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1.0 DESCRIPTION

This letter is a request to amend Operating License DPR-26, Docket No. 50-247 for Indian Point
Nuclear Generating Unit No. 2.

The proposed changes to the Indian Point 2 (IP2) Technical Specifications (TS) are based upon
the application of a 1.4% Measurement Uncertainty Recapture (MUR) Power Uprate analysis in
support of a new Caldon Leading Edge Flow Meter (LEFM) measurement system. This new
Caldon measurement system will improve accuracy in feed water flow and temperature
measurement. This increase in accuracy will allow IP2 to operate at a 1.4% higher reactor
thermal power level, improving core power output from 3071.4. MWt to 3114.4 MW, This 1.4%
core power uprate is effectively achieved by recapturing excess uncertainty currently included in
the power uncertainty allowance originally required for Emergency Core Cooling System
(ECCS) evaluation models performed in accordance with the requirements set forthin 10 CFR
50, Appendix K. Improvement in core power level measurement accuracy is possible through
the reduction in feed water flow measurement uncertainty used in the reactor power calorimetric
calculation. The feed water flow measurement uncertainty is reduced through the installation
and use of a Caldon, Inc. LEFM Check 2000FC Cabinet.

Analysis work in the support of this 1.4% MUR power uprate amendment request has been
performed consistent with the NRC Regulatory Issue Summary (RIS) 2002-03, “Guidance on
the Content of Measurement Uncertainty Recapture Power Uprate Applications,” dated January
31, 2002.

2.0 PROPOSED CHANGE

a. Paragraph 2.C.1 of the Facility Operating License will be changed to allow reactor core
power levels not in excess of 3114.4 MWt. The current value is 3071.4 MWt.

b. Technical Specification 1.1 will be revised to define ‘rated power’ as a steady state
reactor thermal power of 3114.4 MWt. The current value is 3071.4 MWt.

c. Technical Specification Figure 2.1-1, “Reactor Core Safety Limit — Four Loops in
Operation,” will be replaced with a new figure updated to reflect the new maximum
power level.

d. Technical Specification 2.3.1.B (4) will be revised to state the design full power Tavg at
rated power as < 579.2 OF. This value is used in the Overtemperature Delta-T algorithm.
The current value is 579.7 °F

e. Technical Specification 2.3.1.B (5) will be revised to state the design full power Tavg at
rated power as < 579.2 OF. This value is used in the Overpower Delta-T algorithm. The
current value is 579.7 °F.

f. Technical Specification 3.1.G.a will be revised to state the Reactor Coolant System Tavg
related to DNB parameters for four loop steady state operation at power levels greater
than 98% of rated full power as < 586.7 SF. The current value is 587.2 °F.
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g. Technical Specification Table 3.4-1 will be revised to state the new power range neutron
(PRN) flux high setpoints corresponding to inoperable secondary safety valves:

With 1 safety valve inoperable, the PRN setpoint is reduced from 64 to 58 (% RTP)
With 2 safety valves inoperable, the PRN setpoint is reduced from 44 to 40
With 3 safety valves inoperable, the PRN setpoint is reduced from 24 to 21

h. Technical Specification 6.9.1.9, which lists the reference documents applicable for

determining core operating limits, will be revised by adding Caldon Engineering Report-
80P and Caldon Engineering Report-160P.

i. The Bases for Technical Specification section 3.4, “Steam and Power Conversion

System” will be revised to reflect the updated steam flow parameters in the discussion of
the main steam safety valves.

3.0 BACKGROUND

Indian Point Nuclear Generating Unit No. 2 is presently licensed for a full core power rating of
3071.4 MWt. Through the use of more accurate system to measure feed water flow, Caldon
LEFM Check System, improved accuracy of core thermal power is obtained by way of a more
precise determination of plant secondary calorimetric power. Approval is requested to increase
IP2 core thermal power by 1.4% to 3114.4 MWt by use of a Caldon LEFM Check System for
improved accuracy of the feed water system variables that are used in the secondary plant
calorimetric calculation. ENO evaluated the impact of this 1.4% core power uprate on plant
systems, components, and safety analyses. Results of this evaluation are summarized in the
sections that follow and primarily in Attachment 11l of this license amendment submittal.

4.0 TECHNICAL ANALYSIS

ENO has evaluated the impact of the proposed new maximum core thermal power on the
nuclear steam supply system and the balance-of-plant . The engineering report provided in
Attachment !l summarizes the analyses and evaluations performed for this project. The
evaluation is consistent with the methodology described in WCAP-10263, “A Review Plan for
Uprating the Licensed Power of a PWR Power Plant” (Reference 2). The supporting analyses
and evaluations are also consistent with NRC Regulatory Issue Summary (RIS) 2002-03
(Reference 1). The site-specific installation of the improved feedwater flow measuring

instrumentation (Caldon LEFM Check system) follows the guidelines of Caldon Topical Report
ER-80P (Reference 3)

The analyses and evaluations demonstrate that the proposed 1.4% increase in core thermal
power can be accommodated by existing plant structures, systems, and components.
Applicable limits and acceptance criteria for normal operating and postulated off-normal
transient conditions will continue to be met.
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50 REGULATORY ANALYSIS

5.1 No Significant Hazards Consideration

Entergy Nuclear Operations, Inc. has evaluated whether or not a significant hazards
consideration is involved with the proposed amendment by focusing on the three standards set
forth in 10 CFR 50.92, “Issuance of Amendment,” as discussed below:

1. Does the proposed change involve a significant increase in the probability or
consequences of an accident previously evaluated?

Response:  No.

The proposed 1.4% increase in maximum core thermal power is based on the use of
instrumentation that supports a reduction in the measurement uncertainty value assumed in
certain safety analyses. The affected analyses now use an uncertainty value of 2% which was
required by 10 CFR 50 Appendix K at the time that the plant was originally licensed. At that
time, measurement of feedwater flowrate in the plant secondary side used differential pressure-
type flow venturis. The plant secondary side thermal calorimetric is used to determine reactor
thermal power. A June 2000 revision to 10 CFR 50 Appendix K permitted the use of lower
uncertainty values in the affected analyses, if the reduced value can be justified. Entergy
Nuclear Operations (ENO) has implemented the use of Caldon, Inc. Leading Edge Flowmeter
(LEFM) technology to measure feedwater flowrate. The LEFM measures fluid velocity by
measuring the transit time of ultrasonic pulses introduced into the fluid stream. The LEFM
Check System implemented at Indian Point 2 has a demonstrated measurement accuracy of
0.6%. Based on this measurement accuracy, the licensed thermal power can be increased
1.4% by reducing the assumed uncertainty used in safety analyses with respect to core thermal
power from 2.0% to 0.6%. This results in a net increase in licensed reactor core thermal power,
from 3071.4 MWt to 3114.4 MWt. The LEFM and the flow venturi instrumentation are used to
collect data and there is no automatic initiation function performed by this instrumentation. Use
of the LEFM instrumentation is therefore not an accident initiator and does not increase the
probability of occurrence of an existing analyzed accident. Also, the LEFM instrumentation and
the venturi instrumentation do not mitigate accidents so that the consequences of previously
analyzed accidents are not increased.

Analyses and evaluations associated with the proposed change to core thermal power have
demonstrated that applicable acceptance criteria for plant systems, components, and analyses
(including the Final Safety Analysis Report Chapter 14 safety analyses) will continue to be met
for the proposed 1.4% increase in licensed core thermal power for Indian Point 2. The subject
increase in core thermal power will not result in conditions that could adversely affect the
integrity (material, design, and construction standards) or the operational performance of any
potentially affected system, component or analysis. Therefore, the probability of an accident
previously evaluated is not affected by this change. The subject increase in core thermal power
will not adversely affect the ability of any safety-related system to meet its intended safety
function. Further, the radiological dose evaluations in support of this power uprate effort show
that the current FSAR Chapter 14 radiological analyses are unaffected, and that the current

dose analyses of record bound plant operation with the subject increase in licensed core
thermal power level.
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Therefore, the proposed change does not involve a significant increase in the probability or
consequences of an accident previously evaluated.

2. Does the proposed change create the possibility of a new or different kind of accident
from any accident previously evaluated?

Response:  No.

The proposed license amendment increases the maximum allowed core thermal power through
the use of feedwater flow instrumentation that supports a reduction in the measurement
uncertainty assumed in certain safety analyses. The LEFM Check System instrumentation has
greater measurement accuracy than the differential pressure-type flow venturi instrumentation
that was originally used so that the measurement uncertainty assumed in certain analyses can
be correspondingly reduced. Both the venturi and LEFM flow instrumentation provide data that
is used by plant operators to monitor the thermal output of the plant. The instrumentation does
not perform an automatic actuation function and there are no output signals to plant safety
systems or control systems. Therefore, instrumentation malfunction or failure does not
introduce new accident scenarios or equipment failure mechanisms. Operation, maintenance,
or failure of either instrumentation system does not have an adverse effect on safety-related

systems or any structures, systems, and components required for transient or accident
mitigation.

Operating the plant at a new maximum core thermal power of 31 14.4MWHt, which is 1.4%
greater than the current maximum of 3071.4 MW, is bounded by existing or updated analyses
which demonstrate that established limits and acceptance criteria continue to be met.
Operating at the new power level does not create new or different accident initiators and
existing credible malfunctions are bounded by existing or updated analyses or evaluations.

Therefore, the proposed change does not create the possibility of a new or different kind of
accident from any previously evaluated.

3. Does the proposed change involve a significant reduction in a margin of safety?

Response:  No.

The evaluations and analyses associated with the proposed increase in maximum core thermal
power demonstrate that applicable acceptance criteria will continue to be met. The existing
licensed maximum core thermal power level incorporates a 2% measurement uncertainty for the
analysis of loss-of-coolant-accidents as originally required by Appendix K of 10 CFR 50. The
regulations have subsequently been revised to allow the option of justifying smaller
measurement uncertainties by using more accurate instrumentation to calculate reactor thermal
power. Certain analyses that already assume a bounding core power level because of the 2%
measurement uncertainty are not changed as a result of the proposed increase in core thermal
power. Use of the LEFM instrumentation with improved measurement accuracy supports the
use of a smaller measurement uncertainty assumption in the safety analyses. Other analyses
were updated or evaluations were performed to demonstrate that nuclear steam supply and
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balance-of-plant systems and components will continue to perform, under normal and credible
transient conditions, within established limits.

Therefore, the proposed change does not involve a significant reduction in a margin of safety.

Based on the above, Entergy Nuclear Operations, Inc. concludes that the proposed amendment
presents no significant hazards consideration under the standards set forth in 10 CFR 50.92 (c),
and, accordingly, a finding of “no significant hazards consideration” is justified.

5.2 Applicable Requlatory Requirements / Criteria

The proposed change has been evaluated in accordance with NRC guidance provided in
Regulatory Issue Summary 2002-03, “Guidance on the Content of Measurement Uncertainty
Recapture Power Uprate Applications,” dated January 31, 2002. The analyses and evaluations
completed to support the proposed increased in core thermal power demonstrate that
acceptance criteria including those established by regulatory requirements continue to be met.

The proposed increase in core thermal power is being accomplished based on the revised
requirements (June 2000) of 10 CFR 50, Appendix K, which allows for a reduction of
measurement uncertainty that was previously required in the analysis of loss-of-coolant-
accidents. The reduced measurement uncertainty analysis assumption is supported by the
implementation of feedwater flow instrumentation with improved accuracy. The analysis criteria

and reporting requirements of 10 CFR 50.46 will continue to be satisfied at the new maximum
power level.

The affect of the new maximum power level on structures, systems, and components of the
nuclear steam supply system and the balance-of-plant was evaluated to assure that applicable
regulatory requirements and criteria are met. A description of the analyses and evaluations
performed is provided in the measurement uncertainty recapture report provided with this
application for amendment.

ENO has determined that the proposed change does not require any exemptions or relief from
regulatory requirements, other than those changes proposed in the |P2 TS. Additionally, this

change does not affect conformance with any General Design Criteria differently than described
in the FSAR.

5.3 Environmental Considerations

The proposed amendment does not involve (i) a significant hazards consideration, (i) a
significant change in the types or significant increase in the amounts of any effluent that may be
released offsite, or (iii) a significant increase in individual or cumulative occupational radiation
exposure. Accordingly, the proposed amendment meets the eligibility criterion for categorical
exclusion set forth in 10 CFR 51.22(c)(9). Therefore, pursuant to 10 CFR 51.22(b), no

environmental impact statement or environmental assessment need be prepared in connection
with the proposed amendment.
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6.0 PRECEDENCE

The NRC has previously approved similar applications for amendment which use improved
instrumentation to support a reduction in the assumed core power measurement uncertainty
and a corresponding increase in maximum licensed core thermal power. The concept of
measurement uncenrtainty recapture was a result of a change to Appendix K of 10 CFR 50. The
final rule was issued in June 2000. The specific instrumentation to be implemented at Indian
Point 2 is the Caldon Leading Edge Flowmeter (LEFM) Check System. The design and
performance of this system has previously been approved by the NRC as documented in topical
reports; references 3, 4, and 5. The evaluations performed for Indian Point 2 demonstrate that
the site-specific parameters are appropriately bounded by the topical reports. Prior NRC
approvals for the measurement uncertainty recapture power uprate include licensees that have
implemented the Caldon instrumentation systems (LEFM Check or LEFM CheckPlus), including

Waterford approved in March 2002, Sequoyah approved in April 2002, and H. B. Robinson
approved in November 2002.

7.0 REFERENCES

1. NRC Regulatory Issue Summary 2002-03, “Guidance on the Content of Measurement
Uncertainty Recapture Power Uprate Applications,” dated January 31, 2002.

N

. Westinghouse WCAP-10263, “ A Review Plan for Uprating the Licensed Power of a
Pressurized Water Reactor Power Plant,” dated January 1983.

3. Caldon, Inc. Topical Report ER-80P, “Improving Thermal Power Accuracy and Plant Safety
While Increasing Operating Power Level using the LEFM Check System,” approved by
NRC SER dated March 8, 1999.

4. Caldon, Inc. Topical Report ER-157P, Supplement to Topical Report ER-80P, “Basis for a
Power Uprate with the LEFM Check or LEFM CheckPlus System,” approved by NRC SER
dated December 20, 2001.

5. Caldon, Inc. Topical Report ER-160P, Supplement to Topical Report ER 80-P, “Basis for a
Power Uprate with the LEFM Check System,” approved by NRC SER on January 19, 2001
as part of the Watts Bar license amendment MUR power uprate approval.
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instrumentation and radiation monitoring equipment
calibration, and as fission detectors in amounts as
required;

(4) ENO pursuant to the Act and 10 CFR Parts 30, 40 and 70, Amdt. 42
{o receive, possess, and use in amounts as required any 10-17-78
byproduct, source or special nuclear material without
restriction to chemical or physical form, for sample analysis
or instrument calibration or associated with radioactive
apparatus or components;

(5) ENO pursuant to the Act and 10 CFR Parts 30 and 70, to
possess, but not separate, such byproduct and special
nuclear materials as may be produced by the operation of
the facility.

C. This amended license shall be deemed to contain and is subject to the conditions
specified in the following Commission regulations in 10 CFR Chapter I: Part 20,
Section 30.34 of Part 30, Section 40.41 of Part 40, Sections 50.54 and 50.59 of
Part 50, and Section 70 32 of Part 70; is subject to all applicable provisions of the Act
and to the rules, regulations, and orders of the Commission now or hereafter in effect;
and is subject to the additional conditions specified or incorporated below:

(1) Maximum Power Level

ENO is authorized to operate the facility an steady state Amdt. 148
reactor core power levels not in excess of 3074431144 3-7-90

megawatts thermal.

(2) Technical Specifications

The Technical Specifications contained in Appendices A and B, as revised
through Amendment No. 234, are hereby incorporated in the license. ENO
shall operate the facility in accordance with the Technical Specifications.

D. (1) Deleted per Amdt. 82, 12-11-82.

(2) Secondary Water Chemistry Monitoring Amdt. 60
1-28-80
ENO shall implement a secondary water chemistry monitoring
program to inhibit steam generator tube degradation. The
program shall include:

(a) Identification of a sampling schedule for the critical
parameters and control points for these parameters;

Amendment No.



" 1.0 DEFINITIONS

The following terms are defined for uniform interpretation of the
specifications.

1.1 a. RATED POWER
A steady state reactor thermal power of %O#Hﬁjﬂ MWT.
b. THERMAL POWER
The total core heat transfer rate from the fuel to the coolant.
1.2 REACTOR OPERATING CONDITIONS

1.2.1 Cold Shutdown Condition

When the reactor is subcritical by at least 1% Ak/k and Tavg is < 200°F*.

? 1.2.2

Hot Shutdown Condition

When the reactor is subcritical, by an amount greater than or equal to the
margin as specified in Technical Specification 3.10 and Tavg is > 200°F* and
< 555°F.

1.2.3 Reactor Critical

When the neutron chain reaction is self-sustaining and kegr = 1.0.

1.2.4 Power Operation Condition

When the reactor is critical and the neutron flux power range instrumentation
indicates greater than 2% of rated power.

For the one time, fuel out, chemical decontamination program only, this value
will be 250°F.

U Amendment No. 1-1
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Reactor Core Safety Limit — Four Loops in Operation




% 2.3 LIMITING SAFETY SYSTEM SETTINGS, PROTECTIVE INSTRUMENTATION

Applicability

Applies to trip settings for instruments monitoring reactor power and
reactor coolant pressure, temperature, flow, and pressurizer level.

Objective

To provide for automatic protective action such that the principal process
variables do not exceed a safety limit.

t
Specifications

1. Protective instrumentation for reactor trip settings shall be as
follows:

A. Startup protection

(1) High flux, power range (low setpoint): £ 25% of rated
& power.

B. Core limit protection

(1) High flux, power range (high setpoint): < 109% of rated
power.

(2) High pressurizer pressure: < 2363 psig.
(3) Low pressurizer pressure: 2= 1928 psig.

(4) Overtemperature AT:
AT < AT, [K - K (T-T") +K (P~ P') - £ (AI)]

where:

AT = Measured AT by hot and cold leg RIDs, °F

AT, £ Indicated AT at:. rated power, °F

T = Average temperature, °F

T' = Design full power T, at rated power, < 549—75;%j3°17

@

u Amendment No. 2.3-1
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P = Pressurizer pressure, psig
P' = 2235 psig

K < 1.22

K, = 0.022

K, = 0.00095

and f(AI) is a function of the indicated difference between top
and bottom detectors of the power-range nuclear ion chambers;
with gains to be selected based on measured instrument response
during plant startup tests such that:

(1) For g, - g, between -36% and +7%, £ (AI) = 0, where g, and g, are
percent rated power in the top and bottom halves of the core
respectively, and q, + g, is total power in percent of rated
power;

(ii) For each percent that the magnitude of g, - g, exceeds -36%, the

%

AT trip setpoint shall be automatically reduced by 2.14% of its
value at rated power; and

(iidi) For each percent that the magnitude of g, - q, exceeds +7%, the
AT trip setpoint shall be automatically reduced by 2.15% of its
value at rated power.

(5) Overpower AT:

AT <AT, [K, - K, dT - K, (T - T")]
dt
where:
AT = Measured AT by hot and cold leg RTDs, °F
AT, < Indicated AT at rated power, °F
T = Average temperature, °F
Amendment No.167 2.3-2



T" = Indicated full power T, at rated power < 579=%579.2°F
@ K, < 1.074
N X, = Zero for decreasing average temperature
K, =2 0.188, for increasing average temperature (sec/°F)
K, 2 0.0015 for T >T"; K, = 0 for T < T"
dT = Rate of change of T,
dt
(6) Low reactor coolant loop flow:
(a) 2 92% of normal indicated loop flow.
(b) Low reactor coolant pump frequency: = 57.5 cps.
(7) Undervoltage: 2 70% of normal voltage.
C. Other reactor trips
(1) High pressurizer water level: < 90% of span.
e;. (2) Low-low steam generator water level: = 7% of narrow range

instrument span.

2. Protective instrumentation settings for reactor trip interlocks shall
satisfy the following conditions:

A. The reactor trips on low pressurizer pressure, high pressurizer
level, and low reactor coolant flow for two or more loops shall be
unblocked when:

(1) Power range nuclear flux 2 10% of rated power, or
(2) Turbine first stage pressure 2 10% of equivalent full load.
B. The single loop loss of flow reactor trip may be bypassed when the

power range nuclear instrumentation indicates < 60% of rated power.

epl

\\,/ Amendment No. 2.3-3
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REACTOR COOLANT SYSTEM PRESSURE, TEMPERATURE, AND FLOW_RATE

Specifications

The following DNB related parameters pertain to four loop
steady-state operation at power levels greater than 98% of rated
full power:

a. Reactor Coolant System T, < 584—.—2'§§w
b. Pressurizer Pressure 2 2190 psia
c. Reactor Coolant System Total Flow Rate 2 331,840 gpm

Item (b), pressurizer pressure, is not applicable during either a
thermal power change in excess of 5% of rated thermal power per minute,
or a thermal power step change in excess of 10% of rated thermal power.

Under the applicable operating conditions, should reactor coolant
temperature, T,,, Or pressurizer pressure exceed the values given in

items (a) and (b), the parameter shall be restored to its applicable
range within 2 hours.

Basis

The Reactor Control and Protection System is designed to prevent any
anticipated combination of transient conditions that would result in a
DNBR of less than the safety limit DNBRs.

The limits on reactor coolant system temperature, pressure and loop
coolant flow represent those used in the accident analyses and are
specified to assure that the values assumed in the accident analyses are
not exceeded during steady-state four loop operation. Indicator
uncertainties have not been accounted for in determining the DNB
parameter limits on temperature and pressure.

Amendment No. 3.1.G-1



@ TABLE 3.4-1

Maximum Allowable Power Range Neutron Flux High

Setpoint with Inoperable Steam Line Safety Valves

During 4-Loop Operation

Maximum Number of Inoperable
Safety Valves on Any
Operating Steam Generator

Maximum Allowable Power Range
Neutron Flux High Setpoint
(Percent of Rated Thermal Power)

1 €459
2 4420
3 2457

-

Amendment No.

‘ , (Page 1 of 1)
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If these requirements camnot be met, then:

1. maintain the plant in a safe, stable mode which minimizes the potential
for a reactor trip, and

2. contimue efforts to restore water supply to the auxiliary feedwater
system, and

3. notify the NRC within 24 hours regarding the planned
corrective action.

Basis

Reactor shutdown from power requires removal of core decay heat.
Immediate decay heat removal requirements are normally satisfied by the
steam bypass to the condensers. Thereafter, core decay heat can be
continuously dissipated via the steam bypass to the condenser as
feedwater in the steam generator is converted to steam by heat
absorption. Normally, the capability to feed the steam generators is
provided by operation of the turbine cycle feedwater system.

The operability of the twenty main steam line code safety valves ensure
that the secondary system pressure will be limited to within 110% of its
design pressure of 1085 psig during the most severe anticipated system
operational transient. The maximum relieving capacity is associated with
a turbine trip from 100% Rated Thermal Power coincident with an assumed
loss of condenser heat sink (i.e., no steam bypass to the condenser).

The total relieving capacity of the twenty main steam safety valves is
15,108,000 1lbs/hr which is 334—111.2 percent of the total secondary
steam flow of 33.336;000713,580,000 lbs/hr at 100% NSSS Power
(30834312674 Mwt). Startup and/or power operation is allowable with
main steam safety valves inoperable within the limitations of Table
3.4-1 on the basis of the reduction in secondary system steam flow and
thermal power required by the reduced reactor trip settings of the Power
Range Neutron Flux channels. The reactor trip setpoint reductions are
based on the heat removal capacity of the remaining operable steam line
safety valves. The maximum thermal power corresponding to the heat
removal capacity of the remaining operable steam line safety valves is
determined via a conservative heat balance calculation as described in
the attachment to Ref. 2 with an appropriate allowance for calorimetric
power uncertainty.

Amendment No. 3.4-3



e. Control Bank Insertion Limits for Specification 3.10.4.

\_/ 6.9.1.9 The analytical methods used to determine the core operating limits shall be those
previously reviewed and approved by the NRC, specifically those described in the
following documents:

a. WCAP-9272-P-A, "WESTINGHOUSE RELOAD SAFETY EVALUATION
METHODOLOGY," July 1985 (W Proprietary). (Methodology for Specification
3.10.4 - Shutdown Bank Insertion Limit, Control Bank Insertion Limits and 3.10.2
- Nuclear Enthalpy Rise Hot Channel Factor.)

b. WCAP-8385, "POWER DISTRIBUTION CONTROL AND LOAD FOLLOWING
PROCEDURES - TOPICAL REPORT", September 1974 (W Proprietary).
(Methodology for Specification 3.10.2 - Axial Flux Difference (Constant Axial
Offset Control).)

¢. T.M. Anderson to K. Kniel (Chief of Core Performance Branch, NRC) January
31, 1980 - Attachment: Operation and Safety Analysis Aspects of an Improved
Load Follow Package. (Methodology for Specification 3.10.2 - Axial Flux
Difference (Constant Axial Offset Control).)

d. NUREG-0800, Standard Review Plan, US Nuclear Regulatory Commission,
Section 4.3, Nuclear Design, July 1981. Branch Technical Position CPB 4.3-1,
Westinghouse Constant Axial Offset Control (CAOC), Rev. 2, July 1981.

? (Methodology for Specification 3.10.2 - Axial Flux Difference (Constant Axial
Offset Control).)

e. WCAP-10266-P-A Rev. 2, "THE 1981 VERSION OF WESTINGHOUSE
EVALUATION MODEL USING BASH CODE", March 1987, (W Proprietary).
(Methodology for Specification 3.10.2 Height Dependent Heat Flux Hot Channel
Factor.)

f.  WCAP-12945-P, Westinghouse “Code Qualification Document for Best Estimate
LOCA Analyses”, July, 1996

)i+ Caldon, Inc. Engineering. Report-BOP b lmprovmg Thermal Power Accuracy,and
Plant Safety While Increasing Operatmg Power Tevel Usnng the LEEM NTY
System ‘Revision 0, March 1997, and Caldon; Igc"Enqmeermq Report-160P,
+Supplement to. Toplcal Report ER-80P: Basis for.a Power, Uprate Wiih the

et o st (e e 2 F g XS PR A et

LEEM N System,  Revision. 0, May 2000.

ALt

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

_/ Amendment No. 6-10
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1 INTRODUCTION
1.1 BACKGROUND

The purpose of this report is to support the United States Nuclear Regulatory Commission (NRC) review
and approval of the Indian Point Unit 2 (IP2) 1.4-Percent Measurement Uncertainty Recapture Power
Uprate License Amendment Request (LAR). Indian Point Unit 2 is presently licensed for a core power
rating of 3071.4 MWt (see Section 1.4). The 1.4-percent power uprate, which is enabled through the use
of more accurate feedwater flow measurement techniques, will increase the IP2 licensed core thermal
power to 3114.4 MW1.

The June 1, 2000 NRC rulemaking regarding the Code of Federal Regulations (CFR) 10 CFR 50,
Appendix K (Federal Register (FR) 65 FR 34913, June 1, 2000) allows licensees to use a power
uncertainty of less than 2 percent in loss-of-coolant accident (LOCA) analyses. This rulemaking provides
licensees with the option of either maintaining the 2-percent power allowance between the licensed core
power level and the core power level assumed in the plant licensing basis LOCA analyses, or applying a
reduced allowance that accounts for more accurate feedwater flow measurement techniques.

The 1.4-percent core power uprate is effectively achieved by recapturing excess uncertainty currently
included in the power uncertainty allowance originally required for Emergency Core Cooling System
(ECCS) evaluation models performed in accordance with the requirements set forth in 10 CFR 30,
Appendix K. Improvement in core power measurement accuracy is possible through the reduction of the
feedwater flow measurement uncertainty used in the power calorimetric calculation. The feedwater flow
measurement uncertainty is reduced through the use of improved measurement instrumentation. Since
most of the current IP2 licensing bases analyses already include a 2-percent core power allowance, a
demonstrated core power uncertainty of 0.6 percent effectively enables a 1.4-percent increase in licensed
core thermal power - with limited effect on most plant analyses and equipment.

This report summarizes the various evaluations and analyses of the potential effects of the 1.4-percent
core power uprate on plant systems, components, and analyses.

1.2 LICENSINGAPPROACH

All work supporting the IP2 1.4-percent power uprate, and the preparation of this report, has been
performed consistent with the NRC Regulatory Issue Summary (RIS) 2002-03, “Guidance on the Content
of Measurement Uncertainty Recapture Power Uprate Applications,” dated January 31, 2002. Affected
and unaffected plant systems, components, and analyses have been clearly distinguished throughout the
report according to the RIS 2002-03 guidance. Affected systems, components, and safety analyses are
those having current design and licensing bases analyses and calculations that do not bound the potential
effects of the 1.4-percent power uprate. Unaffected systems, components, and safety analyses are those
having current design and licensing bases analyses and calculations that bound the potential effects of the
1.4-percent power uprate.

Furthermore, Westinghouse has addressed the potential effects of the 1.4-percent power uprate on Nuclear

‘Steam Supply System (NSSS) systems, components, and safety analyses consistent with the

Westinghouse methodology established in WCAP-10263, “A Review Plan for Uprating the Licensed
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Power of a PWR Power Plant,” dated January, 1983. Since submittal to the NRC, the WCAP-10263
methodology has been successfully used as the basis for power uprate projects for over 30 pressurized
water reactor (PWR) units.

The methodology in WCAP-10263 establishes the general approach and criteria for uprate projects,
including the broad categories that must be addressed, such as NSSS design parameters, design transients,
systems, components, accidents, and nuclear fuel, as well as the interfaces between the NSSS and
Balance-of-Plant (BOP) systems. The methodology includes the use of well-defined analysis input
assumptions/parameter values, use of currently approved analytical techniques, and use of currently
applicable licensing criteria and standards. A comprehensive engineering review program consistent with
the WCAP-10263 methodology has been performed for IP2 to evaluate the increase in the licensed core
power from 3071.4 MWt to 3114.4 MWt.

1.3 EVALUATION APPROACH

Either the licensed core thermal power, or the associated NSSS thermal power, is used as one of the inputs
to most plant system, component, and safety analyses in one of the following four ways:

1. A relatively small number of IP2 analyses assume either a nominal core or nominal NSSS power
level. These analyses have either been evaluated or revised for the 1.4-percent power uprate.
The results of these evaluations and analyses demonstrate that the applicable analysis acceptance
criteria will continue to be met at the 1.4-percent power uprate conditions.

2. Some IP2 analyses assume a core power level in excess of the 1.4-percent uprate core power level
of 3114.4 MWt. These analyses were previously performed at a higher power level that bounds
the current IP2 power level and the 1.4-percent uprate power level. This higher power level is
typically the original IP2 design basis core thermal power level of 3216 MWt. For these
analyses, some of this existing excess margin was used to accommodate the 1.4-percent uprate.

3. Most IP2 analyses already add a 2-percent uncertainty allowance to the nominal power level to
account solely for power measurement uncertainty. These analyses have not been revised for the
1.4-percent uprate power level conditions because the sum of increased core power level
(1.4-percent) and the improved power measurement accuracy (uncertainty less than 0.6 percent)
is already bounded by the currently analyzed 2-percent uncertainty allowance.

The power calorimetric uncertainty calculation described in Section 4 demonstrates that, with the
Caldon Leading Edge Flow Meter (LEFM) Check System instrumentation installed, the power
measurement uncertainty (based on a 95-percent probability at a 95-percent confidence interval)
is less than 0.6 percent. Since these analyses only need to account for the 0.6-percent power
measurement uncertainty, the existing 2-percent uncertainty allowance can be allocated to
account for the 0.6-percent uncertainty in the analyses and enable the 1.4-percent increase in
licensed core thermal power. In addition, these analyses also employ other conservative
assumptions that are unaffected by the 1.4-percent increase in core thermal power. Therefore, the
use of the calculated 95/95 power measurement uncertainty, and retention of other existing
conservative assumptions ensure that the margin of safety for these analyses will not be reduced.
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1.4

Some analyses are performed at O-percent power conditions, or do not model power at all. By
definition, these analyses are unaffected by the 1.4-percent increase in core thermal power and
have not been revised. :

SUMMARY OF TECHNICAL SPECIFICATION CHANGES

The primary IP2 Technical Specification and Bases changes associated with 1.4-percent core thermal
power uprate project are:

1.5

A change to the core power from 3071.4 MWt to 3114.4 MWt on page 3 of the operating license
and in the definition of Rated Power on page 1-1 of the Technical Specifications

A change to Figure 2.1-1, Reactor Core Safety Limit

A change to T’ on page 2.3-1 and T” on page 2.3-3 of the Technical Specifications to reflect the
Tavg change for the uprate

A change to the T,y, value on page 3.1.G-1 to reflect the revised Tay, for the uprate
A change to page 3.4-3, Steam and Power Conversion System Bases

A change to Table 3.4-1, Maximum Allowable Power Range Neutron Flux High Setpoint with
Inoperable Steam Line Safety Valves- During 4-Loop Operation

A change to Specification 6.9.1.9, Core Operating Limits Report, to add Caldon Topical Reports
ER-80P and ER-160P

SCOPE SUMMARY AND LICENSE AMENDMENT REPORT STRUCTURE

This LAR package is structured as follows:

Section 2 presents the primary and secondary system design performance conditions (parameters)
that were developed based on the 1.4-percent power uprate. These design performance
conditions form the basis for all of the NSSS analyses and evaluations contained herein.

Section 3 addresses the performance of the Caldon LEFM Check System that provides the more
accurate feedwater flow measurement.

Section 4 discusses the Revised Thermal Design Procedure (RTDP) uncertainties that support the
0.6-percent power calorimetric uncertainty which, in turn, justifies the 1.4-percent power uprate.
This section also addresses the potential effects on Reactor Protection System/Engineered Safety
Features Actuation System uncertainties and setpoints.

Section 5 concludes that curfent design transients accommodate the revised NSSS design
conditions.
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. Sections 6 and 7 present the NSSS systems (e.g., safety injection, residual heat removal, and
control systems) and components (e.g., reactor vessel, pressurizer, reactor coolant pumps, steam
generator, and NSSS auxiliary equipment) evaluations completed for the revised design

conditions.

J Section 8 provides the results of the accident analyses and evaluations performed for the various
analyses area (e.g., steam generator tube rupture, mass and energy release, LOCA and
non-LOCA).

. Section 9 addresses the potential effects of the uprate on the plant electrical system.

. Section 10 addresses the potential effects of the uprate on the BOP systems.

. Section 11 summarizes radiological evaluations for normal operation, environmental

qualification, and post-LOCA access to vital areas.

. Section 12 addresses the potential effects of the uprate in the areas of plant programs and
operations, and environmental impact.

The analyses and evaluations described herein demonstrate that all applicable acceptance criteria will
continue to be met based on operation at the 1.4-percent power uprate conditions at 3114.4 MWt, and that
there are No Significant Hazards related to this power uprate according to the regulatory criteria of
10 CFR 50.92.
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2 NUCLEAR STEAM SUPPLY SYSTEM PARAMETERS

2.1 INTRODUCTION

The Nuclear Steam Supply System (NSSS) design parameters are the fundamental parameters used as
input in all of the NSSS analyses. They provide the primary- and secondary-side system conditions
(temperatures, pressures, and flow) that are used as the basis for all of the NSSS analyses and evaluations.

It was necessary to revise these parameters due to the 1.4-percent increase in licensed core power from
30714 MWt to 3115 MWt (which conservatively bounds the proposed amendment value of
3114.4 MWt). The new parameters are identified in Table 2-1. These parameters have been incorporated,
as required, into the applicable NSSS systems and components evaluations, as well as safety analyses,
performed in support of the 1.4-percent power uprate.

2.2  INPUT PARAMETERS AND ASSUMPTIONS

The NSSS design parameters are determined based on conservative inputs, such as a conservatively low
thermal design flow (TDF) and bounding steam generator tube plugging (SGTP) levels, which yield
primary- and secondary-side conditions that bound plant operation.

The code used to determine the NSSS design parameters was SGPER (Steam Generator PERformance).
There is no explicit Nuclear Regulatory Commission (NRC) approval for the code since it is used to
facilitate calculations that could be performed by hand. It uses basic thermal-hydraulic calculations,
along with first principles of engineering, to generate the temperatures, pressures, and flows shown in
Table 2-1. The code and method used to calculate these values have been successfully used to license all
previous uprates for Westinghouse plants.

Four cases are provided for Indian Point Unit 2 (IP2) with the following assumptions common to all
cases:

. Westinghouse Model 44F steam generators

. An NSSS uprated power level of 3127 MWt (3115 MWt core power + 12 MW?1t Reactor Coolant
System net heat input)

. A nominal feedwater temperature (Tt.q) of 431.8°F
. 15x15 VANTAGE+ (V+) fuel
. A core bypass flow of 6.5 percent that accounts for intermediate flow mixing grids
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Table 2-1
1.4-Percent Uprate NSSS Design Parameters — Indian Point Unit 2
Case 1 Case 2 Case 3 Case 4
Thermal Design Parameters
NSSS Power, % 1014 1014 1014 1014
MWt 3127 3127 3127 3127
10° Btu/hr 10,670 10,670 10,670 10,670
Reactor Power, MWt ! 3115 3115 3115 3115
10° Btw/hr 10,629 10,629 10,629 10,629
Thermal Design Flow, Loop gpm 80,700 80,700 80,700 80,700
Reactor 10° Ib/hr 126.6 126.6 121.9 121.9
Reactor Coolant Pressure, psia 2250 2250 2250 2250
Core Bypass, % 6.5 6.5 6.5 6.5
Reactor Coolant Temperature, °F
Core Outlet 587.4 5874 615.7 615.7
Vessel Outlet 583.0 583.0 611.7 611.7
Core Average 5529 552.9 583.0 583.0
Vessel Average 5494 5494 579.2 579.2
Vessel/Core Inlet 5158 515.8 546.7 546.7
Steam Generator QOutlet 5155 5155 546.4 546.4
Steam Generator >
Steam Temperature, °F 4904 479.6 522.6 512.0
Steam Pressure, psia 624 564 831 758
Steam Flow, 10° Ib/hr total 13.48 13.47 13.56 13.53
Feedwater Temperature, °F 431.8 431.8 431.8 431.8
Moisture, % max. 0.25 0.25 0.25 0.25
Tube Plugging, % 0 25 0 25
Zero Load Temperature, °F 547 547 547 547
Hydraulic Design Parameters
Mechanical Design Flow, gpm 97,700
Minimum Measured Flow, gpm total | 330,000

Note:

1. Conservatively bounds the proposed value of 3114.4 MWt in this License Amendment Request

2. For analyses limited by high steam pressure, conditions corresponding to a maximum steam pressure of
855 psia, steam temperature of 525.9°F, and steam flow of 13.58 x 10° Ib/hr are assumed. This covers the

possibility that the plant could operate with better-than-expected steam generator performance.
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2.3

DISCUSSION OF PARAMETER CASES

Table 2-1 provides the NSSS design parameter cases generated and used as the basis for the 1.4-percent
uprate. The cases are defined as follows:

Cases 1 and 2 represent parameters that incorporate a minimum vessel average temperature (Tavg)
of 549.4°F while maintaining a minimum vessel/core inlet temperature (Tcad) of 515.8°F. Case 2
yields the minimum secondary-side steam generator pressure, temperature, and flow. Note that
all primary-side temperatures are identical for these two cases.

Cases 3 and 4 represent parameters that incorporate a maximum Tuy of 579.2°F while
maintaining a maximum vessel outlet temperature (Tyo) of 611.7°F. Case 3 provides the highest
secondary-side performance conditions since it is based on 0O-percent SGTP and a higher Ty,
Note that all primary-side temperatures are identical for these two cases.

The core/vessel inlet temperature and steam generator outlet temperature are both referred to as
“T.i” interchangeably, in subsequent sections of this report, since they are only 0.3°F different
(Table 2-1).

The 1.4-percent power uprate results in minor changes to some of the NSSS design parameters. These
changes were evaluated by each of the analytical areas discussed in this report.

24

Minimum T,,, increased by 0.4°F
Maximum T, decreased by 0.5°F

Steam pressure decreased by 9 psia

CONCLUSIONS

The four cases of NSSS design parameters identified in Table 2-1 were used to evaluate the impact of the
1.4-percent power uprate on IP2.

The appropriate design parameters were used for each NSSS analysis.
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3 CALDON LEFM CALCULATION
3.1 CALDON LEFM ULTRASONIC FLOW MEASUREMENT

The Caldon Leading Edge Flow Meter (LEFM) Check System is used to measure feedwater flow.
Feedwater flow is an input for determining the plant secondary calorimetric power, which is used in turn
to verify the core thermal power output. The Caldon LEFM Check System uses the transit times of
ultrasonic pulses traveling upstream and downstream to calculate the fluid velocity along each of four
chords of the circular cross-section of the feedwater pipe. Each of the four velocities is then numerically
integrated to determine the volumetric flow, which is then combined with pressure and temperature
conditions to determine mass flow through the feedwater pipe. This flow measurement method yields
highly accurate flow readings and has been approved by the Nuclear Regulatory Commission (NRC) for
power uprate applications as documented in Caldon Topical Reports ER-80P and ER-160P
(References 3-1 and 3-2). At Indian Point Unit 2 (IP2), there are LEFM Check System flow elements in
each of the four feedwater lines, located at approximately 10 to 15 diameters downstream from two non-
planar bends.

3.2 USE OF CALDON LEFM TO DETERMINE CALORIMETRIC POWER

The LEFM Check System measurements of feedwater mass flow and temperature are transmitted to the
plant computer for real-time calculation of reactor thermal power. The mass flow and temperature
outputs are also used to trend delta pressure (AP) readings generated by the feedwater nozzles to be used
as a backup for the calorimetric power calculation in the event that the LEFM is out of service.

The trend-based benchmarking of backup instrumentation provides justification for operation if the
LEFM Check System is out of service as described in Section 3.3.

3.3 CALDON LEFM CHECK SYSTEM OUT OF SERVICE

As described in Topical Report ER-80P, the LEFM Check System contains self-diagnostics that detect all
possible system failures and changes in hydraulic velocity profiles that affect the accuracy of ultrasonic
flow measurement devices. Alarm thresholds are set to provide notification prior to a condition that may
lead to operation outside its design-basis accuracy. The LEFM Check System does not perform any
safety function, and is not used to directly control any plant systems. Therefore, LEFM Check System
inoperability has no immediate effect on plant operation.

If the LEFM Check System becomes unavailable, plant operation at a core thermal power level of
3114.4 MWt may continue for the allowed outage time. The allowed outage time for operation at the
1.4-percent power uprate level with an LEFM Check System out of service is 7 days, as long as steady-
state conditions persist during the 7 days (i.e., no power changes in excess of 10 percent during the
period). There are 5 bases for this proposed time period:

] Indian Point Unit 2 Operations personnel operate based on alternate plant instruments, which is
benchmarked to the LEFM’s last good reading as soon as the LEFM Check System becomes
unavailable. This alternate instrumentation has been subject to programmatic, extensive trending
relative to LEFM flow and temperature outputs.
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. While recognizing that the accuracy of the alternate instruments may degrade over time, it is
considered likely that any degradation as a result of nozzle fouling, drift, and the like, would be
imperceptible for the 7-day period as long as steady-state conditions persist.

. It is considered prudent to provide IP2 Operations personnel time to become accustomed to
operation with the alternate plant instruments prior to requiring a de-rating should the allowed
outage time be exceeded.

. Given that most repairs can be made within 24 hours, the 7 days gives plant personnel ample time
to trouble shoot, repair, and verify normal operation of the LEFM Check System within its
original uncertainty bounds at the same power level as before the failure.

. A 7-day period will be adequate in most cases to affect an LEFM Check System return to service.
Therefore, unnecessary de-rate evolutions would be avoided almost entirely.

If the plant experiences a power decrease of greater than 10 percent during the 7-day period, the permitted
maximum power level would be reduced upon return to full power, in accordance with the power levels
described below, since a plant transient may result in calibration changes of the alternate instruments.

If the 7-day outage period is exceeded, then the plant would operate at a power level consistent with the
accuracy of the alternate plant instruments. These alternate plant instruments are feedwater flow venturis
and feedwater temperature detectors. The plant implements procedures and guidance as required
according to operator actions when the LEFM Check System is unavailable.

The LEFM Check System at IP2 is installed in each of the 4 feedwater lines. Failure of any 1 of the
LEFMs will result in calculation of thermal power based on operation of the operable LEFMs and on
operation of alternate plant instruments.

34 MAINTENANCE AND CALIBRATION

Maintenance of the Caldon LEFM Check System is performed in accordance with the guidelines
established in the referenced Topical Report ER-80P and the User’s Manual. Proper maintenance is
assured through both automatic and manual checks of the system. Manual checks are performed using
site-specific procedures developed from Topical Report ER-80P and the User’s Manual.

Calibration and maintenance are performed by qualified personnel using site procedures. The site
procedures are developed using the Caldon technical manuals. All work is performed in accordance with
site work-control procedures.

Routine preventive maintenance procedures, which include physical inspections, power supply checks,
backup battery replacements, and internal oscillator frequency verification, are performed by Caldon.

Ultrasonic signal verification and alignment is performed automatically with the LEFM Check System.
Signal verification is possible by review of signal quality measurements performed and displayed by the
LEFM Check System. Signal verification status is also provided serally to the online calorimetric
program.
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Indian Point Unit 2 Instrumentation and Control (I&C) personnel are trained per the 1&C training
Program on the LEFM Check System before work or calibration may be performed. Formal training by
Caldon is provided to site personnel.

The LEFM Check System is designed and manufactured in accordance with Caldon’s Code of Federal
Regulations (CFR) 10 CFR 50 Appendix B Quality Assurance Program and its Verification and
Validation (V&V) Program. Caldon’s V&V Program fulfills the requirements of American National
Standards Institute/Institute of Electrical and Electronics Engineers - American Nuclear Society
(ANSVIEEE-ANS) Std. 7-4.3.2, 1993, “IEEE Standard Criteria for Digital Computers in Safety Systems
of Nuclear Power Generating Stations,” Annex E, and American Society of Mechanical Engineers
(ASME) NQA-2a-1990, “Quality Assurance Requirements for Nuclear Facility Applications.” In
addition, the program is consistent with guidance for software V&V in the Electric Power Research
Institute (EPRI) TR-103291, “Handbook for Verification and Validation of Digital Systems,”
December 1994. Specific examples of quality measures undertaken in the design, manufacture, and
testing of the LEFM Check System are provided in Section 6.4 and Table 6-1 of Topical Report ER-80P.

Corrective actions involving maintenance are performed by qualified personnel. At IP2, the LEFM
Check System will be included in the preventive maintenance program. As a plant system, all equipment
problems fall under the site work-control process. All conditions that are adverse to quality are
documented under the corrective action program. The software falls under IP2’s software quality
assurance (QA) program currently in place. Procedures are maintained for notification of deficiencies
and error reporting.

In addition to the calibration and maintenance of the LEFM Check System (which also supplies feedwater
temperature values), all other instrument components that provide fluid condition data for calculation of
rated thermal power is controlled, calibrated, and performance monitored to the conditions represented in
the overall calorimetric uncertainty evaluation done for the IP2 1.4-percent power uprate.

The IP2 LEFM Check System is under Caldon’s V&V Program, and procedures are maintained for user
notification of deficiencies that could affect the accuracy and reliability of mass flow and temperature
measurements.

3.5 OPERATIONS AND MAINTENANCE HISTORY OF THE INSTALLED
CALDON LEFM INSTRUMENTATION

The LEFM Check System was originally installed at IP2 in 1980. The original electronic unit was
upgraded with the Caldon LEFM 8300 electronic unit in 1995. The upgrade to the LEFM Check System
Electronic Unit, which meets the requirements of the approved Topical Reports ER-80P and ER-160P,
was installed in October 2002. Since installation, the LEFM Check System has been used to provide
trend-basis data for tracking the alternate plant instruments to be used when the LEFM Check System is
out of service.

The Caldon LEFM Check System was installed at IP2 in the Fall of 2002. The installations were
performed in accordance with Caldon’s installation and commissioning procedures. These procedures
-were produced in accordance with the descriptions and criteria established by the referenced Topical
Report ER-80P.
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The Caldon LEFM Check System installed at IP2 is representative of the Caldon LEFM Check System
discussed in the Topical Report ER-80P, and is bounded by the requirements set forth in this topical
report.

3.6 UNCERTAINTY DETERMINATION METHODOLOGY

The methodology used to calculate the Caldon LEFM Check System uncertainties is consistent with
ASME Pressure Test Code (PTC) 19.1 and Instrument Society of America (ISA) 67.04 as approved in
Topical Report ER-80P.

With respect to the Caldon LEFM Check System uncertainties, uncertainty calculations have been
performed and determined a mass flow accuracy of better than 0.5 percent of rated flow for IP2.

Additionally, the Caldon LEFM Check System uncertainty calculations have been performed to achieve a
95-percent confidence interval, 95-percent probability flow measurement.

Indian Point Unit 2 maintenance procedures and Caldon LEFM Check System operating instructions
ensure that the assumptions and requirements of the uncertainty calculation remain valid.

3.7  SITE-SPECIFIC PIPING CONFIGURATION

The plant-specific installation follows the guidelines of Topical Report ER-80P. Two IP2 LEFM Check
System flow elements, loops 21 and 22, were calibrated at Alden Research Laboratory (ARL). Loop 23
and 24 calibration coefficients are based upon ARL testing of a population of 7 flow elements with
similar inside diameters and dimensions. The LEFM Check System flow elements at IP2 are installed
10 (loop 21), 12 (loop 22), 15 (loop 23), and 13 (loop 24) diameters downstream from 2 non-planar
elbows separated by 10.3 diameters. The uncertainty analysis expressly considers the additional
uncertainty for these features, and their effects on the LEFM Check System flow measurement. Further,
the actual plant velocity profiles at IP2 have been compared to straight pipe profiles at ARL and the
effects on the LEFM Check System measurement have been thoroughly addressed in Caldon Topical
Report ER-262. These measurements assure that the actual LEFM Check Systermn measurements at IP2
are bounded by the uncertainty analysis and addressed appropriately in Topical Report ER-80P.

3.8 REFERENCES

3-1 Caldon, Inc. Engineering Report-80P, “Improving Thermal Power Accuracy and Plant Safety
While Increasing Operating Power Level Using the LEFM ™ System,” Revision 0, March 1997.

3-2 Caldon, Inc. Engineering Report-160P, “Supplement to Topical Report ER-80P: Basis for a
Power Uprate with the LEFM ™ System,” Revision 0, May 2000.
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4 CONTROLAND PROTECTION SYSTEM SETPOINTS AND
UNCERTAINTIES

Westinghouse WCAP-13825, “Westinghouse Revised Thermal Design Procedure Instrument Uncertainty
Methodology Consolidated Edison — Indian Point 2,” dated February 1994 (Reference 4-1), provides the
basis for the Revised Thermal Design Procedure (RTDP) uncertainties that are used in the Indian Point
Unit 2 (IP2) Updated Final Safety Analysis Report (UFSAR) Chapter 14 safety analyses. These include
Tae (rod) control, pressurizer pressure control, Reactor Coolant System (RCS) flow measurement
(calorimetric), and power measurement (calorimetric). The effects of the 1.4-percent power uprate on the
power calorimetric uncertainty, as well as the RTDP and Reactor Trip System (RTS) / Engineered Safety
Feature Actuation System (ESFAS) uncertainties, are discussed in the following subsections.

41 POWER CALORIMETRIC

Typical plant safety analysis evaluations for Condition II non-departure from nucleate boiling (DNB),
Condition III, and Condition IV events assume a power calorimetric uncertainty of 2 percent of rated
thermal power (RTP). The 1.4-percent power uprate is based on a reduction in the power calorimetric
uncertainties, such that the calculated uncertainties, plus the magnitude of the power uprate, remains
within the 2-percent RTP assumption of these evaluations. Therefore, the final calculated uncertainties
determine the magnitude of the power uprate. The primary means of reducing the power calonmetric
uncertainties is a reduction in the uncertainties associated with the measurement of secondary-side
feedwater flow. New calculations were performed to determine the uncertainties for the daily power
calorimetric assuming the use of the Caldon Leading Edge Flow Meter (LEFM) Check System to
determine total feedwater flow. The uncertainty allowance for feedwater system flow is £0.38 percent.
The flow error, in combination with the remaining uncertainty components, results in a total 95/95 power
measurement uncertainty of +0.6 percent RTP. A power measurement uncertainty of +0.6 percent allows
a power uprate of 1.4-percent RTP. The methodology used to determine the power calorimetric
uncertainties is documented in WCAP-15904 (Reference 4-2).

42 REVISED THERMAL DESIGN PROCEDURE UNCERTAINTIES
4.2.1 Tay (Rod) Control and Pressurizer Pressure Control

The uncertainties associated with the Ty, and pressurizer pressure control systems are not affected by
changes in the IP2 design parameters for the 1.4-percent power uprate conditions. Therefore, the
1.4-percent power uprate does not require changes to the uncertainties documented in WCAP-13825 for
these parameters.

4.2.2 Reactor Coolant System Flow Calculation

The RCS flow uncertainty calculation uses nominal plant conditions for feedwater temperature and steam
pressure as part of the input assumptions for the calculations. The small changes in these plant
parameters due to the 1.4-percent power uprate conditions do not change the final calculated RCS flow
uncertainties. Therefore, the 1.4-percent power uprate does not require changes to these uncertainties as
‘documented in WCAP-13825.
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4.3  RTS/ESFAS UNCERTAINTIES

The licensing basis accident analyses, which model RTS and ESFAS initiations for mitigation, have been
reviewed. It has been confirmed that their results remain acceptable (see Section 8) using the currently
applied safety analysis assumptions and the initial condition inputs based on the 1.4-percent increase in
nominal core power. As such, an additional review was conducted to assess the influence of the slight
fluid condition changes associated with the 1.4-percent power uprate on total uncertainties calculated as
the basis for the implemented RTS/ESFAS setpoints. The fluid condition changes assumed for this
review are given in Section 2 of this report. The results of this uncertainty evaluation are provided below.

4.3.1 RTS Functions
Power Range Neutron Flux — High

As T,y is essentially unchanged by the 1.4-percent power uprate condition, aggregate neutron leakage
(vessel) characteristics are expected to be unchanged and flux monitoring sensitivity is also unchanged.
The existing total uncertainty for this protection function includes a full 2-percent calorimetric uncertainty
allowance and this value has not been reduced as a result of the 1.4-percent power uprate. Therefore, the
existing uncertainty value for this function is unaffected as a result of the 1.4-percent power uprate.

Power Range Neutron Flux — Low

The conditions described above for the high trip function of the Nuclear Instrumentation System (NIS)
power range are also applicable to the low trip function. Power ascension to an unchanged full-power Ty,
value will ensure similar sensitivity at low power when transitioned from the current licensed power level
to the 1.4-percent uprate power level. The calorimetric uncertainty allowance is also the same.
Therefore, the existing uncertainty value for this function is unaffected as a result of the 1.4-percent
power uprate.

Overtemperature AT (OTAT)

The RCS full-power Ty and Teqia values will change slightly as a result of the 1.4-percent power uprate,
and this will have a slight effect on the indicated values for delta temperature (AT) and T.,;. These small
changes are accommodated by existing plant setpoints. Full-power AT will increase slightly, which will
have a conservative effect on the uncertainty calculations. Therefore, the existing uncertainty value for
this function is unaffected as a result of the 1.4-percent power uprate.

Overpower AT (OPAT)

As discussed for OTAT, the small changes to Th, Teotg, Tavg,, and AT do not affect the existing uncertainty
value for this function. Therefore, this function is unaffected as a result of 1.4-percent power uprate.

Pressurizer Pressure — Low and High

Nominal pressurizer pressure (i.e., 2250 psia) is unaffected by the 1.4-percent power uprate and the
existing uncertainty values for these functions are unaffected as a result of the 1.4-percent power uprate.
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Pressurizer Water Level — High

Although the nominal operating conditions for the 1.4-percent power uprate are bounded by the
previously evaluated design conditions, a small change to the design pressurizer level versus Ty, program
was made to accommodate the potential operation at the upper end of the design Tay, Window. This
change did not affect the uncertainties associated with the pressurizer water level high trip, but did result
in a slight increase in the level uncertainties associated with the accident analysis initial conditions. The
revised uncertainty is bounded by the allowances incorporated in the accident analysis. Therefore, the
pressurizer level uncertainties are consistent with operation at a power increase of 1.4 percent.

Reactor Coolant Flow — Low

The small changes in the plant parameters due to the 1.4-percent power uprate do not affect the final
calculated RCS flow calorimetric uncertainties. Therefore, the low RCS flow trip function is unaffected
by the 1.4-percent power uprate.

Underfrequency and Undervoltage Reactor Coolant Pumps (6.9 kV Bus)

Bus underfrequency and undervoltage relay uncertainties are not subject to influences associated with
fluid parametric changes caused by the 1.4-percent power uprate. Also, nominal frequency and voltage
conditions both inside the plant and on the local grid are unaffected by any minor load changes that exist
in the plant as a result of the 1.4-percent power uprate. Therefore, the underfrequency and undervoltage
functions are unaffected by the 1.4-percent uprate.

Steam Generator Narrow Range Water Level — Low-Low

Process Measurement Accuracies (PMAs) considered in the steam generator level calculation take into
account specific effects such as fluid pressure/specific gravity variations and reference leg temperature
effects. The final calculated results, which account for the minor variations (approximately 2 psi decrease
in minimum steam pressure) associated-with the revised operating parameters, are unaffected by the
1.4-percent power uprate.

4.3.2 ESFAS Functions

Containment Pressure — High and High-High

Containment pressure instrument uncertainties are not affected by the fluid system parametric changes
associated with the 1.4-percent power uprate. Therefore, the containment pressure functions are
unaffected by the 1.4-percent power uprate.

Pressurizer Pressure — Low

Nominal pressurizer pressure (i.e., 2250 psia) and the existing uncertainty value for this function are
unaffected by the 1.4-percent power uprate.

6082 doc-120202 4.3



High Steam Line Differential Pressure

Steam line pressure instrument uncertainties are not affected by the fluid system parametric changes
associated with the 1.4-percent power uprate. Therefore, the steam line differential pressure uncertainties
are unaffected by the 1.4-percent power uprate.

High Steam Flow in Two Lines

The uncertainty calculations associated with the high steam flow instrumentation were reviewed based on
the operating parameters associated with the 1.4-percent power uprate. Several of these parameters
(steam flow, steam pressure, and turbine first-stage pressure, which defines the variable flow setpoint
based on power) provide input to the scaling process used to define the variable trip setpoint for this
function. The uncertainty calculations, which include scaling tolerances that are consistent with operation
at the 1.4-percent power uprate conditions, demonstrate margin between the setpoint and analytical limits.

Tavg = Low

The RCS Tia and Teoq values will change slightly at the 1.4-percent power uprate conditions, but the
uprate T,y is approximately the same as at the previous licensed power level. Therefore, the Low Ty,
ESFAS function is unaffected by the 1.4-percent power uprate.

Steam Line Pressure — Low

/
Steam line pressure instrument uncertainties are not affected by the fluid system parametric changes
associated with the 1.4-percent power uprate. Therefore, the seam line pressure low uncertainties are
unaffected by the 1.4-percent power uprate.

Steam Generator Water Level - Low-Low

The PMAs considered in the steam generator water level calculation take into account specific effects
such as fluid pressure/specific gravity variations and reference-leg temperature effects. The final
calculated results, which account for the minor variations (approximately 2 psi decrease in minimum
steam pressure) associated with the revised operating parameters, are unaffected by the 1.4-percent power
uprate.

Degraded Voltage, Loss of Voltage, and Station Blackout (480 VAC)
The 480 VAC Emergency Bus Undervoltage relay and timer uncertainties are not subject to influences

associated with fluid parametric changes caused by the 1.4-percent power uprate. Therefore, the
480 VAC ESFAS functions are unaffected by the 1.4-percent power uprate.

4.4 STEAM GENERATOR WATER LEVEL SETPOINT UNCERTAINTY ISSUES
Westinghouse recently issued three Nuclear Service Advisory Letters (NSALs), NSAL 02-3 and

‘Revision 1, NSAL 02-4, and NSAL 02-5, to document the problems with the Westinghouse designed
steam generator water level setpoint uncertainties. The NSAL 02-3 and its revision, issued on
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February 15, 2002, and April 8, 2002, respectively, deal with the uncertainties caused by the mid-deck
plate located between the upper and lower taps used for steam generator measurements, affecting the
low-low level trip setpoint (used in the analyses for events such as the feedwater line break, Anticipated
Transient Without Scram (ATWS) and steam line break). The NSAL 02-4, issued on February 19, 2002,
deals with the uncertainties created because the void content of the two-phase mixture above the
mid-deck plate was not reflected in the calculation, affecting the high-high level trip setpoint. The NSAL
02-5, issued on February 19, 2002, deals with the initial conditions assumed in the steam generator water
level related safety analyses. The discussion below addresses how IP2 accounts for these uncertainties as
documented in the NSALs in determining the steam generator water level setpoints.

Indian Point Unit 2 is operating with Westinghouse Model 44F steam generators. In comparison to other
Westinghouse steam generator models, the Model 44F steam generator has a relatively large flow area
through the mid-deck plate region of the steam generator and, as such, there is essentially no pressure
drop across the mid-deck plate region of the Model 44F steam generators. This is shown for IP2 in the
attachment to NSAL 02-3, Revision 1. Therefore, with respect to NSAL 02-3 and NSAL 02-5, IP2 is not
affected and the current safety analyses remain limiting.

For NSAL-02-4 (Maximum Reliable Indicated Level - MRIL), the IP2 safety analysis limit for steam
generator level high is 80-percent span. This value is considerably lower than the MRIL calculated in
accordance with NSAL-02-04. Since the setpoint evaluation of the 73-percent nominal trip setpoint was
based on the limit of 80 percent, the concerns identified in the NSAL have been addressed for IP2.

45 REFERENCES

4-1 WCAP-13825, “Westinghouse Revised Thermal Design Procedure Instrument Uncertainty
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5 DESIGN TRANSIENTS
5.1 NUCLEARSTEAM SUPPLY SYSTEM DESIGN TRANSIENTS

The Indian Point Unit 2 (IP2) 1.4-percent power uprate results in a slight change in the Nuclear Steam
Supply System (NSSS) design parameters from those that were used for the existing 3083.4 MWt design
transient and Model 44F Steam Generator Replacement Programs. These include slight changes to the
parameters that are important to the analysis of the NSSS design transients used for structural fatigue
analysis of the various NSSS components. These particular parameters are shown in Table 5-1, along
with the current and 1.4-percent power uprate values. This section of the report summarizes the review of
the NSSS design transients and the potential need to revise some transient definitions to account for the
1.4-percent power uprate.

5.1.1 NSSS Design Transient Background

The NSSS design t