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In References 3 and 4, Duke Energy Corporation described
the process that will be followed to implement the
Westinghouse Best-Estimate Large Break LOCA Analysis
Methodology for McGuire and Catawba Nuclear Stations. This
process was also discussed in a meeting with the NRC at One
White Flint on June 12, 2000 (refer to NRC meeting
minutes). In response to a question raised by the NRC
during the June 12, 2000 meeting, Reference 5 was submitted
to describe the process that Duke and Westinghouse will use
to evaluate future plant changes and issues. The next step
in implementing the Best-Estimate Large Break LOCA Analysis
Methodology is a request to amend the McGuire and Catawba
Technical Specifications and Bases to allow use of this
methodology. The attachments to this letter provide the
required license amendment request.

NRC approval of the Westinghouse generic Best-Estimate
Large Break LOCA Analysis Methodology is documented in
Reference 1. A composite plant model analysis will be
performed to bound McGuire Units 1 and 2 and Catawba Units
1 and 2, following the approach described in References 3
and 4 and discussed in the June 12, 2000 meeting. The
results from this composite plant model analysis will be
provided in a separate submittal scheduled for July 2000.

This request for amendment to the McGuire and Catawba
Technical Specifications seeks to amend Technical
Specification 5.6.5 Core Operating Limits Report (COLR),
and the Bases of Sections 3.2.1 Heat Flux Hot Channel
Factor Fg(X,Y¥,Z), 3.2.2 Nuclear Enthalpy Rise Hot Channel
Factor Faa(X,Y), 3.2.4 Quadrant Power Tilt Ratio (QPTR),
3.5.1 Accumulators, and 3.5.2 ECCS-Operating.

These changes are being made to incorporate the Best-
Estimate Large Break LOCA Analysis approach into the
licensing basis for McGuire and Catawba in accordance with
10CFR50.46, Regulatory Guide 1.157, and the Westinghouse
Topical Report WCAP-12945-P-A (Reference 2). Revigions to
Section 15.6.5 of the McGuire and Catawba Updated Final
Safety Analysis Reports will be made after approval of this
license amendment request is received. The revisions will
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present the results of the McGuire/Catawba Best-Estimate
Large Break LOCA Analysis under 10CFR50.59 and implemented
in accordance with the requirements of 10CFR50.71(e). The
COLRs will also be updated via plant procedures.

The contents of this license amendment request submittal
package are as follows: Attachments la and 1b provide
marked copies of the affected Technical Specifications and
Bases pages for McGuire and Catawba, respectively.
Attachments 2a and 2b contain reprinted pages of the
affected Technical Specifications and Bases pages for
McGuire and Catawba, respectively. Attachment 3 provides a
Description of the Proposed Changes and Technical
Justification. Pursuant to 10CFR50.92, Attachment 4
documents the determination that the amendments contain No
Significant Hazards Considerations. Pursuant to 10 CFR
51.22(c) (9), Attachment 5 provides the basis for the
categorical exclusion from performing an Environmental
Assessment/Impact Statement.

The need for this license amendment request is discussed in
References 3 and 4. Three of the four McGuire/Catawba
units are scheduled to begin operation in 2000 containing
Westinghouse fuel and limited LOCA margins based on
Appendix K large break LOCA analyses. Thus, approval of
this amendment is requested by September 1, 2000. There
have been several precedent licensing actions applicable to
this Duke license amendment request. These previous
licensing actions are discussed in Attachment 3.

In accordance with Duke administrative procedures and the
Quality Assurance Program Topical Report, the changes
contained in this amendment request have been reviewed and
approved by the McGuire and Catawba Plant Operations Review
Committees and the Duke Corporate Nuclear Safety Review
Board.

Pursuant to 10CFR50.91(b) (1), a copy of this amendment
request is being provided to the appropriate State of North
Carolina and State of South Carolina officials.
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Please address any comments or questions regarding this
matter to J. S. Warren at (704) 382-4986.

Very truly yours,

S el

M. S. Tuckman

Attachments

xc¢ w/Attachments:

L. A. Reyes, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II

Atlanta Federal Center

61 Forsyth St., SW, Suite 23T85
Atlanta, GA 30303

F. Rinaldi, Project Manager

Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop 0-8 H12

Washington, D. C. 20555-0001

C. P. Patel, Project Manager

Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop 0-8 H12 '
Washington, D. C. 20555-0001

S. M. Shaeffer
NRC Senior Resident Inspector
McGuire Nuclear Station

D. J. Roberts
NRC Senior Resident Inspector
Catawba Nuclear Station
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AFFIDAVIT

M. S. Tuckman, being duly sworn, states that he is the Executive
Vice President of Duke Energy Corporation; that he is authorized
on the part of said Corporation to sign and file with the
Nuclear Regulatory Commission revisions to the McGuire Nuclear
Station Facility Operating Licenses Nos. NPF-9 and NPF-17, and
the Catawba Nuclear Station Facility Operating Licenses Nos.
NPF-35 and NPF-52; and that all the statements and matters set
forth herein are true and correct to the best of his knowledge.

NS Tocke

M. S. Tuckman, Executive Vice President

Subscribed and sworn to before me on this

——
Jum@ , 2000.

Mbee, L Vhbwa

Notar9~Pugyic

My Commission Expires:

Ton 22, 2&0!

SEAL

Zq 4 day of




ATTACHMENT 1la

Marked Technical Specifications and Bases Pages for
McGuire Nuclear Station, Units 1 and 2



5.6 Reporting Requirements

Reporﬁng Requirements
5.6

5.6.5 CORE OPERATING LIMITS REPORT (COLR) (continued)

5.

10.

11.

12.

13.

14.

wcﬁp’lZ‘i‘{S-P—A, Volume 4 (Rewncion 2) and  Volumes
2-5 (Revitwon 1) ) W (ode Qunlu‘.m‘hoﬂ. Documnt Hfor
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DPC-NE-2011PA, “Duke Power Company Nuclear Design
Methodology for Core Operating Limits of Westinghouse
Reactors,” March, 1990 (DPC Proprietary).

DPC-NE-3001PA, "Multidimensional Reactor Transients and
Safety Analysis Physics Parameter Methodology,” November,
1991 (DPC Proprietary).

DPC-NF-2010A, "Duke Power Company McGuire Nuclear Station.
Catawba Nuclear Station Nuclear Physics Methodology for Reload
Design,” June, 1985.

DPC-NE-3002A, Through Rev. 2 “*FSAR Chapter 15 System
Transient Analysis Methodology," SER dated April 26, 1996.

DPC-NE-3000P-A, Rev. 1 "Thermal-Hydraulic Transient Analysis
Methodology," SER dated December 27, 1995.

DPC-NE-1004A, Rev. 1, "Nuclear Design Methodology Using
CASMO-3/SIMULATE-3P," SER dated April 26, 1996.

DPC-NE-2004P-A, Rev. 1, “Duke Power Company McGuire and
Catawba Nuclear Stations Core Thermal-Hydraulic Methodology
using VIPRE-01," SER dated February 20, 1997 (DPC
Proprietary).

DPC-NE-2001P-A, Rev. 1, “Fuel Mechanical Reload Analysis
Methodology for Mark-BW fuel,” October 1990 (DPC Proprietary).

DPC-NE-2005P-A, Rev. 1, "Thermal Hydraulic Statistical Core

. Design Methodology," SER dated November 7, 1996 (DPC

Proprietary).

DPC-NE-2008P-A, “Fuel Mechanical Reload Analysis.
Methodology Using TACO3," SER dated April 3, 1995 (DPC
Proprietary).

BAW-10183P-A, Fuel Rod Gas Pressure Criterion, B&W Fuel
Company, July, 1995.

(continge

McQGuire Units 1 and 2

5.6-4 Amendment Nos.@
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B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.1 Heat Flux Hot Channel Factor (Fo(X,Y,Z))
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The purpose of the limits on the values of Fo(X,Y,2) is to limit the local
(i.e., pellet) peak power density. The value of Fo(X,Y,Z) varies axially (2)
and radially (X,Y) in the core.

Fo(X,Y,Z) is defined as the maximum local fuel rod linear power density
divided by the average fuel rod linear power density, assuming nominal
fuel pellet and fuel rod dimensions. Therefore, Fo(X,Y,2) is a measure of
the peak fuel pellet power within the reactor core.

During power operation, the global power distribution is limited by
LCO 3.2.3, "AXIAL FLUX DIFFERENCE (AFD)," and LCO 3.2.4,
"QUADRANT TILT POWER RATIO (QPTR)," which are directly and
continuously measured process variables. These LCOs, along with
LCO 3.1.6, "Control Bank Insertion Limits," maintain the core limits on
power distributions on a continuous basis.

Fa(X,Y,Z) varies with fuel loading patterns, control bank insertion, fuel
burnup, and changes in axial power distribution and to a lesser extent,
with boron concentration and moderator temperature.

Fo(X,Y,Z) is measured periodically using the incore detector system.
These measurements are generally taken with the core at, or near steady
state conditions.

Using the measured three dimensional power distributions, it is possible
to derive a measured value for Fo(X,Y,Z). However, because this value
represents a steady state condition, it does not include the variations in
the value of Fo(X,Y,Z) that are present during nonequilibrium situations.

To account for these possible variations, the Fo(X,Y,Z) limit is reduced by
precaiculated factors to account for perturbations from steady state
conditions to the operating limits.

Core monitoring and control under nonsteady state conditions are
accomplished by operating the core within the limits of the appropriate
LCOs, including the limits on AFD, QPTR, and control rod insertion.

McGuire Units 1 and 2 B 3.2.1-1 Revision No. }Z/ ‘
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Fa(X,Y,2)
B 3.2.1

APPLICABLE
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‘ This LCO precludes core power distributions that violate
SAFETY ANALYSES the following fuel design criteria:

a. During a loss of coolant accident (LOCA), the peak cladding
temperature must not exceed 2200°F,(Ref. 1);

b. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint
power distributions.);

C. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 2); and

d. The control rods must be capable of shutting down the reactor with
a minimum required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 3).

Limits on Fqo(X,Y,Z) ensure that the value of the initial total peaking factor
assumed in the accident analyses remains valid. Other Reference 1
criteria must also be met in LOCAs (e.g., maximum cladding oxidation,
maximum hydrogen generation, coolable geometry, transient strain, and
long term cooling). However, the peak cladding temperature is typically
most limiting.

Fo(X,Y,Z) limits assumed in the LOCA analysis are typically limiting
relative to (i.e., lower than) the Fo(X,Y,Z) limit assumed in safety
analyses for other postulated accidents. Therefore, this LCO prowdes
conservative limits for other postulated accidents.

Fa(X,Y,Z) satisfies Criterion 2 of 10 CFR 50.36 (Ref. 4).

LCO

The Heat Flux Hot Channel Factor, Fo(X,Y,Z), shall be fimited by the
following relationships:

RTP

FU(xy.z< e K2 for P> 0.5

RTP

F“(XYZ)<F K(2) forP<0.5

McGuire Units 1 and 2 B3.2.1-2 Revision No. ;/
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Fo(X.Y,Z)
B 3.2.1

LCO (continued)
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where: FAPq is the Fo(X,Y,Z) limit at RTP provided in the COLR,
and is reduced by measurement uncertainty, K(BU), and
manufacturing tolerances provided in the COLR,

K(2) is the normalized Fq(X,Y,Z) as a function of core height
provided in the COLR, and

_ THERMAL POWER
B RTP

P

The actual values of F¥'" g, K(BU), and K(Z) are given in the COLR;
however, F*™" o, without adjustments for manufacturing tolerances and
measurement uncertainty, is normally a number on the order of 2.32, and
K(Z) and K(BU) are functions that are represented by figures in the

COLR.

For relaxed AFD limit operation, FMQ(X,Y,Z)(measured Fa(X,Y,2)) is
compared against three limits:

o Steady state limit, (X" o/P) * K(2),
e Transient operational limit, Fo(X,Y,2)°", and
o Transient RPS limit, F'o(X,Y,2)""S.

A steady state evaluation requires obtaining an incore flux map in

MODE 1. From the incore flux map resuits we obtain the measured value
Fa(X,Y,2) of Fa(X,Y,Z). Then, %X,Y,Z) is adjusted by a radial local
peaking factor and compared to F''' g which has been reduced by
manufacturing tolerances, K(BU), and flux map measurement

uncertainty.

K(BU) is the normalized FLQ(X,Y,Z) as a function of burnup and is
provided in the COLR.

F a(X,Y,2)% and F'o(X,Y,2)™* are cycle dependent design limits to
ensure the Fo(X,Y,Z) is met during transients. The expression for
Fra(X,Y,2)%" is:

Fo(X.Y,2) = FR(X,Y.2) * Ma(X,Y,.2)/UMT * MT * TILT

McGuire Units 1 and 2

B 3.2.1-3 Revision No.\{
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Fa(X,Y,2)
B 3.2.1

LCO (continued)
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where:

Fra(X,Y,2)%" is the cycle dependent maximum allowable
design peaking factor which ensures that the Fo(X,Y,Z) limit
will be preserved for operation within the LCO limits.
F'a(X,Y,2)° includes allowances for calculational and
measurement uncertainties.

FDQ(X,Y,Z) is the design power distribution for Fq provided in
the COLR.

Ma(X,Y,Z) is the margin remaining in core location X,Y,Z to
the LOCA limit in the transient power distribution and is
provided in the COLR for normal operating conditions and
power escalation testing during startup operations. UMT and
MT are only included in the calculation of F'o(X,Y,2)°" if
these factors were not included in the LOCA limit.

UMT is the measurement uncertainty of 1.05.
MT is the engineering hot channel factor of 1.03.

TILT is the peaking penalty that accounts for allowable
quadrant power tilt ratio of 1.02 and is equal to 1.035.

The expression for F'o(X,Y,2)*° is:

R (XY, 2 = F2(X,Y,2) * M, (X,Y,2)/ UMT = MT * TILT

where: F-a(X,Y,2)™% is the cycle dependent maximum

allowable design peaking factor which ensures that
the center line fuel melt limit will be preserved for
operation within the LCO limits. F'o(X,Y,2)™°
includes allowances for calculational and
measurement uncertainties.

Mc(X,Y,2Z) is the margin remaining to the center line
fuel melt limit in core location X,Y,Z from the transient
power distribution and is provided in the COLR for
normal operating conditions and power escalation
testing during startup operations. UMT and MT are
only included in the calculation of F'o(X,Y,2)*"S if
these factors were not included in the fuel melt limit.

McGuire Units 1 and 2

B3.2.1-4 Revision No. )I
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BASES

LCO (continued)
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The Fo(X,Y,Z) limits typically define limiting values for core power
peaking that precludes peak cladding temperatures above 2200°F during
-either afarge=or small break LO%

This LCO requires operation within the bounds assumed in the safety
analyses. Calculations are performed in the core design process to
confirm that the core can be controlled in such a manner during operation
that it can stay within the Fo(X,Y,Z) limits. If Fo(X,Y,Z) cannot be
maintained within the steady state LOCA limits, reduction of the core
power is required.

Violating the steady state LOCA limits for Fo(X,Y,Z) produces
unacceptable consequences if a design basis event occurs while
Fo(X,Y,2) is outside its specified limits. '

APPLICABILITY The Fo(X,Y,Z) limits must be maintained in MODE 1 to prevent core
power distributions from exceeding the limits assumed in the safety
analyses. Applicability in other MODES is not required because there is
either insufficient stored energy in the fuel or insufficient energy being
transferred to the reactor coolant to require a limit on the distribution of
core power. The exception to this is the steam line break event, which is
assumed for analysis purposes to occur from very low power levels. At
these low power levels, measurements of Fo(X,Y,Z) are not sufficiently
reliable. Operation within analysis limits at these conditions is inferred
from startup physics testing verification of design predictions of core
parameters in general.

ACTIONS Al

Reducing THERMAL POWER by > 1% RTP for each 1% by which
FMQ(X,Y,Z) exceeds its steady state limit, maintains an acceptable
absolute power density. FMQ(X,Y,Z) is the measured value of Fo(X,Y,Z)
and the steady state limit includes factors accounting for measurement
uncertainty and manufacturing tolerances. The Completion Time of

15 minutes provides an acceptable time to reduce power in an orderly
manner and without allowing the plant to remain in an unacceptable
condition for an extended period of time.

McGuire Units 1 and 2 B 3.2.1-5 _ Revision No. f(



Fa(X.)Y,Z)
B 3.2.1

BASES

ACTIONS (continued)
A2

A reduction of the Power Range Neutron Flux—High trip setpoints by

21% for each 1% by which FMQ(X,Y,Z) exceeds its steady state limit, is a
conservative action for protection against the consequences of severe
transients with unanalyzed power distributions. The Completion Time of
72 hours is sufficient considering the small likelihood of a severe transient
in this time period and the preceding prompt reduction in THERMAL
POWER in accordance with Required Action A.1.

A3

Reduction in the Overpower AT trip setpoints (value of K;) by > 1% (in
AT span) for each 1% by which F¥o(X,Y,2) exceeds its steady state limit,
is a conservative action for protection against the consequences of
severe transients with unanalyzed power distributions since the transient
response is limited by the setpoint reduction. The Compietion Time of

72 hours is sufficient considering the small likelihood of a severe transient
in this time period, and the preceding prompt reduction in THERMAL
POWER in accordance with Required Action A.1.

A4

Verification that F¥o(X,Y,Z) has been restored to within its steady state
and transient limits, by performing SR 3.2.1.1, SR 3.2.1.2, and SR 3.2.1.3
prior to increasing THERMAL POWER above the limit imposed by
Required Action A.1, ensures that core conditions during operation at
higher power levels are consistent with safety analyses assumptions.
Since FYo(X,Y,Z) exceeds the steady state limit, the transient operational
limit and possibly the transient RPS limit may be exceeded. By
performing SR 3.2.1.2 and SR 3.2.1.3, appropriate actions with respect to
reductions in AFD limits and OTAT trip setpoints will be performed
ensuring that core conditions during operational and Condition 2
transients are maintained within the assumptions of the safety analysis.

CHAXCES o) 73S
//7665 — ol ol 4770/

Ao
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B.1 and B.2

The operational margin during transient operations is based on the
relationship between FMQ(X,Y,Z) and the transient operational limit,
F'alX.Y,2)%, as follows:

McGuire Units 1 and 2 B3.2.1-6 Revision No./f
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Fa(X,Y,2)
B3.2.1

ACTIONS (continued)
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R (X,Y.2)

% Operational Margin = [1 (XY, 2%

]*100%

If the operational margin is less than zero, then FMQ(X,Y,Z) is greater than
F'a(X,Y,2)%" and there exists a potential for exceeding the peak local
power assumed in the core in a LOCA or in the loss of flow accidents.
Reducing the AFD by > 1% from the COLR limit for each 1% by which
FMQ(X,Y,Z) exceeds the operational limit within the allowed Completion
Time of 4 hours restricts the axial flux distribution such that even if a
transient occurred, core peaking factors are not exceeded. Adjusting the
transient operational limit by the equivalent change in AFD limits
establishes the appropriate revised surveillance limits.

ClandC.2

The margin contained within the reactor protection system (RPS)
Overtemperature AT setpoints during transient operations is based on the
relationship between F¥o(X,Y,Z) and the RPS limit, F-o(X,Y,2)™S, as
follows:

R'(X.Y,2)

o, in — .G N v
% RP_S Margin = (1 (XY, 27

]*100%

If the RPS margin is less than zero, then F¥o(X,Y,2) is greater than
F'a(X,Y,2)™® and there exists a potential for F¥o(X,Y,Z) to exceed peak
clad temperature limits during certain Condition 2 transients. The
Overtemperature AT K1 value is required to be reduced as follows:

K1apsuseo = K1 - | KSLOPE * % RPS Margin |
Where K1apuusten is the reduced Overtemperature AT K1 value

KSLOPE is a penalty factor used to reduce K1 and is defined
in the COLR

% RPS Margin is the most negative margin determined
above.

McGuire Units 1 and 2 B 3.2.1-7 Revision No. f{
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Fa(X,Y.Z)
B3.2.1

ACTIONS (continued)

O TS

fNo cHAv ass
PAGaeE — ol
IV FoRM A Tion) OV Ly

Reducing the Overtemperature AT trip setpoint from the COLR limit is a
conservative action for protection against the consequences of transients
since this adjustment limits the peak transient power level which can be
achieved during an anticipated operational occurrence. Once the OTAT
trip setpoint is reduced, the available margin is increased. An adjustment
is then necessary in the F"o(X,Y,2)™® limit, using the increased margin,
in order to restore compliance with the LCO and exit the condition.

These adjustments maintain a constant margin and ensure that
centerline fuel melt does not occur. The Completion Time of 72 hours is
sufficient considering the small likelihood of a limiting transient in this
time period. Adjusting the transient RPS limit by the equivalent change in
OTAT trip setpoint establishes the appropriate revised surveillance limit.

D1

If Required Actions A.1 through A.4, B.1, or C.1 are not met within their
associated Completion Times, the plant must be placed in a mode or
condition in which the LCO requirements are not applicable. This is done
by placing the plant in at least MODE 2 within 6 hours.

This allowed Completion Time is reasonable based on operating
experience regarding the amount of time it takes to reach MODE 2 from
full power operation in an orderly manner and without challenging plant
systems.

SURVEILLANCE
.REQUIREMENTS

SR 3.2.1.1, SR 3.2.1.2, and SR 3.2.1.3 are modified by a Note. The
Note applies during the first power ascension after a refueling. It states
that THERMAL POWER may be increased until an equilibrium power
level has been achieved at which a power distribution map can be
obtained. This allowance is modified, however, by one of the Frequency
conditions that requires verification that FMQ(X,Y,Z) is within the specified
limits after a power rise of > 10% RTP over the THERMAL POWER at
which it was last verified to be within specified limits. Because
FMQ(X,Y,Z) could not have previously been measured in this reload core,
power may be increased to RTP prior to an equilibrium verification of
Fa(X,Y,Z) provided nonequilibrium measurements of F*o(X,Y,Z) are
performed at various power levels during startup physics testing. This
ensures that some determination of FMQ(X,Y,Z) is made at a lower power
level at which adequate margin is available before going to 100% RTP.
The Frequency condition is not intended to require verification of these
parameters after every 10% increase in power level above the last

McGuire Units 1 and 2 B 3.2.1-8 Revision No./



Fa(X,Y,Z)
B 3.2.1

BASES

SURVEILLANCE REQUIREMENTS (continued)

verification. It only requires verification after a power level is achieved for
extended operation that is 10% higher than that power at which Fq was
last measured.

SR 3.2.1.1

Verification that FMQ(X,Y,Z) is within its specified steady state limits
involves either increasing F¥o(X,Y,Z) to allow for manufacturing
tolerance, K(BU), and measurement uncertainties for the case where
these factors are not included in the Fq limit. For the case where these
factors are included, a direct comparison of FMQ(X,Y,Z) to the Fqlimit can
be performed. Specifically, F¥o(X,Y,2) is the measured value of
Fa(X,Y,Z) obtained from incore flux map results. Values for the
manufacturing tolerance, K(BU), and measurement uncertainty are
specified in the GOLR.

The limit with which FMQ(X,Y,Z) is compared varies inversely with power
above 50% RTP and directly with functions called K(Z) and K(BU)
provided in the COLR.

It THERMAL POWER has been increased by > 10% RTP since the last
determination of F¥o(X,Y,Z), another evaluation of this factor is required
12 hours after achieving equilibrium conditions at this higher power level
(to ensure that F¥o(X,Y,Z) values have decreased sufficiently with power
increase to stay within thé LCO limits).

The Frequency of 31 EFPD is adequate to monitor the change of power
distribution with core burnup because such changes are slow and well
controlled when the plant is operated in accordance with the Technical

Specifications (TS).

SR 3.2.1.2and 3.2.1.3

NO cttvaes ov 75 4o
Fok 4 Foems 770 2%

The nuclear design process includes calculations performed to determine
that the core can be operated within the Fo(X,Y,2) limits. Because flux
maps are taken in steady state conditions, the variations in power
distribution resulting from normal operational maneuvers are not present
in the flux map data. These variations are, however, conservatively
calculated by considering a wide range of unit maneuvers in normal
operation. The maximum peaking factor increase over steady state
values, is determined by a maneuvering analysis (Ref. 5).

McGuire Units 1 and 2 B 3.2.1-9 Revision No. /
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SURVEILLANCE REQUIREMENTS (continued)

o TS  HoE
IVFORMATION D/ L

NO CHAvGE S

Fok

The limit with which F¥o(X,Y,2) is compared varies and is provided in the
COLR. No additional uncertainties are applied to the measured
Fa(X,Y,Z) because the limits already include uncertainties.

F'a(X,Y,2)°" and Fo(X,Y,2)""° limits are not applicable for the following
axial core regions, measured in percent of core height:

a. Lower core region, from 0 to 15% inclusive; and
b. - Upper core region, from 85 to 100% inclusive.

The top and bottom 15% of the core are excluded from the evaluation
because of the low probability that these regions would be more limiting
in the safety analyses and because of the difficulty of making a precise
measurement in these regions.

This Surveillance has been modified by a Note that may require that
more frequent surveillances be performed. If F¥q(X,Y,Z) is evaluated and
found to be within the applicable transient limit, an evaluation is required
to account for any increase to FMQ(X,Y,Z) that may occur and cause the
Fa(X,Y,Z) limit to be exceeded before the next required Fo(X,Y,2)
evaluation.

In addition to ensuring via surveillance that the heat flux hot channel
factor is within its limits when a measurement is taken, there are also
requirements to extrapolate trends in both the measured hot channel
factor and in its operational and RPS limits. Two extrapolations are
performed for each of these two limits:

1. The first extrapolation determines whether the measured heat flux
hot channel factor is likely to exceed its limit prior to the next
performance of the SR.

2. The second extrapolation determines whether, prior to the next
performance of the SR, the ratio of the measured heat flux hot
channel factor to the limit is likely to decrease below the value of
that ratio when the measurement was taken.

Each of these extrapolations is applied separately to each of the
operational and RPS heat flux hot channel factor limits. If both of the
extrapolations for a given limit are unfavorable, i.e., if the extrapolated
factor is expected to exceed the extrapolated limit and the extrapolated
factor is expected to become a larger fraction of the extrapolated limit
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BASES

SURVEILLANCE REQUIREMENTS (continued)

than the measured factor is of the current limit, additional actions must be
taken. These actions are to meet the Fo(X,Y,2) limit with the last
FMa(X,Y,2) increased by a factor of 1.02, or to evaluate Fo(X,Y,Z) prior to
the projected point in time when the extrapolated values are expected to
exceed the extrapolated limits. These alternative requirements attempt to
prevent Fo(X,Y,Z) from exceeding its limit for any significant period of
time without detection using the best available data. FMq(X,Y,Z) is not
required to be extrapolated for the initial flux map taken after reaching
equilibrium conditions since the initial flux map establishes the baseline
measurement for future trending. Also, extrapolation of FMQ(X,Y,Z) limits
are not valid for core locations that were previously rodded, or for core
locations that were previously within +2% of the core height about the
demand position of the rod tip.

Fo(X,Y,Z) is verified at power levels > 10% RTP above the THERMAL
POWER of its last verification, 12 hours after achieving equilibrium
conditions to ensure that Fo(X,Y,Z) is within its limit at higher power
levels.

The Surveillance Frequency of 31 EFPD is adequate to monitor the
change of power distribution with core burup. The Surveillance may be
done more frequently if required by the results of Fo(X,Y,Z) evaluations.

The Frequency of 31 EFPD is adequate to monitor the change of power

distribution because such a change is sufficiently slow, when the plant is
operated in accordance with the TS, to preclude adverse peaking factors
between 31 day surveillances.

REFERENCES 1. 10CFR 50.46@

2. UFSAR Section 15.4.8.

3. 10 CFR 50, Appendix A, GDC 26.
4. 10 CFR 50.36, Technical Specifications, (c)(2)(ii).
5. DPC-NE-2011PA "Duke Power Company Nuclear Design

Methodology for Core Operating Limits of Westinghouse
Reactors®, March 1990.
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B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (Fyu(X,Y))

BASES

BACKGROUND The purpose of this LCO is to establish limits on the power density at any
point in the core so that the fuel design criteria are not exceeded and the
accident analysis assumptions remain valid. The design limits on local
(pellet) and integrated fuel rod peak power density are expressed in terms
of hot channel factors. Control of the core power distribution with respect

to these factors, along with the other applicable LCOs, ensures that local |
conditions in the fuel rods and coolant channels do not challenge core
integrity at any location during either normal operation or a postulated
accident analyzed in the safety analyses.

Fan(X,Y) is defined as the ratio of the integral of the linear power along
the fuel rod with the highest integrated power to the average integrated
fuel rod power. Therefore, F,u(X,Y) is a measure of the maximum total
power produced in a fuel rod.

o/

Fau(X,Y) is sensitive to fuel loading patterns, bank insertion, and fuel
burnup. Fan(X,Y) typically increases with control bank insertion and
typically decreases with fuel burnup.

es o TIHS /AGE
&/Vz_y

Fan(X,Y) is not directly measurable but is inferred from a power
distribution map obtained with the movable incore detector system.
Specifically, the results of the three dimensional power distribution map
are analyzed by a computer to determine F4(X,Y). This factor is
calculated at least every 31 EFPD. However, during power operation, the
global power distribution is monitored by LCO 3.2.3, "AXIAL FLUX
DIFFERENCE (AFD)," and LCO 3.2.4, "QUADRANT POWER TILT
RATIO (QPTR)," which address directly and continuously measured
process variables.

o Ccara
For /AVFogmAT?

The COLR provides peaking factor limits that ensure that the design basis
value of the departure from nucleate boiling (DNB) is met for normal
operation, operational transients, and any transient condition arising from
events of moderate frequency for transients that do not alter the core
power distribution. The DNB design basis for operational transients and
transients of moderate frequency preclude DNB and is met by limiting the
minimum lacal DNB heat flux ratio to the design limit value using an NRC
approved critical heat flux (CHF) correlation. Operation transients and
transients of moderate frequency that are DNB limited are assumed to
begin with an Fy(X,Y) value that satisfies the LCO requirement, with the
exception of accidents such as the uncontrolled RCCA bank withdrawal
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BACKGROUND (continued)

(UCBW). For these types of accidents, the event itself causes changes in
the power distribution and this LCO alone is not sufficient to preclude
DNB. The acceptability of analyses such as the UCBW accident analysis
is ensured by LCO 3.2.3, “AXIAL FLUX DIFFERENCE (AFD),” LCO 3.1.6,
“Control Bank Insertion Limits,” LCO 3.2.4, “QUADRANT POWER TILT
RATIO (QPTR),” LCO 3.4.1, “RCS Pressure, Temperature, and Flow
Departure From Nucleate Boiling (DNB) Limits,” in combination with
cycle-specific analytical calculations.”

Operation outside the LCO limits may produce unacceptable
consequences if a DNB limiting event occurs.

APPLICABLE Limits on Fan(X,Y) preclude core power distributions that exceed the
SAFETY ANALYSES following fuel design limits:

a. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient to
preclude DNB criteria violations for certain accidents, i.e., accidents

Fhave. M ust be in which the event itself changes the core power distribution. For
hiah leve. | these events, additional checks are made in the core reload design
o- '3 . process against the permissible statepoint power distributions.);
..F Probaé' / ' 7171 ‘\'
4 b. During a large break loss of coolant accident (LOCA)Ypeak

Hhat The

cladding temperature (PCT)@{not exceed 2200°F;

c. During an ejected rod accident, the energy déposition to the fuel
must not exceed 280 cal/gm (Ref. 1); and

d. Fuel design limits required by GDC 26 (Ref. 2) for the condition
when control rods must be capable of shutting down the reactor
with a minimum required SDM with the highest worth control rod
stuck fully withdrawn.

For transients that may be DNB limited, the Reactor Coolant System flow
and Fy(X,Y) are the core parameters of most importance. The limits on
Fan(X,Y) ensure that the DNB design basis is met for normal operation,
operational transients, and any transients arising from events of moderate
frequency that do not alter the core power distribution. For transients
such as uncontrolled RCCA bank withdrawal, which are characterized by
changes in the core power distribution, this LCO alone is not sufficient to
preclude DNB. The acceptability of the accident analyses is ensured by
LCO 3.2.3, “AXIAL FLUX DIFFERENCE (AFD),” LCO 3.1.6, “Control
Bank Insertion Limits,” LCO 3.2.4, “QUADRANT POWER TILT RATIO
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APPLICABLE SAFETY ANALYSES (continued)
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(QPTR),” and LCO 3.4.1, “RCS Pressure, Temperature, and Flow
Departure From Nucleate Boiling (DNB) Limits,” in combination with
cycle-specific analytical calculations. The DNB design basis is met by
limiting the minimum DNBR to the design limit value using an NRC
approved CHF correlation. This value provides a high degree of
assurance that the hottest fuel rod in the core does not experience a
DNB.

The allowable F,y(X,Y) limit increases with decreasing power level. This
functionality in F,u(X,Y) is included in the analyses that provide the
Reactor Core Safety Limits (SLs) of SL 2.1.1. Therefore, any DNB events
in which the calculation of the core limits is modeled implicitly use this
variable value of Fy4(X,Y) in the analyses.

The LOCA safety analysis models F,(X,Y) as an input parameter. The
Nuclear Heat Flux Hot Channel Factor (Fo(X,Y,Z)) and the axial peaking
factors are inserted directly into the LOCA safety analyses that verify the
acceptability of the resulting peak cladding temperature (Ref. 3). The fuel
is protected in part by Technical Specifications, which ensure that the
initial conditions assumed in the safety and accident analyses remain
valid. The following LCOs ensure this: LCO 3.2.3, "AXIAL FLUX
DIFFERENCE (AFD)," LCO 3.2.4, "QUADRANT POWER TILT RATIO
(QPTR)," LCO 3.1.6, "Control Bank Insertion Limits," LCO 3.2.2, "Nuclear
Enthalpy Rise Hot Channel Factor (Fay)," and LCO 3.2.1, "Heat Flux Hot
Channel Factor (Fo(X,Y,2))."

Fau(X,Y) and Fo(X,Y,Z) are measured periodically using the movable
incore detector system. Measurements are generally taken with the core
at, or near, steady state conditions. Core monitoring and control under
transient conditions (Condition 1 events) are accomplished by operating
the core within the limits of the LCOs on AFD, QPTR, and Control Bank
Insertion Limits.

Fau(X,Y) satisfies Criterion 2 of 10 CFR 50.36 (Ref. 4).

LCO

Fan(X,Y) shall be limited by the following relationship:
Fas (X, Y) S R (X, Y)*°
where: F",(X,Y) is defined as the measured radial peak, and

FLan(X,Y)C is defined as the steady state maximum allowable
radial peak defined in the COLR.
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The FLu(X,Y)-°C limit identifies the coolant flow channel with the
maximum enthalpy rise. This channel has the least heat removal
capability and thus the highest probability for DNB.

FL4u(X,Y)-° limits are maximum allowable radial peak (MARP) limits
which are developed in accordance with the methodology outlined in
Reference 5. MARP limits are constant DNBR limits which are a function
of both the magnitude and location of the axial peak F(Z), therefore,

justifying the X,Y dependence of the F5x(X,Y)-%° fimit.

The limiting value, F-4(X,Y)"°, is also power dependent and can be
described by the following relationship:

FL, (X, Y)*° = MARP(X,Y)* [1.0 + (1/ RRH) * (1.0 - P)]

where: MARP(X,Y) is the maximum allowable radial peaks
provided in the COLR,

P is the ratio of THERMAL POWER to RATED
THERMAL POWER, and

RRH is the amount by which allowable THERMAL
POWER must be reduced for each 1% that FM,(X,Y)
exceeds the limit. The specific value is contained in
the COLR.

A power multiplication factor in this equation includes an additional
margin for higher radial peaking from reduced thermal feedback and
greater control rod insertion at low power levels. The limiting value,
FLan(X,Y)-°, is allowed to increase approximately 0.3% for every

1% RTP reduction in THERMAL POWER. This increase in the
Fhan(X,Y)-C limit is due to the reduced amount of heat removal required

at lower powers.

APPLICABILITY

The Faq(X,Y) limits must be maintained in MODE 1 to preclude core power
distributions from exceeding the fuel design limits for DNBR and PCT.
Applicability in other modes is not required because there is either
insufficient stored energy in the fuel or insufficient energy being transferred
to the coolant to require a limit on the distribution of core power.
Specifically, the design bases events that might be expected to be sensitive
to Fan(X,Y) in other modes (MODES 2 through 5) have significant margin to
DNB, and therefore, there is no need to restrict Fu(X,Y) in these modes.
The exceptions to this are the steam line break,
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APPLICABILITY (continued)

uncontrolled RCCA bank withdrawal from zero power and rod ejection
from zero power events, which are assumed, for analysis purposes, to
occur from very low power levels. At these low power levels,
measurements of F,y are not sufficiently reliable. Operation within
analysis limits at these conditions is inferred from startup physics testing
verification of design predictions of core parameters in general.

ACTIONS Al

if FMy(X,Y) is not within limit, THERMAL POWER must be reduced at
least RRH% from RTP for each 1% Fau(X,Y) exceeds the limit. Reducing
power increases the DNB margin and does not likely cause the DNBR
limit to be violated in steady state operation. The Completion Time of 2
hours provides an acceptable time to reach the required power level
without allowing the plant to remain in an unacceptable condition for an
extended period of time.

ATTO1"

Condition A is modified by a Note that requires that Required

Actions A.3.2.2 and A.4 must be completed whenever Condition A is
entered. Thus, if compliance with the LCO is restored, Required

Action A.3.2.2 and A.4 nevertheless requires another measurement and
calculation of Fy4(X,Y) in accordance with SR 3.2.2.1.

A21and A2.2

Upon completion of the power reduction in Required Action A.1, the unit
is allowed an additional 6 hours to restore Fy(X,Y) to within its RTP
limits. This restoration may, for example, involve realigning any
misaligned rods enough to bring Fxx(X,Y) within its limit. When the
Fau(X,Y) limit is exceeded, the DNBR limit is not likely violated in steady
state operation, because events that could significantly perturb the
Fa(X,Y) value (e.g., static control rod misalignment) are considered in the
safety analyses. However, the DNBR limit may be violated if a DNB
fimiting event occurs. Thus, the allowed Completion Time of 8 hours
provides an acceptable time to restore Fxu(X,Y) to within its RTP limits
without allowing the plant to remain in an unacceptable condition for an
extended period of time.

Vo HAvGES o THIS

IAGE — Fol [VFo

/
O

If the value of Fpu(X,Y) is not restored to within its specified RTP limit, the
alternative option is to reduce the Power Range Neutron Flux—High Trip
Setpoint 2 RRH% for each 1% FMa(X,Y) exceeds the limit in accordance
with Required Action A.2.2. The reduction in trip setpoints ensures that
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ACTIONS (continued)

continuing operation remains at an acceptable low power level with
adequate DNBR margin and limits the consequences of a transient by
limiting the transient power level which can be achieved during a
postulated event.

The allowed Completion Time of 8 hours to reset the trip setpoints per
Required Action A.2.2 recognizes that, once power is reduced, the safety
analysis assumptions are satisfied and there is no urgent need to reduce
the trip setpoints. This is a sensitive operation that may inadvertently trip
the Reactor Protection System.

AS3.1,A32.1, and A3.2.2

If FMui(X,Y) was not restored to within the RTP limits, and the Power
Range Neutron Flux-High Trip Setpoints were subsequently reduced, an
additional 64 hours are provided to restore FM,(X,Y) within the limit for
RTP. Alternatively, the Overtemperature AT setpoint (K; term) must be
reduced by > TRH for each 1% FM(X,Y) exceeds the limit. TRH is the
amount of overtemperature AT K, setpoint reduction required to
compensate for each 1% that Fy(X,Y) exceeds the limit and is provided
in the COLR. This action ensures that protection margin is maintained in
the reduced power level for DNB related transients not covered by the
reduction in the Power Range Neutron Flux-High Trip Setpoint. Once the
Overtemperature AT Trip Setpoint has been reduced per Required
Action A.3.2.1, an incore flux map (SR 3.2.2.1) must be obtained and the
measured value of F,(X,Y) verified not to exceed the allowed limit at the
lower power level.

FoR s Foemsjien” o %

CHAWGES o THLS

The unit is provided 64 additional hours to perform these tasks over and
above the 8 hours allowed by either Action A.2.1 or Action A.2.2. The
Completion Time of 72 hours is acceptable because of the increase in the
DNB margin, which is obtained at lower power levels, and the low
probability of having a DNB limiting event within this 72 hour period.
Additionally, operating experience has indicated that this Completion
Time is sufficient to obtain the incore flux map, perform the required
calculations, and evaluate F;u(X,Y).

Ao
AGE —

A4

Vertification that F4(X,Y) is within its specified limits after an out of limit
occurrence ensures that the cause that led to the Fu(X,Y) exceeding its
limit is corrected, and that subsequent operation proceeds within the LCO
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limit. This Action demonstrates that the F,u(X,Y) limit is within the LCO
limits prior to exceeding 50% RTP, again prior to exceeding 75% RTP,
and within 24 hours after THERMAL POWER is = 95% RTP.

This Required Action is modified by a Note that states that THERMAL
POWER does not have to be reduced prior to performing this Action.

B.1

When Required Actions A.1 through A.4 cannot be completed within their
required Completion Times, the plant must be placed in a mode in which
the LCO requirements are not applicable. This is done by placing the
plant in at least MODE 2 within 6 hours. The allowed Completion Time of
6 hours is reasonable, based on operating experience regarding the time
required to reach MODE 2 from full power conditions in an orderly
manner and without challenging plant systems.

o

SURVEILLANCE SR 3.2.2.1 and SR 3.2.2.2 are modified by a Note. The Note applies
REQUIREMENTS  during the first power ascension after a refueling. It states that THERMAL
POWER may be increased until an equilibrium power level has been
achieved at which a power distribution map can be obtained. This
allowance is modified, however, by one of the Frequency conditions that
requires verification that F*,4(X,Y) is within the specified limits after a
power rise of more than 10% RTP over the THERMAL POWER at which
it was last verified to be within specified limits. Because F",(X,Y) could
not have previously been measured in this reload core, power may be
increased to RTP prior to an equilibrium verification of Fyu(X,Y) provided
nonequilibrium measurements of Fau(X,Y) are performed at various power
levels during startup physics testing. This ensures that some
determination of Fy4(X,Y) is made at a lower power level at which
adequate margin is available before going to 100% RTP. The Frequency
condition is not intended to require verification of the parameter after
every 10% increase in power level above the last verification. [t only
requires verification after a power level is achieved for extended operation
that is 10% higher than that power at which F+(X,Y) was last measured.

oA/

SR 3.2.2.1

MO CHava e s
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The value of FM4(X,Y) is determined by using the movable incore
detector system to obtain a flux distribution map at any THERMAL
POWER greater than 5% RTP. A computer program is used to process
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SURVEILLANCE REQUIREMENTS (continued)

the measured 3-D power distribution to calculate the steady state
FLn(X,Y)-° limit which is compared against F,,(X,Y).

FMu(X,Y) is verified at power levels > 10% RTP above the THERMAL
POWER of its last verification, 12 hours after achieving equilibrium
conditions to ensure that FM,(X,Y) is within its limit at high power levels.

The 31 EFPD Frequency is acceptable because the power distribution
changes relatively slowly over this amount of fuel burnup. Accordingly,
this Frequency is short enough that the F,4(X,Y) limit cannot be exceeded
for any significant period of operation.

e E

SR3.2.2.2

/7S

The nuclear design process includes calculations performed to determine
that the core can be operated within the F;x(X,Y) limits. Because flux
maps are taken in steady state conditions, the variations in power
distribution resulting from normal operational maneuvers are not present
in the flux map data. These variations are, however, conservatively
calculated by considering a wide range of unit maneuvers in normal
operation. The maximum peaking factor increase over steady state
values is a limit called F-u (X,Y)°%7Y. This Surveillance compares the
measured F",+(X,Y) to the Surveillance limit to ensure that safety
analysis limits are maintained.

o/

Fol s/t FOMA 1o oLy

This Surveillance has been modified by a Note that may require that more
frequent surveillances be performed. If FM(X,Y) is evaluated and found
to be within its surveillance limit, an evaluation is required to account for
any increase to F¥4(X,Y) that may occur and cause the Fu(X,Y)SU? limit
to be exceeded before the next required Fau(X,Y)SU™ evaluation.

In addition to ensuring via surveillance that the enthalpy rise hot channel
factor is within its steady state and surveillance limits when a
measurement is taken, there are also requirements to extrapolate trends
in both the measured hot channel factor and in its surveillance limit. Two
extrapolations are performed for this fimit:

No cHAVGE S

1. The first extrapolation determines whether the measured enthalpy
rise hot channel factor is likely to exceed its surveillance limit prior
to the next performance of the SR.

2. The second extrapolation determines whether, prior to the next
performance of the SR, the ratio of the measured enthalpy rise hot
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channel factor to the surveillance limit is likely to decrease below
the value of that ratio when the measurement was taken.

Each of these extrapolations is applied separately to the enthalpy rise hot
channel factor surveillance limit. If both of the extrapolations are
unfavorable, i.e., if the extrapolated factor is expected to exceed the
extrapolated limit and the extrapolated factor is expected to become a
larger fraction of the extrapolated limit than the measured factor is of the
current limit, additional actions must be taken. These actions are to meet
the FMyi(X,Y) limit with the last F¥4(X,Y) increased by the appropriate
factor as specified in the COLR, or to evaluate F,,(X,Y) prior to the point
in time when the extrapolated values are expected to exceed the
extrapolated limits. These alternative requirements attempt to prevent
FMa(X,Y) from exceeding its limit for any significant period of time without
detection using the best available data. FM,(X,Y) is not required to be
extrapolated for the initial flux map taken after reaching equilibrium
conditions since the initial flux map establishes the baseline
measurement for future trending.

FMu(X,Y) is verified at power levels 10% RTP above the THERMAL
POWER of its last verification, 12 hours after achieving equilibrium
conditions to ensure that FM,y(X,Y) is within its limit at high power levels.

The Surveillance Frequency of 31 EFPD is adequate to monitor the
change of power distribution with core burnup. The Surveillance may be
done more frequently if required by the results of F¥,,(X,Y) evaluations.

The Frequency of 31 EFPD is adequate to monitor the change of power

distribution because such a change is sufficiently slow, when the plant is
operated in accordance with the TS, to preclude adverse peaking factors
between 31 day surveillances.

REFERENCES

1. UFSAR Section 15.4.8

2. 10 CFR 50, Appendix A, GDC 26.

3. 10 CFR 50.46.

4. 10 CFR 50.36, Technical Specifications, (c)(2)(ii).

5.  DPC-NE-2005P "Duke Power Company Thermal Hydraulic
Statistical Core Design Methodology”, September 1992.

6. DPC-NE-2004P-A, Rev. 1, "Duke Power Company McGuire and

Catawba Nuclear Stations Core Thermal-Hydraulic Methodology
Using VIPRE-01,” SER Dated February 20, 1897 (DPC Proprietary)
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B 3.2 POWER DISTRIBUTION LIMITS ‘

B 3.2.4 QUADRANT POWER TILT RATIO (QPTR)

BASES

BACKGROUND

The QPTR limit ensures that the gross radial power distribution remains
consistent with the design values used in the safety analyses. Precise
radial power distribution measurements are made during startup testing,
after refueling, and periodically during power operation.

The power density at any point in the core must be limited so that the fuel
design criteria are maintained. Together, LCO 3.2.3, "AXIAL FLUX
DIFFERENCE (AFD)," LCO 3.2.4, and LCO 3.1.6, "Control Rod Insertion
Limits," provide limits on process variables that characterize and control
the three dimensional power distribution of the reactor core.” Control of
these variables ensures that the core operates within the fuel design
criteria and that the power distribution remains within the bounds used in
the safety analyses.

APPLICABLE

This LCO precludes core power distributions that violate the following

SAFETY ANALYSES fuel design criteria:

Hece murt be a
L\lﬁ‘* l{,W/? D'F

?mbé‘n’l J17 Heat

/; During a large break loss of coolant accident,the peak cladding

temperature,gaast not exceed 2200°F (Ref. 1);

b. The DNBRed for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint

power distributions.);

(o During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 2); and

d. The control rods must be capable of shutting down the reactor with
a minimum required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 3).

The LCO limits on the AFD, the QPTR, the Heat Flux Hot Channe! Factor
(Fa(X,Y,2)), the Nuclear Enthalpy Rise Hot Channel Factor (Fyq(X,Y)),
and control bank insertion are established to preclude core power
distributions that exceed the safety analyses limits.
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APPLICABLE SAFETY ANALYSES (continued)

The QPTR limits ensure that F,(X,Y) and Fo(X,Y,Z) remain below their
limiting values by preventing an undetected change in the gross radial
power distribution.

In MODE 1, the Fau(X,Y) and Fo(X,Y,Z) limits must be maintained to
preclude core power distributions from exceeding design limits assumed

“in the safety analyses.

The QPTR satisfies Criterion 2 of 10 CFR 50.36 (Ref. 4).

LCO

The QPTR limit of 1.02, at which corrective action is required, provides a
margin of protection for both the DNB ratio and linear heat generation
rate contributing to excessive power peaks resulting from X-Y plane
power tilts. A limiting QPTR of 1.02 can be tolerated before the margin
for uncertainty in Fo(X,Y,Z) and Fau(X,Y), or safety analysis peakmg
assumptions are possibly challenged.

APPLICAB&(@Y

The QPTR limit must be maintained in MODE 1 with THERMAL POWER
> 50% RTP to prevent core power distributions from exceeding the
design limits.

Applicability in MODE 1 <50% RTP and in other MODES is not required
because there is either insufficient stored energy in the fuel or insufficient
energy being transferred to the reactor coolant to require the
implementation of a QPTR limit on the distribution of core power. The
QPTR limit in these conditions is, therefore, not important. Note that the
Fan(X,Y) and Fqo(X,Y,Z) LCOs still apply, but allow progressively higher
peaking factors at 50% RTP or lower. _

The Applicability is modified by a Note which states that the LCO is not
applicable until the excore nuclear instrumentation is calibrated
subsequent to a refueling.

ACTIONS

At

With the QPTR exceeding its limit, a power level reduction of 3% from
RTP for each 1% by which the QPTR exceeds 1.02 is a conservative
tradeoff of total core power with peak linear power. The Completion Time

McGuire Units 1 and 2 B 3.2.4-2 Revision No. i&
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of 2 hours allows sufficient time to identify the cause and correct the tilt.
Note that the power reduction itself may cause a change in the tilted
condition.

A2

After completion of Required Action A.1, the QPTR alarm may still be in
its alarmed state. As such, any additional changes in the QPTR are
detected by requiring a check of the QPTR once per 12 hours thereafter.
If the QPTR continues to increase, THERMAL POWER has to be
reduced accordingly. A 12 hour Completion Time is sufficient because
any additional change in QPTR would be relatively slow.

A3

The peaking factors Fxu(X,Y) and Fo(X,Y,2) are of primary importance in
ensuring that the power distribution remains consistent with the initial
conditions used in the safety analyses. Performing SRs on F,y(X,Y) and
Fo(X,Y,Z) within the Completion Time of 24 hours ensures that these
primary indicators of power distribution are within their respective limits.
A Completion Time of 24 hours takes into consideration the rate at which
peaking factors are likely to change, and the time required to stabilize the
plant and perform a flux map. If these peaking factors are not within their
limits, the Required Actions of these Surveillances provide an appropriate
response for the abnormal condition. If the QPTR remains above its
specified limit, the peaking factor surveillances are required each 7 days
thereafter to evaluate Fau(X,Y) and Fqo(X,Y,Z) with changes in power
distribution. Relatively small changes are expected due to either burnup
and xenon redistribution or correction of the cause for exceeding the
QPTR limit. :

A4

If QPTR exceeds a value of 1.02, the Power Range Neutron Flux-High
trip setpoint is reduced by 3% for each 1% QPTR exceeds 1.02.

Lowering this setpoint maintains the same margin to trip by limiting the
transient response of the core. The 72 hour Completion Time is sufficient
for this activity to be performed and is acceptable based on the low
probability of a transient occurring in this time frame.

McGuire Units 1 and 2 B 3.2.4-3 Revision No. ;f
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A5

Although Fu(X,Y) and Fo(X,Y,Z) are of primary importance as initial
conditions in the safety analyses, other changes in the power distribution
may occur as the QPTR limit is exceeded and may have an impact on the
validity of the safety analysis. A change in the power distribution can
affect such reactor parameters as bank worths and peaking factors for
rod malfunction accidents. When the QPTR exceeds its limit, it does not
necessarily mean a safety concern exists. It does mean that there is an
indication of a change in the gross radial power distribution that requires
an investigation and evaluation that is accomplished by examining the
incore power distribution. Specifically, the core peaking factors and the
quadrant tilt must be evaluated because they are the factors that best
characterize the core power distribution. This re-evaluation is required to
ensure that, before increasing THERMAL POWER to above the more
restrictive limit of Required Action A.1 or A.2, the reactor core conditions
are consistent with the assumptions in the safety analyses.

A6

If the QPTR has exceeded the 1.02 limit and a re-evaluation of the safety
analysis is completed and shows that safety requirements are met, the
excore detectors are recalibrated to show a zero QPT prior to increasing
THERMAL POWER to above the more restrictive limit of Required
Action A.1 or A.2. This is done to detect any subsequent significant
changes in QPTR.

Required Action A.6 is modified by a Note that states that the QPT is not
zeroed out until after the re-evaluation of the safety analysis has
determined that core conditions at RTP are within the safety analysis
assumptions (i.e., Required Action A.5). This Note is intended to prevent
any ambiguity about the required sequence of actions.

A7

Once the flux tilt is zeroed out (i.e., Required Action A.6 is performed), it
is acceptable to return to full power operation. However, as an added
check that the core power distribution at RTP is consistent with the safety
analysis assumptions, Required Action A.7 requires verification that
Fa(X,Y,Z) and Fau(X,Y) are within their specified limits within 24 hours of

McGuire Units 1 and 2 B3.24-4 Revision No. /d
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reaching RTP. As an added precaution, if the core power does not reach
RTP within 24 hours, but is increased slowly, then the peaking factor
surveillances must be performed within 48 hours of the time when the
more restrictive of the power level limit determined by Required Action
A.1or A2is exceeded. These Completion Times are intended to allow
adequate time to increase THERMAL POWER to above the more
restrictive limit of Required Action A.1 or A.2, while not permitting the
core to remain with unconfirmed power distributions for extended periods
of time.

Required Action A.7 is modified by a Note that states that the peaking
factor surveillances must be done after the excore detectors have been
calibrated to show zero tilt (i.e., Required Action A.6). The intent of this
Note is to have the peaking factor surveillances performed at operating
power levels, which can only be accomplished after the excore detectors
are calibrated to show zero tilt and the core returned to power.

B1

If Required Actions A.1 through A.7 are not completed within their
associated Completion Times, the unit must be brought to a MODE or
condition in which the requirements do not apply. To achieve this status,
THERMAL POWER must be reduced to < 50% RTP within 4 hours. The
allowed Completion Time of 4 hours is reasonable, based on operating
experience regarding the amount of time required to reach the reduced
power level without challenging plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.2.4.1

SR 3.2.4.1 is modified by two Notes. Note 1 allows QPTR to be
calculated with three power range channels if THERMAL POWER is <
75% RTP and the input from one Power Range Neutron Flux channel is
inoperable. Note 2 allows performance of SR 3.2.4.2 in lieu of SR 3.2.4.1
if more than one input from Power Range Neutron Flux channels are
inoperable.

This Surveillance verifies that the QPTR, as indicated by the Nuclear
Instrumentation System (NIS) excore channels, is within its limits. The
Frequency of 7 days when the QPTR alarm is OPERABLE is acceptable
because of the low probability that this alarm can remain inoperable
without detection.

McGuire Units 1 and 2 B 3.2.4-5 Revision No. Q)
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When the QPTR alarm is inoperable, the Frequency is increased to

12 hours. This Frequency is adequate to detect any relatively slow
changes in QPTR, because for those causes of QPT that occur quickly
(e.g., a dropped rod), there typically are other indications of abnormality
that prompt a verification of core power tilt.

SR 3.24.2

This Surveillance is modified by a Note, which states that it is required
only when the input from one or more Power Range Neutron Flux
channels are inoperable and the THERMAL POWER is > 75% RTP.

With an NIS power range channel inoperabile, tiit monitoring for a portion
of the reactor core becomes degraded. Large tilts are likely detected with
the remaining channels, but the capability for detection of small power
tilts in some quadrants is decreased. Performing SR 3.2.4.2 ata
Frequency of 12 hours provides an accurate alternative means for
ensuring that any tilt remains within its limits.

For purposes of monitoring the QPTR when one power range channel is
inoperable, the moveable incore detectors are used to confirm that the
normalized symmetric power distribution is consistent with the indicated
QPTR and any previous data indicating a tilt. The incore detector
monitoring is performed with a full incore flux map or two sets of four
thimble locations with quarter core symmetry. The two sets of four
symmetric thimbles is a set of eight unique detector locations. These
locations are C-8, E-5, E-11, H-3, H-13, L-5, L-11, and N-8.

The symmetric thimble flux map can be used to generate symmetric
thimble "tilt." This can be compared to a reference symmetric thimble tilt,
from the most recent full core flux map, to generate an incore ftilt.
Therefore, incore tilt can be used to confirm that QPTR is within limits.

With one or more NIS channel inputs to QPTR inoperable, the indicated
tilt may be changed from the value indicated with all four channels
OPERABLE. To confirm that no change in tilt has actually occurred,
which might cause the QPTR limit to be exceeded, the incore resuit may
be compared against previous flux maps either using the symmetric
thimbles as described above or a complete flux map. Nominally,
quadrant tilt from the Surveillance should be within 2% of the tilt shown
by the most recent flux map data.
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10 CFR 50.36, Technical Specifications, (c)(2)(ii).
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B 3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS)

B 3.5.1 Accumulators

BASES

BACKGROUND The functions of the ECCS accumulators are to supply water to the
reactor vessel during the blowdown phase of a loss of coolant accident
(LOCA), to provide inventory to help accomplish the refill phase that
follows thereafter, and to provide Reactor Coolant System (RCS) makeup
for a small break LOCA.

The blowdown phase of a large break LOCA is the initial period of the
(7 transient during which the RCS departs from equilibrium conditions, and
@ heat from fission product decay, hot internals, and the vessel continues to
(Dv be transferred to the reactor coolant. The blowdown phase of the
‘J transient ends when the RCS pressure falls to a value approaching that

k\ @ of the containment atmosphere.

\ / In the refill phase of a LOCA, which immediately follows the blowdown
’z\ phase, reactor coolant inventory has vacated the core through steam

/< Q/ flashing and ejection out through the break. The core is essentially in

Q/ adiabatic heatup. The balance of accumuiator inventory is then available
m to help fill voids in the lower plenum and reactor vessel downcomer so as
U to establish a recovery level at the bottom of the core and ongoing

QA reflood of the core with the addition of safety injection (SI) water.

\

The accumulators are pressure vessels partially filled with borated water
and pressurized with nitrogen gas. The accumulators are passive
% \/ components, since no operator or control actions are required in order for
9 them to perform their function. Internal accumulator tank pressure is
9 O sufficient to discharge the accumulator contents to the RCS, if RCS
pressure decreases below the accumulator pressure.

Each accumulator is piped into an RCS cold leg via an accumulator line
and is isolated from the RCS by a motor operated isolation valve and two
check valves in series. The motor operated isolation valves are
interlocked by P-11 with the pressurizer pressure measurement channels
to ensure that the valves will automatically open as RCS pressure
increases to above the permissive circuit P-11 setpoint.

This interlock also prevents inadvertent closure of the valves during
normal operation prior to an accident. The valves will automatically open,
however, as a result of an Sl signal. The isolation valves between the
accumulators and the Reactor Coolant System are required to be open

‘McGuire Units 1 and 2 B 3.5.1-1 Revision No. /
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BASES

BACKGROUND (continued)

and power removed during unit operation. In that the subject valves are
normally open and do not serve as an active device during a LOCA, the
requirements of the Institute of Electrical and Electronic Engineers (IEEE)
Standard 279-1971 (Ref. 1) is not applicable in this situation. Therefore,
the subject valve control circuit is not designed to this standard.

The accumulator size, water volume, and nitrogen cover pressure are
selected so that three of the four accumulators are sufficient to partially
cover the core before significant clad melting or zirconium water reaction
can occur following a LOCA. The need to ensure that three
accumulators are adequate for this function is consistent with the LOCA
assumption that the entire contents of one accumulator will be lost via the
RCS pipe break during the blowdown phase of the LOCA.

APPLICABLE The accumulators are assumed OPERABLE in both the large and
SAFETY ANALYSES small break LOCA analyses at full power (Ref. 2). These are the Design
\ Basis Accidents (DBAs) that establish the acceptance limits for the

Q accumulators. Reference to the analyses for these DBAs is used to

assess changes in the accumulators as they relate to the acceptance
limits.

In performing the LOCA calculations, conservative assumptions are
made concerning the availability of ECCS flow. In the early stages of a
LOCA, with or without a loss of offsite power, the accumulators provide
the sole source of makeup water to the RCS. The assumption of loss of
offsite power is required by regulations and conservatively imposes a
delay wherein the ECCS pumps cannot deliver flow until the emergency
diesel generators start, come to rated speed, and go through their timed
loading sequence. In cold leg break scenarios, the entire contents of one
accumulator are assumed to be lost through the break.

The limiting large break LOCA is a double ended guillotine break at the

ANe CHAN

\ discharge of the reactor coolant pump. During this event, the
T~ -accumulators discharge to the RCS as soon as RCS pressure decreases
W N{{ to below accumulator pressure.
\O
} As a conservative estimate, no credit is taken for ECCS pump flow until
> Q
QT an effective delay has elapsed. This delay accounts for the diesels

starting, the valves opening, and the pumps being loaded and delivering
full flow. The delay time is conservatively set with an additional 2
seconds to account for Sl signal generation. During this time, the
accumulators are analyzed as providing the sole source of emergency
core cooling. No operator action is assumed during the blowdown stage
of a large break LOCA.

McGuire Units 1 and 2 B3.5.1-2 Revision No. 7
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APPLICABLE SAFETY ANALYSES (continued)

The worst case small break LOCA analyses also assume a time delay
before pumped flow reaches the core. For the larger range of small

.\/\/V\>
S“‘ﬁ“ b(\mk LocA

and Hure & & breaks, the rate of blowdown is such that the increase in fuel clad
temperature is terminated solely by the accumulators, with pumped flow
\'\la’k P“’b" b ‘b then providing continued cooling. As break size decreases, the
dhat Jhe e Jenw ) @ccumulators, safety injection pumps, and centrifugal charging pumps all
play a part in terminating the rise in clad temperature. As break size
are wmed 4o Uow‘“a continues to decrease, the role of the accumulators continues to

decrease until they are not required and the centrifugal charging pumps

btrak
@ larax. become solely responsible for terminating the temperature increase.

Loch

This LCO helps to ensure that the following acceptance criteria
established for the ECCS by 10 CFR 50.46 (Ref. 3) will be met following

a. Maximun fuel element cladding temperature is < 2200°F;

b. Maximum cladding oxidation is < 0.17 times the total cladding
thickness before oxidation;

C. Maximum hydrogen generation from a zirconium water reaction is <
0.01 times the hypothetical amount that would be generated if all of
the metal in the cladding cylinders surrounding the fuel, excluding
the cladding surrounding the plenum volume, were to react; and

d. Core is maintained in a coolable geometry.

Since the accumulators discharge during the blowdown phase of a
LOCA, they do not contribute directly to the long term cooling
requirements of 10 CFR 50.46. However, the boron content of the
accumulator water helps to maintain the reactor core subcritical after
reflood, thereby eliminating fission heat as an energy source for which
cooling must be provided.

For both the large and small break LOCA analyses, a nominal contained
accumulator water volume is used. The contained water volume is the
'same as the deliverable volume for the accumulators, since the
accumulators are emptied, once discharged. The large and small break
LOCA analyses are performed with accumulator volumes that are
consistent with the LOCA evaluation models. To allow for operating
margin, values of + 31.5 ft° are specified.

The minimum boron concentration setpoint is used in the post LOCA
sump boron concentration calculation. The calculation is performed to
assure reactor subcriticality in a post LOCA environment. Of particular

McGuire Units 1 and 2 B 3.5.1-3 _ Revision Noff
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interest is the large break LOCA, since no credit is taken for control rod
assembly insertion. A reduction in the accumulator minimum boron
concentration would produce a subsequent reduction in the available
containment sump concentration for post LOCA shutdown and an
increase in the maximum sump pH. The maximum boron concentration
is used in determining the cold leg to hot leg recirculation injection
switchover time and minimum sump pH.

The large and small break LOCA analyses are performed with
accumulator pressures that are consistent with the LOCA evaluation
models. To allow for operating margin and accumulator design limits, a
range from 585 psig to 639 psig is specified. The maximum nitrogen
cover pressure limit prevents accumulator relief valve actuation, and.
ultimately preserves accumulator integrity.

The effects on containment mass and energy releases from the
accumulators are accounted for in the appropriate analyses (Ref. 4).

The accumulators satisfy Criterion 3 of 10 CFR 50.36 (Ref. 5).

LCO

The LCO establishes the minimum conditions required to ensure that the
accumulators are available to accompilish their core cooling safety
function following a LOCA. Four accumulators are required to ensure
that 100% of the contents of three of the accumulators will reach the core
during a LOCA. This is consistent with the assumption that the contents
of one accumulator spill through the break. If less than three
accumulators are injected during the blowdown phase of a LOCA, the
ECCS acceptance criteria of 10 CFR 50.46 (Ref. 3) could be violated.

For an accumulator to be considered OPERABLE, the isolation valve
must be fully open, power removed above 1000 psig, and the limits
established in the SRs for contained volume, boron concentration, and
nitrogen cover pressure must be met. Additionally, the nitrogen and
liquid volumes between accumulators must be physically separate.

APPLICABILITY

In MODES 1 and 2, and in MODE 3 with RCS pressure > 1000 psig, the
accumulator OPERABILITY requirements are based on full power
operation. Although cooling requirements decrease as power decreases,
the accumulators are still required to provide core cooling as long as
elevated RCS pressures and temperatures exist.

McGuire Units 1 and 2 B 3.5.1-4 Revision No. ;2(
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This LCO is only applicable at pressures > 1000 psig. At pressures

< 1000 psig, the rate of RCS blowdown is such that the ECCS pumps can
provide adequate injection to ensure that peak clad temperature remains
below the 10 CFR 50.46 (Ref. 3) limit of 2200°j;.

In MODE 3, with RCS pressure < 1000 psig, and in MODES 4, 5, and 6,
the accumulator motor operated isolation valves are closed to isolate the
accumulators from the RCS. This allows RCS cooldown and
depressurization without discharging the accumulators into the RCS or
requiring depressurization of the accumulators.

ACTIONS A1 -

If the boron concentration of one accumulator is not within fimits, it must
be returned to within the limits within 72 hours. In this Condition, ability to
maintain subctiticality or minimum boron precipitation time may be
reduced. The boron in the accumulators contributes to the assumption
that the combined ECCS water in the partially recovered core during the
early reflooding phase of a large break LOCA is sufficient to keep that
portion of the core subcritical. One accumulator below the minimum
boron concentration limit, however, will have no effect on available ECCS
water and an insignificant effect on core subcriticality during reflood.
Boiling of ECCS water in the core during reflood concentrates boron in
the saturated liquid that remains in the core. In addition, current analysis
techniques demonstrate that the accumulators do not discharge following
a large main steam line break for the plant. Even if they do discharge,
their impact is minor and not a design limiting event. Thus, 72 hours is
allowed to return the boron concentration to within limits.

B.1

If one accumulator is inoperable for a reason other than boron
concentration, the accumulator must be returned to OPERABLE status
within 1 hour. In this Condition, the required contents of three
accumulators cannot be assumed to reach the core during a LOCA. Due
to the severity of the consequences should a LOCA occur in these
conditions, the 1 hour Completion Time to open the valve, remove power
to the valve, or restore the proper water volume or nitrogen cover
pressure ensures that prompt action will be taken to return the inoperable
accumulator to OPERABLE status. The Completion Time minimizes the
potential for exposure of the plant to a LOCA under these conditions.

'McGuire Units 1t and 2 B 3.5.1-5 Revision No. /{
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ACTIONS (continued)
C.1andC.2

If the accumulator cannot be returned to OPERABLE status within the
associated Completion Time, the plant must be brought to a MODE in
which the LCO does not apply. To achieve this status, the plant must be
brought to MODE 3 within 6 hours and RCS pressure reduced to <

1000 psig within 12 hours. The allowed Completion Times are
reasonable, based on operating experience, to reach the required plant
conditions from full power conditions in an orderly manner and without
challenging plant systems.

D1

If more than one accumulator is inoperable, the plantis in a conditioh
outside the accident analyses; therefore, LCO 3.0.3 must be entered
immediately. "

SURVEILLANCE SR 3.5.1.1

REQUIREMENTS

Each accumulator valve should be verified to be fully open every

12 hours. This verification ensures that the accumulators are available
for injection and ensures timely discovery if a vailve should be less than
fully open. If an isolation. valve is not fully open, the rate of injection to
the RCS would be reduced. Although a motor operated valve position
should not change with power removed, a closed valve could resuit in not
meeting accident analyses assumptions. This Frequency is considered
reasonable in view of other administrative controls that ensure a
mispositioned isolation valve is unlikely.

o/ TS
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SR 3.5.1.2and SR 3.5.1.3

Every 12 hours, borated water volume and nitrogen cover pressure are
-verified for each accumulator. This is typically performed using the
instalied control room indication. This Frequency is sufficient to ensure
adequate injection during a LOCA. Because of the static design of the
accumulator, a 12 hour Frequency usually allows the operator to identify
changes before limits are reached. Operating experience has shown this
Frequency to be appropriate for early detection and correction of off
normal trends.
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SR 3.5.1.4

The boron concentration should be verified to be within required limits for
each accumulator every 31 days since the static design of the
accumulators limits the ways in which the concentration can be changed.
The 31 day Frequency is adequate to identify changes that could occur
from mechanisms such as stratification or inleakage. Sampling the
affected accumulator within 6 hours after a 1% tank volume increase will
identify whether inleakage has caused a reduction in boron concentration
to below the required limit. It is not necessary to verify boron
concentration if the added water inventory is from the refueling water
storage tank (RWST), because the water contained in the RWST is
within the accumulator boron concentration requirements. This is
consistent with the recommendation of NUREG-1366 (Ref. 6).

SR 3.5.1.5

Verification every 31 days that power is removed from each accumulator
isolation valve operator using the power disconnect switches in the
correct position when the RCS pressure is > 1000 psig ensures that an
active failure could not result in the undetected closure of an accumulator
motor operated isolation valve. If this were to occur, only two
accumulators would be available for injection given a single failure
coincident with a LOCA. Since power is removed under administrative
control, the 31 day Frequency will provide adequate assurance that
power is removed.

This SR allows power to be supplied to the motor operated isolation
valves when RCS pressure is < 1000 psig, thus allowing operational
flexibility by avoiding unnecessary delays to manipulate the breakers
during plant startups or shutdowns. Even with power supplied to the
valves, inadvertent closure is prevented by the RCS pressure interlock
associated with the valves.

Should closure of a valve occur in spite of the interlock, the Sl signal
provided to the valves would open a closed valve in the event of a LOCA.

McGuire Units 1 and 2
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B 3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS)

B 3.5.2 ECCS—Operating
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The function of the ECCS is to provide core cooling and negative
reactivity to ensure that the reactor core is protected after any of the
following accidents:

a. Loss of coolant accident (LOCA), coolant leakage greater than the
capability of the normal charging system;

b. Rod ejection accident;

c. Loss of secondary coolant accident, including uncontrolied steam
or feedwater release; and

d. Steam generator tube rupture (SGTR).

The addition of negative reactivity is designed primarily for the loss of
secondary coolant accident where primary cooldown could add enough
positive reactivity to achieve criticality and return to significant power.

There are three phases of ECCS operation: injection, cold leg
recirculation, and hot leg recirculation. In the injection phase, water is
taken from the refueling water storage tank (RWST) and injected into the
Reactor Coolant System (RCS) through the cold legs. When sufficient
water is removed from the RWST to ensure that enough boron has been
added to maintain the reactor subcritical and the containment sumps
have enough water to supply the required net positive suction head to the
ECCS pumps, suction is switched to the containment sump for cold leg
recirculation. When the core decay heat has decreased to a level low
enough to be successfully removed without direct RHR pump injection
flow, the RHR cold leg injection path is realigned to discharge to the
auxiliary containment spray header. After approximately 6 hours, part of
the ECCS flow is shifted to the hot leg recirculation phase to provide a
backflush which, for a cold leg break, would reduce the boiling in the top
of the core and prevent excessive boron concentration.

The ECCS consists of three separate subsystems: centrifugal charging
(high head), safety injection (Sl) (intermediate head), and residual heat
removal (RHR) (low head). Each subsystem consists of two redundant,
100% capacity trains. The ECCS accumulators and the RWST are also
part of the ECCS, but are not considered part of an ECCS flow path as
described by this LCO.

/
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The ECCS flow paths consist of piping, valves, heat exchangers, and
pumps such that water from the RWST can be injected into the RCS
following the accidents described in this LCO. The major components of
each subsystem are the centrifugal charging pumps, the RHR pumps,
heat exchangers, and the St pumps. Each of the three subsystems
consists of two 100% capacity trains that are interconnected and
redundant such that either train is capable of supplying 100% of the flow
required to mitigate the accident consequences. This interconnecting
and redundant subsystem design provides the operators with the ability to
utilize components from opposite trains to achieve the required 100%
fiow to the core.

During the injection phase of LOCA recovery, a suction header supplies
water from the RWST to the ECCS pumps. Mostly separate piping
supplies each subsystem and each train within the subsystem. The
discharge from the centrifugal charging pumps combines, then divides
again into four supply lines, each of which feeds the injection line to one
RCS cold leg. The discharge from the Sl and RHR pumps divides and
feeds an injection line to each of the RCS cold legs. Throttle valves in
the Sl lines are set to balance the flow to the RCS. This balance ensures
sufficient flow to the core to meet the analysis assumptions following a
LOCA in one of the RCS cold legs. The flow split from the RHR lines
cannot be adjusted. Although much of the two ECCS trains are
composed of completely separate piping, certain areas are shared
between trains. The most important of these are 1) where both trains
flow through a single physical pipe, and 2) at the injection connections to
the RCS cold legs. Since each train must supply sufficient flow to the
RCS to be considered 100% capacity, credit is taken in the safety
analyses for flow to three intact cold legs. Any configuration which, when
combined with a single active failure, prevents the flow from either ECCS
pump in a given train from reaching all four cold legs injection points on
that train is unanalyzed and might render both trains of that ECCS
subsystem inoperable.

For LOCAs that are too small to depressurize the RCS below the shutoff
head of the Sl pumps, the centrifugal charging pumps supply water until
the RCS pressure decreases below the SI pump shutoff head. During
this period, the steam generators are used to provide part of the core
cooling function.

During the recirculation phase of LOCA recovery, RHR pump suction is
transferred to the containment sump. The RHR pumps then supply the
other ECCS pumps. Initially, recirculation is through the same paths as
the injection phase. Subsequently, for large LOCAs, the recirculation
phase includes injection into both the hot and cold legs.

McGuire Units 1 and 2 B 3.5.2-2 Revision No.
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BACKGROUND (continued)

The high and intermediate head subsystems of the ECCS also functions
to supply borated water to the reactor core following increased heat
removal events, such as a main steam line break (MSLB). The limiting
design conditions occur when the moderator temperature coefficient is
highly negative, such as at the end of each cycle.

During low temperature conditions in the RCS, limitations are placed on
the maximum number of ECCS pumps that may be OPERABLE. Refer
to the Bases for LCO 3.4.12, *Low Temperature Overpressure Protection
(LTOP) System,” for the basis of these requirements,

The ECCS subsystems are actuated upon receipt of an Si signal. The
actuation of safeguard loads is accomplished in a programmed time
sequence. If offsite power is available, the safeguard loads tart
immediately in the programmed sequence. If offsite power is not
available, the Engineered Safety Feature (ESF) buses shed normal
operating loads and are connected to the emergency diesel generators
(EDGs). Safeguard loads are then actuated in the programmed time
sequence. The time delay associated with diesel starting, sequenced
loading, and pump starting determines the time required before pumped
flow is available to the core following a safety injection actuation.

The active ECCS components, along with the passive accumulators and
the RWST covered in LCO 3.5.1 , "Accumulators,* and LCO 3.5.4,
“Refueling Water Storage Tank (RWST)," provide the cooling water
necessary to meet GDC 35 (Ref. 1).

APPLICABLE The LCO helps to ensure that the following acceptance criteria for the
SAFETY ANALYSES ECCS, established by 10 CFR 50.46 (Ref. 2), will be met following a
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a. Maximum fuel element cladding temperature is < 2200°F;

b. Maximum cladding oxidation is < 0.17 times the total cladding
thickness before oxidation;

C. Maximum hydrogen generation from a zirconium water reaction is
< 0.01 times the hypothetical amount generated if all of the metal in
the cladding cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react;

McGuire Units 1 and 2 B 3.5.2-3 Revision No. F(
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APPLICABLE SAFETY ANALYSES (continued)
d. Core is maintained in a coolable geometry; and
e. Adequate long term core cooling capability is maintained.

The LCO also limits the potential for a post trip return to power following
an MSLB event and ensures that containment pressure and temperature
limits are met.

Each ECCS subsystem is taken credit for in a large break LOCA event at
full power (Refs. 3 and 4). This event has the greatest potential to
challenge the limits on runout flow set by the manufacturer of the ECCS
pumps. It also sets the maximum response time for their actuation.

Direct flow from the centrifugal charging pumps and S| pumps is credited
in a small break LOCA event. The RHR pumps are also credited, for
larger small break LOCAs, as the means of supplying suction to these
higher head ECCS pumps after the switch to sump recirculation. This
event establishes the flow and discharge head at the design point for the
centrifugal charging pumps. The MSLB analysis also credits the Sl and
centrifugal charging pumps. Although some ECCS flow is necessary to
mitigate a SGTR event, a single failure disabling one ECCS train is not
the limiting single failure for this transient. The SGTR analysis primary to
secondary break flow is increased by the availability of both centrifugal
charging and Sl trains. Therefore, the SGTR analysis is penalized by
assuming both ECCS trains are operable as required by the LCO. The
OPERABILITY requirements for the ECCS are based on the following
LOCA analysis assumptions:

o TS
FOR N FIentTrad

a. A large break LOCA event, with loss of offsite power and a single
failure disabling one ECCS train; and

b. A small break LOCA event, with a loss of offsite power and a single
failure disabling one ECCS train.

NO cHtAvEES
awwf
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During the blowdown stage of a LOCA, the RCS depressurizes as
primary coolant is ejected through the break into the containment. The
nuclear reaction is terminated either by moderator voiding during large
breaks or control rod insertion for small breaks. Following
depressurization, emergency cooling water is injected into the cold legs,
flows into the downcomer, fills the lower plenum, and refloods the core.

The effects on containment mass and energy releases are accounted for
in appropriate analyses (Ref. 3). The LCO ensures that an ECCS train
will deliver sufficient water to match boiloff rates soon enough to minimize
the consequences of the core being uncovered following a large LOCA.

McGuire Units 1 and 2 B 3.5.2-4 Revision No. /Z{
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APPLICABLE SAFETY ANALYSES (continued)

It also ensures that the centrifugal charging and SI pumps will deliver
sufficient water and boron during a small LOCA to maintain core
subcriticality. For smaller LOCAs, the centrifugal charging pump delivers
sufficient fluid to maintain RCS inventory. For a small break LOCA, the
steam generators continue to serve as the heat sink, providing part of the
required core cooling.

The ECCS trains satisfy Criterion 3 of 10 CFR 50.36 (Ref. 5).
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In MODES 1, 2, and 3, two independent {(and redundant) ECCS trains are
required to ensure that sufficient ECCS flow is available, assuming a
single failure affecting either train. Additionally, individual components
within the ECCS trains may be called upon to mitigate the consequences
of other transients and accidents.

in MODES 1, 2, and 3, an ECCS train consists of a centrifugal charging
subsystem, an S| subsystem, and an RHR subsystem. Each train
includes the piping, instruments, and controls to ensure an OPERABLE
flow path capable of taking suction from the RWST upon an Sl signal and
automatically transferring suction to the containment sump.

During an event requiring ECCS actuation, a flow path is required to
provide an abundant supply of water from the RWST to the RCS via the
ECCS pumps and their respective supply headers to each of the four cold
leg injection nozzles. In the long term, this flow path may be switched to.
take its supply from the containment sump and to supply its flow to the
RCS hot and cold legs. The flow path for each train must maintain its
designed independence to ensure that no single failure can disable both
ECCS trains.

APPLICABILITY

In MODES 1, 2, and 3, the ECCS OPERABILITY requirements for the
limiting Design Basis Accident, a large break LOCA, are based on full
power operation. Although reduced power would not require the same
level of performance, the accident analysis does not provide for reduced
cooling requirements in the lower MODES. The centrifugal charging
pump performance is based on a small break LOCA, which establishes
the pump performance curve and has less dependence on power. The
S| pump performance requirements are based on a small break LOCA.
For both of these types of pumps, the large break LOCA analysis
depends only on the flow value at containment pressure, not on the
shape of the flow versus pressure curve at higher pressures. MODE 2
and MODE 3 requirements are bounded by the MODE 1 analysis.
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APPLICABILITY (continued)

This LCO is only applicable in MODE 3 and above. Below MODE 3, the
Sl signal setpoint is manually bypassed by operator control, and system
functional requirements are relaxed as described in LCO 3.5.3, "ECCS—
Shutdown."

As indicated in the Note, the flow path may be isolated for 2 hours in
MODE 3, under controlled conditions, to perform pressure isolation valve
testing per SR 3.4.14.1. The flow path is readily restorable from the
control room.

In MODES 5 and 6, plant conditions are such that the probability of an
event requiring ECCS injection is extremely low. Core cooling
requirements in MODE 5 are addressed by LCO 3.4.7, "RCS Loops—
MODE 5, Loops Filled,” and LCO 3.4.8, "RCS Loops—MODE 5, Loops
Not Filled." MODE 6 core cooling requirements are addressed by

LCO 3.9.5, "Residual Heat Removal (RHR) and Coolant Circulation—
High Water Level,” and LCO 3.9.6, “Residual Heat Removal (RHR) and
Coolant Circulation—Low Water Level.”

}ACTIONS
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With one or more trains inoperable and at least 100% of the ECCS flow
equivalent to a single OPERABLE ECCS train available, the inoperable
components must be returned to OPERABLE status within 72 hours. The
72 hour Completion Time is based on an NRC reliability evaluation

(Ref. 6) and is a reasonable time for repair of many ECCS components.

An ECCS train is inoperable if it is not capable of delivering design flow to
the RCS. Individual components are inoperable if they are not capable of
performing their design function or supporting systems are not available.

The LCO requires the OPERABILITY of a number of independent
subsystems. Due to the redundancy of trains and the diversity of
subsystems, the inoperability.of one component in a train does not render
the ECCS incapable of performing its function. Neither does the
inoperability of two different components, each in a different train,
necessarily result in a loss of function for the ECCS. The intent of this
Condition is to maintain a combination of equipment such that 100% of
the ECCS flow equivalent to a single OPERABLE ECCS train remains
available. This allows increased flexibility in plant operations under
circumstances when components in opposite trains are inoperable.
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ACTIONS (continued)
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An event accompanied by a loss of offsite power and the failure of an
EDG can disable one ECCS train until power is restored. A reliability
analysis (Ref. 6) has shown that the impact of having one full ECCS train
inoperabile is sufficiently small to justify continued operation for 72 hours.

Reference 7 describes situations in which one component, such as an
RHR crossover valve, can disable both ECCS trains. With one or more
component(s) inoperable such that 100% of the flow equivalent to a
single OPERABLE ECCS train is not available, the facility is in a condition
outside the accident analysis. Therefore, LCO 3.0.3 must be immediately
entered.

B.1 and B.2

If the inoperable trains cannot be returned to OPERABLE status within
the associated Completion Time, the plant must be brought to a MODE in
which the LCO does not apply. To achieve this status, the plant must be
brought to MODE 3 within 6 hours and MODE 4 within 12 hours. The
allowed Completion Times are reasonable, based on operating
experience, to reach the required plant conditions from full power
conditions in an orderly manner and without challenging plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.5.2.1

Verification of proper valve position ensures that the flow path from the
ECCS pumps to the RCS is maintained. Misalignment of these valves
could render both ECCS trains inoperable. Securing these valves using
the power disconnect switches in the correct position ensures that they
cannot change position as a result of an active failure or be inadvertently
misaligned. These valves are of the type, described in Reference 7, that
can disable the function of both ECCS trains and invalidate the accident
analyses. A 12 hour Frequency is considered reasonable in view of other
administrative controls that will ensure a mispositioned valve is unlikely.

SR 3.5.2.2

Verifying the correct alignment for manual, power operated, and
automatic valves in the ECCS flow paths provides assurance that the
proper flow paths will exist for ECCS operation. This SR does not apply
to valves that are locked, sealed, or otherwise secured in position, since
these were verified to be in the correct position prior to locking, sealing,
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SURVEILLANCE REQUIREMENTS (continued)
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or securing. A valve that receives an actuation signal is allowed to be in
a nonaccident position provided the valve will automatically reposition
within the proper stroke time. This Surveillance does not require any
testing or valve manipulation. Rather, it involves verification that those
valves capable of being mispositioned are in the correct position. The
31 day Frequency is appropriate because the valves are operated under
administrative control.

This Frequency has been shown to be acceptable through operating
experience.

SR 3.5.23

With the exception of the operating centrifugal charging pump, the ECCS
pumps are normally in a standby, nonoperating mode. As such, flow path
piping has the potential to develop voids and pockets of entrained gases.
Maintaining the piping from the ECCS pumps to the RCS full of water by
venting the ECCS pump casings and accessible discharge piping high
points ensures that the system will perform properly, injecting its full
capacity into the RCS upon demand. This will also prevent water
hammer, pump cavitation, and pumping of noncondensible gas (e.g., air,
nitrogen, or hydrogen) into the reactor vessel following an Sl signal or
during shutdown cooling. The 31 day Frequency takes into consideration
the gradual nature of gas accumulation in the ECCS piping and the
procedural controls governing system operation.

SR 3.5.2.4

Periodic surveillance testing of ECCS pumps to detect gross degradation
caused by impeller structural damage or other hydraulic component
problems is required by Section XI| of the ASME Code. This type of
testing may be accomplished by measuring the pump developed head at

‘only one point of the pump characteristic curve. This verifies both that

the measured performance is within an acceptable tolerance of the
original pump baseline performance and that the performance at the test
flow is greater than or equal to the performance assumed in the plant
safety analysis. SRs are specified in the Inservice Testing Program,
which encompasses Section Xl of the ASME Code. Section Xl of the
ASME Code provides the activities and Frequencies necessary to satisfy
the requirements.

McGuire Units 1 and 2 B 3.5.2-8 Revision No. ){



ECCS - Operating
B35.2

BASES

SURVEILLANCE REQUIREMENTS (continued)

SR 3.5.2.5and SR 3.5.2.6

These Surveillances demonstrate that each automatic ECCS valve
actuates to the required position on an actual or simulated SI signal and
that each ECCS pump starts on receipt of an actual or simulated S
signal. This Surveillance is not required for valves that are locked,
sealed, or otherwise secured in the required position under administrative
controls. The 18 month Frequency is based on the need to perform
these Surveillances under the conditions that apply during a plant outage
and the potential for unplanned plant transients if the Surveillances were
performed with the reactor at power. The 18 month Frequency is also
acceptable based on consideration of the design reliability (and
confirming operating experience) of the equipment. The actuation logic is
tested as part of ESF Actuation System testing, and equipment
performance is monitored as part of the Inservice Testing Program.

SR 3.5.2.7

The position of throttle valves in the flow path on an Sl signal is
necessary for proper ECCS performance. These valves have
mechanical locks to ensure proper positioning for restricted flow to a
ruptured cold leg, ensuring that the other cold legs receive at least the
required minimum flow. The 18 month Frequency is based on the same
reasons as those stated in SR 3.5.2.5 and SR 3.5.2.6.

SR 3.5.2.8

Periodic inspections of the containment sump suction inlet ensure that it
is unrestricted and stays in proper operating condition. The 18 month
Frequency is based on the need to perform this Surveillance under the
conditions that apply during a plant outage and on the need to have
access to the location. This Frequency has been found to be sufficient to
detect abnormal degradation and is confirmed by operating experience.
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REFERENCES 1. 10 CFR 50, Appendix A, GDC 35.
2. 10 CFR 50.46.
3. UFSAR, Section 6.2.1.
4. UFSAR, Chapter 15.
5. 10 CFR 50.36, Technical Specifications, (c)(2)(ii).
6. NRC Memorandum to V. Stello, Jr., from R.L. Baer,
"Recommended Interim Revisions to LCOs for ECCS
Components,” December 1, 1975.
7. |E Information Notice No. 87-01.
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5.6.5

5.6.6

5.6.7

5.6.8

CORE OPERATING LIMITS REPORT (COLR) (continued)

13. WCAP-10054-P-A, “Westinghouse Small Break ECCS Evaluation
Model Using the NOTRUMP Code,” August 1985

(W Proprietary).

DPC-NE-2009P-A, “Westinghouse Fuel Transition Report,” SER
dated September 22, 1999 (UPC Proprietary).

C. The core operating limits shall be determined such that all applicable
limits (e.g., fuel thermal mechanical limits, core thermal hydraulic limits,
Emergency Core Cooling Systems (ECCS) limits, nuclear limits such as
SDM, transient analysis limits, and accident analysis limits) of the safety
analysis are met.

d. The COLR, including any midcycle revisions or supplements, shall be
provided upon issuance for each reload cycle to the NRC.

Ventilation Systems Heater Report

When a report is required by LCO 3.6.10, “Annulus Ventilation System (AVS),”
LCO 3.7.10, “Control Room Area Ventilation System (CRAVS),” LCO 3.7.12,
Auxiliary Building Filtered Ventilation Exhaust System (ABFVES),” LCO 3.7.13,
“Fuel Handling Ventilation Exhaust System (FHVES),” or LCO 3.9.3,
"Containment Penetrations," a report shall be submitted within the following 30
days. The report shall outline the reason for the inoperability and the planned
actions to return the systems to OPERABLE status.

PAM Report

When a report is required by LCO 3.3.3, "Post Accident Monitoring (PAM)
Instrumentation,” a report shall be submitted within the following 14 days. The
report shall outline the preplanned alternate method of monitoring, the cause of
the inoperability, and the plans and schedule for restoring the instrumentation
channels of the Function to OPERABLE status.

Steam Generator Tube Inspection Report

a. The number of tubes plugged in each steam generator shall be reported
to the NRC within 15 days following completion of the program;

(continued)
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APPLICABLE

This LCO precludes core power distributions that V|olate the following

SAFETY ANALYSES fuel design criteria:
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a. During a loss of coolant accident (LOCA), the peak cladding
temperature must not exceed 2200°Fj(Ref. 1);

b. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint
power distributions.); ~

c. During an ejected rod accident, the energy deposmon to the fuel
must not exceed 280 cal/gm (Ref. 2); and

d. The control rods must be capable of shutting down the reactor with
a minimum required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 3).

Limits on Fqo(X,Y,Z) ensure that the value of the initial total peaking factor
assumed in the accident analyses remains valid. Other Reference 1
criteria must also be met in LOCAs (e.g., maximum cladding oxidation,
maximum hydrogen generation, coolable geometry, transient strain, and
long term cooling). However, the peak cladding temperature is typically
most limiting.

Fa(X,Y,Z) limits assumed in the LOCA analysis are typically limiting
relative to (i.e., lower than) the Fo(X,Y,Z) limit assumed in safety
analyses for other postulated accidents. Therefore, this LCO provides
conservative limits for other postulated accidents.

Fo(X,Y,Z) satisfies Criterion 2 of 10 CFR 50.36 (Ref. 4).

LCO

The Heat Flux Hot Channel Factor, Fa(X,Y,Z), shall be limited by the
following relationships:

RTP

FMXY.2< F‘; K(2) for P> 0.5

RTP

FMXY,2) < K@) forP<0.5
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LCO (continued)
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The Fo(X,Y,Z) limits typically define limiting values for core power
peaking that precludes peak cladding temperatures above 2200°F during

~Rither 3 lxrge=sr small break LO%

This LCO requires operation within the bounds assumed in the safety
analyses. Calculations are performed in the core design process to
confirm that the core can be controlled in such a manner during operation
that it can stay within the Fo(X,Y,Z) limits. If Fo(X,Y,Z) cannot be
maintained within the steady state LOCA limits, reduction of the core
power is required.

Violating the steady state LOCA limits for Fo(X,Y,Z) produces
unacceptable consequences if a design basis event occurs while
Fa(X,Y,Z) is outside its specified limits. g

APPLICABILITY

The Fo(X,Y,Z) limits must be maintained in MODE 1 to prevent core
power distributions from exceeding the limits assumed in the safety
analyses. Applicability in other MODES is not required because there is
either insufficient stored energy in the fuel or insufficient energy being
transferred to the reactor coolant to require a limit on the distribution of
core power. The exception to this is the steam line break event, which is
assumed for analysis purposes to occur from very low power levels. At
these low power levels, measurements of Fo(X,Y,Z) are not sufficiently
reliable. Operation within analysis limits at these conditions is inferred
from startup physics testing verification of design predictions of core
parameters in general.

ACTIONS

A1

Reducing THERMAL POWER by > 1% RTP for each 1% by which
FMQ(X,Y,Z) exceeds its steady state limit, maintains an acceptable
absolute power density. FMQ(X,Y,Z) is the measured value of Fo(X,Y,2)
and the steady state limit includes factors accounting for measurement
uncertainty and manufacturing tolerances. The Completion Time of

15 minutes provides an acceptable time to reduce power in an orderly
manner and without allowing the plant to remain in an unacceptable
condition for an extended period of time.
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FQ(X,Y,Z)
B 3.2.1

SURVEILLANCE REQUIREMENTS (continued)

than the measured factor is of the current limit, additional actions must be
taken. These actions are to meet the Fo(X,Y,Z) limit with the last
F"o(X,Y,Z) increased by the appropriate factor specified in the COLR or
to evaluate Fy(X,Y,Z) prior to the projected point in time when the
extrapolated values are expected to exceed the extrapolated limits.
These alternative requirements attempt to prevent Fy(X,Y,Z) from
exceeding its limit for any significant period of time without detection
using the best available data. F",(X,Y,Z) is not required to be
extrapolated for the initial flux map taken after reaching equilibrium
conditions since the initial flux map establishes the baseline
measurement for future trending. Also, extrapolation of F*,(X,Y,Z) limits
are not valid for core locations that were previously rodded, or for core
locations that were previously within 2% of the core height about the
demand position of the rod tip.

Fo(X.,Y,Z) is verified at power levels > 10% RTP above the THERMAL
POWER of its last verification, 12 hours after achieving equilibrium
conditions to ensure that Fo(X,Y,Z) is within its limit at higher power
levels.

The Surveillance Frequency of 31 EFPD is adequate to monitor the
change of power distribution with core burnup. The Surveillance may be
done more frequently if required by the results of Fy(X,Y,Z) evaluations.

The Frequency of 31 EFPD is adequate to monitor the change of power

distribution because such a change is sufficiently slow, when the plant is
operated in accordance with the TS, to preciude adverse peaking factors
between 31 day surveillances.

REFERENCES

1. 10 CFR 50.46[4974>)

UFSAR Section 15.4.8.

10 CFR 50, Appendix A, GDC 26.

oW DN

10 CFR 50.36, Technical Specifications, (c)(2)(ii).

5. DPC-NE-2011PA "Duke Power Company Nuclear Design
Methodology for Core Operating Limits of Westinghouse Reactors”,
March 1990.
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Fan(X,Y)
B3.22

BACKGROUND (continued)

uncontrolled RCCA bank withdrawal (UCBW). For these types of
accidents, the event itself causes changes in the power distribution and
this LCO alone is not sufficient to preclude DNB. The acceptability of
analyses such as the UCBW accident analysis is ensured by LCO 3.2.3,
“AXIAL FLUX DIFFERENCE (AFD),” LCO 3.1.6, “Control Bank Insertion
Limits,” LCO 3.2.4, “QUADRANT POWER TILT RATIO (QPTR),” LCO
3.4.1, “RCS Pressure, Temperature, and Flow Departure From Nucleate
Boiling (DNB) Limits,” in combination with cycle-specific analytical
calculations.”

Opéfation outside the LCO limits may produce unacceptable
consequences if a DNB limiting event occurs.

APPLICABLE

Limits on F,(X,Y) preciude core power distributions that exceed the

SAFETY ANALYSES following fuel design limits:
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a. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint
power distributions.);

b. During a large break loss of coolant accident (LOCA), peak

cladding temperature (PCT) not d 2200°F;
oes
c. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 1); and

d. Fuel design limits required by GDC 26 (Ref. 2) for-the condition
when control rods must be.capable of shutting down the reactor
with a minimum required SDM with the highest worth control rod
stuck fully withdrawn.

For transients that may be DNB limited, the Reactor Coolant System flow
and Fa(X,Y) are the core parameters of most importance. The limits on
Fau(X,Y) ensure that the DNB design basis is met for normal operation,
operational transients, and any transients arising from events of
moderate frequency that do not alter the core power distribution. For
transients such as uncontrolled RCCA bank withdrawal, which are
characterized by changes in the core power distribution, this LCO alone is
not sufficient to preclude DNB. The acceptability of the accident analyses
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QPTR
B324

B 3.2 POWER DISTRIBUTION LIMITS , !

B 3.2.4 QUADRANT POWER TILT RATIO (QPTR)

BASES

BACKGROUND

The QPTR limit ensures that the gross radial power distribution remains
consistent with the design values used in the safety analyses. Precise
radial power distribution measurements are made during startup testing,
after refueling, and periodically during power operation.

The power density at any point in the core must be limited so that the fuel
design criteria are maintained. Together, LCO 3.2.3, “"AXIAL FLUX
DIFFERENCE (AFD)," LCO 3.2.4, and LCO 3.1.6, "Control Rod Insettion
Limits,” provide limits on process variables that characterize and control
the three dimensional power distribution of the reactor cére. Control of
these variables ensures that the core operates within the fuel design
criteria and that the power distribution remains within the bounds used in
the safety analyses.

APPLICABLE

This LCO precludes core power distributions that violate the following

SAFETY ANALYSES fuel design criteria:

Hee must be
a hnak leved of

Pmbab”f‘”‘; Hhat

—

a. During a large break loss of coolant accident,"the peak cladding
temperaturg,must not exceed 2200°F (Ref. 1);
620453

b. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint
power distributions.);

c. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 2); and

d. The control rods must be capable of shutting down the reactor with
a minimum required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 3).

The LCO limits on the AFD, the QPTR, the Heat Flux Hot Channel Factor
(Fa(X,Y,Z)), the Nuclear Enthalpy Rise Hot Channel Factor (Fuu(X,Y)),
and control bank insertion are established to preclude core power
distributions that exceed the safety analyses limits.
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BASES

Accumulators
B 3.5.1

APPLICABLE SAFETY ANALYSES (continued)
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The worst case small break LOCA analyses also assume a time delay
before pumped flow reaches the core. For the larger range of small
breaks, the rate of blowdown is such that the increase in fuel clad
temperature is terminated solely by the accumulators, with pumped flow
then providing continued cooling. As break size decreases, the
accumulators, safety injection pumps, and centrifugal charging pumps all
play a part in terminating the rise in clad temperature. As break size
continues to decrease, the role of the accumulators continues to
decrease until they are not required and the centrifugal charging pumps
become solely responsible for terminating the temperature increase.

This LCO helps to ensure that the following acceptance criteria
established for the ECCS by 10 CFR 50.46 (Ref. 3) will be met following
a oere

a. Maximum fuel element cladding temperature is < 2200°F;

b. Maximum cladding oxidation is < 0.17 times the total cladding
thickness before oxidation;

c. Maximum hydrogen generation from a zirconium water reaction is <
0.01 times the hypothetical amount that would be generated if all of
the metal in the cladding cylinders surrounding the fuel, excluding
the cladding surrounding the plenum volume, were to react; and

d. Core is maintained in a coolable geometry.

Since the accumulators discharge during the blowdown phase of a
LOCA, they do not contribute directly to the long term cooling
requirements of 10 CFR 50.46. However, the boron content of the
accumulator water helps to maintain the reactor core subcritical after
reflood, thereby eliminating fission heat as an energy source for which
cooling must be provided.

For both the large and small break LOCA analyses, a nominal contained
accumulator water volume is used. The contained water volume is the
same as the deliverable volume for the accumulators, since the
accumulators are emptied, once discharged. The large and small break
LOCA analyses are performed with accumulator volumes that are
consistent with the LOCA evaluation models. To allow for operating
margin, values of + 30 ft® are specified.

The minimum boron concentration setpoint is used in the post LOCA
sump boron concentration calculation. The calculation is performed to
assure reactor subcriticality in a post LOCA environment. Of particular
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BASES

Accumulators
B 3.5.1

e,

APPLICABLE SAFETY ANALYSES (continued)
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interest is the large break LOCA, since no credit is taken for control rod
assembly insertion. A reduction in the accumulator minimum boron
concentration would produce a subsequent reduction in the available
containment sump concentration for post LOCA shutdown and an
increase in the maximum sump pH. The maximum boron concentration
is used in determining the cold leg to hot leg recirculation injection
switchover time and minimum sump pH. In particular, the equilibrium
sump pH should be at least 7.5 following the design basis LOCA.

The large and small break LOCA analyses are performed with
accumulator pressures that are consistent with the LOCA evaluation
models. To allow for operating margin and accumulator design limits, a
range from 585 psig to 678 psig is specified. The maximum nitrogen
cover pressure limit prevents accumulator relief valve actuation, and
ultimately preserves accumulator integrity.

The effects on containment mass and energy releases from the
accumulators are accounted for in the appropriate analyses (Ref. 4).

The accumulators satisfy Criterion 3 of 10 CFR 50.36 (Ref. 5).

LCO

The LCO establishes the minimum conditions required to ensure that the
accumulators are available to accomplish their core cooling safety
function following a LOCA. Four accumulators are required to ensure
that 100% of the contents of three of the accumulators will reach the core
during a LOCA. This is consistent with the assumption that the contents
of one accumulator spill through the break. If less than three
accumulators are injected during the blowdown phase of a LOCA, the
ECCS acceptance criteria of 10 CFR 50.46 (Ref. 3) could be violated.

For an accumulator to be considered OPERABLE, the isolation valve

‘must be fully open, power removed above 1000 psig, and the limits

established in the SRs for contained volume, boron concentration, and
nitrogen cover pressure must be met. Additionally, the nitrogen and
liquid volumes between accumulators must be physically separate.

APPLICABILITY

In MODES 1 and 2, and in MODE 3 with RCS pressure > 1000 psig, the
accumulator OPERABILITY requirements are based on full power
operation. Although cooling requirements decrease as power decreases,
the accumulators are still required to provide core cooling as long as
elevated RCS pressures and temperatures exist.

Catawba Units 1 and 2 B 3.5.1-4 Revision No.\\



Accumulators
B 3.5.1

BASES

APPLICABILITY (continued)

or Small brak LocAs) This LCO is only applicable at pressures > 1000 psig. At pressures

. h < 1000 psig, the rate of RCS blowdown is such that the ECCS pumps can
and Hhuve it o provide adequate injection to ensure that peak clad temperature remains
level of  probe bl below the 10 CFR 50.46 (Ref. 3) limit of 220E;.
Hhat He pea k In MODE 3, with RCS pressure < 1000 psig, and in MODES 4, 5, and 6,
Cladding fem r‘ﬂ‘h“" the accumulator motor operated isolation valves are closed to isolate the
does net erced accumulators from the RCS. This allows RCS cooldown and

2300°F for |« eyt depressurization without discharging the accumulators into the RCS or

b b Lochs requiring depressurization of the accumulators.
tea ]

ACTIONS Al

If the boron concentration of one accumulator is not within limits, it must
be returned to within the limits within 72 hours. In this Condition, ability to
maintain subcriticality or minimum boron precipitation time may be
reduced. The boron in the accumulators contributes to the assumption
that the combined ECCS water in the partially recovered core during the
early reflooding phase of a large break LOCA is sufficient to keep that
portion of the core subcritical. One accumulator below the minimum
boron concentration limit, however, will have no effect on available ECCS
water and an insignificant effect on core subcriticality during reflood.
Boiling of ECCS water in the core during reflood concentrates boron in
the saturated liquid that remains in the core. In addition, current analysis
techniques demonstrate that the accumulators do not discharge following
a large main steam line break for the plant. Even if they do discharge,
their impact is minor and not a design limiting event. Thus, 72 hours is
allowed to return the boron concentration to within limits.

B.1

If one accumulator is inoperable for a reason other than boron
concentration, the accumulator must be returned to OPERABLE status
within 1 hour. In this Condition, the required contents of three
accumulators cannot be assumed to reach the core during a LOCA. Due
to the severity of the consequences should a LOCA occur in these
conditions, the 1 hour Completion Time to open the valve, remove power
to the valve, or restore the proper water volume or nitrogen cover
pressure ensures that prompt action will be taken to return the inoperable
accumulator to OPERABLE status. The Completion Time minimizes the
potential for exposure of the plant to a LOCA under these conditions.
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BASES

ECCS ~ Operating
B3.5.2

BACKGROUND (continued)

The high and intermediate head subsystems of the ECCS also functions
to supply borated water to the reactor core following increased heat
removal events, such as a main steam line break (MSLB). The limiting
design conditions occur when the moderator temperature coefficient is
highly negative, such as at the end of each cycle.

During low temperature conditions in the RCS, limitations are placed on
the maximum number of ECCS pumps that may be OPERABLE. Refer
to the Bases for LCO 3.4.12, “Low Temperature Overpressure Protection
(LTOP) System," for the basis of these requirements.

The ECCS subsystems are actuated upon receipt of an Sl signal. The
actuation of safeguard loads is accomplished in a programmed time
sequence. If offsite power is available, the safeguard loads start
immediately in the programmed sequence. If offsite power is not
available, the Engineered Safety Feature (ESF) buses shed normal
operating loads and are connected to the emergency diesel generators
(EDGs). Safeguard loads are then actuated in the programmed time
sequence. The time delay associated with diesel starting, sequenced
loading, and pump starting determines the time required before pumped
flow is available to the core following a safety injection actuation.

The active ECCS components, along with the passive accumulators and
the RWST covered in LCO 3.5.1, “Accumulators,* and LCO 3.5.4,
"Refueling Water Storage Tank (RWST)," provide the cooling water
necessary to meet GDC 35 (Ref. 1).

APPLICABLE

The LCO helps to ensure that the following acceptance criteria for the

SAFETY ANALYSES ECCS, established by 10 CFR 50.46 (Ref. 2), will be met following a

small break
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AIOBA:

a. Maximum fuel element cladding temperature is < 2200°F;

b. Maximum cladding oxidation is < 0.17 times the total cladding
thickness before oxidation;

C. Maximum hydrogen generation from a zirconium water reaction is
< 0.01 times the hypothetical amount generated if all of the metal in
the cladding cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react;
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5.6 Reporting Requirements

Reporting Requirements
5.6

5.6.5 CORE OPERATING LIMITS REPORT (COLR) (continued)

5.

10.

11.

12.

13.

14,

15.

16.

DPC-NE-2011PA, "Duke Power Company Nuclear Design
Methodology for Core Operating Limits of Westinghouse
Reactors," March, 1990 (DPC Proprietary).

DPC-NE-3001PA, "Multidimensional Reactor Transients and
Safety Analysis Physics Parameter Methodology," November,
1991 (DPC Proprietary).

DPC-NF-2010A, "Duke Power Company McGuire Nuclear Station
Catawba Nuclear Station Nuclear Physics Methodology for Reload
Design," June, 1985.

DPC-NE-3002A, Through Rev. 2 "FSAR Chapter 15 System
Transient Analysis Methodology," SER dated April 26, 1996.

DPC-NE-3000P-A, Rev. 1 "Thermal-Hydraulic Transient Analysis
Methodology," SER dated December 27, 1995.

DPC-NE-1004A, Rev. 1, "Nuclear Design Methodology Using
CASMO-3/SIMULATE-3P," SER dated April 26, 1996.

DPC-NE-2004P-A, Rev. 1, "Duke Power Company McGuire and
Catawba Nuclear Stations Core Thermal-Hydraulic Methodology
using VIPRE-01," SER dated February 20, 1997 (DPC
Proprietary).

DPC-NE-2001P-A, Rev. 1, "Fuel Mechanical Reload Analysis
Methodology for Mark-BW fuel," October 1990 (DPC Proprietary).

DPC-NE-2005P-A, Rev. 1, "Thermal Hydraulic Statistical Core
Design Methodology," SER dated November 7, 1996 (DPC
Proprietary).

DPC-NE-2008P-A, "Fuel Mechanical Reload Analysis
Methodology Using TACOS3," SER dated April 3, 1995 (DPC
Proprietary).

BAW-10183P-A, Fuel Rod Gas Pressure Criterion, B&W Fuel
Company, July, 1995.

WCAP-12945-P-A, Volume 1 (Revision 2) and Volumes 2-5
(Revision 1), "Code Qualification Document for Best-Estimate
Loss of Coolant Analysis," March 1998, (W Proprietary).
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Fo(X,Y,2)
B 3.2.1

B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.1 Heat Flux Hot Channel Factor (Fq(X,Y,Z))

BASES

BACKGROUND

The purpose of the limits on the values of Fo(X,Y,Z) is to limit the local
(i.e., pellet) peak power density. The value of Fo(X,Y,Z) varies axially (Z) and
radially (X,Y) in the core.

Fa(X,Y,Z) is defined as the maximum local fuel rod linear power density divided
by the average fuel rod linear power density, assuming nominal fuel pellet and
fuel rod dimensions. Therefore, Fo(X,Y,2Z) is a measure of the peak fuel pellet
power within the reactor core.

During power operation, the global power distribution is limited by LCO 3.2.3,
"AXIAL FLUX DIFFERENCE (AFD)," and LCO 3.2.4, "QUADRANT TILT
POWER RATIO (QPTR)," which are directly and continuously measured
process variables. These LCOs, along with LCO 3.1.6, "Control Bank Insertion
Limits," maintain the core limits on power distributions on a continuous basis.

Fo(X,Y,Z) varies with fuel loading patterns, control bank insertion, fuel burnup,
and changes in axial power distribution and to a lesser extent, with boron
concentration and moderator temperature.

Fo(X,Y,Z) is measured periodically using the incore detector system. These
measurements are generally taken with the core at, or near steady state
conditions.

Using the measured three dimensional power distributions, it is possible to
derive a measured value for Fo(X,Y,Z). However, because this value
represents a steady state condition, it does not include the variations in the
value of Fo(X,Y,Z) that are present during nonequilibrium situations.

To account for these possible variations, the Fo(X,Y,Z) limit is reduced by
precalculated factors to account for perturbations from steady state conditions
to the operating limits.

Core monitoring and control under nonsteady state conditions are
accomplished by operating the core within the limits of the appropriate LCOs,
including the limits on AFD, QPTR, and control rod insertion.

McGuire Units 1 and 2 B 3.2.1-1 Revision No. 10



FQ(X:Y:Z)
B 3.2.1
BASES

APPLICABLE This LCO precludes core power distributions that violate
SAFETY ANALYSES the following fuel design criteria:

a. During a loss of coolant accident (LOCA), the peak cladding
temperature must not exceed 2200°F for small breaks and there
is a high level of probability that the peak cladding temperature
does not exceed 2200°F for large breaks (Ref. 1);

b. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint
power distributions.);

C. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 2); and

d. The control rods must be capable of shutting down the reactor
with a minimum required SDM with the highest worth control rod
stuck fully withdrawn (Ref. 3).

Limits on Fo(X,Y,Z) ensure that the value of the initial total peaking
factor assumed in the accident analyses remains valid. Other
Reference 1 criteria must also be met in LOCAs (e.g., maximum
cladding oxidation, maximum hydrogen generation, coolable geometry,
transient strain, and long term cooling). However, the peak cladding
temperature is typically most limiting.

Fa(X,Y,Z) limits assumed in the LOCA analysis are typically limiting
relative to (i.e., lower than) the Fo(X,Y,Z) limit assumed in safety
analyses for other postulated accidents. Therefore, this LCO provides
conservative limits for other postulated accidents.

Fo(X,Y,Z) satisfies Criterion 2 of 10 CFR 50.36 (Ref. 4).

LCO The Heat Flux Hot Channel Factor, Fo(X,Y,Z), shall be limited by the
following relationships:
FRTP
FY(x\y,z) < ‘;3 K(Z) forP > 0.5
FRTP
FY(Xx\Y,2z) < (‘)’5 K(2) forP<0.5
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BASES

FQ(X,Y,Z)
B 3.2.1

LCO (continued)

where; FRTP, is the Fo(X,Y,2) limit at RTP provided in the COLR,
and is reduced by measurement uncertainty, K(BU), and
manufacturing tolerances provided in the COLR,

K(Z) is the normalized Fo(X,Y,Z) as a function of core
height provided in the COLR, and

_ THERMAL POWER
RTP

P

The actual values of FF'Fq, K(BU), and K(Z) are given in the COLR;
however, FF""q, without adjustments for manufacturing tolerances and
measurement uncertainty, is normally a number on the order of 2.32,
and K(Z) and K(BU) are functions that are represented by figures in the
COLR.

For relaxed AFD limit operation, F¥o(X,Y,Z)(measured Fo(X,Y,2)) is
compared against three limits:

e Steady state limit, (F*" o/P) * K(2),
e Transient operational limit, F-o(X,Y,Z)°", and
e Transient RPS limit, F-o(X,Y,2)""S.

A steady state evaluation requires obtaining an incore flux map in
MODE 1. From the incore flux map results we obtain the measured
value FMo(X,Y,Z) of Fo(X,Y,Z). Then, F¥o(X,Y,2) is adjusted by a radial
local peaking factor and compared to F*'" which has been reduced by
manufacturing tolerances, K(BU), and flux map measurement
uncertainty.

K(BU) is the normalized F-o(X,Y,Z) as a function of burnup and is
provided in the COLR.

Fta(X,Y,2)°" and Fo(X,Y,2)*"® are cycle dependent design limits to
ensure the Fo(X,Y,Z) is met during transients. The expression for
F'o(X,Y,2)%" is:

F5(X,Y,.2)°F = FJ(X,Y,2) * Ma(X,Y,Z)/UMT = MT * TILT

McGuire Units 1 and 2 B 3.2.1-3 Revision No. 10



BASES

Fo(X,Y,Z)
B3.2.1

LCO (continued)

where:

F-a(X,Y,2)°" is the cycle dependent maximum allowable design
peaking factor which ensures that the Fo(X,Y,Z) limit will be
preserved for operation within the LCO limits. F-o(X,Y,Z)%"
includes allowances for calculational and measurement
uncertainties.

FPo(X,Y,2) is the design power distribution for Fq provided in the
COLR.

Ma(X,Y,Z) is the margin remaining in core location XY,Z to the
LOCA limit in the transient power distribution and is provided in the
COLR for normal operating conditions and power escalation testing
during startup operations. UMT and MT are only included in the
calculation of F-o(X,Y,2)°" if these factors were not included in the
LOCA limit.

UMT is the measurement uncertainty of 1.05.
MT is the engineering hot channel factor of 1.03.

TILT is the peaking penalty that accounts for allowable quadrant
power tilt ratio of 1.02 and is equal to 1.035.

The expression for F-o(X,Y,2)*S is:

FE (XY, 27 = F2(X,Y,Z) * Mg (X,Y,Z)/ UMT * MT = TILT

where: F-o(X,Y,Z)"® is the cycle dependent maximum allowable

design peaking factor which ensures that the center line fuel
melt limit will be preserved for operation within the LCO
limits. F-o(X,Y,Z)™° includes allowances for calculational
and measurement uncertainties.

Mc(X,Y,Z) is the margin remaining to the center line fuel
melt limit in core location X,Y,Z from the transient power
distribution and is provided in the COLR for normal
operating conditions and power escalation testing during
startup operations. UMT and MT are only included in the
calculation of F-o(X,Y,Z)""® if these factors were not
included in the fuel melt limit.

McGuire Units 1 and 2
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BASES

Fa(X,Y,2)
B3.2.1

LCO (continued)

The Fo(X,Y,2Z) limits typically define limiting values for core power peaking that
precludes peak cladding temperatures above 2200°F during a small break
LOCA and a high level of probability that the peak cladding temperature does
not exceed 2200°F for a large break LOCA.

This LCO requires operation within the bounds assumed in the safety analyses.
Calculations are performed in the core design process to confirm that the core
can be controlled in such a manner during operation that it can stay within the
Fa(X,Y,2) limits. If Fo(X,Y,Z) cannot be maintained within the steady state
LOCA limits, reduction of the core power is required.

Violating the steady state LOCA limits for Fo(X,Y,Z) produces unacceptable
consequences if a design basis event occurs while Fg(X,Y,Z) is outside its
specified limits.

APPLICABILITY

The Fo{X,Y,Z) limits must be maintained in MODE 1 to prevent core power
distributions from exceeding the limits assumed in the safety analyses.
Applicability in other MODES is not required because there is either insufficient
stored energy in the fuel or insufficient energy being transferred to the reactor
coolant to require a limit on the distribution of core power. The exception to this
is the steam line break event, which is assumed for analysis purposes to occur
from very low power levels. At these low power levels, measurements of
Fa(X,Y,Z) are not sufficiently reliable. Operation within analysis limits at these
conditions is inferred from startup physics testing verification of design
predictions of core parameters in general.

ACTIONS

Al

Reducing THERMAL POWER by > 1% RTP for each 1% by which FMa(X,Y,2Z)
exceeds its steady state limit, maintains an acceptable absolute power density.
FMQ(X,Y,Z) is the measured value of Fo(X,Y,Z) and the steady state limit
includes factors accounting for measurement uncertainty and manufacturing
tolerances. The Completion Time of 15 minutes provides an acceptable time to
reduce power in an orderly manner and without allowing the plant to remain in
an unacceptable condition for an extended period of time.

McGuire Units 1 and 2 B 3.2.1-5 Revision No. 10



Fo(X,Y,Z)
B 3.2.1
BASES

ACTIONS (continued)

A2

A reduction of the Power Range Neutron Flux—High trip setpoints by
>1% for each 1% by which FMo(X,Y,Z) exceeds its steady state limit, is a
conservative action for protection against the consequences of severe
transients with unanalyzed power distributions. The Completion Time of
72 hours is sufficient considering the small likelihood of a severe
transient in this time period and the preceding prompt reduction in
THERMAL POWER in accordance with Required Action A.1.

A3

Reduction in the Overpower AT trip setpoints (value of K;) by > 1% (in
AT span) for each 1% by which F¥o(X,Y,Z) exceeds its steady state
limit, is a conservative action for protection against the consequences of
severe transients with unanalyzed power distributions since the
transient response is limited by the setpoint reduction. The Completion
Time of 72 hours is sufficient considering the small likelihood of a severe
transient in this time period, and the preceding prompt reduction in
THERMAL POWER in accordance with Required Action A.1.

A4

Verification that FMo(X,Y,Z) has been restored to within its steady state
and transient limits, by performing SR 3.2.1.1, SR 3.2.1.2, and SR
3.2.1.3 prior to increasing THERMAL POWER above the limit imposed
by Required Action A.1, ensures that core conditions during operation at
higher power levels are consistent with safety analyses assumptions.
Since FMo(X,Y,Z) exceeds the steady state limit, the transient
operational limit and possibly the transient RPS limit may be exceeded.
By performing SR 3.2.1.2 and SR 3.2.1.3, appropriate actions with
respect to reductions in AFD limits and OTAT trip setpoints will be
performed ensuring that core conditions during operational and
Condition 2 transients are maintained within the assumptions of the
safety analysis.

B.1and B.2
The operational margin during transient operations is based on the

relationship between FMQ(X,Y,Z) and the transient operational limit,
Fra(X,Y,2)°F, as follows:

McGuire Units 1 and 2 B 3.2.1-6 Revision No. 10



BASES

ACTIONS (continued)

FY(X,Y,2)

% Operational Margin = | 1 - ———"——~
P g ( F5 (XY, 2%

]*100%

If the operational margin is less than zero, then FMo(X,Y,2) is greater
than F-o(X,Y,2)° and there exists a potential for exceeding the peak
local power assumed in the core in a LOCA or in the loss of flow
accidents. Reducing the AFD by > 1% from the COLR limit for each 1%
by which FMo(X,Y,Z) exceeds the operational limit within the allowed
Completion Time of 4 hours restricts the axial flux distribution such that
even if a transient occurred, core peaking factors are not exceeded.
Adjusting the transient operational limit by the equivalent change in AFD
limits establishes the appropriate revised surveillance limits.

C.1andC.2

The margin contained within the reactor protection system (RPS)
Overtemperature AT setpoints during transient operations is based on
the relationship between FMo(X,Y,Z) and the RPS limit, F-o(X,Y,2)""%, as
follows:

FY(X,Y,2)

% RPS Margin=|1- ————_—
argin { FL(X,Y, 2™

j*100%

If the RPS margin is less than zero, then FMo(X,Y,Z) is greater than
F-o(X,Y,2)""S and there exists a potential for FMo(X,Y,Z) to exceed peak
clad temperature limits during certain Condition 2 transients. The
Overtemperature AT K1 value is required to be reduced as follows:

K1 apyusteo = K1 - | KSLOPE * % RPS Margin |
Where K1 apyusten is the reduced Overtemperature AT K1 value

KSLOPE is a penalty factor used to reduce K1 and is
defined in the COLR

% RPS Margin is the most negative margin determined
above.
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ACTIONS (continued)

Reducing the Overtemperature AT trip setpoint from the COLR limit is a
conservative action for protection against the consequences of
transients since this adjustment limits the peak transient power level
which can be achieved during an anticipated operational occurrence.
Once the OTAT trip setpoint is reduced, the available margin is
increased. An adjustment is then necessary in the F-o(X,Y,2)™"® limit,
using the increased margin, in order to restore compliance with the LCO
and exit the condition. These adjustments maintain a constant margin
and ensure that centerline fuel melt does not occur. The Completion
Time of 72 hours is sufficient considering the small likelihood of a

limiting transient in this time period. Adjusting the transient RPS limit by

the equivalent change in OTAT trip setpoint establishes the appropriate
revised surveillance limit.

D.1

If Required Actions A.1 through A.4, B.1, or C.1 are not met within their
associated Completion Times, the plant must be placed in a mode or
condition in which the LCO requirements are not applicable. This is
done by placing the plant in at least MODE 2 within 6 hours.

This allowed Completion Time is reasonable based on operating
experience regarding the amount of time it takes to reach MODE 2 from
full power operation in an orderly manner and without challenging plant
systems.

SURVEILLANCE
REQUIREMENTS

SR 3.2.1.1, SR 3.2.1.2, and SR 3.2.1.3 are modified by a Note. The

Note applies during the first power ascension after a refueling. It states that
THERMAL POWER may be increased until an equilibrium power level has
been achieved at which a power distribution map can be obtained. This
allowance is modified, however, by one of the Frequency conditions that
requires verification that F¥o(X,Y,2Z) is within the specified limits after a power
rise of > 10% RTP over the THERMAL POWER at which it was last verified to
be within specified limits. Because FMa(X,Y,2) could not have previously been
measured in this reload core, power may be increased to RTP prior to an
equilibrium verification of FMo(X,Y,Z) provided nonequilibrium measurements of
FYa(X,Y,Z) are performed at various power levels during startup physics testing.
This ensures that some determination of FMo(X,Y,Z) is made at a lower power
level at which adequate margin is available before going to 100% RTP. The
Frequency condition is not intended to require verification of these parameters
after every 10% increase in power level above the last
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SURVEILLANCE REQUIREMENTS (continued)

verification. It only requires verification after a power level is achieved
for extended operation that is 10% higher than that power at which Fq
was last measured.

SR 3.2.1.1

Verification that FMo(X,Y,Z) is within its specified steady state limits
involves either increasing FMo(X,Y,2) to allow for manufacturing
tolerance, K(BU), and measurement uncertainties for the case where
these factors are not included in the Fq limit. For the case where these
factors are included, a direct comparison of FMa(X,Y,2) to the Fqlimit
can be performed. Specifically, F*o(X,Y,Z) is the measured value of
Fa(X,Y,Z) obtained from incore flux map results. Values for the
manufacturing tolerance, K(BU), and measurement uncertainty are
specified in the COLR.

The limit with which FMo(X,Y,Z) is compared varies inversely with power
above 50% RTP and directly with functions called K(Z) and K(BU)
provided in the COLR.

If THERMAL POWER has been increased by > 10% RTP since the last
determination of FMo(X,Y,Z), another evaluation of this factor is required
12 hours after achieving equilibrium conditions at this higher power level
(to ensure that FMQ(X,Y,Z) values have decreased sufficiently with
power increase to stay within the LCO limits).

The Frequency of 31 EFPD is adequate to monitor the change of power
distribution with core burnup because such changes are slow and well
controlled when the plant is operated in accordance with the Technical
Specifications (TS).

SR 3.2.1.2and 3.2.1.3

The nuclear design process includes calculations performed to
determine that the core can be operated within the Fqo(X,Y,Z) limits.
Because flux maps are taken in steady state conditions, the variations in
power distribution resulting from normal operational maneuvers are not
present in the flux map data. These variations are, however,
conservatively calculated by considering a wide range of unit
maneuvers in normal operation. The maximum peaking factor increase
over steady state values, is determined by a maneuvering analysis (Ref.
5).
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SURVEILLANCE REQUIREMENTS (continued)

The limit with which FMo(X,Y,Z) is compared varies and is provided in the
COLR. No additional uncertainties are applied to the measured Fo(X,Y,Z)
because the limits already include uncertainties.

Fta(X,Y,2)°" and Fo(X,Y,2)""® limits are not applicable for the following axial
core regions, measured in percent of core height:

a. Lower core region, from 0 to 15% inclusive; and
b. Upper core region, from 85 to 100% inclusive.

The top and bottom 15% of the core are excluded from the evaluation because
of the low probability that these regions would be more limiting in the safety
analyses and because of the difficulty of making a precise measurement in
these regions.

This Surveillance has been modified by a Note that may require that more
frequent surveillances be performed. If FMq(X,Y,Z2) is evaluated and found to be
within the applicable transient limit, an evaluation is required to account for any
increase to FMo(X,Y,Z) that may occur and cause the Fo(X,Y,Z) limit to be
exceeded before the next required Fo(X,Y,Z) evaluation.

In addition to ensuring via surveillance that the heat flux hot channel factor is
within its limits when a measurement is taken, there are also requirements to
extrapolate trends in both the measured hot channel factor and in its
operational and RPS limits. Two extrapolations are performed for each of these

two limits:

1. The first extrapolation determines whether the measured heat flux hot
channel factor is likely to exceed its limit prior to the next performance of
the SR.

2. The second extrapolation determines whether, prior to the next
performance of the SR, the ratio of the measured heat flux hot channel
factor to the limit is likely to decrease below the value of that ratio when
the measurement was taken.

Each of these extrapolations is applied separately to each of the operational
and RPS heat flux hot channel factor limits. If both of the extrapolations for a
given limit are unfavorable, i.e., if the extrapolated factor is expected to exceed
the extrapolated limit and the extrapolated factor is expected to become a
larger fraction of the extrapolated limit
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SURVEILLANCE REQUIREMENTS (continued)

than the measured factor is of the current limit, additional actions must
be taken. These actions are to meet the Fg(X,Y,Z) limit with the last
FMa(X,Y,Z) increased by a factor of 1.02, or to evaluate Fo(X,Y,Z) prior
to the projected point in time when the extrapolated values are expected
to exceed the extrapolated limits. These alternative requirements
attempt to prevent Fo(X,Y,Z) from exceeding its limit for any significant
period of time without detection using the best available data.
FMa(X,Y,2) is not required to be extrapolated for the initial flux map
taken after reaching equilibrium conditions since the initial flux map
establishes the baseline measurement for future trending. Also,
extrapolation of FMo(X,Y,2) limits are not valid for core locations that
were previously rodded, or for core locations that were previously within
+2% of the core height about the demand position of the rod tip.

Fa(X,Y,2) is verified at power levels > 10% RTP above the THERMAL
POWER of its last verification, 12 hours after achieving equilibrium
conditions to ensure that Fo(X,Y,Z) is within its limit at higher power
levels.

The Surveillance Frequency of 31 EFPD is adequate to monitor the
change of power distribution with core burnup. The Surveillance may be
done more frequently if required by the results of Fo(X,Y,Z) evaluations.

The Frequency of 31 EFPD is adequate to monitor the change of power
distribution because such a change is sufficiently slow, when the plant is
operated in accordance with the TS, to preclude adverse peaking
factors between 31 day surveillances.

REFERENCES

1. 10 CFR 50.46.

2. UFSAR Section 15.4.8.

3. 10 CFR 50, Appendix A, GDC 26.

4, 10 CFR 50.38, Technical Specifications, (c)(2)(ii).

5. DPC-NE-2011PA "Duke Power Company Nuclear Design

Methodology for Core Operating Limits of Westinghouse
Reactors", March 1990
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B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (Fau(X,Y))

BASES

BACKGROUND

The purpose of this LCO is to establish limits on the power density at any
point in the core so that the fuel design criteria are not exceeded and the
accident analysis assumptions remain valid. The design limits on local
(pellet) and integrated fuel rod peak power density are expressed in terms
of hot channel factors. Control of the core power distribution with respect
to these factors, along with the other applicable LCOs, ensures that local
conditions in the fuel rods and coolant channels do not challenge core
integrity at any location during either normal operation or a postulated
accident analyzed in the safety analyses.

Fan(X,Y) is defined as the ratio of the integral of the linear power along
the fuel rod with the highest integrated power to the average integrated
fuel rod power. Therefore, Fyu(X,Y) is @ measure of the maximum total
power produced in a fuel rod.

Fan(X,Y) is sensitive to fuel loading patterns, bank insertion, and fuel
burnup. Fan(X,Y) typically increases with control bank insertion and
typically decreases with fuel burnup.

Fan(X,Y) is not directly measurable but is inferred from a power
distribution map obtained with the movable incore detector system.
Specifically, the results of the three dimensional power distribution map
are analyzed by a computer to determine Fau(X,Y). This factor is
calculated at least every 31 EFPD. However, during power operation, the
global power distribution is monitored by LCO 3.2.3, "AXIAL FLUX
DIFFERENCE (AFD)," and LCO 3.2.4, "QUADRANT POWER TILT
RATIO (QPTR)," which address directly and continuously measured
process variables.

The COLR provides peaking factor limits that ensure that the design basis
value of the departure from nucleate boiling (DNB) is met for normal
operation, operational transients, and any transient condition arising from
events of moderate frequency for transients that do not alter the core
power distribution. The DNB design basis for operational transients and
transients of moderate frequency preclude DNB and is met by limiting the
minimum local DNB heat flux ratio to the design limit value using an NRC
approved critical heat flux (CHF) correlation. Operation transients and
transients of moderate frequency that are DNB limited are assumed to
begin with an F,y(X,Y) value that satisfies the LCO requirement, with the
exception of accidents such as the uncontrolled RCCA bank withdrawal
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BACKGROUND (continued)

(UCBW). For these types of accidents, the event itself causes changes in
the power distribution and this LCO alone is not sufficient to preclude
DNB. The acceptability of analyses such as the UCBW accident analysis
is ensured by LCO 3.2.3, “AXIAL FLUX DIFFERENCE (AFD),” LCO 3.1.6,
“Control Bank Insertion Limits,” LCO 3.2.4, “QUADRANT POWER TILT
RATIO (QPTR),” LCO 3.4.1, “RCS Pressure, Temperature, and Flow
Departure From Nucleate Boiling (DNB) Limits,” in combination with
cycle-specific analytical calculations.”

Operation outside the LCO limits may produce unacceptable
consequences if a DNB limiting event occurs.

APPLICABLE Limits on Fan(X,Y) preclude core power distributions that exceed the
SAFETY ANALYSES following fuel design limits:

a. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient to
preclude DNB criteria violations for certain accidents, i.e., accidents
in which the event itself changes the core power distribution. For
these events, additional checks are made in the core reload design
process against the permissible statepoint power distributions.);

b. During a large break loss of coolant accident (LOCA), there must
be a high level of probability that the peak cladding temperature
(PCT) does not exceed 2200°F;

C. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 1); and

d. Fuel design limits required by GDC 26 (Ref. 2) for the condition when
control rods must be capable of shutting down the reactor with a
minimum required SDM with the highest worth control rod stuck fully
withdrawn.

For transients that may be DNB limited, the Reactor Coolant System flow
and F,q(X,Y) are the core parameters of most importance. The limits on
Fan(X,Y) ensure that the DNB design basis is met for normal operation,
operational transients, and any transients arising from events of moderate
frequency that do not alter the core power distribution. For transients such
as uncontrolled RCCA bank withdrawal, which are characterized by changes
in the core power distribution, this LCO alone is not sufficient to preclude
DNB. The acceptability of the accident analyses is ensured by
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APPLICABLE SAFETY ANALYSES (continued)

LCO 3.2.3,“AXIAL FLUX DIFFERENCE (AFD),” LCO 3.1.6, “Control
Bank Insertion Limits,” LCO 3.2.4, “QUADRANT POWER TILT RATIO

(QPTR),” and LCO 3.4.1, “RCS Pressure, Temperature, and Flow
Departure From Nucleate Boiling (DNB) Limits,” in combination with cycle-
specific analytical calculations. The DNB design basis is met by limiting the
minimum DNBR to the design limit value using an NRC approved CHF
correlation. This value provides a high degree of assurance that the hottest
fuel rod in the core does not experience a DNB.

The allowable F,4(X,Y) limit increases with decreasing power level. This
functionality in Fau(X,Y) is included in the analyses that provide the
Reactor Core Safety Limits (SLs) of SL 2.1.1. Therefore, any DNB events
in which the calculation of the core limits is modeled implicitly use this
variable value of F,4(X)Y) in the analyses.

The LOCA safety analysis models F 4(X,Y) as an input parameter. The
Nuclear Heat Flux Hot Channel Factor (Fo(X,Y,Z)) and the axial peaking
factors are inserted directly into the LOCA safety analyses that verify the
acceptability of the resulting peak cladding temperature (Ref. 3). The fuel is
protected in part by Technical Specifications, which ensure that the initial
conditions assumed in the safety and accident analyses remain valid. The
following LCOs ensure this: LCO 3.2.3, "AXIAL FLUX DIFFERENCE (AFD),"
LCO 3.2.4, "QUADRANT POWER TILT RATIO (QPTR)," LCO 3.1.6, "Control
Bank Insertion Limits," LCO 3.2.2, "Nuclear Enthalpy Rise Hot Channel
Factor (Fan)," and LCO 3.2.1, "Heat Flux Hot Channel Factor (Fo(X,Y,Z))."

Fan(X,Y) and Fo(X,Y,Z) are measured periodically using the movable
incore detector system. Measurements are generally taken with the core
at, or near, steady state conditions. Core monitoring and control under
transient conditions (Condition 1 events) are accomplished by operating
the core within the limits of the LCOs on AFD, QPTR, and Control Bank
Insertion Limits.

Fan(X,Y) satisfies Criterion 2 of 10 CFR 50.36 (Ref. 4).

LCO

Fan(X,Y) shall be limited by the following relationship:
Fi (X, Y) < Fy (X, Y)H°
where: F*(X,Y) is defined as the measured radial peak, and

F-u(X,Y)-° is defined as the steady state maximum allowable radial
peak defined in the COLR.
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LCO (continued)

The F-u(X,Y)° limit identifies the coolant flow channel with the
maximum enthalpy rise. This channel has the least heat removal
capability and thus the highest probability for DNB.

Fhan(X,Y)°C limits are maximum allowable radial peak (MARP) limits
which are developed in accordance with the methodology outlined in
Reference 5. MARP limits are constant DNBR limits which are a function
of both the magnitude and location of the axial peak F(Z), therefore,
justifying the X,Y dependence of the F-,.(X,Y)-° limit.

The limiting value, F-yq(X,Y)"°, is also power dependent and can be
described by the following relationship:

FL, (X,Y)° = MARP(X,Y) = [1.0 + (1/ RRH) * (1.0 - P)]

where: MARP(X,Y) is the maximum allowable radial peaks
provided in the COLR,

P is the ratio of THERMAL POWER to RATED
THERMAL POWER, and

RRH is the amount by which allowable THERMAL
POWER must be reduced for each 1% that F*4(X,Y)
exceeds the limit. The specific value is contained in
the COLR.

A power multiplication factor in this equation includes an additional
margin for higher radial peaking from reduced thermal feedback and
greater control rod insertion at low power levels. The limiting value,
FLau(X,Y)-°C, is allowed to increase approximately 0.3% for every

1% RTP reduction in THERMAL POWER. This increase in the
FLan(X,Y) - limit is due to the reduced amount of heat removal required
at lower powers.

APPLICABILITY

The Fas(X,Y) limits must be maintained in MODE 1 to preclude core power
distributions from exceeding the fuel design limits for DNBR and PCT.
Applicability in other modes is not required because there is either
insufficient stored energy in the fuel or insufficient energy being transferred
to the coolant to require a limit on the distribution of core power.

Specifically, the design bases events that might be expected to be sensitive
to Fan(X,Y) in other modes (MODES 2 through 5) have significant margin to

DNB, and therefore, there is no need to restrict Fyu(X,Y) in these modes.
The exceptions to this are the steam line break,
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APPLICABILITY (continued)

uncontrolled RCCA bank withdrawal from zero power and rod ejection
from zero power events, which are assumed, for analysis purposes, to
occur from very low power levels. At these low power levels,
measurements of F,y are not sufficiently reliable. Operation within
analysis limits at these conditions is inferred from startup physics testing
verification of design predictions of core parameters in general.

ACTIONS

Al

If FMy(X,Y) is not within limit, THERMAL POWER must be reduced at
least RRH% from RTP for each 1% Fu(X,Y) exceeds the limit. Reducing
power increases the DNB margin and does not likely cause the DNBR
limit to be violated in steady state operation. The Completion Time of 2
hours provides an acceptable time to reach the required power level
without allowing the plant to remain in an unacceptable condition for an
extended period of time.

Condition A is modified by a Note that requires that Required

Actions A.3.2.2 and A.4 must be completed whenever Condition A is
entered. Thus, if compliance with the LCO is restored, Required

Action A.3.2.2 and A.4 nevertheless requires another measurement and
calculation of F(X,Y) in accordance with SR 3.2.2.1.

A2.1and A.2.2

Upon completion of the power reduction in Required Action A.1, the unit
is allowed an additional 6 hours to restore F,u(X,Y) to within its RTP
limits. This restoration may, for example, involve realigning any
misaligned rods enough to bring Fxu(X,Y) within its limit. When the
Fau(X,Y) limit is exceeded, the DNBR limit is not likely violated in steady
state operation, because events that could significantly perturb the
FAn(X,Y) value (e.g., static control rod misalignment) are considered in the
safety analyses. However, the DNBR limit may be violated if a DNB
limiting event occurs. Thus, the allowed Completion Time of 8 hours
provides an acceptable time to restore Fau(X,Y) to within its RTP limits
without allowing the plant to remain in an unacceptable condition for an
extended period of time.

If the value of F,u(X,Y) is not restored to within its specified RTP limit, the
alternative option is to reduce the Power Range Neutron Flux—High Trip
Setpoint > RRH% for each 1% FMu(X,Y) exceeds the limit in accordance
with Required Action A.2.2. The reduction in trip setpoints ensures that
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ACTIONS (continued)

continuing operation remains at an acceptable low power level with
adequate DNBR margin and limits the consequences of a transient by
limiting the transient power level which can be achieved during a
postulated event.

The allowed Completion Time of 8 hours to reset the trip setpoints per
Required Action A.2.2 recognizes that, once power is reduced, the safety
analysis assumptions are satisfied and there is no urgent need to reduce
the trip setpoints. This is a sensitive operation that may inadvertently trip
the Reactor Protection System.

A.3.1, A.3.2.1. and A.3.2.2

If FMAH(X,Y) was not restored to within the RTP limits, and the Power
Range Neutron Flux-High Trip Setpoints were subsequently reduced, an
additional 64 hours are provided to restore F*,,(X,Y) within the limit for
RTP. Alternatively, the Overtemperature AT setpoint (K; term) must be
reduced by > TRH for each 1% FM,(X,Y) exceeds the limit. TRH is the
amount of overtemperature AT K; setpoint reduction required to
compensate for each 1% that FM,(X,Y) exceeds the limit and is provided
in the COLR. This action ensures that protection margin is maintained in
the reduced power level for DNB related transients not covered by the
reduction in the Power Range Neutron Flux-High Trip Setpoint. Once the
Overtemperature AT Trip Setpoint has been reduced per Required
Action A.3.2.1, an incore flux map (SR 3.2.2.1) must be obtained and the
measured value of Fyy(X,Y) verified not to exceed the allowed limit at the
lower power level.

The unit is provided 64 additional hours to perform these tasks over and
above the 8 hours allowed by either Action A.2.1 or Action A.2.2. The
Completion Time of 72 hours is acceptable because of the increase in the
DNB margin, which is obtained at lower power levels, and the low
probability of having a DNB limiting event within this 72 hour period.
Additionally, operating experience has indicated that this Completion
Time is sufficient to obtain the incore flux map, perform the required
calculations, and evaluate Fyq(X,Y).

A4

Verification that F,u(X,Y) is within its specified limits after an out of limit
occurrence ensures that the cause that led to the F,u(X,Y) exceeding its
limit is corrected, and that subsequent operation proceeds within the LCO
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limit. This Action demonstrates that the Fy(X,Y) limit is within the LCO
limits prior to exceeding 50% RTP, again prior to exceeding 75% RTP,
and within 24 hours after THERMAL POWER is > 95% RTP.

This Required Action is modified by a Note that states that THERMAL
POWER does not have to be reduced prior to performing this Action.

B.1

When Required Actions A.1 through A.4 cannot be completed within their
required Completion Times, the plant must be placed in a mode in which
the LCO requirements are not applicable. This is done by placing the
plant in at least MODE 2 within 6 hours. The allowed Completion Time of
6 hours is reasonable, based on operating experience regarding the time
required to reach MODE 2 from full power conditions in an orderly
manner and without challenging plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.2.2.1 and SR 3.2.2.2 are modified by a Note. The Note applies
during the first power ascension after a refueling. It states that THERMAL
POWER may be increased until an equilibrium power level has been
achieved at which a power distribution map can be obtained. This
allowance is modified, however, by one of the Frequency conditions that
requires verification that FM,(X,Y) is within the specified limits after a
power rise of more than 10% RTP over the THERMAL POWER at which
it was last verified to be within specified limits. Because F¥,(X,Y) could
not have previously been measured in this reload core, power may be
increased to RTP prior to an equilibrium verification of Fu(X,Y) provided
nonequilibrium measurements of F,,(X,Y) are performed at various power
levels during startup physics testing. This ensures that some
determination of F,u(X,Y) is made at a lower power level at which
adequate margin is available before going to 100% RTP. The Frequency
condition is not intended to require verification of the parameter after
every 10% increase in power level above the last verification. It only
requires verification after a power level is achieved for extended operation
that is 10% higher than that power at which F,4(X,Y) was last measured.

SR 3.2.2.1
The value of FM4(X,Y) is determined by using the movable incore

detector system to obtain a flux distribution map at any THERMAL
POWER greater than 5% RTP. A computer program is used to process
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SURVEILLANCE REQUIREMENTS (continued)

the measured 3-D power distribution to calculate the steady state
FLu(X,Y)-° limit which is compared against F¥y(X,Y).

FM(X,Y) is verified at power levels > 10% RTP above the THERMAL
POWER of its last verification, 12 hours after achieving equilibrium
conditions to ensure that F*,(X,Y) is within its limit at high power levels.

The 31 EFPD Frequency is acceptable because the power distribution
changes relatively slowly over this amount of fuel burnup. Accordingly,
this Frequency is short enough that the F,u(X,Y) limit cannot be exceeded
for any significant period of operation.

SR3.2.2.2

The nuclear design process includes calculations performed to determine
that the core can be operated within the Fan(X,Y) limits. Because flux
maps are taken in steady state conditions, the variations in power
distribution resulting from normal operational maneuvers are not present
in the flux map data. These variations are, however, conservatively
calculated by considering a wide range of unit maneuvers in normai
operation. The maximum peaking factor increase over steady state
values is a limit called F-y (X,Y)*Y"Y. This Surveillance compares the
measured FM4(X,Y) to the Surveillance limit to ensure that safety
analysis limits are maintained.

This Surveillance has been modified by a Note that may require that more
frequent surveillances be performed. [f FMAH(X,Y) is evaluated and found
to be within its surveillance limit, an evaluation is required to account for
any increase to FM,4(X,Y) that may occur and cause the Fx.(X,Y)S"" limit
to be exceeded before the next required Faq(X,Y)UR evaluation.

In addition to ensuring via surveillance that the enthalpy rise hot channel
factor is within its steady state and surveillance limits when a
measurement is taken, there are also requirements to extrapolate trends
in both the measured hot channel factor and in its surveillance limit. Two
extrapolations are performed for this limit:

1. The first extrapolation determines whether the measured enthalpy
rise hot channel factor is likely to exceed its surveillance limit prior
to the next performance of the SR.

2. The second extrapolation determines whether, prior to the next
performance of the SR, the ratio of the measured enthalpy rise hot
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SURVEILLANCE REQUIREMENTS (continued)

channel factor to the surveillance limit is likely to decrease below
the value of that ratio when the measurement was taken.

Each of these extrapolations is applied separately to the enthalpy rise hot
channel factor surveillance limit. If both of the extrapolations are
unfavorable, i.e., if the extrapolated factor is expected to exceed the
extrapolated limit and the extrapolated factor is expected to become a
larger fraction of the extrapolated limit than the measured factor is of the
current limit, additional actions must be taken. These actions are to meet
the F¥,4(X,Y) limit with the last F*4u(X,Y) increased by the appropriate
factor as specified in the COLR, or to evaluate Fy(X,Y) prior to the point
in time when the extrapolated values are expected to exceed the
extrapolated limits. These alternative requirements attempt to prevent
FM(X,Y) from exceeding its limit for any significant period of time without
detection using the best available data. F™,,(X,Y) is not required to be
extrapolated for the initial flux map taken after reaching equilibrium
conditions since the initial flux map establishes the baseline
measurement for future trending.

FMw(X,Y) is verified at power levels 10% RTP above the THERMAL
POWER of its last verification, 12 hours after achieving equilibrium
conditions to ensure that F*,,(X,Y) is within its limit at high power levels.

The Surveillance Frequency of 31 EFPD is adequate to monitor the
change of power distribution with core burnup. The Surveillance may be
done more frequently if required by the results of FM(X,Y) evaluations.

The Frequency of 31 EFPD is adequate to monitor the change of power

distribution because such a change is sufficiently slow, when the plant is
operated in accordance with the TS, to preclude adverse peaking factors
between 31 day surveillances.

REFERENCES

1. UFSAR Section 15.4.8

2 10 CFR 50, Appendix A, GDC 26.

3. 10 CFR 50.46.

4 10 CFR 50.36, Technical Specifications, (c)(2)(ii).

5. DPC-NE-2005P "Duke Power Company Thermal Hydraulic
Statistical Core Design Methodology’, September 1992.

6. DPC-NE-2004P-A, Rev. 1, "Duke Power Company McGuire and
Catawba Nuclear Stations Core Thermal-Hydraulic Methodology
Using VIPRE-01,” SER Dated February 20, 1997 (DPC Proprietary)
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B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.4 QUADRANT POWER TILT RATIO (QPTR)

BASES

BACKGROUND The QPTR limit ensures that the gross radial power distribution remains
consistent with the design values used in the safety analyses. Precise
radial power distribution measurements are made during startup testing,
after refueling, and periodically during power operation.

The power density at any point in the core must be limited so that the fuel
design criteria are maintained. Together, LCO 3.2.3, "AXIAL FLUX
DIFFERENCE (AFD)," LCO 3.2.4, and LCO 3.1.6, "Control Rod Insertion
Limits," provide limits on process variables that characterize and control
the three dimensional power distribution of the reactor core. Control of
these variables ensures that the core operates within the fuel design
criteria and that the power distribution remains within the bounds used in
the safety analyses.

APPLICABLE This LCO precludes core power distributions that violate the following
SAFETY ANALYSES fuel design criteria:

a. During a large break loss of coolant accident (LOCA), there must
be a high level of probability that the peak cladding temperature
does not exceed 2200°F (Ref. 1);

b. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient to
preclude DNB criteria violations for certain accidents, i.e., accidents
in which the event itself changes the core power distribution. For
these events, additional checks are made in the core reload design
process against the permissible statepoint power distributions.);

c. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 2); and

d. The control rods must be capable of shutting down the reactor with
a minimum required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 3).

The LCO limits on the AFD, the QPTR, the Heat Flux Hot Channel Factor
(Fa(X,Y,2)), the Nuclear Enthalpy Rise Hot Channel Factor (Fu(X,Y)),
and control bank insertion are established to preclude core power
distributions that exceed the safety analyses limits.
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APPLICABLE SAFETY ANALYSES (continued)

The QPTR limits ensure that Fay(X,Y) and Fo(X,Y,Z) remain below their
limiting values by preventing an undetected change in the gross radial
power distribution.

In MODE 1, the FAn(X,Y) and Fo(X,Y,Z) limits must be maintained to
preclude core power distributions from exceeding design limits assumed
in the safety analyses.

The QPTR satisfies Criterion 2 of 10 CFR 50.36 (Ref. 4).

LCO

The QPTR limit of 1.02, at which corrective action is required, provides a
margin of protection for both the DNB ratio and linear heat generation rate
contributing to excessive power peaks resuiting from X-Y plane power
tilts. A limiting QPTR of 1.02 can be tolerated before the margin for
uncertainty in Fo(X,Y,Z) and Fau(X,Y), or safety analysis peaking
assumptions are possibly challenged.

APPLICABILITY

The QPTR limit must be maintained in MODE 1 with THERMAL POWER
> 50% RTP to prevent core power distributions from exceeding the design
limits.

Applicability in MODE 1 < 50% RTP and in other MODES is not required
because there is either insufficient stored energy in the fuel or insufficient
energy being transferred to the reactor coolant to require the
implementation of a QPTR limit on the distribution of core power. The
QPTR limit in these conditions is, therefore, not important. Note that the
Fan(X,Y) and Fo(X,Y,Z) LCOs still apply, but allow progressively higher
peaking factors at 50% RTP or lower.

The Applicability is modified by a Note which states that the LCO is not
applicable until the excore nuclear instrumentation is calibrated
subsequent to a refueling.

ACTIONS

Al

With the QPTR exceeding its limit, a power level reduction of 3% from
RTP for each 1% by which the QPTR exceeds 1.02 is a conservative
tradeoff of total core power with peak linear power. The Completion Time
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ACTIONS (continued)

of 2 hours allows sufficient time to identify the cause and correct the tilt.
Note that the power reduction itself may cause a change in the tilted
condition.

A2

After completion of Required Action A.1, the QPTR alarm may still be in
its alarmed state. As such, any additional changes in the QPTR are
detected by requiring a check of the QPTR once per 12 hours thereafter.
If the QPTR continues to increase, THERMAL POWER has to be reduced
accordingly. A 12 hour Completion Time is sufficient because any
additional change in QPTR would be relatively slow.

A3

The peaking factors Fpq(X,Y) and Fo(X,Y,Z) are of primary importance in
ensuring that the power distribution remains consistent with the initial
conditions used in the safety analyses. Performing SRs on F,q(X,Y) and
Fa(X,Y,2) within the Completion Time of 24 hours ensures that these
primary indicators of power distribution are within their respective limits.
A Completion Time of 24 hours takes into consideration the rate at which
peaking factors are likely to change, and the time required to stabilize the
plant and perform a flux map. If these peaking factors are not within their
limits, the Required Actions of these Surveillances provide an appropriate
response for the abnormal condition. If the QPTR remains above its
specified limit, the peaking factor surveillances are required each 7 days
thereafter to evaluate Fyq(X,Y) and Fo(X,Y,Z) with changes in power
distribution. Relatively small changes are expected due to either burnup
and xenon redistribution or correction of the cause for exceeding the
QPTR limit.

A4

If QPTR exceeds a value of 1.02, the Power Range Neutron Flux-High
trip setpoint is reduced by 3% for each 1% QPTR exceeds 1.02.
Lowering this setpoint maintains the same margin to trip by limiting the
transient response of the core. The 72 hour Completion Time is sufficient
for this activity to be performed and is acceptable based on the low
probability of a transient occurring in this time frame.
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ACTIONS (continued)
A5

Although Fu(X,Y) and Fo(X,Y,Z) are of primary importance as initial
conditions in the safety analyses, other changes in the power distribution
may occur as the QPTR limit is exceeded and may have an impact on the
validity of the safety analysis. A change in the power distribution can
affect such reactor parameters as bank worths and peaking factors for
rod malfunction accidents. When the QPTR exceeds its limit, it does not
necessarily mean a safety concern exists. It does mean that there is an
indication of a change in the gross radial power distribution that requires
an investigation and evaluation that is accomplished by examining the
incore power distribution. Specifically, the core peaking factors and the
quadrant tilt must be evaluated because they are the factors that best
characterize the core power distribution. This re-evaluation is required to
ensure that, before increasing THERMAL POWER to above the more
restrictive limit of Required Action A.1 or A.2, the reactor core conditions
are consistent with the assumptions in the safety analyses.

A6

If the QPTR has exceeded the 1.02 limit and a re-evaluation of the safety
analysis is completed and shows that safety requirements are met, the
excore detectors are recalibrated to show a zero QPT prior to increasing
THERMAL POWER to above the more restrictive limit of Required
Action A.1 or A.2. This is done to detect any subsequent significant
changes in QPTR.

Required Action A.6 is modified by a Note that states that the QPT is not
zeroed out until after the re-evaluation of the safety analysis has
determined that core conditions at RTP are within the safety analysis
assumptions (i.e., Required Action A.5). This Note is intended to prevent
any ambiguity about the required sequence of actions.

A7

Once the flux tilt is zeroed out (i.e., Required Action A.6 is performed), it
is acceptable to return to full power operation. However, as an added
check that the core power distribution at RTP is consistent with the safety
analysis assumptions, Required Action A.7 requires verification that
Fa(X,Y,Z) and Fau(X,Y) are within their specified limits within 24 hours of
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ACTIONS (continued)

reaching RTP. As an added precaution, if the core power does not reach
RTP within 24 hours, but is increased slowly, then the peaking factor
surveillances must be performed within 48 hours of the time when the
more restrictive of the power level limit determined by Required Action
A.1 or A.2 is exceeded. These Completion Times are intended to allow
adequate time to increase THERMAL POWER to above the more
restrictive limit of Required Action A.1 or A.2, while not permitting the core
to remain with unconfirmed power distributions for extended periods of
time.

Required Action A.7 is modified by a Note that states that the peaking
factor surveillances must be done after the excore detectors have been
calibrated to show zero tilt (i.e., Required Action A.6). The intent of this
Note is to have the peaking factor surveillances performed at operating
power levels, which can only be accomplished after the excore detectors
are calibrated to show zero tilt and the core returned to power.

B1

If Required Actions A.1 through A.7 are not completed within their
associated Completion Times, the unit must be brought to a MODE or
condition in which the requirements do not apply. To achieve this status,
THERMAL POWER must be reduced to < 50% RTP within 4 hours. The
allowed Completion Time of 4 hours is reasonable, based on operating
experience regarding the amount of time required to reach the reduced
power level without challenging plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.2.4.1

SR 3.2.4.1 is modified by two Notes. Note 1 allows QPTR to be
calculated with three power range channels if THERMAL POWER is <
75% RTP and the input from one Power Range Neutron Flux channel is
inoperable. Note 2 allows performance of SR 3.2.4.2 in lieu of SR 3.2.4.1
if more than one input from Power Range Neutron Flux channels are
inoperable.

This Surveillance verifies that the QPTR, as indicated by the Nuclear
Instrumentation System (NIS) excore channels, is within its limits. The
Frequency of 7 days when the QPTR alarm is OPERABLE is acceptable
because of the low probability that this alarm can remain inoperable
without detection.
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SURVEILLANCE REQUIREMENTS (continued)

When the QPTR alarm is inoperable, the Frequency is increased to

12 hours. This Frequency is adequate to detect any relatively slow
changes in QPTR, because for those causes of QPT that occur quickly
(e.g., a dropped rod), there typically are other indications of abnormality
that prompt a verification of core power tilt.

SR 3.2.4.2

This Surveillance is modified by a Note, which states that it is required
only when the input from one or more Power Range Neutron Flux
channels are inoperable and the THERMAL POWER is > 75% RTP.

With an NIS power range channel inoperable, tilt monitoring for a portion
of the reactor core becomes degraded. Large tilts are likely detected with
the remaining channels, but the capability for detection of small power tilts
in some quadrants is decreased. Performing SR 3.2.4.2 at a Frequency
of 12 hours provides an accurate alternative means for ensuring that any
tilt remains within its limits.

For purposes of monitoring the QPTR when one power range channel is
inoperable, the moveable incore detectors are used to confirm that the
normalized symmetric power distribution is consistent with the indicated
QPTR and any previous data indicating a tilt. The incore detector
monitoring is performed with a full incore flux map or two sets of four
thimble locations with quarter core symmetry. The two sets of four
symmetric thimbles is a set of eight unique detector locations. These
locations are C-8, E-5, E-11, H-3, H-13, L-5, L-11, and N-8.

The symmetric thimble flux map can be used to generate symmetric
thimble "tilt." This can be compared to a reference symmetric thimble tilt,
from the most recent full core flux map, to generate an incore tilt.
Therefore, incore tilt can be used to confirm that QPTR is within limits.

With one or more NIS channel inputs to QPTR inoperable, the indicated
tilt may be changed from the value indicated with all four channels
OPERABLE. To confirm that no change in tilt has actually occurred,
which might cause the QPTR limit to be exceeded, the incore result may
be compared against previous flux maps either using the symmetric
thimbles as described above or a complete flux map. Nominally,
quadrant tilt from the Surveillance should be within 2% of the tilt shown by
the most recent flux map data.

McGuire Units 1 and 2 B 3.2.4-6 Revision No. 10



QPTR
B3.24

BASES

REFERENCES 1. 10 CFR 50.46.
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McGuire Units 1 and 2 B 3.2.4-7 Revision No. 10



Accumulators
B 3.5.1

B 3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS)

B 3.5.1 Accumulators

BASES

BACKGROUND The functions of the ECCS accumulators are to supply water to the
reactor vessel during the blowdown phase of a loss of coolant accident
(LOCA), to provide inventory to help accomplish the refill phase that
follows thereafter, and to provide Reactor Coolant System (RCS) makeup
for a small break LOCA.

The blowdown phase of a large break LOCA is the initial period of the
transient during which the RCS departs from equilibrium conditions, and
heat from fission product decay, hot internals, and the vessel continues to
be transferred to the reactor coolant. The blowdown phase of the
transient ends when the RCS pressure falls to a value approaching that of
the containment atmosphere.

In the refill phase of a LOCA, which immediately follows the blowdown
phase, reactor coolant inventory has vacated the core through steam
flashing and ejection out through the break. The core is essentially in
adiabatic heatup. The balance of accumulator inventory is then available
to help fill voids in the lower plenum and reactor vessel downcomer so as
to establish a recovery level at the bottom of the core and ongoing reflood
of the core with the addition of safety injection (Sl) water.

The accumulators are pressure vessels partially filled with borated water
and pressurized with nitrogen gas. The accumulators are passive
components, since no operator-or contro! actions are required in order for
them to perform their function. Internal accumulator tank pressure is
sufficient to discharge the accumulator contents to the RCS, if RCS
pressure decreases below the accumulator pressure.

Each accumulator is piped into an RCS cold leg via an accumulator line
and is isolated from the RCS by a motor operated isolation valve and two
check valves in series. The motor operated isolation valves are
interlocked by P-11 with the pressurizer pressure measurement channels
to ensure that the valves will automatically open as RCS pressure
increases to above the permissive circuit P-11 setpoint.

This interlock also prevents inadvertent closure of the valves during
normal operation prior to an accident. The valves will automatically open,
however, as a result of an Sl signal. The isolation valves between the
accumulators and the Reactor Coolant System are required to be open
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BACKGROUND (continued)

and power removed during unit operation. In that the subject valves are
normally open and do not serve as an active device during a LOCA, the
requirements of the Institute of Electrical and Electronic Engineers (IEEE)
Standard 279-1971 (Ref. 1) is not applicable in this situation. Therefore,
the subject valve control circuit is not designed to this standard.

The accumulator size, water volume, and nitrogen cover pressure are
selected so that three of the four accumulators are sufficient to partially
cover the core before significant clad melting or zirconium water reaction
can occur following a LOCA. The need to ensure that three accumulators
are adequate for this function is consistent with the LOCA assumption
that the entire contents of one accumulator will be lost via the RCS pipe
break during the blowdown phase of the LOCA.

APPLICABLE The accumulators are assumed OPERABLE in both the large and

SAFETY ANALYSES small break LOCA analyses at full power (Ref. 2). These are the Design
Basis Accidents (DBAs) that establish the acceptance limits for the
accumulators. Reference to the analyses for these DBAs is used to
assess changes in the accumulators as they relate to the acceptance
limits.

In performing the LOCA calculations, conservative assumptions are made
concerning the availability of ECCS flow. In the early stages of a LOCA,
with or without a loss of offsite power, the accumulators provide the sole
source of makeup water to the RCS. The assumption of loss of offsite
power is required by regulations and conservatively imposes a delay
wherein the ECCS pumps cannot deliver flow until the emergency diesel
generators start, come to rated speed, and go through their timed loading
sequence. In cold leg break scenarios, the entire contents of one
accumulator are assumed to be lost through the break.

The limiting large break LOCA is a double ended guillotine break at the
discharge of the reactor coolant pump. During this event, the
accumulators discharge to the RCS as soon as RCS pressure decreases
to below accumulator pressure.

As a conservative estimate, no credit is taken for ECCS pump flow until
an effective delay has elapsed. This delay accounts for the diesels
starting, the valves opening, and the pumps being loaded and delivering
full flow. The delay time is conservatively set with an additional 2
seconds to account for Sl signal generation. During this time, the
accumulators are analyzed as providing the sole source of emergency
core cooling. No operator action is assumed during the blowdown stage
of a large break LOCA.
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APPLICABLE SAFETY ANALYSES (continued)

The worst case small break LOCA analyses also assume a time delay
before pumped flow reaches the core. For the larger range of small
breaks, the rate of blowdown is such that the increase in fuel clad
temperature is terminated solely by the accumulators, with pumped flow
then providing continued cooling. As break size decreases, the
accumulators, safety injection pumps, and centrifugal charging pumps all
play a part in terminating the rise in clad temperature. As break size
continues to decrease, the role of the accumulators continues to
decrease until they are not required and the centrifugal charging pumps
become solely responsible for terminating the temperature increase.

This LCO helps to ensure that the following acceptance criteria
established for the ECCS by 10 CFR 50.46 (Ref. 3) will be met following a
small break LOCA and there is a high probability that the criteria are met
following a large break LOCA:

a. Maximum fuel element cladding temperature is < 2200°F;

b. Maximum cladding oxidation is < 0.17 times the total cladding
thickness before oxidation;

c. Maximum hydrogen generation from a zirconium water reaction is <
0.01 times the hypothetical amount that would be generated if all of
the metal in the cladding cylinders surrounding the fuel, excluding
the cladding surrounding the plenum volume, were to react; and

d. Core is maintained in a coolable geometry.

Since the accumulators discharge during the biowdown phase of a LOCA,
they do not contribute directly to the long term cooling requirements of

10 CFR 50.46. However, the boron content of the accumulator water
helps to maintain the reactor core subcritical after reflood, thereby
eliminating fission heat as an energy source for which cooling must be
provided.

For both the large and small break LOCA analyses, a nominal contained
accumulator water volume is used. The contained water volume is the
same as the deliverable volume for the accumulators, since the
accumulators are emptied, once discharged. The large and small break
LOCA analyses are performed with accumulator volumes that are
consistent with the LOCA evaluation models. To allow for operating
margin, values of + 31.5 ft* are specified.
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APPLICABLE SAFETY ANALYSES (continued)

The minimum boron concentration setpoint is used in the post LOCA
sump boron concentration calculation. The calculation is performed to
assure reactor subcriticality in a post LOCA environment. Of particular

interest is the large break LOCA, since no credit is taken for control rod
assembly insertion. A reduction in the accumulator minimum boron
concentration would produce a subsequent reduction in the available
containment sump concentration for post LOCA shutdown and an
increase in the maximum sump pH. The maximum boron concentration is
used in determining the cold leg to hot leg recirculation injection
switchover time and minimum sump pH.

The large and small break LOCA analyses are performed with
accumulator pressures that are consistent with the LOCA evaluation
models. To allow for operating margin and accumulator design limits, a
range from 585 psig to 639 psig is specified. The maximum nitrogen
cover pressure limit prevents accumulator relief valve actuation, and
ultimately preserves accumulator integrity.

The effects on containment mass and energy releases from the
accumulators are accounted for in the appropriate analyses (Ref. 4).
The accumulators satisfy Criterion 3 of 10 CFR 50.36 (Ref. 5).

LCO

The LCO establishes the minimum conditions required to ensure that the
accumulators are available to accomplish their core cooling safety
function following a LOCA. Four accumulators are required to ensure that
100% of the contents of three of the accumulators will reach the core
during a LOCA. This is consistent with the assumption that the contents
of one accumulator spill through the break. If less than three
accumulators are injected during the blowdown phase of a LOCA, the
ECCS acceptance criteria of 10 CFR 50.46 (Ref. 3) could be violated.

For an accumulator to be considered OPERABLE, the isolation valve
must be fully open, power removed above 1000 psig, and the limits
established in the SRs for contained volume, boron concentration, and

‘nitrogen cover pressure must be met. Additionally, the nitrogen and liquid

volumes between accumulators must be physically separate.
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APPLICABILITY

In MODES 1 and 2, and in MODE 3 with RCS pressure > 1000 psig, the
accumulator OPERABILITY requirements are based on full power
operation. Although cooling requirements decrease as power decreases,
the accumulators are still required to provide core cooling as long as
elevated RCS pressures and temperatures exist.

This LCO is only applicable at pressures > 1000 psig. At pressures

< 1000 psig, the rate of RCS blowdown is such that the ECCS pumps can

provide adequate injection to ensure that peak clad temperature remains
below the 10 CFR 50.46 (Ref. 3) limit of 2200°F for small break LOCAs
and there is a high level of probability that the peak cladding temperature
does not exceed 2200°F for large break LOCAs.

In MODE 3, with RCS pressure < 1000 psig, and in MODES 4, 5, and 6,
the accumulator motor operated isolation valves are closed to isolate the
accumulators from the RCS. This allows RCS cooldown and
depressurization without discharging the accumulators into the RCS or
requiring depressurization of the accumulators.

ACTIONS

A1l

If the boron concentration of one accumulator is not within limits, it must
be returned to within the limits within 72 hours. In this Condition, ability to
maintain subcriticality or minimum boron precipitation time may be
reduced. The boron in the accumulators contributes to the assumption
that the combined ECCS water in the partially recovered core during the
early reflooding phase of a large break LOCA is sufficient to keep that
portion of the core subcritical. One accumulator below the minimum
boron concentration limit, however, will have no effect on available ECCS
water and an insignificant effect on core subcriticality during reflood.
Boiling of ECCS water in the core during reflood concentrates boron in
the saturated liquid that remains in the core. In addition, current analysis
techniques demonstrate that the accumulators do not discharge following
a large main steam line break for the plant. Even if they do discharge,
their impact is minor and not a design limiting event. Thus, 72 hours is
allowed to return the boron concentration to within limits.

BA

If one accumulator is inoperable for a reason other than boron
concentration, the accumulator must be returned to OPERABLE status
within 1 hour. In this Condition, the required contents of three
accumulators cannot be assumed to reach the core during a LOCA. Due
to the severity of the consequences should a LOCA occur in these

McGuire Units 1 and 2 B 3.5.1-5 Revision No. 10



BASES

Accumulators
B 3.5.1

ACTIONS (continued)

conditions, the 1 hour Completion Time to open the valve, remove power
to the valve, or restore the proper water volume or nitrogen cover
pressure ensures that prompt action will be taken to return the inoperable
accumulator to OPERABLE status. The Completion Time minimizes the
potential for exposure of the plant to a LOCA under these conditions.

Cl1and C.2

If the accumulator cannot be returned to OPERABLE status within the
associated Completion Time, the plant must be brought to a MODE in
which the LCO does not apply. To achieve this status, the plant must be
brought to MODE 3 within 6 hours and RCS pressure reduced to <

1000 psig within 12 hours. The allowed Completion Times are
reasonable, based on operating experience, to reach the required plant
conditions from full power conditions in an orderly manner and without
challenging plant systems.

D1

If more than one accumulator is inoperable, the plant is in a condition
outside the accident analyses; therefore, LCO 3.0.3 must be entered
immediately.

SURVEILLANCE
REQUIREMENTS

SR 3.5.1.1

Each accumulator valve should be verified to be fully open every

12 hours. This verification ensures that the accumulators are available
for injection and ensures timely discovery if a valve should be less than
fully open. If an isolation valve is not fully open, the rate of injection to the
RCS would be reduced. Although a motor operated valve position should
not change with power removed, a closed valve could result in not
meeting accident analyses assumptions. This Frequency is considered
reasonable in view of other administrative controls that ensure a
mispositioned isolation valve is unlikely.

SR 3.5.1.2and SR 3.5.1.3

Every 12 hours, borated water volume and nitrogen cover pressure are
verified for each accumulator. This is typically performed using the
installed control room indication. This Frequency is sufficient to ensure
adequate injection during a LOCA. Because of the static design of the
accumulator, a 12 hour Frequency usually allows the operator to identify
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changes before limits are reached. Operating experience has shown this
Frequency to be appropriate for early detection and correction of off
normal trends.

SR 3.56.1.4

The boron concentration should be verified to be within required limits for
each accumulator every 31 days since the static design of the
accumulators limits the ways in which the concentration can be changed.
The 31 day Frequency is adequate to identify changes that could occur
from mechanisms such as stratification or inleakage. Sampling the
affected accumulator within 6 hours after a 1% tank volume increase will
identify whether inleakage has caused a reduction in boron concentration
to below the required limit. It is not necessary to verify boron
concentration if the added water inventory is from the refueling water
storage tank (RWST), because the water contained in the RWST is within
the accumulator boron concentration requirements. This is consistent
with the recommendation of NUREG-1366 (Ref. 6).

SR 3.5.1.5

Verification every 31 days that power is removed from each accumulator
isolation valve operator using the power disconnect switches in the
correct position when the RCS pressure is > 1000 psig ensures that an
active failure could not result in the undetected closure of an accumulator
motor operated isolation valve. If this were to occur, only two
accumulators would be available for injection given a single failure
coincident with a LOCA. Since power is removed under administrative
control, the 31 day Frequency will provide adequate assurance that
power is removed.

This SR allows power to be supplied to the motor operated isolation
valves when RCS pressure is < 1000 psig, thus allowing operational
flexibility by avoiding unnecessary delays to manipulate the breakers
during plant startups or shutdowns. Even with power supplied to the
valves, inadvertent closure is prevented by the RCS pressure interlock
associated with the valves.

Should closure of a valve occur in spite of the interlock, the Sl signal
provided to the valves would open a closed valve in the event of a LOCA.
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B 3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS)

B 3.5.2 ECCS—Operating

BASES

BACKGROUND

The function of the ECCS is to provide core cooling and negative
reactivity to ensure that the reactor core is protected after any of the
following accidents:

a. Loss of coolant accident (LOCA), coolant leakage greater than the
capability of the normal charging system;

b. Rod ejection accident;

C. Loss of secondary coolant accident, including uncontrolled steam
or feedwater release; and

d. Steam generator tube rupture (SGTR).

The addition of negative reactivity is designed primarily for the loss of
secondary coolant accident where primary cooldown could add enough
positive reactivity to achieve criticality and return to significant power.

There are three phases of ECCS operation: injection, cold leg
recirculation, and hot leg recirculation. In the injection phase, water is
taken from the refueling water storage tank (RWST) and injected into the
Reactor Coolant System (RCS) through the cold legs. When sufficient
water is removed from the RWST to ensure that enough boron has been
added to maintain the reactor subcritical and the containment sumps
have enough water to supply the required net positive suction head to the
ECCS pumps, suction is switched to the containment sump for cold leg
recirculation. When the core decay heat has decreased to a level low
enough to be successfully removed without direct RHR pump injection
flow, the RHR cold leg injection path is realigned to discharge to the
auxiliary containment spray header. After approximately 7 hours, part of
the ECCS flow is shifted to the hot leg recirculation phase to provide a
backflush which, for a cold leg break, would reduce the boiling in the top
of the core and prevent excessive boron concentration.

The ECCS consists of three separate subsystems: centrifugal charging
(high head), safety injection (SI) (intermediate head), and residual heat
removal (RHR) (low head). Each subsystem consists of two redundant,
100% capacity trains. The ECCS accumulators and the RWST are also
part of the ECCS, but are not considered part of an ECCS flow path as
described by this LCO.
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BACKGROUND (continued)

The ECCS flow paths consist of piping, valves, heat exchangers, and
pumps such that water from the RWST can be injected into the RCS
following the accidents described in this LCO. The major components of
each subsystem are the centrifugal charging pumps, the RHR pumps,
heat exchangers, and the S| pumps. Each of the three subsystems
consists of two 100% capacity trains that are interconnected and
redundant such that either train is capable of supplying 100% of the flow
required to mitigate the accident consequences. This interconnecting and
redundant subsystem design provides the operators with the ability to
utilize components from opposite trains to achieve the required 100% flow
to the core.

During the injection phase of LOCA recovery, a suction header supplies
water from the RWST to the ECCS pumps. Mostly separate piping
supplies each subsystem and each train within the subsystem. The
discharge from the centrifugal charging pumps combines, then divides
again into four supply lines, each of which feeds the injection line to one
RCS cold leg. The discharge from the Sl and RHR pumps divides and
feeds an injection line to each of the RCS cold legs. Throttle valves in the
Sl lines are set to balance the flow to the RCS. This balance ensures
sufficient flow to the core to meet the analysis assumptions following a
LOCA in one of the RCS cold legs. The flow split from the RHR lines
cannot be adjusted. Although much of the two ECCS trains are
composed of completely separate piping, certain areas are shared
between trains. The most important of these are 1) where both trains flow
through a single physical pipe, and 2) at the injection connections to the
RCS cold legs. Since each train must supply sufficient flow to the RCS to
be considered 100% capacity, credit is taken in the safety analyses for
flow to three intact cold legs. Any configuration which, when combined
with a single active failure, prevents the flow from either ECCS pump in a
given train from reaching all four cold legs injection points on that train is
unanalyzed and might render both trains of that ECCS subsystem
inoperable.

For LOCAs that are too small to depressurize the RCS below the shutoff
head of the Sl pumps, the centrifugal charging pumps supply water until
the RCS pressure decreases below the Sl pump shutoff head. During
this period, the steam generators are used to provide part of the core
cooling function.

During the recirculation phase of LOCA recovery, RHR pump suction is
transferred to the containment sump. The RHR pumps then supply the
other ECCS pumps. Initially, recirculation is through the same paths as
the injection phase. Subsequently, for large LOCAsS, the recirculation
phase includes injection into both the hot and cold legs.
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BASES

BACKGROUND (continued)

The high and intermediate head subsystems of the ECCS also functions
to supply borated water to the reactor core following increased heat
removal events, such as a main steam line break (MSLB). The limiting
design conditions occur when the moderator temperature coefficient is
highly negative, such as at the end of each cycle.

During low temperature conditions in the RCS, limitations are placed on
the maximum number of ECCS pumps that may be OPERABLE. Refer to
the Bases for LCO 3.4.12, "Low Temperature Overpressure Protection
(LTOP) System," for the basis of these requirements.

The ECCS subsystems are actuated upon receipt of an Sl signal. The
actuation of safeguard loads is accomplished in a programmed time
sequence. If offsite power is available, the safeguard loads start
immediately in the programmed sequence. If offsite power is not
available, the Engineered Safety Feature (ESF) buses shed normal
operating loads and are connected to the emergency diesel generators
(EDGs). Safeguard loads are then actuated in the programmed time
sequence. The time delay associated with diesel starting, sequenced
loading, and pump starting determines the time required before pumped
flow is available to the core following a safety injection actuation.

The active ECCS components, along with the passive accumulators and
the RWST covered in LCO 3.5.1, "Accumulators,” and LCO 3.5.4,
"Refueling Water Storage Tank (RWST)," provide the cooling water
necessary to meet GDC 35 (Ref. 1).

APPLICABLE The LCO helps to ensure that the following acceptance criteria for the

SAFETY ANALYSES ECCS, established by 10 CFR 50.46 (Ref. 2), will be met following a
small break LOCA and there is a high level of probability that the critieria
are met following a large break LOCA:

a. Maximum fuel element cladding temperature is < 2200°F;

b. Maximum cladding oxidation is < 0.17 times the total cladding
thickness before oxidation;

C. Maximum hydrogen generation from a zirconium water reaction is
< 0.01 times the hypothetical amount generated if all of the metal in
the cladding cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react;
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APPLICABLE SAFETY ANALYSES (continued)
d. Core is maintained in a coolable geometry; and
e. Adequate long term core cooling capability is maintained.

The LCO also limits the potential for a post trip return to power following
an MSLB event and ensures that containment pressure and temperature
limits are met.

Each ECCS subsystem is taken credit for in a large break LOCA event at
full power (Refs. 3 and 4). This event has the greatest potential to
challenge the limits on runout flow set by the manufacturer of the ECCS
pumps. It also sets the maximum response time for their actuation. Direct
flow from the centrifugal charging pumps and S| pumps is credited in a
small break LOCA event. The RHR pumps are also credited, for larger
small break LOCAs, as the means of supplying suction to these higher
head ECCS pumps after the switch to sump recirculation. This event
establishes the flow and discharge head at the design point for the
centrifugal charging pumps. The MSLB analysis also credits the Sl and
centrifugal charging pumps. Although some ECCS flow is necessary to
mitigate a SGTR event, a single failure disabling one ECCS train is not
the limiting single failure for this transient. The SGTR analysis primary to
secondary break flow is increased by the availability of both centrifugal
charging and Sl trains. Therefore, the SGTR analysis is penalized by
assuming both ECCS trains are operable as required by the LCO. The
OPERABILITY requirements for the ECCS are based on the following
LOCA analysis assumptions:

a. A large break LOCA event, with loss of offsite power and a single
failure disabling one ECCS train; and

b. A small break LOCA event, with a loss of offsite power and a single
failure disabling one ECCS ftrain.

During the blowdown stage of a LOCA, the RCS depressurizes as
primary coolant is ejected through the break into the containment. The
nuclear reaction is terminated either by moderator voiding during large
breaks or control rod insertion for small breaks. Following
depressurization, emergency cooling water is injected into the cold legs,
flows into the downcomer, fills the lower plenum, and refioods the core.

The effects on containment mass and energy releases are accounted for
in appropriate analyses (Ref. 3). The LCO ensures that an ECCS train
will deliver sufficient water to match boiloff rates soon enough to minimize
the consequences of the core being uncovered following a large LOCA.
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APPLICABLE SAFETY ANALYSES (continued)

It also ensures that the centrifugal charging and S| pumps will deliver
sufficient water and boron during a small LOCA to maintain core
subctiticality. For smaller LOCAs, the centrifugal charging pump delivers
sufficient fluid to maintain RCS inventory. For a small break LOCA, the
steam generators continue to serve as the heat sink, providing part of the
required core cooling.

The ECCS trains satisfy Criterion 3 of 10 CFR 50.36 (Ref. 5).

LCO

In MODES 1, 2, and 3, two independent (and redundant) ECCS trains are
required to ensure that sufficient ECCS flow is available, assuming a
single failure affecting either train. Additionally, individual components
within the ECCS trains may be called upon to mitigate the consequences
of other transients and accidents.

In MODES 1, 2, and 3, an ECCS train consists of a centrifugal charging
subsystem, an Sl subsystem, and an RHR subsystem. Each train
includes the piping, instruments, and controls to ensure an OPERABLE
flow path capable of taking suction from the RWST upon an SI signal and
automatically transferring suction to the containment sump.

During an event requiring ECCS actuation, a flow path is required to
provide an abundant supply of water from the RWST to the RCS via the
ECCS pumps and their respective supply headers to each of the four cold
leg injection nozzles. In the long term, this flow path may be switched to
take its supply from the containment sump and to supply its flow to the
RCS hot and cold legs. The flow path for each train must maintain its
designed independence to ensure that no single failure can disable both
ECCS trains.

APPLICABILITY

In MODES 1, 2, and 3, the ECCS OPERABILITY requirements for the
limiting Design Basis Accident, a large break LOCA, are based on full
power operation. Although reduced power would not require the same
level of performance, the accident analysis does not provide for reduced
cooling requirements in the lower MODES. The centrifugal charging
pump performance is based on a small break LOCA, which establishes
the pump performance curve and has less dependence on power. The Sl
pump performance requirements are based on a small break LOCA. For
both of these types of pumps, the large break LOCA analysis depends
only on the flow value at containment pressure, not on the shape of the
flow versus pressure curve at higher pressures. MODE 2 and MODE 3
requirements are bounded by the MODE 1 analysis.
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APPLICABILITY (continued)

This LCO is only applicable in MODE 3 and above. Below MODE 3, the
Sl signal setpoint is manually bypassed by operator control, and system
functional requirements are relaxed as described in LCO 3.5.3, "ECCS—
Shutdown."

As indicated in the Note, the flow path may be isolated for 2 hours in
MODE 3, under controlled conditions, to perform pressure isolation valve
testing per SR 3.4.14.1. The flow path is readily restorable from the
control room.

In MODES 5 and 6, plant conditions are such that the probability of an
event requiring ECCS injection is extremely low. Core cooling
requirements in MODE 5 are addressed by LCO 3.4.7, "RCS Loops—
MODE 5, Loops Filled," and LCO 3.4.8, "RCS Loops—MODE 5, Loops
Not Filled." MODE 6 core cooling requirements are addressed by

LCO 3.9.5, "Residual Heat Removal (RHR) and Coolant Circulation—
High Water Level," and LCO 3.9.6, "Residual Heat Removal (RHR) and
Coolant Circulation—Low Water Level."

ACTIONS

Al

With one or more trains inoperable and at least 100% of the ECCS flow
equivalent to a single OPERABLE ECCS train available, the inoperable
components must be returned to OPERABLE status within 72 hours. The
72 hour Completion Time is based on an NRC reliability evaluation

(Ref. 6) and is a reasonable time for repair of many ECCS components.

An ECCS train is inoperable if it is not capable of delivering design flow to
the RCS. Individual components are inoperable if they are not capable of
performing their design function or supporting systems are not available.

The LCO requires the OPERABILITY of a humber of independent
subsystems. Due to the redundancy of trains and the diversity of
subsystems, the inoperability of one component in a train does not render
the ECCS incapable of performing its function. Neither does the
inoperability of two different components, each in a different train,
necessarily result in a loss of function for the ECCS. The intent of this
Condition is to maintain a combination of equipment such that 100% of
the ECCS flow equivalent to a single OPERABLE ECCS train remains
available. This allows increased flexibility in plant operations under
circumstances when components in opposite trains are inoperable.
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ACTIONS (continued)

An event accompanied by a loss of offsite power and the failure of an
EDG can disable one ECCS train until power is restored. A reliability
analysis (Ref. 6) has shown that the impact of having one full ECCS train
inoperable is sufficiently small to justify continued operation for 72 hours.

Reference 7 describes situations in which one component, such as an
RHR crossover valve, can disable both ECCS trains. With one or more
component(s) inoperable such that 100% of the flow equivalent to a
single OPERABLE ECCS train is not available, the facility is in a condition
outside the accident analysis. Therefore, LCO 3.0.3 must be immediately
entered.

B.1 and B.2

If the inoperable trains cannot be returned to OPERABLE status within
the associated Completion Time, the plant must be brought to a MODE in
which the LCO does not apply. To achieve this status, the plant must be
brought to MODE 3 within 6 hours and MODE 4 within 12 hours. The
allowed Completion Times are reasonable, based on operating
experience, to reach the required plant conditions from full power
conditions in an orderly manner and without challenging plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.5.2.1

Verification of proper valve position ensures that the flow path from the
ECCS pumps to the RCS is maintained. Misalignment of these valves
could render both ECCS trains inoperable. Securing these valves using
the power disconnect switches in the correct position ensures that they
cannot change position as a result of an active failure or be inadvertently
misaligned. These valves are of the type, described in Reference 7, that
can disable the function of both ECCS trains and invalidate the accident
analyses. A 12 hour Frequency is considered reasonable in view of other
administrative controls that will ensure a mispositioned valve is unlikely.

SR 3.5.2.2

Verifying the correct alignment for manual, power operated, and
automatic valves in the ECCS flow paths provides assurance that the
proper flow paths will exist for ECCS operation. This SR does not apply
to valves that are locked, sealed, or otherwise secured in position, since
these were verified to be in the correct position prior to locking, sealing,
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SURVEILLANCE REQUIREMENTS (continued)

or securing. A valve that receives an actuation signal is allowed to be in a
nonaccident position provided the valve will automatically reposition
within the proper stroke time. This Surveillance does not require any
testing or valve manipulation. Rather, it involves verification that those
valves capable of being mispositioned are in the correct position. The

31 day Frequency is appropriate because the valves are operated under
administrative control.

This Frequency has been shown to be acceptable through operating
experience.

SR 3.5.2.3

With the exception of the operating centrifugal charging pump, the ECCS
pumps are normally in a standby, nonoperating mode. As such, flow path
piping has the potential to develop voids and pockets of entrained gases.
Maintaining the piping from the ECCS pumps to the RCS full of water by
venting the ECCS pump casings and accessible discharge piping high
points ensures that the system will perform properly, injecting its full
capacity into the RCS upon demand. This will also prevent water
hammer, pump cavitation, and pumping of noncondensible gas (e.g., air,
nitrogen, or hydrogen) into the reactor vessel following an Sl signal or
during shutdown cooling. The 31 day Frequency takes into consideration
the gradual nature of gas accumulation in the ECCS piping and the
procedural controls governing system operation.

SR 3.5.2.4

Periodic surveillance testing of ECCS pumps to detect gross degradation
caused by impeller structural damage or other hydraulic component
problems is required by Section Xl of the ASME Code. This type of
testing may be accomplished by measuring the pump developed head at
only one point of the pump characteristic curve. This verifies both that the
measured performance is within an acceptable tolerance of the original
pump baseline performance and that the performance at the test flow is
greater than or equal to the performance assumed in the plant safety
analysis. SRs are specified in the Inservice Testing Program, which
encompasses Section X| of the ASME Code. Section X! of the ASME
Code provides the activities and Frequencies necessary to satisfy the
requirements.
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SURVEILLANCE REQUIREMENTS (continued)

SR 3.5.2.5and SR 3.5.2.6

These Surveillances demonstrate that each automatic ECCS valve
actuates to the required position on an actual or simulated Sl signal and
that each ECCS pump starts on receipt of an actual or simulated SI
signal. This Surveillance is not required for valves that are locked,
sealed, or otherwise secured in the required position under administrative
controls. The 18 month Frequency is based on the need to perform these
Surveillances under the conditions that apply during a plant outage and
the potential for unplanned plant transients if the Surveillances were
performed with the reactor at power. The 18 month Frequency is also
acceptable based on consideration of the design reliability (and
confirming operating experience) of the equipment. The actuation logic is
tested as part of ESF Actuation System testing, and equipment
performance is monitored as part of the Inservice Testing Program.

SR 3.5.2.7

The position of throttle valves in the flow path on an Sl signal is
necessary for proper ECCS performance. These valves have mechanical
locks to ensure proper positioning for restricted flow to a ruptured cold
leg, ensuring that the other cold legs receive at least the required
minimum flow. The 18 month Frequency is based on the same reasons
as those stated in SR 3.5.2.5 and SR 3.5.2.6.

SR 3.5.2.8

Periodic inspections of the containment sump suction inlet ensure that it
is unrestricted and stays in proper operating condition. The 18 month
Frequency is based on the need to perform this Surveillance under the
conditions that apply during a plant outage and on the need to have
access to the location. This Frequency has been found to be sufficient to
detect abnormal degradation and is confirmed by operating experience.
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Reporting Requirements
5.6

5.6 Reporting Requirements

5.6.5

5.6.6

5.6.7

5.6.8

CORE OPERATING LIMITS REPORT (COLR) (continued)

13. WCAP-10054-P-A, “Westinghouse Small Break ECCS Evaluation
Model Using the NOTRUMP Code,” August 1985
(W Proprietary).

14, DPC-NE-2009P-A, “Westinghouse Fuel Transition Report,” SER
dated September 22, 1999 (DPC Proprietary).

15. WCAP-12945-P-A, Volume 1 (Revision 2) and Volumes 2-5
(Revision 1), “Code Qualification Document for Best-Estimate
Loss of Coolant Analysis,” March 1998, (W Proprietary).

C. The core operating limits shall be determined such that all applicable
limits (e.g., fuel thermal mechanical limits, core thermal hydraulic limits,
Emergency Core Cooling Systems (ECCS) limits, nuclear limits such as
SDM, transient analysis limits, and accident analysis limits) of the safety
analysis are met.

d. The COLR, including any midcycle revisions or supplements, shall be
provided upon issuance for each reload cycle to the NRC.

Ventilation Systems Heater Report

When a report is required by LCO 3.6.10, “Annulus Ventilation System (AVS),”
LCO 3.7.10, “Control Room Area Ventilation System (CRAVS),” LCO 3.7.12,
Auxiliary Building Filtered Ventilation Exhaust System (ABFVES),” LCO 3.7.13,
“Fuel Handling Ventilation Exhaust System (FHVES),” or LCO 3.9.3,
"Containment Penetrations," a report shall be submitted within the following 30
days. The report shall outline the reason for the inoperability and the planned
actions to return the systems to OPERABLE status.

PAM Report

When a report is required by LCO 3.3.3, "Post Accident Monitoring (PAM)
Instrumentation,” a report shall be submitted within the following 14 days. The
report shall outline the preplanned alternate method of monitoring, the cause of
the inoperability, and the plans and schedule for restoring the instrumentation
channels of the Function to OPERABLE status.

Steam Generator Tube Inspection Report

a. The number of tubes plugged in each steam generator shall be reported
to the NRC within 15 days following completion of the program;

(continued)
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FQ(XsY;Z)
B 3.2.1

APPLICABLE This LCO precludes core power distributions that violate the following
SAFETY ANALYSES fuel design criteria:

a.

During a loss of coolant accident (LOCA), the peak cladding
temperature must not exceed 2200°F for small breaks and there is
a high level of probability that the peak cladding temperature does
not exceed 2200°F for large breaks (Ref. 1);

The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint
power distributions.);

During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 2); and

The control rods must be capable of shutting down the reactor with
a minimum required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 3).

Limits on Fo(X,Y,Z) ensure that the value of the initial total peaking factor
assumed in the accident analyses remains valid. Other Reference 1
criteria must also be met in LOCAs (e.g., maximum cladding oxidation,
maximum hydrogen generation, coolable geometry, transient strain, and
long term cooling). However, the peak cladding temperature is typically
most limiting.

Fa(X,Y,Z) limits assumed in the LOCA analysis are typically limiting
relative to (i.e., lower than) the Fa(X,Y,Z) limit assumed in safety
analyses for other postulated accidents. Therefore, this LCO provides
conservative limits for other postulated accidents.

Fa(X,Y,Z) satisfies Criterion 2 of 10 CFR 50.36 (Ref. 4).

LCO The Heat Flux Hot Channel Factor, Fo(X,Y,Z), shall be limited by the
following relationships:
FRTP
FM(XY,2) < ‘;3 K(2) forP > 0.5
FRTP
FM(XY.2) < gs K(2) forP<0.5
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LCO (continued)

The Fqo(X,Y,2) limits typically define limiting values for core power
peaking that precludes peak cladding temperatures above 2200°F during
a small break LOCA and a high level of probability that the peak cladding
temperature does not exceed 2200°F for a large break LOCA.

This LCO requires operation within the bounds assumed in the safety
analyses. Calculations are performed in the core design process to
confirm that the core can be controlled in such a manner during operation
that it can stay within the Fg(X,Y,Z) limits. If Fo(X,Y,Z) cannot be
maintained within the steady state LOCA limits, reduction of the core
power is required.

Violating the steady state LOCA limits for Fo(X,Y,Z) produces
unacceptable consequences if a design basis event occurs while
Fa(X,Y,Z) is outside its specified limits.

APPLICABILITY

The Fo(X,Y,Z) limits must be maintained in MODE 1 to prevent core
power distributions from exceeding the limits assumed in the safety
analyses. Applicability in other MODES is not required because there is
either insufficient stored energy in the fuel or insufficient energy being
transferred to the reactor coolant to require a limit on the distribution of
core power. The exception to this is the steam line break event, which is
assumed for analysis purposes to occur from very low power levels. At
these low power levels, measurements of Fo(X,Y,Z) are not sufficiently
reliable. Operation within analysis limits at these conditions is inferred
from startup physics testing verification of design predictions of core
parameters in general.

ACTIONS

Al

Reducing THERMAL POWER by > 1% RTP for each 1% by which
FMQ(X,Y,Z) exceeds its steady state limit, maintains an acceptable
absolute power density. F¥o(X,Y,Z) is the measured value of Fo(X,Y,2)
and the steady state limit includes factors accounting for measurement
uncertainty and manufacturing tolerances. The Completion Time of

15 minutes provides an acceptable time to reduce power in an orderly
manner and without allowing the plant to remain in an unacceptable
condition for an extended period of time.
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SURVEILLANCE REQUIREMENTS (continued)

than the measured factor is of the current limit, additional actions must be
taken These actions are to meet the Fo(X,Y,2Z) limit with the last

FM a(X,Y,2Z) increased by the appropriate factor specified in the COLR or
to evaluate Fq(X,Y,Z) prior to the projected point in time when the
extrapolated values are expected to exceed the extrapolated limits.
These alternative requirements attempt to prevent Fo(X,Y,Z) from
exceeding its limit for any S|gn|f|cant period of time without detection
using the best available data. FM a(X,Y,Z) is not required to be
extrapolated for the initial flux map taken after reaching equilibrium
conditions since the initial flux map establishes the baseline
measurement for future trending. Also, extrapolation of FMo(X,Y,Z) limits
are not valid for core locations that were previously rodded, or for core
locations that were previously within +2% of the core height about the
demand position of the rod tip.

Fa(X,Y,Z) is verified at power levels > 10% RTP above the THERMAL
POWER of its last verification, 12 hours after achieving equilibrium
conditions to ensure that Fq(X,Y,Z) is within its limit at higher power
levels.

The Surveillance Frequency of 31 EFPD is adequate to monitor the
change of power distribution with core burnup. The Surveillance may be
done more frequently if required by the results of Fo(X,Y,Z) evaluations.

The Frequency of 31 EFPD is adequate to monitor the change of power
distribution because such a change is sufficiently slow, when the plant is
operated in accordance with the TS, to preclude adverse peaking factors
between 31 day surveillances.

REFERENCES 1. 10 CFR 50.46.
2. UFSAR Section 15.4.8.
3. 10 CFR 50, Appendix A, GDC 26.
4. 10 CFR 50.36, Technical Specifications, (c)(2)(ii).
5. DPC-NE-2011PA "Duke Power Company Nuclear Design

Methodology for Core Operating Limits of Westinghouse
Reactors", March 1990.
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BACKGROUND (continued)

uncontrolled RCCA bank withdrawal (UCBW). For these types of
accidents, the event itself causes changes in the power distribution and
this LCO alone is not sufficient to preclude DNB. The acceptability of
analyses such as the UCBW accident analysis is ensured by LCO 3.2.3,
“AXIAL FLUX DIFFERENCE (AFD),” LCO 3.1.6, “Control Bank Insertion
Limits,” LCO 3.2.4, “QUADRANT POWER TILT RATIO (QPTR),” LCO
3.4.1, “RCS Pressure, Temperature, and Flow Departure From Nucleate
Boiling (DNB) Limits,” in combination with cycle-specific analytical
calculations.”

Operation outside the LCO limits may produce unacceptable
consequences if a DNB limiting event occurs.

APPLICABLE Limits on FAH(X,Y) preclude core power distributions that exceed the
SAFETY ANALYSES following fuel design limits:

a. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint
power distributions.);

b. During a large break loss of coolant accident (LOCA), there must
be a high level of probability that the peak cladding temperature
(PCT) does not exceed 2200°F;

c. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 1); and

d. Fuel design limits required by GDC 26 (Ref. 2) for the condition
when control rods must be capable of shutting down the reactor
with a minimum required SDM with the highest worth control rod
stuck fully withdrawn.

For transients that may be DNB limited, the Reactor Coolant System flow
and Fau(X,Y) are the core parameters of most importance. The limits on
Fan(X,Y) ensure that the DNB design basis is met for normal operation,
operational transients, and any transients arising from events of
moderate frequency that do not alter the core power distribution. For
transients such as uncontrolled RCCA bank withdrawal, which are
characterized by changes in the core power distribution, this LCO alone is
not sufficient to preclude DNB. The acceptability of the accident analyses
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QPTR
B3.24

B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.4 QUADRANT POWER TILT RATIO (QPTR)

BASES

BACKGROUND

The QPTR limit ensures that the gross radial power distribution remains
consistent with the design values used in the safety analyses. Precise
radial power distribution measurements are made during startup testing,
after refueling, and periodically during power operation.

The power density at any point in the core must be limited so that the fuel
design criteria are maintained. Together, LCO 3.2.3, "AXIAL FLUX
DIFFERENCE (AFD)," LCO 3.2.4, and LCO 3.1.6, "Control Rod Insertion
Limits," provide limits on process variables that characterize and control
the three dimensional power distribution of the reactor core. Control of
these variables ensures that the core operates within the fuel design
criteria and that the power distribution remains within the bounds used in
the safety analyses.

APPLICABLE

This LCO precludes core power distributions that violate the following

SAFETY ANALYSES fuel design criteria:

a. During a large break loss of coolant accident (LOCA), there must
be a high level of probability that the peak cladding temperature
does not exceed 2200°F (Ref. 1);

b. The DNBR calculated for the hottest fuel rod in the core must be
above the approved DNBR limit. (The LCO alone is not sufficient
to preclude DNB criteria violations for certain accidents, i.e.,
accidents in which the event itself changes the core power
distribution. For these events, additional checks are made in the
core reload design process against the permissible statepoint
power distributions.);

C. During an ejected rod accident, the energy deposition to the fuel
must not exceed 280 cal/gm (Ref. 2); and

d. The control rods must be capable of shutting down the reactor with
a minimum required SDM with the highest worth control rod stuck
fully withdrawn (Ref. 3).

The LCO limits on the AFD, the QPTR, the Heat Flux Hot Channel Factor
(Fa(X,Y,Z)), the Nuclear Enthalpy Rise Hot Channel Factor (Fau(X,Y)),
and control bank insertion are established to preclude core power
distributions that exceed the safety analyses limits.
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Accumulators
B 3.5.1

BASES

APPLICABLE SAFETY ANALYSES (continued)

The worst case small break LOCA analyses also assume a time delay
before pumped flow reaches the core. For the larger range of small
breaks, the rate of blowdown is such that the increase in fuel clad
temperature is terminated solely by the accumulators, with pumped flow
then providing continued cooling. As break size decreases, the
accumulators, safety injection pumps, and centrifugal charging pumps all
play a part in terminating the rise in clad temperature. As break size
continues to decrease, the role of the accumulators continues to
decrease until they are not required and the centrifugal charging pumps
become solely responsible for terminating the temperature increase.

This LCO helps to ensure that the following acceptance criteria
established for the ECCS by 10 CFR 50.46 (Ref. 3) will be met following
a small break LOCA and there is a high level of probability that the
criteria are met following a large break LOCA:

a. Maximum fuel element cladding temperature is < 2200°F;

b. Maximum cladding oxidation is < 0.17 times the total cladding
thickness before oxidation;

C. Maximum hydrogen generation from a zirconium water reaction is <
0.01 times the hypothetical amount that would be generated if all of
the metal in the cladding cylinders surrounding the fuel, excluding
the cladding surrounding the plenum volume, were to react; and

d. Core is maintained in a coolable geometry.

Since the accumulators discharge during the blowdown phase of a
LOCA, they do not contribute directly to the long term cooling
requirements of 10 CFR 50.46. However, the boron content of the
accumulator water helps to maintain the reactor core subcritical after
reflood, thereby eliminating fission heat as an energy source for which
cooling must be provided.

For both the large and small break LOCA analyses, a nominal contained
accumulator water volume is used. The contained water volume is the
same as the deliverable volume for the accumulators, since the
accumulators are emptied, once discharged. The large and small break
LOCA analyses are performed with accumulator volumes that are
consistent with the LOCA evaluation models. To allow for operating
margin, values of + 30 ft* are specified.

The minimum boron concentration setpoint is used in the post LOCA
sump boron concentration calculation. The calculation is performed to
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BASES

Accumulators
B 3.5.1

APPLICABLE SAFETY ANALYSES (continued)

assure reactor subcriticality in a post LOCA environment. Of particular
interest is the large break LOCA, since no credit is taken for control rod
assembly insertion. A reduction in the accumulator minimum boron
concentration would produce a subsequent reduction in the available
containment sump concentration for post LOCA shutdown and an
increase in the maximum sump pH. The maximum boron concentration
is used in determining the cold leg to hot leg recirculation injection
switchover time and minimum sump pH. in particular, the equilibrium
sump pH should be at least 7.5 following the design basis LOCA.

The large and small break LOCA analyses are performed with
accumulator pressures that are consistent with the LOCA evaluation
models. To allow for operating margin and accumulator design limits, a
range from 585 psig to 678 psig is specified. The maximum nitrogen
cover pressure limit prevents accumulator relief valve actuation, and
ultimately preserves accumulator integrity.

The effects on containment mass and energy releases from the
accumulators are accounted for in the appropriate analyses (Ref. 4).

The accumulators satisfy Criterion 3 of 10 CFR 50.36 (Ref. 5).

LCO

The LCO establishes the minimum conditions required to ensure that the
accumulators are available to accomplish their core cooling safety
function following a LOCA. Four accumulators are required to ensure
that 100% of the contents of three of the accumulators will reach the core
during a LOCA. This is consistent with the assumption that the contents
of one accumulator spill through the break. If less than three
accumulators are injected during the blowdown phase of a LOCA, the
ECCS acceptance criteria of 10 CFR 50.46 (Ref. 3) could be violated.

For an accumulator to be considered OPERABLE, the isolation valve
must be fully open, power removed above 1000 psig, and the limits
established in the SRs for contained volume, boron concentration, and
nitrogen cover pressure must be met. Additionally, the nitrogen and
liquid volumes between accumulators must be physically separate.

APPLICABILITY

In MODES 1 and 2, and in MODE 3 with RCS pressure > 1000 psig, the
accumulator OPERABILITY requirements are based on full power
operation. Although cooling requirements decrease as power decreases,
the accumulators are still required to provide core cooling as long as
elevated RCS pressures and temperatures exist.
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BASES

Accumulators
B 3.5.1

APPLICABILITY (continued)

This LCO is only applicable at pressures > 1000 psig. At pressures

< 1000 psig, the rate of RCS blowdown is such that the ECCS pumps can
provide adequate injection to ensure that peak clad temperature remains
below the 10 CFR 50.46 (Ref. 3) limit of 2200°F for small break LOCAs
and there is a high level of probability that the peak cladding temperature
does not exceed 2200°F for large break LOCAs.

In MODE 3, with RCS pressure < 1000 psig, and in MODES 4, 5, and 6,
the accumulator motor operated isolation valves are closed to isolate the
accumulators from the RCS. This allows RCS cooldown and
depressurization without discharging the accumulators into the RCS or
requiring depressurization of the accumulators.

ACTIONS

A1l

If the boron concentration of one accumulator is not within limits, it must
be returned to within the limits within 72 hours. In this Condition, ability to
maintain subcriticality or minimum boron precipitation time may be
reduced. The boron in the accumulators contributes to the assumption
that the combined ECCS water in the partially recovered core during the
early reflooding phase of a large break LOCA is sufficient to keep that
portion of the core subcritical. One accumulator below the minimum
boron concentration limit, however, will have no effect on available ECCS
water and an insignificant effect on core subcriticality during reflood.
Boiling of ECCS water in the core during reflood concentrates boron in
the saturated liquid that remains in the core. In addition, current analysis
techniques demonstrate that the accumulators do not discharge following
a large main steam line break for the plant. Even if they do discharge,
their impact is minor and not a design limiting event. Thus, 72 hours is
allowed to return the boron concentration to within limits.

B1

If one accumulator is inoperable for a reason other than boron
concentration, the accumulator-must be returned to OPERABLE status
within 1 hour. In this Condition, the required contents of three
accumulators cannot be assumed to reach the core during a LOCA. Due
to the severity of the consequences should a LOCA occur in these
conditions, the 1 hour Completion Time to open the valve, remove power
to the valve, or restore the proper water volume or nitrogen cover
pressure ensures that prompt action will be taken to return the inoperable
accumulator to OPERABLE status. The Completion Time minimizes the
potential for exposure of the plant to a LOCA under these conditions.
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ECCS — Operating
B3.5.2

BASES

BACKGROUND (continued)

The high and intermediate head subsystems of the ECCS also functions
to supply borated water to the reactor core following increased heat
removal events, such as a main steam line break (MSLB). The limiting
design conditions occur when the moderator temperature coefficient is
highly negative, such as at the end of each cycle.

During low temperature conditions in the RCS, limitations are placed on
the maximum number of ECCS pumps that may be OPERABLE. Refer
to the Bases for LCO 3.4.12, "Low Temperature Overpressure Protection
(LTOP) System," for the basis of these requirements.

The ECCS subsystems are actuated upon receipt of an Sl signal. The
actuation of safeguard loads is accomplished in a programmed time
sequence. If offsite power is available, the safeguard loads start
immediately in the programmed sequence. [f offsite power is not
available, the Engineered Safety Feature (ESF) buses shed normal
operating loads and are connected to the emergency diesel generators
(EDGs). Safeguard loads are then actuated in the programmed time
sequence. The time delay associated with diesel starting, sequenced
loading, and pump starting determines the time required before pumped
flow is available to the core following a safety injection actuation.

The active ECCS components, along with the passive accumulators and
the RWST covered in LCO 3.5.1, "Accumulators,” and LCO 3.5.4,
"Refueling Water Storage Tank (RWST)," provide the cooling water
necessary to meet GDC 35 (Ref. 1).

APPLICABLE The LCO helps to ensure that the following acceptance criteria for the

SAFETY ANALYSES ECCS, established by 10 CFR 50.46 (Ref. 2), will be met following a
small break LOCA and there is a high leve! of probability that the criteria
are met following a large break LOCA:

a. Maximum fuel element cladding temperature is < 2200°F;

b. Maximum cladding oxidation is < 0.17 times the total cladding
thickness before oxidation;

C. Maximum hydrogen generation from a zirconium water reaction is
< 0.01 times the hypothetical amount generated if all of the metal in
the cladding cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react;
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ATTACHMENT 3

Degcription of the Proposed Changes and
Technical Justification

Background

This license amendment request is being proposed in order
to change the McGuire Units 1 & 2 and Catawba Units 1 & 2
Technical Specifications and associated Bases as necessary
to implement the Westinghouse Best-Estimate Large Break
Loss of Coolant Accident (LOCA) Analysis Methodology.

Description

The following Technical Specifications and Bases sections
are impacted:

Technical Specifications:

e Section 5.6.5 Core Operating Limits Report (COLR)

Bases for Technical Specifications:

e Section 3.2.1 Heat Flux Hot Channel Factor Fo(X,Y,Z)

e Section 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor
Fan (X, Y)

e Section

e Section

e Section

.4 Quadrant Power Tilt Ratio (QPTR)
.1 Accumulators
.2 ECCS-Operating.

w W w
[S2 N 21 V]

Discussion

Technical Specification 5.6.5 identifies the applicable
references for the analytical methods to be used to
determine the core operating limits and specifies that they
shall be reviewed and approved by the NRC. The
introduction of the Best-Estimate Large Break LOCA Analysis
Methodology requires the addition of WCAP-12945-P-A.

The Bases for Technical Specifications 3.2.1, 3.2.2, and
3.2.4 provide assurance that the ECCS acceptance criteria
limit of 2200°F is not exceeded with respect to the power
distribution limits. Consistent with 10CFR50.46 (a) (1) (i),
these sections need to be revised when the Best-Estimate



Methodology is used to state that there is a high level of
probability that the ECCS acceptance criteria is not
exceeded with regard to the large break LOCA analysis.

The Bases for Technical Specifications 3.5.1 and 3.5.2 make

reference to the ECCS acceptance criteria of 2200°F with
respect to the accumulator and the ECCS Technical
Specifications limits. These sections need to be revised
to state that there is a high level of probability that the
ECCS acceptance criteria limit is not exceeded with regards
to the Best-Estimate Large Break LOCA Analysis Methodology.

These changes are being made to incorporate the best-
estimate approach into the licensing basis for the
McGuire/Catawba large break LOCA analyses in accordance
with 10CFR50.46, Regulatory Guide 1.157, and the
Westinghouse Topical Report WCAP-12945-P-A (Reference 2).

A summary of the plant-specific parameters used in the
McGuire/Catawba plant-specific analysis and the calculated
results will be provided in a separate submittal as
described in References 3 and 4.

Precedent Licensing Actions

Several other plants have preceded Duke with the licensing
of the Best-Estimate Large Break LOCA Analysis Methodology.
These plants include Indian Point 2, Turkey Point, Diablo
Canyon, Farley, and Watts Bar.

Conclusion

The change to the Technical Specifications contained in
this license amendment request only adds an NRC-approved
reference document to Technical Specification 5.6.5.
Approval of the proposed change to the Technical
Specifications is needed to support implementation of the
Best-Estimate Large Break LOCA Analysis Methodology. The
plant parameters to be assumed in this analysis are within
the design limits of the existing plant equipment. There
are no new modes of plant operation being introduced and
the plants will continue to be operated in a conservative
manner.



ATTACHMENT 4

No Significant Hazards Considerations

Pursuant to 10CFR50.92, Duke Energy Corporation has made
the determination that this license amendment involves no
significant hazards considerations by applying the
standards established by NRC regulations in 10CFR50.92(c).
This ensures that operation of the facility in accordance
with the proposed amendment would not:

Involve a significant increase in the probability or
consequence of an accident previously evaluated?

No. The proposed changes involve use of the Best-Estimate
Large Break Loss of Coolant Accident (LOCA) Analysis
Methodology and implementation of associated Technical
Specifications changes. The plant conditions to be assumed
in the analysis are bounded by the design conditions for
all of the equipment in the plant. Therefore, there will
be no increase in the probability of a LOCA. Additionally,
the consequences of a LOCA are not being increased, since
it will be demonstrated that the Emergency Core Cooling
System performance conforms to the criteria contained in
10CFR50.46 (b) . No other accidents are potentially affected
by this change.

Therefore, the proposed change does not involve a
significant increase in the probability or consequences of
an accident previously evaluated.

Create the possibility of a new or different kind of
accident from any accident previously evaluated?

No. The proposed changes to the Technical Specifications
are to support implementation of Best-Estimate Large Break
IOCA Analysis Methodology. There are no new modes of plant
operation being introduced. The plant parameters to be
assumed in the analysis are within the design limits of the
existing plant equipment.

Therefore, the proposed changes do not create the
possibility of a new or different kind of accident from any
accident previously evaluated.



Involve a significant reduction in a margin of safety?

No. The analytic technique to be used in the analysis
realistically describes the expected behavior of the
McGuire/Catawba reactor system during a postulated LOCA.
Uncertainties will be accounted for as required by
10CFR50.46. A sufficient number of LOCA cases with
different break sizes, different locations, and other
variations in properties will be analyzed to provide
assurance that the most severe cases are calculated. It
will be shown by the analysis that there is a high level of
probability that all criteria contained in 10CFR50.46 (b)
are met.

Therefore the proposed amendment does not involve a
significant reduction in any margin of safety.

Duke Energy Corporation has concluded, based on the above
discussion, that there are no significant hazards
considerations involved in this license amendment request.



ATTACHMENT 5

Environmental Assessment/Impact Statement

Pursuant to 10CFR51.22(b), an evaluation of the proposed
amendment has been performed to determine whether or not it
meets the criteria for categorical exclusion as set forth
in 10CFR51.22(c) (9) of the regulations. The proposed
amendment does not involve:

1. A Significant Hazards Consideration

This conclusion is supported by the No Significant
Hazards Consideration Evaluation, which is provided
in Attachment 4.

2. A significant change in the type or significant
increase in the amount of any effluent that may be
released offsite, since the change to the Best-
Estimate Large Break LOCA Analysis Methodology will
not impact the dose analysis performed for McGuire or
Catawba.

3. A significant increase in the individual or
cumulative occupational radiation exposure, since the
change to the Best-Estimate Large Break LOCA Analysis
Methodology will not impact the dose analysis
performed for McGuire or Catawba.

Therefore, this license amendment request meets the
criteria set forth in 10CFR 51.22(c) (9) of the regulations
for categorical exclusion from performing an environmental
assessment/impact statement.



