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% UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.0. 08550001

February 5, 1999

o

Poge®

Mr. Gary R. Peterson

Site Vice President

Catawba Nuclear Station

Duke Energy Corporation

4800 Concord Road

York, South Carolina 28745-9635

SUBJECT: CATAWBA NUCLEAR STATION, UNIT 2 - TOPICAL REPORT DPC-NE-3002-A,
REVISION TO ADDRESS LOSS OF NORMAL FEED'VATER (TAC MA3702)

Dear Mr. Peterson:

The accepted version of Duke Energy Corporation topical report DPC-NE-3002-A, "UFSAR
(Updated Final Safety Analysis Report] Chapter 15 System Transient Analysis Methodology,”
Revision 2, was submitted for docketing by letter, M. 8. Tuckman to NRC, February ©, 1068.
By letter dated Beptember 25, 1088, you proposed to revise the methodology in that topical
report to permit use of a single-node model, instead of @ multi-node model, to represent the
steam penerator secondary system for the post-trip phase of the loss of normial feedwater
ana'ysis for Catawba Unit 2.

The staf has completed its review anc finds your proposal acceptable for Catawba Unit 2. This
approval is based on the fact that you use previously acoepted methodologies for this analysis,
and the proposed modeling change produces conservaltive results and maintains adequate
margins. Detalis are set forth in the enclosed safety evaluation.

In accordance with procedures established in NUREG-0380, we request Duke Energy
Corporation to publish an acoepted version of the topical report within 3 months of receipt of
this safety evaluation. The accepted version shall incorporate this letier and the enciosed
safety evaluation. | have discussed with Mr. Greg Swindiehurst this schedule and he agreed
that it is reasonable

This compietes the staff's effort on the above TAC number. Please reference TAC numbers
MAS702, M94405, MB440E, M34407, and MS4408 when you submit the accepted version of
DPC-NE-3002.

Sincerely,

(LS o

Peter 8. Tarn, Senior Project Manager
Project Directorate 112

Division of Reactor Projects - 1Al
Office of Nuclear Reactor Reguiation

Docket No. 50-414
Enclosure: Sa'ety Evaluation

oc w/encl: See next page
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Ms. Lisa F. Vaughn
Legal Department (PBOSE)

Duke Energy Corporation
422 South Church Street

Chariotte, North Carolina 28201-1008

J. Michee! McGarry, lIl, Esquire
Winston and Strawn

1400 L Street, NW
Washington, DC 20005
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1427 Meadowwood Boulevard

P. O. Box 28513

Raleigh, North Carolina 27626

County Manager of York County
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Ms. Karen E. Long

Assistant Attorney General

North Carolina Department of Justice
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Elaine Wathen, Lead REP Planner
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Raleigh, North Carolina 27611

Senior Resident Ingpeactor
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Regional Administretor, Region |

U. § Nuclear Regulatory Commission
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81 Forsyth Street, 8.W., Suite 23T85
Atiante, Georgia 30303

Virgil R. Autry, Director

Division of Radioactive Waste Management

Bureau of Land an< Waste Management

Department of Heatth and Environmental
Control

2800 Bull Street
Columbia, South Carolina 26201-1708

L A Keller

Manager - Nuclear Regulatory
Licensing

Duke Energy Corporation

6§28 South Church Street

Chariotte, North Caroling 28201-1006

Saluda River Electric
P. O. Box 820
Laurens South Carofina 28360

Mr. Steven P. Shaver

Senior Sales Engineer
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Chariotte, North Carolina 28209



UNITED ETATES
NUCLEAR REGULATORY COMMISSION

WABHINGTON, D.C. 20866-0R

F T Y F RR TION
TOPICAL REPORT DPC-NE-3002-A, REVISION 2
: Y P
TAWBA N\ cAR T
DROCKET NO. 50-414
1.0 |ntreduction and Background

The accident and transient analyses in Chapter 15 of the Final Safety Analysis Report (FSAR)
for the Catawba Nucieear Station were performed by Westinghouse Electric Corporation.
Subsequent to completion of FSAR review, Duke Energy Corporation prepared topical reports
detailing accident and transient analyses based on methodologies using industry-based
computer codes. Toplcal Report DPC-NE-3002-A, Revision 2, “FSAR Chapter 16 System
Transient Analysis Methodology,” Gated December 1887 (NRC Accession No. 8802170009),
details the analytical methodologies that have been reviewed and approved by the NRC for
application to the Catawba and McGuire nuclear stations. Section 3.8 of the report describes,
emong other things, the methodology to analyze the loss of normal feedwater event (Updated
Final Safety Analysis Report (UFSAR), Section 15.2.7). The RETRAN computer code used to
perform the analysis has been described in Section 3.2 of Topical Report DPC-NE-3000-PA,
“Thermal-Mydraulic Transiant Analysis Methodology,” dated January 27,1898 (NRC Accession
No. §802170017).

2.0 Disoussion end Evaluetion

in @ meeting held with the NRC staff during October 7-8, 1981 (documented in a letter,

H. B. Tucker to NRC, November 5, 1891), Duke Energy Corporation (DEC) demonstrated that
representing the steam genecator secondary system as a multi-node model produced
consarvative resulte for analysis of the loes of normal feedwater accident urider most
conditions. However, sheuld there be significant posi-trip tube bundie uncovery, the mode!
could predict excessive primary-to-secondary heat transfer. Significant tube bundie uncevery
was defined as a reduction of water inventory to iess then 10 percent of the full power
inventory. Specifically, the use o/ the multi-node steam generator secondary nodalization
resulted in underprediction of the cold leg temperatures, which then produced an
underprediction of the bulk average tempereture, anc pressurizer level and pressure. Using a
single-node steam generator secondary nodalization was shown to restore the previously
calculated marging. The staff agreed with this noted limitation and approved the model and
results since water inventor was not expactad to reduce 10 less than 10 percert of the full
power inventory during the Icss of normal feedwater event.

Enclosure
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Performing Catawba Unit 2-spacific analyses recently using the methodology of DPC-NE-
3002-A, Revision 2, Duke Energy Comoration has found that the loss of normal feedwater
event would resutt in reduction of the steam generator water inventory tc less than 10 percent
of the full power inventory. These results ere nonconservative with regard to primary-to-
secondary heat tranzfer. Duke Energy Corporation has, by letter dated September 25, 1998,
requested revision of the approved methodology to permit use of a single volume steamn
generator secondary mode! for the post-trip phase of the loss of normal feedwater analysis.
The single volume steam generator secondary model hes been reviewed and approved for
analysis o' the unoonhroﬂodoontrdmdbmkwhdrnwdfmuuboﬂﬁmlmlowmmw
condition (UFSAR, Section 15.4.1).

Accordingly, Duke Energy Corporation proposed to revise Section 3.3.3.1 of DPC-NE-3002-A.
adding two sentences as highlighted below, to read

3.3.3.1 Nodalization - since the transient response of the loss of normal feedwater event
is the same for all loops, the single-loop model described in Section 3.2 of Reference 2 is
utilized for this analysis. For Catawba Unit 2 only, the post-trip phase of the analysis
uses a single volume steam generator secondary model. This model uses the bubble
fise option with the local-conditions heat transfer mode! applied 1o the steam generator
tube conductors.

The staff finds the proposal to use e single-nude (i.e., single volume) moce! to represent the
sleam generator secondary system In the loss of normal feedwater accident for Catawba
Nuclear Station, Unit 2, accaptable. This approval is based on the fact that Duke Energy
Corporation used previously accepted methodologies for this analysis, and the proposed
RETRAN modeling change produces conservative results and maintains adequate margins.
The steff also approves the revision of Topical Report DPC-NE-3002-A as cfted above.

3.0 Conclusion

Duke Energy Corporation's proposal to use & single-node model to represent the steam

generator secondary system for the loas of normal feedwater accident is acoeptable. In
accordance with procedures established in NUREG-0390, “Topical Report Review Status.” the
staff requests Duke Energy Corporation to publish an accepted version of the topical reporn
within 3 months of recsipt of this safety evaluation. The accepted version shall incorporate this
safety evaluation ard the essociated transmittal letier.

Principal Contributor: Ralph Landry
Date: February 5, 1898

|



UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 208850001
April 26, 1996

Mr. M. 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. M94405, M94406, M94407, AND M94408)

Dear Mr. Tuckman:

On December 19, 1995 and March 15, 1996 you submitted a proposed change to the
analysis methodology in the Duke Power 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 licensing applications to the extent
specified and under the limitations stated in DPC-NE-3002, through Revision 2
and the associated NRC Safety Evaluations issued on December 28, 1995 and with
this letter. These Safety Evaluations define the basis for accepting this
Topical Report.

When the Topical Report is referenced in a licens

not intend to re ' )

that were found R pt 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 charae so that staff conclusions regarding
the acceptability of the Topical Report are invalidated, DPC will be expected
to revise and resubmit their documentation, or to submit justification for
continued effective applicability of the Topical Report without revision of
their documentation. This completes NRC actions for TAC Nos. M94405, M94406,
M94407, AND M94408.

Sincerely,

“Uebor.

Herbert N. Berkow, Director

Project Directorate [I-2

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

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

Enclosure: Safety Evaluation

cc w/encl: See next page

\----------



Duke Power Company

£C:
Mr. Paul R. Newton

Legal Department (PBOSE)

Duke Power Company

422 South Church Street

Charlotte, North Carolina 28242-0001

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

Mr. J. E. Snyder

Regulatory Compliance Manager

Duke Power Company

McGuire Nuclear Site

12700 Hagers Ferry Road
Huntersville, North Carolina 28078

J. Michael McGarry, 111, Esquire
Winstorn and Strawn

1400 L Street, NW.

Washington, DC 20005

Senior Resident Inspector

c/o U. S. Nuclear Regulatory
Commission

12700 Hagers Ferry Road

Huntersville, North Carolina 28078

Mr. Peter R. Harden, IV

Account Sales Manager
Westinghouse Electric Corporation
Power Systems Field Sales

P. 0. Box 7288

Charlotte, North Carolina 28241

Or. John M. Barry

Mecklenburg County

Department of Environmenta)
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. G. A. Copp

Licensing - ECO050

Duke Power Company

526 South Church Street

Charlotte, North Carolina 28242-0001

Regional Administrator, Region II
U.S. Nuclear Regulatory 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

Mr. T. Richard Puryear
Owners Group (NCEMC)

Duke Power Company

4800 Concord Road

York, South Carolina 29745




Duke Power Company

oc:
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 General

South Carolina Attorney General’s
Office

P. 0. Box 11548

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 29360

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

Senior Resident Inspector
4830 Concord Road
York, South Carolina 29745

Mr. William R. McCollum
Site Vice President
Catawba Nuclear Station
Duke Power Company

4800 Concord Road

York, South Carolina 29745

Mr. T. C. McMeekin

Vice President, McGuire Site

Duke Power Company

12700 Hagers Ferry Road
Huntersville, North Carolina 28078



UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20565-0001

"*+++*" SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
POMER_COMPANY
MZGUIRE NUCLEAR STATION
DOCKET NO. 50-369 AND 50-370
CATAMBA NUCLEAR STATION
DOCKET NOS. 50-413 AND 50-414

In its letter of December 19, 1995, Duke Power Company (DPC), licensee for
McGuire Nuclear Station, Units 1 and 2, and Catawba Nuclear Station, Units 1
and 2, notified the NRC of a change to an approved analysis methodology for
the four nuclear units. DPC submitted additional information in its letter
dated March 15, 1996. The change relates to the modeling of accumulation in
the Tifting of the pressurizer safety valves or the main steam safety valves.
These safety valves provide overpressure protection of the primary system.
Currently, DPC is involved in steam generator replacements at the McGuire and
Catawba stations. ODuring reviews of overpressure protection analyses, DPC
identified that increases in the heat transfer area of replacement steam
generators result in higher peak secondary pressures following turbine trip.
The higher peak pressures would require setpoints of safety valves to be
lowered. DPC found, however, that with the change in accumulation modeling,
the setpoints of the valves may remain consistent with those setpoints
currently in the plant technical specifications.

VALVE INFORMATION
The specific valves are listed below:

McGuire Nuclear Station:

Main Steam Safety Valves

1/28V 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 Addenda

1/25V 4,5,6,10,11,12,16,17,18,22,23,24: 6" x 10" Crosby Style
HA-65-FN, Built to ASME Section III, 1974 Edition, Winter 1975
Addenda (originally purchased for the Marble Hill Nuclear Plant),
and recertified to ASME Section III, 1971 Edition, Winter 1971
Addenda.

ENCLOSURE




Pressyrizer Safety Valves

Size 6M6 (6" inlet, "M" orifice, 6" outlet) Crosby Style HB-BP-86.
Valves originally installed with loop seals, but modified in 1992
to arain the loop seal and modify valve internals for sealing
against steam. The valves were built to ASME Section III, 1971
Edition, addenda through the 1972 Addenda.

Catawba Nuclear Station:

Main Steam Safety Valves

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

Pressurizer Safety Yalves

Dresser Model 31749A, built to ASME Section III, 1974 Edition,
Summer 1975 Addenda. These valves do not have loop seals.

MODELING METHODOLOGY

The current Final Safety Analysis Report (FSAR) Chapter 15 analyses that
support the McGuire units and the Catawba units are detailed in the topical
report DPC-NE-3002-A, "FSAR Chapter 15 System Transient Analysis Methodology."
The NRC-approved methodology says that the pressurizer safety valves and the
main steam safety valves are modeled with 1ift, accumulation, and blowdown
assumptions which maximize the pressurizer pressure or minimize the secondary
(main steam system) pressure. Lift is the actual travel of the valve disc
away from the closed position when the valve is relieving. Accumulation is
the pressure increase in the system pressure over the actual valve set
pressure, frequently referred to as "overpressure,” and is usually expressed
as a percentage of set pressure. Blowdown is the difference between actual
iift pressure of a safety valve and actual reseating pressure, usually
expressed as a percentage of set pressure. The requirements of Section III of
the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code (the Code), 1971 Edition, and similar in later editions, paragraph NB-
7614, gives the operating requirements for Class 1 safety valves (pressurizer
safety valves) as follows:

NB-7614.]1 Anti-Chattering and Lift Requirements. Safety
valves shall be designed and constructed without
chattering and to attain full 1ift at a pressure no
greater than 3 percent above their set pressures.

NB-7614.2 Blow Down Requirements. Safety valves shall be
set and adjusted to close after blowing down at a pressure
not lower than 5 percent of the set pressure. The valves
shall be adjusted, sealed and marked by the Manufacturer.
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NB-7614.3 Popping-Point Tolerance. The popping-point
tolerance shall not exceed 1 percent, plus or minus, of
the set pressure for pressure over 1000 psi.

The similar design and operating requirements for Class 2 safety valves (main
steam safety valves) given in paragraph NC-7614 are as follows:

NC-7614.1 Lift and Blowdown. Safety valves shall operate
without chattering and to attain full 1ift at a pressure
no greater than 3 percent above their set pressure. After
blowing down, all valves shall close at pressures not
lower than 95 percent of their set pressures .

NC-7614.2 Popping-Pressure Tolerance. (a) The

popping-pressure tolerance (plus or minus) from the set

pressure of safety valves shall not exceed the following:
. 1 percent for pressures over 1000 psi.

The approved models assume that 1ifting of the safety valves is a linear
opening beginning at the setpoint and reaching full open at a pressure
corresponding to the setpoint plus a conservatively assumed accumulation of
one to three percent of the 1ift pressure setpoint. For example, a
pressurizer safety valve with a setpoint of 2500 psig and three percent
accumulation would reach full open at no higher than 2575 psig. DPC asserts
that the models are conservative, but that the actual valve performance is not
represented. Both sets of safety valves, though different models and
different manufacturer, are best characterized as having a popping-open
response.

MODELING CHANGE

DPC proposes to use a pop-open modeling approach rather than a linear ramping
open approach. 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. The assumption is based on testing and a review of tests that DPC
engineering and the valve manufaecturers (Crosby and Dresser) conducted.

Pressurizer Safety Valves

The pressurizer safety valves were tested as part of a performance test
program conducted by the Electric Power Research Institute (EPRI) to meet
action item I1.D.1, "Performance Testing of Boiling-Water Reactor and
Pressurized-Water Reactor Relief and Safety Valves," of NUREG-0737,
"Clarification of TMI Action Plan Requirements.” Multiple tests of Dresser
Model 3170SNA and 31739A and Crosby HB-BP-86 6N8 pressurizer safety valves,
varying parameters such as pressurization rate, system media, and ring
settings, indicated opening times of less than 0.1 second. Such a rapid
opening time is characteristic of a popping-open action. The test results
were used by licensees to correlate performance to site-specific similar
valves.



Nain Steam Safety Valves

DPC tested all of the McGuire Station main steam safety valves at Crosby’s
high flow test loop to determine unique ring settings for each valve. The
tests were to assure blowdown performance within a range less than or equal to
ten percent. The test simultaneously recorded (1) inict pressure, (2) outlet
pressure, and (3) spindle position using the Crosby Dat: Acquisition System.
Although determining opening response time was not the purpose of the test,
the times were recorded. The opening times ranged from 0.060 second to 0.110
second. Graphs of the opening of several of the valves were included in DPC’'s
letter of March 15, 1996. These graphs show a rapid popping-open action. DPC
correlated these tests and the measured opening times with the tests performed
by EPRI and concluded that the main steam safety valves would pop open and be

fully open within the 0.5 second assumed in the new model for overpressure
protection.

The main steam safety valves installed in Catawba Station have not been tested
in the same manner as the McGuire Station valves. Therefore, DPC reviewed
data for similar valves that were part of the EPRI testing program. Selection
of the 0.5 seconds for full opening is over 500 percent slower than the full
opening time observed for the pressurizer safety valves. Dresser engineering

concurred with the assumption that the Catawba Station Model 3787 main steam
safety valves will open in less than 0.5 second.

EVALUATION

Pressure relief valves of various designs can modulate open and closed over
the entire or a2 substantia) portion of the 1ift, 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 McGuire Station and Catawba Station are of the full-1ift type (i.e., they
open for a small portion of the 1ift and then pop open to the full-open
position). DPC’s determination that the valves will fully open within 0.5
seconds includes conservatism when compared to the test data used to validate
the modeling assumption. For safety valve design, the ASME Code, Sectior II]
(see above), requires 2 popping-point tolerance of plus or minus one percent
of the setpoint of ine -alves and requires that the valves be fully open at no
greater than thrze perceat above the setpoint.

DPC has demonstrated through testing and correlation of valves not
specifically tested that a rapid popping action is characteristic of the
valves. For these valves, there will be @ short period when the valves first
begin to 11ft where the closing forces are initially greater than the opening
forces (i.e., the modulating portion of the Tift). As the system 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
position in a very short period of time, almost instantaneously, by design.
Therefore, DPC may use 2 value of 0.5 second as the time from when the system
pressure reaches the setpoint of the valves (adjusted in the model for an
assumed drift of three percent) to the full opening and full relieving
capacity. In making this change to the model, all requirements of the ASME
Code, Section IIl, must be met.

L



CONCLUS ION

Valve Design Characteristics

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

Overpressure Protection Analysis

The licensee stated in its letter dated December 19, 1995, that the proposed
change of the safety valve opening characteristics in the methodology for
analyzing system transients is needed for McGuire and Catawba plants. The
current methodology as documented in DPC-NE-3002-A assumes that the safety
valves are opened at their fully open pesition when the system pressures are
corresponding to their 1ift setpoints plus an accumulation allowance. This is
a conservative modeling approach. However, the licensee finds that a change
of the safety valve opening characteristics to popping-open of che safety
valves at their 1ift setpoint 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 plants. 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




UNITED STATES
NUCLEAR REGULATORY COMMISSION

Mr. 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" MCGUIRE
NUCLEAR STATION, UNITS 1 AND 2; AND CATAWBA NUCLEAR STATION, UNITS 1
AND 2 (TAC NOS. M89944, MB89945, AND M89946)

Dear Mr. Tuckman:

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

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

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

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




Mr. M. S. Tuckman -2~ December 28, 1995

Should NRC criteria or regulations change so that staff conclusions regarding
the acceptability of the Topical Report are invalidated, DPC will be expected
to revise and resubmit their documentation, or to submit justification for
continued effective applicability of the Topical Report without revision of
their documentation. This completes NRC actions for TAC Nos. M89944,

MB9945 and M89946.

Sincerely,

I Wd 4o

Robert E. Martin, Senior Project Manager
Preject Directorate [1-2

Division of Reactor Projects - I/I1
Office of Nuclear Reactor Regulation

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

Enclosures: 1. Safety Evaluation
2. Technical Evaluation Report ITS/NRC/95-5

cc w/encls: See next page
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20856-0001
T T A
SAFETY EVALUATION BY THE OFFICE OF MUCLEAR REACTOR REGULATION
-NE- w J PTER TEM
TRANSIENT ANALYSIS METHODOLOGY"

1.0 INTRODUCTION

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

The original Topical Reports DPC-NE-3000 (Reference 4) and DPC-NE-3002
(Reference 5) were reviewed and approved, subject to certain conditions
(References 6 and 7).

Steamline break, rod ejection, dropped rod, and boron dilution 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  REPORT SUMMARY

DPC-NE-3002 (References 1 and 5) contains DPC’s qualitative approach to
performance of FSAR Chapter 15 type analysis for the McGuire and Catawba
stations using methodology utilizing the RETRAN and VIPRE-01 computer codes
described in DPC-NE-3000. It does not address justification, qualification,
or demonstration of the approaches taken for the analysis. However, it does
state the process DPC intends to use in determining initial and boundary
conditions, transient assumptions and scenarios, and code models used in
licensing applications for transient analysis.

Revision 1 of DPC-NE-3002 documents changes due to (i) the replacement of
steam geaerators for McGuire Units 1 and 2 and Catawba Unit 1, and (ii) winor
methodology changes presented in Revision 1 of DPC-NE-3000. Typographical
errors were also corrected. Changes include analysis objectives, pressurizer
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and SG models, initial and boundary conditions, transient assumptions in terms
of system component availability, and the use of statistical core design (SCD)
methodology for DNBR computation.

3.0 EVALUATION

Acceptability of DPC’s revisions 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. Only those items which bear
analytical or safety significance are discussed. Those items of a non-
technical nature are not discussed.

3.1 (Changes in McGuire and Catawba RETRAN Methodology

The RETRAN base models for M/C plants were qualified in DPC-NE-3000 and its
Revision 1 for both best estimate and licensing-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 Revision 1 to the original DPC-NE-3000 report by DPC's letter of
September 12, 1995. The approved version of the original DPC-NE-3000 report
was issued by DPC on August 8, 1995 (Reference 6). The NRC’s SE for

Revision 1 to the original DPC-NE-3000 report was issued on December 27, 1995
(Reference 9).

A change which impacted the documentation of DPC-NE-3002 was a change in the
pressurizer modeling described in DPC-NE-3000, Revision 1. Thus, all sections
that related to the previous modeling description were revised.

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

- Transien

The core thermal-hydraulics for most of the transients considered in this
Topical Report are analyzed using the DPC-developed and NRC-approved SCD
methodology (Reference 10). For these transients, certain initial conditions
used in the transient safety analysis are selected to be at nominal
conditions, as qualitatively defined in the subject report, since the
uncertainty associated with the initial conditions is accounted for in the SCD
method.

Of those transients for which a DNBR computation is performed, there remain
two transients (startup of an inactive reactor coolant pump at an incorrect
temperature and steam line break) for which DNBR calculations are not
performed using the SCD methodology. With this revision, DPC stated its
intent to use the SCD methodology for reactor coolant pump (RCP) locked rotor,
and steam generator tube rupture (SGTR).

|
|
|
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Although in the locked rotor analysis the core flowrate is expected to fall
below the minimum SCD parameter value, a statistical Monte Carlo propagation
is performed to ensure that the statistical design limit remains acceptable.
This approach was approved provided that the range of appiicability 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 Revised FSAR Transient Analysis

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

3.3.1 Increase in Heat Removal by the Secondary System

Two transients in this category, which incorporated revisions, are

(1) Feedwater System Malfunction Causing an Increase in Feedwater Flow, and
(11) Excessive Increase in Secondary Steam 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.

3.3.2 Decrease in Heat Removal by the Secondary System

A1l four transient analyses are affected by revisions in this category: (i)
turbine trip, (ii) loss of offsite power, (iii) 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
hot leg boiling).

3.3.2.1 Jurbine Trip

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

3.3.2.2  Loss of Offsite Power

In addition to the potential challenges to peak RCS pressure, peak secondary
side pressure, and 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 Loss of Norma) Feedwater

Assumptions regarding the initial SG inventory were revised. In the new
approach, low instead of high SG level is assumed to maximize the secondary
pressure. This is expected to cause an earlier reactor trip on the SG Tow-low
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level. The downward adjustment of the initial SG level introduces competing

effects with respect to predicted peak primary and secondary pressures and
DNBR.

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

3.3.2.4 [Feedwater System Pipe Break

This transient is significantly impacted by implementation of the feedring
steam generators, and requires three major assumption changes as a direct
result of the design and location of the main feedwater nozzles. DPC’s
discussion of assumption changes and the impact of changes in transient
results was reviewed 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 safety
injection. Early main steam isolation valve (MSIV) closure was determined to
be conservative in terms of earlier faulted SG dryout. Thus, in the revised
assumptions, MSIV closure occurs coincident with turbine trip, which occurs on

loss of offsite power. DPC's approach to the analysis of this event is
acceptable.

3.3.3 Decrease in Reactor Coolant System Flowrate

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

Revisions to both the complete and partial loss of forced RC flow are
editorial changes and are acceptable.

3.3.3.1 Reactor Coolant Pump Locked Rotor

As stated in Section 3.2, DNBR for this event will be aralyzed using the SCD
methodology. Therefore, affected parameters are initially set to nominal
values instead of assuming conservative values. DPC provided the explanation
of the applicability of the SCD methodology for this transient (Reference 3)
and the staff finds the explanation to be acceptable (see also Section 3.2).

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

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




g e
3.3.4 Reactivity and Power Distribution Anomalies

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

3.3.5 Increased Reactor Coolant Inventory

Inadvertent operation of ECCS during power operation is the only transient
analyzed. 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 PZIR overfill leading to water relief through the PZR
Safety Valves (PSVs). The acceptance criterion for this analysis is the
minimum water relief temperature to assure PSV operability.

The Standard Review Plan suggests the use of full power unless a lower power
can be justified. In Reference 3, DPC assumes zero power in this analysis for
conservatism. This is because if overfill occurs at lower initial power, then
the water relief temperature is more likely to be less than the acceptance
criterion. Therefore, DPC selected the initial and boundary conditions in
order to minimize relief temperature. The staff finds this approach to be
reasonable and acceptable.

3.3.6 Decrease in Reactor Coolant Inventory

Inadvertent opening of a pressurizer safety or relief valve and steam
generator tube rupture events are the two transients analyzed in this
category. Proposed revisions to the inadvertent opening of a pressurizer
safety or relief valve 2re editorial changes.

3.3.6.1 Steam Generator Tube Rupture

The steam generator tube rupture (SGTR) event was not part of the original
review since the transient methodology documented in DPC-NE-3000, based on the
use of the RETRAN computer code, was approved only for non-LOCA applications.
This restriction regarding performance of SGTR analysis 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.

In the 1imited review documented in Reference 12, DPC received 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 DPC (Reference 13) on each of the items cited under restrictions and
limitations on the use of RETRAN in its SE. There is assurance that the use
of the code for that particular scenario was acceptable since DPC stated that
two-phase flow was not encountered in the primary Toop.

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

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

4.0 CONCLUSIONS AND LIMITATIONS

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

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

Subject to the foregoing, D”C’s proposed revision of its approach to FSAR

Chapter 15 transient analysis, as documented in Revision 1 of DPC-ME-3002 and

::s supporting document, was fournd to be acceptable subject to the following
mitations:

5e The acceptability of the use of DPC’s approach to FSAR analysis is
subject to the conditions of SEs on all aspects of transient analysis
and methodologies (DPC-NE-3000, DPC~NE-3001, DPC-NE-3002, DPC-NE-2004,
lng DPC-NE-2005) as well the SEs on the RETRAN and VIPRE-01 computer
codes.

S There are scenarios in which an SGTR event may result in loss of
subcooling and the consequent two-phase flow conditions in the primary
system. In such instances, the use of RETRAN is not acceptable without
a detailed review of the analysis.

P In the future, if hardware or methodology changes, selection of limiting
transients needs to be reconsidered, and DPC is required to perform
sensitivity studies to identify the initial conditions in such a way to
avoid conflict between transient objective, such as DNB and worst-case
primary pressure.

4. It is emphasized that, when using the SCD methodology to determine DNBR,
the range of applicability of the selected critical heat flux
correlation must not be violated.

S. DPC’s assumption of 120% of design pressure as part of the acceptance
criteria for Reactor Coolant Pump Locked Rotor is not acceptabie; DPC is
required to use 110% of design pressure for that limit.

Principal Contributor: L. Lois

Date: December 28, 1995
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1.0 INTRODUCTION

In Revision 1 of the topical report entitled "FSAR Chapter 15 System
Transient Analysis Methodology,* DPC-NE-3002, dated June 1994 (Ref. 1), Duke
Power Company (DPC) documented revisions reflecting changes due to (1)
replacement of steam generators for the McGuire and Catawba Unit 1 stations
and (i1) methodology changes documented in DPC-NE-3000 Rev. 3 (Ref. 2).
Corrections of typographical errors were also included. Additional
information was provided in Reference 3.

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

DPC-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, gualification or demonstration n¢ selections.

Steam line break, rod ejection, dropped rod and boron dilution events were
not part of this review since these events are documented in DPC-NE-3001]
(Ref. 8) which has been reviewed and approved.

2.0 SUMMARY

OPC-NE-3002 contains DPC’s qualitative approach to performance of FSAR
Chapter 15-type analysis for the McGuire and Catawba stations wusing
methodology utilizing the RETRAN and VIPRE-0] computer codes described in
DPC-NE-3000. It does not address Justification, qualification or
demonstration of the approaches taken for analysis. However, it does state
the process they intend to use in determining initial and boundary
conditions, transient assumptions and scenarios and code models used in
licensing-type transient analysis.

Revision 1 of DPC-NE-3002 documents changes due to (1) the replacement steam
generatovs for McGuire and Catawba Unit ] and (11) 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
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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 calculations of FSAR Chapter 15 transient analysis of its
McGuire/Catawba (M/C) plants 1s discussed below. Only those items which bear
analytical or safety significance are discussed. Those items of a non-
technical nature are not discussed.

3.1 Changes in McGuire and Catawba RETRAN Methodology

The RETRAN base models for M/C plants were qualified in DPC-NE-3000 and its
Revision 3 for both best-estimate and licensing type non-LOCA applications,
subject to limications described in the SER and TER (Refs. 6 and 9).

A change which impacted the documentation of DPC-NE-3002 was & change in PZR
modeling described in DPC-NE-3000 Rev. 3. Thus, all sections which related
to previous modeling description were revised.

Also included in the revision of the RETRAN methodology is modeling of a B&W
feedring steam generator (FSG) Model. Details of the FSG nodalization and
other associated changes due to SG replacement are presented in Reference 2.
A significant impact is expected in the Feedwater System Pipe Break analysis
results due to the design and location of the main feedwater nozzles, which
is discussed in Section 3.3. of this report.

3.2 SCD Transients

The core thermal-hydraulics for most of the transients considered in this
topical report are analyzed using the DPC developed and NRC approved SCD
methodology (Ref. 10). For these transients, certain initial conditions used
in the transient safety analysis are selected to be at nominal conditions, as
qualitatively defined in the subject report, since the uncertainty associated
with the initial conditions is accounted for in the SCD method.

Of those transient for which a DNBR computation is performed, there remain
two transients (startup of an {nactive 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 RCP Locked Rotor and SGTR.

Although in the Locked Rotor analysis the core flowrate is expected to fall
below the minimum SCD parameter value, a statistical Monte Carlo propagation
is performed to ensure that the statistical design limit remains acceptable.
This approach was approved provided that the range of applicability of the
critical heat flux (CHF) correlation is not violated.

In the SGTR analysis, DPC stated that the range of applicability remained
valid for SCD parameters.




3.3 Revised FSAR Transient Analysis

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

3.3.1 Increase in Heat Removal by the Secondary System

Two transients in this category which incorporated revisions are (1)
Feedwater System Malfunction Causing an Increase in Feedwater Flow and (1)
Excessive Increase in Secondary Steam Flow. In both cases revisions are
minor since the changes are primarily editorial reflecting methodology
changes in DPC-NE-3000 Rev. 3 and therefore acceptable.

3.3.2 Decrease in Heat Removal by the Secondary System

A1l four transient analyses are affected by revisions in this category: (1)
turbine trip, (i1) loss of offsite power, (111) losc 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 hot leg boiling).

3.3.2.1 Iurbine Trip

A change in the assumption regarding the PZR level control is introduced.
DPC stated that the use of the level control in manual with the PZR heaters
Tocked on will be worst in order to elevate the primary pressure to a higher
value than {s obtained when the PZR level control in automatic. We concur.

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, rhanges
introduced are benign.

3.3.2.3  Loss of Normal Feedwater

Assumptions regardi the initial SG inventory were revised. In the new
approach, low instead of high SG level is assumed, to maximize the secondary
pressure. This is expected to cause an earlier reactor trip on the SG low-
low level. The downward adjustment of the initial SG level introduces

competing effects with respect to predicted peak primary and secondary
pressures and DNBR.

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

3.3.2.4  [eedwater System Pipe Break

This transient is significantly impacted by implementation of the feedring
steam generators, and requires three major assumption changes as a direct
result of the design and location of the main feedwater nozzles. DPC’s
discussion of sources of assumption changes and impact of changes in
transient results was reviewed and found to be reasonable.

The loss of offsite power coincident with reactor trip 1 assumed, resulting
in RCP trip and delay in the startup of the diesel generators for SI. Early
MSIV closure was determined to be conservative in terms of earlier faulted SG
dryout. Thus, in the revised assumptions, MSIV closure occurs coincident
with turbine trip, which occurs on loss of offsite power.

OPC’s approach to analysis of this event s acceptabdle.

3.3.3 Q:.culn—‘n-mmunﬂmuan

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

Revisions to both of the complete and partial loss of forced RC flow are
editorial changes and are acceptable.

3.3.3.1 RC Pump Locked Rotor

As stated in Section 3.2, DNBR for this event will be analyzed using the SCD
methodology. Therefore, affected parameters are initially set to nominal
values instead of assuming conservative values. DPC provided (Ref. 3) the
explanation of the applicability of the SCD methodology for this transient
and we find the explanation to be acceptable (see also Section 3.2).

OPC stated that cases with and without loss of offsite power coincident with
the turbine trip will be analyzed.

As stated in the SER (Ref. 7) for DPC-NE-3002 (Ref. 5), the assumption that
120% of design pressure 1s not an acceptable limit. OPC is required to use
110% of design pressure.

3.3.4 r Distri n

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

3.3.5 mmvmﬁmmmmu

Inadvertent operation of ECCS during at-power operation is the only transient
4




analyzed. Although DNB 1is 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
minimum water relief temperature to assure PSV operability.

The SRP suggests use of full power unless a lower power can be justified.
DPC assumes zero power (Ref. 3) in this analysis for conservatism. This is
because if overf‘ll occurs at lower initial power, then the water relief
temperature 1is more 1likely to be less than the acceptance criterion.
Therefore DPC selects the initial and boundary conditions in such a way to
minimize relief temperature. We find this approach to be reasonable.

3.3.6 Decrease in Reactor Coolant Inventory

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

3.3.6.1 sieam Generator Tube Rupture

The steam generator tube rupture (SGTR) event was not part of the original
review since the transient methodology documented in DPC-NE-3000 based on the
use of the RETRAN computer was approved only for non-LOCA applications. This
restriction regarding performance of SGTR analysis with RETRAN (Item vii of
RETRAN SER (Ref. 11)) applies to applications which encounter two-phase flow
in the primary loop, which does occur in 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
Nuclear Station Units 1 and 2. Justificatinn was provided (Ref. 13) in a
qualitative manner by DPC on each of the items cited under restrictions and
limitations on the use of RETRAN in its SER. There is assurance that the use
of code for that particular scenario was acceptable since DPC stated that
two-phase flow was not encountered in the primary Toop.

Although NRC approval was specific to Catawba units, as considered in DPC-
NE-3000, Catawba and McGuire plants for the purpose of analysis qualification
are interchangeable. Therefore DPC stated (Ref. 3) that NRC approval of the
SGTR analysis using RETRAN should be applicable to McGuire plant analysis.
We concur with DPC’s statement, so long as the scenario is essentially the

:ano and no two-phase flow conditions are encountered in the RCS primary
oops.

The DNBR will be computed using the SCD methodology (see Section 3.2).
4.0 CONCLUS JONS

Revision 1 to the DPC topical repert 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 evaluation of acceptability of the
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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 this review.

Subject to the foregoing, DPC’s proposed revision to approach to FSAR Chapter
15 transient analysis, as documented in Revision ] of DPC-NE-3002 and its
Supporting document, was found to be dcceptable subject to the following
conditions:

1. The acceptabiiity of the use of DPC’s approach to FSAR analysis is
subject to the conditions of SERs on all aspects of transient analysis
and methodologies (DPC-NE- 3000, DPC-NE-3001, DPC-NE-3002, OPC-NE-2004,
DPC-NE-2005) as well the SERs on RETRAN and VIPRE computer codes.

There are scenarios in which an SGTR event may result in loss of
subcooling and the consequent two-phase flow conditions in the primary
system. In such instances, the use of RETRAN is not acceptable without
2 detailed review of the analysis.

In the future if hardware or methodology changes, selection of limiting
transients needs to be recensidered, and DPC 1is required to perform
sensitivity studies to fdentify the initial conditions in such a way to
avoid conflict between transient objective, such as DNB and worst
primary pressure.

It 1s emphasized that, when using the SCD methodology to determine DNBR,

the range of applicability of the selected CHF correlation must not be
violated.

OPC’'s assumption of 120% of design pressure as part of the acceptance
criteria for Reactor Coolant Pump Locked Rotor is not acceptable: pPC
is required to use 110% of design pressure for that limit,
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Company Topical Report DPC-NE-3002, "FSAR Chapter 15 System Transient Analysis
Methodology," dated August 30, 1991, as supplemented by letters dated
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% UNITED STATES
< NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20855

ENCLOSURE 1

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
RELATING TO TOPICAL REPORT DPC-NE-3002
"FSAR CHAPTER 15 SYSTEM TRANSIENT ANALYSIS METHODOLOGY"
DUKE POWER COMPANY
MCGUIRE NUCLEAR STATION
CATAWBA NUCLEAR STATION
DOCKET NOS. 50-369, 50-370, 50-413 AND 50-414

1.0 INTRODUCTION

By letter dated August 30, 1991, the Duke Power Company (DPC) submitted
Topical Report DPC-NE-3002, McGuire Nuclear Station and Catawba Nuclear
Station, "FSAR Chapter 15 System Transient Analysis Methodology," describing
modelling assumptions used by DPC in performing analyses of FSAR Chapter 15
events. This report, as supplemented by letters of October 16 and November &5,
1991, is intended to augment Topical Report DPC-NE-3000, "The Thermal-Hydraulic
Transient Analysis Methodology - Oconee Nuclear Station, McGuire Nuclear
Station, Catawba Nuclear Station." DPC-NE-3002 is also related to
DPC-NE-2004, "Duke Power Company McGuire and Catawba Nuclear Stations Core
Thermal-Hydraulic Methodology Using VIPRE-01," and DPC-NE-3001,
“Multidimensional Reactor Transients and Safety Analysis Physics Parsmeters
Methodology."

2.0 STAFF _EVALUATION

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

:
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this review because they have already been included in the review of one of
the other related DPC topical reports. For instance, steam line break,
control rod micsoperation, and rod ejection events are included in the

DPC-NE-3001 review and not repeated herein except as reference.

2.1 Other Items Not Evaluated in TER

2,1.1 Boron Dilution Event

The TER identifies that the review of this event is beyond its scope.
DPC-NE-3002 discusses boron dilution events. However, apart from core physics
aspects of DPC-NE-3001, the DPC methodology for evaluating boren dilution
events does not use the codes described in the related topical reports
identified in Section 1 of this SER. The staff concludes that the finding of
acceptability for the boron dilution event analysis methodology of record
continues to apply.

2.1.2 Steam Generator Tube Rupture (SGTR)

The TER identifies that the review of this event is beyond its scope. DPC-NE-
3002 discusses SGTR 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.

~n

.2 TER CONCLUSIONS

b |

2.1 Feedwater Line Break

~n
~N

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

actuation times be required when the methodology is applied.

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




consistency is implemented in the plant technical specifications and is
outside the scope of DPC-3002 and this review.

2.2.2 Power and Reactivity Feedback

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

2.2.3 Locked Rotor Event

TER Section 4.0 identifies that DPC has proposed that reactor coolant system
(RCS) pressure of 120% of design pressure be used as & performance acceptance
criterion for locked rotor event analyses replacing the previous 110%
criterion. Based on our review we find that the licensee has not provided
adequate justification for the proposed change, particularly in light of the
credit taken in the DPC methodology for delayed loss of power to the unlocked
reactor coolant pumps. The licensee identifies that its locked rotor event
analyses calculate a peak RCS pressure of less than 110% design pressure. We
find the DPC locked rotor analysis methodology (incorporating the 110% RCS
pressure criterion) and results acceptable.

2.2.4 Parametric Studies

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

3.0 STAFF_CONCLUSIONS

The staff finds the DPC transient analysis methodology acceptable for McGuire
and Catawba analyses,

Date: November 15, 1991




ITS/NRC/91-10

TECHNICAL EVALUATION
QF THE FSAR CHAPTER 15 SYSTEM TRANSIENT ANALYSIS METHODOLOGY
TOPICAL REPORT DPC-NE-3002
FOR THE
DUKE_POWER COMPANY
RE_AND CATAWBA NI R STATION

1.0 INTRODUCTION

The topical report entitled "FSAR Chapter 15 System Transient Analysis
Methodology," DPC-NE-3002, dated August 1991 (Ref. 1), documents description
of modeling assumptions used by Duke Power Company in performing transient
analysis of FSAR Chapter 15 accidents by discussing specific choices for use
of the models described and qualified in DPC-NE-3000 using the RETRAN and
VIPRE-0]1 computer codes (Refs. 2 and 3).

OPC documented, for licensing application, the conservative nature of (1) the
RETRAN model nodalization, (2) RETRAN control systems, (3) use of the models
described in the DPC-NE-3000 (Ref. 4) and (4) selection of initial and
boundary conditions.

Scope of Review

Review of the subject topical report 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 internal
models/correlations and (3) selection of RETRAN initial and boundary
conditions.

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

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

NE-2004, DPC-NE-3000 and their supporting documents (Refs. 4 - 8) together
1




with their respective TERs (Ref. 9 and 10). The review, therefore, included
identification of which transients DPC intends to analyze using its
statistical core design (SCD) methodology and which they do not, and
evaluation of DPC’s selection of initial and boundary conditions in the
systems analysis which was used to determined the statepoints for the DNB

analysis.

Although the subject topical report covered all applicable non-LOCA accident
in Sections 15.1 through 15.6 of the FSAR, no review was conducted of the
details of the transients which are presented in separate topical reports
(steam 1ine break, control rod misoperation, rod ejection and steam generator
tube rupture) or those accidents identified by the DPC as: (i) not applicable
to M/C plants; (ii) no system analysis deemed necessary; or (iii) those
current licensing bases bounded by other analyses.

The following items are beyond the scope of this review: (i) review with
respect to the core physics parameters or dose analyses; (i1) review related
to the current McGuir: 1 Cycle 8 (MIC8B) reload analysis submittal; (i1i)
review of FSAR analyszs; (iv) review of the Boron dilution event;(v) review
of 2 statically misaligned control rod; and (vi) review of consistency or
satisfaction of current Technical Specifications or proposed changes therein.
Therefore, no consistency check was made of DPC’s philosophical approach
documented in the topical report against the MICB reload analyses, FSAR
analyses or Technical Specification 1imits. Furthermore, accuracy of details
of the Reactor Protection System, Engineered Safety Features, instrumentation
and auxiliary systems and their associated tolerance or uncertzinty was not

reviewed.

Finally, no technical review was conducted as to the validity of DPC’s
assumption of 120% of design pressure as an acceptance criterion for the RCP

locked rotor analysis.

2.0 SUMMARY

Topical Report DPC-NE-3002 documents DPC’s approach to performance of the
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NSSS primary and secondary system analyses of FSAR Chapter 15 accidents. It
covers all applicable non-LOCA accidents in Sections 15.1 through 15.6 of the
FSAR except steam line break, dropped rod, and rod ejection, which are
addressed in a separate topical report, DPC-NE-3001 (Ref. 11).

DPC-NE-3002 presents brief discussion of specific choices for the use of the
RETRAN plant models described in DPC-NE-3000, including nodalization, initial
and boundary conditions and modeling of the process instrumentation and
control systems. Also presented are assumptions related to the Reactor
Protection System, the Engineered Safety Features Actuation System, and
availability of other systems and components. Trip actuation is discussed in
generality, and thus potential trip functions 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 power distribution are not presented, therefore
are not reviewed. Furthermore, although there is mention of intent to
perform (or, in some instances, actual performance of) parametric studies to
identify conservative scenarios and assumptions, none of such studies were
presented.

The topical report contains qualitative, rather than quantitative
information, and no the actual RETRAN or VIPRE computed results are
presented. Therefore, this report presents DPC’s philosophical approaches to
performance of FSAR Chapter 15 type analysis.

Nodalization selection is made based upon symmetry or a degree of asymmetry
of the expected transient system response. Selection of initial and boundary
conditions is designed to result in conservative predictions with respect to
the aspect of a transient which the analysis is intended to assess, such as
peak primary pressure, peak secondary pressure, short and Tong term core
coolability. With respect to core coolability, selection of initial
conditions depends upon the mode of DNBR computation; i.e., the use of the
DPC developed SCD methodology SCD or the traditional DNBR methodology.



3.0 EVALUATION

Acceptability of DPC’s application of RETRAN models and assumptions for
thermal-hydraulic calculations of FSAR Chapter 15 transient analysis of its
McGuire/Catawba (M/C) plants is discussed below. In addition, application to
licensing type transient analysis of the SCD methodology described in DPC
Topical Report DPC-NE-2004 and its supplements was also reviewed.

3.1 McGuire and Catawba RETRAN Plant Model

The RETRAN base medels for M/C plants were qualified in DPC-NE-3000 for both
best-estimate and licensing type applications, subject to limitations
described in the TER (Ref. 10).

DPC developed three different size models of the M/C Plants: a one-loop plant
mode] to be used when all fuur loops are expected to behave similarly so that
there is no asymmetric condition; and a two-loop and a three-loop model to be
used when more detail is desirable due to asymmetric conditions expected in
the reactor coolant system during the transient.

The steam generator model was examined in detail during review of DPC-NE-
3000 for wuse in licensing analyses, specifically in over-pressurization
transients. That review focused upon the ability of the DPC SG model to
predict SG tube uncovery and resulting degradation of primary-to-secondary
heat transfer. DPC presented results from an extensive sensitivity study to
assure that during two transients considered, loss of normal feedwater and
¢r dwater line break, the current modeling is adequate. The finding of that
review is documented in the TER for DPC-NE-3000 and imposes certain
limitations on use.

Use of certain RETRAN internal models such as the inter-region heat transfer
mode]l 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 thermal-hydraulics for most of the transients considered in this
topical report is analyzed using the DPC developed SCD methodology. For
these transients, certain initial conditions used in the transient safety
analysis are selected to be at nominal conditions, as qualitatively defined
in Reference 10, since the uncertainty associated with the initial conditions
is accounted for in the SCD method. These parameters are: (1) power level,
(2) Core flow (RCS flowrate and core bypass flow), (3) Coolant temperature,
and (4) RCS pressure. Other parameters necessary for the SCD method are not
discussed in this topical report.

Those transient for which 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 cooiant pump at an incorrect temperature, and (4) steam line break.
The turbine trip is not analyzed because as postulated, this transient
results in a monotonically increasing DNBR which therefore is not an issue.
The SCD method is not used for DNBR analysis of steam line 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

equation. Similariy, the other events are outside the range of applicability

of the response surface equation.

3.3 Iransient Initial Conditions and Assumptions

In this section, initial and boundary conditions such as the transient
initiators, eactor coolant pump operation and assumptions related to safety
and relief valves are discussed. Control, protection and safeguard system
modeling is discussed highlighting which systems are credited or not
credited, actuation logic and modeling assumptions.

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 B.
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Deviations from the following common analytical approach are highlighted in
the ensuing sections of this TER:

1. For DNB analysis of SCD transients, SCD parameters are set at nominal
while non-SCD parameters are set at conservative values.

2. For DNB analysis of non-SCD transients, all key parameters were set at
conservative vaiues.

3. For all DNB analyses except those which were initiated by reactivity
insertion, the gap conductivity is assumed to be Tow to maximize the
stored energy in the fuel and thereby minimize the change in heat flux
out of the fuel during the transient, whereas for the reactivity
insertion driven transients, the gap conductivity is assumed to be high
because the transient duration is short compared tu the fuel’'s thermal
constant. For DNB analysis of transients which depressurize the
primary, the pressurizer level is assumed to be at its high limit to
maximize the depressurization.

4. Where transients are being analyzed for peak RCS pressure, the primary-
to-secondary heat transfer is minimized, the pressurizer is assumed to
be initially at the high 1imit of its operating range to produce the
maximum pressure as the vapor region is compressed, and the fuel is
assumed to have a high gap conductivity (which is accompanied by a low
average fuel temperature) to maximize the energy transferred into the
primary fluid.

5. For transients initiated on the primary side which have short duration,
it is assumed that the results are insensitive to modeling of the
secondary side and primary-to-secondary heat transfer. Therefore, for
all such analyses the secondary side and steam generator parameters were
set at nominal rather than conservative conditions.

6. Transients with symmetric loop behavior are analyzed with a single loop

6



plant model while asymmetric transients are analyzed with a two loop

mode] .

DPC uses the setpoint values and response time of trip function as
specified in the Technical Specifications and accounts for uncertainty.

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

Availability assumptions on the PZR pressure and Tlevel control
mechanisms, such as the PZR sprays, PORVs and heaters, and the modes of
operation are made in various combination to yield system behavior
consistent with the transient being modeled. Steam line PORVs and
condenser dump modeling is similar.

3.3.1 Increase in Heat Removal by the Secondary System

Four transients are considered in this category; (1) feedwater (FW) system
malfunctions that result in a reduction in feedwater temperature, (2)
feedwater system malfunction causing an increase in feedwater flow, (3)
excessive increase in secondary steam 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 event is bounded by the FW flow increase event,
which is analyzed. 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 a2 small step increase eq to 10% of licensed core thermal power is
presented in the report. Both of these transients are analyzed with respect
to DNB using the SCD method.

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

The pressurizer liquid level is assumed to be high to maximize the primary
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 is not considered to be sensitive to SG level.

A conservatively large step change in main feedwater flow is assumed for the
FW malfunction event. A 10% step increase in steam flow is assumed for the
other event.

In both event analyses, two cases are investigated to assess whether modeling
the rod control system in manual control or automatic control would result in
the worst case. In addition, minimum AFW flow, turbine trip and FW isolation
are credited and expected to trip on SG narrow range 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 acceptable.

3:3.2 in H R ] h r m

four transient analyses are performed in this category: (1) turbine trip, (2)
loss of offsite power, (3) loss of normal feedwater, and (4) 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 (;- ential for hot leg boiling).

3.3.2.1 JTurkht r

DNBR analysis is not performed for this transient since this is a rapid
transient in which prior to reactor trip, a significant RCS pressurization
takes place due to the reduction in secondary heat sink offsetting the
increase in core inlet temperature, while the core power and the core flow



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

In peak RCS pressure analysis, reactor trip is expected to actuate on either
overtemperature delta T (OTDT), overpower deita T (OPDT), or PIR high
pressure. MFW is isolated 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 SG level is
assumed, to maximize the secondary pressure. In order to prevent a high PZR
pressure reactor trip prior to OTDT trip, PZR PORVs are assumed operable.

3.3.2.2. Loss of Offsite Power

This transient has potential challenges 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 these two events, as postulated by
DPC, 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 immediately,
whereas in the loss of flow event rods fall after an instrumentation delay.
Similarly, the peak primary system pressure is bounded by the loss of flow
event. The secondary side pressure is bounded by the turbine trip event.
For LOOP, the 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 required.
Nevertheless, DPC provided the analytical methodology for analysis of this
event should it become necessary.

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



For peak RCS pressure analysis, all RCPs are tripped as the transient
initiating event. Reactor trip and MFW trip are assumed on LOOP. AFW is
assumed to actuate on LOOP after a delay. However, in order to minimize the
heat removal capability, the minimum AFW flow is assumed.

For peak SG secondary side pressure analysis, DPC assumes high RCS flow to
maximize the primary-to-secondary heat transfer. High SG level is assumed,
to maximize the secondary pressure.

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

3.3.2.3 Loss of Normal Feedwater

The loss of normal feedwater is bounded by the turbine trip transient. The
power to heat sink mismatch is greater for the turbine trip because the
reactor trip and turbine trip occur simultaneously for the loss of FW event,
while for the turbine trip event, reactor trip occurs after the turbine trip.

Therefore, a quantitative analysis of this transient is not required.
Nevertheless, DPC provided the analytical methodology for analysis of this
event should it become necessary.

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

In order to maximize the peak SG secondary side pressure by maximizing the
primary-to-secondary heat transfer, high RCS flow is assumed. High SG level
is assumed, to maximize the secondary pressure. Reactor trip is assumed on
the SC low-low level. AFW is assumed to actuated on the SG low-low level
with a minimum flow delivery.
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In order to d2termine statepoints to be used in DNB analysis using the SCD
method, PZR level is assumed to be lTow to minimize the primary pressure
increase. High SG level is assumed to delay reactor trip on SG low-low
level. Reactor trip is assumed on the SG low-low level. AFW is assumed to
actuate on SG low-low Tevel with a minimum flow delivery. Turbine trip is
assumed on reactor trip.

3.3.2.4 Feedwater System Pipe Break

This transient is analyzed with respect to (1) DNB using the SCD method, and
(2) long term core coolability (potential for boiling in the hot leg). The
most 1imiting event assumed by DPC is the double-ended rupture of the largest
feedwater Tine.

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

Long Term Core Coolability (Hot Leg Boiling)

A three-loop model is used since uneven flow of AFW into the unaffected SGs
causes asymmetric loop behavior.

High core power is assumed to maximize the heat flux. PIZR pressure
assumed to be low, which minimizes the margin to hot leg boiling by lowering
the hot leg saturation temperature. A high RCS temperature is assumed, to
increase the amount of energy to be removed. Low SG level is assumed to
maximize the loss of secondary heat sink. A high fuel temperature is
assumed, accompanied by low gap conductivity. High SG tube plugging is
assumed to minimize the primary-to-secondary heat transfer.

11



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

Reactor trip is assumed at 10 seconds into the transient which is after the
S1 actuation on high containment pressure. SI actuation is assumed on high
containment pressure at 10 seconds and terminated 2t 70 seconds when the
emergency procedure criteria for termination are assumed to be met. AFW is
assumed to actuate on SI actuation after a delay. However, in order to
minimize the heat removal capability, the minimum AFW flow is assumed. AFW
is terminated at 120 seconds into the transient. MSIV closure are actuated
at 15 seconds and assumed to precede automatic closure on high-high
containment pressure. Early closure is conservative in order to initiate the
overheating portion of the transient. However, no Justification was
presented for any of the actuation time assumptions.

The input selection and transient assumptions as described in the topical
report for this category of events is acceptable; however, trip actuation
times must be justified in any application of this methodology.

3.5.3 r in r 1

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

3.3:3:3 f For Flow: Partial an ]

Due to the similarity of these events, the partial loss of forced flow and
complete loss of forced flow events are discussed together.

A single-loop model is used for analysis of the compiete loss of forced flow
since the transient impacts all loops symmetrically: the two-loop model is
used for the partial loss of forced flow event analysis. In both cases, DNB
analysis will be performed using the SCD method.
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For the partial Toss of flow, & single reactor coolant pump is assumed to
trip, while the other three pumps remain operational for the duration of the

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

at the initiation of the transient. The pump model is adjusted to yield pump
coastdown which is conservative with respect to the flow coastdown test data.

Reactor trip for the partial loss event is assumea on low RCS flow after an
appropriate delay time, while for the complete loss event, reactor trip is
assumed on RCP undervoitage. Turbine trip is assumed on reactor trip.

3.3.3.2 RC Pum ked Rotor

This transient is analyzed with respect to both peak RCS pressure and DNB.
For both analyses a two-loop model is used for analysis due to the asymmetric
nature of the transient.

In presenting its approach to these transients, DPC stated that it used an
acceptance criterion of 120% design pressure. Review of this criterion is
beyond the scope of this review.

In order to maximize RCS pressure, the RCS flow is assumed at its low initial
flow to minimize the heat transfer to the secondary side. A high core bypass
flow is assumed to minimize the core flow to maximize the heat-up. The
initial RCS average temperature is also assumed at its high level.

The transient initiating event is seizure of the rotor of the RCP in the
faulted loop, while the other three pumps trip on bus undervolitage following
the loss of offsite power. Offsite power is assumed to be lost coincident
with the turbine trip. Reactor trip is assumed on low RCS flow in the
affected Toop. Turbine trip is assumed on reactor trip.

DNE anaiysis is performed using the traditional method. Therefore, core
power is assumeC to be high, while the PZR pressure and level are assumed to
be lTow to minimize the pressure increase. High initial loop average
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temperature is assumed to maximize the stored energy in the primary which
must be removed. Similarly, a high core bypass flow resulting in low core
flow is assumed to maximize the heat-up and low RCS flow is chosen to
maximize the primary-to-secondary heat transfer.

Offsite power is assumed to be lost coincident with the turbine trip.
Simifar to the peak RCS pressure case, reactor trip is assumed on low RCS
flow 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.

3.3.4 Reactivity and Power Distribution Anomalies

Seven transients are considered in this category; (1) uncontrolled bank
withdrawal from & subcritical or Tlow power startup condition, (2)
uncontrollied bank withdrawal at power, (3) statically misaligned control rod
(4) single control rod withdrawal, (5) startup of an inactive reactor coolant
pump at an incorrect temperature, (6) CVCS malfunction (boron dilution), and
(7) inadvertent loading and operation of a fuel assembly in an improper
position.

Review of boron dilution event analysis and of inadvertent 1loading 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 pressure and DNB. The single control rod withdrawal and
startup of an inactive RCP at in incorrect temperature are analyzed for DNB
only. A1l transients except the startup of an inactive RCP are SCD
transients.




3.3.4.1

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

Peak RCS pressure analysis is performed assuming the RCPs are operational to
minimize thermal feedback during the power excursion. Reactor trip 1is
assumed on high power range flux trip.

DNB analysis will be performed using the SCD method except when the potential
for bottom-peaked power distributions exists. In such event, since SCD is
not applicable, DNBR analysis is performed using the W-35 CHF correlation in
the traditional manner accounting for uncertainties explicitly. Thus the
input selection criteria described below is only applicable when the SCD
method is used.

In order to determine the statepoints to be used in the DNB analysis, the
initial conditions for the SCD treated parameters for the cases are set at
nominal conditions for this power with three RCPs in operation. To minimize
the PIZR pressure increase, low initial PZR pressure and level is assumed.
Three RCPs, a minimum 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.

3.3.4.2 Uncontrolled Bank Withdrawal from Power

For peak RCS pressure analysis, in order to avoid trip on high flux, the
transient is initiated from low power. The SG level is assumed high and a
high amount of SG tube plugging is assumed in order to minimize primary-to-
secondary heat transfer.

In order to determine statepoints to be used in DNB analysis using the SCD
method, the initial conditions for the SCD treated parameters for the cases
are set at the nominal conditions corresponding to each of the power levels,
which span the full spectrum, for which this event is analyzed. The steam
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generator level 1. assumed to be high in an effort to minimize the primary-
to-secondary heat transfer. Analysis is performed with and without PZR
sprays and PORVs.

3.3.4.3 R i r

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

3.3.4.4 Single Rod Withdrawal

DNB analysis will be performed using the SCD method.

The SG mixture level is assumed high to maximize the secondary pressure and
minimize the primary-to-secondary heat transfer. High SG tube plugging is
assumed to minimize the primary-to secondary heat transfer.

Reactor trip is assumed on one of four functions; OTDT, OPDT, PZR high
pressure and power range high fiux. In order to delay reactor trip on high
PZR pressure, the PZR heaters is assumed tc be in manual. Similarly the
PORVs are assumed disabled in order to delay reactor trip on OTDT and high
PZR pressure. Feedwater control is in automatic to prevent SG level trip.
AFW is assumed disabled. Turbine trip is assumed on reactor trip.

3.3.4.5 r f n i n rr T

DNB analysis will be performed using the traditional method. A two-loop
model will be used because of the loop asymmetry.

The initial indicated 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
minimize the core flow to maximize the heatup. Similarly the RCS flow in the
three unaffected loop is the minimum flow allowed by Technical Specification.
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The three unaffected RCPs are modeled assuming a constant speed through the
transient. The RCP that is initially inactive is modeled with a conservative
speed vs. time controller.

The SG level control is assumed to be in automatic mode to minimize the
probability of trip on low-low SG level. Turbine trip is assumed to be in
manual.

The input selection and transient assumptions as described in the topical
report for this category of events is acceptable.

3.3.5 Increased in Reactor Coolant Inventory

Inadvertent operation of ECCS during power operation is the only transient
analyzed. The DNB results of this transient are bounded by the inadvertent
opening of a PIR safety or relief valve transient.

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

DNB analysis will be performed using the SCD method.

A maximum safety injection flowrate with a conservatively high boron
concentration is assumed to yield the most limiting transient response
because it minimizes power and thereby maximizes the amount of ECCS which can
be injected. In order to minimize the delay in the delivery of the borated
water, no credit is assumed for the purge volume of unborated water in the
injection line.

Reactor trip is assumed on low PZR pressure after an appropriate delay time.
The steam line PORVs and condenser steam dump are assumed to be unavailable
to maximize secondary side pressurization and minimize the primary-to-
secondary heat transfer, also tending to maximize primary fluid volume.

17




Turbine trip is assumed on reactor trip.

The input selection and transient assumptions as described in the topical
report for this category of events is acceptable.

3.3.6 Decrease in Reactor Coolant Inventory

Inadvertent opening of a pressurizer safety or relief valve and steam
generator tube rupture events are the two transients analyzed in this
category. The steam generator tube rupture event is beyond the scope of this
review. Therefore, the inadvertent opening of a PZR safety or relief valve
was reviewed.

In order to determine statepoints to be used in DNB analysis using the SCD
method, the pressurizer liquid level is assumed to be high to maximize the
primary pressure decrease, which maximizes the added coolant inventory.
Reactor trip is credited. The turbine trip is assumed on reactor trip
without delay to minimize post-trip primary-to-secondary heat removal.

The input selection and transient assumptions as described in the topical
report for this category of events is acceptable.

4.0 CONCLUSTONS

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

Review of the subject *  rical report focused upon evaluation of acceptability
of the RETRAN models for the type of analysis generally described on the
subject topical report. The topical report was further reviewed to assure
that the application of the DPC’s DNB methodology was consistent with the
contents of DPC-NE-2004 and DPC-NE-3000 and acceptable. The review,
therefore, included identification of the SCD transients and evaluation of
DPC's selected initial and boundary conditions in the systems analysis which
was used to determined the statepoints for the DNB analysis.
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As stated earlier, steam line break, rod ejection, dropped rod, steam

generator tube rupture and horon dilution events were not part of this review

(see also Section 1.1).

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

DPC’s Statistical Core Design methodology treat seven state variables as
key parameters. Four of these variables were accounted for in this
topical report. Of the remaining parameters, the power factors are also
input items for systems analysis, which was not presented in the topical
report. Similarly, reactivity feedback was not discussed in this
report. Both of these parameters can significantly influence the course
of the transient. Therefore, when application of the philosophical
approach reported in this topical report is made and submitted for NRC
review and approval, review should be made of the modeling of power and
reactivity feedback, and to assure that such modeling has no adverse
impact on the other modeling described herein.

Validity of DPC's assumption of 120% of design pressure as part of the
acceptarte criteria for Reactor Coolant Pump Locked Rotor should be
determined by the NRC staff.

No justification was presented for trip and actuation times assumed in
the Feedwater System Pipe Bra2ak event analysis. Such justifications
must be presented when this m thodology is applied.

DPC documented intent to perform parametric studies in order to select
conservative scenarios or assumptions throughout the subject topical
report. Therefore, such parametric studies must be presented when this
methodology is applied.
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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 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. 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

1-2
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% 95 8 Nodalization

0f 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).

- T 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.

Bressurizexr 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 Bvpass 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 reactor trip due to any
temporary steam/feedwater flow mismatch. This maximizes the duration of
the overcooling before it is ended by feedwater isolation.

Euel 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.
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low-low steam generator level setpoint is reached. However, the
parameter of interest for this transient has reached its limiting value
before the appropriate Technical Specification response time delay has
elapsed. Therefore, no AFW is actually delivered to the steam
generators.

Turbi Txi
Turbine trip is credited, after the appropriate Technical Specification
response time delay, on high-high steam generator narrow range level or
on reactor trip.

Feedwater Isolation

Feedwater isolation is credited, after the appropriate Technical
Specification 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 1is
determined using the Statistical Core Design Methodology.

Rid.2 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. Per Reference
3, Section 15.1.4, the power level analyzed for this accident should be
102% of licensed core thermal power for the number of loops initially
assumed to be operating. At power, the Technical Specifications require
all four loops to be operating. Therefore full power is assumed as the
initial condition. An increase in steam flow to the turbine would
affect all loops equally, therefore, a single-loop NSSS system model
(Reference 2, Section 3.2) is used.

$.:3:3 Initial Conditions

Leze 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 Methodoclogy.
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Bressurizer 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.

Exressurizer Level

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

Eeactor 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 Methodclogy.

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.

Euel Temperature
The results of this transient are not sensitive to initjial fuel
temperature.

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

$:3.3 Boundary Conditions

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




2:.3.48 Control, Protection, and Safeguards Systems Modeling

Reactox Trip

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

Bressurizer Level Contxol

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.

Steanm Generator Level Control

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

MEW 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.

Bed 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 negyative 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.

Iuxbine 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.

AFW flow would be credited, after the appropriate Technical
Specification 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 Technical Specification response time delay has
elapsed. Therefore, no AFW is actually delivered to the steam
generators.



2.4 Inadvertent Opening of a Steam Generator Relief or Safety
Yalve

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. The analytical methodology for the steam line break analysis
(Reference 1) is applied to an an.lysis 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

5.3 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

2.3.1.3 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 znalysis.

3.3.1.3 Initial Conditions

Core Power Level

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

Pressurizex Pressure

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

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

Reactor Vessel Average Temperature

High initial temperature maximizes the primary coolant stored energy,
which maximizes the transient primary pressure response.

RCS _Flow

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

Core Bypass Flow

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



Stean 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.

Euel Temperature

High fuel temperature, associated with low gap conductivity, minimizes
the decrease in the temperature difference across the cladding as
moderator temperature increases due to the turbine trip. This maximizes
the transient heat flux and thus maximizes primary-to-secondary heat
transfer.

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

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 and
minimize transient primary-to-seccndary heat transfer.

3:1.1.8 Control, Protection, and Safeguards System Modeling

Beactor Txip
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 Technical
Specification 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. 1In addition, the AT
coefficients used in the analysis account for instrument uncertainties.

The response time of the pressurizer high pressure trip function is the
Technical Specification 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.

Pressurizex Pressure Control

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

Pressurizer level control is in manual with the pressurizer heaters
locked on in order to elevate primary pressure. Charging/letdown has
negligible impact.

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

Steam Generator Level Control

Feedwater is isolated upon turbine trip. The addition of subcooled
feedwater would tend to subcool the water in the steam generator, and
reduce secondary side pressure.

Red _Contrxol

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

: {13 I
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.

3.3:8 Peak Main Steam System Pressure Analysis

3:5:3:3 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.

2:3.:3:3 Initial Conditions

Core Power Level

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

Pressurizer Pressure

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

Bxessurizer Level
High initial level minimizes the initial volume of the pressurizer steam
space, which maximizes the transient primary pressure response.
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Beactoxr Vessel Average Temperature

High initial temperature maximizes the initial Main Steam System pres-
sure and the primary coolant stored energy.

BCS _Flow

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

Core Bvpass Flow

Core bypass flow is not an important parameter in this analysis

Steanm Generator Level

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

Fuel Temperature

High fuel temperature, associated with low gap conductivity, minimizes
the decrease in the temperature difference across the cladding as
moderator temperature increases due to the turbine trip. This maximizes
the transient heat flux and thus maximizes primary-to-secondary heat
transfer.

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

ik .3.3 Boundary Conditions

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

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

3:3:3 4 Cor.trol, Protection, and Safeguards System Modeling

Reactor Txip
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 Technical
Specification 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. 1In addition, the AT
coefficients used in the analysis account for instrument uncertainties.

The response time of the pressurizer high pressure trip function is the
Technical Specification value. The pressurizer high pressure reactor
trip setpoint is the Technical Specification value plus an allowance
which bounds the instrument uncertainty.
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Exessurizer Pressuxe Control

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

Bressurizer Level Contxol

Pressurizer level control ig in manual with the pressurizer heaters
locked on in order to elevate primary pressure. Charging/letdown has
negligible impact.

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

Steam Generator Level Contxol

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 Contxol

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

114 ; 3
Auxiliary feedwater is disabled. The addition of subcooled auxiliary
feedwater would tend to subcool the water in the steam generator, and
reduce secondary side pressure.

3.2 ¢ -3 I Seati (24004

A loss of non-emergency AC power causes the power supply to all busses
not powered by the emergency diesel generators tc 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 cf this heatup, the primary concerns for this event are short-
term core cooling capability (DNBR), long-term core cooling capability
{natural circulation), and primary and secondary system
overpressurization.

This transient differs from the complete loss of flow transient only in
th2 timing of the insertion of the control rods. Both transients presume
reactor coolant pump and feedwater pump trip as the initiating events.
In the loss of flow event, the reactor trips when the reactor coolant
pump bus undervoltage setpoint is reached and the rods begin to fall
into the core after an instrumentation delay. In the loss of AC power




transient, the control rods begin to fall immediately due to the loss of
gripper coil voltage. Therefore, the transient core power response and
consequently the short-term core cooling capability result (DNBR) is
bounded by the loss of flow event. Long-term core cooling capability is
shown by analyzing the transition from forced flow to natural
circulation following a loss of non-emergency AC power.

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

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

Based on the above gualitative evaluation, a guantitative 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 DNER is determined using the Statistical Core Design
Methodolegy. The long-termn core cooling capability analysis
demonstrates that natural circulation is established.

3.3.3 Peak RCS Pressure Analysis

2:3:5:3 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.

P T 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.

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

Reactor Vesgel Average Temperature

High initial temperature maximizes the initial primary coolant stored
energy, which maximizes the transient primary pressure response.

BCS 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.

Euel 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.

3:3.2.3 Boundary Conditions

RCP QOperation
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.

3:3:32.4 Control, Protection, and Safeguards System Modeling

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

Euel Temperature

Low fuel temperature, associated with high gap conductivity, maximizes
the transient heat transfer from the fuel to the coolant.

Steam Generator Tube Plugging

In order to maximize prinary-to-secondary heat transfer, no tube
plugging is modeled.

2.2.3.3 Boundary Conditions

BCP Qpexation

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.

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

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

3.3:3:8 Control, Protection, and Safeguards System Modeling

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

Prersuxizer Pressure Contrxol

The operation of the pressurizer pressure control system is not
important in this analysis.

Eressurizer Level Control

The operaticn of the pressurizer level control system is not important
in this analysis.

E : PORY 3 cond < :
Secondary steam relief via the steam line PORVs and condenser steam dump
is unavailable in order to maximize secondary side pressurization.
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Steam Genexator Level
Initial steam generator level is not an important parameter in this
analysis.

Euel Temperature

A high initial temperature is assumed to minimize the gap conductivity
calculated for steady-state conditions and used for the subseguent
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.

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

3.8:3:3 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.

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

Steanm Lipge Safety Valves

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

3.2.3.4 Control, Protection, and Safejuards System Modeling

Reactor Tzip
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 and PORVs are assumed to be operable in order to
minimize the system pressure throughout the transient.

Exessurizer Level Contxol
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant
System pressure is minimized. Charging/letdown has negligible impact.

Steam Line PORVs and Condenser Steam Dump

Secondary steam relief via the steam line PORVs and the cond-nser steam
dump is unavailable in order tc maximize secondary side pressuriz.:ion
and minimize transient primary-to-secondary heat transfer.
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secondary temperature response, which minimizes primary-to-secondary
heat transfer.

Euel Temperature

Initial fuel temperature is not an important parameter in this analysis.

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

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.

Recay Heatl
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.

3.3.8.4 Control, Protection, and Safeguards System Modeling

Eeactor Txip
The insertion of all control and shutdeown banks occurs when the power is
lost to the control rod drive mechanism.

Pressurizer Pressure Contxol
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 Contxol
Pressurizer heaters are assumed to be inoperable since they are lost
when offsite power is lost. Charging/letdown has negligible impact.

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

w 3
Auxiliary feedwater actuation occurs on the loss of offsite power after
the appropriate Technical Specification response time delay. In order
to minimize post-trip steam generator heat removal, the minimum

auxiliary feedwater flow is assumed.

Murbing Tz

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

BCS 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.

Steanm 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

Low fuel temperature, associated with high gap conductivity, maximizes
the transient heat transfer from the fuel to the coolant.

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

3:3:3:3 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.

Recay Heat
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979% standard plus

a two-sigma uncertainty, is employed.

3:.3:1.4 Control, Protection, and Safeguards System Modeling
Reactor Trip

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

High initial temperature maximizes the initial Main Steam System pres-
sure and the primary coclant stored energy.

BCS Flow

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

Core Bvpass Flow

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

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.

Euel Temperature

Low fuel temperature, associated with high gap conductivity, maximizes
the transient heat transfer from the fuel to the coolant.

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

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.

DRecay Heat
End-of-cycle decay heat, based upon the ANSI/ANS-5.1-1979 standard plus

a two-sigma uncertainty, is employed.

2:3:5.4 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.

Bressurizer 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.
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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/letdown has 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.

Bod Contxol

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.

114 : ;
Auxiliary feedwater actuation occurs on low-low steam generator level
after the appropriate Technical Specification response time delay. If
applicable, a purge volume of hot main feedwater is assumed to be
delivered prior to the cold AFW water reaching the steam generators. In
order to minimize the post-trip steam generator heat removal, the
minimum auxiliary feedwater flow is assumed.

b :

Turbine trip occurs on reactor trip.

3.4 Feedwater System Pipe Break

The feedwater system pipe break event postulates a rupture of the Main
Feedwater System piping just upstream of the steam generator (downstream
of the final feedline check valve). Following the blowdown of the
faulted generator, there is a mismatch between the heat generation in
the reactor and the secondary side heat removal rate. Due to the
mismatch, the primary concern for this transient is the capability to
effectively cool the reactor core.
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Exressurizer 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.

Stean Line PORVs and Condenser Steam Dump

Secondary . team relief via the steam line PORVs and condenser steam dump
i unavailable in order to maximize the transient secondary side
pressurization.

Red 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 Contyxol 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.

Auxd 14 I
Auxiliary feedwater actuation occurs on low-low steam generator level
after the appropriate Technical Specification response time delay. If
applicable, a purge volume of hot main feedwater is assumed to be
delivered prior to the cold AFW water reaching the steam generators.
In order to minimize the post-trip steam generatcr heat removal, the
minimum auxiliary feedwater flow is assumed.

3.3.3 Core Cooling Capability Analysis

3.3:3.3 Nodalization

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

3:3: %3 Initial Conditions

Core Power lLevel

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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Eressurizer Pressure
Nominal full power pressurizer pressure is assumed. The uncertainty in
this parameter is accounted for in the Statistical Core Design
Methodology.

Bressurizer 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 irn 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 pacameter is accounted for in the Statistical Core
Design Methodology.

Core Bvpass Flow
The nominal calculated flow is assumed, with the flow uncertainty
accounted for in the Statistical Core Design Methodology.

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

Euel 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.

3.3.3:3 Boundary Conditions

Steam Line Safety Valves

The main steam code safety valves are modeled with opening and closing
characteristices 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.
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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.

Tuzrbine Conrxol
The turbine is modeled in the load centrol mode, which is described in
Section 3.2.5.1 of Reference 2.

e heat
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 ite limiting va.ue before the
appropriate Technical Specification response time delay has elapsed.
Therefore, no AFW is actually delivered to the steam generators.

Tuzki .

The reactor trip leads to a subseguent turbine trip.

3.4.2 Long Term Core Cocoling Capability

3.4.3.:3 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 lcop, is utilized for this
analysis.

3:4.3.3 Initial Conditions

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

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

Reactox 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 Bvpass Flow

Core bypass flow is not an important parameter in this analysis.
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Exessurizer Pressuze 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.

Exessurizer Level Contxol
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant
System pressure is minimized. Charging/letdown has 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, since the pre-trip RCS temperature change is insufficient to
cause rod motion.

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

saf 104 ;
Safety injection actuation occurs at 10 seconds on high containment
pressure. Injection begins after the appropriate Technical
Specification 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 actuation occurs on safety injection actuation after
the appropriate Technical Specification response time delay. If
epplicable, a purge volume of hot water is assumed to be delivered prior
to the cold AFW water reaching the steam generators. Operator action to
isolate AFW flow to the faulted generator occurs with a conservative
delay time to minimize the amount of cold AFW flow to the faulted
generator. In order to minimize the post-trip steam generator heat
removal, the minimum auxiliary feedwater flow is assumed.

MSIV Closure

Early MSIV closure is conservative since it accelerates the heatup
portion of the transient due to the faulted SG reaching dryout sooner
following MSIV closure. Main steam line isolation occurs on low steam
line pressure or high-high containment pressure. Since neither of these
setpoints can be reached before reactor trip, it is conservatively
assumed that MSIV closure occurs coincident with turbine trip.
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4.0 DECREASE IN REACTOR COOLANT SYSTEM FLOW RATE

4.1 Partial Loss of Forced Reactoxr 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 occure, 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 DNER
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.

F o 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.

$.1.3 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.

Bressurizer 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.



BCS 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.

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 DNER
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 _QOpexation

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 coclant pump model is adjusted such that the
resulting pump coastdown is conservative with respect to the flow
coastdown test data.

Steam Line Safety Valves

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

4.1.4 Control, Protection, and Safeguards System Modeling

Reactoxr 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 Technical Specifications is
assumed between receipt of the low flow signal and the initiation of
control rod motion.
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Pxessurizer Pressure Control
Pressurizer sprays and PORVs are assumed to be operable in order to
minimize the system pressure throughout the transient.

Exessurizer Level Con(rol
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant
System pressure is minimized. Charging/letdown has negligible impact.

Steanm 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.

Stean Generator lLevel 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.

MEW 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.

Red 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.

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

Auil Feed
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 Technical Specification response time delay has elapsed.
Therefore, no AFW is actually delivered to the steam generators.

Turbine Tri

The reactor trip leads to a subseguent turbine trip.

4.2 Complete Loss Of Forved 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 mecde failure or a
simultaneous loss of power to the pump motors. The Reactor Protection
System (RPS) senses an undervoltage condition at the pumps and initiates
a reactor trip. The decrease in core flow which occurs prior to reactor
trip causes a heatup of the Reactor Coolant System.
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The acceptance criteria for this analysis are to ensure that there is
adequate core cooling capability ané 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 minimuwn DNBR is determined
uging the Statistical Core Design Methodology. The peak RCE pressure
criterion is met through a comparison to the peak pressure :1esults for
the more limiting locked rotor transient. In Section 4.3 of this
report, the locked roteor event is shown to remain below 110% of the RCS
design pressure.

$:8:1 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.

$:2.:3 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 l2vel increases the volume of the pressurizer steam space
which minimizes the pressure increase resulting from the insurge.

Reactor Vessel Average Temperature

Nominal full power vessel average temperature is assumed. The
uncertainty in this parameter is accounted for in the Statistical Core
Design Methodology.

RCS Flow

Minimum measured Reactor Coolant System flow is assumed. The
uncertainty in this parameter is accounted for in the Statistical Core
Design Methodology.

Bypass Flow

The nominal calculated flow corresponding to full power operation is
assumed, with the flow uncertainty accounted for in the Statistical Core
Design Methodology.

Steam Generator Level

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




:
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Euel 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.

$.2.3 Boundary Conditions

ECE QOperation

All four reactor coolant pumps are tripped at the initiation of the
transient. The pump model is adjusted such that the resulting coastdown
flow is conservative with respect to the flow coastdown test data.

Steam Line Safety Valves

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

4.2.4 Control, Protection, and Safeguards System Modeling

Beactor Trip
Reactor trip occurs on reactor coolant pump undervoltage, after an
appropriate instrumentation delay.

Bressurizer Pressure Contxol
Pressurizer sprays and PORVs are assumed to be operable in order to
minimize the zystem pressure throughout the transient.

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

Steam Lipne PORVs and Condensexr 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.

Steanm Generator Level Contxol

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

MEW Pump Speed Contxol

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.
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Eod 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.

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 befcre the
appropriate Technical Specification response time delay has elapsed.
Therefore, no AFW is actually delivered to the steam generators.

bi .

The reactor trip leads to a subsequent turbine trip.

4.3 Reactor Coolant Pump Locked Rotor

The postulated accident involves the instantaneous seizure of one
reactor coolant pump rotor. Cocolant 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
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.

$:3.3 Peak RCS Pressure Analysis

$.3.1:3 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 traple loop, is
utilized for this analysis.



$:3.3.3 Initial Conditions

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

Rressurizer Pressure

High initial pressure yields a smaller margin to overpressurization.

Pressuxizer 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 Generatoxr lLevel
Initial steam generator level is not an important parameter in this
analysis.

Euel Temperature

A high initial temperature is assumed to minimize the gap conductivity
calculated for steady-state conditions and used for the subseguent
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.

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

$:3:1.3 Boundayy Conditions

Beactor Coolant Pumus

The rotor of the reactor coolant pump in the faulted loop is assumed to
seize at the initiation of the transient. The remaining reactor coclant
pumps trip on bus undervoltage following the loss of offsite power.

Qffsite Power

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

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



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 Controeol, Protection, and Safeguards System Modeling
Reactor Trip

Reactor trip occurs on low Reactor Coolant System flow in the locked
loop.

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/letdown has 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.

Stean Generator Level Control

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

MEW Pump Speed Contxol

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.

Red _Contzol

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.

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

auxili Feed
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 Technical fpecification response time delay has elapsed.
Therefore, no AFW is actually delivered to the steam generators.



(

Sekiis o

The reactor trip leads to a subsequent turbine trip.

&.3:3 Core Cooling Capability Analysis

$:3.3.3 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.%:3 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.

Beactor Vessel Average JTemperature

The nominal temperature corresponding to full power operation is
assumed, with the temperature initial condition uncertainty accounted
for in the Statistical Core Design Methodology.

BCS 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 Byvpass Flow
The nominal calculated flow is assumed, with the flow uncertainty
accounted for in the Statistical Core Design Methodology.

Steanm Cenerator Level

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

Euel Temperature

A high initial temperature is assumed to minimize the gap conductivity
calculated fcr 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
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the power decrease less severe and is therefore conservative for DNBR
evaluation.

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

$:3.5.3 Boundary Conditions

Beactor 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 coclant
pumps trip on bus undervoltage following the loss of offsite power.

Qffsite Power
Cases with offsite power maintained as well as with offsite power lost
coincident with the turbine trip are analyzed.

Pressurizer Safety Valves

The pressurizer safety valves are not challenged by this transient.

Steanm 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.

$:.3.3.4 Control, Protection, and Safeguards System Modeling

Eeactor Trip
Reactor trip occurs on low Reactor Coolant System flow in the loop with
the locked rotor.

Pressurizexr Pressure Contxol
Credit is taken for both pressurizer spray and PORV coperation in order
to minimize primary system pressure.

Pressuxizer Level Contxol
Pressurizer heaters are assumed to be inoperable so that Reactor Coolant
System pressure is minimized. Charging/letdown has 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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Pressurizer Level
High initial pressurizer level minimizes the volume of the steam bubble
and therefore maximizes the pressure increase following an insurge.

Beactor Vessel Average Temperature

Reactor vessel average temperature is not an important parameter in this
analysis.

RCS Flow

RCS flow is not an important parameter in this analysis.

Core Eypass Flow

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

Steam Generator Level

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

Fuel Temperature

Due to the zero power initial condition, the initial fuel temperature is
equal to T-ave. The fuel-clad gap conductivity is set high to maximize
heat transfer from the fuel.

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

5.3:1.9 Boundary Conditions

Nen-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.

Exessurizexr 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.
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$.1.3.3 Initial Conditions

Core Power Level
A minimum initial power level typical of a critical, zeroc power startup
condition maximizes the power excursion.

Exessurizer Pressure
Nominal pressure is assumed, with the pressure initial condition
uncertainty accounted for in the Statistical Core Design Methodology.

Pressurizex 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.

ECS Flow

Nominal three pump flow is assumed since low flow is conservative for
DNBR evaluation. The flow initial condition uncertainty is accounted
for in the Statistical Core Design Methodology.

Core Bypass Flow

The nominal calculated flow is assumed, with the flow uncertainty
accounted for in the Statistical Core Design Methodology.

Steam Generator lLevel

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

Euel Temperature

Due to the initial zero power condition, the initial fuel temperature is
equal to T-ave. The fuel-clad gap conductivity is set high to maximize
heat transfer from the fuel.

Steam Generator Tube Plugging
Ne tube plugging is assumed to maximize the RCS volume and thereby
minimize the insurge into the pressurizer.

$.1.2.3 Boundary Conditions

Nen-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.




BCP Qperalion

€ince 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.

Steanm Line Safety Valves
Although not important for this transient, steam line safety valves are
modeled with opening and closing characteristics to maxim.ze primary-to-
secondary heat transfer.

2.3.3:8 Control, Protection, and Safeguards System Modeling

Reactor Trip
The pertinent reactor trip functions are the high power range flux (low
setpeint) and pressurizer high pressure.

The high power range flux (low setpoint) trip includes a conservative
allowance to account for calibration error, and error due to rod
withdrawal effects. The response time of the high flux trip function is
the Technical Specification value.

The response time of the pressurizer high pressure trip function is the
Technical Specification 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.

St Li PORY i Cond g D
Steam line PORVs and steam dump to condenser are unimportant for this
transient and are inoperable.

$:.1.3.8% Cther 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-8CD) is used with the W-3§5 correlation.
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5.2 Uncontxolled 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
& DNBR concern. The primary and secondary overpressure limits of 110%
of design pressure are also of concern.

Peak RCE 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
¢ladding 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

B.d.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.

B3 .0:3 Initial Conditions

Core Power Level

Initial pressurizer pressure and, thus, initial margin to the
overpressurization limit are independent of initial power level. Due to
the pressure overshoot during the reactor trip instrumentation delay,
maximum pressure is achieved with the maximum pressurization rate. The
maximum pressurization rate is achieved with the maximum insertion of
reactivity, provided that reactor trip on high flux does not occur prior
to significant system heatup. Since the initial margin to the high flux
reactor trip is greatest at a low power level, this power level yields
the most rapid insertion of reactivity with significant system heatup.

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

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

Reactoxr Vessel Average Temperature

Initial temperature is not an important parameter in this analysis.
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RCE 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.

Euel Temperature
Low fuel temperature, associated with high gap conductivity, maximizes
the transient heat transfer from the fuel to the coolant.

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

SeBsdid Boundary Conditions

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

: y ‘ 1
The steam line safety valves cre modeled with opening and closing
characteristics which maximize transient secondary side pressure and
minimize transient primary-to-secondary heat transfer.

$.8.1.4 Control, Protection, and Safeguards System Modeling

Beactor 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 Technical
Specification 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 coeffi-
cients used in the analysis account for instrument uncertainties.

The response time of the pressurizer high pressure trip function is the
Technical Specification 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
Technical Specification 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 eftfects of bank withdrawal.

Pxessurizer Pressuze Contxol
In order to maximize primary system pressure, no credit is taken for
pressurizer spray or PORV operation.

Pressuxizer Level Control
Pressurizer level control system operation has negligible impact on the
results of this analysis.

Steam Line PORVs and Condenser Steam Dump

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

Steam Generator Level Control

Feedwater control is in automatic to prevent steam generator low-low
level reactor trip.

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

Auxili Feed
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.

; s
Turbine trip upon reactor trip is modeled in order to minimize the post-
trip primary-to-secondary heat transfer.

$.2.3 Core Cooling Capability Analysis

$.3.2.3 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.

2.8:3:3 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 pover.
Uncertainties in initial power level are accounted for in the
Statistical Cure Design Methodology.
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Pxessuzrlzex Pressure
Initial pressurizer pressure is the nominal value, and the uncertainty
in pressure is accounted for in the Statistical Core Design Method.logy.

. .
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.

Beactor Vessel Average Temperature

The nominal temperature corresponding to the initial power level is
assumed, with the temperature initial condition uncertainty accounted
for in the Statistical Core Design Methcdology.

BCS 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.

Sieam Cenerator Level
Initial steam generator level is not an important parameter in this
analysis.

Euel Temperature

Initial fuel temperature is the value which corresponds to the initial
power level. Low fuel temperature maximizes the transient heat transfer
from the fuel to the coolant.

Stean Generator Tube Plugging
The bounding tube plugging assumption (high or low) varies depending on
other initial and boundary conditions.

3.3:3.3 Boundary Conditions

Bressurizer 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.



5.3.2.4 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 Technical
Specification 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 coeffi-
cients used in the analysis account for instrument uncertainties.

The response time of the pressurizer high pressure trip function is the
Technical Specification 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
Technical Specification 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.

Pressurizexr Pressure Control

A sensitivity study is performed on pressurizer pressure control. Twe
modes are analyzed, one in which pressurizer pressure control is in
manual with sprays and PORVs disabled, and the other in which pressur-
izer pressure control is in automatic with sprays and PORVs enabled.

Pressurizexr Level Contxol
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 lLevel 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.

Auxili Feed
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.

5-10



b A
Turbine trip upon reactor trip is modeled in order to minimize the post-
trip primary-to-secondary heat transfer.
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The statically misaligned rod event considers the situation where a
control rod is misaligned from the remainder of its bank. A rod
misalignment may produce an increase in core peaking which decreases the
margin to DNB. Steady-state three-dimensional power peaking analyses
are performed to confirm that the asymmetric power distributions
resulting from the rod misalignment will not result in DNB. There is no
system transient associated with the analysis of the statically
misaligned rod case. The reactor is assumed to remain at its initial
power level.

The statically misaligned rod evaluation is performed at nominal hot
full power (HFP) conditions. Axial shapes allowed by the power
dependent AFD limits are corsidered 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 nisalignment 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 (reacto: 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 asymmetric power distributions resulting
from Case 2 are evaluated for each reload core to ensure that the
minimum DNBR remains above the 25/95 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 fcr each reload core to be less than the linear heat
generation rate which would result in fuel melt. The peak linear heat
generation rates resulting from rod misalignments do not challenge the
fuel melt limit.

5.4 Contzrol 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 tran-
sient, the resultant power mismatch causes an increase in primary and
secondary system temperature and pressure.
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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 ‘uel cladding integrity is compromised by
calculating the number of t.el rods that exc2ed the 95/95 DNBR limit
based on acceptable correlations.

5.4.1 Nodalization

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

5.4.2 Initial Conditions

Core Power lLevel

Initial power is the nominal full power value. Uncertainty in power
level is accounted for in the Statistical Core Design Methodology.

Bressurizer Pressure
Initial pressurizer pressure is the nominal value. Uncertainty in
pressure is accounted for in the Statistical Core Design Methodology.

Pressurizer level

High initial level minimizes the initial volume of the pressurizer steam
space, which maximizes the transient primary pressure response. Up to
the limit of the ability of the pressurizer sprays to control pressure,
maximum pressure is conservative in order to delay reactor trip on

OTAT.

Beactor Vessel Average Temperature

Initial temperature is the full power nominal value. Uncertainty in
this parameter is accounted for in tlie Statistical Core Design
Methodology.

BCS 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.

Euel Temperature

Low fuel temperature, associated with high gap conductivity, maximizes
the transient heat transfer from the fuel to the coolant.
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Steam Line PORVs and Condensexr Steam Dump

Secondary steam relief via the steam line PORVs and the condenser steam
dump 1s unavailable in order to maximize secondary side pressurization
and minimize transient primary-to-secondary heat transfer.

Steam Cenerator Level Contxol

Feedwater control is in automatic to prevent steam generator low-low
level reactor trip.

Sad 14 ;
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.

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

rurhi ;
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 teo starting the idle pump) is not followed. Thus,
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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.

Exessurizer 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.

BCS Flow

In order to minimize core flow, and therefore the margin to DNB, the
three pump equivalent of the Technical Specification minimum measured
flow is adjusted by a negative flow uncertainty.

Core Bypass Flow

High core bypass flow minimizes coolant flow through the core and
therefore minimizes the margin to DNB.

Steam Generator Level

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

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

$.5.3 Boundary Conditions

RCPE _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.
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9.5.4 Control, Protection, and Safeguards Systems Modeling

Beactor Trip
The reactor trip on low RCS flow coincident with reactor power above the
P-8 interlock is conservatively assumed to be unavailable.

Eressurizer 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.

Eressurizer 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.

MEW 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.

Bed Control

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.

Turbine Control

The turbine is assumed to be in manual control. 1In 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.

Aaaif 44 3
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 Technical Specification 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 Concen-
tration In The Reactor Coolant
A boron dilution occurs when the soluble boric acid concentration of

makeup water supplied to the RCS is less than the concentration of the
existing reactor coolant. The boron dilution accident postulates that
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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 and at least 30 minutes for Mode 6.

The licensing bases for the McCuire and Catawba Nuclear Stations are
different. For McGuire, this accident is analyzed for the power
operation (Mode 1), startup (Mode 2), and refueling (Mode 6) modes of
operation. Manual operation is relied on to terminate the dilution in
all three modes. For Catawba, this accident is analyzed for the power
operation, startup, hot standby (Mode 3), hot shutdown (Mode 4), cold
shutdown (Mode 5), and refueling modes of operation. Automatic
operation of the Boron Dilution Mitigation System (BDMS) is relied on to
terminate the dilution in hot standby, hot shutdswn, cold shutdown, and
refueling, with manual operation as substitute meunes 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 tha- there is adequate time,
possibly with restrictions on the flow r.tes 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 3-6 with the BDMS
assumed to be inoperable, but without the restrictions on flow rates.

During Mode 6 an inadvertent dilution from the Reactor Makeup Water
System is prevented by administrative controls which isoclate the RCS
from potential sources of unborated makeup water. The results of the
accident analysis for this mode are for an assumed dilution event, for
which no mechanism or flow path has been identified. 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.
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5.6.1 Initial Conditions

Diluti ]
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 reqguire 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 do
require operability of all four steam generators during Mode 4, all four
of the reactor cooclant loops, in addition to the remainder of the
reactor vessel, are included in the RCS volume available for dilution.
For Modes 5 and 6, 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 these modes 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
outliet connections. The minimum water level used to calculate this
volume is corrected for level instrument uncertainty.

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 2 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.
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6.1.1 Core Cooling Capability Analysis

$.3.1:3% Nodalization

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

8:.5:1.3 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 Pressuxe

Nominal full power pressurizer pressure is assumed. The uncertainty in
this parameter is accounted for in the Statistical Core Design
Methodology.

Pressurizer Level
High initial level minimizes the volume of the pressurizer steam space
which maximizes the pressure cdecrease resulting from the outsurge.

Reactor Vessel Average Temperature

Nominal full power vessel average temperature is assumed. The
uncertainty in this parameter is accounted for in the Statistical Core
Design Methodology.

RCS Flow

The Technical Specification minimum measured flow for power operation is
assumed since low flow is conservative for DNBR evaluation. The flow
initial condition uncertainty is accounted for in the Statistical Core
Design Methodology.

Core Bvpass 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.

Euel Temperature

A high initial temperature is assumed to minimize the gap conductivity
calculated for steady-state conditions and used tor 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.
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Steam Cenerator Tube Plugging
Steam generator tube plugging is not an important parameter in this
analysis.

$.1:3.3 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.

8.3.3.4 Control, Protection, and Safeguards System Modeling

Reactor Txip
Reactor trip is assumed to occur on low pressurizer pressure, after an
appropriate instrumentation delay.

Pxessurizer 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/letdown has negligible impact.

Steanm Line PORVs and Condenser Steam Dump

Secondary sceam 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.

MEW _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.

Red 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 KRCS
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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.

{15 3
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 Technical Specification response time delay has elapsed.
Therefore, no AFW is actually delivered to the steam generators.

bi g

The reactor trip leads to a subsequent turbine trip.

$:3.:3 Pressurizer Overfill Analysis
$.3.3:1 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 subsegquent 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 to determine the SI flow during the event.

Reactor Vessel Average Temperature

Low initial temperature is conservative in order to minimize pressurizer
water temperature.

Steam Generator Tube 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.
$:3:3:3 Boundary Conditions
RCP Opexation

For Modes 1-3, the Technical Specifications require at least one reactor
coolant pump be operating.

|
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Steam Generator Level

The results of this transien. are not sensitive to the direction of
steam generator level uncertainty as long as the transient level
response 1s kept within the range that avoids protection or safeguards
actuation.

Euel Temperature

A high initial temperature is assumed to minimize the gap conductivity
calculated for steady-state conditions and used for the subseguent
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.

7:3:3 Boundary Conditions

Steam Line Safety Valves

The results of this transient are not sensitive to the main steam safety
valve modeling as long as the opening of the safety valves occurs after
reactor trip.

7.1.4 Control, Protection, and Safeguards Systems Modeling

Reactor Trip

Reactor trip is on either low pressurizer pressure or overtemperature
AT. The Technical Specification 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.

MEW 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.

Red Contxol

Rod control is assumed to be in manual for this transient.
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7.3.1.3 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.

Pressgurizer 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 ful' power bypass flow is assumed. The uncertainty in this
parameter is accounted for in the Statistical Core Design Methodology.

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

Fuel Temperature

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

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

Ts3:5:3 Boundary Conditions

RCP Operation
All four reactor coolant pumps are tripped on the loss of offsite power.
The pump model is adjusted such that the resulting coastdown flow is

conservative with respect to the flow coastdown test data.
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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.

Qffsite Power
Offsite power is assumed to be lost coincident with turbine trip in
order to minimize RCS flow fcllowing reactor trip.

7.8.%.4 Control, Protection, and Safeguards System Modeling

Reactor Txip
Reactor trip is assumed to occur on overtemperature AT, after an
appropriate instrumentation delay.

Bressurizer Pressure contxol

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.

Steam Line PORVs and Condenser Steam Dump

The main steam PORVs and condenser dumps valves are assumed to be
unavailable during this transient. This maximizes the secondary side
pressure and temperature and therefore reduces primary-to-secondary heat
transfer.

Steam Genexator Level Control

The results of this transieni 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 safegua:ds actuation.

MFW_§ S 3 ¢ )
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.

Red Contxol

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
reactivicy addition as they are inserted in an attempt to maintain RCS
temperature at its nominal value.
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Turbine Contxol
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 Technical Specification response time delay has elapsed.
Therefore, no AFW is actually delivered to the steam generators.

nuchi rei

The reactor trip leads to a subsequent turbine trip.

T8 Offsite Dose Calculation Input Analysis

o DR T 6 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.

T.3:3:2 Initial Conditions

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

Pressurizer Pressure

High initial pressure with a positive uncertainty delays the time of
automatic reactor trip. This retards the primary system cooldown,
extending primary-to-secondary leakage, and therefore maximizing the
offsite dose.

Bressuxrizer Level
High initial level with a positive uncertainty maximizes primary-to-
secondary leakage and maximizes pressurizer heater operation.

Reactox 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.

BCS Flow

Nominal primary system loop flow with a negative uncertainty is assumed.
Low forced circulation flow results in lower natural circulation flow
during the post-trip cooldown. This reduces primary-to-secondary heat
transfer and extends plant cooldown. Frictional and form losses will
also be smaller throughout the RCS, resulting in a higher primary
pressure at the break location. This maximizes primary to secondary
leakage.

Core Bypass Flow

Core bypass flow is not an important parameter for this trans‘ent.

Steam Cenexator 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.

Euel 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.

3.3 :8:3 Boundary Conditions

singl ™
The single failure identified for maximizing offsite dose is the failure
of the PORV on the ruptured steam generatdr to close. In this analysis,
this valve remains open until operator action is taken to isoclate 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.

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

Only two of the three steam line PORVes on the intact steam generators
are assumed to be operable. This lengthens the cooldown time, thereby
maximizing the atmospheric steam releases. A negative bias is applied
to the ruptured steam generator PORV control signal. This results in an
earlier opening time which maximizes atmospheric releases and delays
operator identification of the failed open steam line PORV. A positive
bias is applied to the intact SG PORV control signals to maximize
secondary side post-trip pressurization. This delays operator
identification of the failed open steam line PORV.

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

Qffsite Power

Offsite power is assumed to be lost coincident with turbine trip. This
isolates steam flow to the condenser, thereby maximizing the atmospheric
steam releases.

Break Model

The break is assumed to be a double-ended guillotine break of a single
steam generator tube at the tubesheet surface on the steam generator
outlet plenum. This location maximizes the mass flow through the break.

RCP Opexation
The reactor coolant pumps are assumed to operate normally until offsite
power is lost coincident with turbine trip.

ECCS Ini :
SI actuation is assumed to occur on low pressurizer pressure at a
setpoint with an applied positive uncertainty or on manual operator
action. Maximum ECCS injection flow is assumed to maximize the primary-
to-secondary leakage.

Main Feedwater

Main feedwater flow is assumed to terminate coincident with the loss of
offsite power to minimize the secondary inventory available to mix with
and dilute primary-to-secondary leakage.

Charging Flow
A conservatively high charging flow capacity is modeled to delay reactor
trip and maximize total primary-to-secondary leakage.

Manual Actions

- Immediate action to maximize charging flow (penalty).
- Immediate action to energize pressurizer heater banks (penalty).

- Operators identify the abnormal condition of the RCS at 20 minutes
and manually trip the reactor if not already tripped.
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Condensexr Steam Dump

The condenser steam dump valves are not assumed to be operable.
Condenser steam dump would nonconservatively minimize offsite dcses.

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.

Bod 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. 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 cont.rol 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.

saf Ini :
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.

Auxili Feed
Auxiliary feedwater initiation occurs after the loss of offsite power
with a delay, consistent with Technical Specifications. If applicable,
a purge volume of hot water is assumed to be delivered before cold
feedwater reaches the steam generators. Minimum flow rates are assumed
to minimize primary-to-secondary heat transfer.

MSIV Closure

Automatic MSIV closure is assumed using a steam line pressure signal.
Early closure maximizes the primary leakage released to the atmosphere
through the failed open steam line PORV.
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DPC-NE-3002-A Revision 3

List of Changes/Errata from Revision 2, December 1997 to Revision 3, May 1999

The title page was revised to Revision 3 and was dated May 1999

The Revision 3 SER dated 2/5/99 was included at the front

Section 3.3.3.1: Revised to describe steam generator nodalization change
This page describing the changes from Revision 2 to Revision 3 was added
I'he list of attached docketed correspondence was updated

The Duke letter dated 9/25/98 (submitting Revision 3 related to steam generator modeling)
was included at the back




DPC-NE-3002-A Revision 2

List of Changes/Errata from Revision 1. June 1994 to Revision 2. December 1997

The title page was revised to Revision 2 and was dated December 1997
The Revision 1 SER dated 12/28/95 was included