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STATEMENT OF DISCLAIMER
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mentioned material. The user assumes the entire risk as to the accuracy and the use of this
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

Axril 6, 2001 B VEW
Mr. G. R. Peterson . APR 18 200
Site Vice President '
Catawba Nucléar Station _ DUKE ?oag_a c%
Duke Energy Corporation | WCER BSHEERNG
4800 Concord Road
York, South Carolina 29745-9635

SUBJECT: CATAWBA NUCLEAR ST ATION, 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.,Pét'er’son:-

- The accepted version-of Duke: Energy Cofporation topical report DPC-NE-3002:A,: Revision'3,
was. submittedto the NRC'on:May. 13;:1999. By letter dated April 19, 2000, as supplemented
by letters dated-August 24 and September 22, 2000, and March 21,:2001, you siibmitted -
Revision 4 of the topical teépoit fof NRC réview. You proposed three changes to the' prevmusly
approved revision-of the topical-report. -The first change corrects the description of the: primary
coolant volume that is used in the:Updated Final Saféty Analysis Report, Section 15.4.6,for
boron dilution accident-analysis in:Mode 4 for Catawba Nuclear Station-Units 1 and'2: The
second change involves an increase_inthe number of operable main steam line
power-operatéd refief vaivés:credited inthié stéam generator tube Tuphirg-analysis for: Catawba
Nuclear Station, Units 1 and 2. The third’ change -specifies a three-minate operator Tesponse - *
time to initiate the depressurization.of the'primary system and a separate three:milfiute’ -
response time for initiating safety‘injection términation. Previously, one ten-minute response
time was credited for completing both the depressurization initiation and-the Safety iniechon

temunatlon actions.

The. staff concludes that Revision 4:to the Topical Report DPC-NE-3002-A is’ acceptable Our
safety evaluation is.encdlosed. However; these changes are not applicable to McGuire, and
Revision 4 separates the McGuire and: Catawba methodology assumptions-as: necessary. -

Sincerely,

GK»AJMFW

Chandu P. Patel, Project Manager. Section 1
Project Directorate i

Division of Uicensing Project Management
Office of Nuclear Reactor Regulation

Docket Nos. 50-413 and 50-414

cc w/encl: See next page




Catawba Nucdlear Station
ceC:

Mr. Gary Gilbert

" Regulatory Compliance Manager
Duke Energy Corporation

4800 Concord Road

York, South Caralina 29745

Ms. Lisa F. Vaughn
Legal Department (PBO5E)

Anne Cottinghaim, Esquire
Winston and Strawn
1400 L. Street, NW
Washington -DC 20005

Northi caroﬁnaMunidpal Powsr -+
AgencyNumbeﬂ ;L

P.O. Box29513 . .

Raleigh, Nomc:amuha 27626, .

York. South Camlma 29745,

Piedmont Munjoipal Power. Agency.
121 Village Drive
Greer, South Carolina 29651

Ms. KarenE.lnng S
Assistant Attomey General

North Carolina Department of Justice
P. 0. Box 629

Raleigh North Carolina 27602

Elaine Wathen, Lead REP Plariner
Division of Emergency Management
116 West Jones Street

Raleigh, North Carolina 27603-1335

North Carolina Electric Membershlp
Cormporation

P. O. Box 27306 - ‘

Raleigh, North Carolina 27'6-1' 1

Senior Resident Inspector

* U.S. Nuclear-Reguilatory- Ceminzésson
4830 Concord Road
. York; S'oumCamlina‘izwttsi-s

Virgi] R..Autry; Diredor

Division of Radioactive:Wasté:Management

Bureau of Land and Waste Management

Department of Health and Environmental
Control

. 2600:Bull-Street:

Golumbla, South Carolina 29201-1 708

"Buke Energy Cetpofation -
. .526.Soiith Church-Street . -
+ Charlofte;:North: Caroﬁna 28201:1006 -

, aSaluda Blverﬂecmc :
] P 0. BOX929 .
. Laurens,; South:Carolina: 29360

Mr. Peter R. Harden, 1V

«- IP-CustomeriRelations-and ‘Sales

Westinghouse Electric Company

. 5929 Camegie Bivd.

Suite 500

-Charlotte, North Carolina 28209
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cc:

Mr. T. Richard Puryear
Owners Group (NCEMC)
Duke Energy Corporation
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



UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

DOCKET NOS. 50-413 AND 50-414
AN

1.0 INTRODUCTION

By lettér dated April 19, 2000, as supplemented by letters dated August 24 and September 22,
2000, and March-21, 2001, Duke Energy Corporation (DECfthe licenses) fequested review of
Revision 4 to. Topxeal Report DPC-NE-3002-A, “UFSAR Chapter 15 System Transient Analysis
Methodology.” The licensee proposed three changes to the prewously approved Reévision 3 of
the topical report. The first change corrects the descriptior of the § pnmary ‘coofant volume that
is used in the Updated Final Safety Analysis Report (UFSAR), Section 15.4.6, for boron dilution
accident 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 fine power-operated relief valves
(PORVs) credited in the steam generator tibe rupture (SGTR) analysis for Catawba, Units 1
and 2. The third change specif esa three-mmute operator response time to' mlﬁate the

- safety mjecﬁon terminat:on at Catawba, Umts 1 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

The first change corrects the d&ccdptlon of the primary coolant volume that is used in the
UFSAR, Section 15.4.6, 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 line, and the reactor vessel upper head. The licensae later determined that
the corréct 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 removal 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.



" . Notica: ~78.~

2.2 Steam Ling PORVs

Theseconddnangehuﬂvesmlnaeasehﬂwmbudopemuemhmammmnw
credited in the SGTR analysis for Catawba, Units 1.and-2. The licensee proposed to increase
the number of operable PORVS credited in the SGTR analysis from two to three. This change
Is coneistent with the curment Technical Specifications.which require afl four main steam line
PORVSs to be operable during Modes 1 - 4 when steam generators are being used for decay
heat removal. The falkire of the PORV to close on the ruphured steam generator is assumed to
be the fimiting single failure. Therefare, the staff finds the proposed change acceptable.

%M

mmmmmwmwmmmnmzmamme
operator response time {o iitiate the dapressurization of the primary system and a separate
three-minute response time for inltiating safety infection termination. Previously, one 10-minute
mmmmmmmmwmmmsdwmwmnmmwm
injection termination actions.

mmewmmmmmmhmmmmwwmwma
safely evaliidtion (SE) dated April 28, 1997, for a steam generator tube rupture analysis related
to steam generator overfil. The staff requested additional information on the. differences in
mmmnmmmmammmwammmd
procadure.CNS EP/1/A/5000/E-3, "Steam Gensrator.Tibe Rupiure.”: By leliers dated

: Augtstﬁzgnm\dSepmw&m ; and March 21, 2001, ﬂwﬂcmseepmﬁdsdaddﬁmal
informa

Nmmanyﬂnstaﬂmndmmelouowhggwdanoetommeopomann& Generic Lotter
91-18, ﬂnmmmwmmmnmmmmw&dmm
Resolition of Degraded and Nonconforming Conditions and on Operabliity,” ANSI/ANS 58.8
(1984).maummmmmmxy-nmm0pmwm “and information

! _ ator-Actions in Place of Automatic Actions and Modificationof -

K ise Times.” menwommmiswng

mmmmﬂmmmwmmtm in.which the eame actions
ware approved using the:above guidance. Thus; this avaluztion need only verify that the .
conditions aurrounding the cutrent actions are equdl to; or are more favoreble than, those of the
1997 safety evaluation. Asafurﬂwrd)ed(onmerevlsedtknehtamals the facility’s steam
generator tube ruptura procedure was reviewed.

For several Rems, the staff requested that the ficensee indicate: where the conditions changed
from the 1997 SE. The following are the licensoe’s response to each item:

. Control room conditions (e.g., alarms, periphereal activitiss being conducted) - the
ficensee stated that alarms, indications and activities are the same as In the 1997 SE.
itis Catawba Nuclear Station practice fo 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 licensee stated that the
aperators will be responding to the same indication and information as in the 1997 SE.
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] Information requited to know that the action has been successtully completed - the
licensee stated that the information required to know that the action has been
successfully completed have not changed since the original submittal: - -

. Qualified displays ptoviding the above information~the ficensee stated that the' displays
. providing the above infofmation are all QA1 quallﬁed instruments

o Sequence of actions leading up to and to acoomplish the intended result -thé licensee
stated that there is no change to the sequence ¢f actions leadmg up to-initiating
depressurization and no technical chaiige to:the‘method of-actually initiating the action
(see procedural-énhancements below). Thereis no change o tefminating'safety

injection.

. Procedures used to'acoomplish the actions - the licensee stated that the pmcedu;es
have been enhanced to reduce operator decision time such that the aCtions can’actusly
be accomplished faster.. Training was conducted -on thie changes in'a- recent -
re-qualification segment. '

. Consequence of not aooomplishlng each action within the 3-minute timée' frame +the
licensee's analysis indicatés that incredsliig-the ime from three minutes to five minutes
increases.the-expected dose-from 15:rem to:16'rem; stilf: well-below 10% of the:

acceptance criteria of 10 CFR Part 100

° Abliity-to recover from: plausible erorsin pérformance:of imahiial-actior
expected tifne required to:mdke suchd recovery ted that.each:
accomplished wilfrsimple control board: davi ‘a5 §WitC ;and‘pushbuﬁons that
have direct indication of component status and oontml board indication of the affected
parameters. During thiese :evolutions, these: parameters arethe direct focus of the.
controliroom-team; and recogiition of an-ermor:wouldibe aliostimmediate:: Should an
error ocCur; :eoovevy would be' neither dxfﬁcutt nor nme cohsumtng -

The staff concludés that ‘conditions surrounding’ ttus 'event areequivalérit to, or are fiiore
favorable than those: surroundmg the event evaluated ini:the. SE dated April 28;1 997, in'which
the three-minute action: times weré found acceptable: ‘In: adtﬁﬁm. based on a‘review of the

fadility's steam:generator tube rupture procedure, the:staft found the revised three-miniite
actions times-acceptable: The staff, therefore, finds the fevised thrés:minute:action; txmes to
initiate depressurization: and to: mmate safely m;ect:on tetminat:on acceptable




3.0 CONCLUSIO

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,
thase changes are not applicable to McGuire, and Revision 4 separates the McGuire and

Catawba methodology assumptions as necessary.
Principal Contributors: R. Eckenrode

€. Liang

C. Patel

 Date: April 6, 2001



UNITED SYATES

NUCLEAR REGULATORY COMMISSION
WASMINOTON, D.O. $0980-0001 :
February 5, 1999
:: “. ::i

SUBJECT: cnuwsuwmmmwz-mmnmay )
REVISION TO'ACOREES LOSE OF NORMAL FEEDWATER «Acmm

mwmmma\m naukosmgy
mbM%‘mwmdmemu.smmwu

ghall incomporete this letier end the endlosed

stfsly

mnhmm

MmpmhMHMmﬂMTwmw Pleass referencs TAC ruimbers
mmmmm,wmmmummummu

Sincerely,

Grsi.

Peter 8. Tarn, Sanior Project Mmmr
Wmnanmlbz ‘

i P P e
- Docket No. 60-414

Enclosure: Safety Evaluation

cc wiench: See next page



Catawba Nuclear Station
cc:

Mr. Gaty Gibert
MMWMM
Diuke Energy Corporation
4800 Concard Road
Yak.smcamllna 29745

ms«m'mm

Charlotte, North Carclina 28201-1006

North Carofina Municipal Power
Agency Number-1

1427Mudmondaoubvafd e e

P. 0:Box 28513 -
Raleigh, North Caroline. zma

County Manager of York comlv
York Courity Courthouse =~
: ank, Soith Carolina 28745

Piedmont Municipal’ Povmkoency
121 Village Drive
Greer, South Gareiina 29651

'Ms. Karen E. Long ‘
Asslstarnit Attorney General

North Carolina Departiment of Justice
P. O. Box 628
Raieigh.Nomcamlhum

Elaine Wathen, Lead REP Planner
Division of Emergency Managemem
116 West Jones Strest

Rale!gh North Caroling 27603-1335

North Carolina Electric Mambership
Corporation

P. 0. Box 27308
Raleigh, Nom\carorm‘ﬂeﬂ

cnaum Noﬂh ciwliﬂﬂ 28201-1006
: WaRiverElectb

P. O. Box 828 o
_a.aurenssomcamnmm ‘

Mr. Stéven P. Shaver

Senior Sales Engineer
Westingtiouse Elestric Company
§928 Carnegio Blvd,

Suite 500

Charlotte, North Carolina 28209



NUCLEAR R!GUUATORY COMMISSION
WASHINGTON, B.C. 20063000

mmmmmmmmisdw WWWM}

Ins mwwwmwumomwu. 199 m-mn-w.
H. B, Tucker 10 NRC, November 5, 1991)._" Juks-Enesgy Cotperation mo) demonstrated that

'» p vy P - N ' K ; ., X M m
inventoty. Mw.hmdmwmmmwwwmm
resulied In underprediction of the cold ieg tempsratures, which then produced an :
underprediation of the bulk svarge temperaturs, and pressurizer lavel and pressure, Usinga
single-node sicam penerator secondary nodalization was shown o restore the previously
calculntsd merging. The statl egreed with this noted kmastion and approved the modef and
results since water inventory was nol expatied (o recuce 10 less than 10 parcent of ths full
power inventory during the loss of nermal issdwater event,

Enclosure



98°d WLOL

Perforning Catawba Linit 2-6pscific analyses resently using the methodology of DPC-NE-
mAmzmkemmmmmmmmmammm
event would resutt in:réduction of the steam generator water Im :
dthefnﬂmhvetwy M_Mmmmmngmwpnw

pemuusodaehglevomemam
g6 oonch ,moddhnsuenmlmdmdappmdfw
amdmeumwmmunkawdlmamaMpmm

candition (UFSAR, Section 18.4.1).
mm,meﬂmmmwummaam 1 OPCNE Sz

REI‘HAN' madanng change: produees mmﬁva resuusmd maintalns adequate: marnhs.
The siaff also approves the ravlsmoiTomalReponDPc-NE-sm-Au dtedabove

30 m

sﬁwmwmenmmmmwm
Pmdpalconmbuoor Ralphl.andty
Date: Febnatys 1999



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20855-0001

April 26, 1996

Mr. B. S. Tuckman
Senior Vice President
Nuclear Generation
Duke Power Company

P. 0. Box 1006
Charlotte, NC 28201

SUBJECT: SAFETY. EVALUATION ON.CHANGE TO TOPICAL REPORT DPE-NE-3002-A ON
OPENING:.CHARACTERISTICS OF SAFETY VALVES - CATAWBA NUCLEAR STATION,-
UNITS 1 AND.2; AND _MCGUIRE NUCLEAR STATION, UNITS 1 AND 2
(TAC NOS.. M34405, M94406, M94407, AND M94408)

Dear Mr. Tickman:

On December 19, 1995 and March 15, 1996 you submitted:a.proposed change to the
analysis methodology in the Duke Power Company (DPC) Topical Report, DPC-NE-
3002-A, "FSAR 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 open approach.

The NRC staff’s letter dated December 28, 1995 transmitted the staff’'s Safety
Evaluation for the review of DPC-NE-3002, Revision 1. Accordingly, your
letters dated December 19, 1995 and March 15, 1996 are considered to
constitute Revision 2 to report DPC-NE-3002 as discussed recently with

Mr. Scott Gewehr of your staff.

The staff finds DPC-NE-3002, through Revision 2, to be acceptable for
referencing in Catawba and McGuire Yicensing applications to the extent
specified and under the Timitations 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. ’ o

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 -

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. '%his completes NRC actions for TAC Nos. MJ4405, M94406,

M94407, AND M94408.
Sincerely,

Herbert N. Berkow, Director
Project Directorate 11-2
Division of Redctor Projécts - I/11
Office of Nuclear Reactor Regulation

Docket Nos. 50-413, 50-414,
" 50-369 and 50-370

Enclosure: Safety Evaluation

cC wjencl: ‘See next page .



 Duke Power Company

cc:

Mr. Paul R. Newton

Legal Department (PBOSE)

Duke Power. Company

422 South Church Street

Charlotte, North Carolina 28242-0001

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

Nr. J. E. Sayder .

ilatory Conpiiancg Manager
Dike Power Company
HeSutre Niclear Sitg
12700 Hagers Ferry Road
Huntersville, North Carolina 28078

J. Nichael NcGarry, 111, Esquire
Ninston and Strawm

1400 1. Stre ._;;. M.
Hashington, 20005

Senjor Resident Inspector _‘

c/o U. S. Nuclear Regulatory b
Commission

12700 Hagérs 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 M. Barry

Mecklenburg County

Department of Environmental
Protection

700 N. Tryon Street

Charlotte, North Carolina 28202

McGuire Nuclear Station.
Catawba Nuclear Station

Mr. Dayne 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 27602

Mr. 6. A.. cp
Licensing - Ecoso
Duke waer Com

EgEl

Cbar'lotte, North Carolin_a. 28242000,

Regional Administrator, Region Il
U.S. Nuclear Regulatory m'lssion
101 Naﬂetta Street, NW.: Suite 2900
Atlanta, Georgia 30323

Elaine Wathen

Lead REP Planner

Division of Emergency Management
116 West Jones Street

Raleigh, North Caroﬁna 27603-1335

Mr. 7. Richard Puryear
Owners Group (NCEMC) .

Duke Power Company

4800 Concord Road :
York, South Carolina 29745



Duke Power Company

cc: -
Mr. M. S. Kitlan

Regulatory Compliance Manager
Duke Power Company

4800 Concord Road ‘
York, South Carolina 29745

North Carolina Municipal Power
Agency Number 1

1427 Meadowwood Boulevard

P.-0. Box 29513

Raleigh, North Carolina 27626-0513

County Manager of York County
York County Courthouse :
York, South Carolina 29745

Richard P. Wilson, Esquire

Assistant Attorney Géneral

South Carolina Attorney General’
Office

P. 0. Box 11548

Co]umbia. South Carolina 29211

Piednont Hunicipal Pouer Agency
121 Village Drive -
Greer, South Cirolina 2965}

Saluda River E1ectrtc
P. 0. Box 929 |
Laurens, South Carolina 29360

Max Batavia, Chief

Bureau of Radiological Health

South Carolina Department of
Health and Environmental Control

2600 Bull Street

Columbia, South Carolina 29201

NcGuire Nuclear Station
Catawba Nuclear Station -

North Carolina Electric Membership
Corporation

P. 0. Box 27306

Raleigh, Worth Carolina 27611

" Senfor Resident Inspector

4830 Concord Road
York, South Carolina 29745

Mr. H%1T$an R. McCollum
Site Vice President
Catawba Nuclear Statfon

- Duke Power Company

4800 Concord Road
York, South Carolina 29745

- M. T. C. McMeéekin

Vice President, McGuire Site

Duke ‘Power Company
12700 Hagers Ferry Road -~
Huntersville, North Cavolina 28078



UNITED STATES
NUCLEAR REGULATORY COMMISSION
‘WASHINGTON, D.C. 20585-000%

ety - ‘,-;'-...».-, . m i S P (lf 12
dated Harch 15, 1995. “The change re‘lates to the ‘modeling of
the 'Hft!ng_of thev pressq;izer :afety valves or the main steam afet

The specific valves are listed below:

1/25V 2,3,8,9,14,15,20,21:- 6" x 8° Crosby Style HA-65-FN,
Built to ASME Section III 1971 ‘Edition, Winter 1971 Addénda

1/25V 4,5,56,10,11,12,16,17,18,22,23,24; 6" x 10" Crosby Style
HA-GS—FN Buﬂt to ASME Section III, 1974 Edition, Winter 1975
_Addenda (originally purchased for the Marble Hi1l Nuclear Plant),
and recertified to ASME Section lli. 1971 Edition. Winter 1971

Addenda.

ENCLOSURE



Size 6M6 (6" inlet, "M" orifice, 6" outlet) Crosby Style HB-BP-86.
Valves originally insta‘lled with loop seals, but modified in 1992
to drain the loop sea) and modify valve internals for sealing
against steam. Thé valves 'were built to ASME Section III, 19T
Edition, addenda through the 1972 Addenda.

Catawba Nuclear Station:

Main Steam Safety Vilves

Dresser Model 3787, buflt to ASME Section 111, 1974 Edition, Summer
1975 Addenda.

Dresser Model 31749_A built to ASME Section 1J1, 1974 Edition,
" Sutmer 1975 Addenda These valves do not-have loop seals.

The current;Final Saﬁe , Anﬂ_ ,;‘is Report (FSAR).; Clsapter'.l{» ;nﬂyse: tlnt
support thé McGuiré dnits and. the units are detajled 1n, the topica
report DPC-RE-3I . "FSAR ‘Chapt ystem' Transient s Me
The NRC-approy ‘ 0g '
main stedém safety_ ar ed ‘with t, acc, L
assumptions which maximize tbg Ppressurizer pressure or i - ary
(main steam system) ‘pressure. ' Lift is the actual travel of the valve disc |
away from the closed position when the valve is relieving. Accimilation is '
the pressure increasé in the system pressire over the actual valve set
pressure, frequently referred to as "overpressure,” and is usuall; expressed. .
as ‘a percentage of sét pressure. Blowdown is the difference batw
1ift pressure of a safety valve and actual, _reseating pressure,. usually.
expressed as a percentgge of set pressure. The requireménts of Section III of
_the American Society of Mechanical Engineers (ASME) Bofler and Pressure Vessel
Code (the Code), 1971 Edition, and similar in later editions, paragraph NB-
7614, gives the operating requirements for CIass 1 safety valves (pressurizer :

safety valves) as follows:

ll!~1614.l Mt‘lqcluttering lnd I.ift Requiremnts Safety
vilves shall be destgned and constructed without
chattering and to attain full 11ft at a pressure no

- greater’ than 3. _pércent abova their set préssures.

nn-nsu 2 B'm Down Requirmnts. Safety valves shan be
set aid a(uusted to close after blowing down at a [ Ssyre
not Tower thai 5 percent of the set pressure. The valves
shall be adjusted, sealed and marked by the Manufacturer.




3

.&7614 3 ing-Point Tolerance. The popping-point
tolerance shall not exceed 1 percent, plus’ or miniis, of
the set pressure for pressure over 1000 psi.

The simﬂar design and openting regiilrements for Class 2 safety valves (main
steam safety valves) given fn plragraph ‘NC-7614 are as follm

NC-7614.1 Lift and Blowdown.  Saféty vilves shall operite
without: chattering and' to attain_ full 1ift at a ‘pressure
no greater than 3" ‘percent “above their set pressire. After
blowing down, al1 valves shall close at pressures not
lower than-95 percent of the‘ir set pressures . . .

C - WC=T614:2 Po»ing—?rgss e Tolerance. (a) The
popping-prassure tolerance (plus’ or ‘winus) from the set
pressure of safety valves shall not exceed the following:
. « « 1 percent for pressures aver 1000 psi.

The approved Ig;leis assume that Hfting nf the ;:%zty valves 1§72 linear

pressurizer safety valve with ﬂetpi' 2psi three percent
accumulation would reach full: opén: at no i _her han 2575 psig* DPC “asserts
that the modéls are conservative, but thit the actual valve performance is. not
represeited, Both sets of safety valves, though different models and .-~
differgn nanufacturer, are pest characterized as havtng a powing-open :

DPC proposex to use a pop-open modeling apprnadi rather thdn. a Tinear raniping
open approach. The:revised modeling assumes that the ‘saféty valves pop open
to 2 ‘full=open position in 0.5 séconds after the drifted-1ift setpoint is =
reached.. The assumption is based-on testing and a review of tests that DPC
engiaeering and the valve manufacturers (Crosby and nresser) ‘conducted:” -

Pressurizer Safety Valves

The pressurizer safety valves were tested as part of a performance test
program conducted by the El ectric Power Research Institute (EPRI) to meet
action ftes 11.D.1, "Performance Testing ‘of Boiling-Mater Reactor and
Pressurized-Water Reictor Relief and Safety Valvés," of NUREG-0737,
*Clarification of THI Action Plan Requiveimerts.” Multiple tests of Dresser
Model 31709NA and 31739A and Crosby ‘HB-BP:86 6N8 préssurizer safety valves,
varying parameters such as pressurization rate, system media, and ring
settings, indicated opening times of less than 0.1 second. Siuch a rapid
opening time is charactertstic of a popping-open action. The test results
were used by licensees to correlate performarice to site-specifi¢ sigilar

valves.




Nain smi Safety Valves

DPC tasted all of the McGuire Statfon main steam safety valves at Crosby's

high flow test loop to deterwine unique ring settings for each valve.
testz were to assure blowdown performance within a range Yess than or equal to

ten percent. The test simultanecusly recorded (1) inlet pressure, (2) outlet
pressure, and (3) spindle position usin?_thau rosby Data Acquisition Systee.
Although detarmining mlmmu time was not the purpose.of the test
the tites werw recorded. ,The opening times ranged from 8.060 second to 0.110
second. Graphs of the opening of several of the valves were included in DPC’s
letter of March 15, 1995. These graphs show a rggi( popping-open action. DPC
correlated these tests and the measured opening tises with the tests performed
by EPRI and concluded that ths main stean safety valves would pop open and be
fully o?en within the 0.5 secoad assumed in the pew model for overpressuve
mmt on. ’ '

The vain steanm safety valves installed in Catawba Station have not been tested
in the same manner .as. the McBuire Station valves. Therefore; .UPC. reviewed.
data for similar valves that were part of the EPRI. testing program.: Selmttion
of the otgumrfgﬂwmigz:m.% percent 3 el than. the. full

ng time observed for the pressurizer safety vaives.  Dresser. enginesri
%mtﬁﬁh’e umtimm:'the Cotowba Station Nedel 3787 2?3. stem’

safety valves will open in Jess -than 0.5 second

Pressuré reltef valves of various designs can modulate opén and closed over
the entire or a substantial portion of the 11ft, or modulate open over only a
small portion of the 1ift and then open suddenly to the fully .open position.

The pressurizer safety valves and the main steam safety valves installed in
the Mcuire Station and Catawbs Station are of the full-11ft type (1.e., they

open for a sml) portion of the 1§ft and. then pop open to the fall
pos‘lt-ipni, _DPC’s determinatién that the valves will fully open within 0.5
seconds. includes conservatism when compared to the test data used to yalidate
the modeling assumption. For safety valve .design, the ASME Code, Section 111
(see sbove), requires a popping-point tolerince of plus or minus one percent
of the setpoint of the valves and requires that the valves be fully open at no

greater than three percent above the setpoint.

DPC has demonstrated through testing and correlation of valves not
specifically tasted that a rapid mwinu action 1s characteristic.of the
vaives. For these valves, there will be a --sl;nrt;;?oriodum the valves first
begin to 11t where the closting forces are inftially greater than the opening
forces (1.e., the modulating portion of the 1ift). As the systen pressure
continues 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
ysition 1n a very short period of time; almost instantansously, by design.
srefore, DPC may.use a value of 0.5 second as. the time from when the systes
pressure reaches the setpoint of the valves (adjusted in the model for an
assumed drift of three percent) to the full opening and full relfeving
capacity. In making this change to the model, all requirements of the ASME

Code, Section 11I, must be met.



CONCLUSTON
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 valvés is acceptadble
as it relates to the design characteristics of these valves. '

Overpressure Protection Analysis

The licensee stated in its letter dated Dacember 19, 1995, that the proposed
change of the safety valve opening charicteristics in the methodology for
anidlyzing system transients is needed for McGuire and Catawba plants. The
current methodology as docusented in DPC-NE-3002-A assumes that the safety
valves are opened at their fully open position when the system pressures are
corresponding to their 1ift setpoints plus an accumulation dllowance. This is
a conservative sodeling approach. However, the 1icenseé finds that a change
of the safety valve opening characteristics to. popping~dpen of the safety
valves at their 1ift i,'se'tqoi'nt is needed to accommodate the proposed change of
the safety valve allowable setpoint drift and the design of the replacement
steam generators at McGuire and Catawba plints. For reasons discussed in the
above paragraphs, the staff considers that. the proposed change of safety valve

opening characteristics in DPC-NE-3002-A is reasonable and acceptable.

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

_ Date: April 26, 1996
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UNITED STATES ’
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001
December 28, 1995

k¥

Hr. M. S. Tuckman

Senior Vice President
Nuclear Generation -

Duke Power Company

P. 0. Box 1006 _
Charlotte, NC 28201-1006

- SUBJECT: SAFETY EVALUATION FOR REVISION 1 TO TOPICAL REPORT DPC-NE-3002,
"FSAR CHAPTER 15 SYSTEM TRANSIENT ANALYSIS METHODOLOGY® HCGUIRE
NUCLEAR STATION; UNITS 1 AND 2; AND CATAWBA NUCLEAR STATION, UNITS 1
AND 2 (TAC NOS. /M89944, MB89945, AND M89946)

Dear Mr. Tuckman:

By 1etter dated Jaly 18 1994. Duke Power Company (DPC or llcensee) submitted
DPC Topical Report DPC-NE-SOO?. Revision 1, "FSAR Chapter 15: System Transient
Analysis Methodology,” dated June 1994, for NRC review: The report describes
changes to the DPC transient amalysis methodology. These changes are due to:
(1) steam generator replacement for the McGuire: :and: Catawba: stations,:(2): -
methodology changes documented in DPC-=NE-3000P;: : jon: 1,- and (3) correction
of typographical errors. In the original report the steam generator tube
rupture (SG6TR) transient methodology was not included. However, it has since
been approved and was included in this revision. R .

The staff finds DPC-NE-3002, Revision 1, to be acceptable for referencing in
McGuire and Catawba licensing app1ications to the extent specified and under
the 1imitations stated in DPC-NE-3002, Revision 1; and the associated NRC
Safety Evaluation. The enclosed Safety Eva]uation 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 inténd 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 Decenber 28, 1995

Should NRC criteria or regu'lations 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 Justificition for
continued effective applicability of the Topical Report without revision of
their documentation. This completes NRC actions for TAC Nos. H89944

M89945 and M89946.

Sincerely,

obe*t E. Har“tin, Sehior Project Manager
Project Directorate 11-2
Division of Reactor Projects: - 1/1I-
Office of ‘Nuclear Reactor Regu'lation

Docket Nos.- 50-369 50~370 :
g 50-413 ind 50-418 .

Enclqsuresr 1. Safety: Eva‘luation SEE l‘ e
E 2 " Technical: Eval uation Report ITS/NRC795—5

cc :q/:énc:]s': Se‘e next: pig’-’e



Duke Power Company

cc:

Mr. Paul R. Newton

Duke Power Company, PBOSE

422 South. .Church Street

Charlotte, North Caro‘lina 28242-0001

County llanager of ihck'lenburg County
720 East Fourth Street
Charlotte, North Carolina - 28202

McGuire uuclear Site O
12700 Hagers .Ferry. Road .
Huntersville, North Carolina 28078

J. Michael. McGarry; III, Esquire ,
“Winston and Strawn.. . .
1400 L Street N
Washington,. DC 20005

Senior Resident Inspector

c/o U. S. Nuclear Regulatory.
Commission :

12700 Hagers Ferry Road

Huntersville, North Carolina 28078

Nr. Peter R. Harden, IV

Account Sales Manager
Westinghouse Electric Corporation
Power Systems Field Sales

P. 0. Box 7288

Charlotte, North Carolina 28241

Dr. John M. Barry

Mecklenburg County

Department of Environmental
Protection

700 K. Tryoa Street

Charlotte, North Carolina 28202

NcGuire Nuclear Station
Catawba Nuclear Station

Mr. Dayne H. Brown, Director
Department of Environmental,

Health and Matural Resom-ces
Division of Radfatfon Protection.

. 0. Box 27687
Raleigh....lorth Carolina  27611-7687

Ms. Karen E. Long

Assistant. Attorney eenera‘l

North Carolina Department of
Justice .

P. 0. Box 629 . ‘

Raleigh, North Carolina 27602

. 6. A. Copp.
Licens'lng -ECO50
Duke: Power. Conpany
526 South Church Street
Char'lotte. North Carolina 28242-0001

Regionﬂ Adninistrator, Region II
101 Marfetta Street, uu Suite zsoo
Atlanta, -Gaorgia -30323

Elaine Wathen . = . IR
Lead REP Planner

Division of Emergency Management
116 West Jones Street

' Ra‘leigh, North Carolina 27603-1335



Duke Power Colpny

cc:

Mr. Z. L. Taonr

Regulatory ‘Compliance Nanager
Duke Power Com

4800 Concord Road’

York, South Carolina 297&5

North. Carolina Municipal Power
Agency Number 1

1427 Meadowwood Boulevard

P. 0. Box 29513 ' e

Raleigh, North' Caro'lina 27626-05]3.

County Manager of York. County
York County Courthouse "~ °
York, Soiuth Carolina 29745

Richard P. Wilson, Esquiie

Assistant Attorney o

South Cam‘lim Attom y
Office

P.“0. ‘Box- 11549

Co'lunbia, South Carolina 29211

P{édaiont fllunicipal Power:: Agéncy
121 ViTlage Drive '
Greer, South Carolini: 29651

Saluda River Electric
P. 0. Box 929
Laurens;='South Carolina 29360

Max Batavia, Chiéf ' '

~ Bureau of Radfological Health.

South Carolina Department of
Health and Environsiental Control

2600 Bull Street

Columbia, South Carolina 29201

McGuire Nuclear Station
Catawba Nuclear Station

North Carolina Electric Helbership
Corporation -

P. 0. Box 27306 L

ltaleigh, North Caro'lim 27611

Senior Resident Inspector
4830 Concord Road Co

" York, South Carolina 29745

Nr. Hillian R. McCollum
Site Vice President
Catawba !lnc‘lear Station

Huntersville, ﬂm'th carol:ina 28078
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In Revision 1 of the Topical Report DPC-NE-3002 entitled "FSAR Chapter 15
-.System: Transient Analysis Rethodology": dated-June- 1994 (Reference 1), Duke
Power Compiny (DPC) documented revisions reflecting changes due to (§)

réplacement of steam generators (SGs) for the NcGuire Units 1 and 2 and
. -Catawba. Unit 1. stations, and (11).methodology changes documented.in... - -
DPC-NE-3000; Ravision 1 (Reference 2).. Corvections.of typographical.errors
were also included. Additional information. was provided in Reference 3.

The original Topical Reports DPC-NE-300D (Reference 4). and DPC-NE-3002.
- -(Reference §) were- reviewed and approved; subject:to-certain conditions: -
(References 6:and 7). coe e :

Steamline.break; rod _gj,i‘ctiv!’l."* drupped rod;:i;,flltd-hom‘dnﬁﬁpn events: were not
part of this review.since  these events are-documented:in DPC<NE-3001 - -
(Reference 8), which has been reviewed and approved.

2.0  REPORY SUMNARY

DPC-HE-3002. (References 1 and 8) contains DPC's qualitative approach to-
performance of FSAR Chapter 15 type anmalysis for: the McGuire and Catawba
stations. using methodology utilizing the RETRAN and VIPRE-01 computer codes
described in OPC-NE-3000. It does not address Justification, qualification,
or demonstration:of the approaches.taken for;ths analysis. However,. it does
state the process DPC intends to use in determining 1nitia) and boundary.
conditions, transient assumptions and scenarios, and code models used in
1icensing applications for transient analysis.

Revision 1 of DPC-NE-3002 documents changes due to (§) the replacement of :
steam generators for McGuire Units 1 and 2 and Catawba Unit 1, and (11) minor
methodology changes presented in Reviston 1 of DPU-NE-3000. Typographical

errors were also corrected. Changes include analysis objectives, pressurizer

ENCLOSURE 1
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and S6 models, initial and boundary conditions, transient assumptions. in terms
of system component availability, and the use of statistical core design (SCD)
methodology for DNBR computation.

3.0 EVALUATION

Acceptability of DPC’s revisions of RETRAN models and assumptions for thermal-
hydraulic calculations of FSAR Chapter IS transient analysis of its :
McGuire/Catawba (M/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.

The RETRAN base models for M/C .plaits:-were:qualified in DPC-NE-3000 and its
Revision 1 for both best estimate and 1icensing-type, non-LOCA applications,
subject to limitations described 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 Revisidn 1¢to the original DPC-NE—3000 report :by.DPC!s letter of
September 12, 1995. The approved versior the original DPC-NE om

was issued by ‘DPC-.on-August 995 (Re i6).. The:NRC's SE: for+
Revision 1 to- th810?191nl] DPC-NE-sooowreportLwas”issued on December’27 1995
(Reference 9). )

A change which- 1mpacted the document"i f’of_DPC-NEa3002 was a’ c" fige: in ‘the
pressurizer-modeling described in DPC-NEZ3000; ‘Revision 1. - Thids; - a1l sections
that related ‘to the previous-modeling" description were revised. - -

Also -included in the -revision-of the RETRAN methodology is mode]ing of" a
Babcock & Wilcox-(BAN) feedring steamgenerator:(FSG) model. De )
FSG nodalization and other associated changes due to SG replacement’are’
presented in Reference 2. A si? nificant impact is expected in the Feedwater
System Pipe Break analysis results dué to-the design and location™of the main
feedwater nozzles; which s discussed in Section 3: 3 of this evaiuation

3.2 SCD Transfents

The core. thermal-hydraulics for most of the transients considered in this
Topical Report ‘AP :analyzed using ‘the DPC-developed and ﬂRc-appro ed SCD'
methodology (Refe_i e 10). For the: ransi ertain ini= hfconditions
used in the transient sa ; [ be ‘3 al’

conditions, as qualitatively defined in the subjec report since” the :
“uncertainty associated with' the initial conditions s accuunted fbr in ‘the SCD
method.

Of those transients for uhich 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 1imit 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 .R

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 bv the Secondary Svstem

Two-transients in:this:category, which incorporated revisions, are e

(1) Feédwater System:Malfunction:Causing an-Increase in Feedwater Flow,: -and
(11) -Excessive: Increase in.Secondary iSteam Flow. - -In-both-cases revisions are
minor since the changes are primarily editorial reflecting methodology changes

in DPC-NE-3000, Revision 1, and, therefore, are acceptable.

.;A11_four, transient analysesiare affected-by revisions: in this: category:: (i)
turbine trip, (i1) loss:of offsite-power, (i11) loss.of: normal feedwater;:and
(iv) feedwater system.pipe-break. .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

.3.3.2.1 Turbipe Trip

A change in the assumption regarding ithe-pressurizer (PZR) level.contidl is
introduced. DPC stated that the use of the Tevel control in manual with the
PZR heaters.Tocked .on-will be worse with respect ito 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 .DNB, .DPC will analyze this transient 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 oss of. 1 wate

Assumptions regarding the initial SG idy;ntony;wene.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 SE Tow-Tow
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level. The downward adjustment of the initial $6.1evel introduces competing
g’f‘;:cts with respect to. predicted peak primary. and secondary préssuras - and

This event is currentiy not a. limiting: transient in tMs category and is
bounded by the turbine trip event:. Therefore, its-analysis i5 not required.
However, DPC stated that an analysis may become necessary in the future due to
hardware or methodology changes. In that:event;:DPC::wil): need to-perform
sensitivity studies with respect to initial condition selections to ensure
conservatism in the ana'lysis.

3.3.2.4

This transient is significantiy 1mpacted hy inp'lementation of the feedring
steam generators, :and wrequires:three major as:mtion changes- as*a direct-
result:-of the :design -and “location: of ‘the'main: feedwatér=nozzles. -DPC's
-discussion: of :assumption. ‘'changés and:the" Jmpact- of changes® in- transient
-results was-reviewed ‘and - found to i:e reasonabie

The loss of offsite power coincident uith reactor trip is assumed resulting
in RCP trip and delay A0 the :stayt eof the izesei‘““ enerators;‘ T§a
injection. Early main steam is

be conservative in terms iof -earlier faul r_you L3 Thus","
sassumptions, MSIV:¢losure-occurs coinci.dent uith turbine trip, uhi
loss: of. of fsite pouer DPC’s approach to the ana’iysu-'sof‘ this -evént: 1’s
acceptable

3 3.3
Three transients analyzed in this category are: (l) pirtial loss of forced

reactor coolant (RC) flow, (Z% conplete loss of forced reactor cool ant ﬂow.
and (3) reactor ‘coolant pump : ocked rotor. T

S te

Revisions to both the. complete and partiai loss of forced RC flow are
.aditorial changes and are acceptable;

3.3.3.1 Reactor Coolant Pump Locked Rotor

As stated in Section 3.2, DNBR for this event \mi be analyzed using the SCD
methodology.. Therefore,: -affected: parameteérs-are initi ‘Iy set ‘to’ n‘ nal
values instéad: of assuming-conservative:values: anat
of the-applicability of the ‘SCD meth 16109

-and- the staff finds the‘ exp‘lanatio  be

DPC stated that cases with and withOut 'Ioss oi" offsite power coincident with
the turbine trip will be analyzed.

As stated in the SE (Reference 7) for DPC-NE<3002 (Reference S), the
assumption of 120% of design pressure is not an acceptable limit. DPC is
required to use 110% of design pressnre, ‘as - stated in the'previous: revision
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DPC added the possib1lity 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 LCCS during power operation is the on\y transient
analyzed Although DNB is a primary concern, since_a“potentiai for
préssurizer overfill exists during vent, DP a_niew section to.
address that concern for PZI overfill leading to wat ief through the PZR
Safety Valves (PSVs). “The” acceptance criterion “for this analysis is the

minigum water relief temperature to assure PSV operability.

The Standard Review Plan suggests the use of full power urless a Towsr power
can be justified. In Reference 3, DPC _assumes.zero power in this analysis for
conservatism. This 1s because 1f overfil] ‘occurs’ at’ lower initial ‘power, th
‘the*water reljef temp re is more “likely to- be _Jeéss than the acceptance.
criterion. Thérefore, DPC selected the initial and boundary conditions .in
order to minimize relief temperature. The staff finds this approach to be

reasonable and accePtlb]e
3 3 6 Lo 3 & i_ i

InadveYtent opening of a pressurizer safety or relief valve and steam’
generator tube rupture events are the two transients analyzed in this
category. Proposed revxsions to the. inadvertent opening .of a. pressurizer
safety or relief valve are editor1a1 changes : L

-3.3.6: 1 3 ,
The steam generator tube rupture (SGIR) event as. not part of the original
“review, Since the trang _”trﬁﬁ_ dology docu n DPC-NE-3000, based on' the

_ - de, was approved only for on-LOCA™ app]ications
This restriction: regarding perfbrmance of SGIR anal with. RETRAN (Item vii
of “RETRAN"SER (Reference 11))applies to applications'that encounter two-phase
flow in the primary loop, which does occur in many SGTR scenarios.

1a -the limited review documéented in Reference 12, DPC recefved. .approval for an
SGTR analysis of ‘the worst=case offsite dose scenario using RETRAN for Catawba
Nuclear Station, Units 1 and 2. Justification was provided in a qualitative
manner by DOPC (Reference 13). on each of the items cited under restrictions and
limitations on the use of ‘RETRAN in its SE. There s assurance ‘that the use
of the code for that particular’ scenario was acceptable since DPC stated that
tuo—pbase flow was not encountered in the primary Toop.

Although NRC approval was specific to Catauba Units 1 and 2, as considered in
DPC-NE-3000, the Catawba and McGuire plants, for the purpose of analysis
uahflcation, are interchangeible. 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
encounteved in the RCS primary loops. ,

The DNBR will be computed usinig the SCD methodology (see Section 3.2).
4.0 CONCLUSIONS AND LIMITATIONS

Revision 1 to the DPC Top'lqal Report DPC-NE—;OOZ and ‘the 1] 4 responses to NRC
questions and o ther ‘s porting sents cited in Section 5.0 were. reviewed
Review of these ‘docume nts focused upon evaluation of acceptabihty of the
proposed changes’ and the perceived impact of theése changes.

As stated earlier, Steamliné break, rod ejection, dropped rod, and boron
dilution events were not part of th'ls review. )

5 ‘transien analysig - documented
~ ing docment, was’ fourid to be. acceptab
Hmitatz ons:

1. The acceptability of the use of DPC’s approach to FSAR anal is 1%
subject to the conditions of SEs on a'll ect ; 1ysd
ind methodologies (DPC-NE=3000; -DPCNEZ3001" DPC-NE-SDOZ E-2004,
_ang DPC-NE-2005) as well the SEs on the. RETRAN and VIPRE-OI computer
codes. i

“ 2, There are scenario§ ‘in which, &h ST "even way result i 1dss. of
subcooling and the conseque o-p low ‘conditions in the prmary
system., In such instances. the use o RETRAN: is not -acceptable without

primary pressure.

4. It is emphasized that, .when using. the SCD. methodology to determine. DNBR,
" the range of “appl icabﬂity of the selected critica). heat flux

.Pri_ns:_l_p:a-l qontributor: L. Lo:i-s
Date: ' December 28, 1995 .
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December 27, 1995, transmitting “Safety Evaluation for Revision 1 to
Topical Report DPC-NE-3000-P Thermal-Hydraulic Transient Analysis
Methodology."

Letter from G. M. Holahan (NRC) to H.B. Tucker (DPC), dated February 24,
1995, "Acceptance for Referencing of the Modified Licensing Topical
Report, DPC-NE-2005P, Thermal-Hydraulic Statistical Core Design
Methodology,” as transmitted with M. S. Tuckman’s letter of August 8,
1995, *"Issuance of Approved Version of DPC-NE-2005P (DPC-NE-2005P-A)."



11.

12.

13.

Letter from C. 0. Thomas (NRC). to T. W. Schnatz {UGRA), “Acceptance for
Referencing of Licensing Topical Reports EPRI CCM:5, RETRAN-A Program

for One Dimensional Transient Thermal Hydraulic Ana‘lysis of Complex
Fluid Flow Systems,* September 2, 1984. .

Letter fron R. E. nartin (NRC) to M..S.. Tuckman (DPC), ('Safaty
Evaluation for. the. Catawba Nuclear, Station, Units 1 and 2, Steam
Generator Tube Rupture Analysis,® May 14, 1991.

.Letter from H..B. Tucker (DPC) to NRC,. dated December 7, 1987, “"Catawba
Nuclear Statfon Steam Geperator Tube Rupture Ana‘lysis. :
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ITS/NRC/95-5

1.0 INIROOUCTION

In Revisfon 1 of the topical report entitled “"FSAR Chapter 15 System
Transient Analysts Methodology," DPC-NE-3002, dated June 1994 (Ref. 1), Ouke
Power Company (DPC) documented revisiops reflecting changes due to (f)
replacement of steam generators for the McGuire and Catawba Unit 1 stations
and (1i) methodology changes documented in DPC-NE-3000 Rev. 3 (Ref. 2).
Corrections of typographicdl 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).

OPC-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 »¢ selections.

ped_rod and boron dilution evénts were
S are documented in DPCfﬂE-3'001

Steam line break, rod ejection, d
not part of this review since these e
(Ref. 8) which has been ‘reviewed and “ap)

2.0 SUMMARY

DPC-NE-3002 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: VIPRE-01 computer codes described in
DPC-NE-3000. 1t does -not. .. address..justification, qualification or
demonstration of the approaches..taken:for analysis. However, it does state
the process they fintend to ~use in determining initial and boundary
conditions, transient assumptions and scenarios and code models used in
Ticensing-type transient analysis. - : :

Revision 1 of D'_P_Q-‘llﬁ“-360’2,-" ocuménts’ cl\angesdne to (1) the replacement steam
_generators for McGuire and Catiwba Unit 1 and (1{) minor methodology changes

presented in Revision 3 of DPC-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 . EVALUATION.

Acceptability of . DPC’s. revisions of RETRAN models and assumptions for
thermal-hydraulic calculitions of FSAR Chapter 15 trinsiént analysis of its
McGuire/Catawba (M/C).plants. is discussed below. Only those items which bear
analytical or. safety. significance are discussed.ﬂ Those {tems of .a.non-
_technical nature are not. discussed L amne _ e

The RETRAN base models. fcr Wc plants were.. qualified in. DPC-NE-3000 and. its
Revision 3 for both bestiestimate and 1icensing type’ non=LOCA™ applications,
sub:lect to limitations described in the SER. and TER (Refs, 6 and 9). A

HPC E-3002 was, a change in PZIR
‘ ections .which related

Also included fn the revision of the RETRAN lethodology is uodeling of 3 BN
feedring steam generator (FSG) Model. Details of the- FS&..nodalization and
other associated changes due to ss replacenent_ are presented in Reference 2.

- Aog - ater System Pipe Break amalysis
cain feedwater nozzles, which

| g.is,discﬁssed in_""eé on..;3_-.""3, of thi pY r’epo'i-t

The core thermal-hydraulics for most of thé transients considered in this
. topical .report..are. analyzed. using -the: DPC. developed: and NRC--approved:. SCD
..methodology.. (Ref.cl -For these transients:-certain:initial .conditions.used
;.in the transient safety.: inalysis. are. selected. to. be. at- nominal conditions, as
. qualitatively. defined in.the subject report,.since:the. uncertainty associated
.. With the. jinitial. conditions is.accounted for in. the SCD nethod

of those transient for which a DNBR cmutation is perfomed 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. nethodology for RCP Locked.. Rotor and SGTR. e

..n,_,g-Although in the Locked Rotor analysis the cor
. below. the. minimum SCD :parameter value, a Monte -Carlo: propagation
.1s performed to.ensure that. the. statisti Amit remains acceptable.

This approach was approved provided that the range of applicability, of the
critical heat flux (CHF) correlation is not violated.

owrate. is_expected-to. fall

. In_ the. SSTR analysis, DPC stated that the range of anplicability remained
valid for SCD parameters. Loe ' o e



-~ Tow-Tevel: - The

3.3

In this section those transient analyses in which si ificant revisions are
proposed are Mgl:lighted and other revisions are briefly.discussed.

3.3.1

Two transients 1n this. category wn'lch_ﬁincorporateo revisions _are (1)

Feedwater System' Malfunction Causing an Increase in Fi ter Flow ‘and’ (1)

Excessive Increase in Secondary Steam Fiow. 'In both casés revisions are

minor since the changes are - fmarily editorfal. reﬂecting sethodol ody
“Re\ therefore: acceptable.

332

A1l four transient analyses ‘are’ affected by revisions 1n this category' (1)
. turbine trip, (11) ]oss of offsite poner,..._. (i11) loss of normal feedwater, and

(1v) ‘feedwater ‘system pipe break. rip 1S andlyzed Wl t to
. peak: “an ‘ Yy S A "th th_ d with

respect to peak ncs pressure and ONB* and/or Tong ° bility
B (potentia'l 'For hot leg boi‘ling)

3-.3:251 :

:A ‘chinge 1n 2 ESstption: F .'arding “the PIR" Teve : ro'l is introduced.
-'OPC s:gtcd ‘that “the use of ‘the Yeve t od
Tocked on will be worst in orde¥ to elevaté:thé: pr ‘higher
value than {s obtained when the PZR levél control in autowatic. . We concur.

3.3.2.2. Loss.

o Im addition to tne potential cha'l]enges R E peak RCS pressure
- side: :prassure:and ‘ONB; ' DPC wilY: ana‘lyze this rans

tera: core ' 'cooling’ capabi'l'lty. .
report: describing the analysis to»‘d ¢ that ‘natural cii
established -after ‘loss of offsite pouer " Transient -assump
reasonable. With respect to the other transient objectwes, changes
introduced are: benign. D

3323

Assumpt1ons regardi the initial S6 inventory vere" reviseda In the new
‘approach, Jow insteat of Mgh S6 Jevel is assumed, to‘naxinize the socondary
‘pressurel: TMs 15 expected-to cause Wn ‘éiarlier reactor tri 36 1
downward “adjustment of ‘the
‘competing “effects . - with™: respect’ to predicted peak
‘pressures and DNBR.

This event is currently not a 'liniting transient in this category and is
“bounded by ‘the turbine trip event. Therefore, its analysis is not required.
However, DPC stated that analysis may become necéssiFy in- the: future due to

3



hardware or methodology changes. In that event DPC should be required to
perform ' sensitivity studies with respect t torin'ltial ‘condition selections to

ensire conservatisd in"the analysis.

3.3.2.4

This transient is :::niﬂcantly imcted by iqﬂeuntatlon of the feedring
steam genevators, ires three naJor assumption changes as'a direct
result of the design” and “Jocation” of the wmain feedwater nozzles. OPC’s
discussfon of ‘sources—of assumption changeés ‘and impact of changes in
transient results was’ revieved and found to be reasonable

The loss of offsite power coincident with reactor trip is assumed, resulting
in RCP trip and delay in the startup of the diesel generators for SI. Early
MSIV closure was determined:to be conservativé in-terss of ‘earlier faulted S6
dryout. Thus, in the revised assumptions, Ms1v closure occurs comcident

“with turbine’ trip, uhich -occurs on loss of offsite pmr.

DPC’s ‘approach to analysis of this'e.vent is ;cceptable.-

4

Three transients analyzed in this category are: (l) partial loss of forced
‘Peactor ‘coolant Flow, (2) cotplete loss of forced reactor ‘coolant flow, .and

(3) reactor ‘coolan . PURD 1ocked rotor.

Revisions to both of the cosiplete and partia] loss of forced Rc ﬂow are
editorial’ changes and are acceptable. k

3.3.3.1 RC Pusp Locked Rotor

As- stated in Section- 3.2, ‘DNBR for this event: ul'n be analyzed® nsing the, SCD
- methodology. —Theréfore; affected parameters ‘are’ 1nitia11y "se€t to nominal
- values: instead ‘of “assuming “Conservative values. 'DPC provided’ (Ref. 3) the
explanation of the applicability of the SCD nethodology for' this transient
: and:we: find the exphnation to be acceptable (s ¢ also“Section 3.2).

DPC stated that cases with and without 'loss of offsite power coinc:dent with
‘the- turbine trip will be-analyzed.

- As stated in the SER (Ref. 7) for DPC-N£-3002 (Ref. 5), the assumption that
120% of design pressure is not an acceptable 'Hnit. oPC 1s required to use

110% of -design pressure..
3.3.4  Resctivity 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 in Reactor Coolant Inventory
Inadvertent operation ‘of ECCS during at-power apération is the only transient
. .



enalyzed. 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 PZR overfill leading to water relief through the PZR
Safety Valves (PSVs). The acceptance. criterion for this analysis is the
minfmum water velief temperature to assure PSV operability.

' The SRP suggests use of ‘full power unless a lower power can.be. justified.
OPC assumas . zero power (Raf. 3) in this analysis for conservatism. This is
ause 1f overfill occurs. at lmr initial power, then the water relief
temperature is morg 1likely to less ‘than. the acceptance criterion.
Therefore DPC selects the fnitial and boundary conditions in such away to
ainimize rel fef temperature. de find this epproacb to be. reasonable.

3.3 6

Inadveértent openiug of a pressurizer safety or relief valve and steam
generator tube rupture (SBTR) events are the two transients analyzed in this
category. Proposed revisions to the inadvertent opening of a pressurizer
safety or relief valve are editoriil chenges.

3.3.6.1

' The steam genéritor tube rupture (SGTR) event was i
“‘raview since the transient methodology.

use of the RETRAN computer was approved on‘ly"for non-L0CA
restriction regarding performance of S 1alysis with ETRAN ten

RETRAN SER (Ref. 11)) -applies to appli s which encounter: tuo—phtse f‘lon
in the primary loop, which does occur in many SGTR scenarios.

In the limited review documented in Reference 12, DPC ‘received approval for
.an SGTR analysis. .of the worst offsite dose scenario :using- RETRAN:for. Catawba
f,ﬁ'ﬂuc‘l ar Station Units 1 and 2. . Justifica on was. provided (Ref. - #

ﬂ 1t _manner by..OPC on _each of the ite d .. - restrictio

' Huitations n the use.of. RETRAN in its SER. There s assurance :that: the -use
of ‘code for that. rticular scenario was. acceptable since .DPC stated-that
two-phase flow was not encountered in the ‘primary Toop.

Although NRC approval was speciﬂc to Cetauba nnits, .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 analysfs . using RETRAN should be applicable to-McGuire:plant ‘analysis.
We concur with DPC’s statement, so long as the scenario is essentially the
:me and no two-phase ﬂov conditions are encountered in tbe RCS priuary
oops.

- The "DNBR wil]. be computed using the SCB methodology (see Section 3. Z)

4.0 CONCLUSIONS

Revision 1 to the DPC topica‘l 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 documents focused upon evaluatinn of acceptability of the



.proposed changes and the perceived: impact of these changes.

As stated earlier, steam line break, rod ejection, dropped rod and boron
dilution events were not part of tMs review.

Subject to the foregoing, DPC’s proposed revision to approach to FSAR Chapter
15 Jtransient analysis, as documented in Revision 1 of DPC-NE-3002 and its
-~ supporting ' document, was fouud to bé- eoceptobie subject to  the - fonowing

conditions:

1.

‘The ‘acceptability of the -use- of DPC‘s approach to- FSAR' analysis is

subject to the conditions~of SERS on all1~aspects of transient analysis
and methodologies (DPC-NE-3000, DPC-NE- 3001, DPC-NE-3002, DPC-NE-2004,
PC-NE £2005) as‘ ‘well the ‘SERs on RETRAN and VIPRE comuter codes.

There are scenarios 1n which an SGTR event may- result -in loss of
subcooling and the consequent two-phase flow conditions in the primary

: s ystem. n%n such'“{nstances, ‘the. ‘use: of "RETRAN {s not ecceptable without

detaﬂed ‘review of the amalysts.” -~ oo

In the future #f hardware or nethodo]ogy changes, selection ‘of limiting
transients needs to be reconsidered, and DPC is required to perform

- sensitivity: studies to fdentify the initfal- conditions ' in ‘such a way' te
:avoid ‘conflict betueen transient objective, such es W and worst

primary: pressure.

It A8 enphes'lzed ‘that; when usin the SCD nethodology to determine DNBR,

the r ege of epp'licobﬂity of the selected CHF correlation ‘tiust not be
violat

x:fDPC'S assumption of 120% of design pressure as part of ‘the-acceptance

criteria for Reactor Coolant” Pump Locked Rotor'is not icceptable: DPC
is required to use 110% of design pressure for that limit.

B_m

Letter from M.S. Tucker (DPC) to USNRC, "FSAR Chapter 15 System
Transient Analysis Methodology, DPC-NE-3002," Revision 1, June 1994,

“Duke Power Company - The Thermal-Hydraulic Transient Analysts
Methodology - Oconee Nuclear Station, McGuire Nuclear Statfon, Catawba
Nuclear Station,” DPC-RE-3000, Revision 3, August 1994.

Letter from M.S. Tuckman (DPC) to USNRC, "Topical Report 0PC-3002, "FSAR
Chapter 15 System Transient Analysis Hethodo‘logy Responses to NRC
Questions,® August 18, 1995.

*Duke Power Company - The Thermal -Hydraulic Transient Analysis
Methodology - Oconee Nuclear Station, McGuiré Nuclear Station, Catawba
Nuclear Station,® DPC-NE-3000. July 1987.
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1995, .
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.Systems, " Sep A
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UNITED STATES
" NUCLEAR REGULATORY COMMISSION
“INASHINGTON, D. C. 20855

November 15, 1991

L e A
Docket Nos. 50-369, 50-370
50-413 and 50-414 .

Mr. H.. B, Tucker, Senfor.Yice President
Nuclear Generation
- Duke Power Company
P. 0. Box.1007
Charlotte, North Carolina 28201-1007

Dear Mr. .Tucker:

" SUBJECT:,... SAFETY. EYALUATION-ON TOPICAL REPORT DPC-NE-3002, "FSAR- CHAPTER 15
'SYSTEM TRAMSIENT ANALYSIS METHODOLOGY," (TAC NO. 66850) = .

The NRC.-staff wath the. support of its contractor has reviewed Duke Power :
Company Topical Report DPC-NE-300Z, "FSAR Chapter 15 System Transient Analysis
Methodology,” dated August 30, 1991 as supplemented by letters dated :
October 16 and November 5, 1991. _The staff has found the topical report: to.
be acceptable subject to the copditions identified in section 4.0 of the
attached Technical Evaluation Report as modified by -Section 2.7 of “the-

attached.Safety Evaluation.

This concludes ourﬂreview activit1es in response to your:. submitta!s regarding .
Topical Report DPC-NE-3002.

Sincere1y,

Cod

Timothy A. Reed, Project Manager..
Project Directorate I1=3

Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

Enclosures:
1, Safety Evaluation
2. Technical Evaluation Report

cc: See next page
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UNITED STATES
'NUCLEAR REGULATORY COMMISSION
, WASHINGTON, D. €. Z0883

ENCLOSURE 1

SAFETY EVALUATION BY THE OFFICE OF BUCLEAR REACTOR REGULATION
 RELATING TO TOPICAL REPORT DPC-NE-3002
TEM_TRANSIENT ANALYSIS HITHODOLOGY®
DUKE PONER COMPANY
MCGUIRE NUCLEAR STATION
CATAMBA NUCLEAR STATION
" DOCKET NOS. 50-369, 50-370. 50-413 AND 50

1.0 INTRODUCTION

By letter dated August 30, 1991, the Duke Power Company !DPC) submitted
Topical Report DPC-NE-3002, McGuire Nuclear Station and Cetawba Jjuﬂe’qr: :
Station, "FSAR Chapter 15 System Transient Analysis Methodology,* describing
mode11ing assumptions used by DPC in perforining analyses of FSAR Chapter 15
events, This report, as supplemented by letters of Dctober 16 and November S,
1991, is intended to augment Topfcal Report DPC-NE-3000, "The Thermal-Hydraulic
Transient Analysis Methodology - Oconee Nuclear Station, McGuire Nuclear
Station, Catawba Nuclear Statfon.” DPC-NE-3002 §s also related to
DPC-NE-2004, "Duke Power Company McGuire and Catawba Huclear Stations Core
Thermal-Hydraulic Nethadology Using VIPRE.D1,” and DPC-NE-3001,
*Multidimensional Reactor Transients and Safety Analysis Physics Parsmeters

Methodology.”
2.0 STAFF EVALUATION

The staff performed its evaluation of the methodology reported §n DPC-HE-3602
with the technical assistarice of International Technical Services, Inmc.
(31TS). The evaluation and findings are described in detail in the ITS
technical evaluvation report (TER) which is enclosed as part of this report.
As identified in the TER, certain items from OPC-NE~3002 were not included in



this review because they have already been included in the review of one of
the other related DPC topical reports. For instance, stesm 1ine 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 Bpﬁn Dilution Event

The TER identifies that the review of this event is beyond 1ts scope.
DPC-NE-3002 discusses boron dilution events. However, apart.from core physics
aspects of DPC-NE-3001, the DPC methodology for ‘evaluatfng boron di“lnt‘loa
-events does not use.the. codes described in -the .related topical reports
tdentified in Sectfon 1 of this SER.. The staff concludes that the finding of
acceptabilfty for, the boron dilution.event analysis methodology.of record.
continues to.apply. . - .

2.1.2 Steam Generator Tube Rupture (SGIR)
. The TER identifies that the review of this event is beyond.its scope.. DPC-NE-
3002 discusses. SETR-events; however, -except for,any parts.of DPC-NE-3001 that
may be found to apply, the DPC methodology for evaluating SGTRs does not .use . ..
codes described in the related topical reports identified in Section 1 of this
SER. The staff concludes that the finding of acceptability for the SGTR
analysis methodology of record continues to apply.

2.2 TYER COHCLUSIONS .

2.2.1 Feedwater Line Break

TER Sectéon 4.0 (Conclusions) recommends that justiffcations for trip and
actustion times be required when the methodology is applied. .

Hhile the staff agrees that trip setpoints and actuation times must be
consistent with the assumptions in FSAR analyses, we find that this



consistency 1s 1splemented in thé plant technical spndﬂcatiunt and {s
outside the scope of BPC-3002 and tMs nvin.

2.2.2 Power and Reactivity Fesdback

TER Section 4.0 recommends that the modelling of power and reactivity feedback
be reviewed ana that it be assured that such modeiling has no adverse effect
on the other modelling described 1n the TER. The staff review of DPC-NE-3001
covered these considerations and found them acceptsble.

2.2.3 Locked Rotor Event: -

TER Section 4.0. identifies-that:DPC has proposed that feactor codlant system
{RCS) pressure of 1205 of desfgn pressure be gsed as & performance acceptance
criterion for locked rotor-event analyses replicing:thi préviocus 110%
criterion. Based on our review we find that the licensee has not provided
sdequate justification for the proposed change, particularly in light of the
credit taken in the DPC methodology. for delayed loss of:power:ta:thé unlocked
reactor coolant pumps. The licensee identifies that its Jocked rotor event
‘gnalyses £alculate- & peak RCS“pressire of: Jess than 110% design ‘pressure. e
f4nd ‘the OPC locked rotor anilysts methodology (immﬂtfng the-110% RCS
pressure critertnn) and’ nnnu ncceptable.

2.2.4 Parametric Studies
TER Section 4.0 recommends tﬁa; parameteric-studies be required to be presented

when the metlddology is applied. The licensee has indicated that ft will
perform such studies, as needed. The staff finds this commitment acceptable.

3.0 STAEF CONCLUSIONS

The staff finds the OPC transiént anidlysis methodology acceptable for McBuire
and Catawba analyses. _

Date: November 15, 1981



ENCLOSURE 2

1.0 INTROOCTiON

The topical repirt entitled *FSAR Chapter 15 System Transiént Analysis
Methodology,” DFC-NE-3002, dited August 199] (Ref. 1), docusents description
of modeling asswiptions used by Duke Power Company fn performing transient
analysis of FSAR Chapter 15 accidents by discussing spuiﬂc chotces for use
of the wmodels described and qualified in DPC-NE-3000 using the RETRAN and
VIPRE-0) computer codes (Refs 2 and 3).

DPC documented, For Yicensing ipplication, the comsarvative haturé of (1) the
RETRAN model nodalizatfon, (2) RETRAN control systms. (3) use of the models
described- in the DFC-NE-3000 (Raf 4) and (3) sele:t*lon of fnmal and
boundary conditions.

1.1 ' Scope n_f Rey few

Review of the subject topicdl rveport focused upon evaluation 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 intermal
models/correlations and (3) selectfon ~of RETRAN {nftial and boundary
conditions. ' )

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

DPC’s DNB methodology was acceptable and consistent with the contents of DPC-

NE-2004, DPC-ME-3000 and their supporting documents (Refs. & - 8) together
1 _



with their respective TERs (Ref. 9 and 10). The review, thevefore, included
jdentificatfon of which transients OPC fintends to amalyze using its
statistical core design (SCD) methodology and which they do not, and
evaluation of DPC’s selection of -faitial-and boundary conditfons in the
systems analysis which was used to dﬂt!l'lineﬂ the stitepoints for the DNB
analysis.

Although the subject topical report covered a)1 applicsble non-LOCA accident
in Sections 15.1 through 15.6 of the FSAR, no review was conducted of the
details of the transiants which ore presented in separate topical reports
{steam line break, control rod misoperation, rod ejection and steam generator
tube rupture) or those accidents identified by the DPC as: (1) not applicable
to M/C pIantsz (!1) no syst- analysis deened neeexsary. or (iif) these
current 'Iicensfng bases btmnded by other anﬂy:es. .

The fono\ﬁng 1tams are berond the scope of this revieu. (). nvlcu with
respect to the core physﬂ:s parameters or dose analysess (11). review ralated
to ‘the current McGuire 1 Cycle 8 (MICB) reload m'm'ls sutmittal; (iff)
review of FSAR analyses; (iv) review of the Boren. dilution. eventi(yv) review
of a statica‘l‘ly uisa'liqned coatro‘l rod. md (vi) review of r.unstst,ency or
Therefore, no cons'lstancy check was lnde of DPC's plzﬂosoph*lcal appruach
documented 1in the topical report against the MIC8 reload analyses, FSAR
anaiyses or Technical Spacification limits. Furthermore, accuracy of details
of the Reactor Protection System, Engineered Safety Features, instrumentation
and auxiliary systems and their assocfated ItoTefmca or uncertainty was not
reviewed.

Finally, no technical fevieu was cmduciéu'as t'o the validity of OPC’s
assumption of 120%. of design pressure as an au:eptance criterion for the RCP

locked rotor analysis.

2.0 SWBURY |

Topical Report DPC-NE-3002 documents DPL's -approach. 1o performance of the
2



NSSS primary and secondsry system analyses of FSAR Chapter 15 accidents, It
covers all applicable non-LOCA accidents {n Sections 15.1 through 15.6 of the
FSAR except steam line break, dropped rod, and rod ejectfon, which are
addressed in a separate topical report, DPC-NE-3001 (Ref. 11).

OPC-HE-3002 presents brief discussion of specific choices for the use of the
RETRAN plant models described §n DPC-NE-300D, including nodelization, initial
and boundary conditions and modaling of the process instrumentation and
control systems. Also presented are assumptions related to the Reactor
Protection System, the Engineered Safety Festures Actustion System, and
availability of other systems and components. Trip actuation is discussed in
generality, and thus potential trip fumctions are presented. However, the
report contains no justification for actuation times for reactor trip, safety
injection and other actions. Assumptions related to reactivity feedback
modeling, power peaking and powsr distribution are not presented, therefore
are not reviewed. Furthermore, although there is mention of intent to
perform {or, i some instances, actual performance of) parsmetric studfes to
- -{dentify conservative: scemrios and assumptfons, nome :of ‘such stndies were
presented.

The topical report contains qualitative, rather than quantitative
information, and no the actua) RETRAR or VIPRE computed results are
presentéd. Therefore, this report presents DPC’s philosophical approaches to
performance of FSAR Chapter 15 type anﬂysis.

No’dﬂiza’t’ioﬂ -selection is ‘made based upon Symmetry or a degree of asymmetry
of the expected transient system response. Selection of ‘initial and boundary
conditions is desfgned to result in conservative predictions with respect to
the aspect of a transient which the amalysis is intended to assess, ‘such as
peak primary pressure, pesk secondary pressure, short and long term core
coolability. With respect to core coolabflity, selection of initisl
conditions depends upon the mode of DHBR computation; i.e., the use of the
DPC ‘developed SCD methodology SCD or the traditional DNBR methoddlogy.



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 a’na,]_ysis. of the .SCD methodology described..in DPC

Topical. Report DPC-NE-2004 and 1ts supplements was also reviewed.

3.1

The RETRAN base. models for M/C plants were qﬁ‘i]'.i.fiéd in DPC-NE-3DDD for both
best-estimate and Ticersing type applications, subject to .Yimitations
described in the TER (Ref. 10).

" DPC -developed. three different. size:models: of the M/C Plants: a one-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 th!‘,ee..-l-o‘qp.,..qug] to be
used whén rmore detail 1is desirable due to. asymetric 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 npc SG -mdde.'l 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 transieénts considered,. loss of normal feedwater and
r:dwater line break, the current modeling is adequate. The finding of that
review  is documented in the TER -for DPC-NE-3000 and {mposes. certain
limitations on use.

Use of certain RETRAN internal models such as the inter-region »hea..t. 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).



3.2 SCD Transients

The core therwal-hydraulics for most of the transients considered in this
topical report is analyzed using the DPC developed SCD mathadology. For
these transients, certain fnitial conditions used in the tramsiedt safety
analysis are selected to be at nominal conditions, as qualitatively defined
in Refevence 10, since the uncartainty associated with the initial conditions
is accounted for in the SCD method. These parsmeters are: (1) power level,
{2) Core flow (RCS flowrate and core bypass flow), (3) Coolant temperature,
and {3) RCS pressure. Other paraweters necessary for the SCD method are not
discussed in this topical report.

Those transient -for which DNB .is relevant. but for which the SCD is not used
are; (1) -turbine trip, (2) RCP Locked Rotor, (3) startup of 'an inactive
reactor coplant pump at an incorrect teapsrature, and (4) steawm line break.
The turbine.-trip is not:-analyzed because :as postulated, this transient
results: in a momotonically increasing :DMBR which therefore is not: an issue.
The SCD method is not used for DNER analysis of steam: 1ine break since the
primary pressure predicted during the transient {is below the range of
applicability .of . the CHF -correlation used to:.develop the response- surface
squation. - Similarly, the other events are outside the mge of applicability
of the response:surface equatlou.

3.3

In this section, initial and boundary conditions such as the transient
initiators, -sactor coolant pump operation and assumptions relsted to safety
and velfef valves are discussed.- Control; protection and safeguard system
podeling is discussed highlighting which systems are credited or not
crodited‘ actuation logic -and model{ng usmptim.

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. :

5



Deviations from the following common analytical approack are highlighted in
the ensuing sections of this TER:

l'

For DNB analysis of .SCD tramsients,.SCD parameters are set st ncwluﬂ
while non-SCD parameters: are set at conservative valuss.

For DNB analysis of non-SCD- tms'lem. all w -paraneters wore. set at
conservative values. .

For all DNB amalyses except those which.were initiated by reactivity
insertion, the gap conductivity is assumed to be low to maximize the
stored energy in the fuel and thereby minimize the changs in heat flux
out of the fuel during the transient; whereas. for the resctivity
insérticn driven transients, the gap conductivity is assumed to be high
because: the transient duration is short compared:to the fuel’s thereal
constant. For: ONB .analysis of -transtents which depressurize the
primary, the:pressarizer level -is- assumed: to-be:at=its high limit to
naximize the dapresxur‘lzation. C A

~ Where-transfients: ar&-be‘lnﬁmﬂmd for peak RCS:pressure; ‘the :primary-

to-secondary heat tramsfer 1s: minimized, the-pressarizer 1s assumed to
be initially at the high limit of {its operating range to produce :the
maximum pressure as the vapor region 1s compressed, and the fugl s
assumed to have a high gap ‘conductivity (which is iccompanied by ‘3 low
average fuel temperature) to maximize the energy transferred into the
primary fluid. .

For transients {nitiated on the:primary:-side which have. short :duration,
ft is assumed that the results are. insensitive to wodeling of -the
secondary side and primary-to-secondsry heat transfer. Therefors, for
all such analyses the secondary side and steam generator wameters were
5ot at nominal nmr than:conservative conditfons. - . -

Transients with symtric loop bahnvi’cr -:ammﬂyzedm’ith a single loop
6



plant model while asymsetric transients are analyzed with a two lcop
eodel.

7. DPC uses the setpoint values and response time of trip function as
specified in the Technical Specifications and sccounts for uncertajnty.

8. Decay heat is computed using the end-of-cycle data based upon ANSI/ANS-
5.1-1979 standards plus a two-sigma uncertainty.

9. Avajlability assumptions on the PZIR pressure and level control
mechanisms, such as the PZR sprays, PORVs and heaters, and the modes of
operation ars made in various compination to yield system behavior
consistent with the transient being wodeled. Steam 1ine PORVs and

condenser dump modeling is similar.

Four transients are copsidered in this categery; (1) feedwater (FW) system
malfunctions that result in a reduction in feedwater temperaturs, (2)
feedwater system malfunction causing an {increase in.feedwater- flow, (3)
excessive increase in secondary stean flow, and (4} inadvertent opening of a
steam generator relief or safety valve. As stated earlier review of the
steam line break event is beyond of the scope of this review.

The FW temperature reduction eveat 1s bounded by the FW flow increase event,
which is amalyzed. Since 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 therma] power is
presented in the report. Both of these transients are analyzed with respect
to DNB using the SCD method.

An additional cendition to consider a FW malfunction affecting more than one
loop was recently added to the scenario of FW system malfunction event. DPC
felt that the most limiting case would involve multt-Joop malfunction
affecting, all loops equally. Therefors, the use of 3 single-loop model is

7



appropriatea.

The pressurizer liquid lsvel is assumed to be high to maximize the prtwary
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 small step increase in the
steam flow event 1s not considered to be sensitive to SG level.

A conservatively large step change in main feedwater flow is assumed for the
F¥ malfunction event. A 10% step increase in stosm flow 13 assuméd for the
other evant.

In both event analyses, twd cases are investigated to assess whether modeling
the rod control system in manual control or automatic contrel would result in
the worst case. In addition, minimum AFW flow, turbine trip and FN 1solation
are credited and expected to trip on S8 narrow. ringe level after the
appropriate Technical Specification response time delay.

The input-selection -and transient assumptions as described in the topical
report for this:category of events is tccevtmt. '

Four transient analyses are performed in this category: (1) turbine trip, (2)
loss of offsite power, (3) loss of normal feedwiter; anc (4) feedwater systen
pipe bresk. Turbine trip 15 analyzed with 'Fespect to peak RCS ‘and secondary
side pressure, and the others are analyzed with respact to peak ‘RCS pressure
and DNBand/or long term core coolability {r~ eitial for hot Teg botldng)y.

3.3.2.1 Jurbine Jrip
DNBR analysis is not performed for this transfent since this §s a rapid
transfent in which prier-to Teactor trip, a significant RCS pressurization

takes place’ due to the reduction in secondary heat ‘sink offsetting’ the
fncrease in core inlet temperature, while the -core pover and ‘the :core flow



change very little. Therafore this. event does not challenge the DNBR safety
margin.

In peak RCS pressure analysis, reactor trip is expected to actuate on efther
overtemperature delta T (OTOT), overpower delta T (OPDT), or PZIR high
prassure. NFW 1s 1solated upon turbine trip.

In the peak SG secondary side pressure analysis, RCS flow is assumed to be
high to maximize the primary-to-secondary heat transfer., High S6 level is
assumed, to maximize the secondary pressure. In order to: prevent i high PZR
pressure resctor trip prior to OTOT trip, PZR PORVs are assumed operable;

3.3.2.2. Lpas of Offsite Power

This transient has potential chailenges to peak RCS pressure, peak secondary
side pressure, and DNB. However, the DNBR results from this event are
bounded. by the loss of flow event because theze two events, :as postulated by
OPC, differ only in the timing of-the insertion of the control rods. -In the
loss of offsite power (LOOP) event, the rods begin to fall jmmediately,
whereas in the loss of flow.event rods fall-after an {nstrumentation 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 reactor 'trips 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 analysis of this transi:.: is not nénired.
Nevertheless, DPC provided the analytical methodology for analysis of this
event should 1t become nscassary..

The transient will be analyzed with respect tu three. different objectives:
peak RCS pressure; peak .secondary  side pressure; and. DNB using the SCD
method. '



For paak RCS pressure analysis; all RCPs are tripped as the ‘transfent
fnitiating event. Resctor trip and WPV trip are assumed on LODP. AFW s
assumed to actuate on LOOP after 2 delay. However, in order to ainimize the
hgat removal capability, the wintmm AFW flow is assumed. :

For peak SG secondary side pressure analysis, DPC assmmes' high RCS flow to
maximize the primary-to-secondary heat transfer. High SG leval 1s assumed,
to uaginize the seconidary pressure. S

In order to determine statepoints: to be used in DNB amalysis using the SCD
method, PZR Tevel is assimed to be low to minimize the primary pressure
increase. Low S6 level is assumed, which minimizes primary-to-secondary heat
transfer.

3 .3. 2’- 3 .

The loss of -normal feedwater: is-bounded by the turbime trip ‘transient. Tha
power to heat:. sink sfsmateh. is greater for .the turbine trip“-because the
reactor. trip .and turbine trip occur simultaneously for the 16ss of -FW event,
while for the turbine trip-event, resctor trip occurs after-the turbine trip.

Therefore, - a quantitative .analysis -of -this transient -is not required.
Nevertheless, DPC provided the antlytical asthodology for analysié of this
event should it become necessary. . .

For peak RCS pressure analysis, reactor trip is assumed on the SG low-low
Tevel. AR is assumed to actuate on the SG low-low level: however, in order
to minimize the heat removal capability, the-minimum AFN flow is .- sumed.

In ordor to maximize the peak SG secondary side pressure by maximizing the
primary-to-secondary heat transfer, high RCS flow is sssumed. High SG leve)
is assumed, to’maximize the secondary pressure. Reacter trip 1s assumed on
the S6 Tow-low leve). -AFN is assumed to actuated on-the SG. Jow-low level
with a minioun flow delivery.
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In order to determine statepoints to be used in DNB analysis using the SCD
mathod, PIR level {s -assumed to be low to wintwize the primary pressure
{ncroase. High SG level 1s assumed to delay reactor trip on SE low-low
level. Reactor trip is assumed on the SG Yow-low Tevel. AFN is assumed to
actuate on SG low-low level with a winimes flow delivery. Turbine trip is

assumed on' reactor trip.

3.3.2.4 - Feedwater Svsten Pige Braak

‘This transient {s analyzed with respect to-(1) -using the SCD methed, and
{2) long: term core coolabilfty: (potentizl. for boiling in the hot leg). The
most 1imiting event assumed by OPC 1s the double-ended rupture of the largest
feedwater line. ' ’

The DNB analysis for this transfent is -analyzed a5 -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 45 assumed-to occur causing RCP coastdown. Reactor-trip s
assumed on the OTDT. AFN 15 assumed to actuate on S6- Tow-Jow: level after a
delay with a minfoum flow deélivery in order to minimize the heat removal
capabflity. Turbine trip is assumed on reactor trip.

Long Term Core Coolability (Mot Leg Boiling)

A three-loop mode) fs used since uneven flow of AFW 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 miniwizes the margin to hot leg boiling by lowering
the hot leg saturation temperature. A high RCS temperature s assumed, t0
increase the amount of emergy to be removed. Low SG level is assumed to
maximize the loss of secondary heat sink. A Righ fuel temperature is
assumed, accompanied by low gap conductivity. High SE tube plugging §s
assumed to minimize the primary-to-secondary heat tramsfer.
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The RCPs are assumed to trip at 15 seconds, which s assumed €0 precede the
time at which the pusps would be manually tripped on high-high containment
pressure.

Reactor trip is assuwed at 10 ssconds into the transient which is after the
SI actuatfon on high containment pressure. SI actuation fs assumed on high
containment pressure at 10 seconds and terminated at 70 ssconds when the
emergency procedure criterta for termination ave assumed to be met. AFW 1s
assumed to actuate on SI actuation after a delay. However, in order to
minimize the heat removal capability, the minimm. AFM Flow is assumed. AR
js terminated at 120 seconds fnto the transient.. NSIV closure are actuated
at 15 seconds and .assumed to precede automitic closure on- high-high
contatnment pressure. Early closure is conservative in order to initiate the
overheating portion of the transient. However, ro Justification was
presented for any of the actuation time assumptions.

The input selection: and transient assumptions as described in the topical
- yveport for this .category of events s acceptable; howsver, -trip “sctuation
times must be justified fn-any-applfcation Df this methadology.

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

3.3.3.1 LOSR..9 orced RC Flow; Parti:

Oue to the similairity of these events, the partial loss: 6f forced flow snd
complete loss of forced flow events are discussed tagether.

A single-loop model is used for analysis of the complete-loss of forced flow
since the transient impacts a1l loops symetricaily:-the: two-loop ‘model" is
used for the partial loss of forced fiow event analysis.: In both cases, ONB
analysis will be performed using the SCD method.

12



for the partial Yoss of flow, a single reactor ctoolant pump is assumed to
trip, while the other three pumps remain operational for the duration of the
transfent. For the complete loss of forced flow, all four RCPs ere tripped
at the initiation of the transfent. 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 assutsied on low RCS flow after an
appropriate delay tima, while for the complete less event, reactor trip is
assumed on RCP undervoitage. Turbine trip {s assumed on reactor trip. '

3.3.3.2 RC Pump lpcked Rotor

This transient is analyzed with reipect 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 transfents, DPC stated that it used an
acceptance criterion of 120X design vmsm Review of this criterion is
beyond the scope of this review.

In ordér to maxiaize RCS' pressure, the RCS flow i3 assumed at 1ts low fnitial
flow to minimize the heat transfer to the secondary side. A high .core bypass
flow is assumed to minimize the core fiow to wmaximize the heat-up. - The
fnitial RCS avérage temperature is also assumed at its high Tevel.

The transient initiating event is setzure 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 fs assumed on low RCS flow 'In the
affected Toop. Turbine trip is asaumed on reactor trip.

ONB analysis is performed using the traditfonal method. Therefore, core
power is assumed to be high, while the PZR pressure and level are assumed to
be low to minimize the pressure {ncrease. 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 heatsup and low RCS flow is chosen to
maximize the primary-to-secondary heat transfer.

Offsite power §s assumed to be lost coincident with the turbine trip.
Similar to the peak RCS pressure case, reactor trip is assumed on low RCS
fiow in the affected loop. 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; however, the assumption
" that 120% of design pressure is an acceptable limit must be reviewed by the
NRC staff.

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 jncorrect temperature, (6) CVCS malfunction (boron dﬂut‘ionj, 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 pressuré and DNB. The single control : rod,withdrawal and
startup of an inactive RCP at in incorrect temperature are analyzed for DNB
only. A1l transients 'e;xceptf the startup of an inactive RCP are SCD
transients.
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3.3.4.1

The core power 1s assumad at 8 critical zero power startup condition.

Peak RCS pressure analysis s performed assuning the RCPs are operatfonal to
ninimize therma) feedback during the power excursion.  Reactor trip fis
assumed on-high power range flux trip. ‘

DNB analysis will be performed using the SCO method except when the potential
for bottom-peaked power distributfons exists. In such event, since SCD s
not applicable, DHBR analysis is performed using the: W-35.CHF correlation in
the traditional manner accounting for uncertaintfes explicitly. Thus the
input selectian criteria described below is only -applicadble when ‘the SCD
method is used.

In order to: deterwine the statapoints to be used ¢n' the ONB anilysis, 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 tncrease, low initial PZR pressure and level ¢35 ‘assumed.
Three RCPs, a minimim..number required for the modes ‘of ‘operation applicable
for this transient, are assumed operational to yield low flow. 'Reactor trip
is assumed on high power range flux trip. S

3.3.4.2

For peak RCS pressure amalysis, in order to avoid.-trip ‘on high flux, the
transfent is initfated from Tow powsr. The SG level is assumed high and a
high smount of SG tube plugging s assumed fo order to winimize primary-to-
secondary hsat transfer.

In order to determine ~statepoints to be used in DNB analysis using the SCD
method, the initia) 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 steaw

1§



generator level 1s assumed to be high in an effort to minimize the primary-
to-secondary heat transfer. Amalysis {is performed with and without PIR
sprays and PORVs. ‘

3.3.4.3  (Contro) Rod Misoperation

Transient systems. anmalysis is not performed for the statically wmisaiignad
contro! rod event. Steady-state thres-dimensional power peaking analyses are
performed to assure that the resulting asymmetric power distribution will not
result in DNB.

3.3.4.4  Sipgie.Rod Yithdrawal
DNB analysis w11l be performed using the SCD method.

The SE mixture lavel is assumed high to maximize the secondary pressure and
minimize the primary-to-secondary heat transfer. High'SG tube plugging 1s
assumed to minimize the. primary-to secondary-heat-transfer.

Reactor trip. is assumed. on one of four functions; OTDY, OPDT, PZR high
pressure and power range high flux. In order to delay reactor trip on high
PIR pressure; the PZR heaters: is assumed to be.in manual. Sinilarly the
PORVs are assumed disabled in order to delay reactor trip on-OTDT and high
PIR pressure. Feedwater control is in automatic to prevent SG& Tevel trip.
AFW is assumed disabled. Turbine trip-is assumed on reactor:trip.

3.3.4.5°

DNB analysis will be.performed using the. traditfonal method. A -two-leop
mode) will be used decause of the Toop asymetry. . _

The initial isdicated power level is. set:to. delay or prevent reactor trip
from a low flow.trip setpoint.  The core bypass flow is-assumed to be high to
ninimize the core flow to maximize the beatup.- Similarly the RCS flow in the
three unaffected loop 1s the minimn flow &Hlowed by Technical Specification.
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The three unaffected RCPs are modeled asswming 2 constant speed through the
transient. The RCP that is Initfally inactive is modeled with a consérvative

speed vs. time controller.

The SG level control is assumed to be. in automatic mode to minimize the
probability of trip on low-low 56 Tevel. Turbine trip 1s assumed to be in
manual - : '

The input ‘selectfon and transient asmions a5 described in the topica'l
report ‘for this: categury of events is acceptable.

3.3.5 Increased ip Reactor Coolant Inventpry

Inadvertent oparation of ECCS during power operstion is the only “transient
analyzed. : The DNB: results of this transient -are bounded by “the iRadvertent
opening of & PZR safety or relief vilve transient. |

Notwithstanding the qualitative argument provided by DPC for not 2analyzing
this event, :DPC: nevertheless presented the:eanalytical methodology used for
this analysis, should reanalysis become necessary in the future., ' '

DNB analysis wi)l be performed dsing the SCD method.

A maxioum safety: fnjection flowrate with a comservatively high boron
concentration s 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 borated
‘water, no credit is assumed for the purge volume of unborated water in the
1ujectioa 1ine.

Reactor trip s -assumed on low PZR pressure after an appropriate delay time.
The steam 1ine -PORVs and condenser steam dump are sssused to be unavailable
to maxfmize secondary side pressurization and wminimize the primary-to-
secondary heat transfer, also tending to waximize primary fluid volume.
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Turbine trip is assumed on reactor trip.

The input selection and transient mmﬂm 45 described in the . topiul
report for this category of events is acceptab‘le.

3'3'6

Inadvertent opening of & pressurizer safety or rvelief valve and stesm
generator tube ruptire events are ths two transierts anaiyzed in this
category. The steam generator tube rupture event is bayond the scope.of this
review. Therefare, the inadvertent opening of a PIR safety or relief valve
was reviewed.

In order to determine statepoints to be used in ONB amalysis using the SCD
method, the pressurizer liquid Jevel is assumed to be high to maximize the
primary pressure decrease, which .maximizes tho -added coolant- inventory.
Reactor trip is credited. The turbine trip fs 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 CONCLUSIONS

DPC topical report DPC-NE-3002 and its supporting: documents, including the
DPC responses to questions, were:reviewed.

Review of the subject “* afcal report focused upon evaluztion 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 methodolony was consistent with the
contents of DPC-NE-2004 and OPC-NE-3000. and acceptable. The review,
therefore, included identification of the SCD transiests .and evaluation of
OPC’s selected initfa) and boundary-conditfons in the systems -analysis which
was used to determined the statepoints for the DNB. amalysis.
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As stated earifer, stean line break, rod ejsction., 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 domted in DPC-HE-3002 and its supporting documents, was
generally found to be accapnb‘le sub:lect to the following conditions:

1. DPC’s Statistical Core Destgn methodology treat seven state vartables as
key parameters. Four of these varisbles ware accounted for in this
topical report. OFf the rémaining pirameters, the power factors are alse
fnput ftems for systeas nnﬂysis, vhich was not presented {n the topical
report.  Similarly, . relctivity ftullmk wai. not discussed. in this
report. Both of these parmters can significantly influence the course

 of .the transient. _Therefore, when application of the philosephical

- approach reported’ in this t.opfcﬂ ‘report {5 ‘made and submitted for NRC

..review and approval, review shoyld be made.of the modeling of power and

* reactivity - feedback, and to. assure that such modeling his no adverse
imct on.the other mdeling described herein.

2. Validity of DPC’s assumption of 120% of deslgn pressure as pan of the
-scceptance “criteria for: Rewt.or Cuolm Pm Locked Rotor shmﬂd be
- ditermingd by the ‘NRC staff. '

3. No jJustification was pmented for tr'lp and’ actuation times assumed in
the Feedwater System Pipe Break event anmalysis. Such Justifications
oust be presen‘;ed when this = thodology ts appl_ied_.

4. ‘DPC documented intént ‘to ‘perforn parametric studies in order to select
conservativa scenmarios 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.



1.0

2.0

2.1

22

221
222
223
224

23

23.1
232
233
234

24

wuuw&ﬂ
— it b b
—— e

W -

3.1.14
3.1.2

3.1.2.1

3.122
3.123
3.1.24

UFSAR CHAPTER 15 SYSTEM
TRANSIENT ANALYSIS METHODOLOGY

Table of Contents
INTRODUCTION

INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM

Feedwater System Malfunctions That Result In A Reduction In Feedwater
Temperature

Feedwater System Malfunction Causing an Increase in Feedwater Flow
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards Systems Modeling

Excessive Increase in Secondary Steam Flow
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards Systems Modeling

Inadvertent Opening of a Steam Generator Relief or Safety Valve

DECREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM

Turbine Trip
Peak RCS Pressure Analysis

Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Peak Main Steam System Pressure Analysis
Nodalization A

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling

i



3.2
321
3.2.1.1
3.2.1.2
3.2.13
3214
322
3221
3222
3223
3224
323
3231

3232

3233
3234
324

3.24.1
3242

3243

3244

33
33.1

33.1.1

33.1.2
33.13
33.14
332

33.2.1
3322
3.3.2.3
33.24
3.33

3331
3332
3333
3334
334

334.1
334.2
3343
3344

34
34.1
34.1.1
3412
3413
3414
34.2

Loss of Non-Emergency AC Power
Peak RCS Pressure Analysis

Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Peak Main Steam System Pressure Analysis
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Core Cooling Capability Analysis — Short-Term
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Core Cooling Capability Analysis — Long-Term
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling

Loss Of Normal Feedwater

Peak RCS Pressure Analysis

Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Peak Main Steam System Pressure Analysis
Nodalization :

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Core Cooling Capability Analysis — Short-Term
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Core Cooling Capability Analysis ~ Long-Term
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling

Feedwater System Pipe Break

Short-Term Core Cooling Capability
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Mode
Long-Term Core Cooling Capability

iii



3421 Nodalization

3422 Initial Conditions
3423 Boundary Conditions
3424 Control, Protection, and Safeguards System Modeling
40 DECREASE IN REACTOR COOLANT SYSTEM FLOW RATE
4.1 Partial Loss of Forced Reactor Coolant Flow
4.1.1 Nodalization
4.12 Initial Conditions
413 Boundary Conditions
414 Control, Protection, and Safeguards System Modeling
42 Complete Loss Of Forced Reactor Coolant Flow
42.1 Nodalization
422 Initial Conditions
423 Boundary Condition
424 " Control, Protection, and Safeguards System Modeling
43 Reactor Coolant Pump Locked Rotor

. 431 Peak RCS Pressure Analysis

. 4.3.1.1 Nodalization
43.12 Initial Conditions
43.13 Boundary Conditions
43.14 Control, Protection, and Safeguards System Modeling
432 Core Cooling Capability Analysis
4321 Nodalization
4322 Initial Conditions
4323 Boundary Conditions
4324 Control, Protection, and Safeguards System Modeling
4325 Other Assumptions
5.0 REACTIVITY AND POWER DISTRIBUTION ANOMALIES
5.1 Uncontrolled Bank Withdrawal From a Subcriticat or Low Power Startup

Condition

5.1.1 Peak RCS Pressure Analysis
5.1.1.1 Nodalization
5.1.12 Initial Conditions
5.1.13 Boundary Conditions
5.1.14 Control, Protection, and Safeguards System Modeling
5.1.2 Core Cooling Capability Analysis
5.1.2.1 Nodalization
5.1.22 Initial Conditions
5.1.23 Boundary Conditions
5.1.24 Control, Protection, and Safeguards System Modeling

5.1.25 Other Assumptions

v



52
5.21
5.2.11
52.1.2
5.2.13
52.14
5.2.2
5221
5222
5223
5224

353

5.4
- 5.4.1
5.4.2
543
5.4.4

55

5.5.1
5.5.2
553
554

.56

5.6.1
5.6.2
5.63

5.7

6.0

6.1
6.1.1
6.1.1.1
6.1.1.2
6.1.1.3
6.1.14
6.2.1
6.2.1.1
6.2.1.2
6.2.1.3

Uncontrolled Bank Withdrawal at Power

Peak RCS Pressure Analysis

Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Core Cooling Capability Analysis

Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling

Control Rod Misoperation (Statically Misaligned Rod

Control Rod Misoperation (Single Rod Withdrawal
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling

Startup Of An Inactive Reactor Coolant Pump At An Incorrect Temperature
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards Systems Modeling

CVCS Malfunction That Results In A Decrease In Boron Concentration In The
Reactor Coolant '
Initial Conditions

- Boundary Condition

Control, Protection, and Safeguards System Modeling

Inadvertent Loading and Operation of A Fuel Assembly In An Improper Position

- INCREASE IN REACTOR COOLANT INVENTORY

Inadvertent Operation Of ECCS During Power Operation
Core Cooling Capability Analysis

Nodalization

Initial Conditions

Boundary Condition

Control, Protection, and Safeguards System Modeling
Pressurizer Overfill Analysis

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling



7.0

7.1

7.1.1
7.1.2
7.13
7.14

7.2
7.2.1
72.1.1
72.1.2
7213
7214
722
7.2.2.1
7222
7223
7224

8.0

9.0

DECREASES IN REACTOR COOLANT INVENTORY

Inadvertent Opening of a Pressurizer Safety or Relief Valve
Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards Systems Modeling

Steam Generator Tube Rupture

Core Cooling Capability Analysis

Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling
Offsite Dose Calculation Input Analysis

Nodalization

Initial Conditions

Boundary Conditions

Control, Protection, and Safeguards System Modeling

SUMMARY

REFERENCES



Revision History

Revision |

Revision | includes methodology revisions associated with the replacement steam generators for
McGuire Units | & 2 and Catawba Unit 1.

Revision 2

Revision 2 includes methodology revisions associated with safety valve modeling.

Revision 3

Revision 3 includes methodology revisions associated with steam generator modeling for the loss
of main feedwater transient for Catawba Unit 2.

Revision 4

Revision 4 includes methodology revisions associated with the mixing volume for the boron
dilution accident analysis in Mode 4, the number of steam line PORVS credited in the Catawba
SGTR analysis, and two changes in operator action response times for the SGTR analysis.

Revision 4a

This revision consists of numerous editorial and clarification type changes. There are a few error
corrections that are made as a result of analyses that demonstrate more conservative results are
obtained with assumptions that differ from what was documented in Revision 4. The changes to
Section 5.6 are made to maintain consistency with the Technical Specifications. This revision is
made under the 10 CFR 50.59 regulation.

Revision 4b
The lone change revises the Fuel Assembly Misload method provided in Section 5.7. The revised

method is more comprehensive and conservative than the previous method and consequently is
performed under the 10 CFR 50.59 regulation.

vii



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 avallablhty
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:

1) 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

2) Releases through pipe breaks and open valves, including the effects of critical flow
" 3) Timing of manual actions

4) 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, €.g., reactor coolant pumps (RCPs), pressurizer heaters, non-emergency
AC power, and instrument air, is only assumed if such availability would make the accident

Wworse.

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. -



2.0 INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM

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

A Feedwater System mailfunction 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.

22 Feedwater System Malfunction 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 systefn 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 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.

224 Control, Protection, and Safeguards Systems Modeling

Reactor Trip
The pertinent reactor trip functions are the low-low steam generator level, high flux and

overpower AT. The safety analysis setpoint or the initial condition for the monitored parameter



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 Comrol 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 3.2.5.1 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
assumned 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, parncularly for the mam.al 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 operatlon 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 systcm heat removal, no tube

plugging is assumed.
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233 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.

234 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 Leve] 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 protectlon or safeguards actuation.

MFW Pump Speed Control
The results of this transient are not sensitive to the mede 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.




24 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 1. 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 MSIV, 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.



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 2 positive power uncertainty maximize the pnmary-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 A '
High initial level minimizes the initial volume of the pressurizer steam space, which maximizes
the transient primary pressure response. .

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

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

Core Bypass Flow
Core bypass flow is not an important parameter in this analys1s

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. -



Fue] 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 rmmrmze 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 fesponse 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 s 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 pressunzatlon and minimize transient primary-to-secondary
heat transfer.

Steamn 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.



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 tead 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 turbme trip. .

Pressurizer Pressure

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

Pressurizer Level
ngh initial level minimizes the initial volume of the pressurizer steam space, which maximizes
the transient primary presstre 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 pnmary—to -secondary heat
transfer.
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Steam Generator Tube Plugging
Zero tube plugging is modeled to maximize pnmary-to-secondary heat transfer.

3.1.2.3 Boundary Conditions

Prcssunzer Safety Valves

The pressurizer safety valves are modeled with opening and closing charactenstlcs 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 specnﬁcatlon value plus an
allowance which bounds the instrument uncertainty.

Pressurizer Pressure Control
Pressurizer pressure control is in automatic with sprays and PORYVs 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 viathe 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.

32 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 concemns 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 ¢oolant 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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32.1 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 2 posmve 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 transwnt 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 pnma'y -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.



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 transxent 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 transwnt heat flux and the

rcsultant 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.

Pressunizer Safeg Valves

The pressurizer safety valves are modeled with opening and closing charactenstlcs which
maximize pressurizer pressure. :

Steam Line Safety Valves '

The steam line safety valves are modeled with opening and closmg 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 gencrators. 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.



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 Wthh
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 pnmary-to-sccondary
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.

3.24 Core Cooling Capability Analysis — Long-Term
3.2.4.1 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 fuel 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.

33 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
concems 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 ANSIANS-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.

Pressunizer 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 pnmary-to-Secondary
power mlsmatch

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 Temperatur
High initial temperature maximizes the initial Main Stwm 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.

Stearn 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 appropriaté
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.



3.34 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 7
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 dcscnbed 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.

34 Feedwater System Pipe Break

The feedwater system pipe break event postulates a rupture of the Main Feedwater System piping
just upstream of the stcam 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 OTAT
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 OTAT.

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
1s 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.

3.22



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.

342 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 Safetv Valves
The pressurizer safety valves are modeled with opening and closing characteristics whlch
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 contro! 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 fotlowing 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 I.oss 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.

414 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
UFSARSs 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 Contro] 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.

42 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 purmp 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.

422 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.

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

Reactor Vessel Average Temperatur
Nominal full power vessel average temperaturc is assumed. The uncertainty in thxs 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 L evel
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 Syétem Modeling

Reactor Trip
Reactor trip occurs on reactor coolant pump undervoltage, aﬁer an appropniate 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.

43 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.

Pressunizer 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.



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 Contro), 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 gencrator 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 Buypa‘ss Flow .
The nomuinal 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

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 mamtalned as well as with offsite power lost coincident with the turbine
tnp are analyzed.

: Pressunzer 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 PORV's and the condenser steam dump is unavallable 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.

4.3.2.5 Other Assumptions

The peak cladding temperature calculation employs the fuel conduction model as described in |,
Section 4.2.2 of Reference 1. '



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 concem 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 minimumm 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 thls 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 pressunzer '

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.




Pressurize 1.evel 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 1s 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 condmon 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 unccnamty accounted for in the statistical

core design methodology.

Steam Generator Level : -
Initial steam generator level is not an 1mportant parameter in this analysns




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 pressunizer

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
Steamn line PORV's and steam dump to condenser are unimportant for this transient and are

inoperable.
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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 duc 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.

Pressunizer Pressure
Initial pressurizer pressure is the nominal value, and the uncertainty in pressure is accounted for
in the high pressure reactor trip setpoint.

Pressurnizer 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.

Fue] Temperature
Low fuel temperature, associated with high gap conductivity, maxmuzes 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 Safegx Valves

The pressurizer safety valves are modeled w1th opening and closing characteristics which
maximize the pressurizer pressure.

Steamn 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 ana1y51s
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
allowarice 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.




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 PORV's 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 Temxraturé .
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.



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.



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.

53 Control Rod Misoperation (Statlcallv stahgned Rod)

The statlcally misaligned rod event considers the sntuatxon where a control rod is mlsahgned 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. ’

54  Control Rod Misoperation (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 loeps, 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. Uncertamty 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. o

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.



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 pressunzer 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.

5.44 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 contro! is determined via sensmv1ty studies with different spray and PORVs
availability combinations.




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.



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 margln 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 P ' '

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 wamed 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 peéking 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
pressunizer and cause water relief through the pressurizer safety valves (PSVs). Water relief
through the PSVs could degrade valve operability and lead to a Condition III 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 cohcern 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 opemtionv 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.
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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 pressunw steam space which maximizes the
pressure decrease resulting from the outsurge.

" Reactor Vessel Average Temperature
Norminal 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.




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 51de 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.

1

Reactor Vessel Average Temperature
Low initial temperature is conservative in order to minimize pressurizer water temperature.

Steam Generator Tube Plugging
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 Safegnards 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.

MFEW 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 PORYV 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 1nitial 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.



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 thls 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 tion :

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 conscrvatlve with respcct to the flow
coastdéwn 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 appropnate 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.
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Steam Lme PORVs and Condenser Steam Dump
The main steam PORVs and condenser dumps valves are assumed to be unavailable during thls

transient. This maximizes the secondary side pressure and temperature and therefore reduces
primary-to-secondary heat transfer.

Steam Generator Leve] Contro]
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 Sectlon 325.10f
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. Thercfore, no AFW is
actually delivered to the steam generators.

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

7.2.2 Offsite Dose Calculation Input Analysts

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 toad.

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 thereforc
maximizing the offsite dose.



Pressurizer Level
High initial level with a positive uncertamty 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 hlgher primary pressure at the break
location. This maximizes primary to secondary leakage.

Core Bypass 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 McGauire, two of the three steam line POR Vs 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
PORY 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. Thls 1solates 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 modelcd 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).



- 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
steamn 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 feedwatcr to maintain zero power steam generator levels
(nominal). :

- Using the steam line PORV3, 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 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.

Pressurizer Pressure Contro]

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 thcrefore 1s not modeled Operator action is
assumed to maximize charging flow.
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Condenser Steam Dum
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 v
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.



80 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

1. The title page was revised to Revision 4b and dated September 2010
2. Revision 4b summation added to the revision summation page.
3. 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 enrlchment error would elther be detected by the i incore flux mappmg system or
would bele i : e : i

Geﬁeh&eﬂ—l-l—eveﬁ%s not result in fuel fallures when compared to approprlate DNB peakmg llmlts




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 topica] report
changes are considered to be s1gmﬁcant changes, and therefore do not reqmre NRC review
(hence the “a” designation in the revision number).

List of Changes from Revision 4 to Revision 4a

1.

2

10.

11.

12,

13.

The title pages were revised to Revision 4a and dated April 2009
A statement of disclaimer pagé 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” everywheré 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 primary-to-secendary-heat-transferthe primary

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.”



14,

15.

16.

17.

18.

19.

20.

Section 3.2.1.4, Pressurizer Level Control was revised as follows “Pressurizer heaters are

ssumed to be mogera!gle since they are lost when offsite mwer is lost.Pressurizer-level

Section 3.2.3.4, Pressurizer Pressure Control was revised as follows “Pressurizer sprays
are Jost when the reactor coolant pumps trip. Pressurizer POR Vs are lost when offsite
power is lost. Therefore, both are inoperable.Pressurizer-sprays-and-RPORVs-are-assurned

Section 3.3 was revisod for clarification as follows:

*“The peak pressure aspects of theThe loss of normal feedwater transient s-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

(1 ong-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).”
Secnon 3 3 2 2 Steam Generator Level was revxsed as follows “Lem&al—le’«el—ts

mmal level is assumed to delav eactor ‘mp 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 smgle-loop model descnbed in Sectlon 3 2 of Reference 2 is utlllzed for this
analysxs For-Catawba . -

Section 3.3.4, the loss of main feedwater long-term core coolmg 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 OTAT reactor trip



21.

22.

23.

24,

25.

26.

27.

28.

29.

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

- overhe atmg 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) crmcal 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 leeked-loop. \with the locked rotor.”

Section 4.3.2.4, Pressurizer Pressure Control is revised as follows “‘Credit-is-taken-forlt is
conservatively assumed that both pressurizer spray and PORVSs are in operation in-erder
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-analysis:A 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

fuel temperature, associated with high gap conductlvxg, maximizes the tmnswnt hea

transfer from the fuel to the coolant.

and—beundaﬂf—eenémms-Aboundm h1 be lugging value degrades primary-to-
secon 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 maximizesminimizes

the transient primary pressure response. Minimizing pressure is conservative for DNBR
and also delays reactor tnp on h1gl_1 prcssunzer pressure Up-te—t-he—hm;t-of-ﬂae—ebﬂ#y—ef
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35.

redetermined via

sensitivity studies with different spray an 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 and 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 pnmary-to-sccondary
leakage and maximizes pressunzer 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

1. The title pages were revised to Revision 4 and dated May 2005
2. The Revision 4 SER dated April 6, 2001 was included at the front
3. 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.” -

4. 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.”

5. 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.”

6. 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.”
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12.

~ 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 cOTE power. Control rod insertion is not credlted 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 termmate 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.”
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" 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 RHR 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 PORVSs 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 upstréam . . . .
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).”

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)
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Change: “Using the steam line POR Vs, 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
PORV:s 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 S] termination 3 minutes after completing the depressurization of the primary
system (credit).”

Table 8-1, Fuel Temp (row), Sections 15.1.3, 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, “**”
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 .
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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 Rcviﬁion 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.
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11.

12.

13.

14.

15.

16.

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 (3.1.1.3,3.1.2.3,3.2.1.3,3.2.2.3,323.3,3.243,3.3.13,3.3.23,3333,
34.1.3,3423,413,4.23,4.3.1.3,43.2.3,5.1.1.3,5.1.2.3,5.2.1.3,5.2.2.3,54.3,6.1.1.3,
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”.

R
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.

L
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18.

19.

20.

21.

22,

23,

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Section 3.3.1.4; Added overtemperature DT and hi'gh 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 resuit.

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.
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36.

37.

38.

39.

40.

4].

42,

43,

45.

46.

47.

48.

49.

50.

51

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: Addeda paragraph describing the assmhptions made regarding safety
injection.

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 tfan_sien_t 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.
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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. Tuckman

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 Reyvision 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



August 30, 1991

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
washington, D. C. 20555

Subject: McGuire Nuclear Station
Docket Numbers S0-369 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, P"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.



U. S. Nuclear Regulatory Commission
August 30, 1991
Page 2

If there are any questions, please call Scott. Gewehr at (704) 373~
7581.

Very trul } s,

M. S. Tuckman
cvr3002/sag

cc: Mr. T. A. Reed, Pro;ect ‘Manager
Office of Nu¢1ear Reactor Regulation.
U. S. Nuclear Regulatory Commission
Mail Stop 9H3, OWFN
Washington, D. C. -2055S5

‘Mr. R.E. Martin, Project Manager -
Office of Nuclear:Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop 9H3, OWFN. ¥ :
Washington, D. C. 20555

Mr. S. D. Ebneter, -Regional Administrator

U.S. Nuclear Regulatory Commission -.Region IT
101 Marietta Street, NW - Suite 2900

Atlanta, Georgia 30323

‘Mr. P. K. Van Doorn
Senior Resident Inspector
McGuire Nuclear Statlon

R. C. Jones '
Reactor Systems Biranch
Office of Nuclear. Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Mr. W. T. Orders
NRC Resident Inspector
-Catawba Nuclear Station



November 5,1991

b. 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 Numbcrzs 50-269, -270, and ~287
Final Resporise 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) ’
2) Letter, H. B. Tucker to NRC, September 29, 1987.
(DPC-NE-3000 submittal)
3) Lettexr, H. B. Tucker to NRC, January 29, 1990.
(DPC-NE-3001 submittal)
4) Letter, M. S. Tuckman to NRC, September 25, 1991.
(Reaffirmation of Proprietary Affidavit for DPC-NE-
2004)
5) Letter, M. S. Tuckman to NRC, September 25 1991.
(Reaffirmation of Proprietary Affidavit for DPC NE-
3000) .

On October 7 and B, 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 1nformationlis identified as



Nuclear Regulatory Commission-
November 5, 1991
Page 2

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.

1f there are any questions, please call Scott Gewehr at (704) 373-
7581.

Very truly yours,
// e 4P Tﬁ;aék-_*

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 Requlatory 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 Requlatory Commission - Region 11
101 Marjetta Street, NW - Suite 2900

Atlanta, Georgia 30323
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bxc (w/o attachments):

R.
P.
S.
P.
G.
K.
R.
R.

L.
F.
G.
J.
B.
S.
H.
M.

Gill, Jr.
Guill
Benesole
North
Swindlehurst
Canady

‘Clark

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.

w

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
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Attachment 2
Questions on Topical Report DPC-NE-3002

1. 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 in 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.

2. 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. '

3. 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.
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4. 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 pressuvre. 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 safet/y valves and the pressurizer safety valves.

5. 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 arid 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 Turbine Trip UCBW @ Power

Pressure Instrument Uncertainty, psi 20 20
Pressure Uncertainty Allowance, psi 30 45
Initial Actual Pressure, psia 2280 2250
Initial Indicated Pressure, psia 2250 2250
Trip Setpoint, psia 2400 2445
Initial Margin to Trip, psi 150 195 .
Actual Pressure at Trip, psia 2430 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 concem during an event in which either safety
injection (SI) occurs or RCS heatup due to primary/secondary power mismatch occurs. As
shown below, Sl is the key factor in pressurizer overfill.

Pressurizer level at the station.is 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 determines 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 secondary 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 I'V 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 uncovery event, but the power mismatch
is not sufficient to cause pressurizer overfill. Therefore, since SI does not occur, and the power
mismatch i 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.

7. 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 10 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.

8. 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
Jong-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. Itis 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 concem 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 [ -

_ ] 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 carlier 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

@ e Mass (bm/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 ft? 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{{ J second, and the minimum steam generator masses are [

JBreak sizes above 0.5 fi2 are the [

Based on the results of the break size sensitivity, the FSAR statement that the double-ended
rupture is the limiting case is confirned, 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.

9. 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 Jower
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 splllagc 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
consesvatively 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.

10. 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.

11. 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.

12. The staff's 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 IV 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.

13. 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 conceming this question is as follows:



“This event should be analyzed assummg 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 controlied 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.

14. Provide and justify the gap heat transfer coefficient used for the locked rotor accident.

Resporise: See response to question 11, above.

15. Justify the use of a point kinetics model for the uncontrolled RCCA bank withdrawal from
zero powerand 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 simutated with the RETRAN code. Transient core thermal-hydraulic boundary
conditions from RETRAN are then input to VIPRE to determnine 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.
]

16. The current FSAR high neutron flux trip setpoint uncertainties include a process
measurement accuracy temn for shielding effects and detector placement. Discuss how this effect
is accounted for in the uncontrolled RCCA bank withdrawal accidents.

-

L

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 specxﬁcauon 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, stcam 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 sieam generator tube plugging and means zero plugged tubes.

"#*" means that initial condition uncertainty is unimpdrtam since the resullts of the
transient are insensitive to the exact value of the parameter.

"-" means that the model used to analyze the Uansieﬁt did not have an explicit input for
the parameter in question '



19. 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 1mportant parameter in this
analysis.” Table 8-1 will also be corrected. .

20. 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.
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US. Nuclear Regulatory Comnussion
Document Control Desk

Washington, D. C. 20555

Subject McGuire Nuclear Station

Docket Nos. 50-369, -370

Catawba Nuclear Station

Docket Nos. 50-413, -414 o

FSAR Chapter 15 System Transxent_ inalysis Methodology, DPC-NE-SOOZ
Please find attached revisions to Topical Report DPC-NE-3002, FSAR Chai: 15
System Transient Analysis Methodology. This Topxcal Report was approved for :
Catawba and McGuire on November 15, 1991. The revisions reflect changes due to the
replacemerit stearn generators. for McGuire and Catawba Unit 1, correchons to ,‘_’_‘“ '
typographical errors, and minior methodology changes. e

Duke Power is requesting review and approval of these changes by July 7,1995 in
- order to support the steam generator replacement schedule for: Mchre Nuclear

Station. ' .
If we can be of assistance in your review please call Mary Hazeltine at (704) .382—611-1.

Very truly yours;

A3 Gcbwan

M. S. Tuckman

Arevgd On mCyCd 037
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Mr. M. S. Tuckman
Senior Vice President
Nuclear Generation
Duke Power Company

P. 0. Box 1006
Charlotte, NC 28201

SUBJECT: REQUEST FOR-ADDITIONAL INFORMATION - DPC-NE-3002, FSAR CHAPTER 15
© SYSTEM TRANSIENT ANALYSIS METHODOLOGY - McGUIRE NUCLEAR STATION '
UNITS 1 AND 2; AND CATAWBA NUCLEAR STATION, UNIT 1
(TAC NOS. M89944 M89945, M89946)

Dear Mr. Tuckman:

By letter dated Ju]y 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 rieed for additional information as indicated in
the enclosure. Please provide a response within 15 days of recelpt of this:
letter to enable us to continue our review.

This requ1rement affects nine or fewer respondents, and therefore, it is not
subject to the Office of Management and Budget review under P.L: '96-511.

Sincerély,

Robert E. Martin, Senior Project Manager
Project Directorate II-2

Division of Reactor Projects - I/1I
Office of Nuclear Reactor Regulation

Docket Nos. 50-369, 50-370,
and 50-413

Enclosure:
Request for Additional
Information

cc w/enclosure:
See next page
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cc:
Mr. Z. L. Taylor

Regulatory Compliance Manager
Duke Power Company

4800 Concord Road

York, South Carolina 2%745

North Carolina Municipal Power
Agency Number 1

1427 Meadowwood Boulevard

P. 0. Box 29513

Raleigh, North Carolina 27626-0513

County Manager of York County
York County Courthouse
York, South Carolina 29745

Richard P. Wilson, Esquire

Assistant Attorney General

South Carolina Attorney General's
Office

P. 0. Box 11549

Columbia, South Carolina 29211

Piedmont Municipal Power Agency
121 Village Drive
Greer, South Carolina 29651

Saluda River Electric
P. 0. Box 929
Laurens, South Carolina 29350

Max Batavia, Chief

Bureau of Radiological Health

South Carolina Department of
Health and Environmental Control

2600 Bull Street

Columbia, South Carolina 29201

McGuire Nuclear Station
Catawba Nuclear Station

North Carolina Electric Membership
Corporation

P. 0. Box 27306

Raleigh, North Carolina 27611

Senfor Resident Inspector
4830 Concord Road '
York, South Carolina 29745

Mr. David L. Rehn

Vice President, Catawba Site
Ouke Power Company

4800 Concord Road

York, South Carolian 29745

Hr. T. C. McMeekin

Vice President, McGuire Site

Duke Power Company

12700 Hagers Ferry Road
Huntersville, North Carolina 28078



Duke Power Company

CC:

A. V. Carr, Esquire

Duke Power Company

422 South Church Street
Charlotte, North Carolina 28242-
0001

County Manager of Mecklenberg County |

720 East Fourth Street
Charlotte, North Carolina 28202

Mr. J. E. Snyder

Regulatory Compliance Manager

- Duke Power Company

McGuire Nuclear Site

12700 Hagers Ferry Road
Huntersville, North Carolina 28078-
8985

d. Michael McGarry, III, Esquire
Winston and Strawn

1400 L Street, NW.

* Washington, DC 20005

Senior Reszdent Inspector

c/o U. S. Nuclear Regulatory
Commission

12700 Hagers Ferry Road .

_ Huntersville, North Carolina 28078

Mr. T. Richard Puryear

Nuclear Technical Services Manager
Westinghouse Electric Corporation
Carolinas District

2709 Water Ridge Parkway, Suite 430
Charlotte, North Carolina 28217

Dr. John M. Barry

Mecklenberg County

Department of Environmental
Protection

700 N. Tryon Street

Charlotte, North Carolina 28202

McGuire Nuclear Station
Catawba Nuclear Station

Mr. Dayne 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. O. Box-629

Raleigh, North Carolina 27602

Mr. G. A. Copp

Licensing - EC050

Ouke Power Company

526 South Church Street

Charlotte, North Carolina 28242- 0001

| Regional Administrator, Region II

U.S. Nuclear Requlatory Commission
101 Marietta Street, NW. Suite 2900
Atlanta, Georgia 30323

Elaine Wathen

Lead REP Planner

Division of Emergency Management
116 West Jones Street ‘
Raleigh, North Carolina 27603-1335
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REQUEST FOR AODITIONAL INFORMAYION
ESAR CHAPTER 15 SYSTEX
IBANSIENT ANALYSIS METHODOLOGY

Explain the new sentence in §2.2.3. Is DPC saying that a decrease in
MFW 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 cantrol
shifted from the automatic to the manual operation for the turbine trip
analysis {§3.1.1.4). :

Clarify the S6 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 (§3.2.1).

Explain why the high instead of low initial 56 level .is conservative for
the ability to establish natural circulation {§3.2.4). i

§3.2.5.1 of Ref. 2 daes 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
setpoint is adjusted. o

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 s the turbine assumed to trip?
Furthermore, discuss any impact from planned SG replacement on this
transfent analysis with respect to transient objectives, assumptions and
scenario.

The RCP Locked Rotor eveat is proposed to be analyzed using the SCO
methodology. Discuss the applicability of the SCD nethodology for this
event analysis.

Discuss the impact of allowing a possibility of reactor trip on
pressurizer high pressure for the analysis of the uncontrolled bank
withdrawal from a suberitical ar Yow pawer startup condition event.

Since DPC is taking exception to the RSP guidelines with respect to the
pressurizer overfill, DPC should demonstrate that the analysis with the
plant at zero power does produce more conservative PIR overfill analysis
than does at the full power. Furthermore, discuss DPC’s acceptance
criterion for this event analysis.

:Enclosm'e



12,

13.

-2 -

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. Oiscuss 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. 1In 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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Attention: Document Control Desk

Subject: Duke Power Company
McGuire Nuclear Station
Docket Numbers 50-369 and -370
Catawba Nulear Station
Docket Numbers 50-413 and -414
Topical Report DPC-3002, "FSAR Chapter 15 System Transiemt Analysis Methodology®;
Reponse to NRC Questions

On July 18, 1994 Duke Power Company submitted Révision 1 16 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 Staff's questions. ,

If you have any questions, or need more information, please call Scott Gewehr at (704) 382-7581.

HCS. (oetbo

M. S. Tuckman A

cc.  Mr. R E. Martin, Project Manager
Office of Nuciear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop 14H25, OWFN
Washington, D. C. 20555

Prnted on recycieo paoeY



U. S. Nuclear Regulatory Commission
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Mr. V. Nerses, Project Manager
Office of Nuclear Reactor Regulation
U. S. Nuciear Regulatory Commission
Mail Stop 14H25, 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
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K S. Canady
G. B. Swindlehurst
M. H Hazeltine



Explain the new sentence in §2.2.3 (increase in feedwater flow). Is DPC saying thata -
decrease in MFW temperature is a surrogate for the increased flow or that both are assumed o
occur.

/

Resonse
Mmmmmﬂmmwwmmwaﬂawnmmmmmm
assumed to occur. The magnitude of the emperamre decrease is conservatively calculited
based on maintaining a constant heat addition rate from the feedwater heaters.

Explain the reason why DPC'’s assumption regarding the PZR level control shifted from the
automatic to the mariual operation for-thie turbine trip analysis (§3.1.1.4).

This revision corrects a typographical-ervor in the original report. meunbiuempmlmﬂm

both the feedring and prehedter stéam generator designs were performed-assiming that the
pressurizer heaters are' manually Jocked on. ‘This augments the pressurizer pressure increase
which conservatively delays reactor trip on overtemperanure AT.

Ouestion 3
Clarify the SG level control description for the turbihe trip.
This question concems &nalysis y which has not been revised. In the turbine trip

malysamainfeedwmﬂowwconsuvanvelyisolmdatﬂzmmanonofthemau. ¥
feedwater flow were to continue, & portion of the primary system heat would be expended
beating the subcooled feedwater up to-saturation conditions as opposed to génerating steam.
lmswmﬂdmmmdnmysympmwmismmmﬁwan
acceptance criteria.

Question 4
Explamﬂmquahﬁmhmmavaﬂabﬂhyofmemvmmeofhotmforﬂemome
Emergency AC Power Event (§3.2.1).

Response , .
As it s used here, “purge 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 flow through the auxiliary feedwater piping and associated
nozzles during steady-state full power operation, Flaut operations staff at McGuire has
‘modeling is applicable only to Catawba analyses.



Explain why the high instead of low initial SG level is consezvative for the ability to establish
natural circulation (53.?,4.- los; oﬁm-anuxuicy A_Cpowqj.
Respone
ummumwmwmmmanwmmeomxm
mmmmm ‘Following tarbine trip, this sialler steam volume yieldsa -
me. mmmmm(mmmm)

53.?_51 of Ref: 2 does not dam'bemeunbme eomml. nusem reference.

Ammmmlkmmmm:sa;‘, ative fill

flow rate, as described in §3.2.5. 1 of DPC-NE-3000. 'misshnnlmsﬂnmodulaﬁonofﬂ)e
tnbinzmdnlmwlﬁdwammmammpowmmmam,
stmﬂnwm

and Justiy the iinin '_ofmmpms.a aossofmn_m_edwm madcnnon.
mmammmmmpwmwsmhsanmwﬂmmp Diswss
how the low-low level trip setpoint is adjusted.

Responsé
mmammmmmwuwwmmmmm
hmmﬁnﬂymﬂyndaspmcfmmcncaﬁngm_gnﬂm Ammlysisxs

ed: ominal, ndicaied, mmm'wmnmwmnm
.ungimlsmwxdadtoom MWMM»&MM indi
myvmymmmaq)adﬂedmummmmmmﬂm mmﬂkvdis




the true water level in the steam generator, which can differ from meimﬁeatedlevelbythe
measurement uncertainty of the fevel instrument.

mimmo{ﬂnmdy:mwuwﬂmm“smmm
uncovery of the. tuhe bundle, as this would potentially degrade the primary-to-secondary heat
transfer.. If the initial level indication were adfusted upward, reactor trip on low-low steam
generator level would be delayed. However, this also introduces competing effects. The
delayed reactor trip would extend the RCS heatup but also the core power reduction due to
modesator temperature feedback. Since thiis event is bounded by the nrbine trip event, a
mmofummmmmmdmmnmm ‘Were this
mdmmhwmepmmﬂmylhmmmsMammmmupan
ﬂ:mﬂmmlwdmpﬂmmmmmm S

mmmmdmma&wwmmmemmwasmmmmmm
mmmalpmgmnmedvahe. mmmhammmofﬂzmum

mmmmmawummmnmwmuymedmnzmam
is at the nominal vilue - fully 8% sbove the'actual value. Physically, the reactor trips when
memmdvmexeadumeplmmpsapom nthis RETRAN simulation however; the
trip is modeled as if it occunved on dctual Jevel. - Therefore: the reactor trip occus whien the
actual level reaches a value 8% below the low-low steam genemtor level trip setpoint. -

Question 8
Describe in detail the Jong-term core co ff'analysisnfthc!?eedwaterSyswnPipcBmk
. eveént with revised transient assumpiions and scenario. Whmandonwhldzsignalxsun
turbine assumed o trip? Furthermore, discuss any impact from planned SG replacement
mmmmmmmwmobmmpumwm

Response
Mmprmmofﬂnmmmmmmmmmdummmm
location of the main feedwater nozzles. Since the main and auxiliary feedwater nozzles are
now at approximately the same elevation, it is conservatively assumied that the anxiliary
mmmmmmmmmmmxmmmw

fee&mgmmguuﬁmrmﬂymsnmmvm;ommeamommrmmfm
ﬂnisolaﬂonoftmﬁlmedgumm

lnndﬁﬁm.simﬂnmamﬁadmmz_zleis'
gmmwatctlevd. fonowzngasho:t

Mmm.whidxmnﬂnuesmﬁlthefmﬂmdgmmrhasblowndry

A&hdmﬂemmuofﬂnmmgmmgmismmmmwaﬂowmm
orifice in the main feedwater nozzle. Because of this design difference, mefanlmdmmr
tﬂowsdxymmglﬂy:wo—ﬂnﬂsofmeﬂmenwbymmmnm .



"'_'WmﬁﬂMm&MmeMmm
ransient sualysts a: Alossofoﬂxium wmmumm
mmmmnmmmmmmmmm ontainmedn
mufuykuwdm Mnmpsmpwmwwumm '




Since DPC istaking exception to-the SRP guidelines with respect to the pressurizer overfill
(for the inadvertent operation of ECCS during power operation transient), DPC should -
demonstrate that the analysis with the plant at zeco power does producs more consesvative
PZR overfill analysis than does at-the full power. Hmummmmc’sawepm
criterion for this event analysis.

Response

msw:dmdkevwwﬂmaﬁmlmmmc Mﬁmnmadwwmofm
 uring power opesation transient not give tise to amore serions Condition Tl event A -
mmmmmmmmmmmmmu
failure of the pressurizer safety valve to reseat following the relief of subcogled liquid. -

MWWWW%I&hmmmﬂnmmu
criterigh, the PSV’s st either not open or must be capable of closing afier release of i
subcooied water.: mwmwmmmmmmﬂm
reseat if the liguid relief temperature remsins sbove S00°F.: ‘Thiis low temperatire Hmitis
therefore chosen as the acceptance ciiterion for the event.

Zero power is chosen sather than fall power as the initial. condition'for the analysis sifice
~~RGSisataloweravmgampaaune md mmmuefnmmveahwmsimmm

respomse: . om0 hoen o an e

Dlscussanympactoffeedmgsemagnonﬂwsem, inptiire amlysis. DPCneedsto
justify extending the SGTR methodology approved for Catawba an McGhiire app
Provide discussion of fhie.expécted primary loop subcooling during the entive time of analysis.
Discuss the impact of modified PZR modeling onthe PZR pressure. In the plant nodalization,
discuss the impact of the PZR on the affected vs. unaffected loops. lnadﬁﬁm.DPCMd

Jusdfqu:pmmnyomescbmmmymrmmmmm

Respon
mamwmammmmmmmmu

bundle: Secondly, thembeumdlcinﬂnfee(hingmgmmris
unﬂmmmmmmnﬂmefomMemﬂnmmﬂﬂforampemdof
tube uncovery. mum:mwvuyhBadheabemmgmﬂnemMOfmemuk
flow liquid droplets, which significantly impacts the activity of the steam released t0 the
atmosphiere. Thirdly, the fieedring steam genesator liquid inass at full power 1§ app
20,000 1bm greater than that inthe preheater steam generator. This equates to alafger I
mmmmmmmmmmmmmmmﬂﬂn
steam relief.

mmwmmmmmmisa-mmmmmmmmmﬁmﬁy
* postulates 30 minutes of primary-to-secondary break flow with no thermal-hydraulic transient
simulation. Applying the methodology which has been approved for Catawba to. the McGuire




analysis is tioth a more physical and more conservative approech. Three of the more
m&mmofhwmmnmqummw
Wmﬂﬂwmmmwmﬁnmwmmu
secondary system persists until the fiiled steain line PORV is isolated, aind ) tibe bundle
uncovery is‘explicitly modeled (as discussed above). Finally, since the McGuire units will be
mysmmmmlmmummwmum
of the approved Catawba methodology is technically wananted.

Following the tube rupture, the RCS suboooling margin gradually decreases a5 RCS piiessare
decreases until reactor trip occuss. Mﬂnspoin&ﬂnk@mummambmbdcaﬂiﬂm
During the cooldown postion of the transient, the subcooling margin gradually increases since
dmmawhchdnk&mmeisdeausingmdmmmfmhmm
which the RCS is dep ig. Affer tie opésators begin depressurizing thie RCS to
ummhmkﬂow mmmmwﬂmmmw.
Following identification of e raptared SG, coaldown of the RCS is initisted using the
sperable SM-PORVs on the intact SGs. msmmmmmacsma
mmummm»mmmscm 10.minites after this candition
mmmmmd@mmmmammmﬂ
until break: flow is temminated.

Per§7.1.1, mmmmwmmﬁmhmmmuz
original analysis methodology. ‘This.sentence is being removed from all of the event-specific
discussions:since the modeling is now applied genericilly as discossed in §3.2.3.3 of DPC-NE-
3000. Hommﬁsnmﬁmmmmdamlmdmmnn
wap,condnmrsdonotplayammmle.

Smanomgeofhummmcmwwmomasﬂnmj ssurizes curing
this'event, fie pressurizer is assumed to-be #ttached to the humped intact loaps. “This will '
makifiizs die break fiow throughithe ruptured tube by minimizing die primary inlet
wnpameunemgﬂmnmadmmr

The tube rupture DNBR transient, which is #nalyzed completely independetit from the offsite

mmmummyammmammnowmmmmm

reduced, uizZer pressure. AtﬂnmlmmmnDNBRmtcpolm.alloflhescDumd

pammems cmeinlettanpuamandﬂuw,mmmmdwmhwﬂumm

m:mmmwsmmmmwndmcm
2005P-A).

DPC should revise §9.0 (References) in Revision 1.
When Revision 3 to DPC-NB-3000 is approved, the references will be updated accordingly.
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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 Numbers 50-369 and -370
Catawba Nuclear Station
Docket Numbers 50-413 and -414.
Minor Chiange to NRC-Approved Methodology

The purpose of this letter is to notify the NRC staff of a minor change to the NRC-approved
analysis methodology that Duke Power uses for FSAR Chapter 15 analyses to support the
McGuire and Catawba Nuclear Stations. 'l'hxsmethodology:sdaaﬂedmthetopmlreponDPC-
NE-3002-A, “FSAR Chapter 15 System Transient Analysis Methodology.” The specific modeling
change is the assuitied performance of the pressurizer code safety valves and the main steam code
safety valves. In the licensed methodology it is stated that these valves “are modeled with ift,
accumulation, and blowdown assumpticns which maximize (or minimize) the pressurizer (or
secondary) pressure.” The specific minor change is in regard to the concept of accurulation
during lift of a safety valve. Accurwlation has been modeled as a linear. opening of a safety valve
beginning at the lift setpoint and reaching full open ata pressure comresponding to'the lift setpoint
plus an accumulation allowance which is typically 1-3% of the lift pressure setpoint. For example,
a pressurizer safety valve with a lift setpaoint of 2500 psig and 3% accumnlation would reach full
open at 2575 psig. Although this is a conservative modeling approach, it does not physically
represent the real vaive performance, which is best characterized as a popping-open response, . The
pmposedmwtchangcmtheappmvedmddmgwwubcwmoddﬁwvalvsaspoppmgopm
with a conservatively slow response time. For each valve type for which this modeling is to be
applied, valve testing data will be researched to determine the actual valve dynamic response.
These data will then be conservatively bounded by the new popping-open 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% lincar 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

Fonters on reCyGled paper



U. 8. Nuclear Regulatory Commission

December 19, 1993

Pige2 '

the design of the replaccawent steam generators which are to be installed &t MoGyire snd Catawba
Nuclear Stations, beginning in mid-1996. The increase in steam gencratnr heat tramifer area in the
replacement steam generators results in higher peak secondary pressures following tarbine trip.
The analysis results will exceed the secondary overpressure limit unless this modeling change is
M«M“MMMmMMmummaTm
Specification change. Lowering the vaive setpoints is not desirable, and sny unnecessary -
Technical Specification revisicns should be avaided if poasible.

This modeling change was discussed by phone with NRC staffl from the Mechanical

and Reactor Sysiems Branches in May 1995, The conciutions from the ciscussions were that the
proposed modeling spproach wonld be soceptable a3 long a3 the modeling was conservative
relative to the industry valve testing database. That constraint will be followed with the proposed
modeling approach, with a significant amount of consesvatiom maintainad

NRC eoncurrence with this proposed modeling changs will be necessary 10 avoid submittal of a
topical report revision or a Technical Specification change. ‘The apphication of this propased
modefing change is nocessary to support the Catawba Unit | outage with stearn genesator
replacement, which is currently scheduled to start in April 1996,

I you weuld like to discuss this letter, please call Scott Gewelr at (704) 382-7581.

MI‘.S.D Ebncter, Regional Administrator :
US. Notdear Regitktory Comenission - Region I
101 Marietin Stree, NW - Suiite 2000
Atlsima; Goorgls 30323

Mr.G. F. Maxwell -
McGuire Nuckar Station
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August 29, 1995
ChisyRay
NGD Safety Analysis Groop

Re:  MeGuire Nuciear Station
' MSSV Opesing Respanse Time
Toch Spoc Submital

This is to sumumaries the cxpected opeaing respoase times of the McOkire's Main Steam Safety Vaives and
o demonstrats that they will opea-fully within the 0.5 seconds assumed in the Safety Analysis. The
) MWWWMMMnhnMude.

Siyte Sizs SaiPpate  OpenTime Tag Nes.
HA-CS-BN 6Q8 1170 puig®: 0.160 sec U28V2.8 14,20
HA-&5-FN . 6Q8 1190 psig® 00%0sc | W25V3.9. 18,21
HA-75-FN 6R10 1208 prig® 0.110se¢ © UZ28VA, 10, 16,22
HA-75-FN 6R10 1220 paig® 0.060 sec VISVS 117,23
HA75-FN 6RI10 1225 peig caavailable 125V6, 12,18, 24

All valves at McGuire wers teztod st Crosby’s high flow tst loop t determinad unique ring setting for cach
valvés to assre blowdown performance withiin s renge less than o equal to 10%. The tests simuitanecusly
recordsd 1) inles pressare, 2) oatlet pressure and 3) spindie position o Crosty’s Daia Asquisition System.

Although the test was not specifically intended to demonstrate the opening response tims for the vatves, the
mamdhomdmfwaebvdwummvhbmmmm

Crasby recently Wmadmmhmmqeﬁummwabwema’
asterisk (*) Mw“ﬁ&ml)ﬂwqﬁ:ﬂmmhvﬂmwam
mwmwmmummmmmmmmmwwm
opedngwcfﬂIMSSV'sum

Swhwmmmmnmmmhmmmm
pressisre remp rats was Rt varied to study its effact on opeaing times. BPRI, however, conducted extensive
tests on Pressurizer Safety Valves ss required by NURBG-0737. Thsss test by EPRI an a Croshy style HB-
n&mmawmwmmmmmmm
times. mmmmmmzmwmmmmmmm
0.018 and 0.021 soconds. Secc Attachment 2, tables 4-2 and 4-3,

Although the Pressurizer Valve tzsted by EPRI and thie Main Steam Saftoy Vatves tested 22 Crosby are
different stylcs, they both have a two-ring internal design and are similer in body size. Tests also
‘demoastrats that boch style vaives, uader varying conditions, open with a rapid “pop™ at valve setpoine.
We would expoct similar inlet pressuization rates to bave little effect on the opeaing time of the MSSV's.

Therefore, the tests performed by Crosby, cozpled with thase pezformod by EPR} demonsirate vajve
opeaing responss tisies under various inket conditions, are well within the assumed time of 0.500 seconds.

1€ you wigh to discuss this zubject furthee, pleasa contact the undersigned ot 875-5617,

Cond Czz

Grant Cunri
McGuire Valve Engineering

Attzchments (2)
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cc: Mr. V. Nerses, 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

wWashington, 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



Duke Power Company . M S Tuopus

PO. Bax 1005 Senicr Vice President
Chariotte, NC 28201-1006 o Nuglear Generation
(704)383.2200 Office
(704)3824350 Fax
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 50-36% and =370
Catawba Nuclear Station
Docket Numbers 50-413 and -414
Safety Valve Modeling

Reférences: 1) November ‘15, 1995 letter from W. R. McCollum
(DPC) to NRC "Proposed Technical
Specifications (TS) Changes."

2) December 19, 1995 letter from M. S. Tuckman
(DPC) .to NRc, "Minor change to NRC-Approved
Hethodology

The purpose of this letter is to provide addltlonal s
information concerning the two submittals referenced . above.
The intent of the November 1S, 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 deésign. This submittal is completely
independent of steam generator replacement, although the
approval of the submittal will affect the replacement stean
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.
buring 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: B
+3% setpoint drift, original lift 1295
BQtpOlnts, linear ramp model psig
Replacement 5/G; . :
+3% setpoint drift, original lift 51311
setpoints; linear ramp model . psig
#3% setpoint drift, reduced llft 1295.8
setpoints, linear ramp model - psig
-4+3% setpoint drift, original 1ift - . 1285.7
setpoints, pop-open nodel . .. psig

The revised modeling assumes that the safety valves Pop open
to a full open position in 0.5 seconds after the drifted
1ift setpoint is..reached. This assumptlon is based on the
attached documents,--in-which the valve manufacturers, Crosby
and Dresser, and the HcGulreICatawba valve engineering staff
concur ‘that this modeling is adeguate to conservatlvely
bound. ‘the. performance: of -both ‘the.:pressurizer and main steanm
safety ‘valves., Approval of the increased- setpoint tolerance
and NRC concurrence with the revised: pop-open modeling !
approach is reguested. No additxonal Technical
Speciflcatlon changes or ehgineering effort are necessary to
resolve this.issue with this -approach. Thére'areé hno  NUREG-
0737. commitments regarding the trarnsient analysis modeling
of the safety valves that conflxct ‘with this request.-

If the. increased setpoint tolerance is- approved and: the
valve ‘pop+-open modeling: is not, the main steam: safety Valve
setpoints will have. to be lowered in. conjunctlon with the
steam ‘géherator replacement.. This will requzre submittal of
additional Tedlinical specification revisions.  If the:
increased tolérance is not approved, the. turbine trip
analysis will not necessitate any setpoint or valve. modellng
changes. However, the consequence of this course of action
will be a continuation of licensee reports and: engxneering
evaluations due to the safety valves failing thei¥ Technical
Specificat1on surveillance and being declared ineperable.a

If you would dike. to. dzscuss this letter further, please
call Scott Gewehr at (704) 382-7581.

very truly yours,

M. S \UMbENWGdb

. S. Tuckman
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Aprl 12, 1885
Rolland S. Huffman, SeniorEngimer
Dresser tndustnes
PO Box 1430
Alexandria, LA 71309

Subject: MSSV (Dressar Model 3787) Opening Times
Fie No: CN1205.09

Oear Shr,

Dus to @ historical trend-of Main Steam Safely Valve (MSSV) setpoint drift outside of
+/- 1% and a recent trend of performance outside of +/- 3 %, Catawba has initiated a
.wmmem_mmmmmmmwamamw>m A

sl

6 o7 compister modeled Is e valve'™

Catawba Engineering befieves that Duke Power assumed an overly conservative MSSV
mmgmdmﬂwwmm&mdwmmmmmw
EPR) Safety Relef Vaive Test Data parformed aftsr TMI, as required by NUREG-0737; the
mmmdmm&WVMstmmﬂymmbelw
than 0.1 of @ second. Muitipie tests were parformed with Dresser Model 31709na and 3173%a
PSV's under varied condilions of pressurization rate, system media, ring positions, etc. and
validate this position. n addition, Crosby spring actuated safety valves of similar design,
mode! HB-BR-86 8N8, also had opening imes of less than 0.1 of a second. The “ POP* action .
of&nsesafetyvdvesmdamiydmmtabdbywﬁwef&mmmrdmﬁkﬂest
Reports. )

Ammdmmmmmepmhmaepmmmmmmmmwmn
. plots of both stem position and steam flow vs time. These two parameters distinctly define the
valve opening time. A summary of {est results are documented on the Test Matrix Table noting
the valve “simmer” ime, “POP” ime, pressurizafion rate, tast media, ats. for each tastrun, In
addition, plots for stem movement and steam flow for Dresser test number 803, 608, 811, and
1308 which are wwwmuympmmwmdmmammm(&omzsm
322pslfsec)areanached.




The following Information Is g simple summary of key parameters of stem traval, steam flow, and
ﬂmewh!chhavebeenMdmmaMedmdath&

Tima to Full §tem Travel Time to Madmum Stesm Row Pressurieation Rate
&immar « POP Time (vrated steam flow of 808k bvhr) (Psifsac)
( Rated i1 07.588°)
603 D16 zac .- 080 sev 29
608 . 020 sus L78 seo 296
o1 02¢ see ‘ 072 sec f -]
1308 031 sac La2 seo 08
1202 . 020 ses not svailable 20
1207 019 sse ot avalishle 317

Catawba does not have actual full flow test data for the Dresser 3787 MS5V's to suppert the
position of vaive opening times of .1 of 2 second, but CNS Engineeiing believes that the
extensive PSV tast data adequately demonsirates the "pop” action of a.safsty vaive.of this
design and that the MSSV opening times will also be less than .1 seconds, Conservatively,
Ca:awbapropasesbumdelthevamsﬁlhanopmumdjofsmndorwerMGf
the slowest ime observed far the PSV.

As per our telaphone cofivarsation, mmcmu-:-nginwmgsvamm of -
MW@MM«WNMmeMMMMMMGma
Catawba's MSSV's,. mmudmmofwmm:ﬁmﬂmmawlmwﬂlopenin
less than .6 saconds. lfmmrmmemremnpbms&nbemmm
Ma.pmﬂewme&uwmmﬂﬁmmmemmdcmmmm
assumse for our analysis,

we agrvee +That e‘n-ﬁwlj valve 3787 will open n less “+han

0.5 seconds.

'S f
OEsM (Dresser) Engineerify Concurrence
Dresser Industries /SR. Engineer

|
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e&s’ DUKE POWER
way 16, 1996 RECEIVE])

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk ;
Washington, DC 20555 DUKE POWER CO.

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 cocling (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 calculatxons 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 Mode)l 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. .

st ca grycks oW



U. S. Nuclear Regulatory Commission
May 16, 1996
Page 2

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 jimpact 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,

- #*b S.f'§2¥t>95-~nanh

M. S. Tuckman

Attachments

xc: - S. D. Ebneter .
, Regional -Administrator, Region 1l
U. 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

V. Nerses
Project Manager, ONRR
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York, SC 29743
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September 25, 1998 | %E@EEWE@
U.S. Nuclear Regulatory Commission 0CT 1 rog
Attention: Document Control Desk 3 DUKE POWER co
washington, D.C. 20555 NUCLEAR ENSRIEERDIG

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, 19%6.

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 xeview of this methodology change
to topical report DPC-NE-3002-A is requested.

Duke Power analyzes the Catawba UFSAR Chapter 15 non-LOCA
transients and accidents with analytical methodologies that have
been reviewed and approved by the NRC. Specifically, topical
report DPC-NE-3002-AR, 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 DPC~NE-3000-PA, "“Thermal-Hydraulic Transient
Analysis Methodology”. (SER dated December 27, 199%5)
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U.S. Nuclear Regulatory Commission

- . Page 2

September 25, 1998

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 primary-to-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 predic¢tions 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 analyszs.

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.”



U.S. Nuclear Regulatory Commission

Page 3
September 25, 1998

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 mode}. This model uses the bubble
rise option with the local-conditions heat transfer model
applied to the steam generator tube conductors.®

The noéon-conservative results predicted by the multi-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 préssurizex
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-3002-2 topical report will be included in a
future revision to the published wversion.

Should you have any questions concerning this information, please
call G.B. Swindlehurst at (704) 382-5176.

Very truly Yy, s,

@.C 1t

G.R. Peterson
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September 25, 1998

XC:

L.A. Reyes

U.S. Nuclear Regulatory Commission
Regional Administrator, Region 1I
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

o
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April 19, 2000

U. 8. 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. $0-413 and 414
Topical Report DPC-NE-2002-A, Revision 4

Reference: Letter, Duke Energy Corporation to U.S. NRC,
March 1, 2000, License Amendment Reguest far FOL
and Technical Specification 1.}
Definitions - Dose Equivalent Iodine

Attached for review is Revision 4 to the Duke Energy
Coxrporation 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
previosusly approved Revision 3 (NRC SER dated February 5,
199%). 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 Section 1.4 6 Boren Dilution Accident Analycis
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 pressurizey, the pressurizer surge line, and
the reactor vessel upper head. It was later determined
that the correct minimum primary coolant volume for the



U. S. Nuclear Regulatory Commission

April 19, 2000
Page 2

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,

. S Jockue

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 ©O-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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bxc:

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. 8. Warren

ELL.



5.6.1 Tnitin) Conditions

Pilution Yolume
Amhedﬂlntimmewum!umuummm
volumes. Therefore, the andlysis conniders the smallest RCS water

mmmammmmuumwwwtm
civculation. For Modes 13, the Tedmical Epenificacions require that at
least one reactar coclant Duwp bo operating. This forced eirculation
will mix the BCS inventoxy in the reactor vesse)l end each of the four
reactor coolant loops. The preasuriger and tha pressurizer surge line
"are not included in the volume available far dilution in Modes 1-3. For
normal gperation in Mode 4, forced circulation is typically maintained,
although the Tecimical Specifications do not regulire it. The volume
available for dilution in Mode 4 is therefore conservatively assumed to
aemmmwmummmn.amnmm
mmmmmdwm DN Drepad v

o asSM‘. >
belwtbeﬂvpaftheninmlatlmnlvlm. aadatlmgmm“
mmzmmtnmolmm (RERS) §5 opezating. The volume
available for &llution in these modes iz limited to the smslloy volume
RHRS train plus the portions of the resctor vessel and reactor coolant
loap piping bolow tha minimm watexr level and between the NHAS inlet and
otitlet comnectians. The minimum water level used to calculate thia
volume is corrected for lewil instrument unoertainty.

mnnndnwsmmwmawmammmmm
Mbbhmmﬁmﬂw%ldﬁmm&mbhwuhm

vessel (oxiuding the upper head). mmmmmdummwmm
the RHR injet ard outled cormections.®

Roxen . Sonssntiations

The Tecimical Specifications reguire that the shutdown matyin in tho
‘various modes be above a oertain minimm value. The di{fferemce in boron
concontration, between the value at whioh the relevant alarm function is
actuated and the value at vhich the xesctor is just critical, determines
the time availahle 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 safecy
analysis for ench new corw, the above cancentrations are checked to
ensure that the value of this racie for each mode fs lapger thsn the
corresponding ratic assuxad in the acrident analysis., Each awde of
operation covers a xange of Lenperatures. Tharefore, wvithin thar mode.
the temperature which ninimizes this gratic is used for coasparison with
tho accident mnalysis ratio. Por accident initial copditions in shich
the comtrol rods are withirawn, it is conmervatively assumod, in
calculating the critical boron concentration, that the most reactive rod
does not fall into the core at reactor trip. This assurption is alss

DOC- NE 3002 A
5-18 Reavisian 4
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For Catuwba, Hree d‘u.-\ \we ?O&V

Cﬁ" “‘G"a on +he m"ﬂl-c."\' steam qenerators
are assfumed tw beoperable

. two of the three s line FORVS tu the intact steam generators
muamdtobemmo
- A negative bias h appliad

:ommmdammmmmlnw This results in an
earlier cpening time which maximizes atmospheric releases and dslays
oparator idantification of the failed opsn steam line PRV, A positive
bmumudto&emmmmxdmummwu
secondary 8ide post-txip pressurization. This deleys opntnr
j3entification of the failed cpen stesm line PORY.

Decaw Hsat
End-of-cycle docay hest, based upon the AREI/ANE-5.1-1979 atgndard plus

8 two-sigma uncerteinty, is employed.

Qffaite Powex .
Offsite pover ia mssumad to be lost coincident with turbine trip. Thie
isolates stenm fiov to the condenser, thereby maxiwiring the atmospheric

steam IQleasss.

Break madel

The brezk is assumed to bo & double-anded guillotine break of a single
stesm gencrator tubé at the tubesheet surface on the stesm genexator
outlet plenum, This locacior maximizes che mass flow through the break.

4 .
The reactor coclant pumps are assumed to operate pormally until offsite
pover is lost coilncident with turbine trip.

ECCE8 Imjection

X actuatien is assumed ro occur on low preasurizer pressure at a
setpoint with an applied positive uncertainty or on manual operator
action. Haxipum EOCS injection flow is assumed to meximize the primary-

to-secondary loakage.

Main Fesdwnter )

Main Zcolwater flow is assumed to tarminate coincident with the lcss of
offaite power to mininize the secondary inventory avmilable to mix with
and dﬂnce primary-to-secandary loakage.

W
A comsesvatively high charging flow copasity is modeled to delay reactor
tyip and maximize totsl primsry-to-secondsry leakage.

Magual Actions
~ Immediate action to maximize charging flow f{penalty).

~ Immediate action to emergizé pressurizer heater banks (pemalty).

~ Oparators identify the abnoimal condition of the RCS at 20 minutes
and menually trip the reactar if not already tripped.

7-8 . DOC. NE ~3002~A
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Identify and isolate ruptured stemn gIderatoX consistent with
assurprions in WCAP-10636 (Refezwncs 5}, 15 minute ninimux delay
(Mt’o . . . .
Isolate falled open steam line druins upstrean of the main stesm
isolacion valves, This action oceurs 10 mimates after the ruptured
stean generatoxr is identified. ,

Isalete the gtesn supply to the turbine-driven muxilisry feedwater
poxp from the ruptured steam gemerstor after identification of the
ruptored Steam generstor. An operater action delay time of 30
mimicea is assuned (credit).

- Isolate failed open steam line PORV on the ruptured steanm
geoarator with an operatay dction dalay time fran when it should
bave closad pormmlly. The delay times assumed are 20 minntes for
control room and 30 minutes for local opexation (credit).

- Manuslly control auxiliary feedwater to majntain zere power steanm
generactor levels (nominal).

- Using the steam ling PORVE, initiate natural circulation cooldown

of the pximary systen after identification of the ruptured steam

gaperator. Cperavor action dalay tines of 15 simnutes for cantrol

oo acticn and 4S minutes for local action are assumed (credit).

Re McGowe, mitiate L

: tion of the primary system using the

pressurizer FORVs to tarminate broak flow 10 minutes after the

primiry systen is 30°F subcooled At the ruptured steam generator

pregsure (credit). Fae Cattwisba | +this acfiaw 18 ;ns'l‘u.‘i‘t&

3 manvtes after the Wﬁ& s\ﬁnﬁws 15 20°F suko.oola.&
(C"Q&d)r

7.2.2.4  Contxol, Protection, and Safeguards System Modoling

Repctor Trip

A reactor txip cocure on either low pressurizer pressure or masual
cperator sction at 20 mimités. A pegative uncertainty is applied to the
low pressurizer prassure trip satpoint to dalay rwector trfip. The
overtesperatuzre AT trip function {s mot credited.

Bxozsurizey Prasspra Control

This control aysten i5 aEmumed to be in mapual and therefore {s not
soteled. Oparator action i¢ aspumed to energize the pressurizer heaters
apnd control the FORVA. Pressurizer spray is not available for the
duration of this transient.

Presmuxigzer Level Conrxal
This cantrol gystem is assumod to be in manual and therefore is not
modoled. Operator sotion is cooumcd to maximlzw charging Claw.

~ Iavthate ST ‘i‘cvu\n;f\‘mm 2 miunvtes «g{iv
comg\c:&‘\ws tThe Mgrr_s:meﬂ.od‘un st the
prsm«s.-n& sss‘t‘w\ Q;v:.é.\"r).
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DUKE POWER CO.
NUGLEAR ENGINEERING

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’iicensing basis.



U. S. Nuclear Regulatory Commission
August 24, 2000
Page 2

Please address any questions to J. S. Warren (704) 382-4986
or G. B. Swindlehurst (704) 382-5176.

Very truly yours,

?*w 3.(11kﬁﬁbhm—;.

M. S. Tuckman
Attachment
xXc 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 O-8 H12

Washington, D. €. 20555-0001

Mr. F. Rinaldi, Project Manager (MNS) -
Office of Nuclear Reactor Regulation

U. S. Nuclear Regulatory Commission

Mail Stop 0-8 Hi2

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 Staticn
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bxc:

- w/Attachment

G. B. Swindlehurst
C. J. Thomas

G. D. Gilbert

T. Baumgardner

K. E. Nicholson

T. K. Pasour (2}
J. 8. Warren

ELL



Attachment 1

\ Duke Energy Corporation
Topical Report DPC-NE-3002-A, Revision 4
Response to NRC Questions Regarding Mahnual Actions Related to
Steam Generator Tube Failure '

Statement of NRC Questions:

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:

e Control room conditions (e.g, alarms, peripheral activities
being conducted)

s Information required by the operator to initiate each action

e Information required to know that the action has been
successfully completed.

e Qualified displays providing the above information
e Sequence of actions leadlng up to and to accompllsh the
intended result

e Procedures used to accomplish the actions

¢ Consequence of not accomplishing each action within the 3-
minute time frame

e Risk significance of not accomplishing the actions
e Ability to recover from plausible errors in performance of

manual actions, and the expected time required to make such a
recovery
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Duke Responses:
e 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.

e 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.

e 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. 1In 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 QAl qualified instruments.

e 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 depreggurization (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 whén 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.

Rigk 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.
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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 difficult nor time
consuming.

.
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y Power. ECOTH
A Dube Envogy Comipnemy . 526 South Church Street
PO. Box 1006
Charlotte, NC 28201-1006
M. S. Tuckman
Executive Vice Presidens (704) 382-2200 orrice
Nuclear Generarion (704) 382-4360 Fax
Septenibér 22, 2000 \@ CEEWEﬁ
U. S. Nuclear Regulatory Commission SEP 26 208D
Washington D.C. 20555
' WER CO.
ATTENTION: Document Control Desk quepgmmmmmﬁ l

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-3002-3,
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 1 -and. supplemented in Reference 2, 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. 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



U. 5. Nuclear Regulatory Commission
September 22, 2000
Page 2

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 licemnsing basis.

Please address any questions to J. S. Warren (704) 382-4986
or G. B. Swindlehurst (704) 382-5176.

Very truly yours,

M5 (elme

M. 8. 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 23785
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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D. Gilbert
Baumgardner

H. Chernoff

E. Nicholson

K. Pasour (2)
S. Warren
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Ju_-19-2982 1S5:29 P.B4/84

- Identify and isolate ruptured steam generator consisvent with
assumptions {n WCAP-10698 (Reference S)., 15 minute minimum delay

{credit). . . .
For Catawba., iselate +he
- @ZLALP tailed open stean line drains upstream of the main steam

isoclation valves. This action occurs 10 minutes after the ruptured
steam generatox is identified.

- Igsolate the steam supply to the turbine-driven muxiliary feedwater
pump frowm the ruptured steam generator after identification of the
ruptured steam generator. An operator action delay time of 30

minutes is assumed {credit).

- Isolate failed cpen steam line PORV on the ruptured steam
generator with an operator action delay time from when it should
bave closed normally. The delay times assumed are 10 minutes for

control roomand 10 mimutes for local, opera an edit).
e vy
~ Manually contrel auxiliary feedwater to maintain zero power steam
generator levels (nomipal).

Using the steam line PORVs, initiate matural circulation cooldown
of the primary system after identification of the ruptured steam
generator. Operator action delay times of 15 minutes for contral
voom action¥and 4S5 minutes for local action are assumed ek
Foew McGurre * uu‘i"u:i'c. m
- Imitietepdepressurization 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
prassure (credit). Faer Catawba , thas action 18 (mitiate

3 wanutes «ftec the Rrwnary suetem 15 20°F subcoaled
(credt),

7.2.2.4 Control, Protection, and Safeguards System Modeling

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.

Pressurizer Pressurg Control

This control system is assumed to be in manual and therefore jis not
modeled. Operator action is assumed to energize the pressurxizer heaters
and control the PORVs. Pressurizer gpray is not available for the
duration of this transient. ' ’

ze 1 .
This control system is assumed to be in manual and therefore is not
modeled. Operator action is assumed to maximize charging flow.

~ Tarhate ST termwmakion 3 minvtes after
con\?\o.:&“uxs AN J\CQ\'C-SSLS\‘\‘L&*'KOV\ &4 the
183 \w\.o:nk s&SM (c.ra.&\"f'_).
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(704) 382-2200  OffICE
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Executive Vice President (704) 3824360  Fax
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March 21, 2001 MAR o 2001
U. S. Nuclear Regulatory Commission ‘ DUKE POWER CO.
Washington D.C. 20555-0001 , NUCLEAR ENGINEERING

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, 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

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,
Revision 4

3) 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. 1In
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,

“,'S. qul'/waw

|

M. 8. 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. 8. Nuclear Regulatory Commission
Mail Stop 0O-8 H12 '
Washington, D. C. 20555-0001

Mr. D. J. Roberts
NRC Senior Resident Inspector
‘Catawba Nuclear Station
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G. B. Swindlehurst
C. J. Thomas

G. D. Gilbert

T. Baumgardner

M. H. Chernoff

K. E. Nicholson

T. K. Pasour (2)
J. S. Warren

ELL



