectioh termination. Previously, one ten-minute response 
time was credited for completing both the -depressurization initiation and the safety Injection 
termination actions. 	 • 

The staff concludes that Revision 4 to the Topical Report DPC-NE-3002-A is acceptable. Our 
safety evaluation is•enClosed. Howevero-these changes are not applicable to McGuire, and 
Revision 4 separates the MCGuire andtataWba methodology assumptionsas necessary. 

Sincerely, 

Chandu P. Patel, Project Manager, Section 1 
Project Directorate II 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

Docket Nos. 50-413 and 50-414 

cc Wend: See next page 



Catawba Nuclear Station 

cc: 

Mr. Gary Gilbert 
Regulatory. Compliance Manager 
DuIce Energy Corporation 
4800 Concord Road 
York, South Carolina 29745 

Ms. Lisa F. Vaughn 
Legal Department (PB05E) 
Duke.Energy Corporation 
422 South Church Street 
Charlottei North Carolina 28201-1006 

Anne Cottinghain, Esquire 
Winston and Strawn 
1400 L Street, NW 
Washington-cDC 20005 

North Carolina:Municipal Pinker 
Agency'Number 1. 

1427 Meadowwood Boulevard 
P. 0..Bok29513 
Raleigh. North Carolina.27626- 

County. Manag!zrt of York:County. 
York-County Courthouse 
YOrk, South:Carolina. 29745. 

Piedmont-Municipal POwet Agency-
121 Village Drive 
Greer, South CaroUna 29651 

Ms. Kirenf- Long 
Assistant Attorney General 
North Carolina Departmerlt of Justice 
P. 0. Box 629 
Raleigh, North Carolina 27602 

Elaine Wathen, Lead REP Planner 
Division of Emergency Management 
116 West Jones Street 
Raleigh, North Carolina 27603-1335 

North Carolina Electric Membership 
Corporation 

P. 0. Box 27306 
Raleigh, North Carolina 27611 

Senior Resident Inspector 
U.S. Nuclear Regukatory Commission 
4830 Concord Road 
York, South Carolina 29745 

Vitgilfl. Autryi-Director 
DiViSi011 of Radioactive Waste falanagement 
Bureau of Land and Waste. Management 
Department of Health and Environmental 

Control 
2600 Bull Street 
Colunibia, South Carolina 29201-1708 

Mr,-,04,0tfrey Thomas. „ 
mimaget.7.NUilearRogUltitory 
tkicet.*19 	 • 

'puketnergpCorporaticini 
,52eSOtiththurofiStreet„ 	. 
Oharlotte;!North:Carolina2820-14006 

Zaluda!RiverElectric. 
P. 0: Box 929. 
Laurens, Stouth Carolina 29360,  

Mr. Peter R. Harden, IV 
VP-Customer• Relations and:Sales 
Westinghouse Electric Company . 
5929.Camegle 
Suite 500 
Charlotte, North Carolina 28209 



Catawba Nudear Station 

CC: 

Mr. T. Richard Puryear 
Owners Group (NCEMC) 
Duke Energy Corporation 
4800 Concord Road 
York, South Carolina 29745 

Richard M. Fry, Director 
Division of Radiation Protection 
North Carolina Department of 
Environment. Health, and 
Natural Resources 

3825 Barrett Drive 
Raleigh, North Carolina 27609-7721 
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOFt REGULATION  

7OPLCAL REPORT DPC-NE-3002-A. REVISION 4 

DUKE ENERGY OORPOBATION 

CATAWBA NUCLEAR. STATION. UNITS 1 AND 2 

DOCKET NOS. 50-413 AND 50-414 

1.0 INTRODUCTION 

By letter dated April 19, 2000, as supplemented by letters dated August 24 and September 22, 
2000, and March 21, 2001, Duke Energy Corporation (DEC/the licensee) requested review of 
Revision 4 to Topical Report DPC-NE-3002-A, "UFSAR Chapter 16 System Transient Analysis 
Methodology." The licensee proposed three changes to the previously approved Revision 3 of 
the topical report. The first change corrects the description of the when" coolant volume that 
is used In the Updated Final Safety Analysis Report (UFSAR), Section 15.4.6, for boron dilution 
acddent analysis in Mode 4 for Catawba Nuclear Station, Units 1 and 2. The second change 
involves an increase in the number of operable main steam line power-operated relief valves 
(PORVs) credited in the steam generator tube rupture (SGTR) analysis for'Catawba, Units 1 
and 2. The third change specifies a three-minute operator response time to initiate the 
depressurization of the primary system and a separate three-minute response time for initiating 
safety injection termination at Catawba, Units1 and 2. Previously, one 10-minute response 
time was .credited for completing both the depressurization initiation and the safety injection 
termination actions. These changes are discussed below in more detail. 

2.0 DISCUSSION AND EVALUATION 

2.1 Change in Dilution Volume for Boron Dilution Analysis 

The first change corrects the description of the primary coolant volume that is used in the 
UFSAR, Section 16A.6, boron dilution accident analysis in Mode 4 for Catawba Nuclear 
Station, Units 1 and 2. The current topical report description of the primary coolant volume 
used in the analysis Includes the reactor coolant system excluding the pressurizer, the 
pressurizer surge fine, and the reactor vessel upper head. The licensee later determined that 
the correct minimum primary coolant volume for the Mode 4 boron dilution analysis should 
include only those regions of the reactor coolant system that have circulation during the residual 
heat remote, mode. The proposed change reflects the correct minimum mixing volume. 

The proposed change will make topical report DPC-NE-3002-A consistent with Revision 6 of the 
UFSAR. The change in the methodology is a conservative change in that the mixing volume for 
the Mode 4 boron dilution accident is being revised to a smaller volume. Therefore, the change 
is acceptable to the staff. 



2.2 Steam 1,ine PORVs 

The second dump Involves an increase in the 11lifter of operable main steam end PORVs 
credited In the SerrRansirda•fOr Catawba. Units 1. and2. The licensee proposed to increase 
the number of operable PORVs credited In the SGTR analysis Iron two to three. This change 
Is consistent with the.cairrent.Techrdca1Specifications.wtddrrequire akfour main steam line 
PORVs to be operable ckeing iModes .1 4 when steam generatOre are being ised for decay 
heat removal. The failure of the PORV to dose on the ruptured steam generator Is assumed to 
be the limiting singlolaikire, Therefore, the staff finds theproposedchange acceptable, • 

23 99213100141201 

The third change in the proposed revision for Catawba: lints 'Cenci 2, specifies a three-minute 
operator response •time to Mate the depressurization of the prtmary system:and a separate 
three-mirade response time for initiating safety infection termination. Previously, one 10 Mute 
response time was credited for completing both the depressurization initiation end the safety 
injection terrninalion actions. 

The licensee etated that the proposed change is consistent with that approved by the staff in a 
safety evaluation (SE) dated Apri129, 1997, tor a steam generator tube rupture analysts related 
to steam generator overfill. The staff requested additional information on the differences in 
conditions betweengrecurrent and earrier analyses and also requested a current copy of 
procedureCt4S13?/1/A/50006-3, `Steam GeneratorTribe •Rupture" By letters dated 
August 24 and September,2000,0W March 21,2001, the licensee provided additional 
information. 

Nonnallythe stett weulduse the tplicsving guidance to 	actions: Generic Letter 
9148. Information to licensees Regarding TWO NRC Inspectloil Manual Sections.on 
Resokition of Degraded and Nonconforming Conditions and on Operribilky,* ANSI/ANS 58.8 
(1984), "'Time Response Design Criteria, for Safely-Related.Operator Acgonarand attenuation 
Ncitice.97178,-VrergrmgctOPeratticActirsteth Place-of Automatic Actionsandliotlification-of - 
OperaterActiona,inducthqj Response limes)! Howeverfthdihr meth° licensee Isjusgfythg 
the4bne changabased austere erraduadendated Apdi 29, 1997; inwhich the_ ameacdons 
were approved using the above guide:v:0. Thus, this evalualion need only verify 	the 
conditions surrounding the current Actions are equal to; or are more favorable than, those of the 
1997 safety evaturdlori As a further check on the revised time intervals. the fealty's death 
generator tube rupture procedure was reviewed. 

For several items, the staff requested that the licensee indicate, where the coraltions changed 
from the 1997 SE. The foOovAng are the licensee's response to each Rem: 

Control mom conditions (e.g., alarms, peripheral activities being conducted) - the 
licensee stated that alarms, Indications and activities are the same as in the 199? SE 
It Is Catawba Nuclear Station practice to dear the control room of any unrelated activity 
at the onset of any significant event 

Information required by the operator to Initiate each action - the licensee stated that the 
operators will be responding to the same indication and information as in the 1997 SE 
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InfontatiOn required to know that the action has been successfully completed - the 
licensee stated that the information required to know that the action hat been 
successfully completed have not changed since the original subMittaL 

Qualified cfisplays provking the abevelitonnatienthe Hi:On-see stated that thedIsplays 
providing the above-info-M*0n are all QA1* qualified irittrunieats. 

Sequence of ridge:int leering UP"to and to addoraPrish.the Intended retrilt•-•- the lisitensee 
stated that there is no change to the sequence otactions leading up to initiating 
depretsdrization and no technical thatge to thernethOd of actually Initiating the action 
(tee procedural' enhancements below) There is' no change to terminatincittifety 
Injection. 

Procedures used to accomplishtheactions- the licentes stated that file  
havobeen. enhanced to reduce OperatOr•decisiOn time such that the actions can actually 
be accomplished fatter,_ Training was cohducteO,on.the changes a recent 
re-qualification segment 

Consequence of pot accomplistiing each action within the -3ininutetiine fraine,,the 
licensees analysisincricatee thatincreasitig -the time froM three minutes to five minutes 
increases 	expected dotelrom 15 'rem tor.16•Terni still well below 10% of the 
acceptance criteria of 10 CFA Part 100: 

At ilityto recover frcrn:plaUsible errors in Pelictinance -inanuapactions and:the 
expeeted tirrierciqtritedltriaake such a recoveryl! theiliCeiiiiiiitetect that each action is 
accomplished with;timple control beardditsviceiatrich;rit sWitdidt.trid puthbuttorit that 
have diredt.indication of component status and control board indiCation of the affected 
parameters. During these evolutiOns, these parameters are the direct focus of the 
control toom-learni  and recognition of an trroi.wouldbe alMettirhmediate.''''ShOtild an 
error ottur,-recovery would be neither difficult 	tiModeritunithg. 

The staff concludes grat.tonclitiOns Surrounding this everitareeViValontio, or Waitaki 
favorable than thosasurroundingthe-event evaluated iri-the:SEdated April 29;1907,16 Which 
the three-minute action. greet were found acCeptalite: UadtgliOn; based on review.  Of the 
facility's steam-generator tribe rupture-procedure;  thestafilouhd the revised-threeminUte 
actions times adceptable; Thestaft-theretoro,' firids the reViteditireitLininutaaCtiOn times to 
initiate depressulizationand-to,initiate safety injection,-termination acceptable:.  
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3.0 CONCLUSION 

Based on the above discussion the staff concludes that the proposed changes in the Topical 
Report DPC-NE-3002- A, Revision 3 are acceptable for Catawba, Units 1 and 2. However, 
these changes are not applicable to. McGuire, and Revision 4 separates the McGuire and 
Catawba methodology assumptions as necessary. 

Principal Contributors: R. Eckenrode 
C. Uang 
C. Patel 

Date: April 6, 2031 
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SUBJECT: -CATAWBA-NUCLEAR STATION UNIT 2 -TOPICAL RL PORT aml,44002.A, 
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*omit Is based on the tact that yreruse preelotali esereOted 
and the:premed Inodifinidierigereciiitates tortiefritive.reatilts and Mains:adequate preps 
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Vito,", 

Peter 8. Tern, Senior Protect Manager 
Probwa Cdrectende 
Division of Rim* Pivjeota Ulf 
Moe of Nuclear Reader Regulation 

Cadet No. SO-414 

Endosuer Safety &Weston 

cc *fiend: See next page 



Ftegienal Administrator, Region 11 
CommIssbn 

Catawba Nudear Stadon 

cc 

Mr. Gary Gilbert 
Regulatory Compliance Manager 
Duke Energy Corporation 
4800 Concord Road 
York, South Carolina 29745 

Mt Use F. Vairglat 

DuI EnC  
422 South Math Street 
Charlotte. North Catalina 28201-1006 

North Caroline MunicipalPower 
Agency Number 1 

1427MeedovewoodBouleveyd 
P: 11.630a29513. '- 	- 
-Raleigh, North Carnlina 27626 

County Manager of York COurrly 
York Car* COUrtheueo. 
York,, South Carolina 29745-- 

FtedMOnt'Munfolprelfovier Again 
121 Village Drive 
Greer, South Carolina 29651 

E !Ong 
Assistant AttorneY General 
North Carolina Departrnern or Astir 
P. O. Box 629 
Raleigh, North Cardlne 27502 

Elaine VVathen, Lead REP Planner 
Melon of Ememem Management 
116 West Jones Street 
Raleigh North Camilna27612-13.35  

North Carolina Bectrk: Membership 
GOrPoratloe 

P. 0. Box 27306 	• 
Ftaleigh. Northbarolina 27811 

R. Aulry. Oink:tot 
mils* 'Of_  	jar04ement 

„ 

Bureau of Lanki 
Doparknerrtof tieekt!eridf.nylropmental 

*6000.111$11'.'e0-:  
ColUroakSeuth Carolina.,.202011708 

" L kkeller 	, 
Manager- Nudear Regulatory 

-00keinerlilf Conic:neon,  
528-Soullithurdi Street 
Charlotte,Notth Carolina 28201 -1008 

eitudi Rivet Diablo 
P. 0.130i 929 
Laurens, South Carolina 29380 

Mr. Steven P. Shaver 
Senior Sales EngIneer 
Westinghouse Electric Company 
5929 Carnegie Blvd. 
Suite 800  
Charlotte, North Carolina 26209 
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Pettorndng CataWba Unit 24pect1lo analyses meet* using the methOdOkgy of ilmic-NE-
3002-kfirkrision 2, Duke Energy Corp** has foundlhat.the loss of normal feedwater 
event ',add main in reduction of the steam banafatoi vadat' kiventOtY to leas than 10  percent of the id Power inventory. These results Are noraconsenrativ' 4, with riVard Pratlartio. secondary heat tensile. dike Energy 	on hie* WOW dated September 25,1995, 
requested. revision of the:approved Oethodology,to Ong use* a single volume steam 
generator secondary liedrillailho poEt pheing.thelOsief normal feedwater analysid. 
Thtsingle volume steam generator secondely model has;been reviewed and:SpOrtiVed for 
analysit of.the uncontrolled omit* rod bank withdrawal from a suboridcal or low power startup 
condition (UFSAR. SeCtion 15A1). 

Accordingly, Doke Energy-Corporation proposed to revise SeetiOn s 3.21 StOPOWE-3002-44. 
adding two:santences as: 	OW below, to-read 

'2454 
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PriritibTtii 
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eikperilOr 	VO 	 fes f*uds.arehge, 
RETRAN-modeling chengeproduCes conservarniereaufts andrnairitainse 
The stabalso approves the revision Of Topical Report DPC.".,N240.02-A as eked above. 

&O  

Principal Contributor: Ralph Landry 

Date: February 5; 1999 
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April 26, 1996 

Mr. M. S. Tuckman 
Senior Vice President 
Nuclear Generation 
Duke Power Company 
P. O. Box 1006 
Charlotte, NC 28201 

SUBJECT: SAFETY. EVALUATION ON CHANGE TO TOPICAL REPORT DPE-NE-3002-A ON 
OPENINCCHARACTERISTICS OF SAFETY VALVES - CATAWBA NUCLEAR STATION,. 
UNITS 1'AND 2; AND MCGUIRE NUCLEAR,SIATICN, UNITS 1 AND 2 
(TAC NOS. N94405. M94406,• M94407, AND M94408) 

Dear Mr. Tuckman: 

On. December 19, 1995 and March 15, 1996 you submitted_a,proposed change to the 
analysis methodology in the Duke Power CooPOY (DPC) Topical Report, DPC-NE-
3002-A, 'TSAR Chapter 15 System Transient Analysis Methodology" as applicable 
to the Catawba and the McGuire Nuclear Stations. The proposed modeling change 
addresses the performance of the pressurizer code safety valves and the main 
steam code safety valves (MSSV) by using a pop-open modeling approach rather 
than a linear ramping (Wen approach. 

The NRC staff's letter dated December 28, 1995 transmitted the' staff's Safety 
Evaluation for the review of OPC-NE-3002, Revision I. Accordingly, your 
letters dated December 19, 1995 and March 15, 1996 are considered to 
constitute Revisidn 2 to report DPC-NE-3002 as discussed recently with 
Mr. Scott Gewithr of 'Your staff. 

The staff finds DPC-NE-3002, through Revision 2, to be acceptable for 
referencing in Catawba and McGuire licensing applications to the extent 
specified and under the limitations stated in DPC-NE-3002, through Revision 2 
and the associated NRC Safety Evaluations issued on December 28, 1995 and with 
this letter. These Safety Evaluations define the basis for accepting this 
Topical Report. 

When the ToPical Report is referenced in a license application, the staff does 
not intend to repeat its review of the matters described in the Topical Report 
that were found acceptable, except to ensure that the material presented is 
applicable to the specific plant involved.. Staff acceptance applies only to 
the matters described in the report. 

In accordance with procedures established in NUREG-0190, DPC must publish 
accepted versions of this Topical Report. The accepted versions shall 
incorporate this letter and the enclosed Safety Evaluation between the title 
page and the abstract. The accepted versions shall include am 6A• 
(designating accepted) following the Topical Report identification symbol. 
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Should NRC criteria or regulations change so that staff conclusions regarding 
the acceptability of the Topical Report are invalidated, DPC will be expected 
to revise and resubmit their documentation, or to submit justification for 
continued effective applicability of the Topical Report without revision of 
their documentation. This completes NRC actions for TAC Nos. M94405, M94405, 
M94407, AND M94400. 

Sincerely, 

Herbert N. Berkow, Dirictor 
Project Directorate 11-2 
Division of ReacidiProjecti - I/II.  
Office of Nuclear Reactor Regulation 

Docket Nos. 50-413, 50-414, 
50-3.69 and 50=370 

Enclosure: Safety Eveleetten 

cc w/encl: See next page 



McGuire Nuclear Station, 
Duke Power Company 
	

Catawba Nuclear Station 

cc: 
Mr. Paul R. Newton 
Legal Departient (PBOSE) 
Duke Power ConPanY 
422 Smith Church Street 
Charlotte,- North Carolina 28242-0001 

County Manager of Mecklenburg County 
720 East Fourth Street 
Charlotte, North Carolina 28202 

Mr. J. E. Snyder 
Regulatory Compliance Manager 
Duke Pallier Company 
McGuire Muclear Site 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078 

J. Michael McGarry, I I , Esquire 
Winston and Strewn 
1400 1. Street, NW. 
Washington, DC 20005 

Senior Resident Inspector 
c/o U. S. Nuclear Regulatory 
Commission 

12700 Halters Ferry Road 
Huntersville, North Carolina 28078 

Mr. Peter R. Hirden, IV 
Account Sales Manager 
Westinghouse Electric Corporation 
Power Systems Field Sales 
P. O. Box 7288 
Charlotte, North Carolina 28241 

Dr. John N. parry 
Mecklenburg County 
Department of Environmental 

Protection 
700 N. Tryon Street 
Charlotte, North Carolina 28202 

Mr. Dayne. H..Brown, Director 
Department of Environmental, 
Health and Natural Resources 

Division of Radiation Protection 
P. O. Box 27687 
Raleigh, North Carolina 27611-7687 

Ms. Karen E. Long 
Assistant Attorney General 
North Carolina Department of 
Justice 

P. O. Box 629 
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A 	 UNITED STATES 
0 	 NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 106854001 

SAFETY EVALUATION BY THE OFFICE_ OF NUCLEAR REACTOR REGULATION 

pig POWER COMPANY  

MCGIOE•NUCLEAB STATION.  

DOCKET NO,-50-389 AND 50470  

ATA1111A NUCLEAR STATION 

DOCKET NOS. 50-413 AND 50-414 

In its letter of December 19, 1995, Duke Power 0014inyDPC.  ), -litentee,  for 
PkGUire:NUOlear Station, Units.] and 2, and Catawba Nuclear Station, Units 1 
and 2, notified the, NRC of aj,C4401,.,:te..On.OPOrdifiCialjalyiti*.leethedelogy for 
the four nuclear iiiiiti'l)P00.4Mittedidditienol`'ififOrMaXiiM in its letter: 
dated :Mirth 15, 1996.. 	The change relates to the modeling of accumulation: in, 
the lifting of the pressurizer safety valves or the main steam safety valves. 
These safety valves prouide overpressurtprotection of the orloary, system. 
Currently,  • DPC 1*involved 'stiAkienetatOr repicements at the NcGulre 
Catawba riiieicef_700etpiess 	protection analyses, DPC 
Identified that in0.1r00$4 in the leitC.tranSfer'eijr*',Of replacement steam 
geiulta 	tiiiThjihirpeak4000000'i*Ott‘0.0" 'to-110010g ' turbine 

peak liosittre#*00it require: 	SetpOintS; 41f 	yoyo.  to be 
d. DPC found,however,' 	that with the change in accumulation 010001100; 

the,. setpolfltS of the valves my remain consistent with 'those:Setpoints' _ 
currently-iirthe plant 'technical specifications. 

VALVE INFORMATION .. 	,  

The specific valves are listed below: 

riatifie Nuclear Station: 

Main Steele Safety Yalyes  

1/25if 2,3,0•9,14‘15,20,21: • V x 8'.  CrOsby Style HA-7657FN, 
Built  tO ASMEiSeCtiOifilto  19711ditiOn, - Wiiiter'1971 Addenda 

1/2SY 4,5,5,10,11,12t10.41,18,22924,24. 	x 10" crO$OY Style 
HA-65-FN, Built.  to ASME Sectione III, 1974 Edition, Winter 1975 

, Addenda (originally purchased for the Marble. Hill Nuclear PI ant) , 
and recertified to AVE Section III, 1971 Edition, Winter 1971 
Addenda. 

ENCLOSURE 
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Pressurizer Safety Valyes  

Size 615 (6" inlet, 91" orifice, 6" outlet) Crosby Style NB-BP-86. 
Valves originally installed. with loop seals, but modified in 1992 
to drain the loop seal andia0dify valve internals for sealing 
against steam. The Vililies'weei built to ASNE Section III, 1971 
Edition, addenda through the 1972  Addenda. 

Catawba Nuclear Station: 

Main Steam Safety Valves  

Dresser Model 3787, built to ASNE Section III, 1974 Edition, Summer 
1975 Addenda. 

Pressurizer Safety lab* 

P0600 Wel 31749A, built WOOF 4.4leo 1114 1974, fOtiON 
**et 1975 -MOW • 	valves do - have . 100 0.444, 

MODEL IPIG. mrtiithotogy  

The current Final Safety 	Re itOSAR) Chafter'15 analyses that 
support the McGUlre units and the;440410114.aredetelled 10thetOolCal 
l'ePott.1iP.t4E400V 	 0010"TfAajelit Analysis MethodolOgy.' 
The tilte40001010 	 that l'he:0440rizer safety valves :•:'#' 
main sfiti4ifitf4i1Vei are modeled 	accumulation, and blowdowfl 
assumptions which eakilimetheOrefitifiterpresinee.of minimize the **60fidaty 
(main steal system) pressure. Lift if the actual travel of the valve 
away from the closed position when the valve is relieving. AcceielitiCeit 
the pressure increase in the system pressure over the actual valve set 
pressure, frequently referred to as 'overpressure,' and is uteel-WOPtesSed. 
as A percentage of set pretturt. Blowdown is the difference between actual 
lift pressure of a safety valve and aCtUal,refeating pressure, usually 
expressed as a percentage of Set  pressure. ' The 'elqUirelentiof.SiCtiohlII of 
the American Society of Mechanical Engineers (ASNE) Boiler and Pressure Vessel 
Code (the Code), 1971 Edition, and similar in later editions, paragraph NB-
7614, gives the operating requirements for Class 1 safety valves (pressurizer 
safety valves) as follows: 

• 
116,7614.1.:Ail0704teilliCeNCLift*OiteMent$, , SafetY.  
valves shall be designed and constructed without 
chatfOing,amd to attain full lift at a pressure no 
greater than 4,percent above theit set pressures. 

148.4614.2 0100,06ii-  Requirements.  tifetyviklvei shirr be . 	. 
set and adjusted to close after bloating down at a pressure 
not lower than 5 percent of the set pressure. The valves 
Shall be adjusted, sealed and marked by the Manufacturer. 
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NO4614.3 Popping-Point Tolerance. The popping-point 
tolerance shall not exceed 1 percent, plus Or minus; of 
the set pressure for pressure over 1000 psi. 

The similar design and OpetetingiTOOYitelent* for class 2. safety. valves (main 
steam safety velve;W:giVen in paragraphIg74014 are as follOWS: - 

We-75144 Lift and BleihdOW• ,Safety valves shall operate 
without, thittering anetiketta*fill lift-at a pressure 
negteeter than 34eftentiboVelbeir set pressure. After 
blowing down, all valves shill closeat pressures not 
101etfrthakIS percent Oftheit'SetlteSSdriS . 

WNW( POOP1094000-0-1.0100!* (0)The 
POPPinfloreeedre tOlereMOO1Ples-oriiinds) ft-di- the set 
Presser* of safety valves shall not exceed the following: 
. • 1 percent for pressures over 1000 psi: 

The approved models assume thttliftingLef the safety valves is linear 
opening beginning WOO setiiefefind reaching full 	a pressure 
corresponding to the setpeilitilurt-teetatitetiVelrattdeled-a0OUMUIttiOn of 
One:Wihree,Pereint of the liftpretSeteeet000t.. For diteSPIC'a .  
pressutizerstfetY'velVe With esetOdintfot2S004Sigrend three percent 
accumulation wouldreach fUll4pitizat heiligherlhin 24I5P419, -Vctsioots 
that the models are conservative, but that the actual valve performance is pot 
represented. Both sets of safety valves, though different models and 
different manufacturer, are best charactetiod'as havtRgt .popping7open .  
re$0000 -  

MODELING-tHARG 

DPC proposes to use a pop-Owen modeling approach rather thtn a Tinett ramping 
open approach. The, reviSed:modeltng-assulet that the safety valves pop open 
to a .fillgdoenPosition in 0.5 Secdndt- aftet the drifted lift setpOint it 
reached.- The assumption is based-on testing andi review Of tilts that DPC 
engineering and 	valve manufacturers (CrotbiandDieSser) conducted. 

Pressurizer Safety Valves 

The pressurizer safety valves were tested as part of a performance test 
Program conducted by the Electric Pole,. Research Institute (EPR1) to meet 
action 	 "Perfortaide-Testing`Of Beiling4ater Reactor and 
Pressurized-Water Reactor Relief and Safety Valves,' of NUREG-0737, 
'Clarification of Tlia Actien Plan Requirements.' Naltiple'tests'Of Dresser 
Model 31709NA and 31739A and Grosbyle-BP461418 pressurizer safety valves, 
varying parameters Such as pressurization rate, system *die, and ring 
settings, indicated opening tiles of less than 0:1 second. Such a rapid 
opening time is characteristic Of a PoOlife9-open action. The test results 
were used by lidentees to cOrrelite- performake to site-specifiC similar 
valves. 
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Hain Stem Safety Valves 

DPC tested all of the McGuire Station main steam safety valves at Crosby's 
high flow test loop to determine unique ring settings for each valve. The 
tests were to assure blOselowir perfOriumai within a range less.  than or equal to 
ten percent. The test sialtinelusly recorded (1) inlet pressure. (2) outlet 
pressure, and (3) spindle_position using the. Crosby Data Atquisition System. 
Although deterlining openiiie response tine was not the purpose of the test. 
the tinswiere recorded. The opening this:ringed frors0.060tecond to 0.110 
second. Graphs of the. epeeist of several Of the valves were included in DPC's 
letter of March 15, 1996. These graphs show a rapid poppingepan  action. DPC. 
correlated these tests and the measured opening times with the tests performed 
by EMI and concluded that the mein steep sefety.yelyes would pop open and be 
fully open within the 0.5 *Mad assumed in the' flow Modal for overpressure 
protection. 	 . • 

- 
The main stun safety valves. instilled is Week Station have not bean tested 
In thkeenentennerActhelficOvire Station valve& Therefore. „opc.. revieset: 
data for similar Olies.;that•Wire. pert of thiEPG11estieg prograss..?,  Selection 
of the o.s.:  Saudi.; for' full „opening; it over„ 	,10k percent Slower than the full 
opening tine observed far the pressurizer safety 	Dresser eefliellering 
concurred with, 	the isSumptinitthit the -4410a Station Eodel 37E7 ma- n steam 
safety valves Will open in lesS than 0.5 second. 

EVAUJATION 

Pressure relief valves of seri* designs can modulate open and closed over 
the entire or a substantial portion of the lift, or modulate open over only a 
small portion of the lift and then open Suddenly to the fully open :position. 
The pressurizer safety valves and the main steam safety valves iiiitilltd 
the Weirs Station and Prtasiba Station are .of the fullrlift type .(1.e., they 
open for a small portion of the lift and.: then,,90P.ePert to the full-See 
position). OK's detail nation that, the., yalVeS. will frilly . open .mithin. 0.5 
necondi Includes conservatism when upend to the test, data used to validate 
the modeling assumption. for safety valve design, the AXE Code, Section III 
(see sbove), requires a popping-point tolerance of plus or Minus one percent 
of the setpoint of the valves mid requires that the valves be fully open at no 
greater than three percent above the setpoint. 

DPC has. demonitratod,through pasting and correlation of valves pot 
specifically tested that a rapid popping action,. is characteristic-of the 
nines. For: theist_ vsaves..there will he a ihortireriod.when the valves first 
begin to lift is,serestlie.closieg fOrces as* initially greater thin the opening 
farces (i.e., the adulating portiol of the lift). *AS the system -pressure 
centimes to act on the disc, the opening forces become greater than the 
closing forces, and: the, disc .rises sharply, The disc moves to the full, open 
position in a very short period of time, almost instentmseouily, by *sips. 
Therefore, CPC may,use a Value .of 0.0 second ,as..the U.from when the system 
pressure roaches the setpolnt of the valves (adjusted in the model for an 
assumed drift of three percent) to the full opening and full relieving 
capacity. In making this change to the modal, all requirements of the ASNE 
Code, Section III, must be met. 
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ONCLUgagi 

Valve Design Characteristics 

An assumption of 0.5 second as the time to reach the full-open position for 
the pressurizer safety valves and the main steam safety valves is acceptable 
as it relates to the design characteristics of these valves. 

Overpressure Protection Analysts 

The licensee stated in its letter dated December 19, 1995, that the proposed 
change of the safety valve opening characteristics in the methodology for 
analyzing system transients is needed for McGuire and Catawba plants. The 
current methodology as documented in OPC-ME-3002-A assumes that the safety 
valves are WWI at their fully open position when the system pressures are 
corresponding to their lift setpoints plus an accumulation allowance. This is 
a conservative modeling approach. However, the licensee finds that a change 
of the safety valve opening characteristics to pepOing-Opeu of the safety 
valves at their lift setpoint is needed to accemiddite the proposed change of 
the safety valve allowable setpoint drift and the design of the rePlaCeeeet 
steam generators at McGuire and Catawba plants. for reasons discussed in the. 
above paragraphs, the staff considers that the proposed change of safety valve 
opening characteristics in DPC-NE-30024 is reasonable and acceptable. 

Principal Contributor: P. Campbell 
C. Liang 
R. Martin 

Date: April 26, 1996 
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mr. N. S. Tuclumn 
Senior Vice President 
Nuclear Generation 
Duke Power Company 
P. O. Box 1006 
Charlotte, NC 28201-1006 

SUBJECT: SAFETY EVALUATION FOR REVISION 1 TO TOPICAL REPORT DPC-NE-3002, 
'SAR CHAPTER 15 SYSTEM TRANSIENT ANALYSIS METHODOLOGY' MCGUIRE 
NUCLEAR STATION, UNITS 1 AND 2; AND CATAWBA NUCLEAR STATION, UNITS I 
AND 2 (TAC NOS. IM89944, M89945, AND M89946) 

Dear Mr. Turkmen: 

By letter dated July 18, 1994, Duke Power Company (DPC or licensee) submitted 
DPC Tepical Report DPC-NE-3002, Revision 1, 'TSAR Chapter 15 System Transient 
Analysis Methodology,' dated june 1994, for. NRC review., The report describes 
changes to the DPC transient analysis methodology. These changes are due to: 
(1) steam generator replacement for the McGuire' and.Catawba stations, (2),  
methodology changes documented in DPC-NE-3000P, Revision 1,,  and (3) correction 
of typographical errors. In the original report, the steam generator tube 
rupture (SGTR) transient methodology was not included.. However, it has since 
been approved and was included in this revision. 

The staff finds DPC-NE-3002, Revision 1, to be acceptable for referencing in 
McGuire and Catawba licensing applications to the extent specified and under 
the limitations stated in DPC-NE-3002, Revision 	and the associated NRC 
Safety Evaluation. The enclosed Safety Evaluation defines the basis for 
accepting this Topical Report. The staff was assisted in its review by 
International Technical Services (ITS) Inc. The ITS Technical Evaluation 
Report (TER ITS/NRC/95-5) is also enclosed. 

When the Topical Report is referenced in a license application, the staff does 
not intend to repeat its review of the matters described in the Topical Report 
that were found acceptable, except to ensure that the material presented is 
applicable to the specific plant involved. Staff acceptance applies only to 
the, matters described in the report. 

In accordance with procedures established in NUREG-0390, DPC must publish 
accepted versions of this Topical Report. 'The accepted versions shall 
incorporate this letter and the enclosed Safety Evaluation between the title 
page and the abstract. The accepted versions shall include an -A (designating 
accepted) following the Topical Report identification symbol. 



Mr. M. S. Tuckman 	 -2- 	 DeceMber 28,.1995 

Should NRC criteria or regulations change so that staff conclusions regarding 
the acceptability of the Topical Report are invalidated, DPC will be expected 
to revise and resubmit their documentation, or to submit justification for 
continued effective applicability of the Topical Report without revision of 
their documentation. This completes NRC actions for TAC Nos. N89944, 
M89945 and M89946. 

Sincerely, 

bet E. Mlaftin, Senior Project Manager 
Project Directorate 11-2 
Division of Reactor Projecti - I/II,  
Office of Nuclear Reactor RegOlation 

Docket Hai.- 50469, 50470 
50-413 :and 50414 • 

Enclosures:•° 	Safetyl.EValuation • 
2. 	Technical: Evaluation itepoit -ITS/NRC/95,45 

cc w/encls: See next page 
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Duke Power CompanY, PB05E 
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County Manager of Mecklenburg County 
720 East Fourth Street 
Charlotte, North Carolina 28202 

Mr. J. E. Snyder 
Regulatory CobpTiance,Manager 
Duke Power Comp.* 
McGuire Nuclear Sitar, 
12700 Hagors ForrY Roid 
Huntersville, North Carolina 28078 

J. Michael McGarry, III, Esquire 
Winston and Stearin  
1400 L Street,, NW. 
"OlingtoNnDC 20005 

Senior Resident Inspector 
c/o U. S. Nuclear Regulatory 

Commission 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078 

Mr. Peter R. Harden, IV 
Account Sales Manager 
Westinghouse Electric Corporation 
Power Systems Field Sales 
P. 0. Box 7288 
Charlotte, North Carolina 28241 

Dr. John N. Barry 
Mecklenburg County 
Department of Environmental 
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Charlotte, North Carolina 28202 

Mr. Dune H. Brown', Director 
Department of Environmental, 
Health and Natural Resources 

Division of Radiation Protection 
P. 0. Box 27687 
Raleigh, North Carolina 27611-7687 

Ms. Karen E. Long 
Assistant,Attorney General 
North Carolina Department of 
Justice 

P. 0. Box 629 
Raleigh, North Carolina 27642 

Ni'. 6. A. Copp 
Licensing . E...,50 
Duke NW!, ComPaoY 
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Charlotte, North Carolina 28242-0001 

Regional Administrator, Region II,  
U.S. Nuclear,Regulatory Commisaion 
101 Marietta Street,,NW. Sulta ,2900 
Atlanta,Georgia 30323 

Elaine Wathen 	 r 

Lead REP Planner 
Division of Emergency Management 
116 West Jones Street 
Raleigh, North Carolina 27603-1335 .  
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Marc Batavia, Chief 
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Senior Resident Inspector 
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WASHINGTON. DX.105:441M 

$AFETY VALUATION BY IKE OFFICE Of NUCLEAR IREACIOR REGULATION 

mom ANALUIVIETIMOOLOGY*  

DUKE POWER {MANY.  

NCOUIRE NUCLEAR STATION.- UNITS I AND Z 

CATAINIOUCIDIRSTATIOIL UNITS. LAND Z 

P. ,4 NOS. 90-369...S06-370. 

90-413, AND 90-414 	'f 

1.0' Man= 

In Revision I of the Topical Report OPC-NE-390iOntitled 'FSAR Chapter 15 
System Transient Analysts Methodology' dated°June 1994 (Reference 1), Duke 
Power Colipiny (DPC) documented revisions reflecting changes due to (iy 
replacement of steam generators (4Ge) for the McGuire Units 1 and 2 and 
Catawba. Unit 1, stations, -and (ii)--methodology changes demented. In 
DPC-NE-9090,- Revision 1 (Reference 2)— Corrections of typographical: errors 
were also included. Additional information was provided in Reference 3. 

The:original Topical Reports DPCrNET3000 (Reference!) and DPC-NE-3002 
(Reference 9) were reviewed and approved, sUbjectrto certain conditions 
(References land 7). 

Steamline,breab, rod ejection,-dropped rod and boron dilution events were not 
part nfAhis review,_sincmthose events,ari j,documented- in OPC-NE-3001 	_ 
(Reference 8), which has been. reviewed and approved. 

2.0 RgeORT SMART  

DPC-NE-3002 (References I and 5) contains DPC's qualitative approach to 
performance of FSAR Chapter 15 type analysis for the McGuire and Catawba 
stations, using .methodology utilizing the RETRAN and VIRIE-01 computer codes 
described in UPC-AE-3000. It does not address justification, qualification, 
or demonstration,of that : approaches;;: taken forAhe: analysis. However. it does 
state the process OPC intends to use in determining initial and boundary, 
conditions, transient assumptions and scenarios, and code models used in 
licensing applications for transient analysis. 

Revision 1 of DPC-NE-3002 doCuments changes die.to (i) the replacepent of 
steam generators for McGuire Units I and 2 and Catawba Unit 1, and (ii) minor 
methodology changes presented in Revision 1 of DPC-NE-3000. Typographical 
errors were also corrected. Changes include analysis objectives, pressurizer 

ENCLOSURE 
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and SG models, initial and boundary conditions, transient assumptions in terms 
of system component availability, and the use of statistical core design (SCD) 
methodology fot DNBR computation. 

3.0 EVALUATION 

Acceptability of DPC's revisions of RETtNN models and assumptions for thermal-
hydraulic calculations of FSAR Chapter IS transient analysis of its 
McGuire/Catawba (N/C) plants is discussed below. Only those items which bear 
analytical or safety significance are discussed. Those items of a non-
technical nature are not discussed. 

3.1 	Chances in McGuire anti_CatawbilETRAN Methodoloav 	 • 

The RETRAN base models for M/C_plalits were qUalified in DPC-NE-3000 and its 
Revision I for both best estimate and licensing-type, non-LOCA applications, 
subject to limitations destribed in the, Safety Evaluation (SE) (References 6 
and 9). Note that DPC's submittal of August 9, 1994, was identified then as 
Revision 3 to the DPC-NE-3000 report. That submittal has since been 
renumbered as Revision 1 to the original DPC-NE-3000 report by ..DPC's letter of 
September 12, 1995. The oPproved  version of the original DPC-NE-3000 report 
was issued by DPC on August 0, 1995 (Referefice'6). TheARC's SE fiir 
RevisiOn 1 to the original DPC4E-NE 	issued on December 27, 1995 
(Reference 9). 	. 

A change which *acted the, documentation of DPC-NE-3002 was a change in the 
pressorizer-modelingdescribed in DPC4643000i'Revision- 1. ThUS, all sections 
that related to the previous modelingliestkiptionvere reised. 

Also included in the revision of the RETRAN -methodology is modeling of a 
Babcock & Wilcox-(B&V) feedring steargeherdor(FS0) model. Details of the 
FSG nodalization and other associated changes due to SG replacement'art 
presented in Reference 2. A significant impact is expected in the Feedwater 
System Pipe Break analysis results due to the design and location'Of the main 
feedwater nozzles, which is discussed in Section 3.3 of this evaluation. 

3.2 	SCD. Transients  

The core thermal-hYdraulics for most of the transients considered in .this 
Topical Report are.analyzed using thiOCkieVeloPed'and NRC7apPFOVed 
methodologyiRefereice 10): For these tilniientsitertaik initial conditions 
used in the transient safety -inalYiislie selectedlo-04  
conditions, as qualitatively defined in the subjeit report, since the 
uncertainty associated with the initial conditions 	accounted.foOn the SCD 
method. 

Of those transients for which a DNBR computation is performed, there remain 
two transients (startup of an inactive reactor coolant pump at an incorrect 
temperature and steam line break) for which DNBR calculations are not 
performed using the SCD methodology. With this revision, DPC stated its 
intent to use the SCD methodology for reactor coolant pump (RCP) locked rotor, 
and steam generator tube rupture (SGTR). 
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Although in the locked rotor analysis the core flowrate is expected to fall 
below the minimum SCD parameter value, a statistical Monte Carlo propagation 
is performed to ensure that the statistical design limit remains acceptable. 
This approach was approved provided that the range of applicability of the 
critical heat flux (CHF) correlation is not violated. In the SGTR analysis, 
DPC stated that the range of applicability remained valid for SCD parameters. 

3.3 igthaillialransientanekth 

In this section those transient analyses, in which, significant revisions are 
proposed, are highlighted and other revisions are briefly discussed. 

3.3.1 Increase in Heat Removal by the Secondary Svstem 

Two transients inthis- categerY, which incorporated revisions, are 
Feedwater SystemMalfunction Causing an Increase in Feedwater Flow, and 
Excessive increase in Secondary_Steam Flow. -  In-botbcases revisions are 

minor since the changes are primarily editorial reflecting methodology changes 
in DPC-NE-3000, Revision 1, and, therefore, are acceptable. 

3.3.2 :Pecreask- }Wet-Removal ••bv -the, Secondarv4Svstem 

41.1 four, transiekt analyses 'are offected-bY,rovisions  in this' category: ,(1) 
ttirbinctriP, 	loss-of offsite-power. (ill) loss_enormal feedwater,and 
(iv) feedwater system pipe 	Turbine -trip Is analyzed with respect to 
peak RCS and secondary side pressure, and the others are analyzed with! respect 
to peak RCS pressure and DNB and/or long-term core coolability (potential for 
hot leg boiling). 	• 

3.3.2.1 Turbine Trio 

A change in the assumption regarding tholmosurizer (PZR) level control is 
introduced. DPC stated that the use of the level control in manual with the 
PZR heaters locked,on.will be worse,  with respect to high primary system - 
pressure than the case when the PZR level control is- in.automatic. The staff 
concurs with this assumption. 

3.3.2.2 Loss of Offsite Power  

In addition to: the potential challenges-to peak RCS pressure, peak secondary 
side pressure, and,ONB,.DPC will analyze thistransient with respect to long-
term;..core cooling•capability„-Therefore, a new section was added to the 
report,describing the, analysis to demonstrate that natural circulation. can be 
established after loss of offsite power. Transient assumptions are 
reasonable. With respect to the other transient objectives, changes 
.introduced are benign. 

3.3.2.3 LOSS of,Normal. Feedwater 

Assumptions regarding the initial SG inventory:were revised. In the new, 
approach, low instead of high SG level is assumed to maximize.the secondary 
pressure. This is expected to cause an-earlier reactor trip on the SG low-low 
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level. The downward adjustment of the initial SG.-level introduces competing 
effects with respect to predicted peak primary. and secondary pressures and 
DliBR. 

This event is currently not a. limiting transient in this category and is 
bounded by the turbine trip event. Therefore, its analysis is not required. 
However, DPC stated that an analysis may become necessary in the future due to 
hardware or methodology changes. In that event, DPC will need to perform 
sensitivity studies with respect to initial condition selections to ensure 
conservatism in the analysis. 

3.3.2.4 feedwater System .P1D' Break 

This transient it Significantly impacted by implementation of the feedring 
steam generatOrsi. And treqUires-Ahree. Maier astddlitibtrehangeS•as,"', e.',Oirect 
retUlV•Of theAlesigri:iind:,locatiot:OftheAitinifeediatemnoZileto't0Pri 

,.discussion r of 'attuaiption:.:'changes aiWthe"1-11Patts'Of'changev'in.,Etransient, • 
results Was •-reitieWed7and•lehnd l't0 - 00,' reasonable. 

The loss of offsite power -coincident with reactor trip is assumed, resulting 
in RCP trip and. delay;;--in....ithe .1$44WOC1410:14ies0;4elierkitorsfor-3'safety,  
Injection. Early main steam isolation valve .414$110-  closure was determined to 
be conservative in terms of earlier faulted ISWdrYOUtl-L:,Thet, =it.the!,,revited. 
assumptions, MSIV closure occurs coincident with turbine trip,. which occurs on 
less:,0f-Offiite 	 approach to thk. anal-SoSisAdfthiS.,eVent:is ,  
acceptable. 	• 	•,. 

3,.3.3 Detrease in. Reactor. Coolant System :Flagg-ate  

Three transients analyzed in this category are: (I) petio lots of forted 
reactor coolant (RC) flow, (2) complete loss of forced reactor coolant flow§  
and (3) reactOrtoolerit phOpAecked-fdter.r 

- 	 _ 
ReVitiont to both the. complete Tand 	al 1 tiS of fOrted-itC flow are. .. 
editorial changes and are acteptable; 	• 

3.3.3.1 Beactor Coolant Puom locked Rotor 

As stated in Section 3.2, ONBR for this event will be analyzed using the SCD 
methodology. Therefore, affected parametert are initially set to nominal 
values instead of assuming conservative 	DPC providedthe-explanition 
of the.applicabilitY0 the SCD methcialoW.for thisAr4hsieht(Referehce 3) 
and the staff finds thwexpianation te be acceptable (see also Section '3,2). 

DPC stated that cases with and withOutlloss'of offsite'pdwer coincident With 

As stated in the SE (Reference 7) for DPC-RE-3002 (Reference 5), the 
assumption of 120% of design pressure is not an acceptable limit. DPC is 
required to use 110% of design pressure, as stated in the previous revision. 

the turbine trip will be analyzed. 
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3.3.4 Reactivity and Power Distribution Anomalies , 

DPC added the possibility of reactor trip on high pressurizer pressure in 
addition to the high neutron flux for completeness. 

3.3.5 Increased Reactor Coolant Inventory  

Inadvertent operation of ECC5Aiuriog Power operation is the only transient 
analyzed. Although DNS is a primary concern, since a potential for 
pressurizer overfill, exists during, this event, DPC added a new section to 
address that concern- for PZR' 	overfill leading to waterrelief through the PIR 
Safety Valves (PM). The'itceptance criterion for this analyiis is the 
minima® water relief temperature to assure ISV operability. 

The Standard Review Plan suggests the uie of full -power unless a lower power 
can,be justified. Io.Raference 3, DPC assuries,zero PoWer in this analysis for 
contervatism. This is because if;overfill occurs atjoiler, initial'Ipower,- then 

'thOiMter relief teMperoturle41drelikelY to  99,lesSthanthe uccePtande 
criterion. Therefore,--DPC teletted the initial and boundary conditions in 
order to minimize relief temperature. The staff finds this approach to be• 
reasonable and acceptable. 

3.3:6 Recreate in Reactor Coolant Inventoty.  

InadVertent Opening of a preisurizer safety- or relief valve and steam' 
generator tube rupture events are the two transients analyzed in thii 
category. Proposed revisions to the.inadvortent opening of a Pressurizer 
safety 	relief valie aree r editbilO1 choogeS- 

3.3.6:1'-  Steam leneratorlutii Rupture - 

The steamgenerator tube ruPture (SGIR) eVent,WaS.not part of the original 
review, since the transient methodology documented inOpC7NE-3000,1mied on the 
use of' the RETRAN coMOuter'COde; was aPProvedonlY.for -hori-LOCA applications. 
Thirristriction regarding performance of SGTR anilytis"with RETRAN (Item vii 
of RETRAN SER (Reference 11)) applies to applications'that'enceunter- two-phase 
flow in the primary loop, which does occur in many SGTR icenarios. 

In the limited review documented in Reference 12, Dec received_approval for an 
SGTR analysis of the worstcate offsite dose scenario using RETRAN for Catawba 
Nuclear Station, Units 1 and 2. Justification was provided in a qualitative 
manner by DPC (Reference 13). on each of the items cited under restrictions and 
limititiOni on the use OURETRAN'in its SE. There is assurance that the use' 
of the- cade for that partienlar'sienario was acceptable since DPC Stated that 
two-phate flow was not encountered in the primary loop. 

Although NRC approval was specific to Catawba Units 1 and 2, as considered in 
DPC-NE-3000, the Catawba and McGuire plants, for the purpose of analysis 
qualification, are interchangeable. Therefore, DPC stated that NRC approval 
of the SGTR analysis using RETRAN should be applicable to the McGuire plant. 
analysis (Reference 3). The staff concurs with DPC's statement, so long as 
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the scenario is essentially the same and no two-phase flow conditions are 
encountered in the RCS primary loops. 

The DNBR will be computed tieing the SCD methodology (see Section 3.2). 

4.0 CONCLUSIONS AND LIMITATIONS  

Revision 1 to .the DPC Topical Report DPC-NE-3002 and the DPC responses to NRC 
questions and Other supporting documents cited In Section 5.0 were. reviewed. 
Review of these 'doceient# focused upon evaluation of acceptability of the 
proposed changes and the perceived impact of these changes. 

As stated earlier, steamline break, rod ejection, dropped rod, and boron 
dilution events were not Part of this review. 

Subject to the foregoing, DPC's proposed revision of its approach tOF$11A 
Chapter 15 transIent anays1s, as documented inRiVition 1 of DPC-NE-3002 and 
its supporting document, was found to beacceptable subject to the following 
limitations: 

• 

	

I. 	The acceptability of the use of DPC's approach to FSAR analysis is - 	 4 

subject to the conditions of Sks.on all aspects of transient analysis 
and methodologies (DPC-NE-3000,400CINO3001,OPONEA002,1DPC4E-2004, 
and MC-NE-2000 as well the SEs on the RETRAN and VIPRE-01 computer 
codes. 

There are scenarios in which, In SGTR event may result in This. of 
subcooling and the consequent 'WO-phase flow conditions in the primary 
System. In such instances, the use of RETRAN is not acceptable without 
a detailed review of the analysis. 

In the future, if hardwire,dr methedology_changes, selection of limiting 
transients needile Wriconsidered„andAPC it,requiret to perform 
sensitivity studies to 	the Initial conditions-in such away to 
avoid conflict between transient objective, such as DNB and ,woritrcase 
primary pressure. 

It is emphasized that, when using the 40.methodolony to determine OMR, 
the range, of applicability  of the 'selected  critical heat flux 
correlation quit not be violated. 

	

s- 	DPC's assumption of 120% of design pressAreW,Part of the acceptance 
criteria for RiactOrt401110 POP OCkediletoris hotacceptibl4DPC is 
required teuie-110% Of design pressurejor-thatlimit. 

Principal Contributor: L. Lois 

Date: December 28, 1995 
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ITS/NRC/95-5 

TECHNICAL. EVALUATION.;  
FSAR CHAPTER 15 SYSTEM TRANSIENTANALYSISAETHODOLOGY 

T91'ICAL REPORT SIPC-NE4002 'REVISION I  
fOg 

ppie,compAtly  
MCGUIRE AND_ VOIRAJNICLEAILLSTATIONS 

1.0 

In Revision 1 of the topical report entitled "FSAR Chapter 15 System 
Transient Analysis Methodology,' DPC-NE-3002, dated June 1994 (Ref. 1), Duke 
Power Company (DPC) documented revisions reflecting changes due to (i) 
replacement of steam generators for the McGuire and Catawba Unit 1 stations 
and (ii) methodology changes documented in DPC-NE-3000 Rev. 3 (Ref. 2). 
Corrections of typographical errors were also included. 	Additional 
information was provided in Reference 3. 

The original topical reports DPC-NE-3000 (Ref. 4) and DPC-NE-3002 (Ref. 5) 
were reviewed and approved, subject to certain conditions (Refs. 6 and 7). 

MC-NE-3002 (Refs. 1 and 5) contains DPC's qualitative aPproach to selection 
of initial and boundary conditions transient assumptions, and computer code 
models for use in performing transient analysis of FSAR Chapter 15 accidents 
for McGuire and Catawba Nuclear Stations. The report does not contain any 
justification, qualification or demonstration As selections. 

Steam line break, rod ejection, droppeo& rod and boron dilution events were 
not part of this •review since these ivents are documented in DPC-NE-3001 
(Ref. 8) which has been iiViewed and *roved. 

2.0 	EOM 
. 	. 

DPC-NE-3002 contains :DPC's qualitative approach to performance of FSAR 
Chapter 15-type analysis for thef,Nagire and Catawba stations using 
methodology utilizing the RETRAN ani1011PRE-01  computer codes described in 
DPC-NE-3000. 	It does not tiaddreSs,,Austification, qualification or 
demonstration of the aPproachesAakenmfor analysis. However, it does state 
the process they intend to 'use- in determining initial and boundary 
conditions, transient assumptions and scenarios and code models used in 
licensing-type transient analysis. 

Revision I of DPC-NE-3002.dOcuients% changes due to (i) the replacement steam 
generators for McGuire and Catawba Unit 1 and (ii) minor methodology changes 
presented in Revision 3 of OPC-NE-3000. 	Typographical errors are also 
corrected. Changes include analysis objectives, pressurizer and SG models, 

1 



initial and boundary conditions, transient assumptions in terms of system 
component availability, and the use of statistical:;, core design methodology 
for DNBR computation. 

3.0 	rallAU01., 	 .fr• 

Acceptability of: , DP,C's-cp revisions. of RETRAN models and assumptions for 
thermal-hydraulictaltUl'ati (Int Of FSAR Chapter • 15 Venal int Analysis of its 
McGuire/Catawba (WC):  plants is discussed..below. Only those items which bear 
analytical or safety significante. are discussed.„ Those Items of a non-
teOhn cal. net** are „not s.  di scUsted  

3.1 	Channes 	itetetitie•and..tataidia  

The RETRAN basemodels ,fort,..W; plants, wereplatified, in„ D.PC7NE4000 and its 
Revision 3 for fuitlrbeitlettliate and-"ii SIT gtpefldflLOCAappl i cati Ons, 
subject to limitations described in the $81,and„.YER .(Refs. and 9). 

r 	 I 	 • 	 . 

A change which iMpaCted,the.dOcumentatiOn. of.„DPCNE-3002 was, a change in PZR 
modeling described in,0$4,,NE4000111y,, 3. Thus, all séctlàns Whi00 related 
to iii-etlas 	 Were feicried; 	 ; 

Also included in the revision of the RETRAN' iiitthOdolOay 1 modeling Of a - B&II 
feedring steam generator (FSG) Model. Details of the ESC nodal itation and 
other associated changes due to SG replacement are presented in Reference 2. 
Asionificant impact it expected In .the.FeedWater..$ystem pipe Break analysis 
results due tO the design and location „of the mai feedwater:  nozzles, which 
Is discussed in Section 3.3. of this report. 

3.2 	SCO Transients 	 •;; 

The core thermal-hydraulics for most of the transients considered in this 
topical (rePort-Lore..—onalned,  using the DPc.  developed  - and NRC approved SCD 

„mithOd9109YARef...,10), For these transienti;,certainlinitiaLconditions_used 
In the transient safety analysis_are,silecteCto be at nominal conditions, as 
(14ilitot001YOofjoeCin„the subject_reportuiSincesthcluncertaintyAssociated 
with the ,initial conditions Is accounted for In the SCD method. 

. 	 , 	.. 	 . 
Of those transient for which a DNBR computation is -performed, there remain 
two transients (startup of an inactive reactor coolant .pump at an incorrect 
temperature and steam line break) for :which: MDR - calculations are not 
performed using the SCD methodology. Withthii-  reviSion 'DK stated its 

D, intent to use the .SCmethodology for. RCP. Locke‘Rotor and.SiTR. ,  

Although in the- Locked Roter analysis the core 	is.expected, to fall 
below' the . sit nienim SCD 'parameter value,a stititOcal, Monte Carlo- 	propagation 
Is performed to, anatire, that;  the statistical design 	remains acceptable. 
This approach was approved provided that the range of applicability of the 
critical heat flux (CHF) correlation is not violated. 

- In, the -SGT11 analysis, -pit stated that the range of applicability, .remained 
.a 	 • 

valid for SCD, parameters. 
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3.3 	Revited FSAR Transient Analnis  

In this section those transient analySes in which signif10.0. revisions are 
proposed are highlighted and other revisions are briefii-dISCUSsed. 

3.3.1 ' Increase in' Heat Removal by the 	Svste 

TWO transients in this. category 'which .-incorporated' 	 are' (1) 
Feedwiter •-System:Malfunction CeUting an"Ineteate in Feedwater now :and'(ii)  
Excessive Increase in Secondary Steam 	both cases'- revisions are 
minor since the changes are primarily editorial refleCting methodology 
changes in OPC-NE4000144.44hd thertfOrelictiptible. 

3.3.2 	DOtreasg,i0eita$000011:bV - thC-Sidondary Sys* 
. 	.  

All four transient- ahalYeet'areliffetted by revisions 'in 'this category: (i) 
turbine trip, (i ). loss,,,PC,offSite: power,„(vii losAof,furmal feedwater, and 
(IV) laadiyater !eyal.eM,010C-briake —  ToolorttiP:1*'oOOli00:WithfreapOt to 
peak RCS and=' :0404(lity tide pressure,.' and:' he 	are OoOiyzotir With 
respect to peak RCS' pressure' and :0113 and/orlong leril''''eariireiatibility 
(potential for hot ,leg. boiling)  

3.3.2.1 .Turbine` 	o• 
7.1  

change in 'thetialCregardtng:thellitleyeLeOntrel; 	intrOduCed. 
• DPC stated ]thatEthe""Wit of- Vie leVel-  eontrolln manual' with too,:ezp.teaters 

locked on will be worst in ordef eteVateythk' primarPOISSiiiktioarhigher 
value than is obtained when the PZR level control inautonatic.„ We concur. 

4 	.• 

3.3.2.2.. Loss of Wittite.Power 

In -addition to the Potential challeigas -te;peak- RCS-preiaMr(6- peaksecondary 
sidc.pressure,:and 'DNB; DPC will .analYte this transient with 're ee 
term- core cooling:capability: TherefOre; a new section was added to the 
report' describing 'the: analysis to demonstrate that 'natural `C'ii"-culition'eati be 
established -after loss of offsite power. 	Tranaient assumptions are 
reasonable. 	With respect to the other transient objectives, changes 
introduced are-benign. 

3.3.2.3. Loss r-oflorsial Feedwater 

Assumptions regards ;the initial SG inventory- Were revised 4 :In the new 
approach, low instead of high SG level is asiumed, to maximize the secondary 
pressure:- Thit,ii,' : 	L-to -cause 

: 	

ioi.-'eit-  lle frr iti--..,t,.  Ot: Ol t on th olIC  low- 
low level. * Tho, 'Fdownta 	ustmerit -of 11wi-initial SG eVelThirtredUces 
competing ;effects , With'":res 	: to -predicted' peak' primary andsecondary 
pressures ind DMIR. 	- 	., 0 

This event is currently' not a lieiting transient in this. category and is 
' bOunded `by the turbine trip event. There fore, its analysis is not. required. 
However, DPC stated that analysis may become necessary' IA • the " fain-6 -due to 
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hardware or methodology changes. In that event. DPC should be required to 
perform sensitivity studies with respect toinitial condition selections to .0.• 	• 	•. 
ensure conservatiti in' the analysis. 	•• 

3.3.2.4 feedWater•SYstem Pie. Break '• 

This transient is significantly impacted by implementation of the, feedring 
Steam generatom - 40 4044,-uires three major 'assumption changes as a direct 
result of the' design and and. I0Oation' of the main feedwater nozzles. OK's 
discussion of sources of assumption changes '7and impact of changes in 
transient results "Wit''reviefied and.  foUnd to bezreasonable. 	• • • 

• 
The loss -  Of offsite paver teincidelit With reactor trip is intuited, resulting 
initCP trip and delay in the startup of the diesel .generators for SI.. Early 
MSIV closure was determined 	, conservitiveinAertisofearlier' 	faulted Sc 
dryout. Thus, in the revised assumptions,, NSIV closure occurs coincident 
With-Orb-IOC trip-, which occurs on lett Of OffsitepOWer.. „. • • 

OK's 'approach 	iiitlysit of .thit event it aOteetable, 

3.3.3 	Decrease in Reactor CoolantSvstem.Flow Rate  

Three transients analyzed in this caegory are: (.1) partial loss of forced 
're4Ctor'Coolant -IlOW;'(2)'00pleteless of forced reactor coolant flow, and  
(3) te140-00140t40M0  locked rotor'. 

Savisiens to binth'Or-Pho:  coip1ete and PartiallOstlef' forted' RC fit* are ,  
editorial 	are -acceptable. 

3.3.3.1 RC km Locked Rotet 

Ps Stated in .$iiction,rli  ION BRfOr this 	 analyZed'Using:  the SCD 
inethodoogy. • -•••Thetiifori4 affected - parameters tare' Initially set to nominal 
italtet,  insteat'oVatStaking'''ConserVatiYesValUeS. ''DK provided (Ref 3)--  the 
explanation of the applicability of.  the SCI) methodology for this transient 
ancV,we.. find the explanation to be acceptable .  (see '..also secti 	3:2).'' 

DPC stated that cases with and without lots of offsite power coincident with 
the., turbine trip will -be-analyzed.  

As stated in the SER (Ref, '7) for DKAE,3002'. (Ref. 5), the astumption that 
120% -of -detign pressure is not an- acceptable limit. OK is required to use 
110% of-design pressure, 

	

3.3,4 	Reactivity enotbrigr Distribution Anomalies  

DPC added thelpossibility of 'reactor trip on high pressurizer pressure in 
addition to the high neutron flux for completeness. 

	

3.3.5 	Increased 1 Reactor Coolant Inventory 

Inadvertent operation -of EMS during at-power-  op ration is the only transient 
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antlyiec1, 	Although DNB is a, primary concern, since a potential for 
pressurizer overfill exists during this event, DPC added a new section to 
address that concern for PIA overfill leadil* to water relief through the PZR 
Safety Valves (PSVs). The acceptance criterion for this analysis is the 
minima, water relief temperature to attire PSY operability. 

The SRP suggests use áf full power unless a lower :power can ,•be justified. 
OPC assumes zero power (Ref. A) in this analysis for conservatism. This is 
because if overfill occers-at lower initial power, then the Water. relief 
temperature it more likely to be less than the acceptance ICriterion. 
Therefore DPC selects the initial and boundary conditions in such a way to 
minimize relief temperature. We find this approach to be reasonable. 

34,6 	pecreist tn_ bitter Cool ant Inventory  
_ 	 . 

inadvertent opening of a.,prettnripr safety or relief valve and steam 
generator tube rupture (SGTR) events are the two transients analyzed in this 
Category. Proposed revisions to the inadvertent opening of a ,pressurizer 
safety or relief valve are . editorial Changes. 

3.3.6.1 steam Generator:TubeituntUre 

The Stearn generator tube. rupture ($ .),,eVent was not partof „the original 
review since the transient methodology documented in,okfwAomii::based on the 
use of the RETRAN computer was approved only far nOn4.0CA applications. This 
restriction regarding ,performance of SGTR analytis with RETRAN (Item vii. of 
RETRAN SER (Ref. 11)) applies to applications WhiCh. encounter two-phase flow 
in the primary loop, which does occur in 140 SGTR scenarios. 

In the limited review documented in Reference '12, DPC 'received approval for 
an SGTR, analysis .of the worst offsite: 	dose sCenariousing...RETRAkfor Catawba 
Nuclear Statien Unite 1_,and 2. .,Justlflcatinn was. provided (Ref',13) in a 
qualitative manner by 	on each 	_WeriteosciW .under restrictions and 
limitations 'On the ate,of,RETRAN: in its _SER. There is assurance Ahat‘the ,use 
of code for that particular scenario was acceptable since DPC •stated that 
two-phase flow was not encountered in the primary loop. 

. 	. 	 , 	. 	 • 

Although NRC approval was specific to Catawba .units, as considered in DPC-
NE-3000, Catawba and McGuire plants for the purpose of analysis qualification 
are , interchangeable!  Therefore DPC stated (Ref. 3) that NRC approval of the 
SGTR analysis using RETRAN should be applicable te,McGuire,plant 
We concur with OK's statement, so long as the scenario is essentially the 
same and no two-phase flow conditions are encountered in the RCS primary 
loops. 

The 7PNBR will-be'COmputed using the SCO methodology (see section 3i2), 

4.0 	CONCLUSIONS 
• 

Revision 1 to the DPC topical report DPC-NE-3002 and the DK responses to NRC 
questions .and other supporting. documents cited in Section 5.0 were reviewed. 
ReiieW of these documents focused upon evaluation of . acceptability of the 



-proposed changes and the perceived impactofthese changes. 

As stated earlier, steam line break, rod ejection, dropped rod and boron 
dilttioh-eVeits*ere hotliartsofthitreview. 

Subject to the foregoing, DPC's proposed revision to approach to FSAR Chapter 
15 transient analytis,•es documented in 'Revision 1 of DPC-NE-3002 and its 

'suOpOrthig' document, was foiled' to be attentablelubject- to the - following 
conditions: 

The acceptability ,01F the 	&eft Spread to FSAR f• 'analysis is 
tObjeCt tO'the COnditiOaf-W•lERS'onraWatpecti• Of- traniient analysis 
and methodologies (WC-NE-3000p opc-NE-3001., DPC-NE-3002, DPC-NE-2004, 
pro..NEiams) as 	ifiesms on RETRAN andARPRE- tomplitirtOdes. 

There are scenarios in which an SGTR event may-result-in loss of 
subcooliog and the consequent twolhase flow conditions in the priPary 
sWei. Iii'Sudb4OttaliCes,Ahiliat,.oURETRAN iitotteceptible without 
o-detaileCrivie0. 0thrkettalytis.' • 

In the future if hardware or methOdology changes, selectiOWO limiting 
transients needs to be reConsideted„ and DPC is required to perform 

studies-Sensitivitt 	to'idehtify theAnitieTtonditioWia-400 a way' to 
avoid conflict lietweee transient ' Objective:, 4lich.'IST1DNO'end worst 

.pressure:  
At iteOphatiaed -thati when-Uting thc$C0 aethOdolOgY WditerOine DNBR, 

the hinge of applicability of the seiiitted.CHVterrelatiiniAtiUtt hot be 
violated. 

5.,  DFC's.assumption of 120% of design pressure as part of the acceptance 
criteria for Reactor Coolant Pump Locked Rotor'is not atceptible: DPC 
is required to use 110% of design pressure for that limit. 
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UNIMEDSTATE8 
NUCLEAR REGULATORY COMMISSION 

INASKINGTON. ID. C.1:0635 

ENCLOSURE 1 

SAFETY EVALUATION 8Y THE OFFICE OF NUCLEAR REACTOR REGULATION  
RELATING TO TOPICAL REPORT DPC-NE,3002 

"FSAR CHAPTER 15 SYSTEM TRANSIENT ANALYSIS METHODOLOGY` 
ENKE POWER COMPANY 

MCGUIRE NUCLEAR STATION  
CATANA NUCLEAR STATION 

DOCKET Nos, 5040._ 50,370,.10,413 ANO40,414  

1.0 INTRODUCTION 

By letter dated August 30, 1991, the Duke Power Compaq :DPC) submitted 
Topical Report DPC-NE-3002, McGuire Nuclear Station and Catawba Nuclear 
Station, 'TSAR Chapter 15 5ysten Transient Analysis Methodology," describing 

modelling assumptions used by DPC in performing analyses of FSAR Chapter 1$ 

events. This report, as supplemented by letters of October 16 and November 5, 
1991, is intended to augment Topical Report DPC-NE-3D00, 'The Thermal-Hydraulic 
Transient Analysis Methodology - Oconee Nuclear Station, McGuire Nuclear 
Station, Catawba Nuclear Station." DPC-NE-3002 is also related to 
OPC-NE-2004, 'Duke Power Company McGuire and Catawba Nuclear Stations Core 

Thermal-Hydraulic Methodology Using VIPRE-01,* and DPC-NE-3001, 

'Multidimensional Reactor Transients and Safety Analysis Physics Parameters 

Methodology." 

2.0 STAFF EVALUATION 

The staff performed its evaluation of the methodology reported in DPC-NE-3002 
with the technical assistance of International Technical Services, Inc. 
(ITS). The evaluation and findings are described in detail in the ITS 
technical evaluation report. (TER) which is enclosed as pirt of this report. 
As identified in the TER, certain items from DPC -NE -3002 were not included in 
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this review because they have already been included in the., review of, one. of 

the other related DPC topical reports. For instence,. steam line break,. 
control rod misoperation, and rod ejection events are included in the 
DPC.NE.3001 review and not repeated herein except: as reference. 

2.1 Other. Items Not Evaluated.in TER,, 

2.1.1 Boron Dilution Event 

The TER identifies that the review of this event is beyond its scope. 

DPC-NE-3002 discusses boron dilution events. NOwever,,apartfrop.cpre physics 

aspects of DPC-NE-3001„ the DPC methodology for 'evaluating boron dilution 

.events does not ussChe codes described in the related topical reports • 

idenW10.11.1,SectiOkl.of.this SER., The steffconCludes that the finding of 

acceptability for„thsboron dilution-event analysismethodology_ofTecord, 

continues to.apply.-, 

.2.1.2 Steam Venerator Tube Rupture (SOTO 

The TER identifies that the review of .this event isteyonCits scope.. DPC-NE-

3002 discusses.  SuR elf,ents; 'however, except foriARP portscf-DPC-NE-3001 that 

may be found to apply, the DPC methodology for,evalueting SOTRs does not Asse - 

codes described in the related topical reports identified in Section 1 of this 

SER. The staff concludes, that the finding of acceptability for the. SUR 

analysis methodology of record continues to apply. 

2.2 TER CONCLUSIONS  

2.2.1 Feedwater Line Break 

TER Section 4.0 (Conclusions) recommends that justifications for trip and 

actuation times be required when themethodology is applied. , • 

While the staff agrees that trip setpolnts and actuation times must be 

consistent with the assumptions in FSAR analyses, we find that this 
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consistency is liplemedtedin the glint tethhital apitifiCitfOnt end is 
outside the scope of OPE4002 end this review. 

2.2.2 Power and ReactiVitY4eedback 

TER Section 4.0 recommends that the modelling of power and reactivity feedback 

be reviewed ano that it be assured that such modelling has no adverse effect 

on the other modelling described in the TEA. The staff review of DPC-NE-3001 

covered these considerations and found them acceptable. 

2.2.3 Locked RotorIvent 

/ER Section 4.0.ident1f1ti=that1PC has proposed that reactor coolant system 

(RCS) pressure of 120% ofAtilgalressure be Used as- agilifeimenCe acceptance 
criterion for locked rotor;event analyses repliciiirthe,preVioid 110% 
criterion. Based on our review we find that the licensee tat not otoefdad 
adequate Justification for the proposed change, particularly in light of the 
credit taken in the DPC methOdolOgglor delayed less-614meer2tothe unlocked 
reactor coolant pumps. The licensee identifies that its locked rotor event 
amilyses talculate-4,01kUrpreasite1Oflevrthan 110% dintWpresture. Re 
lindAhe OPClotkmitoter analyeismethodolagy(iniorgorailiwthC110% RCS 
prettare criterion) antresOltsatteptible 

2.2.4 Parametric Shies 

TER Section 4.0 recommends that larameteric studies be required to ie presented 
when the netYddelow, is applied. The licensee has indicated that it will 
perform suchitodies, as needed. The staff finds this commitment acceptable. 

3.0 STAFF CONCLUSIONS 

The staff finds the DPC trantieOtantlysialiethodOlOgy-otteptable for McGuire 
and Casaba analyses. 

Date: November 15. 1991 



ENCLOSURE 2  

TTS/NRC/91,10 

lummica EvA411110 
'ANALYSIS NETHDOpLOOV 

patt.P011FISOMPANY  
REWIRE AND _CATAWBA NUCLEAR STATIONI 

	

1.0 	11118=21 

The topiCal repirt entitled "TSAR Chapter 15 System Transient Analysis 

Methodology," DOC-NE-3002, dated August 1091 (Ref. 1), docuients description 

of modeling assumptions used by Duke Power Compaqi in performing transient 

analysis of FSAR Chapter 15 accidents by discussing specific choices for use 

of the models described and" qualifiedin DPC-NE-3000 using the RETRAN and 
V1PRE=01 computer Codes (Refs. 2 and 3). 

DPC docuiented, for licensing application, the conservative nature of (I) the 

RETRAN model nodalitatinn, (2) RETRAN control systemt, (3) use of the models 

described - in the DPC-NE-3000 (Ref. 4) and (4) selection of initial and 
boundary conditiOns. 

	

1.1 	;cone of Ravin 

Review of the subject topical mart • focused upon evalnation of 

acceptability, for licensing type analyses, of RETRAN models such as: (1) 
nodalizations for steam generators, core and reactor vessel, including any 
transient specific modifications; (2) selection of RETRAN internal 

models/correlations and (3) selection of RETRAR initial and boundary 
conditions. 

The topical report was further reviewed to assure that the application of 

DPC's DNB methodology was acceptable and consistent with the contents of DPC-
NE-2004, DPC-NE-3000 and their supporting documents (Refs. 4 - 8) together 

1 



with their respective TERs (Ref. 9 and 10). The review, therefore, included 

identification of which transients UPC intends to analyze using its 

statistical core design (SCD) methodology and which they do not, and 
evaluation of DPC's selection of -initiel,, and boundary conditions in the. 

systems analysis Which.  Was used to deteriiined the statepoints for the DUB 
analysis. 

Although the subject topical report Covered all applicable non4OCA accident 

in Sections I5.1 through 15.6 of the FSAR, no review was conducted of the 

details of the transients which are presented in separate topical reports 

(steam line break, control rodiesoperation, rod ejection and steam generator 
tube rupture) or those accidents identified by the DPC as: (1) not Applicable 
to M/C.,. plants; (11) no . system analysis deemed necessary; or, (iii) those 
current liCOOSIP9 bases 40OrldedAYOther analyses. 

The following itemsare beyond the scope of this review: (iy review with 
respect to tie core physics parameters or dose analyses; till review related 
to 'the current McGuire I Cycle 8 (MIC8) reload analysis submittal; (iii) 

review of FSAR analyses; (iv) review of the Boron dilotion,eventav) review 

of a statically misaligned control rod; and (vi) review of consistency or 

satisfaction of current Technical Specifications or proposed changos therein. 
Therefore, no consistency check was made of DPC's philosophic41 sPProach 

documented in the topical report against the MICE reload analyses, FSAR 
analyses or Technical Specification limits. Furthermore, accuracy of details 
of the Reactor Protection System, Engineered Safety Features, instrumentation 
and auxiliary systems and their associated tolerance or uncertainty was not 
reviewed. 

Finally, no technical review was conducted as to the validity of DPC's 

assumption of 120% of design pressure as. an acceptance criterion for the RCP 
locked rotor analysis. 

2.0 	MEM 

Topical Report DPC-WE-300; documents DPC's lfproach.t4 performance .of the 
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NSSS primary and secondary system analyses of FSAR Chapter IS accidents. It 

covers all applicable non-LOCA accidents in Sections 15.1 through 15.6 of the 

FSAR except steam line break, dropped rod, and rod ejection, which are 
addressed in a separate topical report, DPC-NE-3001 (Ref. 11). 

DPC-NE-3002 presents brief distUssion of specifit choices for the use of the 

RETRAN plant mOdelt de-Scribed in OPC-NE-3000, including nodelization, initial 

and bodhdary conditions *WI Modeling of the protest instrumentation and 

control systems. Also presented are assumption related to the Reactor 
Protection System, the 'Engineered Safety Pastures Actuation System, and 

availability of other systems and components. Trip actuation is discussed in 

generality, and thus potential trip functiOns are presented. NOWever, the 

report contains no lustifiCation for actuation times for reactor trip, safety 
injection and. other actions. AssumptiOns related to reactivity feedback 

modeling, power peaking and power distributiOn are not presented, therefore 

are not reviewed. Furthermore.. although there is-Mention of intent to 

perform (or, 'in some instances, actual performance of) parametric studies to 
identity - consetvative - scenarids and assumptions, none-vVsuch'studies were 

presented: 

The topical report contains qualitative. rather than quantitative 
information, and no the actual RETRAN or VIPRE computed results are 
presented. Therefore, this report presents DPC's philosophical approaches to 

performance of FSAR Chapter 13 type analysis. 

Nodalization selection is -made based upon symmetry or a degree of asymmetry 

of the expected transient system response. Selection of initial and boundary 

conditions is designed to result in conservative predictions with respect to 

the aspect of a transient which the analysis is intended to assess, such as 

peak primary pressure, peak secondary pressure, short and long term core 

coolability. 	With respect to core coolability, selection of initial 

conditions depends upon the mode of DMIIR computation; i.e., the use of the 

DPC developed SCD methodology SCD or the traditional DNBR methodology. 
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3.0 	EVALUATION 

Acceptability of DPC's application of RETRAN models and assumptions for 

thermal-hydraulic calculations of FSAR Chapter 15 transient analysis of its 

McGuire/Catawba (M/C) plants is discussed below. In addition.,application to 
licensing type transient analysis. of the,SCD methodology described in DPC 
Topical. Report DPC-NE-2004 and its supplements was also reviewed...  

	

3.1 	$1 ire and Catawba RETRAN Plant Model  

The RETRAN base models for M/C plants were qualified in DPC-NE-3000 for both 

best-estimate and licensing type applications, subject to limitations 

described in. the TER, (Ref. 10). 

DPC developed, three different sizeimode1s.oUthe M/C Plants: a on-loop plant 

model to be used when all four loops are expected to behave similarly so that 

there is no' asymmetric condition; and ..a two-loop and a three-loop model to be 

used When more detail is desirable due to.,asymmetric conditions expected in 

the reactor coolant system during the transient. 

The steam generator model was examined in detail, during review. of DPC-NE-

3000 for use in licensing analyses, sPeCificallY in over-pressurization 

transients. That review focused upon the ability of the DPC SG model to 
predict SG tube uncovery and resulting degradation of primary-to-secondary 
heat transfer. -DPC presented results from an extensive sensitivity study to 
assure that during two transients considered, loss of normal feedwater and 

cr4dwater line break, the current modeling is adequate. The finding of that 

review ,is documented in the TER for OK-NE-3000 and UMW Certain 
limitations on use. 

Use of certain RETRAN internal models such as the inter-region heat transfer 

model and local condition heat transfer model was reviewed and found to be 

acceptable for use in the components and for transients identified by DPC 

(Ref. 8). 
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3.2 	acv Transients 

The core thermal-hydraulics for most of the transients considered in this 
topical report is analyzed using the DPC developed SCD methodology. For 
these transients, certain initial conditions used in the traesient safety 
analysis are selected to be at nominal conditions, as qualitatively defined 
in Reference 10, since the' uncertainty associated with the initial conditions 

is accounted for in the SCD method. These parameters are: (1) power level, 

(2) Core flow (RCS flowrate and core bypass flow), (3) Coolant temperature, 

and (.4) RCS pressure. Other parameters necessary for the SCD method are not 

discussed in this topical report. 

Those transient—for which Dlelsvelevant, but for which the SCD is not used 

are; (4 ,turbine trip, (2) RCP Locked Rotor, (3) startup of 	inactive 
reactor coolant pump at an incorrect teeptratere, And (4) . stammline break. 
The turbine trip is not- -analyzed because as . postulated, this transient 

results in o monetonicallyAnkreasinglin which therefore, is not= an issue. 

The SCD Method is not used for DHBR analysis. of steamlins break since the 
primary pressure predicted during the transient is below the range of 
applicabilitycfthe CHF correlation used • tolkmslop the response- surface 
equation. -Similarly, the otherevents are outside the range of'applicability 
of the responsesurface .equationi. 

3.3 	Transient Initial Condit fans _anCkstinartiont 

In this section, initial and boundary conditions such as the•transtent 

initiators, .reactor coolant pomp operation and assumptions related to safety 

and relief valves are discussed.' Contro4 protection and safeguard system 
modeling is ditcussed highlighting which systems are credited 'or not 
credited, actuation-logicand modeling assimpt One. 

A summary of assumptions and conditions selected by DPC is shown in Table 8.1 

of the topical report as corrected by Reference 8. Definition of the terms 

used in the table are provided in Reference 8. 
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Deviations from the following common analytical approach are highlighted in 

the ensuing sections of this TER: 

I. For DNS analysis of SCD transients,.SCD parameters are set at nominal 

while non-SW parameters are set at conservative values. 

For OMB analysis of non-SCD,transients all hey-parameters were set at 

conservative values. 

For all. DNB .enalysesiexCept'those. whick,were initiated by reactivity 

insertion, the gap cOnductivity. is assumed to be low to Meximizethe 

stared energy in the fuel and thereby minimize the change in heat flux 
out of the fuel during the transient, : whereat for the reactivity 
insertion driven transients, the-gap conductivity it assumed to be high 
because ,the. transient duration Is short. compareCte the fuel 's thermal 
constant. 	Far .011B Analysis of -teens:lents which depristuriae the 
primary, thwApressurfier level is. assamecif 	-.*V:-,1tm high limit to 
maximize the depressOrization. 

Whero- transients, are being analyzed for peak RCSfpressure, the.primary-
to-secondaryleat transfer is.minimizediAthe,pressarizer is astumed to 
be initially at the high limit of its operating range to produce-the 
maximum pressure as the vapor region is compressed, and the fuel is 
assumed to have a high, gap. conductivity (which is accompanied by 'a low 
average fuel temperature) to maximize the energy transferred into the 

primary fluid. 

Fortransients initiated on theilrimarrside which have short, duration, 

it is assumed that the results are 	:to modeling. of, tive 
secondary side and primary-to-secondary heat transfer. Therefore, for 

all such analyses the secondary side and steam generator parameters were 
set at nominal rather tharoconservative-conditions. 

Transients with symmetric loop behavior are analyzedwith a single loop 
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plant model while asymmetric transients are analyzed with a two loop 

model. 

DPC uses the setpoint values and response time of trip function as 

specified in the Technical Specifications and accounts for uncertainty. 

Decay heat is computed using the end-of-cycle data based. upon ANSI/ANS-

S.1-1979 standards plus a two-sigma uncertainty. 

Availability assumptions :on the PIR pressure- and level control 

mechanisms, such as the P2R sprays, PORYs and heaters. and the modes of 
operation are made in various combination to yield system behavior 
consistent with the transient being •modeled. Steam line .PORVs and 
condenser dump modeling is similar. 

3.3.1 	jurease in Heat Removal by the Secondary. System 

FOur transients are considered in this category; (1) feedwater (FW) system 
malfunctions that result in a reduction- in feedwater temperature. (2) 
feedwater system malfunction causing an increase in ftedwater-  flow, (3) 
excessive increase in secondary steam flow. and (4) inadvertent opening of a 
steam generator reliefor safety valve. As stated earlier review of the 
steam line break event is beyond of the stove of this review. 

The FW tamparature.reduction event is bounded by the FW flow increase event, 

which is analyzed. Sines inadvertent opening of a SG relief or safety valve 

is similar to. and bounded by, the steam line break, it is not analyzed, 

however a small step increase eq::" to 10%.of licensed core thermal power is 
presented in the report. Both of these transients are analyzed with respect 
to DNB using the SCD method. 

An additional condition to consider a fW malfunction affecting More than one 
loop was recently added to the sceaario.of FW system malfunction event. DPC 
felt that the most limiting case would involve multi-loop malfunction.  
affecting, all loops equally. Therefore, the use of a single-loop model is 
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appropriate. 

The pressurizer liquid level is assumed to be high to maximize the prtmary 

pressure decrease. The SG mixture level is assumed to be low for the 

feedwater flow increase malfunction in order to maximize the overcooling 

before a protection or safeguards actuation. The smell step increase in the 

steam flow event Is not considered to be sensitive to S6 level. 

A conservatively large step change in main feodwater Om is assumed for the 

FM malfunction event. A tMC step increase in steam flow is assumed for the 

other event, 

In both event analyses, two cases are investigated to assess whether modeling 

the rod control system in manual central or automatic. control woUld result in 

the worst case. In addition, minimum AFW flow, turbine trip and FM isolation 

are credited and expected to trip on SO natrow;range level after the 

appropriate Technical Specification response time delay. 

The input, selection =rand transient assumptions as described in the topical 

report for this'category of events is acceptable. 

3.3.2 	gecreate' in Ifeat Removal by the Se-Cemetery Svstem 

Four transient analyses are performed in thii category: (1) turbine trip, (2) 

loss of °Mite power, (3) liss Of normal -feetbetter, anc (4) fiedwater -System 

pipe break. Turbine trip is antlytet with+espeCt to peek.ACS'and staidary 
side pretture, and the others are analyzed with *aspect to suits pressure 
and DAIrandfOr long term core toOlabilityAr a tizl for hot leg bailing)'. 

3.3.2.1 Turbine Trig 

ONell analysis is not Perforated far thit transient` since thii is a repid 
transient in Which pri0*. to reactor - trip, a -significant RES'Oreaterilation 
takes place' due' to the reduttion in secondary heat 'sink offsettifigthe .  

increase in care inlet teOperature, while the -tare-peer and'IliCtere flow 



change very little. Therefore this. event does not challenge the-DOOR safety 

margin. 

In peak RCS pressure analysis, reactor trip is expected: to actuate on either 

overtemperature delta T (0107), overpower delta 7 (OPDT), or PZR high 

pressure. MFV is isolated upon turbine trip. 

In the peak SC secondary side pressure analysis, RCS flow is assumed to be 

high to maximize the primary-to-secondary heat transfer. Nigh SG level is 

assumed, to maximize .the secondary pressure. In order to prevent a high PZR 

pressure reactor trip prior to OTDT trip, PZR PORYs are assumed operable. 

3.3.2.2. joss of Offsite Power 

This transient has potential challenges to peak RCS pressure, peak secondary 

side pressure, and ONO. However, the ONBR results from this event are 
bounded,by the loss of flow event , because these two events, as postulated by 
OPC, differ only in the timing ofAhe Insertion of the control rods. In the 
loss of offsite power (LOOP) event, the rods begin to fall immediately, 
whereas in the loss of flow event rods fall after an instrumentation delay. 
Similarly, the peak primary system pressure is bounded by the loss of flow 
event. The secondary side pressure is bounded by the turbine trip event. 
For LOOP, the reactortrips prior.to the turbine trip, therefore by the time 
the secondary pressure begins to increase, the primary system is rapidly 
cooling down. However, in the turbine trip event, reactor trip is after the 
turbine trip. 

Therefore, a, quantitative .nnalysis of this transit.:-:: is not required. 

Nevertheless, DPC provided the analytical methodology for analysis of this 

event should it become necessary. 

The transient will be,  analyzed .with respect to three:different,objectives: 

peak RCS pressure; peak sesondary:side pressure; and, ONO using the SCD 

method. 

9 



For peak RCS pressure analysis, all RCPs are tripped as the transient 

initiating event. Reactor trip and NFW trip are assumed on LOOP. AFil is 

assumed to actuate on LOOP after a delay. However, in order to minimize the 
heat removal capability, the minimum AFW flow is assumed. 

For peak SG secondary side pressure analysis, DPC assumes= high RCS flow to 

maximize the primary-to-secondary heat transfer. High SG level is assUbed, 

to maximize the secondary pressure: 

In order to determine statepoints to be used in OMB analysis using the SCD 

method. PZR,  level is assumed to be low to minimize the primary pressure 

increase. Low SG level is assumed. which minimizes primary-to-secondary heat 

transfer. 

3.3.2.3 	Loss of Normal Esedwater 

The. loss: of inormal .feedwater 1stbounded.  by the. turbine trip trentlent. The 
power to heat-:: sink mismatch: is greater for •the turbine .tripA'betause the 
reactor: trip .and turbine trip occur simultaneously for • the. loss of ,FII• event, 
while. for . the .turbine • trip-event, reactor-  trip,  occurs after-the -turbine- trip. 

Therefore•i“-a :quantitative :analysis -of,  this: transient-is dot required. 
Nevertheless,- DPC provided the- analytical 	for analySit of this 

event should it becalm necessary. , 

For peak RCS pressure analysis, reactor trip is assumed on the SG low-low 

level. AfW is assumed to actuate on the SG low-low level: however, in order 

to minimize the heat removal capability, the Mint= Am flow is ...slimed. 

In order to maximize the peak SG secondary side presSuhr by egXibiting the 

primary-to-secondary heat transfer, high RCS flog is assumed. High SG level 

is assumedi- temaxiiite the secondary pressure.' Reactor trip is assuMed on 
the SG 10,1-104 level. - AFII is assumed to actuated on'the-StlOWAoW level 

with a minimum flow delivery_ 
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In order to determine statepoints to be used in DNB analysis using the SCO 

method,. PZR level is assumed to be low to minimize the primary pressure 

increase. High SG level is assumed to delay reactor trip on SG low-low 
level. Reactor trip is assumed on the SG low-low level. AF11 is assumed to 
actuate on SG low-low level with a minimum flow delivery. Turbine trip is 
assumed on reactor trip. 

3.3.2.4 EggdgetterjxagmiligUrni 

This transient is analyzed with respect tor-(1) ONBusing the SCD method; and 

(2) long: term core coolability-(potentialfor boiling in the hot leg). The 
most limiting event assumedrby OPC is the double-ended rupture of the largest 
feedwater line. 

The DNS analysis for this transient is analyzed as a complete loss of coolant 
flow event initiated from an off-normal conditions. It is postulated in this 
transient that coincident with reactor trip (and turbine trip) loss of 
offsite-power is assumed to occur causing RCP coastdown. Reactor trip is 
assumed on the OTDIT. AFW is assumed to actuate on SC low-low-level after a 
delay with a minimum flow delivery in order to minimize the heat removal 
capability. Turbine trip is assume on reactor trip. 

Long Term Core Coolability (Not Leg Boiling) 

A three-loop model is used since uneven flow of AFil into the unaffected SGs 

causes asymmetric loop behavior. 

High core power is assumed to maximize the heat flux. PZR pressure 

assumed to be low,,which minimizes the margin to hot leg boiling by lowering 

the hot leg saturation temperature. A high RCS temperature is assumed, to 

increase. the amount of energy to be removed. Low SG level is assumed to 

maximize the loss of secondary heat sink. A high fuel temperature is 
assumed, accompanied by low gap conductivity. High SG tube plugging is 

assumed to minimize the primary-to-.secondary heat transfer. 

11 



The RCPs are assumed to trip at 15 seconds, .which is assumed to precede the 
time at which the pumps would be manually tripped on high-high containment 
pressure. 

Reactor trip is Assumed at 10 seconds into the transient'whith is after the 
SI actuation on high containment pressure. SI actuation is assumed on high 
containment pressure at 10 seconds and terminated at'70 mends when the 
emergency procedure criteria for termination are assumed to be met. AN is 
assumed to actuate on SI actuation after a delay. ikimmrer, in order to 
minimize the heat •removal capability, the minimum.: fad flow yis assumed. AR 
is terminated at 120 seconds into the trausieet„. MSIV closure are actuated 
at 15 seconds and -assumed to precede autmdatic closure on high-high 
containment pressure. Early closure is conservative in order to initiate the 
overheating portion of the transient. 	However, To justification was 
presented for any of the actuation time assumptions. 

The input selection' and transient assumptions at described in the topical 
repirt for this -category of events is acceptable; however, Arlo OttUation 
times must be justified inany-application of this Methodology. 

3.3.3 	Decrease in Reactor Coolant Svstem flew Rate 

Three transient analyzed in this category are: (1) partial loss of forced 
reactor coolant flow, (2) complete loss of forced reactor coolant flow and 
(3) reactor coolant pump locked rotor. 

3.3.3.1 toss of forced Ric, flow: Partial and Complete 

Due to the similarity of these events, the partial loss= of firrced flow' and 
complete loss of forced flow events are distessed together. 

A single-loop model is used for analysis of the anoplete -loss of fOrced flow 
since the transient impacts all loops symmetrically: -the- two&loop "nodal . is 
used for the partial loss of forced flow event analysis.- In both cases, ONO 
analysis will be performed using the SCD method. 
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For the partial loss of flow,,  a single reactor coolant pump is assumed to 

trip, while the other three pumps remain operational for the duration of the 

transient. For the complete loss of forced flow, all four RCPs are tripped 

at the initiation of the transient. The pump model is adjusted to yield pump 

coastdown which is conservative with respect to the flow coastdown test data. 

Reactor trip for the partial loss event is assumed on low RCS flow after an 

appropriate delay time, while for the complete loss event, reactor trip is 

assumed on RCP undervoltage. Turbine trip is assumed on reactor trip. 

3.3.3.2 IC Pumo Locked Rotor 

This transient is analyzed with respect to both peak RCS pressure and DNB. 

For both analyses a two-loop model is used for analysis due to the asymmetric 

nature of the transient. 

In presenting its approaCh to these transients. DPC stated that it used an 

acceptance criterion of 120% design pressure. Review of this criterion is 
beyond the scope of this review; 

In order to maxiiiielCS'pressure, the ACS-flow is assumed at its low initial 

flow to. minimize the heat_transfer to the. secondary side. Vhigh .core bypass 

flow is assumed to minimize 'the core flow to maximize the heat-up. - The 

initial RCS average temperature is also assOmed4t its high level. 

The transient initiating event is seizure of the rotor of the RCP in the 
faulted loop, while the other three pumps trip on bus undervoltage following 
the loss of offsite power. Offsite power is assumed to be lost coincident 

with the turbine-trip. Reactor trip is assumed on low RCS flow in the 

affected loop. Turbine trip is assumed an reactor trip. 

ONB analysis is performed using the traditional method. Therefore, core 

power is assumed to be high, while the PZR pressure and level are assumed to 

be low to minimize the pressure increase. 	High initial loop average 
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temperature is assumed to maximize the stored energy in the primary which 

must be removed. Similarly,, a high core bypass flow resulting in low core 

flow is assumed to maximize the heat-up and low RCS flow is chosen to 

maximize the primary-to-secondary heat transfer. 

Offsite power is assumed to be lost coincident with the turbine trip. 

Similar to the peak RCS pressure case, reactor trip is assumed on low RCS 

flow in the affected 100P. Turbine trip, is assumed on reactor trip. 

The input selection and transient assumptions as described in the topical 

report for this category of events is acceptable; Aowever, the assumption 

that 120% of design pressure is an acceptable limit must be reviewed by the 

NRC staff. 

Beutivitv andilower7Dtstribution Anomalies  

Seven transients are considered in this: category; (1.) uncontrolled bank 

withdrawal from a subcritical or. low power. startup condition, (2) 

uncontrolled bank withdrawal at power, (3) statically misaligned control rod 

(4) single control rod withdrawal, (5) startup of an inactive reactor coolant 

pump at an incorrect temperature, (6) CVCS malfunction (boron dilution), and 
(7) inadvertent .loading and operation  of a fuel assembly.  in an improper 
position. 

Review of boron dilution event, analysis and of inadvertent -loading and 

operation of a fuel assembly in an improper position is beyond the scope of • 

this review. 	Acceptability of these events should be reviewed by an 

appropriate branch of NRC. 

Each of the two uncontrolled bank withdrawal events Is analyzed with respect 

to both peak RCS piletsut* and DNa. Jhe single contrel:roCwithdrowal and 

startup of ah inactive RCP at in Incorrect temperature are analyzed for DNB 

only. 	All transients except the startup of an inactive RCP are SCD 

transients. 
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3.3:4.1 Uncontrolled._ Bank Withdrawal from a Ur, ritital or loaf Petier: 

The core power is assumed at a critical zero power startup condition. 

Peak RCS pressure analysis is performed assuming the RCPs are operational to 

minimize thermal feedback during the power excursion. Reactor trip is 

assumed on high power range flux trip. 

DNB analysis will be performed using the SCO method except when the potential 

for bottom-peaked power distributions exists. in such event, since SCD is 

not applicable, ONBR analysis is performed using the 11-3.5 CHF correlation in 

the traditional manner accounting for uncertainties explicitly. Thus the 

input selection criteria described below is only applicable when the SCD 

method is used. 

In order to determine the statepoints to be used in the DNB analysis, the 

initial conditions for the SCD =treated =parameters for the cases" are set at 

nominal conditions for this power with three RCPs in operation. To minimize 

the PZR pressure Increase, low initial PZR pressure and level is assumed. 

Three RCPs, a mint's= number required for the modes of operation applicable 

for this transited. are assumed operational to yield low flow. 'Reactor trip 

is assumed On high power range flux trip. 

3.3.4.2 Acontrolled_ Bank Xilbsirawal from Power 

For peak RCS pressure analysis, in order to avoid-trip on high flux, the 

transient is initiated from low power. The SG level is assumed high and a 

high amount of SG tubee-plugging is assumed in order to minimize primary-to-

secondary heat transfer. 

In order to determine statepoints to be used in ONB analysis using the SCD 

method, the initial conditions for the SCD treated parameters for the cases 

are set at the nominal conditions corresponding to each of the power levels, 

which span the full spectrum, for which this event is analyzed. The steam 
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generator level is assumed to be high in an effort to minimize the primary-

to-secondary heat transfer. Analysis is performed with and without PZR 

sprays and PORVs. 

3.3.4.3 Control Rod Misoneration 

Transient systems analysis is not performed for the statically, misaligned 
control rod event. Steady-state three-dimensional power peaking analyses are 
performed to assure that the resulting asymmetric power distribution will not 
result in 0MB. 

3.3.4.4 Xinale Rod Withdrawal. 

DNB analysis will be performed using the.SCD method. 

The SG mixture level is assumed high to maximize the secondary pressure and 
minimize the ortmarptmlecondary heat transfer., Nigivia tube , plugging is 
assumed to minimize thevrimary,toxecondarvheat-transfor. 

Reactor trip is assumed, on one of four functions; OTDT, OPOT, PZR high 

pressure and power range high flux. In order to delay reactor trip on high 
PZR pressure, the in heaters is *named' to be in manual. Similarly the 
PORVs are assumed disabled in order to delay reactor trip on OTDT and high 
PZR pressure. feedwater control is in automatic to prevent SG level trip. 

AFM is assumed disabled. Turbine trip.is assumed on reactor trip. 

3.3.4.5 

DNB analysis,  will teAmrformid. using thp,traditional methot,— A -Iwo-leap 
model will be used because of the loop asymmetry. 

The initial indicated power level is Saito delay or prevent reactor trip 

from a low flow.trip seteeint. The core bYPets flow is,assumed to be high to 

minimize the core flow to maximize thmheatup. Similarly the RCS.flow in the 
three Unaffected loop is the minim m flow allowed;by Technical Specification. 
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The three unaffected RCPs are modeled assuming a constant speed through the 

transient. The RCP that is initially inactive is modeled with a conservative 

speed vs. tine controller. 

The SG level control is assumed to be in automatic mode to minimize the 

probability of trip on low-low SG level. Turbine trip Is assumed to be in 

manual. 

The input selection and transient assumptions as described in the topical 

report for tbis category of events is acceptable. 

3.3.5 	Increased to Rjactor Coolant Inventory 

Inadvertent operation of EXCS during power operation is the only 'transient 
analyzed. The DNB results of this transient are bounded. by the inadvertent 

opening of a KR,  safety or relief valve transient. 

Notwithstanding the qualitative argument provided by DPC for not analyzing 

this event,,DPC-nevertheless presented the analytical methodology used for 

this analysis•, should reanalysis become necessary in the future. 

DNB analysis will be performed using the SCO method. 

A maximum safety- injection flowrate With a conservatively high boron 
concentration is assumed to yield the most limiting transient,  response 
because it minimizes power and thereby maximizes the amount of ECCS which can 

be injected. In-order to minimize the delay in the delivery of the berated 

water, no credit is assumed for the purge volume of imborated Water in the 

injection line. 

Reactor trip is'assumed on low PZR pressure after an appropriate delny time. 

The steam line•PORVs and condenser steam dump ire assumed to be unavailable 

to maximize secondary side pressurization and minimize the primary-to-

secondary heat transfer, also tending to maximize primary fluid volume. 
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Turbine trip is assumed on reactor trip. 

The input selection and transient Assumptions as described in the topical 

report for this category of events is acceptable. 

3.3.6 	pursue in Reactor. Coolant Inventory 

Inadvertent opening of a pressurizer safety or relief valve and steam 

generator tube rupture events are the two transients analyzed in this 

category.. The steam gemerator tube rupture event is beyond the scope of this 

review. Therefore, the inadvertent opening of a 1,21 safety or relief valve 

was reviewed. 

In order to determine statepoints to be used in DNS analysis using the SCD 

method, the pressurizer liquid level is assumed to be high to maximize the 

primary pressure decrease, which ,maximizes the -added coolant inventory. 

Reactor trip is credited. The turbine trip is assumed on reactor trip 

without delay to minimize post-trip primary-to-secondary heat removal. 

The input selection-and.transient assumptions as described in the, topical 

report for this category of events is acceptable:- 

4.0 	cgripuppis  

WC topical report DPC-NE-3002 and its supporting documents, including the 

DPC responses to questions, were reviewed. 

Review of the subject 41- aim) report focused upon evaluation of acceptability 
of the RETRAN models for the type of analysis generally described on the 

subject topical report. The topical report was further reviewed to assure 
that the application of the DPC's DNB methodology was consistent with the 

contents of DPC-NE-2004 and DPC4IE-3000 and acceptable. 	The review, 

therefore, included identification of. the SCD transients and evaluation of 

OPC's selected -Initial and boundary conditfons in the systems-analysis which 

was used to determined the statepoints for the DUB. analysis. 
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As stated earlier, steam line break, rod ejection, dropped rod, steam 
generator tube rupture and boron dilution events were not part of this review 
(see also Section 1.1). 

Subject to the foregoing, DPC's approach to FSAR Chapter 15 transient 
analysis, as documented in DPOI-3002 and its supporting documents, was 
generally found to be acceptable subject to the following conditions: 

1 	DPC's statistical Core Design .methodology treat seven state variables as 
key parameters. Four of these variables were accounted for in this 
topical report. Of the remaining Parameters, the •power factors are also 
input items for systems analysis, which was not presented in the topical 
report. 	Similarly, reactivity feedbeck wit not discussed- in this 
report. Both of these parameters can significantly influence the course 
of the transient.. 7herefere•,  when application of the philosophical 
approach reported in this topical 'report .is made and submitted for NRC 

review and approval,,,eview should be made of the modeling of power and 

reactivity,  feedback, and to assure that such modeling has no adverse 

impact on the other modeling described herein. 

Validity of DPC's assumption of 120% of design pressure as part of the 
acceptance criteria for .Reactor Coolant Pumplocked Rotor 'should be 
determined' by the NRC stiff. 

No justification was presented for trip and actuation times assumed in 
the Feedsater Systee Pipe Break event analysis. Such justifications 
must be presented when this r-thodology is applied. 

'DPC documented intent to perform parametric studies in order to select 
conservative scenarios or assumptions throughout the subject topical 

report. Therefore, such parametric studies must be presented when this 
methodology is applied. 
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Abstract 

This report documents the conservative modeling assumptions used by Duke Energy Carolinas in 
performing the NSSS primary and secondary system analyses of UFSAR Chapter 15 accidents. It 
covers all applicable non-LOCA accidents in Sections 15.1 through 15.6 of the UFSAR except 
those already addressed in Duke methodology report DPC-NE-3001. The areas discussed are 
nodalization, initial conditions, boundary conditions, modeling of the process instrumentation and 
control systems, the Reactor Protection System, the Engineered Safety Features Actuation 
System, and availability of other important systems and components. 
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1.0 INTRODUCTION 

This report documents the conservative modeling assumptions used by Duke in performing the 
NSSS primary and secondary system analyses of UFSAR Chapter 15 accidents. It covers all 
applicable non-LOCA accidents in Sections 15.1 through 15.6 of the UFSAR except those 
already addressed in Duke methodology report DPC-NE-3001 (Reference 1), which are steam 
system piping failure (UFSAR Section 15.1.5), control rod misoperation (dropped rod, rod group, 
or rod bank, UFSAR Sections 15.4.3a&b), and rod ejection (UFSAR Section 15.4.8). The only 
accidents categorized as not applicable are those which 1) do not apply to McGuire and Catawba 
(UFSAR Sections 15.2.1, 15.5.3, 15.5.4, and 15.6.6), 2) involve no system thermal-hydraulic 
analysis (UFSAR Section 15.6.2), or 3) the current McGuire and Catawba licensing bases regard 
as being bounded by another accident (UFSAR Sections 15.2.2, 15.2.4, 15.2.5, 15.3.4, and 
15.5.2). The assumptions discussed in this report are specific choices about the use of the models 
described in general in DPC-NE-3000 (Reference 2). The areas discussed are nodalization, initial 
conditions, boundary conditions, modeling of the process instrumentation and control systems, 
the Reactor Protection System, the Engineered Safety Features Actuation System, and availability 
of other important systems and components. 

The discussion of the nodalization employed in analyzing a particular accident focuses on two 
main areas. First, the symmetry of the accident is examined to determine whether it affects all 
Reactor Coolant System (RCS) loops in approximately the same manner, justifying the use of a 
single RCS loop model, or whether one or more loops must be modeled separately to 
conservatively model differential effects of the accident on them. Second, the level of detail of 
the models described in Reference 2 is examined to determine whether they are appropriate for 
each analysis. In most cases the modeling described in Reference 2 is appropriate. Any 
inadequate modeling would be upgraded on an accident specific basis to ensure conservative 
modeling of the physical phenomena requiring a more detailed model. Modeling regarded as 
excessively detailed, considering the importance of that area of the system in the particular 
accident, might be simplified to reduce the computational run time or the effort required to 
simulate that section of the model. 

The analyses covered by this report are intended to be valid, unless stated otherwise, for both the 
McGuire and Catawba Nuclear Stations. For each analysis, the differences between the two 
stations and between the two units at a given station, as discussed in Section 3.1.6 of Reference 2, 
are considered. A bounding "unit" is selected considering how these differences affect the 
margin to each acceptance criterion of the accident being analyzed. In some cases this is an 
actual unit, e.g., the use of Catawba Unit 2 because its steam generator inventory as a function of 
power is different from the other three units. In others it is a superposition of limiting 
characteristics from more than one unit, e.g., using steam line safety valve banks which 
correspond to the two lowest setpoint McGuire valves and the three highest setpoint Catawba 
valves since this artificial bank has a smaller relief capacity than the actual banks at either station. 
In the future such combined analyses might be redone separately on a more plant specific basis to 
gain margin. 

The values for relevant plant parameters at the start of each accident are determined through the 
following process. First, the value for a given parameter is determined considering normal and 
off-normal plant operation, technical specification limits, and mode of parameter control (whether 
controlled by an automatic system or manually by the operator). Since many of the important 
parameters are functions of reactor power, some of the parameter value choices are made to be 
consistent with the initial power level for the accident. Once the parameter value is determined, a 
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method is used to account for uncertainties in this value due to controller tolerance (either manual 
or automatic) or instrument uncertainty. This method might be an explicit adjustment to the 
initial value itself or an accounting for the uncertainty in other affected parameters, such as 
DNBR limits or reactor trip setpoints. It should be noted that uncertainty in this report is 
described as either positive (actual value > indicated value) or negative (actual value < indicated 
value). Parameters for which an uncertainty adjustment is made are listed in Table 8-1. 

The boundary conditions which affect the course of the transient are modeled to ensure a 
conservative result. Boundary conditions include: 

Flows to and from plant components not explicitly modeled, e.g., Emergency Core 
Cooling System (ECCS) flow rate as a function of ECCS configuration, RCS back 
pressure, ECCS suction source temperature, pressure, and boron concentration, 
pump motor starting time, and any postulated pump degradation 

Releases through pipe breaks and open valves, including the effects of critical flow 

Timing of manual actions 

Timing of automatic actions, including the effects of setpoints, setpoint tolerances, 
and the uncertainties in monitored parameter signals 

The modeling of boundary conditions is very accident specific and is discussed in detail under 
each accident. 

The plant control systems modeled for accident analyses are described in Sections 3.1.4 and 3.2.4 
of Reference 2. Only those control systems which have an important effect on the course of the 
accident are considered. If the operation of a given control system would make the accident more 
severe, that system is assumed to function normally. If its operation would make the accident less 
severe, the system is not assumed to function. The Reactor Protection System (RPS) and the 
Engineered Safety Features (ESF) are described in Sections 3.1.5 and 3.2.4 of Reference 2. Only 
those safety systems which have an important effect on the course of the accident are considered. 
The most limiting single active failure of a component to perform its safety functions is 
considered in accordance with Appendix A to 10 CFR 50. 

In general, no credit is taken for components which are not safety grade, although a penalty for 
their operation might be taken as described above. Similarly, the availability of non-safety 
systems and components, e.g., reactor coolant pumps (RCPs), pressurizer heaters, non-emergency 
AC power, and instrument air, is only assumed if such availability would make the accident 
worse. 

The list of assumptions for the accidents is summarized in Table 8-1. Each accident description 
gives the relevant subset of these assumptions applicable for a particular accident and discusses 
their bases. 
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2.0 	INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM 

	

2.1 	Feedwater System Malfunctions That Result In A Reduction In Feedwater Temperature 

A Feedwater System malfunction that results in a decrease in feedwater temperature will cause an 
increase in core power by decreasing reactor coolant temperature. Physically, as the cooler 
feedwater reduces the reactor coolant temperature, positive reactivity will be inserted due to the 
effect of a negative moderator temperature coefficient. Postulating that the Rod Control System 
is in automatic control, control rods would be withdrawn as RCS temperature decreased, inserting 
additional positive reactivity. The net effect on the RCS due to a reduction in feedwater 
temperature would be similar to the effect of increasing feedwater flow or increasing secondary 
steam flow; the reactor will reach a new equilibrium condition at a power level corresponding to 
the new steam generator AT. 

A Feedwater System malfunction that results in a decrease in feedwater temperature can be 
initiated from the following types of events: spurious actuation of a feedwater heater bypass 
valve, interruption of steam extraction flow to a feedwater heater(s), spurious startup of a single 
auxiliary feedwater pump, failure of a single feedwater heater drain pump or failure of all 
feedwater heater drain pumps. The above events are examined, with the most limiting 
determined to be a spurious actuation of a feedwater heater bypass valve. However, under the 
current Duke method of analysis, this accident is bounded by quantitative analysis of the increase 
in feedwater flow event or the excessive increase in secondary steam flow event. These events 
bound the reduction in feedwater temperature event by producing a greater RCS cooldown. The 
applicable acceptance criterion is that fuel cladding integrity shall be maintained by ensuring that 
the minimum DNBR remains above the 95/95 DNBR limit based on acceptable correlations. 

2.2 	Feedwater System Malfimction Causing an Increase in Feedwater Flow 

The malfunctions considered are 1) the full opening of a single main feedwater control valve, 2) 
an increase in the speed of a single main feedwater pump, 3) the spurious startup of a single 
auxiliary feedwater pump, or 4) a malfunction which affects more than one loop. The limiting 
scenario from among those listed above is evaluated to demonstrate that fuel cladding integrity is 
maintained by ensuring that the minimum DNBR remains above the 95/95 DNBR limit based on 
acceptable correlations using the statistical core design methodology. 

2.2.1 Nodalization 

Of the events identified in the previous section, the latter, the multi-loop malfunction, is the most 
limiting, and is therefore the one that is discussed. This transient affects all loops equally and is 
therefore analyzed with a single-loop NSSS system model (Reference 2, Section 3.2). 

2.2.2 Initial Conditions 

Core Power Level 
High initial power level maximizes the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 
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Pressurizer Pressure 
The nominal pressure corresponding to full power operation is assumed, with the pressure initial 
condition uncertainty accounted for in the statistical core design methodology. 

Pressurizer Level  
Since this accident involves a reduction in RCS volume due to coolant contraction, a positive 
level uncertainty is applied to the nominal programmed level to minimize the initial pressurizer 
steam bubble volume and therefore maximize the presSure decrease due to contraction. 

Reactor Vessel Average Temperature  
The nominal temperature corresponding to full power operation is assumed, with the temperature 
initial condition uncertainty accounted for in the statistical core design methodology. 

RCS Flow 
The technical specification minimum measured flow for power operation is assumed since low 
flow is conservative for DNBR evaluation. The flow initial condition uncertainty is accounted 
for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Level 
A negative level uncertainty is assumed to maximize the margin to a high-high steam generator 
narrow range level turbine trip and feedwater isolation due to any temporary steam/feedwater 
flow mismatch. This maximizes the duration of the overcooling before it is ended by feedwater 
isolation. 

Fuel Temperature 
A low initial temperature is assumed to maximize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A high gap conductivity minimizes the fuel 
heatup and attendant negative reactivity insertion caused by the power increase. This makes the 
power increase more severe and is therefore conservative for DNBR evaluation. 

Steam Generator Tube Plugging 
In order to maximize the effects of the increased secondary system heat removal, no tube 
plugging is assumed. 

2.2.3 Boundary Conditions 

Main Feedwater Flow 
A conservatively large step change in main feedwater flow to all steam generators is assumed at 
the initiation of the transient. A step decrease in main feedwater temperature is assumed to 
account for the increased main feedwater flow rate. 

2.2.4 Control, Protection, and Safeguards Systems Modeling 

Reactor Trip  
The pertinent reactor trip functions are the low-low steam generator level, high flux and 
overpower T. The safety analysis setpoint or the initial condition for the monitored parameter 
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contains an allowance for measurement instrumentation uncertainty and setpoint setting 
tolerance. 

Pressurizer Level Control  
No credit is taken for pressurizer level control system operation to compensate for the 
depressurization which accompanies RCS volume shrinkage. 

Rod Control  
This accident will result in a decrease in RCS temperature. The reduced temperature will cause a 
positive reactivity insertion through the negative moderator temperature coefficient. With the 
Rod Control System in automatic control, the control rods may insert due to the mismatch 
between NI power and turbine power and cause a negative reactivity insertion. However, since 
the reactor vessel average temperature is maintained at a programmed value, the control rods may 
withdraw in an attempt to maintain this temperature and cause a positive reactivity insertion. 
Both automatic and manual control of the Rod Control System are analyzed in order to ensure 
that the worst case is determined. 

Turbine Control  
The turbine is modeled in the load control mode, which is described in Section 3.23.1 of 
Reference 2. In this mode any decrease in steam pressure, due for example to a shift from latent 
to sensible heat transfer because of the overfeed, would be compensated for by an opening of the 
turbine control valves to maintain impulse chamber pressure at the programmed value. 

Auxiliary Feedwater 
AFW flow would be credited, after the appropriate UFSAR response time delay, when the safety 
analysis value of the low-low steam generator level setpoint is reached. However, the parameter 
of interest for this transient has reached its limiting value before the appropriate UFSAR response 
time delay has elapsed. Therefore, no AFW is actually delivered to the steam generators. 

Turbine Trip 
Turbine trip is credited, after the appropriate UFSAR response time delay, on high-high steam 
generator narrow range level or on reactor trip. 

Feedwater Isolation 
Feedwater isolation is credited, after the appropriate UFSAR response time delay, on high-high 
steam generator narrow range level. 

2.3 	Excessive Increase in Secondary Steam Flow 

The accident analyzed is a step increase in secondary steam flow of a magnitude equal to that for 
which the Reactor Control System is designed, 10% of licensed core thermal power. Increases of 
larger magnitude are discussed in Section 2.4 and in Chapter 5 of Reference 1. The accident is 
analyzed to demonstrate that fuel cladding integrity is maintained by ensuring that the minimum 
DNBR remains above the 95/95 DNBR limit based on acceptable correlations. The minimum 
DNBR is determined using the statistical core design methodology. 

2.3.1 Nodalization 

The accident analyzed is an excessive increase in secondary steam flow at power. Flow increases 
from a zero power initial condition are evaluated in Section 2.4 and in Chapter 5 of Reference 1. 
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Per Reference 3, Section 15.1.4, the power level analyzed for this accident should be 102% of 
licensed core thermal power for the number of loops initially assumed to be operating. At power, 
the technical specifications require all four loops to be operating. Therefore full power is 
assumed as the initial condition. An increase in steam flow to the turbine would affect all loops 
equally, therefore, a single-loop NSSS system model (Reference 2, Section 3.2) is used. 

2.3.2 Initial Conditions 

Core Power Level 
Per Reference 3, Section 15.1.4, the power level analyzed for this accident should be 102% of 
licensed core thermal power for the number of loops initially assumed to be operating. At power, 
the technical specifications require all four loops to be operating. Therefore full power is 
assumed as the initial condition. The uncertainty in initial power level is accounted for in the 
statistical core design methodology. 

Pressurizer Pressure 
The nominal pressure corresponding to full power operation is assumed, with the pressure initial 
condition uncertainty accounted for in the statistical core design methodology. 

Pressurizer Level 
Since this accident involves, particularly for the manual Rod Control System operation scenario, 
a reduction in RCS volume due to coolant contraction, a positive level uncertainty is assumed to 
minimize the initial pressurizer steam bubble volume and therefore maximize the pressure 
decrease due to contraction. 

Reactor Vessel Average Temperature 
The nominal temperature corresponding to full power operation is assumed, with the temperature 
initial condition uncertainty accounted for in the statistical core design methodology. 

RCS Flow 
The technical specification minimum measured flow for power operation is assumed since low 
flow is conservative for DNBR evaluation. The flow initial condition uncertainty is accounted 
for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Level  
The results of this transient are not sensitive to the direction of steam generator level uncertainty 
as long as the transient level response is kept within the range that avoids protection or safeguards 
actuation. 

Fuel Temperature 
The results of this transient are not sensitive to initial fuel temperature. 

Steam Generator Tube Plugging 
In order to maximize the effects of the increased secondary system heat removal, no tube 
plugging is assumed. 
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2.3.3 Boundary Conditions 

Main Steam Flow 
A step change in main steam flow to the turbine equal to 10% of full power flow is assumed at 
the initiation of the transient. 

2.3.4 Control, Protection, and Safeguards Systems Modeling 

Reactor Trip  
The reactor is not expected to trip for this transient. However, reactor trip is credited, after the 
appropriate UFSAR response time delay, if the safety analysis setpoint is exceeded for any 
reactor trip function. 

Pressurizer Level Control 
No credit is taken for pressurizer level control system operation to compensate for the 
depressurization which accompanies RCS volume shrinkage. 

Steam Line PORVs and Condenser Steam Dump 
While the steam line PORVs and steam dump might be a source of the increased steam flow in 
this postulated accident, the case analyzed assumes the increased flow exits to the turbine. 

Steam Generator Level Control 
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 

MFW Pump Speed Control  
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control 
This accident will result in a decrease in RCS temperature. With the Rod Control System in 
manual control, the reduced temperature will cause a positive reactivity insertion through the 
negative moderator temperature coefficient. With the Rod Control System in automatic control, 
in which the reactor vessel average temperature is maintained at a programmed value, the control 
rods will cause a positive reactivity insertion as they are withdrawn in an attempt to maintain this 
temperature. Both cases are analyzed in order to ensure that the worse one is considered. 

Turbine Control 
The turbine is modeled as described in Section 3.2.5.1 of Reference 2, with a step increase in 
flow rate at the beginning of the accident. 

Auxiliary Feedwater 
AFW flow would be credited, after the appropriate UFSAR response time delay, when the safety 
analysis value of the low-low steam generator level setpoint is reached. However, the parameter 
of interest for this transient has reached its limiting value before the appropriate UFSAR response 
time delay has elapsed. Therefore, no AFW is actually delivered to the steam generators. 
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2.4 	Inadvertent Opening of a Steam Generator Relief or Safety Valve 

This accident is similar in most respects to the steam line break accident analyzed in Chapter 5 of 
Reference I. If the inadvertently opened valve will not reseat, and cannot be isolated by closing a 
valve in series with it, the effect is the same as a pipe break in the same location and with the 
same effective flow area. Because the steam line safety valves and the steam line power-operated 
relief valves (PORVs) are located upstream of the MSIVs, a steam line isolation actuation, with 
or without a failure of a single MS1V, would result in the continued blowdown of the steam 
generator with the failed valve. The applicable acceptance criterion is that fuel cladding integrity 
shall be maintained by ensuring that the minimum DNBR remains above the 95/95 DNBR limit 
based on acceptable correlations. This criterion is satisfied by comparison to the DNBR results 
for the more limiting steam line break transient so long as there are no DNB failures for the steam 
line break transient. The analytical methodology for the steam line break analysis (Reference 1) 
is applied to an analysis of the inadvertent opening of a steam generator relief or safety valve, 
with an appropriate adjustment to the break flow area. 
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3.0 	DECREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM 

	

3.1 	Turbine Trip 

The turbine trip event causes a loss of heat sink to the primary system. The mismatch between 
power generation in the primary system and heat removal by the secondary system causes 
temperature and pressure to increase in the primary and secondary until reactor trip and/or lift of 
the pressurizer safety valves and main steam safety valves. The transient is analyzed to ensure 
that both the peak Reactor Coolant System pressure and the peak Main Steam System pressure 
remain below the acceptance criterion of 110% of design pressure. Peak RCS pressure and peak 
Main Steam System pressure are analyzed separately due to the differences in assumptions 
required for a conservative analysis. 

3.1.1 Peak RCS Pressure Analysis 

3.1.1.1 Nodalization 

Since the transient response of the turbine trip event is the same for all loops, the single-loop 
model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.1.1.2 Initial Conditions 

Core Power Level  
High initial power level and a positive power uncertainty maximize the primary-to-secondary 
power mismatch upon turbine trip. 

Pressurizer Pressure 
Positive uncertainty is applied to the initial pressurizer pressure. High initial pressure reduces the 
initial margin to the overpressure limit. 

Pressurizer Level 
High initial level minimizes the initial volume of the pressurizer steam space, which maximizes 
the transient primary pressure response. . 

Reactor Vessel Average Temperature 
High initial temperature maximizes the primary coolant stored energy, which maximizes the 
transient primary pressure response. 

RCS Flow 
Low initial flow minimizes the primary-to-secondary heat transfer. 

Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Level 
High initial level minimizes the initial volume of the steam generator steam space, which 
maximizes the transient secondary pressure response. Maximum secondary pressurization causes 
maximum secondary temperature response, which minimizes primary-to-secondary heat transfer. 
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Fuel Temperature  
High fuel temperature, associated with low gap conductivity, minimizes the decrease in the 
temperature difference across the cladding as moderator temperature increases due to the turbine 
trip. This maximizes the transient heat flux and thus maximizes the primary system heat up. 

Steam Generator Tube Plugging 
A bounding high tube plugging value degrades primary-to-secondary heat transfer. 

3.1.1.3 Boundary Conditions 

Pressurizer Safety Valves  
The pressurizer safety valves are modeled with opening and closing characteristics which 
maximize the pressurizer pressure. 

Steam Line Safety Valves  
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure and minimize transient primary-to-secondary heat 
transfer. 

3.1.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
The pertinent reactor trip functions are the overtemperature AT (OTAT), overpower AT (OPAT), 
and pressurizer high pressure. 

The response time of each of the two AT trip functions is the UFSAR value. The setpoint values 
of the AT trip functions are continuously computed from system parameters using the modeling 
described in Section 3.2.4.2 of Reference 2. In addition, the AT coefficients used in the analysis 
account for instrument uncertainties. 

The response time of the pressurizer high pressure trip function is the UFSAR value. Since the 
pressure uncertainty is accounted for in the initial pressurizer pressure, the pressurizer high 
pressure reactor trip setpoint is the technical specification value. 

Pressurizer Pressure Control 
Pressurizer pressure control is in manual with sprays and PORVs disabled in order to maximize 
primary pressure. 

Pressurizer Level Control  
Pressurizer level control is in manual with the pressurizer heaters locked on in order to elevate 
primary pressure. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control 
Feedwater is isolated upon turbine trip. The addition of subcooled feedwater would tend to 
subcool the water in the steam generator, and reduce secondary side pressure. 
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Rod Control 
No credit is taken for the operation of the Rod Control System. Following turbine trip, the 
turbine impulse chamber pressure is rapidly reduced. The corresponding reduction in the Rod 
Control System reference temperature would lead to control rod insertion, which would lessen the 
severity of the transient. 

Auxiliary Feedwater 
Auxiliary feedwater is disabled. The addition of subcooled auxiliary feedwater would tend to 
subcool the water in the steam generator, and reduce secondary side pressure. 

3.1.2 Peak Main Steam System Pressure Analysis 

3.1.2.1 Nodalization 

Since the transient response of the turbine trip event is the same for all loops, the single-loop 
model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.1.2.2 Initial Conditions 

Core Power Level  
High initial power level and a positive power uncertainty maximize the primary-to-secondary 
power mismatch upon turbine trip. 

Pressurizer Pressure  
Positive uncertainty is applied to the initial pressurizer pressure. As long as a high pressurizer 
pressurereactor trip is avoided, maximum primary system pressure is conservative in order to 
delay reactor trip on °TAT. 

Pressurizer Level 
High initial level minimizes the initial volume of the pressurizer steam space, which maximizes 
the transient primary pressure response. 

Reactor Vessel Average Temperature 
High initial temperature maximizes the initial Main Steam System pressure and the primary 
coolant stored energy. 

RCS Flow 
High initial flow maximizes the primary-to-secondary heat transfer. 

Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis 

Steam Generator Level  
High initial level minimizes the initial volume of the steam generator steam space, which 
maximizes the transient secondary pressure response. 

Fuel Temperature 
High fuel temperature, associated with low gap conductivity, minimizes the decrease in the 
temperature difference across the cladding as moderator temperature increases due to the turbine 
trip. This maximizes the transient heat flux and thus maximizes primary-to-secondary heat 
transfer. 
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Steam Generator Tube Plugging 
Zero tube plugging is modeled to maximize primary-to-secondary heat transfer. 

3.1.2.3 Boundary Conditions 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
maximize the pressurizer pressure. 

Steam Line Safety Valves  
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure. 

3.1.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip  
The pertinent reactor trip functions are the overtemperature AT (OTAT), overpower AT (OPAT), 
and pressurizer high pressure. 

The response time of each of the two AT trip functions is the UFSAR value. The setpoint values 
of the AT trip functions are continuously computed from system parameters using the modeling 
described in Section 3.2.4.2 of Reference 2. In addition, the AT coefficients used in the analysis 
account for instrument uncertainties. 

The response time of the pressurizer high pressure trip function is the UFSAR value. The 
pressurizer high pressure reactor trip setpoint is the technical specification value plus an 
allowance which bounds the instrument uncertainty. 

Pressurizer Pressure Control 
Pressurizer pressure control is in automatic with sprays and PORVs enabled in order to prevent a 
high pressurizer pressure reactor trip actuation prior to OTAT trip actuation. 

Pressurizer Level Control 
Pressurizer level control is in manual with the pressurizer heaters locked on in order to elevate 
primary pressure. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump  
Secondary steam relief via-the steam line PORVs and condenser steam dump is unavailable in 
order to maximize secondary side pressurization. 

Steam Generator Level Control 
The addition of subcooled feedwater would tend to subcool the water in the steam generator, and 
reduce secondary side pressure. However, continued feedwater addition will also tend to slow the 
heatup of the primary system and delay reactor trip on overtemperature AT. Both cases will be 
analyzed in order to ensure that the limiting boundary condition is selected. 

Rod Control  
No credit is taken for the operation of the Rod Control System. Following turbine trip, the 
turbine impulse chamber pressure is rapidly reduced. The corresponding reduction in the. Rod 
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Control System reference temperature would lead to control rod insertion, which would lessen the 
severity of the transient. 

Auxiliary Feedwater 
Auxiliary feedwater is disabled. The addition of subcooled auxiliary feedwater would tend to 
subcool the water in the steam generator, and reduce secondary side pressure. 

3.2 	Loss of Non-Emergency AC Power 

A loss of non-emergency AC power causes the power supply to all busses not powered by the 
emergency diesel generators to be lost. This leads to the trip of both the main feedwater pumps 
and the reactor coolant pumps. A primary system heatup ensues, due to both the coastdown of 
the reactor coolant pumps and the loss of main feedwater heat removal. As a result of this heatup, 
the primary concerns for this event are short-term core cooling capability (DNBR), long-term 
core cooling capability (natural circulation), and primary and secondary system 
overpressurization. 

This transient differs from the complete loss of flow transient only in the timing of the insertion 
of the control rods. Both transients presume reactor coolant pump and feedwater pump trip as the 
initiating events. In the loss of flow event, the reactor trips when the reactor coolant pump bus 
undervoltage setpoint is reached and the rods begin to fall into the core after an instrumentation 
delay. In the loss of AC power transient, the control rods begin to fall immediately due to the 
loss of gripper coil voltage. Therefore, the transient core power response and consequently the 
short-term core cooling capability result (DNBR) is bounded by the loss of flow event. Long-
term core cooling capability is shown by analyzing the transition from forced flow to natural 
circulation following a loss of non-emergency AC power. 

Similarly, the primary system temperature increase and, therefore, the peak primary system 
pressure is also bounded by the loss of flow event. 

Secondary side pressure does not rise significantly until the turbine trip occurs and steam flow is 
terminated. The magnitude of this pressure increase is largely determined by the amount of heat 
transferred from the primary system to the secondary once the pressure increase has begun. For 
this event the reactor trip occurs prior to the turbine trip, such that the primary system heat 
generation is rapidly decreasing as secondary side pressure is increasing. Therefore, the peak 
secondary pressure result is bounded by the turbine trip event, in which the reactor trip occurs 
well after the turbine trip. 

Based on the above qualitative evaluation, a quantitative analysis of this transient is not required 
except for the long-term core cooling capability analysis. Should a reanalysis become necessary, 
either due to plant changes, modeling changes, or other changes which invalidate any of the 
above arguments, the analytical methodology employed would be as follows. 

Peak RCS pressure, peak Main Steam System pressure and core cooling capability (short-term 
and long-term) are each analyzed separately due to the differences in assumptions required for a 
conservative analysis. The short-term core cooling capability analysis demonstrates that fuel 
cladding integrity is maintained by ensuring that the minimum DNBR remains above the 95/95 
DNBR limit based on acceptable correlations. The minimum DNBR is determined using the 
statistical core design methodology. The long-term core cooling capability analysis demonstrates 
that natural circulation is established. 
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3.2.1 Peak RCS Pressure Analysis 

3.2.1.1 Nodalization 

Since the transient response of the loss of offsite power event is the same for all loops, the single-
loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.2.1.2 Initial Conditions 

Core Power Level  
High initial power level and a positive power uncertainty maximize the primary-to-secondary 
power mismatch. 

Pressurizer Pressure 
Positive instrument uncertainty is applied to the initial pressurizer pressure. High initial pressure 
reduces the initial margin to the overpressure limit. 

Pressurizer Level 
High initial level minimizes the initial volume of the pressurizer steam space, which maximizes 
the transient primary pressure response. 

Reactor Vessel Average Temperature 
High initial temperature maximizes the initial primary coolant stored energy, which maximizes 
the transient primary pressure response. 

RCS Flow 
Low initial flow degrades the primary-to-secondary heat transfer. 

Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Level 
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature 
High initial fuel average temperature is conservative to maximize the transient heat flux and the 
resultant primary system heat up. 

Steam Generator Tube Plugging 
A bounding high tube plugging value degrades primary-to-secondary heat transfer. 

3.2.1.3 Boundary Conditions 

RCP Operation 
All four reactor coolant pumps are tripped at the initiation of the transient. The pump model is 
adjusted such that the resulting coastdown flow is conservative with respect to the flow 
coastdown test data. 
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Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
maximize the pressurizer pressure. 

Steam Line Safety Valves 
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure and minimize transient primary-to-secondary heat 
transfer. 

3.2.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
The insertion of all control and shutdown banks occurs when the power is lost to the control rod 
drive mechanism. 

Pressurizer Pressure Control 
Pressurizer pressure control is in manual with sprays and PORVs disabled in order to maximize 
primary pressure. 

Pressurizer Level Control  
Pressurizer heaters are assumed to be inoperable since they are lost when offsite power is lost. 
Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on the loss of offsite power after an appropriate UFSAR 
response time delay. If applicable, a purge volume of hot main feedwater is assumed to be 
delivered prior to the cold AFW reaching the steam generators. In order to minimize the post-trip 
steam generator heat removal, the minimum auxiliary feedwater flow is assumed. 

Turbine Trip 
Turbine trip occurs on the loss of offsite power. 

3.2.2 Peak Main Steam System Pressure Analysis 

3.2.2.1 Nodalization 

Since the transient response of the loss of offsite power event is the same for all loops, the single-
loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.2.2.2 Initial Conditions 

Core Power Level  
High initial power level and a positive power uncertainty maximize the primary-to-secondary 
heat transfer. 
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Pressurizer Pressure  
Pressurizer pressure is not an important parameter in this analysis. 

Pressurizer Level  
Since initial level primarily affects the transient primary pressure response, it is not an important 
parameter in this analysis. 

Reactor Vessel Average Temperature 
High initial temperature maximizes the initial Main Steam System 
pressure and the primary coolant stored energy. 

RCS Flow 
High initial flow maximizes the primary-to-secondary heat transfer. 

Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Level 
High initial level minimizes the initial volume of the steam generator steam space, which 
maximizes the transient secondary pressure response. 

Fuel Temperature 
High initial fuel average temperature is conservative to maximize the transient heat flux and the 
resultant primary-to-secondary heat transfer. 

Steam Generator Tube Plugging 
In order to maximize primary-to-secondary heat transfer, no tube plugging is modeled. 

3.2.2.3 Boundary Conditions 

RCP Operation 
All four reactor coolant pumps trip on undervoltage at the initiation of the loss of offsite power. 
The pump model is adjusted such that the resulting coastdown flow is conservative with respect 
to the flow coastdown test data. 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
maximize pressurizer pressure. 

Steam Line Safety Valves 
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure. 

3.2.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
The insertion of all control and shutdown banks occurs when the power is lost to the control rod 
drive mechanism. 

Pressurizer Pressure Control 
The operation of the pressurizer pressure control system is not important in this analysis. 
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Pressurizer Level Control 
The operation of the pressurizer level control system is not important in this analysis. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and condenser steam dump is unavailable in 
order to maximize secondary side pressurization. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on the loss of offsite power after the appropriate UFSAR 
response time delay. If applicable, a purge volume of hot main feedwater is assumed to be 
delivered prior to the cold AFW reaching the steam generators. In order to minimize the post-trip 
steam generator heat removal, the minimum auxiliary feedwater flow is assumed. 

Turbine Trip  
Turbine trip occurs on the loss of offsite power. 

3.2.3 Core Cooling Capability Analysis — Short-Term 

3.2.3.1 Nodalization 

Since the transient response of the loss of offsite power event is the same for all loops, the single-
loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.2.3.2 Initial Conditions 

Core Power Level  
High initial power level maximizes the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 

Pressurizer Pressure 
Nominal full power pressurizer pressure is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

Pressurizer Level 
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature 
Nominal full power vessel average temperature is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

RCS Flow 
Technical specification minimum measured Reactor Coolant System flow is assumed. The 
uncertainty in this parameter is accounted for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 
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Steam Generator Level 
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature  
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Tube Plugging 
Steam generator tube plugging is not an important parameter in this analysis. 

3.2.3.3 Boundary Conditions 

Reactor Coolant Pumps 
All reactor coolant pumps are assumed to trip on undervoltage at the initiation of the loss of 
offsite power. The pump model is adjusted such that the resulting coastdown flow is conservative 
with respect to the flow coastdown test data. 

Decay Heat 
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus a two-sigma 
uncertainty, is employed. 

Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

3.2.3.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
The insertion of all control and shutdown banks occurs when the power is lost to the control rod 
drive mechanism. 

Pressurizer Pressure Control  
Pressurizer sprays are lost when the reactor coolant pumps trip. Pressurizer PORVs are lost when 
offsite power is lost. Therefore, both are inoperable. 

Pressurizer Level Control  
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump  
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on the loss of offsite power after the appropriate UFSAR 
response time delay. If applicable, a purge volume of hot main feedwater is assumed to be 
delivered prior to the cold AFW reaching the steam generators. In order to minimize the post-trip 
steam generator heat removal, the minimum auxiliary feedwater flow is assumed. 
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Turbine Trip 
Turbine trip occurs on the loss of offsite power. 

3.2.4 Core Cooling Capability Analysis — Long-Term 

32.4.1 Nodalization 

Since the transient response of the loss of offsite power event is the same for all loops, the single 
loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.2.4.2 Initial Conditions 

Core Power Level  
High initial power level and a positive power uncertainty maximize the primary system heat 
source. 

Pressurizer Pressure 
The nominal pressure corresponding to full power operation is assumed since the establishment 
of natural circulation is independent of initial pressurizer pressure. 

Pressurizer Level  
The nominal level corresponding to full power operation is assumed since the establishment of 
natural circulation is independent of initial pressurizer level. 

Reactor Vessel Average Temperature 
High initial temperature maximizes the amount of stored energy in the primary system that must 
be removed by the secondary system. 

RCS Flow 
Technical specification minimum measured Reactor Coolant System flow is assumed since initial 
RCS flow has little impact on the final natural circulation flow. 

Core Bypass Flow  
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Level 
High initial steam generator level minimizes the initial volume of the steam generator steam 
space, which maximizes the transient secondary pressure response. Maximum secondary 
pressurization causes maximum secondary temperature response, which minimizes primary-to-
secondary heat transfer. 

Fuel Temperature 
Initial fiiel temperature is not an important parameter in this analysis. 

Steam Generator Tube Plugging 
A bounding high tube plugging value degrades primary-to-secondary heat transfer. 
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3.2.4.3 Boundary Conditions 

Reactor Coolant Pumps 
All reactor coolant pumps are assumed to trip on undervoltage at the initiation of the loss of 
offsite power. 

Decay Heat 
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus a two-sigma 
uncertainty, is employed. 

Steam Line Safety Valves  
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

3.2.4.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
The insertion of all control and shutdown banks occurs when the power is lost to the control rod 
drive mechanism. 

Pressurizer Pressure Control  
Pressurizer sprays are lost when the reactor coolant pumps trip. Pressurizer PORVs are lost when 
offsite power is lost. Therefore, both are inoperable. 

Pressurizer Level Control  
Pressurizer heaters are assumed to be inoperable since they are lost when offsite power is lost. 
Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump  
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable 
due to the loss of offsite power. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on the loss of offsite power after the appropriate UFSAR 
response time delay. In order to minimize post-trip steam generator heat removal, the minimum 
auxiliary feedwater flow is assumed. 

Turbine Trip 
Turbine trip occurs on the loss of offsite power. 

3.3 	Loss Of Normal Feedwater 

A loss of normal feedwater flow event could result due to the failure of both of the main 
feedwater pumps or a malfunction of the feedwater control valves. A primary system heatup 
ensues due to the degradation of the secondary heat sink. As a result of this heatup, the primary 
concerns for this event are core cooling capability and primary and secondary system 
overpressurization. 

The peak pressure aspects of the loss of normal feedwater transient are bounded by the turbine 
trip transient. Both transients involve a mismatch between primary heat source and secondary 
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heat sink, but the mismatch is greater for the turbine trip. This is mainly due to the reactor trip 
and turbine trip occurring simultaneously for the loss of feedwater event, whereas reactor trip lags 
the turbine trip during the turbine trip transient. 

Based on the above qualitative evaluation, a quantitative peak RCS pressure and peak Main 
Steam System pressure analysis of this transient is not required. Should a reanalysis become 
necessary, either due to plant changes, modeling changes, or other changes which invalidate any 
of the above arguments, the analytical methodology employed would be as follows. 

Peak RCS pressure, peak Main Steam System pressure and core cooling capability are each 
analyzed separately due to the differences in assumptions required for a conservative analysis. 
The core cooling capability analysis demonstrates that the Auxiliary Feedwater System is capable 
of returning the plant to a stabilized condition (long-term core cooling) and that fuel cladding 
integrity is maintained by ensuring that the minimum DNBR remains above the 95/95 DNBR 
limit based on acceptable correlations (short-term core cooling). The minimum DNBR is 
determined using the statistical core design methodology. 

3.3.1 Peak RCS Pressure Analysis 

3.3.1.1 Nodalization 

Since the transient response of the loss of normal feedwater event is the same for all loops, the 
single-loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.3.1.2 Initial Conditions 

Core Power Level  
High initial power level and a positive power uncertainty maximize the primary-to-secondary 
power mismatch. 

Pressurizer Pressure 
Positive instrument uncertainty is applied to the initial pressurizer pressure. High initial pressure 
reduces the initial margin to the overpressure limit. 

Pressurizer Level 
High initial level minimizes the initial volume of the pressurizer steam space, which maximizes 
the transient primary pressure response. 

Reactor Vessel Average Temperature 
High initial temperature maximizes the initial primary coolant stored energy, which maximizes 
the transient primary pressure response. 

RCS Flow 
Low initial flow degrades the primary-to-secondary heat transfer. 

Core Bypass Flow  
Core bypass flow is not an important parameter in this analysis. 
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Steam Generator Level 
Low initial level is assumed in order to minimize steam generator inventory at the time of reactor 
trip. The low-low level trip setpoint is adjusted to account for the difference between actual level 
and indicated level. 

Fuel Temperature 
High initial fuel average temperature is conservative. 

Steam Generator Tube Plugging 
A bounding high tube plugging value degrades primary-to-secondary heat transfer. 

3.3.1.3 Boundary Conditions 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
maximize the pressurizer pressure. 

Steam Line Safety Valves  
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure and minimize transient primary-to-secondary heat 
transfer. 

Decay Heat 
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus a two-sigma 
uncertainty, is employed. 

3.3.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
Reactor trip occurs on overtemperature AT, pressurizer high pressure, or when the low-low level 
setpoint is reached in the steam generator. 

Pressurizer Pressure Control 
Pressurizer pressure control is in manual with sprays and PORVs disabled in order to maximize 
primary pressure. 

Pressurizer Level Control 
Pressurizer level control is in automatic in order to maximize primary pressure. Charging and 
letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Rod Control 
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 
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Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on low-low steam generator level after the appropriate 
UFSAR response time delay. If applicable, a purge volume of hot main feedwater is assumed to 
be delivered prior to the cold AFW reaching the steam generators. In order to minimize the post-
trip steam generator heat removal, the minimum auxiliary feedwater flow is assumed. 

3.3.2 ,Peak Main Steam System Pressure Analysis 

3.3.2.1 Nodalization 

Since the transient response of the loss of normal feedwater event is the same for all loops, the 
single-loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.3.2.2 Initial Conditions 

Core Power Level 
High initial power level and a positive power uncertainty maximize the primary-to-secondary 
power mismatch. 

Pressurizer Pressure  
Pressurizer pressure is not an important parameter in this analysis. 

Pressurizer Level  
Pressurizer level is not an important parameter in this analysis. 

Reactor Vessel Average Temperature 
High initial temperature maximizes the initial Main Steam System pressure and the primary 
coolant stored energy. 

RCS Flow 
High initial flow maximizes the primary-to-secondary heat transfer. 

Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Level 
High initial level is assumed to delay reactor trip on low-low steam generator level and minimize 
the steam space following the subsequent turbine trip. The low-low level trip setpoint is adjusted 
to account for the difference between actual level and indicated level. 

Fuel Temperature 
High initial fuel average temperature is conservative. 

Steam Generator Tube Plugging 
Zero tube plugging is modeled to maximize primary-to-secondary heat transfer. 
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3.3.2.3 Boundary Conditions 

Pressurizer Safety Valves  
The pressurizer safety valves are modeled with opening and closing characteristics which 
maximize the pressurizer pressure. 

Steam Line Safety Valves 
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure. 

Decay Heat 
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus a two-sigma 
uncertainty, is employed. 

3.3.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
Reactor trip occurs on overtemperature AT, pressurizer high pressure, or when the low-low level 
setpoint is reached in the steam generator. 

Pressurizer Pressure Control 
The results of this transient are not sensitive to the operation of pressurizer pressure control as 
long as the pressure is controlled to within the range that avoids protection or safeguards 
actuation. 

Pressurizer Level Control  
The results of this transient are not sensitive to the operation of pressurizer level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and condenser steam dump is unavailable in 
order to maximize the transient secondary side pressurization. 

Rod Control 
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on low-low steam generator level after the appropriate 
UFSAR response time delay. If applicable, a purge volume of hot main feedwater is assumed to 
be delivered prior to the cold AFW reaching the steam generators. In order to minimize the post-
trip steam generator heat removal, the minimum auxiliary feedwater flow is assumed. 
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3.3.3 Core Cooling Capability Analysis — Short-Term 

3.3.3.1 Nodalization 

Since the transient response of the loss of normal feedwater event is the same for all loops, the 
single-loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

3.3.3.2 Initial Conditions 

Core Power Level  
High initial power level maximizes the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 

Pressurizer Pressure 
Nominal full power pressurizer pressure is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

Pressurizer Level 
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature 
Nominal full power vessel average temperature is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

RCS Flow  
Minimum measured Reactor Coolant System flow is assumed. The uncertainty in this parameter 
is accounted for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Tube Plugging 
A bounding high tube plugging level impairs the ability of the secondary side to remove primary 
side heat. 

Fuel Temperature 
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Level  
Low initial level is assumed in order to minimize steam generator inventory at the time of reactor 
trip. The low-low level trip setpoint is adjusted to account for the difference between actual level 
and indicated level. 
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3.3.3.3 Boundary Conditions 

Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

Decay Heat 
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus a two-sigma 
uncertainty, is employed. 

3.3.3.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip  
Reactor trip occurs on overtemperature AT, pressurizer high pressure, or when the low-low level 
setpoint is reached in the steam generator. 

Pressurizer Pressure Control  
Pressurizer sprays and PORVs are assumed to be operable in order to minimize the system 
pressure throughout the transient. 

Pressurizer Level Control  
No credit is taken for pressurizer heater operation so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump  
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Rod Control 
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are;inserted in an attempt to maintain RCS 
temperature at its nominal value. 

Turbine Control  
The turbine is modeled in, the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on low-low steam generator level after the appropriate 
UFSAR response time delay. If applicable, a purge volume of hot main feedwater is assumed to 
be delivered prior to the cold AFW reaching the steam generators. In order to minimize the post-
trip steam generator heat removal, the minimum auxiliary feedwater flow is assumed. 

Turbine Trip 
Turbine trip occurs on reactor trip. 
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3.3.4 Core Cooling Capability Analysis — Long-Term 

3.3.4.1 Nodalization 

Since the transient response of the loss of normal feedwater event is the same for all loops, the 
single-loop model described in Section 3.2 of Reference 2 is utilized for this analysis. For 
Catawba Unit 2 only, the analysis uses a single-volume steam generator secondary model. This 
model uses the bubble rise option with the local-conditions heat transfer model applied to the 
steam generator tube conductors. 

3.3.4.2 :Initial Conditions 

Core Power Level 
High initial power level plus the power uncertainty maximizes the primary system heat load. 

Pressurizer Pressure  
Low initial pressurizer pressure causes a corresponding decrease in the hot leg saturation 
temperature, which minimizes subcooling margin and is conservative for demonstrating long-
term core cooling. 

Pressurizer Level 
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature 
High initial temperature increases the stored energy in the primary system that must be removed 
by the degraded secondary side. 

RCS Flow 
Low initial flow degrades the primary-to-secondary heat transfer 

Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Tube Plugging 
A bounding high tube plugging level impairs the ability of the secondary side to remove primary 
side heat. 

Fuel Temperature 
A conservatively high initial fuel temperature is assumed in order to maximize the amount of 
stored energy that must be removed. 

Steam Generator Level  
Low initial level in all steam generators decreases the long-term capability of the secondary 
system to remove primary system heat. 

3.3.3.3 Boundary Conditions 

Steam Line Safety Valves  
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 
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Decay Heat 
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus a two-sigma 
uncertainty, is employed. 

3.3.3.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
Reactor trip occurs on overtemperature AT, pressurizer high pressure, or when the low-low level 
setpoint is reached in the steam generator. 

Pressurizer Pressure Control  
Pressurizer sprays and PORVs are assumed to be operable in order to minimize the system 
pressure throughout the transient. 

Pressurizer Level Control 
No credit is taken for pressurizer heater operation so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Rod Control 
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 

Turbine Control  
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on low-low steam generator level after the appropriate 
UFSAR response time delay. If applicable, a purge volume of hot main feedwater is assumed to 
be delivered prior to the cold AFW reaching the steam generators. In order to minimize the post-
trip steam generator heat removal, the minimum auxiliary feedwater flow is assumed. 

Turbine Trip 
Turbine trip occurs on reactor trip. 

3.4 	Feedwater System Pipe Break 

The feedwater system pipe break event postulates a rupture of the Main Feedwater System piping 
just upstream of the steam generator (downstream of the final feedline check valve). Following 
the blowdown of the faulted generator, there is a mismatch between the heat generation in the 
reactor and the secondary side heat removal rate. Due to the mismatch, the primary concern for 
this transient is the capability to effectively cool the reactor core. 
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Adequate short-term and long-term core cooling capability are analyzed separately due to the 
differences in assumptions required for a conservative analysis. The short-term core cooling 
capability analysis demonstrates that fuel cladding integrity is maintained by ensuring that the 
minimum DNBR remains above the 95/95 DNBR limit based on acceptable correlations. The 
minimum DNBR is determined using the statistical core design methodology. The long-term 
core cooling capability analysis demonstrates that no hot leg boiling occurs. 

3.4.1 Short-Term Core Cooling Capability 

The DNB analysis for this transient is modeled as a complete loss of coolant flow event initiated 
from an off-normal condition. The loss of flow is assumed to occur coincident with the ()TAT 
reactor trip caused by the feedline break heatup. While it is expected that a feedline break will 
result in a reactor trip on low-low steam generator level or high containment pressure before 
reaching the OTAT trip setpoint, modeling the short-term analysis in this manner precludes 
having to analyze smaller break sizes that may result in an initial RCS overheating prior to reactor 
trip. The worst overheating possible is one that trips on °TAT. 

3.4.1.1 Nodalization 

Since the complete loss of flow transient is symmetrical with respect to the four reactor coolant 
loops, a single-loop model (Reference 2, Section 3.2) is utilized for this analysis. 

3.4.1.2 Initial Conditions 

Core Power Level  
High initial power level maximizes the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 

Pressurizer Pressure 
Nominal full power pressurizer pressure is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

Pressurizer Level 
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature  
Nominal full power vessel average temperature is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

RCS Flow 
Minimum measured Reactor Coolant System flow is assumed. The uncertainty in this parameter 
is accounted for in the statistical core design methodology. 

Core Bypass Flow  
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 
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Fuel Temperature 
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Level 
Initial steam generator level is not an important parameter in this analysis. 

Steam Generator Tube Plugging 
For transients of such short duration, steam generator tube plugging does not have an effect on 
the transient results. 

3.4.1.3 Boundary Conditions 

Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

3.4.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
Reactor trip occurs on overtemperature AT following the heatup due to the heat transfer 
mismatch. Earlier trips on high containment pressure safety injection and low-low steam 
generator level are not credited in order to maximize the primary system heatup. 

Pressurizer Pressure Control 
Pressurizer sprays and PORVs are assumed to be operable in order to minimize the system 
pressure throughout the transient. 

Pressurizer Level Control 
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Rod Control 
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 
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Auxiliary Feedwater  
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

Turbine Trip 
The reactor trip leads to a subsequent turbine trip. 

3.4.2 Long-Term Core Cooling Capability 

3.4.2.1 Nodalization 

Due to the asymmetry of the auxiliary feedwater flow boundary condition in the feedline break 
transient, a three-loop model (Reference 2,Section 3.2), with two single loops and one double 
loop, is utilized for this analysis. 

3.4.2.2 Initial Conditions 

Core Power Level 
High initial power level and a positive power uncertainty maximize the primary system heat load. 

Pressurizer Pressure 
Low initial pressure causes a corresponding decrease in the hot leg saturation temperature, which 
minimizes the margin to hot leg boiling and is conservative for demonstrating long-term core 
cooling. 

Pressurizer Level  
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature  
High initial temperature increases the stored energy in the primary system which must be 
removed by the degraded secondary side. 

RCS Flow 
Low initial flow degrades the primary-to-secondary heat transfer. 

Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Level 
Low initial level in all steam generators decreases the long-term capability of the secondary 
system to remove primary system heat. 

Fuel Temperature 
A conservatively high initial fuel temperature is assumed in order to maximize the amount of 
stored energy that must be removed. 
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Steam Generator Tube Plugging 
Tube plugging does not significantly affect the transient results so long as the minimum technical 
specification RCS flow rate is used. 

3.4.2.3 Boundary Conditions 

Break Modeling 
The feedline break is modeled as a double-ended rupture of the main feedwater line just upstream 
of the steam generator (downstream of the check valve). A bounding flow area of the break 
junction is assumed in order to maximize the break flow rate. The break flow rate is determined 
by the Extended Henry (subcooled) and Moody (saturated) critical flow correlations. 

Reactor Coolant Pumps  
The reactor coolant pumps are lost at the initiation of the loss of offsite power which occurs 
coincident with reactor trip. 

Offsite Power 
Offsite power is assumed to be lost coincident with reactor trip to delay safety injection and 
accelerate the post-trip heatup due to the loss of the reactor coolant pumps. 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
minimize pressurizer pressure. 

Steam Line Safety Valves  
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

Decay Heat 
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus a two-sigma 
uncertainty, is employed. 

3.4.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
The reactor is tripped 10 seconds into the transient. This is assumed to be after the occurrence of 
safety injection actuation on high containment pressure. 

Pressurizer Pressure Control  
Since low Reactor Coolant System pressure is conservative and the blowdown pressure of a 
cycling safety valve is much lower than for a cycling PORV, the PORVs are assumed inoperable. 
Pressurizer spray is assumed to be operable in order to minimize system pressure. 

Pressurizer Level Control 
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 
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Rod Control  
No credit is taken for the operation of the Rod Control System for this transient, since the pre-trip 
RCS temperature change is insufficient to cause rod motion. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Safety Injection 
Safety injection actuation occurs at 10 seconds on high containment pressure. Injection begins 
after the appropriate UFSAR delay to allow for the startup of the diesel generators on the loss of 
offsite power. One-train minimum injection flow, as a function of RCS pressure, is assumed to 
minimize the delivery of cold SI water. Injection is stopped when the emergency procedure SI 
termination criteria are met. 

Auxiliary Feedwater 
Auxiliary feedwater actuation occurs on safety injection actuation after the appropriate UFSAR 
response time delay. If applicable, a purge volume of hot water is assumed to be delivered prior 
to the cold AFW reaching the steam generators. Operator action to isolate AFW flow to the 
faulted generator occurs with a conservative delay time to minimize the amount of cold AFW 
flow to the faulted generator. In order to minimize the post-trip steam generator heat removal, the 
minimum auxiliary feedwater flow is assumed. 

MSIV Closure 
Early MSIV closure is conservative since it accelerates the heatup portion of the transient due to 
the faulted SG reaching dryout sooner following MSIV closure. Main steam line isolation occurs 
on low steam line pressure or high-high containment pressure. Since neither of these setpoints 
can be reached before reactor trip, it is conservatively assumed that MSIV closure occurs 
coincident with turbine trip. 
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4.0 	DECREASE IN REACTOR COOLANT SYSTEM FLOW RATE 

	

4.1 	Partial Loss of Forced Reactor Coolant Flow 

A partial loss of forced reactor coolant flow can result from a mechanical or electrical failure in a 
reactor coolant pump, or from a fault in the power supply to the pump. If the reactor is at power 
when such a fault occurs, this could result in DNB with subsequent fuel damage if the reactor is 
not tripped promptly. The necessary protection against a partial loss of coolant flow is provided 
by the low reactor coolant flow reactor trip signal. 

The acceptance criteria for this analysis are to ensure that there is adequate core cooling 
capability and that the pressure in the Reactor Coolant System remains below 110% of design 
pressure. The core cooling capability analysis demonstrates that fuel cladding integrity is main-
tained by ensuring that the minimum DNBR remains above the 95/95 DNBR limit based on 
acceptable correlations. The minimum DNBR is determined using the statistical core design 
methodology. The peak RCS pressure criterion is met through a comparison to the peak pressure 
results for the more limiting locked rotor transient. In Section 4.3 of this report, the locked rotor 
event is shown to remain below 110% of the RCS design pressure. 

4.1.1 Nodalization 

This non-symmetric transient is analyzed using a two-loop model, with a single loop for the 
tripped reactor coolant pump and an intact triple loop. 

4.1.2 Initial Conditions 

Core Power Level 
High initial power level maximizes the primary system heat flux. The uncertainty for this 
parameter is incorporated in the statistical core design methodology. 

Pressurizer Pressure 
The nominal pressure corresponding to full power operation is assumed, with the uncertainty for 
this parameter incorporated in the statistical core design methodology. 

Pressurizer Level  
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature 
The nominal temperature corresponding to full power operation is assumed, with the uncertainty 
for this parameter incorporated in the statistical core design methodology. 

RCS Flow 
The technical specification minimum measured flow for power operation is assumed since low 
flow is conservative for DNBR evaluation. The uncertainty for this parameter is incorporated in 
the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 
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Steam Generator Level 
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature 
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Tube Plugging 
For transients of such short duration, steam generator tube plugging does not have an effect on 
the transient results. 

4.1.3 Boundary Conditions 

RCP Operation 
A single reactor coolant pump is assumed to trip. The other three reactor coolant pumps remain 
operating for the duration of the transient. The reactor coolant pump model is adjusted such that 
the resulting pump coastdown is conservative with respect to the flow coastdown test data. 

Steam Line Safety Valves  
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary pressure and minimize primary-to-secondary heat transfer. 

4.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
A reactor trip signal is generated when flow in the affected loop falls below a setpoint which 
conservatively bounds the technical specification value. A delay time consistent with the 
UFSARs is assumed between receipt of the low flow signal and the initiation of control rod 
motion. 

Pressurizer Pressure Control 
Pressurizer sprays and PORVs are assumed to be operable in order to minimize the system 
pressure throughout the transient. 

Pressurizer Level Control  
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control 
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 
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MFW Pump Speed Control  
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control  
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

Turbine Trip  
The reactor trip leads to a subsequent turbine trip. 

4.2 	Complete Loss Of Forced Reactor Coolant Flow 

A complete loss of forced reactor coolant flow would occur if all four reactor coolant pumps 
tripped due to either a common mode failure or a simultaneous loss of power to the pump motors. 
The Reactor Protection System (RPS) senses an undervoltage condition at the pumps and initiates 
a reactor trip. The decrease in core flow which occurs prior to reactor trip causes a heatup of the 
Reactor Coolant System. 

The acceptance criteria for this analysis are to ensure that there is adequate core cooling 
capability and that the pressure in the Reactor Coolant System remains below 110% of design 
pressure. The core cooling capability analysis demonstrates that fuel cladding integrity is main-
tained by ensuring that the minimum DNBR remains above the 95/95 DNBR limit based on 
acceptable correlations. The minimum DNBR is determined using the statistical core design 
methodology. The peak RCS pressure criterion is met through a comparison to the peak pressure 
results for the more limiting locked rotor transient. In Section 4.3 of this report, the locked rotor 
event is shown to remain below 110% of the RCS design pressure. 

4.2.1 Nodalization 

Since the complete loss of flow transient is symmetrical with respect to the four reactor coolant 
loops, a single-loop model (Reference 2, Section 3.2) is utilized for this analysis. 

4.2.2 Initial Conditions 

Core Power Level  
High initial power level maximizes the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 
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Pressurizer Pressure  
Nominal full power pressurizer pressure is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

Pressurizer Level 
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature 
Nominal full power vessel average temperature is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

RCS Flow 
Minimum measured Reactor Coolant System flow is assumed. The uncertainty in this parameter 
is accounted for in the statistical core design methodology. 

Bypass Flow 
The nominal calculated flow corresponding to full power operation is assumed, with the flow 
uncertainty accounted for in the statistical core design methodology. 

Steam Generator Level 
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature  
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Tube Plugging 
For transients of such short duration, steam generator tube plugging does not have an effect on 
the transient results. 

4.2.3 Boundary Conditions 

RCP Operation  
All four reactor coolant pumps are tripped at the initiation of the transient. The pump model is 
adjusted such that the resulting coastdown flow is conservative with respect to the flow 
coastdown test data. 

Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

4.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
Reactor trip occurs on reactor coolant pump undervoltage, after an appropriate instrumentation 
delay. 
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Pressurizer Pressure Control  
Pressurizer sprays and PORVs are assumed to be operable in order to minimize the system 
pressure throughout the transient. 

Pressurizer Level Control 
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump  
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control  
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 

MFW Pump Speed Control  
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control 
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

Turbine Trip 
The reactor trip leads to a subsequent turbine trip. 

4.3 	Reactor Coolant Pump Locked Rotor 

The postulated accident involves the instantaneous seizure of one reactor coolant pump rotor. 
Coolant flow in that loop is rapidly reduced, causing the Reactor Protection System (RPS) to 
initiate a reactor trip on low RCS loop flow. The mismatch between power generation and heat 
removal capacity due to the degraded flow condition causes a heatup of the primary system. 

The acceptance criteria for this analysis are to ensure that there is adequate core cooling 
capability and that the pressure in the Reactor Coolant System remains below 110% of design 
pressure. Peak RCS pressure and core cooling capability are analyzed separately due to the 
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differences in assumptions required for a conservative analysis. The core cooling capability 
analysis determines to what extent fuel cladding integrity is compromised by calculating the 
number of fuel rods that exceed the 95/95 DNBR limit based on acceptable correlations. 

4.3.1 Peak RCS Pressure Analysis 

4.3.1.1 Nodalization 

Due to the asymmetry of the transient, a two-loop model (Reference 2, Section 3.2), with a 
faulted single loop and an intact triple loop, is utilized for this analysis. 

4.3.1.2 Initial Conditions 

Core Power Level  
High initial power level and a positive power uncertainty maximize the primary system heat load. 

Pressurizer Pressure 
High initial pressure yields a smaller margin to overpressurization. 

Pressurizer Level  
High initial level decreases the volume of the pressurizer steam space which maximizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature 
High initial temperature maximizes the initial primary coolant stored energy, which maximizes 
the transient primary pressure response. 

RCS Flow  
Low initial flow minimizes the primary-to-secondary heat transfer. 

Core Bypass Flow 
High core bypass flow minimizes coolant flow through the core and exacerbates heatup. 

Steam Generator Level  
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature  
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and thus maximizes primary pressure. 

Steam Generator Tube Plugging 
For transients of such short duration, steam generator tube plugging does not have an effect on 
the transient results. 
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4.3.1.3 Boundary Conditions 

Reactor Coolant Pumps  
The rotor of the reactor coolant pump in the faulted loop is assumed to seize at the initiation of 
the transient. The remaining reactor coolant pumps trip on bus undervoltage following the loss of 
offsite power. 

Offsite Power 
Offsite power is assumed to be lost coincident with the turbine trip. 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
maximize pressurizer pressure. 

Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

4.3.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
Reactor trip occurs on low Reactor Coolant System flow in the loop with the locked rotor. 

Pressurizer Pressure Control 
In order to maximize primary system pressure, no credit is taken for pressurizer spray or PORV 
operation. 

Pressurizer Level Control  
Pressurizer heaters are assumed to be operable in order to maximize Reactor Coolant System 
pressure resulting from the insurge/level increase. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump  
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control 
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 

MFW Pump Speed Control 
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control 
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 
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Turbine Control  
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

Turbine Trip 
The reactor trip leads to a subsequent turbine trip. 

4.3.2 • Core Cooling Capability Analysis 

4.3.2.1 Nodalization 

Due to the asymmetry of the transient, a two-loop model (Reference 2, Section 3.2), with a single 
(faulted) loop and a triple (intact) loop, is utilized for this analysis. 

4.3.2.2 Initial Conditions 

Core Power Level 
High initial power level maximizes the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 

Pressurizer Pressure 
The nominal pressure corresponding to full power operation is assumed, with the pressure initial 
condition uncertainty accounted for the in statistical core design methodology. 

Pressurizer Level  
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature 
The nominal temperature corresponding to full power operation is assumed, with the temperature 
initial condition uncertainty accounted for in the statistical core design methodology. 

RCS Flow 
The technical specification minimum measured flow for power operation is assumed since low 
flow is conservative for DNBR evaluation. The flow initial condition uncertainty is accounted 
for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Level  
Initial steam generator level is not an important parameter in this analysis. 
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Fuel Temperature  
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Tube Plugging 
For transients of such short duration, steam generator tube plugging does not have an effect on 
the transient results. 

4.3.2.3 Boundary Conditions 

Reactor Coolant Pumps  
The rotor of the reactor coolant pump in the faulted loop is assumed to seize at the initiation of 
the transient. The remaining reactor coolant pumps trip on bus undervoltage following the loss of 
offsite power. 

Offsite Power 
Cases with offsite power maintained as well as with offsite power lost coincident with the turbine 
trip are analyzed. 

Pressurizer Safety Valves  
The pressurizer safety valves are not challenged by this transient. 

Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

4.3.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
Reactor trip occurs on low Reactor Coolant System flow in the loop with the locked rotor. 

Pressurizer Pressure Control 
It is conservatively assumed that both pressurizer spray and PORVs are in operation to minimize 
primary system pressure. 

Pressurizer Level Control 
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control 
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 
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MFW Pump Speed Control 
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control  
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature. With the Rod Control System in, automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

Turbine Trip  
The reactor trip leads to a subsequent turbine trip. 

4.3.2.5 Other Assumptions 

The peak cladding temperature calculation employs the fuel conduction model as described in , 
Section 4.2.2 of Reference 1. 
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5.0 	REACTIVITY AND POWER DISTRIBUTION ANOMALIES 

	

5.1 	Uncontrolled Bank Withdrawal From a Subcritical or Low Power Startup Condition 

A malfunction of the Rod Control System can result in an uncontrolled withdrawal of control 
rods. Beginning from a low initial power typical of Modes 2 and 3, the resulting positive 
reactivity addition causes a power excursion which is terminated by.the high power range flux 
(low setpoint) or high pressurizer pressure RPS trip functions. Since the initial condition requires 
as few as three reactor coolant pumps in operation, the minimum DNBR is of concern for peak 
transient power levels less than full power. The peak Reactor Coolant System pressure limit of 
110% of design pressure is also of concern due to the mismatch between core power and the 
secondary heat sink during the power excursion. Peak RCS pressure and core cooling capability 
are analyzed separately due to the differences in assumptions required for a conservative analysis. 
The core cooling capability analysis demonstrates that fuel cladding integrity is maintained by 
ensuring that the minimum DNBR remains above the 95/95 DNBR limit based on acceptable 
correlations. The minimum DNBR is determined using the statistical core design methodology. 

5.1.1 Peak RCS Pressure Analysis 

5.1.1.1 Nodalization 

The peak RCS pressure transient is analyzed with four reactor coolant pumps in operation. Since 
all initial and boundary conditions are symmetric, a single-loop model or any multi-loop 
nodalization is appropriate. The standard model (Reference 2, Section 3.2) is used with one 
significant exception. Since this transient initiates at zero power, and since the duration of the 
transient is very short, the steam generator secondary response is not important. Rather than 
using the standard steam generator secondary nodalization, a single secondary volume is used. 
The single volume uses the bubble rise option with the local-conditions heat transfer model 
applied to the steam generator tube conductors. With this modeling approach the initial condition 
of zero power can be obtained, and the primary-to-secondary heat transfer that occurs following 
the power excursion can be simulated. 

5.1.1.2 Initial Conditions 

Core Power Level 
A minimum initial power level typical of a critical, zero power startup condition maximizes the 
power excursion. 

Pressurizer Pressure 
High initial pressurizer pressure maximizes the peak transient pressure. 

Pressurizer Level 
High initial pressurizer level minimizes the volume of the steam bubble and therefore maximizes 
the pressure increase following an insurge. 

Reactor Vessel Average Temperature 
Reactor vessel average temperature is not an important parameter in this analysis. 

RCS Flow 
A sensitivity study is performed to determine whether high or low RCS flow is conservative. 
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Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Level  
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature  
Due to the zero power initial condition, the initial fuel temperature is equal to T-ave. The fuel-
clad gap conductivity is set conservatively high to maximize heat transfer from the fuel. 

Steam Generator Tube Plugging 
A bounding high tube plugging value degrades primary-to-secondary heat transfer. 

5.1.1.3. Boundary Conditions 

Non-Conducting Heat Exchangers 
For initialization purposes, non-conducting heat exchangers are used to remove reactor coolant 
pump heat since the steam generators are passive at initialization. These are turned off prior to 
the start of the power excursion. 

RCP Operation 
Four reactor coolant pumps are in operation to increase the pressure drop around the loop, and to 
minimize thermal feedback during the power excursion. 

Pressurizer Safety Valves  
The pressurizer safety valves are modeled with opening and closing characteristics to maximize 
RCS pressure during the transient. 

Steam Line Safety Valves 
Although not important for this transient, steam line safety valves are modeled with opening and 
closing characteristics to minimize primary-to-secondary heat transfer. 

5.1.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip  
The pertinent reactor trip functions are the high power range flux (low setpoint) and pressurizer 
high pressure. 

The high power range flux (low setpoint) trip includes a conservative allowance to account for 
calibration error, and error due to rod withdrawal effects. The response time of the high flux trip 
function is the UFSAR value. 

The response time of the pressurizer high pressure trip function is the UFSAR value. Since the 
pressure uncertainty is accounted for in the initial pressurizer pressure, the pressurizer high 
pressure reactor trip setpoint is the technical specification value. 

Pressurizer Pressure Control 
Pressurizer spray and PORVs are inoperable to maximize RCS pressure during the transient. 

5-2 



Pressurize Level Control  
Due to the short duration of this transient, heaters, makeup and letdown are unimportant. 

Steam Line PORVs and Condenser Steam Dump  
Steam line PORVs and steam dump to condenser are unimportant for this transient and are 
inoperable. 

5.1.2 Core Cooling Capability Analysis 

5.1.2.1 Nodalization 

The core cooling capability analysis, which determines the minimum DNBR, is analyzed with 
three reactor coolant pumps in operation. A two-loop model with one single loop and one triple 
loop is utilized for this analysis. The standard model (Reference 2, Section 3.2) is used with one 
significant exception. Since this transient initiates at zero power, and since the duration of the 
transient is very short, the steam generator secondary response is not important. Rather than 
using the standard steam generator secondary nodalization, a single secondary volume is used. 
The single volume uses the bubble rise option with the local-conditions heat transfer model 
applied to the steam generator tube conductors. With this modeling approach the initial condition 
of zero power can be obtained, and the primary-to-secondary heat transfer that occurs following 
the power excursion can be simulated. No main or auxiliary feedwater or initial steam flow is 
modeled. 

5.1.2.2 Initial Conditions 

Core Power Level 
A minimum initial power level typical of a critical, zero power startup condition maximizes the 
power excursion. 

Pressurizer Pressure 
Nominal pressure is assumed, with the pressure initial condition uncertainty accounted for in the 
statistical core design methodology. 

Pressurizer Level  
Low initial pressurizer level minimizes the pressure increase following an insurge. 

Reactor Vessel Average Temperature 
The nominal temperature corresponding to zero power operation is assumed, with the temperature 
initial condition uncertainty accounted for in the statistical core design methodology. 

RCS Flow 
Nominal three pump flow is assumed since low flow is conservative for DNBR evaluation. The 
flow initial condition uncertainty is accounted for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Level 
Initial steam generator level is not an important parameter in this analysis. 
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Fuel Temperature 
Due to the initial zero power condition, the initial fuel temperature is equal to T-ave. The fuel-
clad gap conductivity is set conservatively high to maximize heat transfer from the fuel. 

Steam Generator Tube Plugging 
No tube plugging is assumed to maximize the RCS volume and thereby minimize the insurge into 
the pressurizer. 

5.1.2.3 Boundary Conditions 

Non-Conducting Heat Exchangers 
For initialization purposes, non-conducting heat exchangers are used to remove reactor coolant 
pump heat since the steam generators are passive at initialization. These are turned off prior to 
the start of the power excursion. 

RCP Operation 
Since low flow is conservative for DNBR, the minimum number of reactor coolant pumps (three) 
required for the modes for which this transient is applicable (Modes 2 and 3) are assumed to be in 
operation. 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics to minimize 
RCS pressure during the transient. 

Steam Line Safety Valves 
Although not important for this transient, steam line safety valves are modeled with opening and 
closing characteristics to maximize primary-to-secondary heat transfer. 

5.1.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip  
The pertinent reactor trip functions are the high power range flux (low setpoint) and pressurizer 
high pressure. 

The high power range flux (low setpoint) trip includes a conservative allowance to account for 
calibration error, and error due to rod withdrawal effects. The response time of the high flux trip 
function is the UFSAR value. 

The response time of the pressurizer high pressure trip function is the UFSAR value. The 
pressurizer high pressure reactor trip setpoint is the technical specification value plus an 
allowance which bounds the instrument uncertainty. 

Pressurizer Pressure Control  
Pressurizer spray and PORVs are operable to minimize RCS pressure during the transient. 
Heaters are not energized during the transient. 

Steam Line PORVs and Condenser Steam Dump 
Steam line PORVs and steam dump to condenser are unimportant for this transient and are 
inoperable. 



5.1.2.5 Other Assumptions 

Due to the potential for bottom-peaked power distributions during this transient, and due to the 
non-applicability of the statistical core design methodology below the mixing vane grids in the 
current fuel assembly designs, acceptable DNBRs are confirmed with the W-3S CHF correlation 
as necessary. Explicit accounting for uncertainties (i.e., non-SCD) is used with the W-3S 
correlation. 

5.2 	Uncontrolled Bank Withdrawal at Power 

The uncontrolled bank withdrawal at power accident is characterized by an increase in core 
power level that cannot be matched by the secondary heat sink. The resultant mismatch causes an 
increase in primary and secondary system temperatures and pressures. The increases in power 
and temperature, along with a change in the core power distribution, present a DNBR concern. 
The primary and secondary overpressure limits of 110% of design pressure are also of concern. 

Peak RCS pressure and core cooling capability are analyzed separately due to the differences in 
assumptions required for a conservative analysis. The core cooling capability analysis 
demonstrates that fuel cladding integrity is maintained by ensuring that the minimum DNBR 
remains above the 95/95 DNBR limit based on acceptable correlations. The minimum DNBR is 
determined using the statistical core design methodology. 

5.2.1 Peak RCS Pressure Analysis 

5.2.1.1 Nodalization 

Since the transient response of the uncontrolled bank withdrawal event is the same for all loops, 
the single-loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

5.2.1.2 Initial Conditions 

Core Power Level 
Initial pressurizer pressure and, thus, initial margin to the overpressurization limit are independent 
of initial power level. Due to the pressure overshoot during the reactor trip instrumentation delay, 
maximum pressure is achieved with the maximum pressurization rate. The maximum 
pressurization rate is achieved with the maximum insertion of reactivity, provided that reactor trip 
on high flux does not occur prior to significant system heatup. Since the initial margin to the high 
flux reactor trip is greatest at a low power level, this power level yields the most rapid insertion of 
reactivity with significant system heatup. 

Pressurizer Pressure 
Initial pressurizer pressure is the nominal value, and the uncertainty in pressure is accounted for 
in the high pressure reactor trip setpoint. 

Pressurizer Level 
High initial level minimizes the initial volume of the pressurizer steam space, which maximizes 
the transient primary pressure response. 

Reactor Vessel Average Temperature  
Initial temperature is not an important parameter in this analysis. 
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RCS Flow 
Initial RCS flow rate is not an important parameter in this analysis. 

Core Bypass Flow 
Core bypass flow is not an important parameter in this analysis. 

Steam Generator Level 
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature 
Low fuel temperature, associated with high gap conductivity, maximizes the transient heat 
transfer-  from the fuel to the coolant. 

Steam Generator Tube Plugging 
A bounding high tube plugging value degrades primary-to-secondary heat transfer. 

5.2.1.3 Boundary Conditions 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
maximize the pressurizer pressure. 

Steam Line Safety Valves 
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure and minimize transient primary-to-secondary heat 
transfer. 

5.2.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
The pertinent reactor trip functions are the overtemperature AT (OTAT), overpower AT (OPAT), 
pressurizer high pressure and power range high flux (high setpoint). 

The response time of each of the two AT trip functions is the UFSAR value. The setpoint values 
of the AT trip functions are continuously computed from system parameters using the modeling 
described in Section 3.2 of Reference 2. In addition, the AT coefficients used in the analysis 
account for instrument uncertainties. 

The response time of the pressurizer high pressure trip function is the UFSAR value. The 
pressurizer high pressure reactor trip setpoint is the technical specification value plus an 
allowance which bounds the instrument uncertainty. ' 

The response time of the power range high flux trip function is the UFSAR value. The power 
range high flux trip high setpoint is the technical specification value plus an allowance which 
bounds the instrument uncertainty. The high flux signal is adjusted to account for the effects of 
bank withdrawal. 

Pressurizer Pressure Control 
In order to maximize primary system pressure, no credit is taken for pressurizer spray or PORV 
operation. 
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Pressurizer Level Control  
Pressurizer level control system operation has negligible impact on the results of this analysis. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control  
Feedwater control is in automatic to prevent steam generator low-low level reactor trip. 

Turbine Control  
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
Auxiliary feedwater is disabled. The addition of subcooled auxiliary feedwater would tend to 
subcool the water in the steam generator, and provide better heat removal capability. 

Turbine Trip 
Turbine trip upon reactor trip is modeled in order to minimize the post-trip primary-to-secondary 
heat transfer. 

5.2.2 Core Cooling Capability Analysis 

5.2.2.1 Nodalization 

Since the transient response of the uncontrolled bank withdrawal event is the same for all loops, 
the single-loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

5.2.2.2 Initial Conditions 

Core Power Level 
The uncontrolled bank withdrawal event is analyzed with a spectrum of initial power levels which 
range from low power to full power. Uncertainties in initial power level are accounted for in the 
statistical core design methodology. 

Pressurizer Pressure 
Initial pressurizer pressure is the nominal value, and the uncertainty in pressure is accounted for 
in the statistical core design methodology. 

Pressurizer Level  
Initial pressurizer level is the nominal value which corresponds to the initial power level, and 
uncertainties are accounted for in the initial value. Low initial level maximizes the initial volume 
of the pressurizer steam space, which minimizes the transient primary pressure response. 

Reactor Vessel Average Temperature 
The nominal temperature corresponding to the initial power level is assumed, with the 
temperature initial condition uncertainty accounted for in the statistical core design methodology. 
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RCS Flow 
The technical specification minimum measured flow for power operation is assumed since low 
flow is conservative for DNBR evaluation. The flow initial condition uncertainty is accounted 
for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Level  
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature 
Low fuel temperature, associated with high gap conductivity, maximizes the transient heat 
transfer from the fuel to the coolant. 

Steam Generator Tube Plugging 
A bounding high tube plugging value degrades primary-to-secondary heat transfer. 

5.2.2.3 Boundary Conditions 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
minimize the pressurizer pressure. 

Steam Line Safety Valves 
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure and minimize transient primary-to-secondary heat 
transfer. 

5.2.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip  
The pertinent reactor trip functions are the overtemperature AT (OTAT), overpower AT (OPAT), 
pressurizer high pressure and power range high flux (high setpoint). 

The response time of each of the two AT trip functions is the UFSAR value. The setpoint values 
of the AT trip functions are continuously computed from system parameters using the modeling 
described in Section 3.2 of Reference 2. In addition, the AT coefficients used in the analysis 
account for instrument uncertainties. 

The response time of the pressurizer high pressure trip function is the UFSAR value. The 
pressurizer high pressure reactor trip setpoint is the technical specification value plus an 
allowance which bounds the instrument uncertainty. 

The response time of the power range high flux trip function is the UFSAR value. The power 
range high flux trip high setpoint is the technical specification value plus an allowance which 
bounds the instrument uncertainty. The high flux signal is adjusted to account for the effects of 
bank withdrawal. 
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Pressurizer Pressure Control 
A sensitivity study is performed on pressurizer pressure control. Two modes are analyzed, one in 
which pressurizer pressure control is in manual with sprays and PORVs disabled, and the other in 
which pressurizer pressure control is in automatic with sprays and PORVs enabled. 

Pressurizer Level Control 
\Pressurizer level control is in manual. Level control has negligible impact on the results of this 
analysis. 

Steam Line PORVs and Condenser Steam Dump  
Secondary steam relief via, the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control  
Feedwater control is in automatic to prevent steam generator low-low level reactor trip. 

Turbine Control  
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
Auxiliary feedwater is disabled. The addition of subcooled auxiliary feedwater would tend to 
subcool the water in the steam generator, and provide better heat removal capability. 

Turbine Trip 
Turbine trip upon reactor trip is modeled in order to minimize the post-trip primary-to-secondary 
heat transfer. 

5.3 	Control Rod Misoperation (Statically Misaligned Rod)  

The statically misaligned rod event considers the situation where a control rod is misaligned from 
the remainder of its bank. A rod misalignment may produce an increase in core peaking which 
decreases the margin to DNB. Steady-state three-dimensional power peaking analyses are 
performed to confirm that the asymmetric power distributions resulting from the rod 
misalignment will not result in DNB. There is no system transient associated with the analysis of 
the statically misaligned rod case. The reactor is assumed to remain at its initial power level. 

The statically misaligned rod evaluation is performed at nominal hot full power (HFP) conditions. 
Axial shapes allowed by the power dependent AFD limits are considered in the evaluation. Two 
specific cases are analyzed which characterize the worst case misalignments. The first case 
considers the full insertion of any one rod with Control Bank D positioned anywhere within the 
full power rod insertion limits (RILs). The second case considers the misalignment of a single 
Control Bank D rod at its fully withdrawn position, with the remainder of Control Bank 
positioned at the full power rod insertion limit. 

Power distributions resulting from Case 1 are not analyzed for each reload core. This is because 
the thermal conditions (reactor power, pressure and coolant temperature) and power distributions 
evaluated in the dropped rod transient analysis bound the thermal conditions and power 
distributions that would occur in the statically misaligned rod event described in Case 1. The 
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asymmetric power distributions resulting from Case 2 are evaluated for each reload core to ensure 
that the minimum DNBR remains above the 95/95 DNBR limit based on acceptable correlations. 
The minimum DNBR is determined using the statistical core design methodology. 

The peak linear heat generation rate produced from the rod misalignment is confirmed for each 
reload core to be less than the linear heat generation rate which would result in fuel melt. The 
peak linear heat generation rates resulting from rod misalignments do not challenge the fuel melt 
limit. 

5.4 	Control Rod MisoDeration(Single Rod Withdrawal) 

The single rod withdrawal accident is characterized by an increase in the power generation of the 
primary system, and since the heat removal capability of the secondary system is not increased 
during the transient, the resultant power mismatch causes an increase in primary and secondary 
system temperature and pressure. 

The acceptance criterion for this event is to ensure that there is adequate core cooling capability. 
The core cooling capability analysis determines to what extent fuel cladding integrity is 
compromised by calculating the number of fuel rods that exceed the 95/95 DNBR limit based on 
acceptable correlations. 

5.4.1 Nodalization 

Since the transient response of the single rod withdrawal event is the same for all loops, the 
single-loop model described in Section 3.2 of Reference 2 is utilized for this analysis. 

5.4.2 Initial Conditions 

Core Power Level 
Initial power is the nominal full power value. Uncertainty in power level is accounted for in the 
statistical core design methodology. 

Pressurizer Pressure 
Initial pressurizer pressure is the nominal value. Uncertainty in pressure is accounted for in the 
statistical core design methodology. 

Pressurizer Level 
Low initial level maximizes the initial volume of the pressurizer steam space, which minimizes 
the transient primary pressure response. Minimizing pressure is conservative for DNBR and also 
delays reactor trip on high pressurizer pressure. 

Reactor Vessel Average Temperature  
Initial temperature is the full power nominal value. Uncertainty in this parameter is accounted for 
in the statistical core design methodology. 

RCS Flow 
The technical specification minimum measured flow for power operation is assumed since low 
flow is conservative for DNBR evaluation. The flow initial condition uncertainty is accounted 
for in the statistical core design methodology. 
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Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Level  
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature 
Low fuel temperature, associated with high gap conductivity, maximizes the transient heat 
transfer from the fuel to the coolant. 

Steam Generator Tube Plugging 
Steam generator tube plugging is not an important parameter in this analysis. 

5.4.3 Boundary Conditions 

Pressurizer Safety Valves 
The pressurizer safety valves are modeled with opening and closing characteristics which 
minimize the pressurizer pressure. 

Steam Line Safety Valves 
The steam line safety valves are modeled with opening and closing characteristics which 
maximize transient secondary side pressure and minimize transient primary-to-secondary heat 
transfer. 

5.4.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
The pertinent reactor trip functions are the overtemperature AT (OTAT), overpower AT (OPAT), 
pressurizer high pressure and power range high flux (high setpoint). 

The response time of each of the two AT trip functions is the UFSAR value. The setpoint values 
of the AT trip functions are continuously computed from system parameters using the modeling 
described in Section 3.2 of Reference 2. In addition, the AT coefficients used in the analysis 
account for instrument uncertainties. 

The response time of the pressurizer high pressure trip function is the UFSAR value. The 
pressurizer high pressure reactor trip setpoint is the technical specification value plus an 
allowance which bounds the instrument uncertainty. 

The response time of the power range high flux trip function is the UFSAR value. The power 
range high flux trip high setpoint is the technical specification value plus an allowance which 
bounds the instrument uncertainty. The high flux signal is adjusted to account for the effects of 
rod withdrawal. 

Pressurizer Pressure Control  
Pressurizer pressure control is determined via sensitivity studies with different spray and PORVs 
availability combinations. 
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Pressurizer Level Control  
Pressurizer level control is in manual with the pressurizer heaters disabled in order to delay 
reactor trip on high pressurizer pressure. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump 
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control 
Feedwater control is in automatic to prevent steam generator low-low level reactor trip. 

Auxiliary Feedwater 
Auxiliary feedwater is disabled. The addition of subcooled auxiliary feedwater would tend to 
subcool the water in the steam generator, and reduce secondary side pressure. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Turbine Trip 
Turbine trip upon reactor trip is modeled in order to minimize the post-trip primary-to-secondary 
heat transfer. 

5.5 	Startup Of An Inactive Reactor Coolant Pump At An Incorrect Temperature 

The McGuire and Catawba plant technical specifications currently require that all four RCPs be 
running at power operation. Furthermore, low flow in any RCS loop, coincident with reactor 
power above the P-8 interlock (currently at 48% of rated thermal power) will cause a reactor trip. 
Therefore, the only situation in which the subject accident is possible is a trip of one RCP below 
P-8. For this situation the operator might choose, during allowable at power outage time for the 
fourth RCP, to attempt a restart of the tripped pump. The accident is analyzed from the most 
conservative condition allowed by the Reactor Protection System, even though operator error is 
required for the analyzed scenario to occur. The acceptance criterion is that fuel cladding 
integrity shall be maintained by ensuring that the minimum DNBR remains the above the 95/95 
DNBR limit based on acceptable correlations. 

5.5.1 Nodalization 

Because of the loop asymmetry between the inactive single loop and the three active loops, the 
double-loop RCS model described in Section 3.2 of Reference 2 is used. 

5.5.2 Initial Conditions 

Core Power 
The inadvertent pump startup event is analyzed assuming that the plant administrative procedure 
(i.e., lowering the power level to 25% of rated thermal power prior to starting the idle pump) is 
not followed. Thus, it is assumed that the plant is operating at the P-8 setpoint of 48% of rated 
thermal power plus a positive power uncertainty. 
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Pressurizer Pressure 
A pressure initial condition uncertainty including a bias is applied to minimize pressure during 
the transient since this is conservative for DNBR evaluation. 

Pressurizer Level 
The heatup of the colder water and the increase in core power will cause an expansion of the 
reactor coolant and an increase in pressurizer level. A negative level uncertainty is used in order 
to maximize the size of the pressurizer steam bubble to be compressed, which minimizes the 
transient pressure response. 

Reactor Vessel Average Temperature 
A positive temperature uncertainty is used to minimize the margin to DNB. 

RCS Flow 
In order to minimize core flow, and therefore the margin to DNB, the three pump equivalent of 
the technical specification minimum measured flow is adjusted by a negative flow uncertainty. 

Core Bypass Flow 
High core bypass flow minimizes coolant flow through the core and therefore minimizes the 
margin to DNB. 

Steam Generator Level 
The results of this transient are not sensitive to the direction of steam generator level uncertainty 
as long as the transient level response is kept within the range that avoids protection or safeguards 
actuation. 

Fuel Temperature 
A low initial temperature is assumed to maximize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A high gap conductivity minimizes the fuel 
heatup and attendant negative reactivity insertion caused by the power increase. This makes the 
power increase more severe and is therefore conservative for DNB evaluation. 

Steam Generator Tube Plugging 
Steam generator tube plugging is not an important parameter in this analysis. 

5.5.3 Boundary Conditions 

RCP Operation  
The RCPs operating prior to the accident are modeled assuming constant speed operation 
throughout the transient. The RCP that is inactive at the start of the accident is modeled with a 
conservative speed vs. time controller. 

5.5.4 Control, Protection, and Safeguards Systems Modeling 

Reactor Trip 
The reactor trip on low RCS flow coincident with reactor power above the P-8 interlock is 
conservatively assumed to be unavailable. 

Pressurizer Pressure Control 
The pressurizer sprays and PORVs are assumed to be operable to minimize the pressure increase 
resulting from the pump restart and power increase. 
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Pressurizer Level Control 
No credit is taken for pressurizer heater operation to compensate for the increase above 
programmed pressurizer level which occurs due to the power increase. Heater operation would 
tend to elevate pressure. 

Steam Generator Level Control  
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the steam generator level is kept within the range that avoids protection or safeguards 
actuation. MFW pump trip on high-high steam generator level is not credited. 

MFW Pump Speed Control  
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control  
The Rod Control System is assumed to be in automatic if reactor vessel average temperature 
decreases. If the temperature decreases, rod withdrawal will occur and result in an increase in 
core power. Control rod insertion is not credited in the analysis until a reactor trip occurs. 

Turbine Control  
The turbine is assumed to be in manual control. In this mode, the valves do not respond to 
changes in steam line pressure. Therefore, when steam line pressure increases due to increased 
heat input from the primary system, the steam flow to the turbine will increase. This will retard 
the core power less than if the turbine control valves closed down and caused steam line pressure 
and RCS temperatures to increase further. Turbine trip on high-high steam generator level is not 
credited. 

Auxiliary Feedwater 
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

5.6 	CVCS Malfunction That Results In A Decrease In Boron Concentration In The Reactor 
" Coolant 

A boron dilution occurs when the soluble boric acid concentration of makeup water supplied to 
the RCS is less than the concentration of the existing reactor coolant. The boron dilution accident 
postulates that such a dilution occurs without adequate administrative control such that there was 
the potential for loss of shutdown margin. This accident is conservatively analyzed to ensure that 
the dilution is terminated, by manual or automatic means, within appropriate time limits. In 
accordance with Reference 3, appropriate time is judged to be at least 15 minutes for Modes 3-5. 
The possibility of an inadvertent boron dilution event occurring in Mode 6 is precluded by 
adherence to the Mode 6 LCO's in Technical Specification 3.9 (specifically, LCO 3.9.2 for 
McGuire and 3.9.7 for Catawba). 

The licensing bases for the McGuire and Catawba Nuclear Stations are different. For McGuire, 
this accident is analyzed for the power operation (Mode 1) and startup (Mode 2). Manual 
operation is relied on to terminate the dilution in both modes. For Catawba, this accident is 
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analyzed for the power operation, startup, hot standby (Mode 3), hot shutdown (Mode 4), and 
cold shutdown (Mode 5). Automatic operation of the Boron Dilution Mitigation System (BDMS) 
is relied on to terminate the dilution in hot standby, hot shutdown, and cold shutdown modes, 
with manual operation as a substitute means when the BDMS is inoperable. Manual operation is 
relied on to terminate the dilution in power operation or startup. 

The various modes at the two stations are analyzed with two different methods for two different 
purposes. First, with the BDMS applicable and assumed to be operable, the accident is analyzed 
to demonstrate that there is adequate time, without restrictions on the flow rates from potential 
dilution sources, for the BDMS to terminate the dilution prior to criticality. This time consists of 
two components: 1) the period required to stroke the valves manipulated by the BDMS and 2) the 
period required, once the unborated water source has been isolated, to purge the remaining 
unborated water from the piping leading to the RCS. Second, with the BDMS inapplicable or 
assumed to be inoperable, the accident is analyzed to demonstrate that there is adequate time, 
possibly with restrictions on the flow rates from potential dilution sources, for the operator to 
terminate the dilution prior to criticality. Since the BDMS is not used in Modes 1 and 2, the 
analysis of these modes is similar to the analysis of Modes 3-5 with the BDMS assumed to be 
inoperable, but without the restrictions on flow rates. 

The results of the accident analysis are for the dilution flow rates which, assuming the boron 
concentrations are at the reload safety analysis limits, give exactly the acceptance criteria operator 
response times. Flow rates are restricted, through technical specifications and administrative 
controls, to values which are less than these analyzed flow rates, thus in practice giving even 
longer operator response times. Additional margin is provided by the fact there is typically 
margin between the assumed boron concentrations for a given mode and the actual corresponding 
concentrations for the reload core. 

5.6.1 Initial Conditions 

Dilution Volume  
A postulated dilution event progresses faster for smaller RCS water volumes. Therefore, the 
analysis considers the smallest RCS water volume in which the unborated water is actively mixed 
by forced circulation. For Modes 1-3, the technical specifications require that at least one reactor 
coolant pump be operating. This forced circulation will mix the RCS inventory in the reactor 
vessel and each of the four reactor coolant loops. The pressurizer and the pressurizer surge line 
are not included in the volume available for dilution in Modes 1-3. For normal operation in Mode 
4, forced circulation is typically maintained, although the technical specifications do not require 
it. The volume available for dilution in Mode 4 is therefore conservatively assumed to not 
include the upper head of the reactor vessel, a region which has reduced flow in the absence of 
forced circulation, or the pressurizer and the pressurizer surge line. Since the technical 
specifications allow for only a single train of the Residual Heat Removal System (RHRS) to be in 
operation, the Mode 4 dilution volume is assumed to be comprised of the reactor vessel 
(excluding the upper head), the RHR System, and portions of the hot and cold legs between the 
RHR inlet and outlet connections. For Mode 5, the reactor coolant water level may be drained to 
below the top of the main coolant loop piping, and at least one train of the Residual Heat 
Removal System (RHRS) is operating. The volume available for dilution in this mode is limited 
to the smaller volume RHRS train plus the portions of the reactor vessel and reactor coolant loop 
piping below the minimum water level and between the RHRS inlet and outlet connections. The 
minimum water level used to calculate this volume is corrected for level instrument uncertainty. 
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Boron Concentrations  
The technical specifications require that the shutdown margin in the various modes be above a 
certain minimum value. The difference in boron concentration, between the value at which the 
relevant alarm function is actuated and the value at which the reactor is just critical, determines 
the time available to mitigate a dilution event. Mathematically, this time is a function of the ratio 
of these two concentrations, where a large ratio corresponds to a longer time. During the reload 
safety analysis for each new core, the above concentrations are checked to ensure that the value 
of this ratio for each mode is larger than the corresponding ratio assumed in the accident analysis. 
Each mode of operation covers a range of temperatures. Therefore, within that mode, the 
temperature which minimizes this ratio is used for comparison with the accident analysis ratio. 
For accident initial conditions in which the control rods are withdrawn, it is conservatively 
assumed in calculating the critical boron concentration that the most reactive rod does not fall 
into the core at reactor trip. This assumption is also conservatively applied in Mode 3 when the 
initial condition is hot zero power. For colder conditions in Modes 3-5, emergency procedures 
for reactor trip with a stuck rod require that, prior to the initiation of the cooldown, the boron 
concentration be increased by an amount which compensates for any rods not completely 
inserted. 

5.6.2 Boundary Conditions 

In the absence of flow rate restrictions, the dilution flow rate assumed to enter the RCS is greater 
than or equal to the design volumetric flow rate of both reactor makeup water pumps. In a 
dilution event, these pumps are assumed to deliver unborated water to the suction of the 
centrifugal charging pumps. Since the water delivered by these pumps is typically colder than the 
RCS inventory, the unborated water expands within the RCS, causing a given volumetric flow 
rate measured at the colder temperature to correspond to a larger volumetric dilution flow rate 
within the RCS. This density difference in the dilution flow rate is accounted for in the analysis. 

5.6.3 Control, Protection, and Safeguards System Modeling 

Mitigation of a boron dilution accident is not assumed to begin until an alarm has warned of the 
abnormal circumstances caused by the event. For Modes 3-5 with the BDMS operable, the alarm 
function is provided by the measured source range count rate exceeding the BDMS setpoint. For 
Modes 3-5 with the BDMS inoperable, the alarm function is provided by the source range high-
flux-at-shutdown alarm exceeding its setpoint. For Mode 2 and for manual rod control during 
Mode 1, the alarm function is provided by the earliest reactor trip setpoint reached. Finally, for 
automatic rod control during Mode 1, the alarm function is provided by the alarm which occurs 
when the control rods reach their insertion limits. 

5.7 	Inadvertent Loading and Operation of A Fuel Assembly In An Improper Position 

Core loading errors can occur from the improper loading of one or more fuel assemblies in an 
improper position, from enrichment errors, or from the misloading or omission of burnable 
absorber rods. The result of these errors is the possibility that core peaking will exceed the 
peaking calculated for the correct core loading. 

Administrative procedures are in place to prevent enrichment errors during fuel fabrication and 
during core loading. Also, a rigorous startup physics testing program is performed subsequent to 
each core loading that would detect any credible misloaded fuel assembly. The misloaded fuel 
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assembly analysis confirms that the increase in peaking produced from a loading error or 
enrichment error would either be detected by the incore flux mapping system, or would not result 
in fuel failures when compared to appropriate DNB peaking limits. 
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6.0 	INCREASE IN REACTOR COOLANT INVENTORY 

	

6.1 	Inadvertent Operation Of ECCS During Power Operation 

The inadvertent operation of the Emergency Core Cooling System could be caused by either 
operator error or a spurious electrical actuation signal. Upon receipt of the actuation signal, the 
centrifugal charging pumps begin delivering highly borated refueling water storage tank water to 
the Reactor Coolant System. The resultant negative reactivity insertion causes a decrease in core 
power and, consequently, a decrease in temperature. Initially, coolant shrinkage causes a 
reduction in both pressurizer water level and pressure. Core cooling capability (DNB) is the 
primary concern during this time period due to the decrease in system pressure. Following the 
initial depressurization, the increase in reactor coolant inventory causes pressurizer level to 
increase and pressurization to occur. Pressurizer level might increase sufficiently to overfill the 
pressurizer and cause water relief through the pressurizer safety valves (PSVs). Water relief 
through the PSVs could degrade valve operability and lead to a Condition DI event. 

The magnitude of the pressure decrease for this transient is no more severe than that for the 
inadvertent opening of a pressurizer safety or relief valve transient, which also trips the reactor on 
low pressurizer pressure. Furthermore, the opening of a safety valve does not introduce the core 
power and Reactor Coolant System temperature decreases that are characteristic of the 
inadvertent ECCS actuation. Neither event involves any reduction in the Reactor Coolant System 
flow rate, since the reactor coolant pumps are not tripped. Therefore, the DNB results of this 
transient are bounded by the inadvertent opening of a pressurizer safety or relief valve transient. 

Based on the above qualitative evaluation, a quantitative core cooling capability analysis of this 
transient is not required. Should a reanalysis become necessary, either due to plant changes, 
modeling changes, or other changes which invalidate any of the above arguments, the analytical 
methodology employed would be as follows. 

The core cooling capability analysis demonstrates that fuel cladding integrity is maintained by 
ensuring that the minimum DNBR remains above the 95/95 DNBR limit based on acceptable 
correlations. The minimum DNBR is determined using the statistical core design methodology. 

The concern in the pressurizer overfill analysis is that water relief through the PSVs will degrade 
valve operability and lead to a Condition III event. However, even if water relief occurs, valve 
operability is not degraded provided that the temperature of the pressurizer water is sufficiently 
high. Therefore, the acceptance criterion for this analysis is the minimum water relief 
temperature to assure PSV operability. 

6.1.1 Core Cooling Capability Analysis 

6.1.1.1 Nodalization 

Since the inadvertent ECCS operation transient is symmetrical with respect to the four reactor 
coolant loops, a single-loop model (Reference 2, Section 3.2) is utilized for this analysis. 



6.1.1.2 Initial Conditions 

Core Power Level 
High initial power level maximizes the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 

Pressurizer Pressure  
Nominal full power pressurizer pressure is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

Pressurizer Level 
High initial level minimizes the volume of the pressurizer steam space which maximizes the 
pressure decrease resulting from the outsurge. 

Reactor Vessel Average Temperature  
Nominal full power vessel average temperature is assumed. The uncertainty in this parameter is 
accounted for in the statistical core design methodology. 

RCS Flow 
The technical specification minimum measured flow for power operation is assumed since low 
flow is conservative for DNBR evaluation. The flow initial condition uncertainty is accounted 
for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Level 
Steam generator level is not an important parameter in this analysis. 

Fuel Temperature 
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Tube Plugging 
Steam generator tube plugging is not an important parameter in this analysis. 

6.1.1.3 Boundary Conditions 

ECCS Flow 
A maximum safety injection flow rate along with a conservatively high boron concentration 
yields the most limiting transient response. In order to minimize the delay in the delivery of the 
borated injection water, no credit is taken for the purge volume of unborated water in the 
injection lines. 

Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 
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6.1.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip 
Reactor trip is assumed to occur on low pressurizer pressure, after an appropriate instrumentation 
delay. 

Pressurizer Pressure Control  
Pressurizer sprays and PORVs are assumed to be operable in order to minimize the system 
pressure throughout the transient. 

Pressurizer Level Control  
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant System pressure is 
minimized. Charging and letdown have negligible impact. 

Steam Line PORVs and Condenser Steam Dump  
Secondary steam relief via the steam line PORVs and the condenser steam dump is unavailable in 
order to maximize secondary side pressurization and minimize transient primary-to-secondary 
heat transfer. 

Steam Generator Level Control 
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 

MFW Pump Speed Control  
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control 
No credit is taken for the operation of the Rod Control System for this transient, which results in 
a decrease in RCS temperature. With the Rod Control System in automatic, the control rods 
would cause a positive reactivity addition as they are withdrawn in an attempt to maintain RCS 
temperature at its nominal value. The resultant power increase would retard the system 
depressurization. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

Turbine Trip 
The reactor trip leads to a subsequent turbine trip. 
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6.1.2 Pressurizer Overfill Analysis 

6.1.2.1 Initial Conditions 

Core Power 
Zero power is assumed in this analysis. Reference 3 states that the acceptable initial power for 
the analysis is the licensed core thermal power, i.e., full power. However, lower power is more 
limiting in order to minimize the initial RCS temperature. If overfill occurs at lower initial 
power, then the water relief temperature is more likely to be less than the acceptance criterion. 

Pressurizer Pressure  
Actual system response to a safety injection (SI) would be an initial pressure drop then 
subsequent pressurization above initial pressure. During the depressurization phase, SI flow 
would increase above the initial flow rate, and during the pressurization phase, SI flow would 
decrease below initial flow rate. Initial pressure is assumed conservatively low and maintained 
there throughout the calculation to determine the SI flow during the event. 

Reactor Vessel Average Temperature 
Low initial temperature is conservative in order to minimize pressurizer water temperature. 

Steam Generator Tube Pluming 
High steam generator tube plugging is assumed in order to decrease the volume of the initial RCS 
water, which will minimize the RCS water temperature as it mixes with the cold SI water. 

6.1.2.2 Boundary Conditions 

RCP Operation  
For Modes 1-3, the technical specifications require at least one reactor coolant pump to be 
operating. 

6.1.2.3 Control, Protection, and Safeguards System Modeling 

Pressurizer Level Control 
The pressurizer heaters are assumed to be in manual and off since heater operation would 
increase the temperature of the pressurizer water. Normal makeup is isolated upon SI, and credit 
is not taken for letdown. 

ECCS Flow 
A maximum safety injection flow rate from both centrifugal charging pumps is assumed. RCS 
pressure remains above the shutoff head of the intermediate head and low head safety injection 
pumps for the duration of the event. 

ECCS Temperature 
Minimum injection temperature is conservative in order to minimize relief temperature. 
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7.0 	DECREASES IN REACTOR COOLANT INVENTORY 

	

7.1 	Inadvertent Opening of a Pressurizer Safety or Relief Valve 

The loss of inventory through the open valve causes a depressurization of the RCS. Since the 
core power, flow, and temperature are relatively unaffected prior to reactor trip by this 
depressurization, the reduction in pressure causes a reduction in DNB margin. The applicable 
acceptance criterion is that fuel cladding integrity shall be maintained by ensuring that the 
minimum DNBR remains the above the 95/95 DNBR limit based on acceptable correlations. The 
minimum DNBR is determined using the statistical core design methodology. 

7.1.1 Nodalization 

Since the valve opening is in the pressurizer, it affects all RCS loops identically. Therefore a 
single-loop RCS system model is used. 

7.1.2 Initial Conditions 

Power Level 
Full power is assumed in order to maximize the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 

Pressurizer Pressure 
Nominal pressure is assumed, with the pressure initial condition uncertainty accounted for in the 
statistical core design methodology. 

Pressurizer Level 
Since this accident involves a reduction in RCS volume due to inventory loss, a negative level 
uncertainty is assumed to minimize the initial pressurizer liquid volume and therefore maximize 
the pressure decrease due to inventory loss. 

Reactor Vessel Average Temperature 
The nominal temperature corresponding to full power operation is assumed, with the temperature 
initial condition uncertainty accounted for in the statistical core design methodology. 

RCS Flow 
The technical specification minimum measured flow for power operation is assumed since low 
flow is conservative for DNBR evaluation. The flow initial condition uncertainty is accounted 
for in the statistical core design methodology. 

Core Bypass Flow 
The nominal calculated flow is assumed, with the flow uncertainty accounted for in the statistical 
core design methodology. 

Steam Generator Level  
The results of this transient are not sensitive to the direction of steam generator level uncertainty 
as long as the transient level response is kept within the range that avoids protection or safeguards 
actuation. 
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Fuel Temperature 
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease due to moderator density. 
This makes the power decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Tube Plugging 
The results of this analysis are not sensitive to the amount of steam generator tube plugging. 

7.1.3 Boundary Conditions 

Steam Line Safety Valves 
The results of this transient are not sensitive to the main steam safety valve modeling as long as 
the opening of the safety valves occurs after reactor trip. 

7.1.4 Control, Protection, and Safeguards Systems Modeling 

Reactor Trip 
Reactor trip is on either low pressurizer pressure or overtemperature AT. The UFSAR response 
times are used and the safety analysis setpoints include the effects of uncertainty in the monitored 
parameter and in the setpoint. 

Pressurizer Pressure Control 
No credit is taken for pressurizer heater operation to compensate for the decrease in pressurizer 
pressure which occurs due to the inventory loss. This results in a lower post-trip pressurizer 
pressure, which is conservative for DNBR evaluation. 

Steam Generator Level Control  
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 

MFW Pump Speed Control  
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control  
Rod control is assumed to be in manual for this transient. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

Turbine Trip 
The turbine is tripped on reactor trip. A conservatively long time delay is assumed since this 
assumption minimizes the post-trip primary pressure response. 
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7.2 	Steam Generator Tube Rupture 

The steam generator tube rupture analyzed is a double ended guillotine break of a single tube. 
This transient is evaluated in two parts; first to evaluate minimum DNBR, and secondly to 
provide offsite dose input data for a separate evaluation to determine whether the fission product 
release to the environment is within the established dose acceptance criteria. A third acceptance 
criterion and analysis that pertains to Catawba only, steam generator overfill, has been performed 
and NRC approved separately from this report. 

The DNBR analysis for this transient is modeled as a complete loss of coolant flow event initiated 
from an off-normal condition, using the statistical core design methodology. The loss of flow is 
assumed to occur subsequent to the OTAT reactor trip caused by the steam generator tube rupture 
depressurization. 

The initiating event for the offsite dose input analysis is the double-ended guillotine break of a 
single steam generator tube. This analysis generates the offsite steam release boundary condition 
for the dose evaluation. The single failure identified for maximizing offsite dose is the failure of 
the PORV on the ruptured steam generator to close. In this analysis, this valve remains open until 
operator action is taken to isolate the PORV. 

7.2.1 Core Cooling Capability Analysis 

7.2.1.1 Nodalization 

Since the complete loss of flow transient is symmetrical with respect to the four reactor coolant 
loops, a single-loop model (Reference 2, Section 3.2) is utilized for this analysis. 

7.2.1.2 Initial Conditions 

Core Power Level  
High initial power level maximizes the primary system heat flux. The uncertainty in this 
parameter is accounted for in the statistical core design methodology. 

Pressurizer Pressure 
Nominal pressurizer pressure is assumed. The uncertainty in this parameter is accounted for in 
the statistical core design methodology. .  

Pressurizer Level  
Low initial level increases the volume of the pressurizer steam space which minimizes the 
pressure increase resulting from the insurge. 

Reactor Vessel Average Temperature 
Nominal vessel average temperature is assumed. The uncertainty in this parameter is accounted 
for in the statistical core design methodology. 

RCS Flow 
Minimum measured Reactor Coolant System flow is assumed. The uncertainty in this parameter 
is accounted for in the statistical core design methodology. 
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Core Bypass Flow 
Nominal full power bypass flow is assumed. The uncertainty in this parameter is accounted for in 
the statistical core design methodology. 

Steam Generator Level  
Initial steam generator level is not an important parameter in this analysis. 

Fuel Temperature 
A high initial temperature is assumed to minimize the gap conductivity calculated for steady-state 
conditions and used for the subsequent transient. A low gap conductivity minimizes the transient 
change in fuel rod surface heat flux associated with a power decrease. This makes the power 
decrease less severe and is therefore conservative for DNBR evaluation. 

Steam Generator Tube Plugging 
For transients of such short duration, steam generator tube plugging does not have an effect on 
the transient results. 

7.2.1.3 Boundary Conditions 

RCP Operation 
All four reactor coolant pumps are tripped on the loss of offsite power. The pump model is 
adjusted such that the resulting coastdown flow is conservative with respect to the flow 
coastdown test data. 

Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary side pressure and minimize primary-to-secondary heat transfer. 

Offsite Power 
Offsite power is assumed to be lost coincident with turbine trip in order to minimize RCS flow 
following reactor trip. 

7.2.1.4 Control, Protection, and Safeguards System Modeling 

Reactor Trip  
Reactor trip is assumed to occur on overtemperature AT, after an appropriate instrumentation 
delay. 

Pressurizer Pressure Control  
Following the tube rupture, RCS pressure continuously decreases through the time at which 
minimum DNBR occurs. Thus, pressurizer sprays are not activated nor are the pressurizer 
PORVs challenged during the transient. 

Pressurizer Level Control  
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant System pressure is 
minimized. Charging and letdown are assumed to be balanced at all times during the event with 
no action taken to increase charging flow due to RCS pressure and pressurizer level decreasing. 
This will maximize the RCS depressurization rate. 

7-4 



Steam Line PORVs and Condenser Steam Dump  
The main steam PORVs and condenser dumps valves are assumed to be unavailable during this 
transient. This maximizes the secondary side pressure and temperature and therefore reduces 
primary-to-secondary heat transfer. 

Steam Generator Level Control 
The results of this transient are not sensitive to the mode of steam generator level control as long 
as the level is kept within the range that avoids protection or safeguards actuation. 

MFW Pump Speed Control 
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control  
No credit is taken for the operation of the Rod Control System for this transient, which results in 
an increase in RCS temperature due to hot primary fluid entering the ruptured generator thereby 
increasing the heat sink temperature. With the Rod Control System in automatic, the control rods 
would cause a negative reactivity addition as they are inserted in an attempt to maintain RCS 
temperature at its nominal value. 

Turbine Control 
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. 

Auxiliary Feedwater 
AFW flow would be credited when the safety analysis value of the low-low steam generator level 
setpoint is reached. However, the parameter of interest for this transient has reached its limiting 
value before the appropriate UFSAR response time delay has elapsed. Therefore, no AFW is 
actually delivered to the steam generators. 

Turbine Trip 
The reactor trip leads to a subsequent turbine trip. 

7.2.2 Offsite Dose Calculation Input Analysis 

7.2.2.1 Nodalization 

Due to the asymmetry of this transient a three-loop model, with two single loops and a double 
loop, is utilized for this analysis. The boundary conditions for the two intact steam generators 
with operable steam line PORVs are symmetric. The loop with the tube rupture requires separate 
modeling, as does the loop with the inoperable steam line PORV. 

7.2.2.2 Initial Conditions 

Core Power Level  
High initial core power and a positive uncertainty maximize the primary system heat load. 

Pressurizer Pressure 
High initial pressure with a positive uncertainty delays the time of automatic reactor trip. This 
retards the primary system cooldown, extending primary-to-secondary leakage, and therefore 
maximizing the offsite dose. 
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Pressurizer Level  
High initial level with a positive uncertainty maximizes the static head driving force and 
subsequent primary-to-secondary leakage and maximizes pressurizer heater operation. 

Reactor Vessel Average Temperature 
Nominal vessel average temperature with a negative uncertainty is used to minimize the initial 
steam generator steam pressure. This maximizes the initial differential pressure across the steam 
generator tubes and therefore maximizes the initial primary-to-secondary leakage. A lower vessel 
average temperature also maximizes the initial primary-to-secondary leakage. If the reactor trip 
occurs at a fixed time (e.g., due to manual safety injection), maximizing the leakage maximizes 
the amount of high activity inventory leaked to the steam generators. However, if an automatic 
reactor trip occurs, it is because a sufficient inventory of primary-to-secondary leakage has 
occurred, and in that case the transient is not sensitive to assumptions which only change the rate 
of leakage. 

RCS Flow 
Nominal primary system loop flow with a negative uncertainty is assumed. Low forced 
circulation flow results in lower natural circulation flow during the post-trip cooldown. This 
reduces primary-to-secondary heat transfer and extends plant cooldown. Frictional and form 
losses will also be smaller throughout the RCS, resulting in a higher primary pressure at the break 
location. This maximizes primary to secondary leakage. 

Core Bvpass Flow 
Core bypass flow is not an important parameter for this transient. 

Steam Generator Level 
Minimum steam generator level reduces the initial secondary inventory available to mix with and 
dilute the primary-to-secondary leakage. This also minimizes the secondary side static head at 
the break location, thus maximizing primary to secondary leakage. 

Fuel Temperature  
High initial fuel temperature maximizes the stored energy which must be removed during the 
post-trip natural circulation cooldown. 

Steam Generator Tube Plugging 
Steam generator tube plugging is not an important parameter in this analysis. 

7.2.2.3 Boundary Conditions 

Single Failure 
The single failure identified for maximizing offsite dose is the failure of the PORV on the 
ruptured steam generator to close. In this analysis, this valve remains open until operator action 
is taken to isolate the PORV. Per Reference 4, page 5-7, "The most limiting failure would be the 
loss of air supply or power which prevents actuation of the (PORVs) from the main control room. 
The valves could be operated (locally) by manual action to correct for this single failure." This 
failure is incorporated into the analysis as it prolongs the transient, maximizing the primary-to-
secondary leakage. 

Pressurizer Safety Valves 
The pressurizer code safety valves are not challenged during the course of this transient. 
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Steam Line Safety Valves 
The main steam code safety valves are modeled with opening and closing characteristics which 
maximize secondary pressure. This delays operator identification of the failed open steam line 
PORV. 

Steam Line PORVs 
For McGuire, two of the three steam line PORVs on the intact steam generators are assumed to be 
operable. For Catawba, three steam line PORVs on the intact steam generators are assumed to be 
operable. A negative bias is applied to the ruptured steam generator PORV control signal. This 
results in an earlier opening time which maximizes atmospheric releases and delays operator 
identification of the failed open steam line PORV. A positive bias is applied to the intact SG 
PORV control signals to maximize secondary side post-trip pressurization. This delays operator 
identification of the failed open steam line PORV. 

Decay Heat 
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus a two-sigma 
uncertainty, is employed. 

Offsite Power 
Offsite power is assumed to be lost coincident with turbine trip. This isolates steam flow to the 
condenser, thereby maximizing the atmospheric steam releases. 

Break Model  
The break is assumed to be a double-ended guillotine break of a single steam generator tube at the 
tubesheet surface on the steam generator outlet plenum. This location maximizes the mass flow 
through the break. 

RCP Operation  
The reactor coolant pumps are assumed to operate normally until offsite power is lost coincident 
with turbine trip. 

ECCS Injection  
SI actuation is assumed to occur on low pressurizer pressure at a setpoint with an applied positive 
uncertainty or on manual operator action. Maximum ECCS injection flow is assumed to 
maximize the primary-to-secondary leakage. 

Main Feedwater 
Main feedwater flow is assumed to terminate coincident with the loss of offsite power to 
minimize the secondary inventory available to mix with and dilute primary-to-secondary leakage. 

Charging Flow 
A conservatively high charging flow capacity is modeled to delay reactor trip and maximize total 
primary-to-secondary leakage. 

Manual Actions 
- 	Immediate action to maximize charging flow (penalty). 

- 	Immediate action to energize pressurizer heater banks (penalty). 
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- 	Operators identify the abnormal condition of the RCS at 20 minutes and manually trip the 
reactor if not already tripped. 

- 	Identify and isolate ruptured steam generator consistent with assumptions in WCAP-10698 
(Reference 5), 15 minute minimum delay (credit). 

- 	For Catawba, isolate the failed-open steam line drains upstream of the main steam isolation 
valves. This action occurs 10 minutes after the ruptured steam generator is identified. 

- 	Isolate the steam supply to the turbine-driven auxiliary feedwater pump from the ruptured 
steam generator after identification of the ruptured steam generator. An operator action 
delay time of 30 minutes is assumed (credit). 

- 	Isolate failed-open steam line PORV on the ruptured steam generator with an operator 
action delay time from when it should have closed normally. The delay times assumed are 
10 minutes for control room (Catawba) and 30 minutes for local (McGuire) operation 
(credit). 

- 	Manually control auxiliary feedwater to maintain zero power steam generator levels 
(nominal). 

Using the steam line PORVs, initiate natural circulation cooldown of the primary system 
after identification of the ruptured steam generator. Operator action delay times of 15 
minutes for control room action (Catawba) and 45 minutes for local action (McGuire) are 
assumed (credit). 

- 	For McGuire, initiate depressurization of the primary system using the pressurizer PORVs 
to terminate break flow 10 minutes after the primary system is 20°F subcooled at the 
ruptured steam generator pressure (credit). For Catawba, this action is initiated 3 minutes 
after the primary system is 20°F subcooled (credit). 

- 	Initiate SI termination 3 minutes after completing the depressurization of the primary 
system (credit). 

7.2.2.4 Control, Protection, and Safeguards System Modeling 

Reactor Trio 
A reactor trip occurs on either low pressurizer pressure or manual operator action at 20 minutes. 
A negative uncertainty is applied to the low pressurizer pressure trip setpoint to delay reactor trip. 
The overtemperature AT trip function is not credited in order to delay reactor trip. 

Pressurizer Pressure Control  
This control system is assumed to be in manual and therefore is not modeled. Operator action is 
assumed to energize the pressurizer heaters and control the PORVs. Pressurizer spray is not 
available for the duration of this transient. 

Pressurizer Level Control  
This control system is assumed to be in manual and therefore is not modeled. Operator action is 
assumed to maximize charging flow. 
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Condenser Steam Dump  
The condenser steam dump valves are not assumed to be operable. Condenser steam dump would 
non-conservatively minimize offsite doses. 

Steam Generator Level Control  
This control system is assumed to operate to maintain the initial steam generator level prior to 
reactor trip. 

Main Feedwater Pump Speed Control 
The results of this transient are not sensitive to the mode of MFW pump speed control as long as 
the steam generator level is kept within the range that avoids protection or safeguards actuation. 

Rod Control  
No credit is taken for the operation of the Rod Control System for this transient, which results in 
a slight increase in RCS temperature due to hot primary fluid entering the ruptured generator 
thereby increasing the heat sink temperature. With the Rod Control System in automatic, the 
control rods would cause a negative reactivity addition as they are inserted in an attempt to 
maintain RCS temperature at its nominal value. 

Turbine Control  
The turbine is modeled in the load control mode, which is described in Section 3.2.5.1 of 
Reference 2. Turbine trip on reactor trip is delayed by 0.3 seconds to maximize primary to 
secondary leakage. 

Safety Injection  
To maximize makeup to the RCS, injection begins after a conservatively short delay to allow for 
the startup of the diesel generators on the loss of offsite power. Two train maximum injection 
flow, as a function of RCS pressure, is assumed to maximize RCS pressure and tube leakage. 
Injection is stopped when the emergency procedure SI termination criteria are met. 

Auxiliary Feedwater 
Auxiliary feedwater initiation occurs after the loss of offsite power with a delay, consistent with 
UFSARs. If applicable, a purge volume of hot water is assumed to be delivered before cold 
feedwater reaches the steam generators. Minimum flow rates are assumed to minimize primary-
to-secondary heat transfer. 

MSIV Closure 
Automatic MSIV closure is assumed using a steam line pressure signal. Early closure maximizes 
the primary leakage released to the atmosphere through the failed open steam line PORV. 



8.0 SUMMARY 

The preceding chapters have described in detail the system analysis modeling assumptions used 
by Duke for the UFSAR Chapter 15 accident analyses not documented in Reference 1. Table 8-1 
summarizes these modeling details for each of the analyzed events. 
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DPC-NE-3002-A 
Revision 4b 

List of Changes to DPC-NE-3002-A Revision 4b 

The following is the complete list of changes made in the conversion of DPC-NE-3002-A 
Revision 4a (April 2009) to DPC-NE-3002-A Revision 4b (September 2010). None of the topical 
report changes are considered to be significant changes, and therefore do not require NRC review 
(hence the "b" designation in the revision number). 

List of Changes from Revision 4a to Revision 4b  

The title page was revised to Revision 4b and dated September 2010 

Revision 4b summation added to the revision summation page. 

The last sentence in Section 5.7 is changed as follows: 

The misloaded fuel assembly analysis confirms that the increase in peaking produced from a 
loading error or enrichment error would either be detected by the incore flux mapping system, or 
would 	 . - : 
Condition II events not result in fuel failures when compared to appropriate DNB peaking limits. 



DPC-NE-3002-A 
Revision 4a 

List of Changes to DPC-NE-3002-A Revision 4a 

The following is the complete list of changes made in the conversion of DPC-NE-3002-A 
Revision 4 (May 2005) to DPC-NE-3002-A Revision 4a (April 2009). None of the topical report 
changes are considered to be significant changes, and therefore do not require NRC review 
(hence the "a" designation in the revision number). 

List of Chances from Revision 4 to Revision 4a 

I. 	The title pages were revised to Revision 4a and dated April 2009 

A statement of disclaimer page was added immediately following the title page. 

A revision history summation page after the table of contents. 

"Duke Power Company" was changed everywhere to "Duke Energy Carolinas", or 
simply "Duke". 

"FSAR" was changed everywhere to "UFSAR". 

The table of contents was updated. 

"topical report" was changed everywhere to "methodology report". 

A sentence was added in the introduction clarifying what is meant by positive or negative 
uncertainty. 

Section 2.2.1, Steam Generator Level discussion was revised as follows "steam generator 
narrow range level reaeterturbine trip and feedwater isolation due to any temporary 
steam/feedwater flow mismatch". 

"technical specifications" is changed to "UFSAR" everywhere in reference to response 
times since the response time values have been relocated to the UFSAR. 

A clarifying statement is added to Section 2.4 as follows "This criterion is satisfied by 
comparison to the DNBR results for the more limiting steam line break transient so long 
as there are no DNB failures for the steam line break transient". 

Section 3.1.1.4, Fuel Temperature discussion was revised as follows "This maximizes the 
transient heat flux and thus maximizes pfintary-to-seeendapy-lieat-tiFensfeFthe primary 
system heat up." 

Sections 3.2.1.2 and 3.2.2.2, Fuel temperature discussion were revised as follows "High 
initial fuel average temperature is conservative to maximize the transient heat flux and 
the resultant primary system heat up." 



Section 3.2.1.4, Pressurizer Level Control was revised as follows "Pressurizer heaters are 
assumed to be inoperajle since they are lost when offsite power is lost.Pressafiger-level 

Section 3.2.3.4, Pressurizer Pressure Control was revised as follows "Pressurizer sprays 
are lost when the reactor coolant pumps trip. Pressurizer PORVs are lost when offsite 
power is lost. Therefore, both are inoperable.  . 	. 	. 

Section 3.3 was revised for clarification as follows: 

"The peak pressure aspects of there loss of normal feedwater transient is-are bounded 
by the turbine trip transient." 

"Based on the above qualitative evaluation, a quantitative peak RCS pressure and peak 
Main Steam System pressure analysis of this transient is not required." 

"Peak RCS pressure, peak Main Steam System pressure and core cooling capability are 
each analyzed separately due to the differences in assumptions required for a 
conservative analysis. The core cooling capability analysis demonstrates that the 
Auxiliary Feedwater System is capable of returning the plant to a stabilized condition 
(long-term core cooling) and that fuel cladding integrity is maintained by ensuring that 
the minimum DNBR remains above the 95/95 DNBR limit based on acceptable 
correlations  (short-term core cooling)." 

Section 3.3.2.2, Steam Generator Level was revised as follows "Leiv-initial-level-is 
.High 

initial level is assumed to delay reactor trip on low-low steam generator level and 
minimize the steam space following the subsequent turbine trip." 

Section 3.3.3 was updated to reflect the discussion is related to the short-term core 
cooling analysis only. 

"3.3.3 Core Cooling Capability Analysis - Short-Term 

3.3.3.1 Nodalization 

Since the transient response of the loss of normal feedwater event is the same for all 
loops, the single-loop model described in Section 3.2 of Reference 2 is utilized for this 
analysis. 

Section 3.3.4, the loss of main feedwater long-term core cooling analysis discussion was 
added. 

A clarifying statement was added to Section 3.4.1 as follows "The DNB analysis for this 
transient is modeled as a complete loss of coolant flow event initiated from an off-normal 
condition. The loss of flow is assumed to occur coincident with the OTLT reactor trip 



caused by the feedline break heatup. While it is expected that a feedline break will result 
in a reactor trip on low-low steam generator level or high containment pressure before  
reaching the OTAT trio setpoint,modeling the short-term analysis in this manner 
precludes having to analyze smaller break sizes that may result in an initial RCS  
overheating prior to reactor trip. The worst overheating possible is one that trips on 
OTAT." 

Section 3.4.2.3, Break flow modeling is revised as follows 'The break flow rate is 
determined by the Extended Henry (subcooled) and Moody (saturated) critical flow 
correlations." 

Section 4.3.1.4, Reactor trip is revised to be more descriptive as follows "Reactor trip 
occurs on low Reactor Coolant System flow in the leaked-loop with the locked rotor." 

Section 4.3.2.4, Pressurizer Pressure Control is revised as follows "Credit-is-taken-ferIt is 
conservatively assumed that both pressurizer spray and PORVs are in operation in-envier 
to minimize primary system pressure." 

Section 4.3.2.5, "clad" is changed to "cladding" 

Section 5.1.1.2, RCS Flow is revised as follows " 
in-this-anal 	sensitivity study is performed to determine whether high or low RCS 
flow is conservative." 

Sections 5.1.1.2 and 5.1.2.2 are revised as follows "The fuel-clad gap conductivity is set 
conservatively high to maximize heat transfer from the fuel." 

The Fuel Temperature and Steam Generator Tube Plugging discussions in Section 5.2.2.2 
are revised as follows: 

Fuel Temperature 

Low 
fuel temperature, associated with high gap conductivity, maximizes the transient heat 
transfer from the fuel to the coolant. 

Steam Generator Tube Plugging 

and-beundafy-eendinens: A bounding high tube plugging value degrades primary-to-
secondary heat transfer.  

Section 5.4.2, Pressurizer Level is revised as follows "High-Low initial level minimizes 
maximizes  the initial volume of the pressurizer steam space, which manimizesminimizes 
the transient primary pressure response. Minimizing pressure is conservative for DNBR 
and also delays reactor trip on high pressurizer pressure. Up-te-the4imit-ef--the-ability-ef 

'deley-reaeter-tfip-en-O-TAT, 

Section 5.4.4, Pressurizer Pressure Control is revised as follows "Pressurizer pressure 
control is : 	: t -•-.: : - : 	: 	' "' 



; 	- e 	: : - : 	: 	; 	- 	 etermined via 
sensitivity studies with different spray and PORVs availability combinations. 

Section 5.6 is revised to remove discussion of the Mode 6 analysis since adherence to 
technical specifications precludes the event from occurring in Mode 6. 

Section 6.1.2.1, Pressurizer Pressure is revised as follows "Initial pressure is assumed 
conservatively low gnsi maintained there throughout the calculation to determine the SI 
flow during the event. 

Section 7.2 is revised to acknowledge that steam generator overfill is an acceptance 
criterion for Catawba but that it is beyond the scope of this methodology report. "The 
steam generator tube rupture analyzed is a double ended guillotine break of a single tube. 
This transient is evaluated in two parts; first to evaluate minimum DNBR, and secondly 
to provide offsite dose input data for a separate evaluation to determine whether the 
fission product release to the environment is within the established dose acceptance 
criteria.  A third acceptance criterion and analysis that pertains to Catawba only, steam 
generator overfill, has been performed and NRC approved separately from this report." 

Section 7.2.2.2, Pressurizer Level is revised as follows "High initial level with a positive 
uncertainty maximizes the static head driving force and subsequent primary-to-secondary 
leakage and maximizes pressurizer heater operation." 

Section 7.2.2.4 is revised as follows: 

Reactor Trip 
A reactor trip occurs on either low pressurizer pressure or manual operator action at 20 
minutes. A negative uncertainty is applied to the low pressurizer pressure trip setpoint to 
delay reactor trip. The overtemperature AT trip function is not credited in order to delay 
reactor trip. 

Rod Control  
No credit is taken for the operation of the Rod Control System for this transient, which 
results in a slight increase in RCS temperature due to hot primary fluid entering the  
ruptured generator thereby increasing the heat sink temperature. With the Rod Control 
System in automatic, the control rods would cause a negative reactivity addition as they 
are inserted in an attempt to maintain RCS temperature at its nominal value. 

Table 8-1 is revised as a result of the above changes. 



DPC-NE-3002-A 
Revision 4 

List of Changes to DPC-NE-3002-A Revision 3 

The following is the complete list of changes made in the conversion of DPC-NE-3002-A 
Revision 3 (May 1999) to DPC-NE-3002-A Revision 4 (May 2005). The significant 
methodology changes have been reviewed and approved by the NRC. None of the other topical 
report changes are considered to be significant changes, and therefore do not require NRC review. 

List of Changes from Revision 3 to Revision 4 

The title pages were revised to Revision 4 and dated May 2005 

The Revision 4 SER dated April 6, 2001 was included at the front 

Section 3.2.1.2, Fuel Temperature: Change the text to correct the conservative initial 
value of the fuel average temperature. (error correction) 

Change: "Low fuel temperature, associated with high gap conductivity, maximizes the 
transient heat transfer from the fuel to the coolant." 

To: "High initial fuel average temperature is conservative." 

Section 3.2.2.2, Fuel Temperature: Change the text to correct the conservative initial 
value of the fuel average temperature. (error correction) 

Change: "Low fuel temperature, associated with high gap conductivity, maximizes the 
transient heat transfer from the fuel to the coolant." 

To: "High initial fuel average temperature is conservative." 

Section 3.3.1.2, Fuel Temperature: Change the text to correct the conservative initial 
value of the fuel average temperature. (error correction) 

Change: "Low fuel temperature, associated with high gap conductivity, maximizes the 
transient heat transfer from the fuel to the coolant." 

To: "High initial fuel average temperature is conservative." 

Section 3.3.2.2, Fuel Temperature: Change the text to correct the conservative initial 
value of the fuel average temperature. (error correction) 

Change: "Low fuel temperature, associated with high gap conductivity, maximizes the 
transient heat transfer from the fuel to the coolant." 

To: "High initial fuel average temperature is conservative." 



Section 5.5.4, Steam Generator Level Control: Clarification added that the high-high 
steam generator level trip of the main feedwater pumps is not credited. (editorial) 

Insert the following: "MFW pump trip on high-high steam generator level is not 
credited." 

Section 5.5.4, Rod Control: Re-worded to avoid potentially misleading statement. 
(editorial) 

Change: "The Rod Control System is assumed to be in automatic when reactor vessel 
average temperature decreases. The temperature decrease will cause rod withdrawal and 
an increase in core power." 

To: "The Rod Control System is assumed to be in automatic if reactor vessel average 
temperature decreases. If the temperature decreases, rod withdrawal will occur and result 
in an increase in core power. Control rod insertion is not credited in the analysis until a 
reactor trip occurs." 

Section 5.5.4, Turbine Control: Clarification added that the turbine trip on high-high 
steam generator level is not credited. (editorial) 

Insert the following: "Turbine pump trip on high-high steam generator level is not 
credited." 

Section 5.6, third paragraph: Revised to reflect the current plant design basis, which no 
longer relies on the BDMS for mitigation in Mode 6 refueling. (plant design and 
licensing basis change) 

Change: "Automatic operation of the Boron Dilution Mitigation System (BDMS) is 
relied on to terminate the dilution in hot standby, hot shutdown, cold shutdown, and 
refueling, . . . " 

To: "Automatic operation of the Boron Dilution Mitigation System (BDMS) is relied on 
to terminate the dilution in hot standby, hot shutdown, and cold shutdown, . ." 

Change: "Since the BDMS is not used in Modes 1 and 2, the analysis of these modes is 
similar to the analysis of Modes 3-6." 

To: "Since the BDMS is not used in Modes 1 and 2, the analysis of these modes is 
similar to the analysis of Modes 3-5." 

Section 5.6, fourth paragraph: The fourth paragraph should have only been the first two 
sentences, with the remainder in a following paragraph (editorial) 

Section 5.6.1, Dilution Volume: Revise the dilution volume to be consistent with the 
Technical Specifications. (model revision) 

Change: "Since the Technical Specifications do require operability of all four steam 
generators during Mode 4, all four of the reactor coolant loops, in addition to the 
remainder of the reactor vessel, are included in the RCS volume available for dilution." 



To: "Since the Technical Specifications allow for only a single train of the Residual Heat 
Removal System (RHRS) to be in operation, the Mode 4 dilution volume is assumed to 
be comprised of the reactor vessel (excluding the upper head), the RIM System, and 
portions of the hot and cold legs between the RHR inlet and outlet connections." 

Section 5.6.3: Revised to reflect the current plant design basis, which no longer relies on 
the BDMS for mitigation in Mode 6 refueling. (plant design and licensing basis change) 

Change: "For Modes 3-6 with the BDMS operable, the alarm function is provided by the 
measured source range count rate exceeding the BDMS setpoint. For Modes 3-6 with the 
BDMS inoperable, . . . " 

To: "For Modes 3-5 with the BDMS operable, the alarm function is provided by the 
measured source range count rate exceeding the BDMS setpoint. For Modes 3-5 with the 
BDMS inoperable, . . . " 

Section 7.2.2.3, Steam Line PORVs: Revise to clarify the differences between McGuire 
and Catawba consistent with the current licensing basis analyses. (model revision) 

Change: "Only two of the three steam line PORVs on the intact steam generators are 
assumed to be operable. This lengthens the cooldown time, thereby maximizing the 
atmospheric steam releases." 

To: "For McGuire, two of the three steam line PORVs on the intact steam generators are 
assumed to be operable. For Catawba, three steam line PORVs on the intact steam 
generators are assumed to be operable." 

Section 7.2.2.3, Manual Actions: Revise to clarify the differences between McGuire and 
Catawba consistent with the current licensing basis analyses. (model revision) 

Change: "Isolate failed open steam line drains upstream . ." 

To: "For Catawba, isolate the failed-open steam line drains upstream . ." 

Section 7.2.2.3, Manual Actions: Revise to clarify the differences between McGuire and 
Catawba consistent with the current licensing basis analyses. (model revision) 

Change: "Isolate failed open steam line PORV on the ruptured steam generator with an 
operator action delay time from when it should have closed normally. The delay times 
assumed are 10 minutes for control room and 30 minutes for local operation (credit)." 

To: "Isolate failed open steam line PORV on the ruptured steam generator with an 
operator action delay time from when it should have closed normally. The delay times 
assumed are 10 minutes for control room (Catawba) and 30 minutes for local (McGuire) 
operation (credit)." 

17. 	Section 7.2.2.3, Manual Actions: Revise to clarify the differences between McGuire and 
Catawba consistent with the current licensing basis analyses. (model revision) 



Change: "Using the steam line PORVs, initiate natural circulation cooldown of the 
primary system after identification of the ruptured steam generator. Operator action 
delay times of 15 minutes for control room action and 45 minutes for local action are 
assumed (credit)." 

To: "Using the steam line PORVs, initiate natural circulation cooldown of the primary 
system after identification of the ruptured steam generator. Operator action delay times 
of 15 minutes for control room action (Catawba) and 45 minutes for local action 
(McGuire) are assumed (credit)." 

Section 7.2.2.3, Manual Actions: Revise to clarify the differences between McGuire and 
Catawba consistent with the current licensing basis analyses. (model revision) 

Change: "- Initiate depressurization of the primary system using the pressurizer PORVs 
to terminate break flow 10 minutes after the primary system is 20°F subcooled at the 
ruptured steam generator pressure (credit)." 

To: "- For McGuire, initiate depressurization of the primary system using the pressurizer 
PORVs to terminate break flow 10 minutes after the primary system is 20°F subcooled at 
the ruptured steam generator pressure (credit). For Catawba, this action is initiated 3 
minutes after the primary system is 20°F subcooled (credit). 

- Initiate Si termination 3 minutes after completing the depressurization of the primary 
system (credit)." 

Table 8-1, Fuel Temp (row), Sections 15.13, 15.2.6, and 15.2.7 (columns). The text has 
errors regarding the conservative direction of the assumption for fuel temperature (error 
correction) 

Change: Under 15.1.3, "u" 
To: "high" 

Change: Under 15.2.6 (3.2.1), "low" 
To: "high" 

Change: Under 15.2.6 (3.2.2), "low" 
To: "high" 

Change: Under 15.2,7 (3.3.1), "low" 
To: "high" 

Change: Under 15.2.7 (3.3.2), "low" 
To: "high" 

Revised References 1 and 2 to the current revisions and dates. (editorial) 

1. 	DPC-NE-3001-PA, "Multidimensional Reactor Transients and Safety Analysis 
Physics Parameters Methodology", Duke Power Company, Revision 0, December 
2000 



2. 	DPC-NE-3000-PA, "Thermal-Hydraulic Transient Analysis Methodology", Duke 
Power Company, Revision 3, September 2004 

Revised the list of attached docketed correspondence and included copies. 

Included this list 



DPC-NE-3002-A Revision 3 

List of Changes/Errata from Revision 2._December 1997 to Revision 3. May 1999 

The title page was revised to Revision 3 and was dated May 1999. 

The Revision 3 SER dated 2/5/99 was included at the front. 

Section 3.3.3.1: Revised to describe steam generator nodalization change. 

This page describing the changes from Revision 2 to Revision 3 was added 

The list of attached docketed correspondence was updated 

The Duke letter dated 9/25/98 (submitting Revision 3 related to steam generator modeling) 
was included at the back. 



DPC-NE-3002-A Revision 2 

List of Changes/Errata from Revision 1, June 1994 to Revision 2, December 1997 

The title page was revised to Revision 2 and was dated December 1997. 

The Revision 1 SER dated 12/28/95 was included at the front. 

The Revision 2 SER dated 4/26/96 was included at the front. 

The Duke cover letter dated 7/18/94 (submitting Revision 1 related to replacement steam 
generators), and the letter dated 8/18/95 (responses to the NRC RIA letter dated 7/25/95) 
were included at the back. 

The Duke letter dated 12/19/95 (submitting the minor methodology change for the "pop 
open" safety valve modeling), and the letter dated 3/15/95 (additional information related to 
the 12/19/95 submittal) were included at the back 

The Duke letter dated 5/16/96 (additional information related to the Duke response dated 
8/18/95) was included at the back. 

Table of contents: Typo; added "Valve" to title for Section 7.1. 

Multiple sections (3.1.1.3, 3.1.2.3, 3.2.1.3, 3.2.2.3, 3.2.3.3, 3.2.4.3, 3.3.1.3, 3.3.2.3, 3.3.3.3, 
3.4.1.3, 3.4.2.3, 4.1.3, 4.2.3, 4.3.1.3, 4.3.2.3, 5.1.1.3, 5.1.2.3, 5.2.1.3, 5.2.2.3, 5.4.3, 6.1.1.3, 
7.2.1.3, 7.2.2.3): Revised to reflect the "pop open" modeling for the main steam safety valves 
and pressurizer safety valves that was approved by NRC SER dated April 26, 1996. 

Section 1.0: Typo; replaced "9" with "Reference". 

Section 2.3.2: Revised to state that the results of this transient are insensitive to initial fuel 
temperature. 

Section 2.4: Revised to reflect that analyses will be performed using the steam line break 
methodology rather than relying on the use of the steam line break analysis to bound this 
event. 

Section 3.1.1.2: Revised to state that high initial fuel temperature is conservative. 

Section 3.1.2.2: Revised to state that high initial fuel temperature is conservative. 

Section 3.1.2.4: Revised the steam generator level control assumption. Sensitivity studies 
indicate that continued feedwater addition may be more conservative than feedwater isolation 
on reactor trip. Therefore, both cases will be analyzed to ensure a conservative result. 

Section 3.3: Editorial; replaced "DNB" with "core cooling capability". 

Section 3.3: Editorial; added that the core cooling capability analysis confirms that the 
Auxiliary Feedwater System is capable of returning the plant to a stabilized condition. 



Section 3.3.1.4: Added overtemperature DT and high pressurizer pressure to the list of 
potential reactor trip signals. 

Section 3.3.1.4: Clarify that a purge volume of hot auxiliary feedwater will be considered 
only if applicable. This change was inadvertently omitted from Revision 1 but is essentially 
the same change that was approved for other transients in the Revision 1 SER dated 
December 28, 1995. 

Section 3.3.2.1: Remove sentence regarding pressurizer heat conductor modeling since this is 
now described in topical report DPC-NE-3000. This change was inadvertently omitted from 
Revision 1 but is essentially the same change that was approved for other transients in the 
Revision 1 SER dated December 28, 1995. 

Section 3.3.2.4: Added overtemperature DT and high pressurizer pressure to the list of 
potential reactor trip signals. 

Section 3.3.3.4: Added overtemperature DT and high pressurizer pressure to the list of 
potential reactor trip signals. 

Section 4.3: Changed locked rotor peak RCS pressure acceptance criterion from 120% to 
110%. This change is required by the NRC SER for Revision 0 of DPC-NE-3002 dated 
November 15, 1991. 

Section 4.3.1.2: Revised to state that high initial fuel temperature is conservative. 

Section 5.5.2: Revised to initiate the transient from the power level corresponding to the P-8 
setpoint. This initial power level combined with the unavailability of the low RCS flow 
reactor trip function gives a more conservative result. 

Section 5.5.2: Editorial; clarified that the pressurizer pressure initial condition uncertainty 
includes a bias. 

Section 5.5.2: Editorial; reworded core bypass flow assumption for clarification. 

Section 5.5.4: Added paragraph describing reactor trip assumptions. 

Section 5.5.4: Revised to state that the results of this analysis are not sensitive to SG level 
control or MFW pump speed control so long as protection or safeguards actuation is avoided. 

Section 6.1.2.1: Editorial; replaced "NC system" with "RCS". 

Section 6.1.2.1: Typo; replaced "an" with "a". 

Section 7.1.2: Revised to state that low initial pressurizer level is conservative. 

Section 7.1.3: Revised to state that the main steam safety valves are not challenged during 
the time period of interest for this transient. 

Section 7.1.4: Typo; deleted duplicate sections for SG level control and MFW pump speed 
control. 



Section 7.1.4: Revised to state that rod control in manual is conservative. 

Section 7.1.4: Revised to state that a long delay on turbine trip is conservative. 

Section 7.2: Editorial; deleted sentence concerning SG overfill. Methodology for analyzing 
SG overfill is not included in DPC-NE-3002. SG overfill is part of the licensing basis for 
Catawba only and has been handled separately through correspondence with the NRC. 

Section 7.2.2.2: Editorial; added "automatic" in front of "reactor trip". 

Section 7.2.2.2: Editorial; added clarification of the rationale for the selection of initial RCS 
average temperature. 

Section 7.2.2.4: Typo; replaced "avoid" with "avoids". 

Section 7.2.2.4: Added a paragraph describing the assumptions made regarding safety 
injection. 

4.1. Section 7.2.2.4: Deleted reference to dynamically compensated steam line pressure signal. 
This revision is made to reflect the current plant configuration. 

Table 8-1, Sections 2.3, 3.1.1, 3.1.2: Revised fuel temperature assumptions for consistency 
with changes 10, 12, and 13 above. 

Table 8-1: Typo; replaced "contol" with "control". 

Table 8-1, Section 4.3.1: Revised fuel temperature assumption for consistency with change 
23 above. 

Table 8-1, Section 7.1: Revised pressurizer level assumption for consistency with change 31 
above. 

Table 8-1, Section 7.1: Revised to state that the SM PORVs and steam dumps are not 
applicable since they are not challenged during the time period of interest for this transient. 

Table 8-1, Section 5.5: Revised to state that this transient is not sensitive to the SG level and 
MFW pump speed control assumptions as described in change 28 above. 

Table 8-1, Section 7.1: Revised to state that rod control is in manual as described in change 
34 above. 

Table 8-1, Section 7.2.2: Revised SI delay from "None" to "Min". No delay is slightly more 
conservative; however, a minimum delay that conservatively bounds the plant response time 
is assumed. 

Table 8-1, Section 7.1: Revised to state that a maximum turbine trip delay is used as 
described in change 35 above. 

Section 9.0: Revised References 1 and 2 to reflect the latest revisions and associated 
approval dates. 



DPC-NE-3002-A 
Revision 4 

List of Attached Docketed Correspondence 

10/30/91 original submittal letter, M. S. Tuckman to NRC 

11/5/91 letter responding to NRC questions, H. B. Tucker to NRC 

7/18/94 letter submitting Revision 1 (replacement SGs), M. S. Tuckman to NRC 

7/25/95 NRC RIA letter on 7/18/94 submittal, R. E. Martin to M. S. Tuclanan 

8/18/95, letter responding to NRC RIA letter, M. S. Tuckman to NRC 

12/19/95 letter submitting Revision 2 ("pop-open" safety valve modeling), M. S. 
Tuckman to NRC 

3/15/96 letter providing additional information related to the 12/19/95 letter, M.S. 
Tuckman to NRC 

5/16/96 letter responding to May 14, 1996 conference call questions, M. S. Tuckman to 
NRC 

9/25/98 letter submitting Revision 3 (SG modeling), G. R. Peterson to NRC 

4/19/00 letter submitting Revision 4, M. S. Tuckman to NRC 

8/4/00 letter response to NRC questions, M. S. Tuckman to NRC 

9/22/00 letter response to NRC questions, M. S. Tuckman to NRC 

3/21/01 letter submitting SGTR emergency procedure, M. S. Tuckman to NRC 
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DUKE POWER 

August 30, 1991 

U. S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D. C. 20555 

Subject: McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nuclear Station 
Docket Numbers 50-413 and -414 
FSAR Transient Analysis Methodology; 
Topical Report DPC-NE-3002-P 

Attached for your review is Duke Power Company's Topical Report 
DPC-NE-3002, "FSAR Chapter 15 %System Transient Analysis 
Methodology." 	This report describes Duke's methodology for 
conservatively modeling those FSAR Chapter 15 non-LOCA transients 
and accidents not previously described in DPC-NE-3000, "Thermal-
Hydraulic Transient Analysis Methodology" and DPC-NE-3001, 
"Multidimensional Reactor Transients and Safety Analysis Physics 
Parameters Methodology." This report is applicable to the McGuire 
and Catawba Nuclear Stations. 

The objectives of this report are: 1) to describe the initial and 
boundary conditions and input assumptions regarding control and 
protective system functions, as used in the analysis of FSAR 
Chapter 15 events; and 2) to describe nodalization and/or modeling 
differences relative to those analyses previously detailed in DPC-
NE-3000. The rod ejection, steam line break, and dropped rod 
methodologies are described in'DPC-NE-3001, and are not discussed 
in this report. Assumptions regarding safety analysis physics 
parameters are also discussed in DPC-NE-3001. 

Please note that approval of this Topical Report is .needed for 
startup of McGuire Unit 1 Cycle 8 following its upcoming refueling 
outage. The outage is scheduled to begin in late September, 1991. 
Cycle 8 is expected to start up in late November or early December. 
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If there are any questions, please call Scott. Gewehr at (704) 373-
7581. 

very truly y urs, 

Sa  
M. S. Tuckman 
cvr3002/sag 

cc: Mr. T. A. Reed, Project , Manager 
Office of Nuclear Reactor Regulation.  
U. S. Nuclear Regulatory Commission 
Mail Stop 9H3, OWFN 
Washington, D. C. '20555 

Mr. R.E. Martin, Project Manager 
Office of. Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 9H3, OWIN 
Washington, D. C. 20555 

Mr. S. D. Ebneter, .Re4ional Administrator 
U.S. Nuclear Regulatory Cbmmission - Region II 
101 Marietta. Street, NW - Suite 29.0.0 
Atlanta, Georgia 30323 

Itr. P. K. Vain Doorn 
Senior Resident Inspector 

.McGuire Nuclear Station 

Mr. R. C. Jones 
Reactor Systems Blanch 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Mr. W. T. Orders 
NRC Resident Inspector 
Catawba Nuclear Station 



!!, 

•••• • . 

't( 

DUKE POWER 

November 5,1991 

U. S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D. C. 20555 

Subject: McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nuclear Station 
Docket Numbers 50-413 and -414 
Oconee Nuclear Station 
Docket Numbcrs 50-269, -270, and -287 
Final Respor:.e to Questions Regarding the Topical Reports 
Associated with the M1C8 Reload Package •  

References: 1) Letter, H. B. Tucker to NRC, January 9, 1989. 
(DPC-NE-2004 submittal) 
Letter, H. B. Tucker to NRC, September 29, 1987. 
(DPC-NE-3000 submittal) 
Letter, H. B. Tucker to NRC, January 29, 1990. 
(DPC-NE-3001 submittal) 
Letter, M. S. Tuckman to NRC, September 25, 1991. 
(Reaffirmation of Proprietary Affidavit for DPC-NE-
2004) 

Letter, M. S. Tuckman to NRC, September 25, 1991. 
(Reaffirmation of Proprietary Affidavit for DPC-NE-
3000) 

On October 7 and 8, 1991, representatives of Duke Power met with 
NRC Staff and contract reviewers to discuss outstanding issues 
associated with three Topical Reports (References 1, 2, and 3), 
which are currently undergoing review. At this meeting, and during 
various telephone conference calls subsequent to the meeting, 
questions were identified which required additional information or 
clarification. 	Attached are formal responses to each of the 
questions. The attached information should resolve all outstanding 
issues related to the review of Topical Reports DPC-NE-2004, -3001, 
and -3000. 

Please note that some of the information is identified as 
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proprietary, and should be withheld from public disclosure pursuant 
to 10 CFR2.790. Affidavits attesting to the proprietary nature of 
the information have been provided (References 3, 4, and 5). 

Also, please note that while aspects of the referenced Topical 
Reports may be applicable to all three of Duke's nuclear stations, 
approval of the Reports is required for McGuire Unit 1 Cycle 8; 
currently scheduled for startup in early December, 1991. 

If there are any questions, please call Scott Gewehr at (704) 373-
7581. 

Very truly yours,_ 

/4-3- eireer4e 

H. B. Tucker 

cc: Mr. T. A. Reed, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 14H25, OWFN 
Washington, D. C. 20555 

Mr. R. E. Martin, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 14H25, OWFN 
Washington, D. C. 20555 

Mr. L. A. Wiens, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 14H25, OWFN 

Mr. S. D. Ebneter, Regional Administrator 
U.S. Nuclear Regulatory Commission - Region II 
101 Marietta Street, NW - Suite 2900' 
Atlanta, Georgia 30323 
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bxc (w/o attachments): 
L. Gill, Jr. 

P. F. Guill 
G. Benesole 

P. J. North 
G. B. Swindlehurst 
K. S. Canady 
R. H. Clark 
R. M. Gribble 
GS-801.01 



ATTACHMENTS 

Attachment 1: A discussion of the adequacy of the McGuire/Catawba 
steam generator modeling in DPC-NE-3000 with respect 
to conservative prediction of primary-to-secondary 
heat transfer for transients which involve U-tube 
uncovery. 

Attachment 2: Responses to informal questions on DPC-NE-3002, as 
understood by Duke Power, regarding issues that were 
not adequately addressed at the meeting, that were 
requested•by the NRC to be formally docketed, or that 
arose in subsequent telephone conversations. 

Attachment 3: Responses to informal questions on Chapter 15 
markups, as understood by Duke Power, regarding 
issues that were not adequately addressed at the 
meeting, that were requested by the NRC to be 
formally docketed, or that arose in subsequent 
telephone conversations. 

Attachment 4: A response to an additional question on DPC-NE-2004. 

Attachment 5: A set of markups to DPC-NE-3001; due to questions 
asked at the meeting, and other corrections. 

Attachment 6: A set of markups to DPC-NE-3002; due to questions 
asked-at the meeting, and other corrections. 



Attachment 2 

Questions on Topical Report DPC-NE-3002 

Justify that the results of analyzing the feedwater flow increase transient at zero power will not 
be more limiting than the full power case, considering the increased peaking factors, reduced 
RCS flow, and asymmetric inlet temperature and power distributions as a result of a stuck rod 
and a single loop malfunction. 

Response: A power increase due to a feedwater flow increase at zero power would, at worst, 
reach the high neutron flux reactor trip low setpoint. This setpoint is no higher than 35% RTP. 
The increased neutron attenuation in cooler downcomer water would affect only the excore flux 
detector next to the affected loop (at least two detectors must indicate above the setpoint for a trip 
to occur), and an allowance for this is already included in the 10% RTP margin between the 
above safety analysis value and the 25% RTP Technical. Specification trip setpoint. For the core 
power distributions at the start of the accident (those permitted by the Technical Specifications), 
abundant DNB margin exists at 35% RTP with three (see proposed revision to Technical 
Specification 3.4.1.2) reactor coolant pumps operating. Unlike the steam line break accident, 
adequate shutdown margin is maintained. Power generation therefore ceases when the control 
rods fall into the core. The presence of a stuck rod does not therefore perturb the core power 
distribution during the time of minimum DNBR. Finally, the loss in local DNB margin due to a 
shift in core power distribution toward the quadrant near the affected loop would be somewhat 
mitigated by a gain hr DNB margin due to reduced core inlet temperatures in that quadrant. It 
should also be noted that the current justification presented in the McGuire and Catawba FSARs 
for not analyzing this case, that the reactivity insertion rate for this transient is less than the rate 
assumed in the uncontrolled RCCA bank withdrawal from zero power, remains valid for the 
Duke Power Company analytical approach. 

For the excessive increase in secondary steam flow accident, explain why a low initial 
pressurizer bubble volume would maximize the pressure decrease due to contraction. 

Response: When the coolant contracts the pressurizer steam bubble expands, reducing the 
pressurizer pressure. The amount of pressure reduction is roughly inversely proportional to the 
volume of the bubble. Therefore expansion of a smaller bubble will maximize the resulting 
pressure decrease. 

For the turbine trip accident, discuss the reasons why a DNB analysis is not required. 

Response: The FSAR will be revised to insert the following paragraph into the 15.2.3.2 "Method 
of Analysis" section: 

For the turbine trip event the reactor power, the core power distribution, and the core 
flow change very little prior to reactor trip. The RCS pressurization due to the reduction 
in secondary heat sink more than offsets the increase in core inlet temperature. Therefore 
significant DNB margin is maintained throughout the transient , and no quantitative 
DNB analysis is required. 



Explain why a high initial steam generator level would maximize the transient secondary 
pressure response for the turbine trip peak RCS pressure and peak secondary pressure analyses. 

Response: Initial steam generator (SG) level has a small impact on two competing phenomena 
during a turbine trip event. First, as secondary pressure increases, the saturated liquid in the SG 
becomes slightly subcooled, which causes some of the energy transferred from the primary to 
heat the SG liquid to saturation. The higher the initial SG level, the greater the mass that is 
subcooled during pressurization, which tends to cause a lower transient SG pressure. The second 
phenomenon is that the higher the initial SG level, the smaller the initial steam volume, which 
tends to cause a higher transient SG pressure. 

For the peak secondary pressure analysis, a sensitivity study on initial SG level in the turbine trip 
event was performed in a previous analysis. The sensitivity study demonstrated that a decrease 
of 8% span from nominal for initial SG level resulted in a decrease of 0.15 psi in peak secondary 
pressure. This result demonstrates that the effect of reducing initial steam volume dominates the 
effect of increasing initial SG mass, and high initial SG level is conservative. In addition, this 
result demonstrates that initial SG level is not a critical parameter. The effect of initial SG level 
is dominated by other conservatisms such as the drift and accumulation assumptions of the main 
steam safety valves. 

For the peak RCS pressure analysis, the impact of initial SG level on the peak primary pressure 
analysis is limited to the second order effect of SG level on primary-to-secondary heat transfer. 
Maximum primary pressure is achieved by minimizing primary-to-secondary heat transfer. 
Primary-to-secondary heat transfer is less with an increase in the secondary saturation 
temperature, which increases with an increase in secondary pressure. Therefore, initial SG level 
is chosen to maximize secondary pressure. As shown above, maximum secondary pressure is 
achieved with a high initial SG level. In addition, the effect of initial SG level on secondary 
pressure is dominated by other conservatisms such as the drift and accumulation assumptions of 
the main steam safety valves and the pressurizer safety valves. 

For a given high pressurizer pressure reactor trip setpoint, justify that a lower initial indicated 
pressurizer pressure, i.e., one at the limit of Technical Specification 3.2.5.b, would not give a 
higher peak RCS pressure result for the turbine trip and uncontrolled RCCA bank withdrawal at 
power events. 

Response: While it is true that Technical Specification 3.5.2.b permits pressurizer pressure to 
indicate as low as 8.5 psi (at. McGuire) leSs than the nominal value, this does not occur during 
automatic pressure control. There is no normal operator evolution during manual control at 
power operation which reduces pressure below the nominal value. Therefore this initial 
condition is not regarded as a credible one. Nevertheless, there remains sufficient margin in the 
pressure initial condition uncertainty adjustment to compensate for this 8.5 psi. Therefore the 
results presented in the McGuire 1 Cycle 8 reload submittal FSAR markups are conservative. In 
addition, for the uncontrolled RCCA bank withdrawal at power, the initial margin to trip is 45 
psi more than for the turbine trip event, thus ensuring further conservatism. The values used in 
the analyses are as follows: 



Parameter 
Pressure Instrument Uncertainty, psi 
Pressure Uncertainty Allowance, psi 
Initial Actual Pressure, psia 
Initial Indicated Pressure, psia 
Trip Setpoint, psia 
Initial Margin to Trip, psi 
Actual Pressure at Trip, psia 

Turbine Trip 
20 
30 

2280 
2250 
2400 
150 

2430 

UCBW @ Power 
20 
45 

2250 
2250 
2445 
195 

2445 

6. One acceptance criterion for the Condition II events is that there should be no water release 
from the pressurizer safety valves. For the loss of offsite power, loss of normal feedwater, and 
uncontrolled RCCA bank withdrawal at power accidents, provide analysis assumptions and 
results for addressing this criterion or justify that the margin to a water solid pressurizer 
condition for these events could be bounded by another event(s). 

Response: Pressurizer overfill is a potential concern during an event in which either safety 
injection (SI) occurs or RCS heatup due to primary/secondary power mismatch occurs. As 
shown below, SI is the key factor in pressurizer overfill. 

Pressurizer level at the stationis determined by the difference in pressure between two elevations 
in the pressurizer. In addition to the random effects typically associated with a measurement, the 
use of a DP transmitter to determine pressurizer level introduces the possibility that a difference 
between actual liquid density and the calibrated density could allow actual pressurizer level to be 
higher than indicated level. This situation occurs when the actual liquid density is less than the 
liquid density at calibration conditions. Liquid density is a weak function of liquid pressure, but 
liquid density is a strong function of liquid temperature. Therefore, actual liquid density less 

-than calibrated liquid density only occurs when actual liquid temperature is greater than the 
liquid temperature at calibration. The pressurizer level transmitters at the station are calibrated at 
full power conditions. Since the pressurizer is at saturated conditions at calibration, the 
temperature of the liquid in the pressurizer at calibration is the saturation temperature at nominal 
pressure, 2250 psia, which is approximately 653 °F. In order for the density error to cause actual 
level to be greater than indicated level, the water entering the pressurizer during a transient must 
be greater than 653 °F, but no transient will achieve this hot leg temperature for a sufficient 
duration prior to mitigating actions occurring. In addition, since the initial hot leg temperature is 
less than 653 °F, the initial insurge will decrease the temperature of the pressurizer liquid, 
causing indicated level to be higher than actual level. Pressurizer level in the McGuire/Catawba 
RETRAN model is not currently determined by the difference in pressure between two elevations 
in the pressurizer. As stated in Section 3.2.4.1 of DPC-NE,3000, pressurizer level in this model 
is determined directly from the liquid volume actually calculated by RETRAN in the node 
representing the pressurizer. This modeling detetmines the actual level in the pressurizer during 
the simulation, and it is not possible for the calculated indicated level to differ from the 
calculated actual level by more than the uncertainty allowance, and no credit is taken for the 
density effect described above. Therefore, pressurizer level derived from either DP or liquid 
level will prevent a pressurizer overfill condition prior to reactor trip. 

In the loss of offsite power event (LOOP), SI does not occur. Reactor trip occurs at the initiation 
of the transient, and no significant post trip degradation of the secoruinry side cooling ability 
relative to the primary power generation occurs which could cause a power mismatch and 



subsequent pressurizer overfill. Therefore, since SI does not occur, and a significant power 
mismatch does not occur, pressurizer overfill does not occur for the loss of offsite power event. 

In the loss of normal feedwater (LOFW) event, SI does not occur. Pressurizer overfill could not 
occur prior to reactor trip because of the high pressurizer level reactor trip function. Overfill is 
most severe in the Condition IV feedwater line break (FWLB) event, and the high pressurizer 
level in the this event is caused by the addition of SI water to the RCS. Analysis has shown that 
continued SI causes pressurizer overfill to occur in the FWLB event. In comparison, the LOFW 
transient is the most severe intact steam generator tube uncovely event, but the power mismatch 
is not sufficient to cause pressurizer overfill. Therefore, since SI does not occur, and the power 
mismatch i9 not sufficiently severe, pressurizer overfill does not occur for the loss of normal 
feedwater event 

In the uncontrolled RCCA bank withdrawal at power event, SI does not occur. Pressurizer 
overfill could not occur prior to reactor trip because of the high pressurizer level reactor trip 
function. There is no post trip degradation of the secondary side cooling ability relative to the 
primary power generation which could cause a power mismatch and subsequent pressurizer 
overfill. Therefore, since SI does not occur, and a significant power mismatch does not occur, 
pressurizer overfill does not occur for the uncontrolled bank withdrawal at power event. 

For the loss of offsite power, loss of normal feedwater, and feedwater line break accidents, 
provide a description of the auxiliary flow assumptions used, including number of pumps 
assumed, capacity, and flow fraction delivered to each steam generator. 

Response: The limiting single failure in the Auxiliary Feedwater (AFW) System is assumed for 
each of these accidents. This assumption will result in no credit being taken for the single AFW 
pump whose loss would represent the greatest reduction in flow delivered to the intact steam 
generators. Therefore only two of the three AFW pumps are assumed to be operating for any of 
these accidents. Pump capacity is conservatively reduced from the manufacturer's head curves. 
The reduced capacity corresponds to a pump performance level below that which the pump is 
verified to meet in periodic tests. This additional reduction provides margin for further pump 
degradation between tests. The flow fraction delivered to each steam generator is calculated 
based on a model of the AFW pumps and piping layout. The flow fractions vary with 1) the 
transient backpressure in the steam generators, 2) which station (McGuire or Catawba) is being 
analyzed, and 3) whether operator action has occurred to realign the AFW System to change 
which pumps deliver flow to which steam generators. Because of these variabilities, a separate 
time dependent AFW boundary condition is calculated for each plant for each accident. 

Justify why only the double-ended feedwater line break is analyzed and not a spectrum of 
feedwater line breaks. A smaller break, for which the reactor trip occurred on low-low steam 
generator water level might be limiting compared to the double-ended rupture of the main 
feedwater line. 

Response: The current McGuire FSAR states (p.15.2-15), "...it has been shown that the most 
limiting feedwater line ruptures are the double-ended rupture of the largest feedwater line..." 
This assumption was reviewed and approved in the NRC SER for initial startup of McGuire. 
Duke did not analyze a spectrum of break sizes since it was apparent that the issue of break size 



was resolved per the existing FSAR analyses. However, in order to respond to the question, 
additional investigation into the technical basis for concluding that the doUble-ended rupture is 
the limiting break size was performed. The results of this investigation have led to the 
conclusion that the double-ended rupture is the limiting case. The bases for this conclusion are 
as follows. 

The feedwater line break transient causes a reactor trip on either low-low steam generator level or 
high containment pressure (-1 psig). The pre-trip transient response is dictated by the break size. 
For large breaks, the affected steam generator rapidly blows down, and main feedwater flow to 
all four steam generators is lost out the break. The intact steam generators gradually boil off 
until auxiliary feedwater delivery begins approximately 60 seconds after reactor trip. Long-term 
decay heat removal is established via auxiliary feedwater and the intact steam generators. For 
smaller feedwater line breaks, the affected steam generator blows down more slowly and some 
main feedwater flow continues to be delivered to the intact steam generators. Main feedwater 
would only be stopped by assuming a loss of offsite power coincident with reactor trip. For all 
break sizes, the affected steam generator will blow down to dryout, and will not contribute to 
long-term decay heat removal. The minimum inventory in the intact steam generators is the key 
parameter when determining the limiting break size. The inventory in the intact steam generators 
will change depending on the pre-trip steaming duration, and main feedwater flowrate. Both of 
these are a function of the break size. For larger breaks the steaming duration is short due to a 
rapid reactor trip. Larger breaks will also prevent any main feedwater flow from reaching the 
intact steam generators. For small breaks the steaming duration is longer, but some main 
feedwater can still reach the intact steam generators. From this argument it follows that an 
intermediate size break will result in the minimum intact steam generator inventory. It is noted 
that the auxiliary feedwater flowrate is the same for all break sizes. Therefore, the long-term 
cooling.capability is not affected by the break size. The break size concern is limited to 
determining if the minimum post-trip heat sink, corresponding to the minimum intact SG 
inventory case, causes any of the acceptance criteria to be met. 

A sensitivity study on break size was performed. The required modifications to the RETRAN 
model were [ 

3 The effect of 
these modeling changes is to conservatively predict the minimum main feedwater flow delivered 
to the intact steam generators. As stated above, for the double-ended rupture this flow will be 
zero, but as the break size decreases some flow will be delivered. All main feedwater is assumed 
to be lost on reactor trip due to an assumed loss of offsite power. 

In addition to the double-ended rupture break size for which all main feedwater is lost, split 
breaks of 0.2387, 0.3, and 0.5 ft2  were analyzed. Due to the feedwater nozzle flow restrictor area 

)the duration of blowdown and the time of reactor trip is unaffected until the break size 
approaches the range of sizes analyzed. Within this range of break sizes, the larger sizes predict 
an earlier reactor trip, less steaming from the intact steam generators, and less main feedwater 
reaching the generator. Smaller break sizes predict a later reactor trip, more steaming from the 
intact steam generators, and more delivered main feedwater. The integrated effect of these 
parameters on the analysis is characterized by the minimum intact steam generator inventory. 



Break Size 	Rx Trip Time 	Minimum SG 
(ft2) 	 (sec) 	 Mass (lbm/SG) 

DE 19.5 

0.5 

0.3 

 

  

The 0.5 ft2  break size is significant in that this break size is at the transition where all main 
feedwater is lost out the break. The 0.3 ft2  break has some main feedwater reaching the intact 
steam generators, which explains the higher minimum mass flow. For breaks larger than 0.5 ft2, 
there is essentially no difference when compared to the double-ended break. The difference in 
reactor trip time is( 3 second, and the minimum steam generator masses are 

Break sizes above 0.5 ft2  am the 

) 
Based on the results of the break size sensitivity, the FSAR statement that the double-ended 
rupture is the limiting case is confirmed. The minimum steam generator inventory in the intact 
steam generators and the available auxiliary feedwater capacity ensure that the consequences of 
the limiting feedwater line break are acceptable. 

The current FSAR analysis of the feedwater line break assumes that the AFW flow to the 
faulted steam generator is spilled through the break. Justify why this AFW spillage is not 
assumed in the McGuire 1 Cycle 8 reload submittal analysis of feedwater line break. Justify the 
operator action time assumed isolate the AFW flow to the faulted steam generator. 

Response: The McGuire and Catawba steam generators are of the preheat design with a lower 
feedwater nozzle entering the preheater region and an upper nozzle entering the upper region of 
the downcomer. At all but the lowest power levels, the vast majority of the main feedwater flow 
enters through the lower nozzle. At all conditions the AFW flow enters through the upper 
nozzle. AFW spillage through a break of a pipe connected to the lower nozzle (main feedwater 
line) would require failure of a check valve plus closure failure on a second valve which receives 
a feedwater isolation signal. This is not regarded as credible. Otherwise, the AFW flow entering 
the faulted steam generator must travel down the downcomer and partially up the tube bundle 
through the preheater to exit through the lower nozzle before reaching the broken piping. This 
flow path allows heat to be transferred to this water from the RCS. Since this AFW flow to the 
depressurized steam generator is a relatively large fraction of the total AFW flow, isolation of it 
reduces the total AFW flow available for RCS heat removal. Therefore its isolation is 
conservatively accomplished at two minutes into the transient. This is a very short time for the 
operator to perform the steps in the emergency procedures preceding isolation of AFW to a • 
faulted steam generator. 

For a feedwater line break analysis in which reactor trip was actuated by the low-low steam 
generator water level, a higher initial steam generator water for the faulted steam generator could 
be more conservative. 



Response: Duke agrees. If'the low-low steam generator narrow range level reactor trip is 
credited in the FSAR Section 15.2.8 feedwater line break accident, a high initial condition 
uncertainty adjustment will be applied to the faulted steam generator narrow range level. 

Justify the gap heat transfer coefficient used for the partial and complete loss of forced flow 
events. 

Response: A low fuel gap conductivity, which corresponds to a high initial fuel temperature is 
used in the analyses. The low fuel gap conductivity has three major effects in these events. 
First, low gap conductivity is conservative due to the higher initial stored energy in the fuel 
compared to the initial stored energy in the fuel with a high gap conductivity. For a given rate of 
decrease of the fuel rod surface heat flux, a higher initial stored energy in the fuel causes a higher 
heat flux during the transient because more energy is available to be transferred to the coolant. 
Second, low gap conductivity is more conservative because the energy will be retained in the fuel 
for a longer period of time. Since the energy is retained in the fuel for a longer time period, the 
heat flux will decrease more slowly, and compared to high gap conductivity, the heat flux will be 
maintained at a higher value during the flow coastdown. Third, from a reactivity insertion 
aspect, low gap conductivity is less conservative than high gap conductivity. The fuel Doppler 
temperature coefficient (DTC) is negative, and a low gap conductivity causes more fuel heatup to 
occur, which adds more negative reactivity than a high gap conductivity. However, the fuel 
temperature increase is minimal in these events, and the difference in reactivity insertion due to a 
low gap conductivity versus a high gap conductivity is insignificant. The higher initial stored 
energy and the slower heat flux decrease completely dominate the reactivity effect, and low gap 
conductivity is conservative. 

The staffs peak RCS pressure acceptance criterion for the locked rotor event is 110% of the 
design pressure instead of the proposed 120% value. 

Response: The Standard Review Plan (NUREG-0800, July 1981) states that the Reactor Systems 
Branch acceptance criteria for both the feedwater line break and the locked rotor events are based 
on meeting the relevant requirements of General Design Criteria 31 as it relates to the reactor 
coolant system being designed with sufficient margin to ensure that the boundary behaves in a 
nonbrittle manner and that the probability of propagating fracture is minimized. Although the 
wording is the same for both events, the feedwater line break Standard Review Plan section also 
gives quantitative acceptance criteria, 110% of design pressure for low probability events and 
120% of design pressure for very low probability events. The locked rotor event is characterized 
as a Condition N event (limiting fault not expected to occur during the life of the plant) in both 
the McGuire and Catawba FSARs. The acceptance criterion of 120% of the design pressure is 
based on assuming that a locked rotor event is of very low probability and therefore that the 
acceptance criterion adopted for double-ended guillotine feedwater line breaks applies. However, 
the peak pressure result of the locked rotor event analyzed in the McGuire 1 Cycle 8 reload 
submittal is within 110% of the Reactor Coolant System design pressure. 

Discuss whether the locked rotor event will be analyzed assuming coastdown of undamaged 
pumps coincident with turbine trip if it is more limiting. 

Response: The relevant Standard Review Plan instruction concerning this question is as follows: 



"This event should be analyzed assuming turbine trip and coincident loss of offsite power 
and coastdown of undamaged pumps." 

As stated in Section 4.3.1.3 of Duke Power Company topical report DPC-NE-3002, offsite power 
was assumed to be lost coincident with turbine trip. Upon the loss of offsite power, voltage and 
frequency begin to decay on the four 6900 V busses which supply power to the reactor coolant 
pump (RCP) motors. Pump motor speed, and therefore pump flow, decrease as the bus 
frequency decays. After the loss of offsite power the bus voltage decreases to the RCP 
undervoltage trip setpoint. At this point the RCP motor breakers open and the pumps coast down 
as controlled by the inertia of their flywheels. It is Duke Power Company's position that this 
modeling meets the intent of the Standard Review Plan, i.e., the RCP coastdown is caused by the 
loss of offsite power. 

Provide and justify the gap heat transfer coefficient used for the locked rotor accident. 

Response: See response to question 11, above. 

Justify the use of a point kinetics model for the uncontrolled RCCA bank withdrawal from 
zero power`and single RCCA withdrawal events. Describe in detail the methodology used to 
determine the bounding radial and axial power shapes and the uncertainties assumed. Provide 
and justify the bounding radial and axial power shapes, moderator density coefficients, and trip 
reactivity used in the DNB analysis. 

Response: The uncontrolled bank withdrawal from zero power and the single rod withdrawal 
events use a point kinetics model to determine the core average power response. The point 
model employs physics parameters that conservatively bound the core designs. Due to the 
absence of leakage and spatial effects in a point model relative to a 3-dimensional space-time 
model, the point model will overpredict reactivity and the transient core average power response. 
Spatial effects are accounted for by explicit 3-dimensional simulation of the core power 
distribution. The analytical methodology is as follows. The system thermal-hydraulic analysis is 
conservatively simulated with the RETRAN code. Transient core thermal-hydraulic boundary 
conditions from RETRAN are then input to VIPRE to determine DNBR vs. time. The minimum 



DNBR limit. These rods are assumed to experience cladding failure and contribute to the source 
term for the offsite dose calculations. 

The moderator density coefficient assumed in the analyses is consistent with the current 
Technical Specification value. 

The conservative normalized trip reactivity vs. normalized drop time given in Figure 15.0.5-3b of 
the McGuire 1 Cycle 8 reload submittal was used. A rod drop time consistent with Technical 
Specification 3.1.3.4 was assumed. As stated in Section 2.2 of Duke Power Company topical 
report DPC-NE-3001, the minimum worth was assumed for the amount of trip reactivity inserted 
after trip. As described in that report, this worth assumes that the most reactive rod remains in 
the fulltwithdrawn position and that the other rods drop from their power dependent insertion 
limits. 

3 
16. The current FSAR high neutron flux trip setpoim uncertainties include a process 
measurement accuracy term for shielding effects and detector placement. Discuss how this effect 
is accounted for in the uncontrolled RCCA bank withdrawal accidents. 

17. Specify which of the accidents discussed in DPC-NE-3002 will be analyzed with a non-zero 
value of the pressurizer interregion heat transfer coefficient. 

Response: The methodology for determining whether to model interregion heat transfer was 
presented in the NRC/ITS/Duke Power meeting on October 7-8, 1991. Of the transients 
discussed in DPC-NE-3002, 



18. Explain what differences, if any, are intended by the use of various descriptions of initial 
condition assumptions in the text and tables of DPC-NE-3002, both among the text sections for 
various accidents and between the text and Table 8-1 for a particular accident. 

Response: The entries in Table 8-1 of DPC-NE-3002, which are in a standardized format for 
specification of initial conditions, are intended to be consistent with the text descriptions. Any 
variation in text descriptions has no significance. In general , the choice of initial conditions is as 
described in the first full paragraph on page 1-2 of DPC-NE-3002. The specific table entries and 
their intended meanings are as follows: 

"Nominal" means that, for power level, the initial condition is chosen from the range of 
zero to 100% RTP based on conservative modeling or on consistency with the Standard 
Review Plan. For pressurizer pressure the initial condition is the plant reference pressure 
for power operation For reactor vessel average temperature the initial condition is the 
programmed value for the chosen power level. For core bypass flow the initial condition 
is the best estimate calculated value. For RCS flow the initial condition is a chosen 
value at or below the Technical Specification minimum measured flow. Initial condition 
uncertainties in each of these parameters is accounted for in the statistical DNB limit, 
only these five parameters are initialized at nominal values, and the specification of 
"nominal" is used only for DNB analyses. 

"High" means that, for power level, the initial condition is chosen as for "nominal" and 
then increased by the initial condition uncertainty. For pressurizer pressure, the above 
reference pressure is increased by the initial condition uncertainty. For reactor vessel 
average temperature, pressurizer level, and steam generator level, the programmed value 
for the chosen (unadjusted) power level is increased by the respective initial condition 
uncertainties. For core bypass flow the initial condition is the best estimate calculated 
value increased by the assumed. SCD uncertainty in bypass flow. For steam generator 
tube plugging the initial condition is a plugging level above that existing at any of the 
four McGuire and Catawba units. For fuel temperature, a conservatively high core 
average calculated value is used. 

"Low" means that, for power level, pressurizer pressure, reactor vessel average 
temperature, pressurizer level, steam generator level, and core bypass flow, the initial 
condition is the same as for "High" except the initial condition uncertainty adjustment is 
a decrease rather than an increase. For fuel average temperature the initial condition is a 
nominal core average calculated value. 

"None" is used only for steam generator tube plugging and means zero plugged tubes. 

"**" means that initial condition uncertainty is unimportant since the results of the 
transient are insensitive to the exact value of the parameter. 

"-" means that the model used to analyze the transient did not have an explicit input for 
the parameter in question 



High steam generator level is stated to be conservative for peak RCS pressure for the turbine 
trip peak primary pressure analysis. Low steam generator level is stated to be conservative for 
peak RCS pressure for the loss of AC power transient Explain this discrepancy. 

Response: The statement in the loss of AC power transient discussion on p.3-7 is in error. It 
should be replaced with, "Initial steam generator level is not an important parameter in this 
analysis." Table 8-1 will also be corrected. 

For the inadvertent operation of ECCS during power operation transient, high steam 
generator tube plugging is assumed. Explain this assumption considering that steam generator 
level is stated as unimportant, and therefore that heat transfer must be unimportant. This 
discrepancy appears to occur in other transients. 

Response: Steam generator tube plugging is unimportant for this transient. The text on p.6-2 
and Table 8-1 will be revised accordingly. Based on this question additional review was 
conducted of the text of DPC-NE-3002 vs. Table 8-1. Marked-up pages are included in 
Attachment 6. In general, these markups correct inconsistencies between the text and table or in 
the use of table entries defined in the response to Question 18. 



Date Poater Gummy 	 li I Roam 
Ea Bar 1006 	 Senior rue President 
Choker. NC 211201-1006 	 AbdearGeraratioa 

(700.1824100 Orze 
(704)3124360 Far 

DUKE POWER 

July 18,1994 
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FSAR Chapter 15 System Transient AnabisiSMitifodology, DPC-NE-3002 

Please find attached revisions to Topical ReportDPONE-3002, FSAR Chapter 15 
System Transient Analysis Methodology. This Topical Report was approved fOr 
Catawba and McGuire on November 15,1991. The revisions reflect changes due to the 
replacement steam generators for McGuire and Catawba Unit 1, corrections: to 
typographical errors, and minor methodology changes. 

Duke Power is requesting review and approval of these changes by July 7,1995 in 
order to support the steam generator replacement schedule friiMcGuke Nudear 
Station. 

If we can be of assistance in your review please call Mary Hazeltine at (704) 382-6111. 

Very truly yours, 

fi s 
M: S. Tuckman 
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Dear Mr. Tuckman: 

By letter dated July 18, 1994, you submitted for staff review and approval 
Revision 1 of Topical Report DPC-NE-3002, "FSAR Chapter 15 System Transient 
Analysis Methodology." Based on our review of your report conducted to date, 
the NRC staff has identified a need for additional information as indicated in 
the enclosure. Please provide a response within 15 days of receipt of this 
letter to enable us to continue our review. 

This requirement affects nine or fewer respondents, and therefore, it is not 
subject to the Office of Management and Budget review under P.L. 96-511. 

Sincerely, 

obgrt E. artin, Senior Project Manager 
Project Directorate 11-2 
Division of Reactor Projects - 1/1I 
Office of Nuclear Reactor Regulation 
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REDDEST FOR ADDITIONAL INFORMATION 

TSAR CHAPTER IS SYSTEM 

TRANSIENT ANIWYSIS METHODOLOGY  

Explain the new sentence in §2.2.3. Is DPC saying that a decrease in 
MEW temperature is a surrogate for the increased flow or that both are, 
assumed to occur. 

Explain the reason why DPC's assumption regarding the PZR level control 
shifted from the automatic to the manual operation for the turbine trip 
analysis 03.1.1.4). 

Clarify the SG level control description for the turbine trip. 

Explain the qualification on availability of the purge volume of hot MFW 
for the Loss of Non-Emergency AC Power Event (83.2.1). 

S. 	Explain why the high instead of low initial SG level is conservative for 
the ability to establish natural circulation (§3.2.4). 

§3.2.5.1 of Ref. 2 does not describe the turbine control. Please revise 
reference. 

Discuss and justify the timing of reactor trip in §3.3. In addition, 
DPC should provide demonstration that both the RCS and SG pressure peaks 
are higher and the ONB is lower with earlier reactor trip with less mass 
in SG than with delayed trip. Discuss how the low-low level trip 
setpaint is adjusted. 

B. 	Describe in detail the long-term core coolability analysis of the 
Feedwater System Pipe Break event with revised transient assumptions and 
scenario. When and on which .signal is the turbine assumed to trip? 
Furthermore, discuss any impact ,from planned SG replacement on this 
transient analysis with respect to transient objectives, assumptions and 
scenario. 

The RCP Locked Rotor event is proposed to be analyzed using the SCO 
methodology. Discuss the applicability of the SCD methodology for this
event analysis. 

Discuss the impact of allowing a possibility of reactor trip on 
pressurizer high pressure far the analysis of the uncontrolled bank 
withdrawal from a subcritical nr low power startup condition event. 

Since ,DPC is taking exception to the RSP guidelines with respect to the 
pressdrizer overfill, DPC should demonstrate that the analysis with the 
plant at zero power does produce more conservative PZR overfill analysis 
than does at the full power. 	Furthermore, discuss DPC's acceptance 
criterion for this event analysis. 

Enclosure 
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Discuss any impact of feedring SG design on the SG Tube Rupture ' 
analysis. DPC needs to justify extending the SGTR methodology approved 
for Catawba on McGuire applications. Provide discussion of the expected 
primary loop subcooling during the entire time of analysis. Discuss the 
impact of modified PZR modeling on the PZR pressure. 	In the plant 
nodalization, discuss the impact of the PZR on the affected vs. 
unaffected loops. In addition, DPC should justify the applicability of 
the SCD methodology for this event analysis. 

DPC should revise §9.0 in Revision 1. 
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Topical Report DPC-3002, NFSAR Chapter 15 System Transient Analysis Methodology"; 
Reponse to NRC Questions 

On July 18, 1994 Duke Power Company submitted Revision 1 to the subject topical report for review 
and approval. By letter dated July 25,1995, the NRC staff requested additional information about the 
report. Attached are responses to the Staffs questions. 

Ifyou have any question; or need more information, please call Scott Gewehr at (704) 382-7581. 

M S. Tuckman 

cc: 	Mr. R. E. Martin, Project Manager 
Office ofNudear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 141425, OWFN 
Washington, D. C. 20555 
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QUIgigILL 
Explain the new sentence in §2.2.3 (inctease in feedwater flow). Is DPC saying that a 
decrease in MFW temperature is a surrogate for the increased flow or that both are assumed to 
occur. 

Both an increase in the main feedwater flow and a oonesponding decrease in ttenpetature are 
rimmed to occur. The magnitude of the tanpenuure decmase is conservatively calculated 
based on maintaining a constrmt heat addition rate ham the feedwater heaters. 

Exp/ain the mason why DPC's assumption matting the Pat level control shift' from the 
automatics° the manual operation foritie Unbine trip analysis 03.1.1.4). 

B&W= 
This revision corrects a typographical enorin the original report. The turbine nip analyses for 
both the feedring and pteheater•steam *immix designs were performed.aiming that the 
moodier heaters are manually locked on. This augments the pressurizer pressure increase 
which conservatively delays reactor nip on ovenenipesannt AT. 

Ilignaga 
Clarify the SG level control dascripdon for the turbine nip. 

PM= 
'Ibis question concerns analysis methodology which has not been revised. In the tuthine trip 
analysis. main feedWater flow is conservatively isolated at the initiation of the transient. If 
feedwater flow were to wartime, a portion of the primary system heat would be expended 
heating the subcooled feedwater up to saturation conditions as opposed to generating steam. 
This would act to reduce the secondary system pressure, which is non-conservative fqr all 
acceptance aitzsia. 

Explain the qualification an availability of the page volume of hot MFW for the Loss of Non-
Emergency AC Power Event (§3.21). 

&MSC 
As it is used here. "page volume" refers to the amount of relatively hot main feedwater that 
must be displaced from the auxiliary feedwater piping before the cold auxiliary feedwater can 
reach the steam generators. This purge volume is introduced because of the delivery of a small 
percentage of the main feedwater lbw through the auxilitcy feedwater piping and assodated 
nozzles riming•steady-state full povmr operation. Plant operations staff at McGuire has 
elimhtated this tempering flow practice, while G. 	bxs not. lberefote, the pup volume 
modeling is applicable only to Catawba analyses. 



Makin why the high instead of low inidal SO level is conservative for the ability to establish 
natural Ica (*3.24.- loss of non-emergency AC power). 

ROMs 
As mated in the rep" the hilt initial level asmutipthanmininaites the volute of the mean 
apace in the stein, genitor:..FOOWIng ttublim trip, this smaller steam volume yields a 
greater presathattlon 'ate. : Thalaigher..stram genesincatseasere (and Saturation tempenume) 
onnservativelyothice theptiniany*seconthayheOttwafet.,  

. 	 • 

Low steam generator *amid bee0Onervative c'nly Utz istimatrih-sectodarl-best 
___were degraded by tithe bundle nitcovery OM 93 the point at which die weary 

feedwater heat =oval cinseity eximods the com decay beat generation. Beyond this point. 
the tratadent thrigratound and Primary system tempezatures begin to-deaease. 

• 
In the oins analysis, thisPaTAP PaintisladriAc1uxmaidy-,194thadessaer,thcloss 
of offsite pow= .At  dat thni: the siemn gnierxiolkaldmesstat decatased by less than 
14,000 ibm from. its 	vaineUf 	 - At this point In tinteithere is 
aislieigits10tilt Wain*tebebwalle wicovesyand be4ansferiegnidmion. Ths 
C01441012'W011.011101- **if ianiligkulit9r level was adiumedlowrratizr 
thallb413- 	• 	, 	 • 	_ _ 	..„ _ 

ansigsmil 
11323.1 Of Bet. 2 dewily* describe the nubble contra- Please revise relexesce. 

Autoinniktothine;e4epoIhrianideleOr-RittRAllas4thegatiiie filljanctioajwith tivaistant.. 
flow rate. as deathbed in OM of DPC4111-3000. This Sinittates die modulation of the 
Whine Control valves ivlddi actamaintain a coat Wahine power and, thereto; a Onion 
pea* ftowlige. 

• 

Dmaggaz 	 . 	. 	. 	 . 
Moms, anci jils*:the *int of reactor hip In §3.3 Goss of normal ,feeciwater). In adtrnion. 
DPC 0001 provide denionstration that both the RCS and SO man* peaks are higher and 

DNB is lower with eat* rektor-trip with lessinass in SG than with delayed trip: DIsaass 
bow the low-low level trip setpoint is adjusted. 	 . 

Ensonst 
The loss of feedwater nand= has been determined to be bounded by the turbine *event and 
is not MiXhielY.augyzed as part of elPttPC  kcg  bads smtlYses• A reanalysis is- 
pG1ied with iffeethingtetenstnetamits fcirthattitpons-Of getietathig mkt:enlist PSAR 
%um 

adjustrikent cant pkOceahiBSI 	 three bisictetin.  a must he - -  
Notninat level is the:pmgiame.d valne at 

which  

.d 	plain is Intended to operate. .hiligned level refers to On* Mena ; indication;  *Nth 
may vary within a spocified connolits  dcadband ainnndtba.  nommai' value. The actual letel is • 



the true water level In the steam warmer. which can differ from the inthotted level by the 
IIINSUIDDUICII uncertainty of the level instmment. 

The intent of the downward adjustment to the steam generator level was to promote the 
uncovery of thong* bundle. as this waild potentially deride the primary-to-secondary heat 
vender. If the inidal level indication were adjusted upward. reactor triponlow,lovr steam 
goneratcelevel would be delayed. However, this also introduces competing effect.. The 
delayed teach* trip would extend tbeRt.S. beat* bat also the core power actuation doe to 
moderator temperantre feedbacic. Since Ibis eiretit boundedsby the turbinetriii;ettfit. 
de nbiliiiiild011 of thrklimiting Mid steam genreatOr leirelcOndhion is not necesstuy. Were this 
accident to become potentiallylladdaght thefaane. a sensitivity Study would be perforated on 
the initial Stearn generate leVel stint:0On to Cannella coneetvatitini • 

In the analysis Otte hiss of feat:veer transits*.  the Woad level was:initially set 8% below the 
nominal programmed value.. This allowance is a statistical coabatfo  of the controller 
deadband and. insaumentunceitalmies, .41thengit inherentstn this itasumptidin iethefect:that 
the indicated level matte lOwerthinnOndrial,it is ccutiervittivOlyastinitecithatthe MOM/ion' 
is atthe•nontiardvititte •-• fully 8Waboirelbeactitil Value. PhysicallY.the itactcir tiiPS *ben 
the indicated value mattes the:plant top 	In thiaREIRAN timulationboviiverithe 
nip is MOdeledasifit °Canted OnattualleVeli: ThesefOre4 ;be reactortripoccW when the 
actual le* leaches a value 8% below the low4oW sstain generator level trip 

Desmthe In detail the long-term corecoolinganalysis of the Feedwater System Pipe Bleak 
I. 	event with revised nansient assuarpitons and acenado. When and on which signal is:the 

=woe assumed to WO Furthermore, discuss tmyimpact haw planned SG replacenient on 
thisuansientanalysis with respect touanfient objecdves. asstimpdons and scenario. 

EctiriMie 
The major impact of the feeddng steam genmaters on this analysis is due tatiellesigo and 
locationot the maw feedwaier nettles. Since tie main and maim feedwater noulesute 
now at approximittely the same devotion. ft is conservatively assumed that the anxilimy 
feedwater enters and exits the faulted steam generator without passing over the.tube bundle and 
tmoing  primarysystem heat. 'This is a Mgnifitanr,departme from the :pre.beiterattan 
getterater-tespotteiNhere the aurAimy feeilviatiirotliVeted_ no the faultedienegator Must 
remOvensignifiOntaMount oiliest:01°r eidditthitinghthehretiL' TherefOOU lathe . 
fee rig stain generator analysis it is conseivad* to **re a late,operstoiatitiOn lime for 
the isolation of the faulted generator. 

Inaddltion, sincedx main Wainer itpUleiscomidembly &sett° the wand Steam-
Maga' laterloveVfollowthgashOrtOrkr0 affninid lilOWdOWndie btokenfaxlivateeline is 
iitlieving:4MaM:thiteadef Water Ibis leads MettoMbate the overcoolingitaietitthefeedline 
break transient. which condoms mini the faulted genera& his blown dry. 

A third notable impact of the leeching steam generators is due to the lack of a flow-restricting 
orifice in the main feedwater nozzle. Because of this design clifference. the faidted generator 
blows dry in roughly two-thirds of the time talon by the meheater steam generator. 



th lieu of pectomiMga revised containmentusponig **Won to dettemine the tbning of the 
h1;11411114 edidaitthiettptietitite signal 'eCtitOgnabef011iniAng IncallikatiOne welt ntade to the 
trimek*tithilYlk aseOP#10* k100.0teliteltip3WerWhielicatMestbA7reectOrOooltint 
00000 COatittioWnibrakstittiedlOOtrittOkididtet WithleattOttdii Citildgliditittinteent 
wise* Raft it on. The pumps were pievionsly mistimed:to hs tripped:mem* Onbigh- 

andshintetit WSW*. Abel; tido line Within IS MkAitiiitto op* diincidemt with 
oaths trip,.•which occtunonteactortdp withito.1090mae*iMe (lath The ettattseded 

lb 	oaaated 	onfil~ 
atOtatOitientliteSgott-, titWhat* titiove t000tthentitsedisomptionmoo itonservative 

..,,itittost*atittOput*,$100 	.00.00the feediti*:*Mgenentiordesliktbleslosotths 
otiostintstestilititititigalitellOtunbatiOfitilblialbtketce any ittcessivecoorkonditoL 

ant102; - 
The-1CP of ROtotieveatis 	he anabited tssiortherSCDInethodtdogy.. 
Maus lbeelOklibilltY ef the 	 dirthis event-anabeim,  

EOM 
lbecl CemiatilidtWiFstarOcativ2ttlAtninethoblorgincludthg  the 
ungtviapplicitepityis 4isciThitiatIPC-1&100SP-A. Altheogli the a)* inlet flOvi kir the 
locked usormandent falls below the 1311121111= ;CD pares value. a statisdadtionteCado 
propagation wasp 	to =LIM that the statistical design limit (SCIalentained 
acceptable. The details ofthis statistical propagation metho,dolov are discussed in 12.3 dim 
typist' art Usingthe BWC240 	cOntlation; the stadaticallnalysinfor the lotted- 
ronitttentiantfielde stineptibtt DNBRot1:464:,w1dchCOhlinns that the, use of this- 
conningattliitheir$EL of 1.40.1tvalid thkewsitl,, 

Dimes: littintineX fallOWligniathelhalky.Of reaCtorAtVM tuossonothightintsigt.tot the 
anabsient theincon*led:barkwidithnwal from a sebcdticid orlowpoweratittup COnslition 
emit 

toolldd l̀ 
beea mod. 

Due to.thnterigommem•.fintegtifitipoW0eCe P10144.tAii,C11:11Y 	echigveCI,, 	Piessure 
ttip. 	efe 4ftheattalysisisiterknined with a 

tbatihe cote powetinemee thightee dowthoigh 
idyls00Mo 
jorq- ' 
to: 



Since DPC taldngexcepticm to the SRP guideline; with respect to the pressuizer overfill 
(for the inadvertait operation of e,  doting power openthm Minden°, DPC should 
demonstrate that the analysis with the plant at zero power does produce more conservadve 
PZR overfill analysis than does atthe full power. Furthermore. cliscuss DPC's acceptance 
criterion for this event analysis. 

Rand= 
The Standard Review Plan stipulates that the Condition II inadvertent operation of ECCS 
dunngpower operation transient not give rise taantore se**  
potential escaladonscenadothat adds:stain an unitolable smalRaeak - involves the 
biltneof the pressurizer slaty valvato resent four -the reliefofedictiOledlitpildi: 

• 
According to Westinghouse VII: W 93-18i in ceder to muslin applicable ConditiOal 
ceitedOn, the PSV's must either hot openor must be.capable of timing idler release ; 
subcooled yaw OPCmechanicalmaintenance sUpportlitaff hasraffirmed that die PSWasvill 
ieseat ifthe Auld relleftempetaturesenthis above iocrF, lliislowlitimerature ramitis 
Meal= chosen Bathe aitepamce orbited fwdm event. 

Zero power is chosen rather thin fullpotvet as the initialtendhionfOr the MialySit At-  Bela 
RCS is at alower average tempemuneand woiddtherefoiehave a knver thinsient-temperature 
msponst: 

Ouestionit 	 , 

Discuss anyimpatit of fetching SO demon oh the SG Wit ItirpniretilidyWDpC rids 
justify extending the Sallt methodology approved for Cattiba on McGUireapplicatiOnt 
Provide 	n`Of>ieiexpe edpainnyloopsubcoolingduringthe entire timeatilalySis. 
DiSCulathe impact Oftnodified PZRMO'cidtitg collie FIR presitte. hi theldatit *gine' kin. 
disams theln.ipactofilmpZR-cm the affected vs, unaffected loops: addhkai. DPCSIMUld 
justify the tipplicabilkyof the SCDmethodobgyfor date**. tittalyalv  

Efteatie 
Thee optima significant effects of feeching steno genentaut on the SGTR anitlytit 

thafeedititatimalonenitOrtuhet.acne awn:Ornately 10%-situdier in dianteterMikili 
yields aproptatitatilipoWeirbreatilowtatitIldS iiitioditeeithatitopedniiiffeitiliftlOiVer 
bitikhniatictivItjleVdtindielattitettstain 

StoondlYi the tube bindle in the feedring steam generator IS iicititim::Melit feet -* 
taller than the preheater steam generator, therefore there is the potendid fora greater-  period of 
tribe undoVery. °Me bundle tiocovery has a direct bearing on the eta of thebreak 
flow Undid droplets, Which SlvdticimulY Impacts the actitiitY of d Steam ieleaked 
atmosphere: Ihildly..diefiedling,steitin getietatotlktild Militia full Piiitteriii tinititittilitely 
20.000 Ran greater than that !lithe preheater Steam gebetator. Ibisequides to alingerliouid 
volume available for mixing With the break flow and diluting the Wine catentiiiiiiifilifthe 
steimi relief: 

The current approved methodology for McGuire is anon-mechanistic calculation which simply 
posmlates 30 minutes of primary-to-secondary break flow with no thenual-hydninlic transient 
simulation. Applying the methodology which has been approved for Catawba to the McGuire 



analysis is botha mote phrical =dm= conservative approach. 'Three of the mare 
significtmt sans of Increased conservatism am a) the primary'to-seamdary break:  ow 
cosidman until the system pressures are equalized.b) the atmospheric release from the 
secondary system persists until the failed steam line POFtV is isolated, and c) tube bundle 
uncover)! is explicitlY modeled (as 4:bossed above). Finally since the McGuire units will be 
virtually identical to Catawba Unit 1 following the steam generator replacement. the extension 
of the apprOved Catawba methodokey is tertmically warranted 

Following the tube mime. theltMenboo.olingimaiglagradu.ally deco:stet:WI RCS pies sine 
demitmetriatil tact& tripoCatitt Mikis point. tire-RCS is Still in a Subcooledcauthilim. 
Durintibe =Mown POrtinn of  thesransiallt. the StibeitOrmg margin gradually tacit:net Since 
the rate at which the RCS temperinuu is *reating more than Compensates for the rate at 

theitc$ is depressurizing After theopelatitt begin depantuditingthe RCS to 
tenninatebreak flow,:  the mthepoling margin decease& but alWays nanaintabove 
F011owing identificetion" of the raptured SO, cOtildoWatif the RCS is irdthraidtigng the 
Operable.SMVORVs on the intaCt$Gs, 	cooldOwncontimuninadltheRCS:otaches a 
20V.subcgoieg condition whew to* n phiteilSopresstue.• 10:Mirettes eller thiaroOneildon 
has beta readied; Operatuit begindereuenithc *RCS using a single pantsuricer PORV 
turtillmeek:SoWithenninateck 

Pier' al; the local condgiont heat tranifernrOdedrOars traMloyed tithe prointidgerlirdie 
original analysis ,Methodology, This sentence is being annoyed-from all of the event specific 
disc ussiontsince the InOdelingis now applied gesierkally at &crated in :13.2.33 of UPC-NE- 
3000. HOweveragnc.e this transhognagigy consists of a prolonged pressurizer outauge, the 
vv 	cOaciactors 00 noiplaatigotillaultage: 

ShateettOrititugeOf liottvatifthiathiPteisuriter willoCan mtheRCSAcpaessmites dining 
thisieventithe mood*: inMsulgedtobeettitcbed10 the luntpedintaalaips. This 
datelinlividtebanik Sow thinughthe ruptured•Mbe by minhnixing the primary 
temperatureentering the: rupturedsterangeneratert. 

lbetube Impute. DNBR transient. *Nth IS analyzedagnpletely independent from-the.  Waite 
dose analysis, is easentially.:a complete loss MOOT °Nies f1OW event iniliated Owl a 
reducectpx$Ani7,4 pep*. At *0 whim= DN13Rststepointi Bildt the SO, treated 
parameters tate kih4tempenittne and flow, exec marmot and one beet;Ada MC within 
their respective parameter rangesfOr SCD applicability (Refer to Arc B of IRC-NE-
200SP,A). 

Questkin  
DpC show rose 19..0 (itefeleno*) ReOision:l. 

&gas 
When Revision 3 to DPC446-3000 is approved, tin references will be updated  acConliblllY• 
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DUKE POWER 

December 19, 1995 

U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Attention Document Control Desk 

Subject Duke Power Company 
McGuire Nuclear Station 
Docket Mambas 50-369 and -370 
Catawba Nuclear Station 
Docket Numbers 50-413 and -414 
Minor Change to NRC-Approved Methodology 

The propose of this letter is to notify the NRC. staff of a minor change to the NR.C4pproved 
analysis methodology that.Duke Power uses for FSAR Chapter 15 analyses to support the 
McGuire and Catawba Nuclear Stations. This methodology is detailed in the topical report DPC-
NE-3002-A, "FSAR Chapter 15 System Transient Analysis Dtlerhodology." Tlie specific Modeling 
change is assigned performance of the pressurizer code Safety *Wei and the main steam code 
safety valves. In the licensed methodology it is stated that these valves "are modeled with lift, 
accirmulation, and 	assumptions whiCh maximize (or =Waage) the pressurizer (or 
secondary) pressure." The specific minor change is in regard -to the concept of accumulation 
during lift of a safety valve. Accumulation has been modeled as a. linear opening of a safety valve 
beginning at the lift setpoint and reaching full open at -a pressure corresponcfmgmthelif setpoint 
plus an accumulation allowance which is typically 1-3%o-of the lift ph:smite setpoint. For example, 
a pressurizer safety valve with a lift setpoint of 2500 psig and 3% accueMation would reach 4111 
open at 2575 psig. Although this is a consecrative modeling approach, it does not physically 
represent the real valve performance, which is best characterized es a popping-opea=Sponse, . The 
proposed minor change to the approved modeling would be to Model the valves as popping open 
with a conservatively slow response time. For each valve typefor which this Modeling is to be 
applied, valve testing data will be researched to determine the actual valve dynamie.riesponse. 
These data will then be conservatively bounded by the new popping-opea modeling used in the 
RETRAN-02 model for McGuire and Catawba: 

The need for this modeling change is twofold. Licensing basis analyses assuming +3% valve 
setpoint drift and the current 3% linear accumulation assumption can result in peak primary or 
secondary pressures which approach or exceed the overpressure limits. The proposed modeling 
significantly reduces the predicted peak pressures, thereby adding margin and avoiding other 
unnecessary and undesirable alternatives such as lowering the valve setpoints. The second cause is 



U. S. Nuclear Regulsoory Commissioo 
'December 19, 1995 
Page 2 

the design tithe replacement steam moors uthich are to be installed at Meedre.imd Catawba 
Nuclear Stations, beginning in mid-1996. The increase is aeon gestrana  heat trunidier area this 
replaosment *OM generators results in higher peak secondary promotes following turbine trip. 
The analysis results will coxed the secondary empresses* limit unless this modeling change is 
implemented er the code slaty valve *mints are towered. which would require a Technical 
Srpeoifientio change. Lowering the valve setpoints is not datiitable, and any unnecessary • 
Technical Specification mishit's should-be avoided if possille. 

This moderns change was focussed by phone witb NRC staff from dieMeclonied Engineering 
and Reactor Systems Brandies in May 1993. The scoclations from the discussions WIND that the 
prop oted Modeling approach wrinM be acceptable as long as doiniedeing.was cotoenative 
relative to the **soy valve testing database. That canstraMt.  will be followed with the proposed 
modeling appsoath, with a significant anti= of CallSennthiltt maintained. 

NRC ocescOrraice with this proposed moderns change will be intone* so tivoidsolinittel of a 
topical report revision or a Tedinical Spetifitnuins' change. The appfnoticoofdirsproposed 
Meddling thaw is nocessuy to support the Cztawba Unit 1 outage witlistearn geneaseor 
replaminent, which is currently scheduled to start in April 1996. 

Nyco would She to discuss this letter, please call Scott Clewehr at (704) M2-7581. 

Very truly yours, 

ra  
S • 

S. Thelon= 

cc 	Mi.. V: Nees* Prejoit lidsMtga 
Office &Nude& Itrooter-Regtdittion 
U. S. Nuclear Riapdatisty Cairimisei= 
Mail Stop 1411LI, OWFN 
WashiesioN D.: C. 20555 

Mr. R. E. Moab, Project lideoaget 
Mee ofNucleer Reactor Resided= 
II, S. Nuclear Ilegulatoeyecnonissioa 
Mail Stop MEW OWFA1 
WasEitigum„ D. C 20555 

Mr. S. D. Ebneter, Regional AdMilligatef 
U.S. Nuclear Watery Conenbulan - Region 11 
101 Median Sheet, NW- Suite 2900 
Adam, Gangs 30323 

Mr. G. F. Maxwell 
Senior Resides Inspector 
McGuire Nuclear Station 



Aitack in cid- 

August 29. 1995 

Chday Ray 
NOD Safety Analysis Weep 

Re: 	Karlin Nuclear avian 
MSSV Opening Response Time 
Tech Spec Submittal 

This is to euernacite the expected opening repose tins of the MeOuire's Main Steam Sday Valves and 
to demonstrate den they will opentilly within the0.5 seconds assumed in the Safety Analysis. The 
following valves were unseal by Crosby and we the subject of dais review. 

kik 	Sin 	rafts= gnaw Balks. 
HA-65-PN 	608 	1110 pie' 	0.160 sec 	U2 SV2. & 14.2o 
HA-65-144 	6Q8 	1190 Mr 	0.090 sec 	1/2 SV3. 9, 13.21 
HA-75-PN 	duo 	120S pelts° 	0.110 see 	112 SW, 10. 16. 22 
11A-75-Fhl 	0.10 	1.120 pile 	0.060 see 	112 SVS. II. 17, 23 
HA-75-PN 	69.10 	I= prig 	unavailable 	la SV6. 12. 18. 24 

AA vaalres at 24cOuita wage Eaten et Ceusby's high ilow amt bop to determined unique ring setting for each 
valves to Mat blondown pwfwmanise withiria mega less than °raped es 10%. The tests shalteneoudy 
roxeded 1) inlet pressure, 2) cadet pram and 3) spits& pod6on on Quslifs Dam "nequintien Syneen. 
Although the test was not qatifically handed to demonstrate the opening =pm dem fee dee valves, the 
data did =ad the opening time far each valve at tosennsidatis with Its own unicme ring settings. 

Cietby iteenty pecroded ow Set Of testatVes. tbrOrie vslsa a; main pressure hide:red Stbove with sit 
astedsk (19. These.eurva (Attachineeit 1) then Ogled nepotists doe fur salsas handled with:Oche. 
Crosby bat not yet provided naves thrall valves but bas Indicted that these curvet should represent the 
opening response of all MSSV's at Mreadle., 

Since the Caney teases were instated plimmily to validatering seldom for bluvidorm perfetamos. the inlet 
weenie temp rate was not varied to study its effete on °pains dm EMI. however. contacted extensive 
tests ,on Pressurizer Safety Valves as tequiredby li1IRBG.0137. These Ism by EPRI en a Crosby style HB-
11P-86. size 6N& damonsnated co appteciatde reisthieship between inlet pr nation rate and coming 
times. With ramp seta venting between 2 psilsarr and 32S psifitc, opening times vatted little Wilma 
0.018 and 0.021 seconds. See Madmen 2. tables 4-2 and 4-3. 

Although the Peecturizer Valve tested by SPRI sad the Main Steen Softy Valves tested at Ccosby ere 
different mks. they both lama two4ing internal design and are *idler in body site. Tests also 
deems:rate that both style valves. Uader Vining conditiams, epee with a rapid  -Par  at valve SOPOint 
We would import similar inlet ptessuize.doe rates to ban line effect en the opening time of the IiISSrs. 

Therefore. the tests pear:tied by Crosby. coupled with those perfetmed by EPRI demonstrate valve 
opening response time under various Inlet coorlidens, we well within the assumed dine of 0.500 seconds. 

11 you wish to discuss this subject fuebee, please %WM the undersigned at 875-5627. 

Grant Cutri 
McGuire Valve Engineering 

Attaches:um (2) 
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cc: Mr. V. Nerses, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 141125, OWFN 
Washington, D. C. 20555 

Mr. R. E. Martin, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 141125, OWFN 
Washington, D. C. 20555 

Mr. S. D. Ebneter, Regional Administrator 
U.S. Nuclear Regulatory Commission - Region II 
101 Marietta Street, NW - Suite 2900 
Atlanta,'Georgia 30323 

Mr. G. F. Maxwell 
Senior Resident Inspector 
McGuire Nuclear Station 

Mr. R. J. Freudenberger 
Senior Resident Inspector 
Catawba Nuclear Station 



bxc: G. A. Copp 
J. E. Snyder (MNS) 
M. S. Kitlan (CNS) 
G. B. Swindlehurst 
T. R. Niggel 
ELL 
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DUKE POWER 

March 15,1996 

U. S. Nuclear Regulatory CoMmission 
Washington, D. C. 20555 

Attention: Document Control Desk 

Subject: Duke Power Company 
McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nuclear Station 
Docket Numbers 50-413 and -414 
Safety Valve Modeling 

References: 1) November.15, 1995 letter from W. R. McCollum 
(DPC) to MAC, "Proposed Technical 
Specifications (TS) Changes." 

2. ) Decanter 19, 1995 letter from M. S. Tuckman 
(DPC) to -NRC, "Minor Change to NRC-Approved-
Methodology." 

The purpose of this letter is to provide additional 
information concerning the two submittals referenced above. 
The intent of the November 15, 1995 ,submittal was to pursue 
an increase in the main steam code safety relief valve 
setpoint tolerance for the current plant configuration. As 
such, the transient analyses discussed in the technical 
justification section were those based on the existing Model 
D steam generator design. This submittal is completely 
independent of steam generator replacement, although the 
approval of the submittal will affect the replacement steam 
generator licensing plan as.described below. The 
corresponding McGuire submittal was approved by the NRC on 
August 2, 1994. 

The December 19, 1995 submittal seeks NRC concurrence for a 
revision to the pressurizer and main steam safety valve lift 
modeling in NRC-approved analysis methodologies. This 
revision will use a pop-open modeling approach rather than a 
linear ramping open approach. This change was made 
necessary primarily by the turbine trip transient, which was 
reanalyzed in support of the steam generator replacement. 
During the course of this reanalysis, it was discovered that 
due to the increased heat transfer area of the replacement 
steam generator, the peak secondary pressure case did not 



meet the acceptance criterion. Below is a summary of the 
peak secondary pressure results for the pertinent analysis 
cases: 

Acceptance criterion (110% of 1185 psig) 	1303.5 
psig 

Model D. S/G: 
+3% setpoint drift, original lift 	1295 
setpoints, linear ramp model 	 psig 

Replacement S/G; 
+3% setpoiht drift, original lift 	>1311 
setpoints, linear ramp,  model 	 psig 
+3.% setpoint drift, reduced lift 	1295.8 
setpoints, linear ramp model - 	 psig 
+3% setpoint drift, original lift. 	1285.7 
setpOints, pop-open model 	 =psig 

The revised modeling assumes that the safety valves pop open 
to a full open position in 0.5 seconds after the drifted 
lift setpoint is reached. This assumption is based on the 
attached documents, -in which the valve manufacturers, Crosby 
and Dresser, and the McGuire/Catawba valve engineering staff 
concur that this modeling is adequate to conservatively 
bound the performance_of both -the'Pressurizer and main steam 
safety valves'. Approval of the increased setpoint tolerance 
and NRC concurrence with the revised pop-open modeling 
approach is requested. No additional Technical 
Specification changes Or engineering effort are necessary to 
resolve this'issue with this approach. There'are nO ,NDREG-
0737 commitments regarding the transient analysis modeling 
of the safety valves that conflict with this request. 

If the increased setpoint-tolerance is approved >and the 
valve pop-open :modeling;  is not, the 	steam safety valve 
setpoints 	have to be lowered in. conjunction with the 
steam generator replacement. This will require submittal of 
additional Technical Specification revisions. If the 
increased tolerance is not approved, the turbine trip 
analysis will not necessitate any setpoint or valve modeling 
changes. However, the consequence of this course of action 
will be a continuation of licensee reports and engineering 
evaluations due to the safety valves failing their Technical 
Specification surveillance and being declared inoperable. 

If you would like to discuss this letter further, please 
call Scott Gewehr at (7.04) 382-7581. 

very truly yours; 

r %9  
M. S. Tuckman 
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UiVE POWER 

Aprill2, 1995 
Rolland S. Huffman, Senior Engineer 
Dresser industries 
PO Box 1430 
Alexandria, LA 71309 

• 

Subject MSSV (Dresser Model 3767) Opening Tunes 
File No: C141205.09 

Dear Sir. 

Due to a historical trend of Main Steam Safety Valve (MSSV) setpoltd drift outside of 
+/- 1% and a 	trend f perfmmance outside of +I- 3 %. Catawba has heated a 
compmhensive safely analysis considering the potential impact of MSSV *Anoint drift. A 
significant contributor to Mir contOistereiOdeled anfilyethle the viiiiiii4OPtiiiinitertie. 

Catawba Engineering believes thattlubs Power assumed an ovedyconstarative MSSV 
Opening Time during the Mal safety analysis..Based on review of tadensive, well documented 
EPRI Safety Relief Valve Test Data Perksmed after TRIO, as required by NUFtEG-0737; the 
opening times of Dresser PreSsurizer Safety Valves (PSV) was consistently shown to be less 
than 0.1 of a second. Multiple tests were performed With Dresser Model 31709na end 31739a 
PSV's under varied condilions of pressurizer:on rate, system media, ring positions, et and 
validate this position. In addthon, Crosby spring actuated safety valves of *der design. 
model HB-BP416 we, also had opening limes of less than 0.1 of a second. The "' Par action 
of these safety valves is dearly demonstrated by review of these comprehensive EPRI Test 
Reports. 

• 
Attached are excenris from the EPRI Test Reports representing typical test data and graphical 
plots of both stem position and steam flow vs time. These two pgetuneters &Vac* define the 
valve opening time. A sumo's!, of test results are documented on the Test Matrix Table noting 
the valve "simmer" erne, 'POP Vine, pressurization rate, test meths, etcw tor each test nm. 
addition, plots for stem movement and steam floe for Dresser test number 603,606 611, and 
1305 which are typical and notably represent varied conditions of pressurization ( from 2.9 to 
322 psVsec ) are attached. 



The following Information Is a simple summery of key parameters of stem anvil, steam flow, and 
tlrhe which have been recorded from the attached test data/plots. 

Tea to Full Um Trawl 
filsosor *FOP Time 
( Rated Mt 01.51011 

lime to 1.1mdMoro Stan Row 
(mist soon flaw of 001k biltn 

Pressurisation Rats 
tosusect 

003 .010 sec ..On sae 2.0 
000 .0110 us .075 see 296 
611 .024 sso .072 no 324 
1305 .031 Soo .002 sso 300 
1202 .020 sot not available 20 
1207 .019 see sot ovsitotds 317 

Catawba does not have act full flaw test debt for the Meng RIP •NISSIrs to support the 
position of valve *ening limes of .1 of a second, but CNS Embroiling believes that,the 
extensive PSV test data adequately demonstrates the •porstellim oleiafety valve of this 
design and that the MSSV opening times 4fl also be less than .1 seconds. Conservatively. • 
Catawba proposes to model the valves vet an crank* time of .5 of second or over 500% of 
the slowest time observed for the PSV. 

As per our telephone 	 please rayiew,Ceissaba's Engines** Evaluation of 
MSSV opening times 	 Suppoigng decurheritelloct,A8 the eriOsel °Mat 
*mows ?ASV's, we need 	concurrent* ofeltrivaluation_that the valves:will mien in 
less than .5 Seconds. If You **welt the our evaluation please sign :below end return 
:otherwise, provide cetittnenti is to your posithmandihe expected opening time we should 
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U. S. Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, DC 20555 

Subject: Catawba Nuclear Station, Unit 1, 
Docket No. 50-413 
McGuire Nuclear Station, Units 1 and 2, 
Docket Nos. 50-369 and 370 

On May 14, 1996, a conference call was held between 
representatives of Duke Power Company and the NRC Staff. 
The purpose of the conference call was to clarify 
discussions of feedwater system pipe breaks that were 
provided in a March 15, 1996 Response to an NRC Request for 
Additional Information. 

Consistent with the NRC-approved transient analysis 
methodology (DPC-NE-3002), the feedwater system pipe break 
event is analyzed to address two separate acceptance 
criteria: short-term core cooling (DNB) and long-term core 
cooling (hot leg boiling). Previous analyses have shown the 
feedline break event to be non-limiting with respect to the 
primary and secondary system pressure limits; therefore, no 
explicit peak pressure calculations are performed for this 
event. 

The results of the long-term core cooling evaluation, 
performed in support of the steam generator replacement, 
show that the pressurizer pressure reaches a peak of 
slightly less than 2250 psig. This is significantly lower 
than the corresponding Model D steam generator result. The 
primary reasons for this difference are the increased tube 
bundle heat transfer area and the elevated feedwater nozzle 
of the feedring steam generator design. Both of these tend 
to enhance the overcooling phase of the feedline break 
transient and thereby reduce the RCS pressurization.. 

A...strAmtioWvaM 
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Since the intent of the above analysis was to minimize the 
margin to hot leg boiling, assumptions were made for the 
initial and boundary conditions which minimize the RCS 
pressure. Were an explicit peak primary system pressure 
analysis to be performed, many of these assumptions would be 
reversed. The impact of the revised assumptions on the peak 
RCS pressure result has not been quantified. However, due 
to the large margin to the Standard Review P:an peak primary 
system pressure acceptance criterion of 3000 psig, this 
additional analysis was deemed to be unnecessary. 

If additional information is required, please call Robert 
Sharpe at (704) 382-0956. 

Very truly yours, 

H. S. Tuckman 

Attachments 

xc: S. D. Ebneter 
Regional Administrator, Region II 

S. Nuclear Regulatory Commission 
101 Marietta Street, NW, Suite 2900 
Atlanta, GA 30323 

R. J. Freudenberger 
Senior Resident Inspector 
Catawba Nuclear Station 

G. F. Maxwell 
Senior Resident Inspector 
McGuire Nuclear Station 

P. S. Tam 
Project Manager, ONRR 

Nerses 
Project Manager, ONRR 
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September 25, 1998 

D.S. Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, D.C. 20555 

Subject: Duke Energy Corporation 
Catawba Nuclear Station, Unit 2 
Docket Number 50-414 
Topical Report DPC-NE-3002-A 
Notification of Methodology Error 

Reference: DPC-NE-3002-A, Revision 2, December 1997, "FSAR 
Chapter 15 System Transient Analysis Methodology" 
SER Dated April 26, 1996. 

The purpose of this letter is to notify the NRC that the 
referenced computer code nodalization model has recently been 
determined to predict the Catawba Unit 2 plant response for the 
loss of normal feedwater event in a non-conservative manner. The 
loss of normal feedwater transient has been analyzed with a 
different nodalization model in order to predict the plant 
response conservatively. NRC review of this methodology change 
to topical report DPC-NE-3002-A is requested. 

Duke Power analyzes the Catawba MAR Chapter 15 non-LOCH 
transients and accidents with analytical methodologies that have 
been reviewed and approved by the NRC. Specifically, topical 
report DPC-NE-3002-A, Revision 2, December 1997, "FSAR Chapter 15 
System Transient Analysis Methodology", details the methodology 
for most of the Chapter 15 events. Section 3.3 of this topical 
report describes the methodology for analyzing the loss of normal 
feedwater event, which is the analysis in UFSAR Section 15.2.7. 
In Section 3.3.3.1 of the DPC-NE-3002-A topical report, the 
computer code nodalization used for the loss of normal feedwater 
core cooling capability analysis is identified as the RETRAN 
model described in Section 3.2 of the NRC-approved Duke Power 
topical report OPC-NE-3000-PA, "Thermal-Hydraulic Transient 
Analysis Methodology". (SER dated December 27, 1995) 
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The RETRAN computer code model used by Duke Power to model UFSAR 
Chapter 15 transients and accidents is described in the DPC-NE-
3000-PA topical report. The RETRAN model nodalization includes a 
multi-node model of the steam generator secondary. This model 
has the potential for predicting excessive primary-to-secondary 
post-trip heat transfer during events which significantly uncover 
the steam generator tube bundle. This model limitation was 
discussed in detail with the NRC during a meeting on October 7 & 
8, 1991. During this meeting Duke demonstrated that the model 
provided conservative predictions of primary7to-secondary heat 
transfer as long as the steam generator water inventory did not 
decrease to less than 10% of the full power inventory. 

Recently completed analyses of the loss of normal feedwater event 
for Catawba Unit 2 have resulted in minimum post-trip steam 
generator water inventories of less than 10% of the full power 
inventory. These results proMpted an evaluation and an 
assessment of the analytical methodology and model. As a result 
of this evaluation it has been concluded that the methodology for 
analyzing the loss of normal feedwater event for Catawba Unit 2 
must be revised in order to ensure conservative predictions of 
the plant response. 

The proposed methodology revision is two additional sentences to 
be inserted in Section 3.3.3.1 of the DPC-NE-3002-A topical 
report. This revision will require using a single volume steam 
generator secondary model for the post-trip phase of the loss of 
normal feedwater analysis for Catawba Unit 2. This single volume 
steam generator secondary model is already used for analyzing the 
uncontrolled bank withdrawal from a subcritical or low power 
startup condition transient (UFSAR Section 15.4.1), which is 
described in Section 5.1.1.1 of the DPC-NE-3002-A topical report. 
Therefore, this model has already been reviewed and approved by 
the NRC. This letter is requesting NRC approval to apply an 
approved model to a different analysis. 

The current Section 3.3.3.1 of the DPC-NE-3002-A topical report 
reads as follows: 

"3.3.3.1 Nodalization - Since the transient response of the 
loss of normal feedwater event is the same for all loops, 
the single-loop model described in Section 3.2 of Reference 
2 is utilized for this analysis." 
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The proposed revision is as follows: 

"3.3.3.1 Nodalization - Since the transient response of the 
loss of normal feedwater event is the same for all loops, 
the single-loop model described in Section 3.2 of Reference 
2 is utilized for this analysis. For Catawba Unit 2 only, 
the post-trip phase of the analysis uses a single volume 
steam generator secondary model. This model uses the bubble 
rise option with the local-conditions heat transfer model 
applied to the steam generator tube conductors." 

The non-conservative results predicted by themulti-node steam 
generator secondary model can be characterized as an 
underprediction of the cold leg temperatures, which then produce 
an underprediction of bulk average temperature, and pressurizer 
level and pressure. With the revised model the corrected results 
maintain a large margin to the acceptance criteria, and therefore 
no safety significance is associated with this modeling error. 
The revised analyses will be incorporated into the UFSAR 
following NRC review and approval of this methodology change to 
topical report DPC-NE-3002-A. The above revision to Section 
3.3.3.1 of the DPC-NE-3002-A topical report will be included in a 
future revision to the published version. 

Should you have any questions concerning this information, please 
call G.B. Swindlehurst at (704) 382-5176. 

Very truly y 

G.R. Peterson 
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xc: 

L.A. Reyes 
U.S. Nuclear Regulatory Commission 
Regional Administrator, Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

D.J. Roberts 
Senior Resident Inspector (CNS) 
U.S. Nuclear Regulatory Commission 
Catawba Nuclear Station 

P.S. Tam 
NRC Senior Project Manager (CNS) 
U.S. Nuclear Regulatory Commission 
Mail Stop 0-14H25 
Washington, D.C. 20555-0001 
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April 19, 2000 

U. S. Nuclear Regulatory Commission 
ATTENTION: Document Control Desk 
Washington D.C. 20555 

Subject: Duke Energy Corporation 
McGuire Nuclear Station, Units 1 and 2 
Docket Nos. 50-369 and 370 
Catawba Nuclear Station, Units 1 and 2 
Docket Nos. 50-413 and 414 
Topical Report DPC-NE-3002-A, Revision 4 

	
• 

Reference: Letter, Duke Energy Corporation to U.S. NRC, 
March 1, 2000, License Amendment Request for FOL 
and Technical Specification 1.1 
Definitions - Dose Equivalent Iodine 

Attached for review is Revision 4 to the Duke Energy 
Corporation Topical Report DPC-NE-3002-A, 'uFsAR Chapter 15 
Transient Analysis Methodology." This topical report 
revision consists of two minor changes,Which are attached 
in the form of markups to three affected pages of the 
previously approved Revision 3 (NEC SER dated February 5, 
1999). The approved version of Revision 3 was submitted to 
the NRC Document Control Desk on May 13, 1999. 

The first change (see attached page 5-18) corrects the 
description of the primary coolant volume that is used in 
the UFSAR Sectinn 1S.4.6 Doren Dilution Accident Annlyoin 
for Mode 4 for Catawba Nuclear Station. The current 
topical report description of the primary coolant volume 
used in the analysis includes the Reactor Coolant System 
excluding the pressurizer, the pressurizer surge line, and 
the reactor vessel upper head. It was later determined 
that the correct minimum primary coolant volume for the 
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Mode 4 boron dilution analysis would include only those 
regions of the Reactor Coolant System which circulate 
during the residual heat removal mode. The proposed change 
reflects the correct minimum mixing volume. The need for 
this topical report change was identified during the 
Catawba UFSAR verification project, and will update DPC-NE-
3002-A to be consistent with the UFSAR that was previously 
revised by Revision 6. The need for the topical report 
revision was not identified at the time that the UFSAR 
revision was implemented. The change in the methodology is 
a conservative change, in that the mixing volume for the 
Mode 4 boron dilution accident is being revised to a 
smaller volume. The results of the analysis continue to 
meet the acceptance criterion. 

The second change (see attached pages 7-8 and 7-9) is 
required to support the above referenced Catawba FOL and 
Technical Specifications license amendment request (LAR). 
The referenced submittal describes reanalysis of the UFSAR 
Section 15.6.3 Steam Generator Tube Failure Accident for 
Catawba. The details of the reanalysis are not repeated in 
this submittal. The revisions in the attachment are 
necessary to support the reanalyses. The first part of 
this change involves an increase from two to three in the 
number of main steam line PORVs credited in the Catawba 
analysis. This change is consistent with the current 
Technical Specifications which requires all four main steam 
line PORVs to be operable, with one PORV being the limiting 
single failure. The second part of this change specifies 
three minute operator response times for depressurizing the 
primary system and for initiating safety injection 
termination. The topical report revisions are being 
submitted to maintain consistency with the, referenced LAR 
submittal. These changes are not applicable to McGuire, 
and the revisions include separating the McGuire and 
Catawba methodology assumptions as necessary. 

Approval of this topical report revision is requested 
concurrent with, or prior to, the approval of the 
referenced LAR submittal. This submittal has a requested 
review/approval date of September 1, 2000. 
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Please address any questions to J. S. Warren (704) 382-4986 
or G. B. Swindlehurst (704) 382-5176. 

Very truly yours, 

M. S. Tuckman 

Attachments 

xc w/Attachments: 

L. A. Reyes, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

Mr. C. P. Patel, Project Manager (CNS) 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001 

Mr. F. Rinaldi, Project Manager (MNS) 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001 

Mr. D. J. Roberts 
NRC Senior Resident Inspector 
Catawba Nuclear Station 

Mr. S. M. Shaeffer 
NRC Senior Resident Inspector 
McGuire Nuclear Station 
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w/o Attachment  
G. B. Swindlehurst 
C. J. Thomas 
M. T. Cash 
K. L. Crane 
G. D. Gilbert 
K. E. Nicholson 
T. K. Pasour (2) 
J. S. Warren 
ELL 
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abition v01111112 
A postulated dilation event progresses teeter fox smaller Rcs water 
volume. Therefore, the analysis considera the smallest ice water 
vol 	in which the unhozetedlumher is actively alined by forced 
circulation. Vier Nodes •1-3, the Teehnieal spenificaticns require that at 
least one reaeter coolant 'mobs operating. This forced circulation 
mill mix the bets inventory in the remoter vessel end each of the tour 
reactor coolant loupe. Thepresseriser and the pressurises saner line 
are net included in the volume available ter dilution in Nodes 1-3. Per 
normal venation in Rode 4. forced circulation is typically maintained, 
aussoogt the oeclesiesi Specifications do not rewire it. Thu volume 
available for dilution in Nods 4 is therefore ooneervatively assumed to 
not include the upper bead of the reactor vessel, a realm latch has 
reduced flaw in the absence of forced citcula 	or 
and the ssuriser surge line. 

, 

as s ADO 4, the reactor coolant water level may ba 	to 
below the temp of the main coolinntlooptdS4ne, and at least one train of 
the Podeidnel fleet  Remove& Sobel MRS) iss operetiug. The vulvae 
available for dilution in these nodes le limited to the smaller volume 
MS train plus the portions of the reactor vessel and reactor coolant 
lege piping below the minimum water level and between the MS inlet and 
outlet connections. TheishiUmmaimper level steed to calculate thie 
volume is corrected far level instrument uncertaistV. 

Vince the Tededcel SpecirmaSons dm for only& single train of the Resided Heat Removal System 
MRS) to be to operetta. the Mode 4 dikIlion whom is arldeled to be compdied of the reaCtor 
%IOWA (excluding the upper head). the RNA *dam. end pole= of the MI and cold legs between 
the MR Wed and outlet comedians" 
	 .pgrior 	  

NossoLamositasams 
The Tecbnicel Specifications require that the shutdown margin in the 
various nodes be above a certitinininianmealee. Tho eiegemmoo in  boron  
concentration. between the value at which the relevant alas function is 
netted:084nd the value at which the reactor le Just critical, deter:mites 
the time available to aitieate a dilution event. Mathematically. this 
time is a function of the ratio of these two concentrations, Ohara a 
lam ratio corresponds to a longer time. Daring the reload safety 
analysis for each new core. the alums cenceetuatives eye chocked to 
ensure that the value of this ratio for each Mode is ]anger than the 
coriesponding ratio assumed in the accident analysis. Each node of 
operation covers a range of Lenyetaterea. Therefore, within that mode. 
the temperature which minimises this ratio is used for comparison with 
the accident analysis ratio. For accident initial conditions in which 
the control rods are withdrawn, it is conservatively assumed, in 
calculating the critical boron concentration, that the most reactive rod 
does not fall into the core at reactor trip. obis as000ption to out, 
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two of the three e 	line popes ou the intact stoma generators 
are assumed to be operable. Elsie-loseg4diagl idelarlzhtfirrMberebr 
	 aa...eurh- 	 A negative bias is applied 
to the ruptured.steerogenerator POW control signal. Ilia remits in an 
earlier °ponies' time ubiclismximises atmospheric releases and delays 
operator idontifilation of the railed open SUM UM POW. A positive 
bias is epplied to the intact SO MORT Metro' titaalo to emmiedee 
amender/ side post-trip scoopurigation. Vhis delays operator 
identification of the failed open steam line ROY. 
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BROBLAMSt 
mad-of-cycle decay hest,  based upon the awalass-8.1-1$711 stondard plus 
a two-sign's uanartaisty. is aMPloime- 

=Oro Power  
Offsite power is assumed to be loSt coincideat with Urbino trip. This 
isolates steam flow to the condenser, thereby navIrdzing the atmospheric 
steam releases. 

Icank.nodol 
The break is assumed to be a double-ems guillotine break of a *dolga 
steam generator' tube at the tuboshoot surface on the stsomponstrator 
outlet plenum. This location maximises themes flow through the break. 

OnerAtten 
The reactor coolant pumps are assumed to operate normally until offsite 
power is lost coinCidaiit with turbine trip. 

NeCel iniectioo 
ea actuation is assumed to occur on low pressurizer preasure ate 
setpoint with an applied positive uncertainty or comma operator 
action. Maxim= =CS injection flow is assumed to imniedze the primary-
to-secondary leakage. 

'fain Peedwater 
Sala feodwator flaw is assumed to tensillabli coincident with the loss of 
offsite power to tab:anise the secondary Inventory available to MAX with 
and dilute primary-to-secondary leakage. 

chaxamaalom 
A conoervatively high charging flow capanity is Podeled to delay reactor 
trip and maximize total primary-to-secondary leakage. 

ammal_Astimag 
Immediate action to maximize charging flow (penalty). 

Immediate action to energize prosworixer boaterbanks (penalty). . 

operators identify the abnormal condition of the RCS at 20 minutes 
and manually trip the reactor if not already tripped. 
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amity and isolate supturedl 'team generator consistent with 
assOnotions is 112P.P-10691 (Seference 5). 15 minute minis= delay 
(credit). 	 • 

Isolate failed open steag line drains Watts= of  the mama  steam 
isolation valves. This action occurs 10 emotes after the roptared 
steam generator is identified. 

Isolate the news supPNY to the terbine-ftiven ammiliary fuedwater 
pomp from the ruptured steam gemerator after identifiontion of the 
ruptured steam generator. An operator action delay time of 30 
minutea is assumed (credit). 

Isolate tailed open steam line Mil on the refitured stigma 
generator with an operator action delay time french** it Should 
have closed corselly. The deleY times assumed are 20 adulates for 
control remand 30cinotes tor local operation (credit). 

mpaually control =ciliary feeduater toesintain mere power stoma 
generator levels (naminel). 

Using the stems lime POWs, initiate natural circulation cooldown 
Of the primary system after identification of the ruptured steam 
generator. Operator action daisy Beats of ZS minutes for control 
room action and 45 minutes for lased action are assumed (credit). 

4( set W.Ii+t 
eefiaisatetwleisratentlietten of the primary ayatei using the 
pressurizer it)Strs to terminate break flow 10 minutes after the 
PritmitY vistas is 304 oubaaeled at the ruptured steam generator 
Preseere (credit). Fear Gebaejlall. • 446.8 o.rAtee. 11. te.choTitek 
3 v",nottis 	 s*A.'1a 	is 2.6 F s '34415664k 

(Cr iaxt) . 
7.2.2.4 	Control. Protectioo, and Safeguards System istedaliag 

asoctsLids 
A reactor trip occurs on either low pressurizer pressure erlealual 
operator action az.20 minutes. A negative uncertainty is applied to the 
law pressurizer pressure trip setpoint to delay reactor trip. The 
overtempezeture AT trip function is not credited. 

Exonsuzitzerazassaus.ssataal 
Ibis control system is MENUMea to be Immanuel and therefore is not 
modeled. operator mete:tit afteumed to energise the preaserlear2usaters 
sad control the PoRVO. Pressurizer spray is not available for the 
duration of this transient. 

pressurizer Level control, 
This control system is assumed to be in manual and therefore is not 
modoled. Operator oatieo la assosowd to roucisolea charging flow. 
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August 24, 2000 

U. S. Nuclear Regulatory Commission 
Washington D.C. 20555 
ATTENTION: Document Control Desk 

Subject: Duke Energy Corporation 
Catawba Nuclear Station, Units 1 and 2 
Docket Nos. 50-413 and 414 
Topical Report DPC-NE-3002-A, Revision 4 

Reference: Letter, Duke Energy Corporation to U.S. Nuclear 
Regulatory Commission, ATTENTION: Document 
Control Desk, Dated April 19, 2000, SUBJECT: 
Topical Report DPC-NE-3002-A, Revision 4 

In the letter referenced above, Duke Energy Corporation 
submitted proposed Revision 4 to Topical Report DPC-NE-
3002-A, UFSAR Chapter 15 Transient Analysis Methodology. 
Revision 4 specifies a three minute operator response time 
for depressurizing the primary system and for initiating 
safety injection termination following a steam generator 
tube rupture related to offsite dose. The proposed change 
in operator response time is consistent with that approved 
by an NRC Safety Evaluation dated April 29, 1997- for a 
steam generator tube rupture related to overfill. 
Following the April 19, 2000 submittal, the NRC asked 
several questions on the proposed change to the operator 
response times. These questions were discussed in a 
Duke/NRC telephone conference call held on August 22, 2000. 
The NRC questions, along with Duke's answers, are contained 
in the attachment to this letter. 

Approval of this topical report revision is requested 
concurrent with, or prior to, the approval of a forthcoming 
related Catawba license amendment request that will revise 
the steam generator tube rupture licensing basis. 
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Please address any questions to J, S. Warren (704) 382-4986 
or G. B. Swindlehurst (704) 382-5176. 

Very truly yours, 

M. S. Tuckman 

Attachment 

xc w/Attachment: 

L A. Reyes, Regional Administrator 
U S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

Mr. C. P. Patel, Project Manager (CNS) 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001 

Mr. F. Rinaldi, Project Manager (MNS) 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001 

Mr. D. J. Roberts 
NRC Senior Resident Inspector 
Catawba Nuclear Station 

Mr. S. M. Shaeffer 
NRC Senior Resident Inspector 
McGuire Nuclear Station 
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Attachment 1 

Duke Energy Corporation 
Topical Report DPC-NE-3002-A, Revision 4 

Response to NRC Questions Regarding Mahual Actions Related to 
Steam Generator Tube Failure 

Statement of NRC Ouestions:  

In order to take credit for initiating depressurization of the 
primary system within 3 minutes after the primary system is 20% 
subcooled, and initiating SI termination 3 minutes after 
completing depressurization based on the April 29, 1997 Safety 
Evaluation, it is necessary to show that all conditions, 
information required, indications available and sequence of 
actions, etc., are identical or equivalent.' Please describe the 
following items, or indicate that they are identical to the 
April 29, 1997 SE conditions, and describe any differences in 
them between the current event and that related to the April 29, 
1997 SE: 

Control room conditions (e.g, alarms, peripheral activities 
being conducted) 

Information required by the operator to initiate each action 

Information required to know that the action has been 
successfully completed. 

Qualified displays providing the above information 

Sequence of actions leading up to, and to accomplish the 
intended result 

• 

Procedures used to accomplish the actions 

Consequence of not accomplishing each action within the 3-
minute time frame 

Risk significance of not accomplishing the actions 

Ability to recover from plausible errors in performance of 
manual actions, and the expected time required to make such a 
recovery 

1 
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puke Responses:  

Control room conditions (e.g. alarms, peripheral activities 
being conducted): 

There are no changes to the available alarms and indications 
associated with either evolution. The conduct of control room 
activities is essentially the same. It is CNS practice to 
clear the control room of any unrelated activity at the onset 
of any significant event. 

Information required by the operator to initiate each action: 

The sequence leading into these evolutionS has not changed. 
The operators are responding to the same indications and 
information. 

Information required to know that the action has been 
successfully completed: 

The actions are accomplished with control board devices, each 
of which has direct position indication associated with the 
device. In addition, the associated parameter, such as 
pressurizer pressure, pump current indication, and flow 
indications, are all available on the control boards, and have 
not changed since the, original submittal. 

Qualified displays providing the above information: 

There are no changes to the displays used in either sequence. 
All are QA1 qualified instruments. 

Sequence of actions leading up to, and to accomplish the 
intended result: 

There is no change in the sequence leading up to the first 
sequence (initiating depressurization). There is no technical 
change to the method of actually initiating the 
depressurization (see discussion below for the procedural 
enhancements). There is no change to the second sequence 
(terminating safety injection). 
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Procedures used to accomplish the actions: 

The procedural guidance to initiate the depressurization has 
been enhanced to decrease the time needed to initiate the 
depressurization. All "notes" and "cautions" were removed 
from the sequence, since they were generic, operator knowledge 
items, and added no value to the sequence. The original 
procedure format required the operators to familiarize 
themselves with the depressurization termination criteria 
prior to initiating the depressurization (opening the PORV). 
The new sequence simply makes a quick verification of the 
parameters, and opens the PORV. A procedural "loop" is 
provided to continuously monitor the parameters as the primary 
pressure drops, and . termination occurs when the correct values 
are achieved. Training on the changes were, conducted in a 
recent operator requal segment, and the changes have been 
issued. 

Consequences of not accomplishing each action within the 3-
minute time frame: 

Analysis indicates that the expected dose increase is 
approximately 1 rem (from 15 rem to 16 rem) for an increase 
from 3 to 5 minutes. This increase is considered 
insignificant and remains well below 10% of the 10CFR100 
limit. 

Risk significance of not accomplishing the actions: 

The operator actions to depressurize the primary system and 
terminate safety injection are not independent. A delay in 
accomplishing the depressurization reduces the time available 
for terminating safety injection if steam generator overfill 
is to be prevented. The risk associated with steam generator 
overfill is judged to be small and the risk increase as a 
result of small delays in accomplishing these actions is 
judged to be insignificant. 

3 
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Ability to recover from plausible errors in performance of 
manual actions, and the expected time required to make such a 
recovery: 

As noted above, each action is accomplished with control board 
devices that have both direct indication of the component 
status, and control board indication of the affected 
parameters. During these evolutions, these parameters are the 
direct focus of the control room team. Recognition of any 
error would be almost immediate. The devices employed to 
accomplish the results are simple switches and pUshbuttons, 
meaning that recovery would neither be diffictilt nor time 
consuming- 
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September 22, 2000 

U. S. Nuclear Regulatory Commission 
Washington D.C. 20555 
ATTENTION: Document Control Desk 

VgCEIVED 

SEP P6 2000 

DUKE POWER CO. 
NuciPAR ENGINEERING  

Subject: Duke Energy Corporation 
Catawba Nuclear Station, Units 1 and 2 
Docket Nos. 50-413 and 414 
Topical Report DPC-NE-3002-A, Revision 4 

Reference: 1) Letter, Duke Energy Corporation to U.S. 
Nuclear Regulatory Commission, ATTENTION: 
Document Control Desk, Dated April 19, 2000, 
SUBJECT: Topical Report DPC-NE-3002-A, 
Revision 4 

2) Letter, Duke Energy Corporation to U.S. 
Nuclear Regulatory Commission, ATTENTION: 
Document Control Desk, Dated August 24, 
2000, SUBJECT: Topical Report DPC-NE-3002-A, 
Revision 4 

In Reference 3. and. supplemented in Reference 2, Duke Energy 
Corporation submitted proposed Revision 4 to Topical Report 
DPC-NE-3002-A, UFSAR Chapter 25 Transient Analysis 
Methodology. Revision 4 specifies a three minute operator 
response time for depressurizing the primary system and for 
initiating safety injection termination following a steam 
generator tube rupture related to offsite dose. Following 
the submittals referenced above, the NRC asked additional 
questions on the proposed change to the operator response 
times. These questions were discussed in a Duke/NRC 
telephOne conference call held on September 19, 2000. This 
conference call identified the need for additional changes 
to be included in the proposed Revision 4. These 
additional changes clarify the differences between McGuire 
and Catawba in regard to responding to the steam generator 
tube rupture event. The necessary clarifications have 
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been made and are included on the attached revised mark-up 
of Page 7-9 of Topical Report DPC-NE-3002-A. Following NRC 
approval of the proposed Revision 4, Duke will reissue this 
document in final form and submit it to the NRC in 
accordance with the guidance of NEREG-0390. 

Duke is maintaining the originally requested approval date 
for this topical report revision. Approval is requested 
concurrent with, or prior to, the approval of a forthcoming 
related Catawba license amendment request that will revise 
the steam generator tube rupture licensing basis. 

Please address any questions to J. S. Warren (704) 382-4986 
or G. B. Swindlehurst (704) 382-5176. 

Very truly yours, 

M. S. Tuckman 

Attachment 

xc w/Attachment: 

L. A. Reyes, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

Mr. C. P. Patel, Project Manager (CNS) 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001 

Mr. D. J. Roberts 
NRC Senior Resident Inspector 
Catawba Nuclear Station 
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Using the steam line PORVs. initiate natural circulation cooldown 
of the primary system after identification of the ruptured steam 
generator. Operator action delay times of 15 minutes for control 
room actr and.45 minutes for local action are ass 

F. 	c. Gu.e t , tavt+ t.te- 
-1-rrit-ieteadepressurization of the primary system using t 
pressurizer PORVs to terminate break flow 10 minutes after the 
primary system is 20°F subcooled at the ruptured steam generator 
pressure (credit). Fo/-4-Ikts 	ts tw‘+‘,:te...A a 
3 w.,s.urt-cs 4arci-e.v• 	 ,‘‘ss.-t-e-vsN. (S 2.0 • F s 4.3 coca 

(cr. 	. 

JUL-10-2000 15:29 	 P.04/04 

Identify and isolate ruptured steam generator consistent with 
assumptions in WCAP-10698 (Reference 5). 15 minute minimum delay 
(credit). 	 • . 

Foe C‘kto.L.A2ct.., / so late 
<12550)failed open steam line drains upstream of the main steam 
isolation valves. This action occurs 10 minutes after the ruptured 
steam generator is identified. 

Isolate the steam supply to the turbine-driven auxiliary feedwater 
pump from the ruptured steam generator after identification of the 
ruptured steam generator. An operator action delay time of 30 
minutes is assumed (credit). 

Isolate failed open steam line PORV on the ruptured steam 
generator with an operator action delay time from when it should 
have closed normally. The delay times assumed are 10 minutes for 
control r 	 tes for local oper 	 t) . 

	

C 	Gi4;i0G) 011.4.411046046..) 

Manually control auxiliary feedwater to maintain zero power steam 
generator levels (nominal). 

7.2.2_4 Control, Protection. and Safeguards System Modeling 

Reactor Trio 
A reactor trip occurs on either low pressurizer pressure or manual 
operator action at'20 minutes. A negative uncertainty is applied to the 
low pressurizer pressure trip setpoint to delay reactor trip. The 
overtemperature AT trip function is not credited. 

Pressuriz9r Pressure Control  
This control system is assumed to be in manual and therefore is not 
modeled. Operator action is assumed to energize the pressorizer heaters 
and control the PORVs. Pressurizer spray is not available for the 
duration of this transient. 

Pressurizer Level Control  
This control system is assumed to be in manual and therefore is not 
modeled. Operator action is assumed to maximize charging flow. 

Lir — 1".,..-64.+A SZ +al- owL 0.4%. WA. 3 
1,  

w. % A A-v-5 os-c ix. 'r 
,c, ,,, c  ,,ck ,_,A- 4, 4\'.e_ a.c. tv c_ s s we a. *A% tout erc-- -tke_ 

Q r. wt. to.v t. s wi-"e"v1/4. CC?.  "*•%±) • 

Pc-NE--3002-A 
got.v.sLev1/4  (-1 

TOTPL P.04 
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March 21, 2001 

U. S. Nuclear Regulatory Commission 
Washington D.C. 20555-0001 
ATTENTION: Document Control Desk 

Subject: Duke Energy Corporation 
Catawba Nuclear Station, Units I and 2 
Docket Nos. 50-413 and 414 
Topical Report DPC-NE-3002, Revision 4 

Reference: 1) Letter, Duke Energy Corporation to U.S. 
Nuclear Regulatory Commission, ATTENTION: 
Document Control Desk, Dated April 19, 2000, 
SUBJECT: Topical Report DPC-NE-3002, 
Revision 4 

Letter, Duke Energy Corporation to U.S. 
Nuclear Regulatory Commission, ATTENTION: 
Document Control Desk, Dated August 24, 
2000, SUBJECT: Topical Report DPC-NE-3002, 
Revision 4 

Letter, Duke Energy Corporation to U.S. 
Nuclear Regulatory Commission, ATTENTION: 
Document Control Desk, Dated September 22, 
2000, SUBJECT: Topical Report DPC-NE-3002, 
Revision 4 

In the letters referenced above, Duke Energy Corporation 
submitted proposed Revision 4 to Topical Report DPC-NE-
3002, UFSAR Chapter 15 Transient Analysis Methodology. In 
order to support the NRC's review and approval of this 
topical report, Duke is submitting the attached Catawba 
Procedure EP/1/A/5000/E-3, SteaM Generator Tube Rupture. 
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Please address any questions to J. S. Warren at (704) 382-
4986. 

Very truly yours, 

quAwAt.A. 
• 

M. S. Tuckman 

Attachment 

xc w/Attachment: 

L. A. Reyes, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

Mr. C. P. Patel, Project Manager (CNS) 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001 

Mr. D. J. Roberts 
NRC Senior Resident Inspector 
Catawba Nuclear Station 
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