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Attached is the supplemental information associated with the
proposed Technical Specifications (TS) amendment for McGuire and
dated
Catawba Nuclear Stations that was contained in a letter
June 24, 1999 from M. S. Tuckman to the NRC. In addition to the
duke
response to the Request for Additional Information (RAI),
Energy Corporation has attached changes to the TS Bases and the
UFSAR that were discussed in a meeting held on November 16, 1999
at the NRR Offices. The supplemental information for the proposed
TS amendment is as follows:
for
Bases for LCO 3.2.2. Background: provides clarification
discussions on transients that can cause changes in the
power distribution. In the Applicability section,
has been provided for the Departure from
clarification
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for Initial
provides clarification
Analyses.
the
Accident
in
Assumed
Distributions

Q:
C3-"Q'w

0 cz(- ONC

U. S. Nuclear Regulatory Commission
November 24, 1999
Page 2

The response to the RAI addresses questions about the
methodologies used in the Duke Topical Reports, specifically
addressing the Maximum Allowable Radial Peaking (MARP)
curves.
The attachments are as follows:
Attachment la provides a marked copy of the current McGuire
Technical Specifications Bases showing the proposed changes
and the proposed UFSAR changes.
Attachment lb provides a marked copy of the current Catawba
Technical Specifications Bases showing the proposed changes
and the proposed UFSAR changes.
Attachment 2a provides the proposed new McGuire Technical
Specifications Bases.
Attachment 2b provides the proposed new Catawba Technical
Specifications Bases.
Attachments 3a and 3b provide the Response to the Request
for Additional Information Regarding the McGuire/Catawba
Proposed Technical Specification Amendments as requested in
the November 16, 1999 meeting in the NRR Offices. Some of
the information in Attachment 3b is considered proprietary.
The proprietary information is that which is indicated by
the bold brackets.
In accordance with 1OCFR 2.790, Duke
Energy Corporation requests that this information be
considered proprietary.
An affidavit supporting this
request is included with this letter.
The UFSAR changes marked in Attachments la and lb will be
submitted under 1OCFR50.71(e) requirements in the next scheduled
update for each Nuclear Station.
Please review the additional information and contact P. T. Vu
(704)875-4302 or Martha Purser (803) 831-4015 with any questions.

M. S.

Tuckman
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xc: w/attachments(non-proprietary):
L. A. Reyes
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D. J. Roberts
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R. M. Frye, Director
Division of Radiation Protection
3825 Barrett Drive
Raleigh, NC 27609-7221
V. R. Autry, Director
Division of Radioactive Waste Management
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Department of Health and Environmental Control
2600 Bull St.
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AFFIDAVIT
1.

I am Executive Vice President of Duke Energy Corporation;
and as such have the responsibility for reviewing
information sought to be withheld from public disclosure in
connection with nuclear power plant licensing; and am
authorized on the part of said Corporation (Duke) to apply
for this withholding.

2.

I am making this affidavit in conformance with the
provisions of 10CFR 2.790 of the regulations of the Nuclear
Regulatory Commission (NRC) and in conjunction with Duke's
application for withholding, which accompanies this
affidavit.

3.

I have knowledge of the criteria
used by Duke in
information as proprietary or confidential.

4.

Pursuant to the provisions of paragraph (b) (4) of 10CFR
2.790, the following is furnished for consideration by the
NRC in determining whether the information sought to be
withheld from public disclosure should be withheld.

designating

(i)

The information sought to be withheld from public
disclosure is owned by Duke and has been held in
confidence by Duke and its
consultants.

(ii)

The information is of a type that would customarily be
held in confidence by Duke. The information consists of
analysis methodology details, analysis results,
supporting data, and aspects of development programs
relative to a method of analysis that provides a
competitive advantage to Duke.

(iii)The information was transmitted to the NRC in
confidence and under the provisions of 10CFR 2.790,
is to be received in confidence by the NRC.
(iv)

it

The information sought to be protected is not available
in public to the best of our knowledge and belief.

M. S.
(Continued)

Tuckman
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(v)

The proprietary information sought to be withheld in
this November 24, 1999 submittal is that which is
marked in the proprietary version of the response to
NRC questions regarding the details of the uncontrolled
RCCA bank withdrawal MARP limits..

(vi) The proprietary information sought to be withheld from
public disclosure has substantial commercial value to
Duke.

5.

(a)

It allows Duke to reduce vendor and consultant
expenses associated with supporting the operation
and licensing of nuclear power plants.

(b)

Duke intends to sell
the information to nuclear
utilities,
vendors, and consultants for the
purpose of supporting the operation and licensing
of nuclear power plants.

(c)

The subject information could only be duplicated
by competitors at similar expense to that incurred
by Duke.

Public disclosure of this information is likely to
cause harm to Duke because it would allow competitors
in the nuclear industry to benefit from the results of
a significant development program without requiring
commensurate expense or allowing Duke to recoup a
portion of its
expenditures or benefit from the sale of
the information.

M. S.

Tuckman
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M. S. Tuckman, being duly sworn, states that he is the person who
subscribed his name to the foregoing statement, and that all
the
matters and facts set forth within are true and correct to the
best of his knowledge.

M. S.

Tuckman,

Executive Vice President

Subscribed and sworn to before me this

IQV•n1Tf

2-

Notary Pfblic

My Commission Expires:
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Attachment la
Marked Copy of the Current McGuire
Technical Specification Bases
And UFSAR Changes

FH(X,Y)
B 3.2.2
B 3.2 POWER DISTRIBUTION LIMITS
B 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (FAH(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
.. N-,s e-• #terms of hot channel factors. Control of the core power distribution with
respect to these factors'.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.
Fm(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, FAH(X,Y) is a measure of the maximum total
power produced in a fuel rod.
FAH(X,Y) is sensitive to fuel loading patterns, bank insertion, and fuel
burnup. FAH(X,Y) typically increases with control bank insertion and
typically decreases with fuel burnup.
FAH(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 FH(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 frequencyt 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. AllD,,Blimited trans.nt
..ntsarc a..um.dtobogir,with.

an F~,,(X,Y)valuethat satisfiestho LCOrcquircment3 -

McGuire Units 1 and 2
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along with the other applicable LCOs,

Insert B
for transients that do not alter the core power distribution.

Insert C
Operation transients and transients of moderate frequency that are DNB limited are assumed to begin with
an FAH(X,Y) value that satisfies the LCO requirement, with the exception of accidents such as the
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.

FAH(X,Y)

B 3.2.2
BASES
BACKGROUND (continued)
Operation outside the LCO limits may produce unacceptable
consequences if a DNB limiting event occurs.
APPLICABLE
Limits on FH(X,Y) preclude core power distributions that exceed the
SAFETY ANALYSES following fuel design limits:
a.

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.);
During a large break loss of coolant accident (LOCA), peak
cladding temperature (PCT) must 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 FH(X,Y) are the core parameters of most importance. The limits on
FH(X,Y) ensure that the DNB design basis is met for normal operation,
operational transients, and any transients arising from events of
"moderatefreguencv,,&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 FH(X,Y) limit increases with decreasing power level. This
functionality in FAH(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 FAH(X,Y) in the analyses.
The LOCA safety analysis models Fm(X,Y) as an input parameter. The
Nuclear Heat Flux Hot Channel Factor (Fa(X,Y,Z)) and the axial peaking

McGuire Units 1 and 2
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Insert A
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 (QPTR)," and LCO 3.4.1, "RCS Pressure, Temperature, and Flow Departure from
Nucleate Boiling (DNB) Limits," in combination with cycle-specific analytical calculations.

FH(X,Y)
B 3.2.2

BASES
LCO (continued)
"F,(X, y)LCO = 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 FMAH(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,
F LH(X,Y)Lc0, is allowed to increase approximately 0.3% for every
1% RTP reduction in THERMAL POWER. This increase in the
FL H(X,Y)Lco limit is due to the reduced amount of heat removal required
at lower powers.

APPLICABILITY

McGuire Units 1 and 2

The FH(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 FAk(X,Y) in other modes (MODES 2 through 5) have
significant margin to DNB, and therefore, there is no need to restrict
FH(X,Y) in these modes. The exceptiorfto this the steam line break,
event whichqj"assumed, for analysis purposes, to occur from very low
power levels. At these low power levels, measurements of FA 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.

B 3.2.2-4
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uncontrolled RCCA bank withdrawal from zero power and rod ejection from zero power

FAH(X,Y)
B 3.2.2
BASES
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 FMAH(X,Y) limit with the last FmH(X,Y) increased by a factor of 1.02, or
to evaluate FmAH(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 FMAH(X,Y) from exceeding its limit for any
significant period of time without detection using the best available data.
FmH(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.
FMm(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 FMAH(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 FmAH(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•2805P,
•i

M

uke P•w• r Cmpany ThI, mal HydrauliI

Gtatistieal Core Design Mlethodology", September 1992.
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DPC-NE-2004P-A, Rev. 1, "Duke Power Company McGuire and Catawba Nuclear Stations Core
Thermal-Hydraulic Methodology Using VIPRE-O 1," SER Dated February 20, 1997 (DPC Proprietary)

McGuire Nuclear Station

Chapter 15. Accident Analysis

initial Conditions and Power DistributionsAssumed in the Accident Analyses

2
2

Initial Conditions: For most accidents which are DNB limited, nominal values of initial conditions are
assumed. The allowances on power, temperature, and pressure are determined on a statistical basis and
are included in the limit DNBR, as described in Reference 7. These procedures are discussed more fully
in Section 4.4, "Thermal and Hydraulic Design."

6
5

For accidents which are not DNB limited, or for which the Statistical Core Design Methodology is not
employed, the initial conditions are obtained by adding the maximum steady state errors to rated values.
The following conservative steady state errors were typically assumed in the analysis:

6
8

1. Core power

+2 percent allowance for calorimetric error

8
8

2. Average Reactor Coolant System temperature

+4°F allowance for controller deadband and
measurement error

4
4
4

3. Pressurizer pressure

+ 60, -42 pounds per square inch (psi) allowance
for steady state fluctuations, measurement error,
and pressure increases during boron mixing

2

4. Reactor Coolant Loop Flow

-2.2% allowance for measurement error

The control band allowances for pressurizer pressure include the effect of the observed thermal
non-repeatability of ITT-Barton class 1E transmitters used at McGuire.
2

Table 15-3 summarizes the computer codes used in the accident analyses and shows which accidents
employed a statistical DNB analysis.

4
4

Power Distribution: The transient response of the reactor system is dependent on the initial power
distribution. The nuclear design of the reactor core minimizes adverse power distributions through
operating instructions and the placement of control rods. Power distribution may be characterized by the
radial factor (FAH) and the total peaking factor (FQ). The peaking factor limits are given in the Core
Operating Limits Report.

4
5
2
5

For transients which may be DNB limited, the radial peaking factor is of importance. The radial peaking
factor increases with decreasing power level due to rod insertion. This increase in FAH is included in the
core limits illustrated in Figure 15-1. All transients that may be DNB limited are assumed to begin with
a FAH consistent with the limit defined in the Core Operating Limits ReportqThe axial power shapes
used in the DNB calculation are discussed in Section 4.4, "Thermal and Hydraulic Design." The radial
and axial power distributions described above are input to a detailed thermal-hydraulics code as described
in Section 4.4, "Thermal and Hydraulic Design."
For transients which may be overpower limited, the total peaking factor (FQ) is of importance. All
transients that may be overpower limited are assumed to begin with plant conditions, including power
distributions, which are consistent with reactor operation as defined in the Technical Specifications.

5

Some overpower transients are slow with respect to the fuel rod thermal time constant, for example, the
Chemical and Volume Control System malfunction that results in a decrease in the boron concentration
in the reactor coolant incident, which lasts many minutes, and the excessive increase in secondary steam
flow incident, which may reach equilibrium without causing a reactor trip. For these transients the fuel
rod thermal evaluations are performed as discussed in Section 4.4, "Thermal and Hydraulic Design."

(15 APR 1999)
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with the exception of those transients that involve changes in the core power distribution. For these
events, cycle-specific core power distributions at the statepoint conditions are analyzed to ensure that the
DNB design basis is met for each reload core.

Attachment lb
Marked Copy of the Current Catawba
Technical Specification Bases
And UFSAR Changes

FAH(X,Y)

B 3.2.2
B 3.2 POWER DISTRIBUTION LIMITS
B 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (FAH(X,Y))
BASES
BACKGROUND

T--,,st.

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 factori'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.

A

Fm(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, FAH(X,Y) is a measure of the maximum total
power produced in a fuel rod.
Fm(X,Y) is sensitive to fuel loading patterns, bank insertion, and fuel
burnup. F,&H(X,Y) typically increases with control bank insertion and
typically decreases with fuel burnup.
Fm(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 Fm(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 frequencyf..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. All rDNB ,mitodtnitR.
oot.
ar. aceum....d tobaegin with

an F~v(X,Y4) Valuo0that
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along with the other applicable LCOs,

Insert B
for transients that do not alter the core power distribution.

Insert C
Operation transients and transients of moderate frequency that are DNB limited are assumed to begin with
an FH(X,Y) value that satisfies the LCO requirement, with the exception of accidents such as the
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.

FH(X,Y)
B 3.2.2
BASES
BACKGROUND (continued)
Operation outside the LCO limits may produce unacceptable
consequences if a DNB limiting event occurs.
APPLICABLE
Limits on Fm(X,Y) precl'ude 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), peak
cladding temperature (PCT) must not exceed 22000F;

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 Fm(X,Y) are the core parameters of most importance. The limits on
Fm(X,Y) ensure that the DNB design basis is met for normal operation,
operational transients, and any transients arising from events of
"moderatefrequency,#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 Fm(X,Y) limit increases with decreasing power level. This
functionality in Fm(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 FA(X,Y) in the analyses.
The LOCA safety analysis models Fm(X,Y) as an input parameter. The
Nuclear Heat Flux Hot Channel Factor (FQ(X,Y,Z)) and the axial peaking

Catawba Units 1 and 2
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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 (QPTR)," and LCO 3.4.1, "RCS Pressure, Temperature, and Flow Departure from
Nucleate Boiling (DNB) Limits," in combination with cycle-specific analytical calculations.

FH(X,Y)
B 3.2.2

BASES
LCO (continued)
F'H (X, y)LCO = 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 FMAH(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,
FLH(X,Y)Lco, is allowed to increase approximately 0.3% for every
1% RTP reduction in THERMAL POWER. This increase in the
FLm(X,Y)Lc0 limit is due to the reduced amount of heat removal required
at lower powers.

APPLICABILITY

The FAH(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 FH(X,Y) in other modes (MODES 2 through 5) have
significant margin to DNB, and therefore, there is no need to restrict
Fm(X,Y) in these modes. The exceptiorfto this•the steam line break,*- "estt
even# which Wassumed, for analysis purposes, to occur from very low
power levels. At these low power levels, measurements of FAH 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.

Catawba Units 1 and 2
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uncontrolled RCCA bank withdrawal from zero power and rod ejection from zero power

FH(X,Y)
B 3.2.2
BASES
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 surveillancCe 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 FMAH(X,Y) limit with the last F-mA(X,Y) increased by a factor of 1.02, or
to evaluate FMAH(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 FMH(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.
FMAH(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 FMAH(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 FMAH(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.
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Chapter 15. Accident Analysis

Initial Conditions and Power DistributionsAssumed in the Accident Analyses

2
2
2
6
2

Initial Conditions: For most accidents which are DNB limited, nominal values of initial conditions are
assumed. The allowances on power, temperature, and pressure are determined on a statistical basis and
are included in the limit DNBR, as described in Reference 7. These procedures are discussed more fully
in Section 4.4, "Thermal and Hydraulic Design."

6
2
2

For accidents which are not DNB limited, or for which the Statistical Core Design Methodology is not
employed, the initial conditions are obtained by adding the maximum steady state errors to rated values.
The following conservative steady state errors were assumed in the analysis:

2

1. Core power

+2 percent allowance for calorimetric error

2
2

2. Average Reactor Coolant System temperature

4°F allowance for controller deadband and
measurement error

4
4
4

3. Pressurizer pressure

+ 60, -42 pounds per square inch (psi) allowance
for steady state fluctuations, measurement error,
and pressure increases during boron mixing

2

4. Reactor Coolant Loop Flow

-2.2% allowance for measurement error

2
2

The control band allowances for pressurizer pressure include the effect of the observed thermal
non-repeatability of =T-Barton class 1E transmitters used at Catawba.

2
2

Table 15-3 summarizes the computer codes used in the accident analyses and shows which accidents
employed a statistical DNB analysis.

2
2
2
4

Power Distribution: The transient response of the reactor system is dependent on the initial power
distribution. The nuclear design of the reactor core minimizes adverse power distributions through
operating instructions and the placement of control rods. Power distribution may be characterized by the
radial factor (FAH) and the total peaking factor (FQ). The peaking factor limits are given in the Core

4

Operating Limits Report.

2
2
2
2
2
2

For transients which may be DNB limited, the radial peaking factor is of importance. The radial peaking
factor increases with decreasing power level due to rod insertion. This increase in FAH is included in the
core limits illustrated in Figure 15-1. All transients that may be DNB limited are assumed to begin with
a FAH consistent with the limit defined in the Core Operating Limits Report,, iThe axial power shapes
used in the DNB calculation are discussed in Section 4.4, 'Thermal and Hydraulic Design." The radial
and axial power distributions described above are input to a detailed thermal-hydraulics code as described
in Section 4.4, "Thermal and Hydraulic Design."

2
2
2

For transients which may be overpower limited, the total peaking factor (F 0 ) is of importance. All
transients that may be overpower limited are assumed to begin with plant conditions, including power
distributions, which are consistent with reactor operation as defined in the Technical Specifications.

2
2
2
2
2

Some overpower transients are slow with respect to the fuel rod thermal time constant, for example, the
Chemical and Volume Control System malfunction that results in a decrease in the boron concentration
in the reactor coolant incident, which lasts many minutes, and the excessive increase in secondary steam
flow incident, which may reach equilibrium without causing a reactor trip. For these transients the fuel
rod thermal evaluations are performed as discussed in Section 4.4, 'Thermal and Hydraulic Design."

"4
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with the exception of those transients that involve changes in the core power distribution. For these
events, cycle-specific core power distributions at the statepoint conditions are analyzed to ensure that the
DNB design basis is met for each reload core.

Attachment 2a
Proposed New McGuire
Technical Specification Bases

FAH(X,Y))
B 3.2.2
B 3.2 POWER DISTRIBUTION LIMITS
B 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (FAH(X,Y))
BASES

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.

BACKGROUND

FAH(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, FAH(X,Y) is a measure of the maximum total

power produced in a fuel rod.
FAH(X,Y)

is sensitive to fuel loading patterns, bank insertion, and fuel

burnup. FAH(X,Y) typically increases with control bank insertion and

typically decreases with fuel burnup.
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
FAH(X,Y)

are analyzed by a computer to determine FAH(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 FAH(X,Y) value that satisfies the LCO requirement, with the

exception of accidents such as the uncontrolled RCCA bank withdrawal
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(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), peak
cladding temperature (PCT) must 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 FAH(X,Y) are the core parameters of most importance. The limits on
FAH(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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(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 FAH(X,Y) limit increases with decreasing power level. This
functionality in FAH(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 FAH(X,Y) in the analyses.
The LOCA safety analysis models FAH(X,Y) as an input parameter. The
Nuclear Heat Flux Hot Channel Factor (F0 (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 (FAH)," and LCO 3.2.1, "Heat Flux Hot
Channel Factor (Fa(X,Y,Z))."
FAH(X,Y) and FQ(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.
FAH(X,Y)

LCO

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

FAH(X,Y) shall be limited by the following relationship:
FM (X, Y)<FLH(X, y)LCO

where: FMAH(X,Y) is defined as the measured radial peak, and
FL H(X,Y)LCO is defined as the steady state maximum allowable
radial peak defined in the COLR.
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I
The FLAH(X,Y)LCO 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.
FLAH(X,Y)Lco 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 FLAH(X,Y)LcO limit.
The limiting value, FLAH(X,Y)Lco, is also power dependent and can be
described by the following relationship:

"A (X, y)LCO = MARP(X, Y) * [1.0 + (1/RRH) * (1.0P)]
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 FMAH(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,
FLAH(X,Y)LCO, is allowed to increase approximately 0.3% for every
1% RTP reduction in THERMAL POWER. This increase in the
FLAH(X,Y)Lco limit is due to the reduced amount of heat removal required
at lower powers.

APPLICABILITY

The FAH(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 FAH(X,Y) in other modes (MODES 2 through 5) have
significant margin to DNB, and therefore, there is no need to restrict
FAH(X,Y) in these modes. The exceptions to this are the steam line break,
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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 FAH 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

A.1
If FMAH(X,Y) is not within limit, THERMAL POWER must be reduced at
least RRH% from RTP for each 1% FAH(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 FAH(X,Y) in accordance with SR 3.2.2.1.

A.2.1 and A.2.2
Upon completion of the power reduction in Required Action A.1, the unit
is allowed an additional 6 hours to restore FAH(X,Y) to within its RTP
limits. This restoration may, for example, involve realigning any
misaligned rods enough to bring FAH(X,Y) within its limit. When the
FAH(X,Y) limit is exceeded, the DNBR limit is not likely violated in steady
state operation, because events that could significantly perturb the
FAH(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 FAH(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 FAH(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% FMAH(X,Y) exceeds the limit in accordance
with Required Action A.2.2. The reduction in trip setpoints ensures that
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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 FMAH(X,Y) within the limit for
RTP. Alternatively, the Overtemperature AT setpoint (K, term) must be
reduced by > TRH for each 1% FMAH(X,Y) exceeds the limit. TRH is the
amount of overtemperature AT K1 setpoint reduction required to
compensate for each 1% that FMAH(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 FAH(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 FAH(X,Y).

A.4
Verification that FAH(X,Y) is within its specified limits after an out of limit
occurrence ensures that the cause that led to the FAH(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 FAH(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 FMAH(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 FMAH(X,Y) could
not have previously been measured in this reload core, power may be
increased to RTP prior to an equilibrium verification of FAH(X,Y) provided
nonequilibrium measurements of FAH(X,Y) are performed at various power
levels during startup physics testing. This ensures that some
determination of FAH(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 FAH(X,Y) was last measured.

SR 3.2.2.1
The value of FMAH(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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the measured 3-D power distribution to calculate the steady state
FLAH(X,Y)LCO limit which is compared against FMAH(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 FMAH(X,Y) is within its limit at high power levels.
FMAH(X,Y)

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 FAH(X,Y) limit cannot be exceeded
for any significant period of operation.

SR 3.2.2.2
The nuclear design process includes calculations performed to determine
that the core can be operated within the FAH(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 FLAH (X,Y)SuRV. This Surveillance compares the
measured FMAH(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. If FMAH(X,Y) is evaluated and found
to be within its surveillance limit, an evaluation is required to account for

any increase to FMAH(X,Y) that may occur and cause the

FAH(X,Y)SURV

limit

to be exceeded before the next required FAH(X,Y)SURv 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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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 FmAH(X,Y) limit with the last FMAH(X,Y) increased by the appropriate
factor as specified in the COLR, or to evaluate FMAH(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
FMAH(X,Y) from exceeding its limit for any significant period of time without
detection using the best available data. FMAH(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.
FMAH(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 FMAH(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 FMAH(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.
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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.
FAH(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, FAH(XY) is a measure of the maximum total
power produced in a fuel rod.
FAH(X,Y) is sensitive to fuel loading patterns, bank insertion, and fuel
burnup. FAH(X,Y) typically increases with control bank insertion and
typically decreases with fuel burnup.
FAH(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 FAH(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 FAH(X,Y) value that satisfies the
LCO requirement, with the exception of accidents such as the
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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), peak
cladding temperature (PCT) must not exceed 22000 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 FAH(X,Y) are the core parameters of most importance. The limits on
FAH(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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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)," 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 FAH(X,Y) limit increases with decreasing power level. This
functionality in FAH(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 FAH(X,Y) in the analyses.
The LOCA safety analysis models FAH(X,Y) as an input parameter. The
Nuclear Heat Flux Hot Channel Factor (F0 (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 (FAH)," and LCO 3.2.1, "Heat Flux Hot
Channel Factor (FQ(X,Y,Z))."
and FQ(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.
FAH(X,Y)

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

LCO

FAH(X,Y)

shall be limited by the following relationship:

F, (X, Y)•< F'H (X, Y)LcO
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where: FMAH(X,Y) is defined as the measured radial peak, and

FLAH(X,Y)Lc is defined as the steady state maximum allowable
radial peak defined in the COLR.
The FL H(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.
F LAH(X,Y)Lc° 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 FL H(X,Y)LCO limit.
The limiting value, FLAH(X,Y)LCO, is also power dependent and can be
described by the following relationship:

"F (X, y)LCO = 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 FMAH(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,
FLAH(X,Y)Lc°, is allowed to increase approximately 0.3% for every
1% RTP reduction in THERMAL POWER. This increase in the
FL H(X,Y)LCO limit is due to the reduced amount of heat removal required
at lower powers.

APPLICABILITY

The FAH(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
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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 FAH(X,Y) in other modes (MODES 2 through 5) have
significant margin to DNB, and therefore, there is no need to restrict
FAH(X,Y) in these modes. The exceptions to this are the steam line
break, 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 FAH 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

A.1
If FMAH(X,Y) is not within limit, THERMAL POWER must be reduced at
least RRH% from RTP for each 1% FAH(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 FAH(X,Y) in accordance with SR 3.2.2.1.
A.2.1 and A.2.2
Upon completion of the power reduction in Required Action A.1, the unit
is allowed an additional 6 hours to restore FAH(X,Y) to within its RTP
limits. This restoration may, for example, involve realigning any
misaligned rods enough to bring FAH(X,Y) within its limit. When the
FAH(X,Y) limit is exceeded, the DNBR limit is not likely violated in steady
state operation, because events that could significantly perturb the
FAH(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 FAH(X,Y) to within its RTP limits
without allowing the plant to remain in an unacceptable condition for an
extended period of time.
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If the value of FAH(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% FMAH(X,Y) exceeds the limit in accordance
with Required Action A.2.2. The reduction in trip setpoints ensures that
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 FM AH(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 FMAH(X,Y) within the limit for
RTP. Alternatively, the Overtemperature AT setpoint (K1 term) must be
reduced by > TRH for each 1% FMAH(X,Y) exceeds the limit. TRH is the
amount of overtemperature AT K1 setpoint reduction required to
compensate for each 1 % that FMAH(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 FAH(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 FAH(X,Y).
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A.4
Verification that FAH(X,Y) is within its specified limits after an out of limit
occurrence ensures that the cause that led to the FAH(X,Y) exceeding its
limit is corrected, and that subsequent operation proceeds within the LCO
limit. This Action demonstrates that the FAH(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 FMAH(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 FMAH(X,Y) could
not have previously been measured in this reload core, power may be
increased to RTP prior to an equilibrium verification of FAH(X,Y) provided
nonequilibrium measurements of FAH(X,Y) are performed at various
power levels during startup physics testing. This ensures that some
determination of FAH(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 FAH(X,Y) was last
measured.
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SR 3.2.2.1
The value of FMAH(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
the measured 3-D power distribution to calculate the steady state
FLAH(X,Y)LcO limit which is compared against FMAH(X,Y).

FMAH(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 FMAH(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 FAH(X,Y) limit cannot be
exceeded for any significant period of operation.
SR 3.2.2.2
The nuclear design process includes calculations performed to determine
that the core can be operated within the FAH(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 FLAH (X,Y) suRv. This Surveillance compares the
measured FMAH(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. If FMAH(X,Y) is evaluated and
found to be within its surveillance limit, an evaluation is required to
account for any increase to FM AH(X,Y) that may occur and cause the
FAH(X,Y)SURV limit to be exceeded before the next required FAH(X,Y)SURV
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:
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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
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 FmAH(X,Y) limit with the last FMAH(X,Y) increased by the appropriate
factor as specified in the COLR, or to evaluate FMAH(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
FMAH(X,Y) from exceeding its limit for any significant period of time without
detection using the best available data. FMAH(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.
FMAH(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 FMAH(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 FMAH(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.
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Response to Request for Additional
Information Regarding the Proposed
Technical Specification Amendment for
McGuire/ Catawba Nuclear Stations
As requested in the November 16, 1999
meeting in the NRR Offices
(Non-proprietary)

Regarding the revised analysis of the uncontrolled RCCA bank withdrawal at power:
(A)

Provide references where the "MARP curve" approach used to demonstrate SAFDL compliance
for this event was described and accepted by the staff.
Response
The maximum allowable peak (MAP) approach to setting core power peaking limits was originally
developed by Babcock & Wilcox. This approach was adapted for application to Duke's
Westinghouse-designed reactors as described in the NRC-approved topical report DPC-NE
2004P-A. This approach was also applied to the analysis of the control rod ejection analysis in the
NRC-approved topical report DPC-NE-3001-PA. In Section 4.2.2.4 "DNBR Evaluation" of this
report, the application of maximum allowable radial peak, or MARP limits, is described. During
the NRC review of DPC-NE-3001-P in 1991, the NRC requested that additional information be
developed and submitted to provide details on the modeling of the UFSAR Chapter 15 transients
not included in DPC-NE-3001-P. The scope and content of this additional topical report DPC
NE-3002, were proposed by Duke by fax dated July 15, 1991 and agreed to by the NRC in a
telecon on July 16, 1991. To facilitate the expeditious review of DPC-NE-3002, a meeting was
held in Duke's offices on October 7 and 8, 1991 with the NRC staff and contractors. During this
meeting details concerning the modeling of the uncontrolled RCCA bank withdrawal accident at
power were presented by Duke. The presentation included a detailed discussion on the use of
MARP limit curves for this transient. Subsequent to this meeting, as requested by the NRC, the
meeting handouts were submitted to the NRC on the Oconee, McGuire, and Catawba dockets,
dated October 16, 1991. On pages 137 to 153 of the attachment to the October 16, 1991 letter, the
details of the application of the MARP limit approach to the analysis of the uncontrolled RCCA
bank withdrawal accident at power can be found. At the October 7 and 8 meeting and in
subsequent telephone conferences, several questions were raised which required additional
information or clarification. The formal responses to these questions were submitted to the NRC
by letter dated November 5, 1991. In the SERs related to McGuire Unit 1 Cycle 8 reload (License
Amendment Nos. 128 and 110) and the DPC-NE-3002 topical report, these two submittal letters
were specifically reviewed and found acceptable. The NRC approval of the DPC-NE-3000-P,
DPC-NE-3001-P, and DPC-NE-3002 topical reports is considered by Duke to include the
resolution of all issues raised by the NRC staff concerning the Duke methodology for applying the
MARP approach to the analysis of the uncontrolled RCCA bank withdrawal accident.

(B)

Provide technical basis for the acceptability of this "MARP curves" approach. The technical basis
should clearly state (a) the acceptance criterion (or criteria) associated with the "revised MARP
curves" that is equivalent to the minimum DNBR acceptance criterion that the DNBR limit is met
during the entire transient of a moderate frequency event or AOO, and (b) how this acceptance
criterion is met in the revised analysis for the RCCA withdrawal event.
Response
The acceptance criterion associated with the MARP curve approach, as it is applied to the
uncontrolled RCCA bank withdrawal (UCBW) event, remains that the minimum DNBR does not
fall below the licensed limit value. This criterion is satisfied through the generation of transient
specific peaking limits. As part of the reload safety analysis physics parameter review, the actual
power distribution is evaluated for each reload core at the transient DNB statepoint conditions. In
order to ensure that DNB does not occur, the 3D power distributions (i.e. all fuel rods) are verified
to be less than the MARP limits (Refer to the response to Question 6).
1

(C)

Clarify the statement that "the revised MARP curves allow greater radial peaking for all axial
peaks and locations." What were these "revised MARP curves" compared to, e.g., the radial
peaking factors used in this revised analysis, or the current existing MARP curves? If the "revised
MARP curves" allow greater radial peaking than the current MARP curves, does that mean the
current safety analysis also showed the minimum DNBR below the design limit as does the revised
safety analysis? If not, explain the inconsistency.
Response
Due to the increase in the RCS minimum flow rate and the application of an improved critical heat
flux (CHF) correlation, the revised MARP curves are less limiting than the current UCBW
MARPs. Therefore, greater core power peaking is allowed. The minimum DNBR is always
greater than or equal to the limit value.
Assuming a conservative reference power distribution, the current safety analysis also determined
the minimum DNBR to be below the design limit. Figure 15-77 in the Catawba UFSAR shows
the minimum DNBR result to be exactly 1.55, which is the BWCMV correlation design DNBR
limit. This result is achieved though the application of the MARP methodology (i.e. by iteratively
adjusting the peaking until the DNBR limit is attained).

(D)

Explain how the hot fuel rod with a minimum DNBR below the design limit of 1.50 will not
experience DNB. In particular, the licensee should clearly discuss what parameter and value were
used in the analysis to compare with the "revised MARP curves" to conclude that the DNBR
design limit is met, and why the conclusion from the safety analysis that "the minimum DNBR
calculated with a standard axial power shape is found to fall below the 1.50 design limit" became
acceptable via these "revised MARP curves."
Response
In the licensing-basis analysis of the uncontrolled RCCA at power event, the minimum DNBR
does not fall below the design limit of 1.50 for any fuel rod. The transient analysis ultimately
determines core power peaking limits, referred to as MARP limits, which preclude DNB. Then, as
part of the reload safety analysis physics parameter review, the actual core power distribution is
evaluated at the transient DNB statepoint conditions. In order to ensure that DNB does not occur,
the 3D power distributions (i.e. all fuel rods) are verified to be less than the MARP limits.

2.

Provide the results of the revised safety analysis of the uncontrolled RCCA bank withdrawal at
power event for each power level (from low- to full-power) analyzed for the event. The
information provided for each case should include the following parameters:

"*
"*
"*
"*

Initial conditions including power level, axial peaking factor and location, radial peaking factor,
RCS flow rate, pressure, inlet flow temperature.
Control system reactivity insertion rates (minimum and maximum).
Fuel and moderator feedback reactivity coefficients (minimum and Maximum).
Results of analysis including reactor trip function and trip time, and the following parameters as a
function of time during the transients: nuclear power, heat flux, pressurizer pressure, core average
temperature, and minimum DNBR.
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Response

The following table summarizes the key input assumptions made in the revised uncontrolled RCCA
bank withdrawal at power DNB analysis:
Power
(%)
10

50
98
100

Pzr Pressure
(psig)
2235
..
it
of

RCS Flow
Rate (gpm)
386,100
ti
390,000

RCS
Initial
Tavg ('F)
FAH
559.81
r
571.05
584.54
585.10

Fý @ x/l

All of the above analyzed cases assume a most positive (least negative) MTC and a least negative DTC
in order to yield the most severe power increase transient. The actual values used are dependent upon
the power level and the time in core cycle as shown below:
Core Burnup
BOC (<70%RTP)
BOC (70-100%RTP)
BOC (>1 00%RTP)

MTC (pcm/°F)
7.0
Ramp from 7.0 to 0.0
-

EOC (1 00%RTP)
EOC (•100%RTP)

-24.0
-

Core Power
HFP
HZP

MTC Slope (pcm/0 F/0 F)

-0.075
_

-0.330

DTC (pcm/°F)
-1.20
-1.50

For each power level a range of reactivity addition rates up to a maximum value of 45 pcm/sec are
analyzed to determine the limiting value. The following table summarizes the results the limiting cases
in the revised uncontrolled RCCA bank withdrawal at power DNB analysis.
Power

(%)

Core
Burnup

10
50
98
100

BOC
BOC
EOC
BOC

Withdrawal
RPS
Rate
Trip
(pcm/s)
Function
31.5
Hi Press
16.5
Hi Flux
9
OTAT
2
OTAT

Trip
Time
(sec)
26.30
28.82
38.99
61.41

Time of
MDNBR
(sec)
27.60
29.80
39.30
61.80

Heat
Flux
(% FP)
118.12
108.58
112.35
112.11

MDNBR
(BWUZ)

Since, the transient DNBR analyses are simply used to identify the limiting case, the low DNBR
values in the above table do not indicate a failure to meet the acceptance criterion. Parameter versus
time plots of the key transient response parameters from the limiting case (10% RTP, BOC, 31.5
pcm/sec) are given on the following pages.
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3.

Are the radial peaking factors used in this revised safety analyses for various power levels
consistent with the values of enthalpy rise hot channel factor, FAH (X,Y), specified in Technical
Specifications limiting conditions for operation (LCO) 3.2.2 as defined in the Core Operating
Limits Report (COLR) Section 2.6 (including power-dependent allowance to increase the FAH by
0.3 percent for every 1% thermal power reduction, i.e., FA - 2.03 for 10% initial power)? If not,
the licensee needs to justify the acceptability of LCO 3.2.2 FA (X,Y) limit values.
Response
No, the initial condition radial peaking factors used in the UCBW accident at power analysis are
not necessarily consistent with the radial peaking factors used in LCO 3.2.2 surveillance. In the
MARP methodology, the initial condition radial peaking is only used to determine the limiting
state point conditions for which the MARP limits will be generated. The initial condition radial
peaking is not a critical input parameter for the MARP limit generation since the selection of the
limiting state point conditions is independent of the initial radial peaking. The DNBR results from
this initial analysis are very conservative since the[

The radial peaking factors used in the determination of the minimum DNBR state point condition
are based on a somewhat simplified form of the equation given in the COLR section
corresponding to the technical specification LCO 3.2.2, as shown below:
FAH = 1.6(1+0.3(1-P))

This relationship is used for all analyzed initial power levels with[

MARP approach.

a For each analysis, the radial peaking factors are evaluated using the

The accident analysis DNB protection provided by the LCO 3.2.2 surveillance is contingent on the
core conditions of the flux map measurements being consistent with the initial condition of the
postulated accident. For accidents that initiate from core conditions different than the LCO 3.2.2
surveillance, explicit analysis of the specific transient conditions is required. The COLR peaking
limits for LCO 3.2.2 provide protection for transients which are initiated from steady-state power
levels in which the initial condition power distributions are consistent with the statepoint power
distributions. As discussed in the Tech Spec basis, LCO 3.2.2 alone is not sufficient to preclude
DNB criteria violations for certain accidents, such as UCBW, in which the accident event itself
changes the core power distribution. For the UCBW accident, additional checks are made in the
core reload design process against the permissible statepoint power distributions.
The LCO 3.2.2 surveillance flux map measurements are performed at near full power conditions,
not the lower power levels considered in the UCBW accident analysis, and can not necessarily be
credited to provide adequate assurances that the fuel is protected from DNB for the UCBW
accident. Satisfying the requirements of LCO 3.2.2 alone will not guarantee that DNB violations
will not occur for transients in which the event itself changes the core power distribution (e.g.
UCBW). This is because the DNB margin calculated during the power distribution measurement
at the initial condition for a transient of this type is not consistent with the combinations of xenon,
rod position and power at the initial condition for the UCBW accident below 100% full power.
For these transients, DNB is confirmed analytically through cycle-specific calculations performed
at the limiting DNBR statepoint condition.
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The acceptability of the initial condition peaking for the UCBW accident is verified by using an
approved nuclear design calculation process. Additional confidence in the design predictions is
provided from startup physics testing, power ascension testing, Tech Spec required power
distribution surveillance, and surveillances for other global parameters such as Axial Flux
Difference (AFD), and Quadrant Power Tilt Ratio (QPTR).

Describe the differences between this revised safety analysis (the uncontrolled RCCA withdrawal
at power related to the proposed TS change) and the safety analysis of the same event described in
Section 15.4.2 of Catawba Updated Final Safety Analysis Report. The description should include
the differences (with explanation) in inputs, methods used, and results of analyses. Particularly, an
explanation should be given as to why the UFSAR analysis showed that the minimum DNBR did
not fall below the statistical core design (SCD) limit of 1.55 (with the BWCMV correlation),
whereas this revised safety analysis with higher RCS flow rate resulted in the minimum DNBR
below the SCD design limit (with the BWUZ correlation) of 1.50.

4.

Response
Refer to the response to Question 2 for the details of the revised analysis assumptions and results.
The primary differences between this analysis and the current UFSAR Section 15.4.2 analysis are
the increase in the RCS flow rate (386,100 or 390,000 gpm versus 382,000 gpm) and the use of
the BWUZ critical heat flux (CHF) correlation.
The current Catawba UFSAR analysis shows the minimum DNBR (Figure 15-77) result to be
exactly 1.55, which is the BWCMV correlation design DNBR limit. This result was achieved
though the application of the MARP methodology (i.e. by iteratively adjusting the core power
peaking until the DNBR limit was attained). Pending approval of the RCS flow increase
submittal, the UFSAR will be revised to include the new DNBR analyses.

5.

(A)

Provide the "revised MARP curves" generated in this revised analysis of the uncontrolled RCCA
bank withdrawal at power event. Also:
Describe the difference between these "revised MARP curves" and the MARP curves provided in
Table 7, Appendix A of the McGuire or Catawba COLR. You should also discuss the
relationship between the "revised MARP curves" and the MARP curves in the COLR. Since the
COLR MARP curves (with the increase of FH by 0.3 percent for every 1% thermal power
reduction) are the limiting conditions for operation at various power levels to ensure the DNBR
limit is met for all transients, should the COLR MARP curves be revised to the "revised MARP
curves," if the latter are more restrictive? If not, why not?
Response
The MARP curves given in Table 7, Appendix A of the COLR are the operational MARP limits,
as described in Section 5.6 of DPC-NE-2004P-A. The basis for the operational MARP limits is
the complete loss of coolant flow accident (LOFA), which is chosen as the limiting Condition II
transient for which the OTAT trip does not provide protection. These MARP limits are then used
to determine the operational limits on the Axial Flux Difference. The attached MARP curves are
specific to the limiting uncontrolled RCCA bank withdrawal at power accident.
The UCBW MARP limits and the COLR MARP limits are not related from a power distribution
surveillance perspective. From a calculational perspective they are both calculated consistent with
8
the approved MARP methodology.

(B)

Define the "revised MARP curves." Are the "revised MARP curves" the loci of the radial
peaking factors as a function of axial peak and location that result in the minimum DNBR at the
design limit during the transient of the uncontrolled RCCA bank withdrawal at power event?
How are the "revised MARP curves" used to demonstrate the DNBR limit is met for the analysis
of the uncontrolled RCCA withdrawal at power event?
Response
The above definition is functionally correct. Refer to the response to Question 6 for a discussion
of how the DNB acceptance criterion is met for the RCCA withdrawal event.

(C)

Are the revised MARP curves dependent on the initial power level? Is the power dependency
consistent with LCO 3.2.2 on the radial peaking factor, i.e., is the allowable radial peaking factor
to be increased as the thermal power is reduced?
Response
Yes, primarily due to the increased margin to reactor trip, the MARP curves corresponding to the
limiting case from a 10% power initial condition are more restrictive than those resulting from the
full power transient (by approximately 8%). There is, however, no apparent functionality of the
peaking limits in terms of the initial power level.

(D)

If the revised MARP curves allow greater radial peaking, why does the revised safety analysis of
the event result in the minimum DNBR below the design limit, whereas the analysis results of the
event in the UFSAR met the design limit?
Response
Refer to the response to Question L.C

(E)

Do the revised MARP curves bound the radial peaking factors with initial power level correction
used in the safety analysis? In other words, do the revised MARP curves bound the FH limits of
LCO 3.2.2, i.e., FH - 2.03 for 10% initial power? If not, how will LCO 3.2.2 ensure that the
DNBR limit is met for any transient conditions of AOOs, such as the uncontrolled RCCA
withdrawal at power?
Response
As discussed in the response to Question 3, the acceptability of the UCBW accident DNBR results
is not reliant on LCO 3.2.2. The UCBW MARP limits and the COLR MARP limits are not
related from a power distribution surveillance perspective. DNB protection for the UCBW
accident is ensured through analytical calculations performed for each reload core design to
demonstrate that core peaking at the limiting DNBR statepoint is less than values which would
cause DNB.

The revised MARP limits for the limiting case (10% RTP, BOC, 31.5 pcm/sec) are given in the
following table.
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UCBW at 10% RTP - BOC MARPs for MNS Units
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6.

Describe how the "revised MARP curves" and the COLR MARP curves are generated. (Catawba
TS BASES B.3.2.2 states that the MARP limits are developed in accordance with the
methodology outlined in DPC-NE-2005P, which, however, does not provide the MARP
development methodology.) In addition to referencing another topical report which describes the
MARP limit methodology, if any, please provide:
*

a step-by-step description (from initial conditions, analyses of plant responses of transients, and
calculations of minimum DNBR during the transients) of how both "COLR" and "revised"
MARP curves are generated, and

*

how the resulting "revised MARP curves" are used in the safety analysis (i.e., what is the
acceptance criteria or what input parameter is compared) to conclude that the DNBR limit is met
during the entire transient.
The description should be detailed enough to provide an explanation and understanding on how
they can be used to substitute for the safety analyses, especially when the resulting minimum
DNBR is below the design limit (see Question 1).
Response
The reference to DPC-NE-2005P as the basis for the MARP limits methodology in the Technical
Specification Bases is indeed incorrect. As discussed in the response to Question L.A, a reference
should be made to DPC-NE-2004P-A.
The MARP limit approach is used in the DNB analyses of the following events: complete loss of
reactor coolant flow, reactor coolant pump locked rotor, UCBW from zero power, UCBW at
power, single RCCA withdrawal, and rod ejection. The simplified analytical methodology given
below applies to all of these events with the exception of rod ejection which, due to its complexity,
requires the application of a sequence of computer codes (as described in DPC-NE-3001).
1.

The system thermal-hydraulic transient response is conservatively simulated with the
RETRAN code.

2.

Transient-specific core boundary conditions (pressure, temperature, flow, and thermal
power) from RETRAN are then input to the VIPRE code for a detailed core thermal
hydraulic analysis.

3.

Using conservative reference power distributions, transient DNBR analyses are performed.

4.

Based on these transient DNBR analyses, the most limiting case is determined.

5.

From the results of this limiting case, the minimum DNBR statepoint is established. The
time at which this minimum DNBR statepoint occurs is independent of the assumed
power distribution. A family of maximum allowable radial peak (MARP) limits are then
generated at the DNB statepoint as a function of axial peak and location by running
steady-state VIPRE cases. The resulting MARP limits represent the core power peaking at
which the DNBR limit is attained.
The MARP limits analyses for the locked rotor and rod ejection accidents differ from the
other events in that transient (rather than steady-state) VIPRE cases are used. These two
events are characterized by rapid changes in fuel rod temperature and coolant conditions.
This modeling approach is needed for these two events and is unnecessary for the other
events.
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6.

Cycle-specific analyses are performed for each accident by comparing 3D core power
distributions calculated at the statepoint power levels and core boundary conditions with
accident specific MARP limits. The core power distributions are conservatively
calculated at multiple core burnups for all allowable control rod bank positions and
assume a skewed xenon distribution representative of operation at the AFD operating
limits.

7.

For the Condition II events, this analysis demonstrates that the core peaking at the most
limiting statepoint conditions are below the MARP limits, thus ensuring that DNB will
not occur. For Condition III and IV events, this analysis determines the number of fuel
rods exceeding the MARP limits and that are, therefore, assumed to experience DNB and
cladding failure.
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