2.5.8 Additional Review Areas (Plant Systems)

2.5.8.1 Circulating Water System
2.5.8.1.1 Introduction

" The Circulating Water (CW) System provides a continuous supply of cooling water to the main
condenser to remove the heat rejected by the turbine cycle and auxiliary systems. The PBNP
review of the CW System focused on changes to the amount of heat absorbed by the system
from increased heat rejection from the condenser and other turbine cycle heat exchangers due to
the higher EPU power level. The impact of this increased heat on the CW components was
evaluated to ensure that the system accomplishes its design functions after implementation of
EPU.

Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The non-safety related CW System circulates water from Lake Michigan through the main
condensers to condense the steam exhausting from the turbines. The water is discharged back
to the lake through discharge flumes. The CW system is a non-seismic piping system whose
primary function is to remove heat from the steam cycle via the main condensers. The CW
system is described in FSAR Section 10.1, Steam and Power Conversion System.

The difution and diffusion effects of the circulating water discharge to Lake Michigan are
discussed in FSAR Section 2.5, Hydrology. Additional information regarding the release of liquid
wastes via the CW System is provided in FSAR Section 11.1, Liquid Waste Management
System.

In addition to the licensing bases described in the FSAR, the circulating water system was
evaluated for the PBNP License Renewal. System and system component materials of
construction, operating history and programs used to manage aging effects are documented in:

- Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

The above SER discusses the circulating water system in Section 2.3.3.1.2. Aging effects, and
the programs credited with managing those effects, are described in Section 3.3.

2.5.8.1.2 Technical Evaluation

Introduction

The Circulating Water System is discussed in the FSAR Section 10.1, Steam and Power
Conversion. The circutating water system circulates water from Lake Michigan through the main
condensers to condense the steam exhausting. from the turbines. The water is discharged back
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to the lake through discharge flumes. Two circulating water pumps per unit are used to circulate
the water. Traveling screens and a screen wash system remove debris from the water. The
circulating water system also supplies cooling water to the condensate cooler for maintaining the
main generator hot gas temperature '

Approximately 98% of the circulating water pump flow dlstnbutes to the tube side of the main
condensers to remove the heat rejected by the turbine cycle. This evaluation focuses on the
increased amount of rejected heat to be absorbed by the circulating water system and the
increased discharge temperature.

Description of Analyses and Evaluations

The circulating water system and its components were evaluated to ensure they are capable of
performing their intended function at the EPU operating conditions. The evaluation reviewed the
circulating water system to determine whether the existing circulating water system flow rate is
capable of removing the increased steam cycle heat rejected at EPU conditions.

The increased heat to the circulating water system from the turbine cycle heat loads at EPU
conditions raises the system operating circulating water temperature at the main condenser
waterbox outlet. Heat loads during normal plant operation with different cooling water
temperatures are used in the heat balance studies for the evaluation.

Other evaluations related to the circulating water system, piping and components are included in
the following LR sections:

+ Liquid waste effluent discharge to the discharge flumes — LR Section 2.5.6.2, Liquid Waste
Management System

» Protection against flooding due to a failure in the Circutating Water System -
LR Section 2.5.1.1.3, Circulating Water System (Related to-Flooding)

» Heat removal and cooling of the main condenser — LR Section 2.5.5.2, Main Condenser

« Condenser Vacuum System is addressed in LR Section 2.5.3.2, Main Condenser Evacuation
System

» Environmental Impact of circulated water returned to Lake Michigan is addressed in
LR Appendix D, Supplemental Environmental Report.

Evaluation of the Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

The circulating water system with regards to its Condenser heat removal function is not within the
scope of License Renewal as described in NUREG-1839, as no modification or change will be
made to the circulation water system. Design pressure and flow rate of the circulation water
system will not change with EPU. Under the EPU, there will be a small temperature increase
associated with heat load rejection to the condenser. The small temperature increase will not
affect the pressure retaining components of the circulating water system. Therefore the pressure
retaining capacity of piping, valves, and other water passages in the system are unaffected by
EPU. EPU does not add any new components nor does it introduce any new functions for
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. existing components that would change the license renewal evaluations and conclusions with
regards to the system heat removal function.

Results

A lake water temperature evaluation concluded that the maximum expected lake water
temperature can be assumed to be 76°F aor less. To be consistent with the conclusion of the
report along with current site data, the EPU heat balance models used 75°F as the circulating
water inlet temperature for summer conditions. The resulting increase in the discharge
circulating water system temperature at EPU conditions is approximately 4°F.

This small increase in the circulating water system temperature does not have an adverse impact
on the existing component design parameters and functions. The circulating water system
operating pressures and temperatures at EPU conditions remain bounded by the original design
pipe specifications.

The higher circuiating water discharge temperatures were also reviewed against the Wisconsin
Pollutant Discharge Elimination System (WPDES) permit (WI-0000957-7). It was determined
that EPU will not affect the permit, since the permit does not limit maximum discharge
temperature, differential temperature across the condenser, or total discharge heat.

All other limitations on discharge to Lake Michigan will be maintained for EPU in accordance with
the WPDES permit. EPU does not affect the existing chemical treatment program employed at
PBNP.

. 2.5.8.1.3 Conclusions

PNBP has assessed the circulating water system at EPU conditions. PBNP concludes that the
assessment adequately accounts for the effects of the increase in heat loads from the turbine
cycle on the circulating water system discharge temperature to Lake Michigan. PBNP concludes
that the current circulating water system will be adequate and accounts for the effects of the
proposed EPU on the system’s capability to remove heat rejected from the turbine cycle and
auxiliary heat exchangers. PBNP finds that the current design of the circulating water system will
provide a reliable supply of water at EPU conditions to condense the steam exhausted from the
low-pressure turbines. PBNP also conciudes that the current design of the circulating water
system piping and its components will accommodate the higher condenser duty and higher
temperatures at EPU conditions. Finally, PBNP concludes that the operation of the circulating
water system at the EPU power level is not limited by the current discharge permit (WPDES
WI-0000957-7) since the permit does not set maximum discharge temperature, differential
temperature across the condenser, or total discharge heat. Therefore, PBNP finds the proposed
EPU acceptable with regards to the circulating water system.
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2.6 Containment Review Considerations
2.6.1 Primary Containment Functional Design
2.6.1.1 Regulatory Evaluation

The containment encloses the reactor system and is the final barrier against the release of
significant amounts of radioactive fission products in the event of an accident.

The PBNP review covered the pressure and temperature conditions in the containment due to a
spectrum of postulated loss-of-coolant accidents (LOCAs) and secondary system line-breaks.

The NRC'’s acceptance criteria for primary containment functional design are based on:

- GDC 16, insofar as it requires that reactor containment be provided to establish an
essentially leak-tight barrier against the uncontrolied refease of radioactivity to the
environment

» GDC 50, insofar as it requires that the containment and its internal components be able to
accommodate, without exceeding the design leakage rate and with sufficient margin, the
calculated pressure and temperature conditions resulting from any LOCA

« GDC 38, insofar as it requires that the containment heat removal system(s) function to rapidly
reduce the containment pressure and temperature following any LOCA and maintain them at
acceptably low levels

- GDC 13, insofar as it requires that instrumentation be provided to monitor variables and
systems over their anticipated ranges for normal operation and accident conditions

» GDC 64, insofar as it requires that means be provided for monitoring the plant environs for
radioactivity that may be released from normal operations and postulated accidents

Specific review criteria are contained in the SRP Section 6.2.1.1.A.
PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion

(PBNP GDC).

The PBNP specific GDC for the Containment System are as follows:

CRITERION: The containment structure shall be designed (a) to sustain, without undue risk to
the health and safety of the public, the initial effects of gross equipment failures, such as a large
reactor coolant pipe break, without loss of required integrity, and (b) together with other
engineered safety features as may be necessary, to retain for as long as the situation requires,
the functional capability of the containment to the extent necessary to avoid undue risk to the
health and safety of the public. (PBNP GDC 10)
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The reactor containment structure is a horizontally and vertically pre-stressed post tensioned
concrete cylinder on top of a reinforced concrete slab and covered by a pre-stressed post
tensioned shallow concrete dome.

The design pressure of the containment exceeds the peak pressure occurring as the result of the
complete blowdown of the reactor coolant through any rupture of the reactor coolant system up
to and including the hypothetical double ended severance of a reactor coolant pipe.

The containment structure and all penetrations are designed to withstand, within design limits,
the combined loadings of the design basis accident and safe shutdown earthquake.

All piping systems which penetrate the containment structure are anchored at the penetration.

Penetrations for lines containing high pressure or high temperature fluids (steam, feedwater, and
blowdown lines) are designed so that the containment is not breached by a hypothesized pipe
rupture. All lines connected to the primary coolant system that penetrate the containment are
also anchored in the secondary shield walls (i.e., walls surrounding the steam generators and
reactor coolant pumps). These anchors are designed to withstand the thrust, moment, and
torque resulting from a hypothesized rupture of the attached pipe.

All isolation valves are supported to withstand, without impairment of valve operabitity, the
combined loadings of the design basis accident and safe shutdown earthquake. The design
pressure is not exceeded during any subsequent long term pressure transient determined by the
combined effects of heat sources such as residual heat and metal water reaction with minimum
operation of the emergency core cooling and the containment air recirculation and spray cooling
systems.

CRITERION: The reactor containment structure, including openings and penetrations, and any
necessary containment heat removal systems, shall be designed so that the leakage of
radioactive materials from the containment structure under conditions of pressure and
temperature resulting from the largest credible energy release following a loss of coolant
accident, including the calculated energy from metal water or other chemical reactions that could
occur as a consequence of failure of any single active component in the emergency core cooling
system, will not result in undue risk to the health and safety of the public. (PBNP GDC 49)

In calculating the containment pressure, rupture sizes up to and including a double ended
severance of reactor coolant pipe are considered. The pressure and temperature loadings
obtained by analyzing various loss of coolant accidents, when combined with operating loads
and maximum wind or seismic forces, do not exceed the load carrying capacity of the structure,
its access opening, or penetrations.

CRITERION: The selection and use of containment materials shall be in accordance with
applicable engineering codes. (PBNP GDC 50)

The selection and use of containment materials comply with the applicable codes and standards.
The concrete containment is not susceptible to a low temperature brittle fracture.

The containment liner is enclosed within the containment and thus is not exposed to the
temperature extremes of the environs. The containment ambient temperature during operation is
between 50°F and 120°F.
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Containment penetrations which can be exposed to the environment are also designed to the
NDT + 30°F criterion in accordance with ASME Section lil, Subsection B.

Additional details of the Containment System are provided in FSAR Sections 5.1, Containment
System Structure, Section 5.4, Containment System Structure, System Design Evaluation,
Section 5.5, Containment System Structure, Minimum Operating Conditions, Section 5.6,

~ Containment System Structure, Construction, and Section 14.3.4, Containment Integrity
Evaluation. '

CRITERION: Where an active heat removal system is needed under accident conditions to
prevent exceeding containment design pressure, this system shall perform its required function,
assuming failure of any single active component. (PBNP GDC 52)

Adequate heat removatl capability for the containment is provided by two separate, engineered
safety features systems. These are the containment spray system, whose components are
described in FSAR Section 6.4, Containment Spray System, and the containment air
recirculation cooling system, whose components operate as described in FSAR Section 6.3.2,
Containment Air Recirculation Cooling System (VNCC), System Design and Operation. These
systems are of different engineering principles and serve as independent backups for each other.

CRITERION: Instrumentation and controls shall be provided as required to monitor and maintain
within prescribed operating ranges essential reactor facility operating variables. (PBNP GDC 12)

Instrumentation and controls are provided to monitor and maintain important reactor parameters
(including neutron flux, primary coolant pressure, loop flow rate, coolant temperatures, and
control rod positions) within prescribed operating ranges. Other instrumentation and control
systems are provided to monitor and maintain, within prescribed operating ranges, the
temperatures, pressure, flow, and levels in the reactor coolant system, steam systems,
containment, and other auxiliary systems. The quantity and types of instrumentation provided
are adequate for safe and orderly operation of all systems and processes over the full operating
range of the plant. Detailed discussion of instrumentation and control systems is provided in
FSAR Chapter 7, Instrumentation and Control. Post-accident monitoring instrumentation is
required to meet the intent of Regulatory Guide 1.97, Revision 2. FSAR Section 7.6.2,
Instrumentation Systems, Post Accident Monitoring Instrumentation, discusses the specific plant
variables to which this regulatory guide applies and the type and category of each variable.

CRITERION: The facility includes those means necessary to maintain control over the plant
gaseous radioactive effluents. Appropriate holdup capacity shall be provided for retention of
gaseous effluents, particularly where unfavorable environmental conditions can be expected to
require operational limitations upon the release of radioactive effluents to the environment. In all
cases, the design for radioactivity control must be justified on the basis of 10 CFR 20
requirements, for both normal operations and for any transient situation that might reasonably be
anticipated to occur, and on the basis of 10 CFR 100 dosage level guidelines for potential reactor
accidents (PBNP GDC 70).

Radioactive gases are effectively controlled to prevent their unmonitored release to the
atmosphere.
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The NRC reviewed the PBNP response to NRC |E Bulletin 80-04, Analysis of a PWR Main
Steam Line Break with Continued Feedwater Addition. The NRC concluded that the PBNP
analysis was acceptable and no further action was required.

Subsequent to the closure of IEB 80-04, PBNP identified a concern that containment design
pressure could be exceeded in a postulated main steam line break accident inside containment
assuming a single failure of the main feed regulating vatve to shut.

In addition to the evaluations described in the FSAR, the containment system was evatuated for
the PBNP License Renewal. The evaluations are documented in:

» Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

The containment system is evaluated under License Renewal.
2.6.1.2 Technical Evaluation

The evaluation of the design basis analyses for the containment pressure and temperature
response to a loss-of-coolant accident (LOCA) or a main steam line break (SLB) event
demonstrates that the current design is acceptable to support operation at extended power
uprate (EPU) conditions.

2.6.1.2.1 Introduction

The containment integrity analyses are described in FSAR, Section 14.3.4, Containment Integrity -
Evaluation, (LOCA containment response) and Section 14.2.5.C, Standby Safety Feature
Analysis, Containment Response Analysis; (SLB containment response). The analyses are
performed to demonstrate the acceptability of the containment heat removal system to mitigate
the consequences of a LOCA or SLB inside containment. The analyses documented in the
subsections below have been performed at EPU conditions. ‘

Calculation of the containment response following a postulated LOCA or SLB is analyzed by use
of the computer code GOTHIC version 7.2a. The GOTHIC Technical Manual (Reference 1)
provides a description of the governing equations, constitutive models, and solution methods in
the solver. The GOTHIC Qualifications Report (Reference 2) provides a comparison of the
solver results with both analytical solutions and experimental data.

The GOTHIC containment modeling for PBNP Units 1 and 2 is consistent with the recent NRC
approved Ginna evaluation model (Reference 3). The latest code version is used to take
advantage of the diffusion layer model (DLM) heat transfer option. This heat transfer option was
approved by the NRC (Reference 3) for use in Ginna containment analyses with the condition
that mist be excluded from what was earlier termed as the mist diffusion layer model (MDLM).
The GOTHIC containment modeling for PBNP Units 1 and 2 follows the conditions of acceptance
placed on Ginna. Ginna and PBNP both have dry containment designs. The differences in
GOTHIC code versions are documented in Appendix A of the GOTHIC User Manual Release
Notes (Reference 4). Version 7.2a is used consistent with the restrictions identified in
Reference 3; none of the user-controlled enhancements added to version 7.2a were
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implemented in the PBNP Units 1 and 2 containment model. A description of the PBNP units
GOTHIC model is provided below.

2.6.1.2.2 Input Parameters, Assumptions, and Acceptance Criteria

The major modeling input parameters and assumptions that are used in the PBNP Units 1 and 2
containment evaluation model for the LOCA and steam line break events are identified in this
section. The assumed initial conditions and input assumptions associated with the containment
volume, containment fan coolers and containment sprays are listed in Table 2.6.1-1,
Containment Response Analysis Parameters. The primary function of the residual heat removal
system (RHRS) is to remove heat from the core by way of the ECCS. The recirculation system
alignment is outlined in Table 2.6.1-2, LOCA Containment Response Analysis Recirculation
System Alignment Parameters. The containment structural heat sink input is provided in

Table 2.6.1-3, Containment Structural Heat Sink Input, and the corresponding material properties
are listed in Table 2.6.1-4, Material Properties for Containment Structural Heat Sinks.

The following are major assumptions made in the analysis:

» Homogeneous mixing is assumed. The steam-air mixture and the water phases each have
uniform properties. More specifically, thermal equilibrium between the air and the steam is
assumed. However, this does not imply thermal equilibrium between the steam-air mixture
and the water phase.

» Airis taken as an ideal gas, while compressed water and steam tables are employed for
water and steam thermodynamic properties.

» For the blowdown portion of the analysis, the discharge flow separates into steam and water
phases at the breakpoint. The saturated water phase is at the total containment pressure,
while the steam phase is at the partial pressure of the steam in the containment. For the
post-blowdown portion of the LOCA analysis, steam and water releases are input separately.

» The saturation temperature at the partial pressure of the steam is used for heat transfer to the
heat sinks and the fan coolers.

Noding Structure

The PBNP GOTHIC containment evaluation model for the LOCA and steam line break events
consist of one lumped-parameter control volume representing containment. Additional boundary
conditions, volumes, flow paths, and components are used to model accumulator nitrogen
release and sump recirculation. Injection of accumulator nitrogen during a LOCA event is
modeled by a boundary condition. The recirculation system model uses GOTHIC component
models for the RHR and component cooling water (CCW) heat exchangers (HXs) and the CCW
pumps. Recirculation flow from the sump is modeled using a boundary condition.

Volume Input

GOTHIC requires the volume, height, diameter, and elevation input values for each node. .The
containment is modeled as a single control volume in the containment model. The minimum free
volume of 1,000,000 ft* was used.
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The containment model contains volumes representing the Service Water System (SW). The
SW system volumes are water-solid and assumed to be initially at 74.7 psia and 82°F.

Flow Paths

Flow boundary conditions linked to functions that define the M&E releases model the break flow
to the containment. The boundary conditions are connected to the containment control volume
via flow paths. The injection spray is.modeled as a boundary condition connected to the
containment control volume via a flow path.

The flow rates through the flow paths are specified by boundary conditions, so the purpose of the
flow path is to direct the flow to the proper control volume. The flow path input is mostly arbitrary.
Standard values are used for the area, hydraulic diameter, friction length, and inertia length of the
flow path.

Heat Sinks

The heat sinks in the containment are modeled as GOTHIC thermal conductors. The heat sink
data is based on conservatively low surface areas and is summarized in Table 2.6.1-3, Primary
Containment Functional Design, Containment Structural Heat Sink Input.

A thin air gap is assumed to exist between the steel and concrete for steel-jacketed heat sinks. A
gap conductivity of 0.0174 Btu/h-ft-°F is assumed between steel and concrete.

The thermophysical properties for the heat sink materials are summarized in Table 2.6.1-4,
Primary Containment Functional Design, Material Properties for Containment Structural Heat
Sinks.

Heat and Mass Transfer Correlations

GOTHIC has several heat transfer coefficient options that can be used for containment analyses.
For the PBNP GOTHIC model, the direct heat-transfer coefficient set is used with the DLM mass
transfer correlation for the heat sinks inside containment. This heat transfer methodology was
reviewed and approved for use in the Ginna containment design basis accident analyses
(Reference 3). The DLM correlation does not require the user to specify a revaporization input
value.

The direct heat transfer coefficient set is used for the heat sinks representing floors, ceilings, and
walls. The submerged conductors are essentially insulated from the vapor after the pool
develops. Insulated surfaces are modeled with no heat loss (0.0 Btu/hr-ft2/°F).

Containment Fan Coolers

The Containment Fan Coolers (CFCs) are modeled in GOTHIC as a cooler/heater component in
the containment volume. They are initiated on a high containment pressure signal. The heat
removal rate for one CFC is defined by a function in GOTHIC. Multipliers are used to define the
amount of operational CFCs. See Table 2.6.1-1, Containment Response Analysis Parameters,
and Table 2.6.1-5, Containment Fan Cooler Performance, for the CFC parameters and heat
removal capability assumed for the containment response analyses.
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Sump Recirculation

The RHR heat exchanger cools the water from the containment sump. The RHR system injects
the cooled water into the RCS to cool the core. The RHR heat exchanger is cooled with CCW
and service water provides the ultimate heat sink, cooling the CCW heat exchangers.

Mass and Energy Release

The LOCA and SLB mass and energy release methodology generates releases from both sides
of the break, and are, therefore, input to the GOTHIC containment model via two flow boundary
conditions. The LOCA mass and energy releases are documented in LR Section 2.6.3.1, M&E
Release Analysis for Postulated Loss-of-Coolant Accidents. The SLB mass and energy releases
. are documented in LR Section 2.6.3.2, Mass and Energy Release Analysis for Secondary
System Pipe Ruptures. The break mass and enthalpy are linked to the boundary conditions as
external functions defined by control variables. During blowdown, the liquid portion of the break
flow is released as drops with an assumed diameter of 100 microns (0.00394 inches). This is
consistent with the methodology approved for Ginna (Reference 3) and is based on data
presented in Reference 5.

The LOCA M&E releases (see LR Section 2.6.3.1, M&E Release Analysis for Postulated Loss Of
Coolant Accidents, from the boundary conditions are analyzed for PBNP Units 1 and 2 out to
3600 seconds for the double-ended pump suction break case (the double-ended hot leg M&E
releases are only analyzed out to the end of blowdown); that is, the time at which all energy in the
primary heat structures and steam generator secondary system is released/depressurized to
atmospheric pressure (14.7 psia and 212°F). After 3600 seconds the LOCA M&E release to the
containment is assumed to be from steaming of decay heat. The long-term, post 3600 second,
mass and energy release calculations are performed through user defined functions by GOTHIC.
These input functions are used to.incorporate the sump water cooling in the long term and are
consistent with the Westinghouse methodology previously approved by the NRC (Reference 6).
A flow boundary condition is defined to provide the long-term boil-off M&E release to
containment. The mass flow rate and enthalpy of the flow is calculated using GOTHIC control
variables.

The ANS Standard 5.1 (Reference 7) decay heat model (+2c uncertainty) is used to calculate the
long-term boil-off from the core. Table 2.6.3.1-4, LOCA M&E Release Analysis Core Decay Heat
Fraction, lists the decay heat curve used. All of the decay heat is assumed to produce steam
from the recirculated ECCS water. The remainder of the ECCS water is returned to the sump
region of the containment control volume. These assumptions are consistent with the long-term
LOCA M&E methodology documented in Reference 6.

Containment Spray System

Containment spray is modeled with one boundary condition for the injection phase and two
coupled boundary conditions for the recirculation phase. Point Beach has two trains of
containment safeguards available, with one spray pump per train. Injection spray is actuated on
the “Hi-Hi” containment pressure setpoint. The sprays begin injecting water from the RWST after
a delay for pump start-up and diesel start-up, if there is a loss of offsite power. The containment
spray flow varies according to containment pressure and can be found in Table 2.6.1-6,
Containment Spray Performance. The spray flow rate is modeled in GOTHIC as a control
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variable. Other containment spray parameters are detailed in Table 2.6.1-1. Spray is assumed
to be homogeneous and well-mixed with 100 percent of the flow condensing to droplets.

Accumulator Nitrogen Gas Modeling

The accumulator nitrogen gas release is modeled with a flow boundary condition in the LOCA
containment model. The nitrogen release rate was conservatively calculated by maximizing the
mass available to be injected. The nitrogen gas release rate was used as input for the GOTHIC
function, as a specified rate over a fixed time period. Nitrogen gas is released at a rate of

24 .32 Ibm/second; beginning at 40.64 seconds (average accumulator tank water volume empty
time) and ending at 60.64 seconds.

Acceptance Criteria

The containment response analysis demonstrates the acceptability of the containment heat
removal systems to mitigate the consequence of a large LOCA or steam line break inside
containment. The impact of LOCA or steam line break mass and energy (M&E) releases on the
containment pressure and temperature are addressed to ensure that the containment pressure
and temperature remain below their respective design limits. The containment design pressure
and temperature for PBNP is 60 psig (74.7 psia) and 286°F respectively.

The systems must also be capable of maintaining the equipment qualification (EQ) parameters to
within acceptable limits at the EPU program conditions.

The containment response for design basis LOCA or main steam line break is an American
Nuclear Society (ANS) Condition IV event, an infrequent fault. The relevant requirements to
satisfy NRC acceptance criteria (Reference 8) are as follows:

» The peak calculated containment pressure should be less than the containment design
pressure of 60 psig (74.7 psia).

» The calculated pressure at 24 hours should be less than 50% of the peak calculated value.
(This is related to the criteria for containment leakage assumptions as affecting doses at
24 hours. It only applies to the LOCA containment response.)

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs ‘

The analysis performed to assess the containment response to the limiting LOCA resulting from
operation at EPU conditions does not add any new functions for existing components that would
change the license renewal system evaluation boundaries. The analytical results associated
with operating at EPU conditions do not add any new or previously unevaluated aging effects that
necessitate a change to aging management programs or require a new program as internal and
external environments remain within the parameters previously evaluated. Therefore, there is no
impact to license renewal scope, aging effects, and aging management programs as a result of
EPU activities. ‘
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2.6.1.2.3 Containment Response to Loss-of-Coolant Accident

Description of Analyses and Evaluations

The PBNP Units 1 and 2 LOCA containment response analysis considered a spectrum of cases
as discussed in Licensing Report (LR) Section 2.6.3.1, M&E Release Analysis for Postulated
Loss-of-Coolant Accidents. The cases address break location, and postulated single failure
(minimum and maximum safeguards). Only the limiting cases, which address the containment
peak pressure case and limiting long-term EQ case, are presented herein. The limiting cases
were found to be the double-ended hot leg (DEHL) break case for peak pressure, and the
double-ended pump suction (DEPS) break case with minimum safeguards for the long-term EQ.
The LOCA pressure and temperature response analyses were performed assuming a
loss-of-offsite power and a worst single failure (loss of one emergency diesel generator (EDG)
that is, loss of one containment cooling train).

Design Basis Accident

Consistent with the application of single-failure criterion presented in LR Section 2.6.3.1.2.1.2,
M&E Release Analysis for Postulated Loss-of-Coolant Accidents, Application of Single-Failure
Criterion, an inherent assumption is that offsite power is lost with the pipe rupture for the LOCA
event. This results in the actuation of the EDG, powering the two trains of safeguards equipment.
Operation of the EDG delays the operation of the safeguards equipment that is required to
mitigate the transient. Relative to single failure criterion with respect to a LOCA event, one spray
train is considered inoperable, whether due to a EDG failure (minimum safeguards case) or as
the limiting single failure in the maximum safeguards case.

The minimum safeguards case was based upon a diesel train failure (loss of one cooling train)
i.e., the active heat removal is:

» One containment spray pump in the injection phase

» Two CFCs

* One RHR pump and heat exchanger (HX) (with recirculation sprays)
* One component cooling water pump and one CCW HX

+ Service water acting as the ultimate heat sink

The calculation for the DEPS case with minimum safeguards was performed for 2.6 million
seconds (approximately 30 days). The DEHL case was terminated soon after the end of the
blowdown phase.

Results

The results from the LOCA containment integrity analysis at EPU conditions using GOTHIC
version 7.2a are documented in this section. The containment pressure and steam temperature
profiles for the DEHL case (peak pressure) are shown in Figures 2.6.1-1, and 2.6.1-2.

Table 2.6.1-7, Double-Ended Hot Leg Break Sequence of Events, provides the transient
sequence of events for the DEHL transient. The results of the DEPS break case with minimum
safeguards (long-term EQ transient) are shown in Figures 2.6.1-3, 2.6.1-5. Table 2.6.1-8,
Double-Ended Pump Suction Break Sequence of Events (Minimum Safeguards), presents
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sequence of events for the DEPS with minimum safeguards transient. Table 2.6.1-9, LOCA
Containment Response Results, provides the containment pressure and temperature results
relative to peak containment conditions and also at 24 hours for EQ support and the acceptance
limits for these parameters.

From the containment response analysis, performed in support of the PBNP Units 1 and 2 EPU,
the limiting containment peak pressure and temperature is 70.05 psia and 279.9°F (DEHL
transient). The limiting pressure at 24 hours is 23.7 psia (DEPS with minimum safeguards
transient). The results of the containment response analysis at EPU conditions are within the
bounds of the acceptance criteria outlined in LR Section 2.6.1.2.2, Primary Containment
Functional Design, Input Paramters, Assumptions and Acceptance Criteria, and are therefore
acceptable.

Refer to LR Section 2.3.1, Environmental Qualification of Electrical Equipment, for impact on the
equipment qualification.

The following two subsections outline the sequence of events for the DEHL and DEPS with
minimum safeguards transients respectively:

LOCA Containment Response Transient Description: Double Ended Hot Leg Break

This analysis assumes a loss-of-offsite power coincident with a double ended rupture of the RCS
piping between the reactor vessel outlet nozzle and the steam generator inlet (i.e., a break in the
RCS hot leg).

The postulated RCS break results in a rapid release of mass and energy to the containment with
a resulting rapid rise in both the containment pressure and temperature. As the containment
pressure rises, the RCS rapidly depressurizes, which results in the generation of compensated
pressurizer reactor trip at 0.311 seconds and a low pressurizer pressure S| setpoint at

3.8 seconds. The containment pressure continues to rise rapidly in response to the release of
mass and energy until the end of blowdown at 16.8 seconds, with the pressure reaching a value
of 70.05 psia at 16.01 seconds. This is the highest peak containment pressure of the three
cases analyzed. The highest peak containment temperature of 279.9°F also occurs coincident
with the peak pressure. The end of blowdown marks a time when the initial inventory in the RCS
has been exhausted and a process of filling the RCS downcomer in preparation for reflood has
begun. Since the reflood for a hot leg break is very fast due to the low resistance to steam
venting posed by the broken hot leg, the hot leg break mass and energy release transients are
terminated shortly after blowdown. Table 2.6.1-7 provides the transient sequence of events for
the DEHL transient.

LOCA Containment Response Transient Description: Double Ended Pump Suction Break
with Minimum Safeguards

This analysis assumes a loss-of-offsite power coincidence with a double-ended rupture of the
RCS piping between the steam generator outlet and the RCS pump inlet (suction). The
associated single failure assumption is the failure of a diesel to start, resulting in one train of
ECCS and containment safeguards equipment being available. This combination results in a
minimum set of safeguards being available. Further, loss of offsite power delays the actuation

Point Beach Units 1 and 2 EPU Licensing Report 2.6.1-10 April 2009
Primary Containment Functional Design



times of the safeguards equipment due to the required diesel startup time after receipt of the
safety injection signal.

The postulated RCS break results in a rapid release of mass and energy to the containment with
a resulting rapid rise in both the containment pressure and temperature. As the containment
pressure rises, the RCS rapidly depressurizes which results in the generation of a compensated
pressurizer pressure reactor trip at 0.418 seconds and a low pressurizer pressure Sl setpoint at
4.1 seconds. The containment pressure continues to rise rapidly in response to the release of
mass and energy until the end of the blowdown phase at 13.2 seconds, with the containment
pressure reaching a value of 67.73 psia at 12.51 seconds.

The end of the blowdown phase marks a time when the initial inventory in the RCS has been
exhausted and a slow process of filling the RCS downcomer in preparation for reflood has begun.
Since the mass and energy release during this period is low, pressure decreases slightly and
then increases in response to the reflood mass and energy release out to a second peak
occurring at approximately 70 seconds. The turn around in containment pressure at 60 seconds
is a resuit of the accumulator nitrogen cover gas flow ending at 60.64 seconds, initiation of the
sprays at 72.73 seconds, and initiation of the containment fan coolers (CFCs) at 84.24 seconds.
Reflood continues at a reduced flooding rate due to the buildup of mass in the RCS core which
offsets the downcomer head. This reduction in flooding rate and the continued action of the
CFCs and spray leads to a slowly decreasing pressure out to the end of reflood, which occurs at
206.31 seconds.

At this juncture, by design of the Reference 6 model, energy removal from the SG secondaries
begins at a high rate, resulting in a rapid rise in containment pressure from the end of reflood out
to approximately 781.4 seconds when energy has been removed from the SG in the faulted loop,
bringing the SG in the faulted loop secondary pressure down to the containment design pressure
of 74.7 psia. At appromiately the same time (772.1 seconds), the peak containment temperature
of 279.3°F is reached. The result of the SG secondary energy release is a containment pressure
of approximately 66.5 psia, the third major peak for this transient. After this event, the mass and
energy released is reduced due to so much energy removal from the SGs having been
accomplished and pressure slowly decreases out to the recirculation switchover time of
3,397.73 seconds. '

At this time, the ECCS is realigned for recirculation resulting in an increase in the Sl temperature
due to delivery from the hot sump. At 8000 seconds the injection sprays are terminated which -
results in a slight increase in pressure until the recirculation sprays are initiated at 9200 seconds.
The pressure once again decreases until the recirculation sprays are terminated at

15,600 seconds. After a slight increase in pressure, the containment pressure continues to
decrease due to lower decay heat, SG energy release and continued CFC cooling. This trend
continues to the end of the transient at 2.6E+06 seconds. Table 2.6.1-8 presents sequence of
events for the DEPS with minimum safeguards transient.
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26.1.2.4 Containment Response to Main Steam Line Break

Description of Analysis

The steam line break containment response analysis uses the mass and energy releases
described in Section 2.6.3.2, M&E Release Analysis for Secondary System Pipe Ruptures, with
the GOTHIC evaluation model described in LR Section 2.6.1.2.2, Primary Containment
Functional Design, Input Paramters, Assumptions and Acceptance Criteria. The variation of
initial power level and the postulated single failures are discussed in LR Section 2.6.3.2, M&E
Release Anlysis for Secondary Systems, Description of Analyses and Evaluations. For the
auxiliary feedwater (AFW) runout protection failure and the feedwater isolation valve (FIV) failure,
full containment safeguards of four fan coolers and two containment spray pumps are credited.
For the containment safeguards failure cases, one train of safeguards is assumed to fail, with two
fan coolers and one containment spray pump operating.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

The analysis performed to assess the containment response to the limiting steam line break
resulting from operation at EPU conditions does not add any new functions for existing
components that would change the license renewal system evaluation boundaries. The
analytical results associated with operating at EPU conditions do not add any new or previously
unevaluated aging effects that necessitate a change to aging management programs or require a
new program as internal and external environments remain within the parameters previously
evaluated. Therefore, there is no impact to license renewal scope, aging effects, and aging

* management programs as a result of EPU activities.

Results

The containment response to a steam line break was analyzed with GOTHIC for each of the
mass and energy release cases from LR Section 2.6.3.2, M&E Release Analysis for Secondary
System. The analysis includes the effects of the extended power uprate to 1806 MWt NSSS
power, a decrease in the shutdown margin to 2.0%Ak, higher AFW flowrates, and the benefit of
the safety-grade feedwater isolation valve being added in each feedline loop. The analysis
bounds Unit 1 and Unit 2. '

Prior to the EPU analysis, the limiting steam line break containment pressure case was initiated
from full power with the FRV on the faulted loop failed open. As explained in Section 2.6.3.2.2.1,
M&E Release for Secondary System Pipe Rupture, Introduction, the plant modification to add a
safety-grade FIV to each feedline has a significant benefit in reducing the feedwater that enters
the faulted steam generator and is released from the steam line break. This plant modification is
necessary to accommodate the effects of the EPU, lower shutdown margin and higher AFW

- flowrates. The limiting containment pressure case for the EPU is a large double-ended rupture
steam line break initiated from 30% power with a single failure of the feedwater isolation valve.
The peak containment pressure of 58.7 psig occurs at 254 seconds and is below the
containment design pressure of 60 psig. The peak containment temperature for this case is
284 .4°F (Table 2.6.1-10, MSLB Containment Response Results).
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The sequence of events for the containment response portion of this event is provided in

- Table 2.6.1-11, Sequence of Events for SLB Initiated from 30% Power with FIV Single Failure, for
the limiting case with the containment pressure transient shown in Figure 2.6.1-6 and the
containment temperature transient shown in Figure 2.6.1-7. Figure 2.6.1-8 and Figure 2.6.1-9
show the containment pressure and temperature transients respectively for the limiting case
compared to the limiting case prior to the EPU and the FIV plant modification.

2.6.1.3 Conclusion

PBNP has reviewed the assessment of the containment pressure and temperature transient and
concludes that it has adequately accounted for the increase of M&E that would result from the
proposed EPU. PBNP further concludes that containment systems will continue to provide
sufficient pressure and temperature mitigation capability to ensure that containment integrity is
maintained. PBNP aiso concludes that the containment systems and instrumentation will
continue to be adequate for monitoring containment parameters and release of radioactivity
during normal and accident conditions and will continue to meet the PBNP current licensing basis
requirements with respect to PBNP GDC 10, 12, 49, 50, 52 and 70 following implementation of
the proposed EPU. Therefore, PBNP finds the proposed EPU acceptable with respect to
containment functional design.
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Version 7.2a, January 2006
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Power Plant, Nuclear Regulatory Commission, July 11, 2006
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5. -AICHE Journal Volume 8, #2, Sprays Formed by Flashing Liquid Jets, May 1962
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7. ANSI/ANS-5.1 1979, American National Standard for Decay Heat Power in Light Water
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January 2006
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Table 2.6.1-1 Containment Response Analysis Parameters

Parameter Value
Service Water Temperature (°F) 82
RWST Water Temperature (°F) 100
Initial Containment Temperature (°F) 120
Initial Containment Pressure (psig) 2.0
Initial Relative Humidity (%) 20
Net Free Volume (ft3) 1,000,000
Reactor Containment Fan Coolers (CFCs)
Total CFCs Available 4
CFCs Available with a Single Failure
Diesel Failure (LOCA)
Containment safeguards Failure (SLB)
Containment Hi Pressure Setpoint (psig) 6.0
Delay Time (sec)
Loss of Offsite Power 84
With Offsite Power 70
Air Flow Rate through Cooler (ft3/min/CFC) 33,500

Containment Fan Cooler Heat Removal as a Function of
Containment Saturation Temperature

See Table 2.6.1-5

Containment Sprays

Total Containment Spray Pumps Available

Containment Spray Pumps Available with a Single Failure

Diesel Failure (LOCA)

Containment safeguards Failure (SLB)

Flowrate (gpm)

Injection Phase (per train)

See Table 2.6.1-6

Flowrate (gpm)

Recirculation Phase (per train) 900
Containment Hi-Hi Pressure Setpoint (psig) 30.0
Delay Time (sec)
Loss of Offsite Power 70
With Offsite Power 56
Switchover from injection to recirculation (sec) (includes 1200 second 9200
delay)
Containment Spray Termination Time (sec) 15,600
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Table 2.6.1-2 LOCA Containment Response Analysis Recirculation System Alignment

Parameters

Residual Heat Removal System

RHR Heat Exchangers

Maximum number 2
Modeled in analysism 1
Recirculation switchover time with 3,395
minimum safeguards, sec
(after Si setpoint is reached)

Flow rate, gpm

Tube side 1,951

Shell side 2,780
Component Cooling Water Heat Exchangers

Maximum number 2
Modeled in analysis
Flow rate, gpm
Shell side(") 2,895
Tube side(") 2,700
(service water)

Additional heat loads, MBtu/hr 2.0

Note:
1.

Minimum heat removal data representing 1 EDG
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Table 2.6.1-3 Containment Structural Heat Sink Input

Area Thickness
GOTHIC Heat Sink Description (ftz) Material (inches)
Upper Dome 1,610 Paint Type 1* 0.01404
Carbon Steel 0.2496
Gap 0.021
Concrete 36
Middle Dome 5,912 Paint Type 1 0.01404
Carbon Steel 0.2496
Gap 0.021
Concrete 36
Lower Dome 6,432 Paint Type 1 0.01404
Carbon Steel 0.2496
Gap 0.021
Concrete 36
Upper Containment outer wall (above 66') 16,988 Paint Type 1 0.015
Carbon Steel 0.2496
Gap 0.021
Concrete 42
Middle Containment outer wall (21' to 66') 14,844 Paint Type 1 0.015
Carbon Steel 0.2496
Gap 0.021
Concrete 42
Lower Containment outer wall (8' to 21") 4,166 Paint Type 1 0.015
Carbon Steel 0.2496
Gap 0.021
Concrete 42
Rx Cavity: Shield wall/Rx Pit 1,695 Paint Type 2* 0.039
Concrete 12
Rx Cavity: tunnel walls 260 Paint Type 2 0.039
Concrete 12
Rx Cavity: Keyway tower/shaft 1,120 Paint Type 2 0.039
Concrete 12
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Table 2.6.1-3 Containment Structural Heat Sink Input

Area : Thickness
GOTHIC Heat Sink Description (ftz) Material (inches)
Rx Cavity: Floor slab 353 Paint Type 2 0.015
Concrete 12
Pzr walls (inside 46'-86') 2,027 Paint Type 2 0.039
Concrete 15
Pzr floor slab 156 . Paint Type 2 0.015
Concrete 24
Paint Type 2 0.039
Pzr missile shields 176 Paint Type 2 0.039
Carbon Steel 0.5
Gap 0.021
Concrete 15
Paint Type 1 0.039
Upper Ctmt interior walls 5,420 Paint Type 2 0.039
Concrete 15
Upper Ctmt floor/Annular Cmpt ceiling 4,339 Paint Type 2 0.015
Concrete 4
Annular Cmpt: Interior wall (46’ to 66') 5,372 Paint Type 2 0.039
Concrete 15
Annular Cmpt: Interior wall (21' to 46") 8,263 Paint Type 2 0.039
. Concrete 15
Annular Cmpt: laydown area high wall 585 Paint Type 2 0.039
(21'-66")
Concrete 18
Annular Cmpt 46" floor slab 3,914 Paint Type 2 0.015
) Concrete 4
Annular Cmpt floor/Annular Sump ceiling (217) 4,272 Paint Type 2 0.015
Concrete 4
Annular Sump: interior walls (8' to 21") 4,487 Paint Type 2 0.039
Concrete 15
Annular Sump floor slab (8') 4,352 Paint Type 2 0.015
Concrete 12
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Table 2.6.1-3 Containment Structural Heat Sink input

Area Thickness
GOTHIC Heat Sink Description (ftz) Material (inches)

Loop A: walls 6,691 Paint Type 2 0.039
Concrete 15

Loop A: floor slab 816 Paint Type 2 0.015
‘ Concrete 12

Loop A: missile shields 251.1 Paint Type 2 0.015
Concrete 15

Paint Type 2 0.039

Loop B: walls 8,087 Paint Type 2 0.039
Concrete 15

Loop B: floor slab 794 Paint Type 2 0.015
Concrete 12

Loop B: missile shields 208 Paint Type 2 0.015
Concrete 15

Paint Type 2 0.039

Loop B: sub-pzr cmpt walls 286 Paint Type 2 0.039
Concrete 15

Loop B: sub-pzr cmpt floor 176 Paint Type 2 0.015
Concrete 24

Paint Type 2 0.039

Refueling cavity wall 4,691 Stainless Steel 0.1875

Gap 0.021
Concrete 18

Paint Type 2 0.039

Refueling cavity floor/Annular sump ceiling 536 Stainless Steel 0.1875

Gap 0.021
Concrete 36

Paint Type 2 0.039

Misc. steel in reactor cavity compartment 667.36 Paint Type 1 0.0130

, Carbon Steel 1.2630

Misc. steel in the pressurizer compartment 1.08 Paint Type 1 0.0130

Carbon Steel 0.0050
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Table 2.6.1-3 Containment Structural Heat Sink Input

4 Area Thickness
GOTHIC Heat Sink Description _ (ft2) Material (inches)
Misc. steel in the upper containment 5,048.27 Paint Type 1 0.0130
Carbon Steel 0.3770
Misc. steel in the annular compartment 22,507.34 Paint Type 1 0.0130
| Carbon Steel | 0.3960
Misc. steel in the annular sump compartment 6,662.86 Paint Type 1 0.0130
Carbon Steel 0.2300
Misc. steel in the Loop A compartment 3,390.63 Paint Type 1 0.0130
Carbon Steel 0.3720
Misc. steel in the Loop B compartment 3,390.63 Paint Type 1 0.0130
Carbon Steel 0.3720
Misc. steel in the dome compartment 20,731.29 Paint Type 1 0.0130
Carbon Steel 0.1480
Misc. steel in refueling cavity compartment 398.26 Paint Type 1 0.0130
Carbon Steel 1.4750
1 CFC in upper containment compartment; 7,071.89 Copper 0.0130
unpainted copper ‘
1 CFC in upper containment compartment 21.53 Stainless Steel 1.0220
1 CFC in annular compartment 7,075.48 Copper 0.0130
Unpainted stainless steel in Annular 24.08 Stainless Steel 0.6700
Compartment; 1 CFC
Polar crane & Rail girder in the upper 8,094.46 Paint Type 1 0.0130
containment
Carbon Steel 0.9060
A RCP in the Loop A compartment 570.49 Paint Type 1 0.0079
Copper 2.583
B RCP in the Loop B compartment 570.49 Paint Type 1 0.0079
‘ Copper 2.583
PRT Unpainted SS 509 - Stainless Steel 0.6700
* Paint Type 1 is Amercote 66 top coating with a Dimecote 6 primer coating; Paint Type 2 is
Phenoline 305 top coating with a Carboline 195 primer coating.
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Table 2.6.1-4 Material Properties for Containment Structural Heat Sinks

Primary Containment Functional Design

Thermal
Density |Conductivity [Specific Heat
Material Type Ibm/ft Btu/hr-ft-F Btu/lbm-F
Concrete 144 0.81 0.2
Stainless Steel 488 9.4 0.123
Carbon Steel 490 26 0.115
Copper (pure) 557.69 231.7 0.092
Gap (air) 0.06 0.0174 0.241
Amercote 66 top coating/Dimecote 6 1 0.25 21.7
primer coating
(Paint Type 1)
Phenoline 305 top coating/Carboline 195 1 0.187 37.8
primer coating
(Paint Type 2)
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Table 2.6.1-5 Containment Fan Cooler Performance

Minimum Heat Removal Rate
(Btu/sec) Per Reactor
Containment Temperature (°F) Containment Fan Cooler

100 750

200 5,930

210 6,448

220 6,965

230 7,484

240 8,001

250 8,520

260 9,037.5

270 9,546

280 10,055

290 10,564

300 11,073

330 12,600
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. Table 2.6.1-6 Containment Spray Performance

1 Pump 2 Pumps
Containment Pressure (psig) (gpm) - (gpm)
0 ) 1,324.0 2,665.8
10 1,287.2 2,589.8
20 1,250.3 2,515.6
30 1,206.9 2,431.0
40 1,162.5 2,342.7
50 1,117.0 2,252.4
60 1,070.7 2,160.2
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. : Table 2.6.1-7 Double-Ended Hot Leg Break Sequence of Events

Time (sec) Event Description
0.0 Break Occurs and Loss of Offsite Power is Assumed
311 Compensated Pressurizer Pressure for Reactor Trip (1968.7 psia) Reached
and Turbine Trip Occurs
3.8 Low-Pressurizer Pressure Sl Setpoint (1663 psia) Reached - Feedwater
Isolation Signal -
4.95 Broken Loop Accumulator Begins Injecting Water
4.99 intact Loop Accumu|atof Begins Injecting Water
15.81 Feedwater Isolation Valves Closed

16.01 Peak Temperature Occurs (279.9°F)
16.01 Peak Pressure Oqcurs (70.05 psia)

16.8 End of Blowdown Phase
50.0 Transient Modeling Terminated
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. Table 2.6.1-8 Double-Ended Pump Suction Break Sequence of Events (Minimum

Safeguards)
Time (sec) Event Description
0.0 Break Occurs and Loss of Offsite Power is Assumed
418 Compensated Pressurizer Pressure Reactor Trip (1968.7 psia) Reached and
Turbine Trip Occurs
2.73 Containment Spray Actuation Pressure Setpoint (44.7 psia; Analysis Value)
Reached - :
4.1 Low Pressurizer Pressure Sl Setpoint (1663 psia) Reached (Safety Injection
Begins coincident with Low Pressurizer Pressure S| Setpoint)
5.27 Broken Loop Accumulator Begins Injecting Water
5.37 intact Loop Accumulator Begins Injecting Water
12.51 Containment Peak Pressure Occurs (67.73 psia)
13.2 - | End of Blowdown Phase
13.2 Accumulator Mass Adjustment for Refill Period
16.11 Feedwater Isolation Valves Closed
41.1 Pumped Safety Injection Begins (Includes 37 Second Diesel Delay)
. 39.163 Broken Loop Accumulator Water Injection Ends
42.113 Intact Loop Accumulator Water Injection Ends

72.73 Containment Spray Pump (RWST) Begins

84.24 CFCs Begin Heat Removal (Includes 84 Second Delay)
~206.31 End of Reflood for Minimum Safeguards Case

7721 Containment Peak Temperature Occurs (279.3°F)

781.4 M&E Release Assumption: Broken Loop Steam Generator (SG) Equilibration
When the Secondary Temperature is at Saturation (Tg4) at Containment
Design Pressure of 74.7 psia

975.11 M&E Release Assumption: Broken Loop SG Equilibration at Containment
Pressure of 60.7 psia

1109.7 M&E Release Assumption: Intact Loop SG Equilibration When the Secondary
Temperature is at Saturation (Tg,) at Containment Design Pressure of
74.7 psia

1285.03 M&E Release Assumption: Intact Loop SG Equilibration at Containment
Pressure of 54.7 psia

3397.73 Switchover to Recirculation Begins

8000.0 Injection Sprays Terminated
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Table 2.6.1-8 Double-Ended Pump Suction Break Sequence of Events (Minimum

Safeguards)
Time (sec) Event Description
9200.0 -Recirculation Sprays Initiated (Injection Spray Termination Plus 1200 Second
Delay)
15,600.0 Recirculation Spray Terminated
2.6E+6 Transient Modeling Terminated
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Table 2.6.1-9 LOCA Containment Response Results

Peak Press. Peak Temp. Peak Press. (psia) | Peak Temp. (°F)
Case @ Time @ Time @ 24 hours @ 24 hours
DEHL 70.05 psia 279.9°F NA NA
@ 16.01 sec @ 16.01 sec
DEPS - 67.73 psia 279.3°F 23.7 156.2
Minimum @ 12.51 sec @ 772.1 sec
Safeguards
Containment Pressure — Acceptance Limits
Pressure
Peak Pressure @ 24 hours
Pressure 74.7 psia 50% of the calculated peak pressure
Containment Temperature — Acceptance Limits
Peak Temperature
Temperature @ 24 hours
Temperature 286°F Less than EQ profile
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Table 2.6.1-10 MSLB Containment Response Results
Double Ended Rupture at 30% Peak Pressure of Peak Temperature of 284.4°F
Power 73.4 psia @ 244 sec.
' @ 254 sec.
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Table 2.6.1-11 Sequence of Events for SLB Initiated from 30% Power with FIV Single

Failure

Event Time (sec)
Hi-1 containment pressure setpoint is reached 0.9.
Hi-2 containment pressure setpoint is reached 38.5
Fan coolers start 71.0
Containment spray pumps start 94.5
Peak containment temperature occurs 2442
Peak containment pressure occurs 254.2
Break release stops 610.0
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. Figure 2.6.1-1 Containment Pressure — Double-Ended Hot Leg Break
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. Figure 2.6.1-2 Containment Temperature — Double-Ended Hot Leg Break
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. Figure 2.6.1-3

Containment Pressure — Double-Ended Pump Suction Break (Minimum Safeguards)
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Figure 2.6.1-4

Containment Temperature — Double-Ended Pump Suction Break (Minimum Safeguards)

Containment Temperature

m — . . .
P m.— P e e e e e s e e s e e e e e a e e e e e .
Lo B ——— ' '
2 o NG
R | S NG
= L . . . T .
o L | | | LT
1(}(}_ F T T T S S Y f e e e e e e
0 i i1 1 Il!lll; (| Illlll; Ll Illlll; | llllll; 1.1 lll|||; 1 11 IIIH; IS RN
P 1 2 3 4 5 B 7
10 10 10 10 10 10 16 10
Time (s)
Point Beach Units 1 and 2 EPU Licensing Report - 2.6.1-32

Primary Containment Functiona! Design



. Figure 2.6.1-5 .

Containment Sump Temperature — Double-Ended Pump Suction Break (Minimum
Safeguards)
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. Figure 2.6.1-6

Containment Pressure for Steam Line Break Initiated from 30% Power with a Single
Failure of the FIV on the Fauited Loop :
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. Figure 2.6.1-7 .

Containment Temperature for Steam Line Break Initiated from 30% Power with a Single
Failure of the FIV on the Faulted Loop
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. Figure 2.6.1-8

Comparison of Containment Pressure from Limiting EPU Case vs. Previous Analysis
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. Figure 2.6.1-9

Comparison of Containment Temperature from Limiting Steam Line Break EPU Case vs.
Previous Analysis
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2.6.2 Subcompartment Analyses
2.6.2.1 Regulatory Evaluation

A subcompartment is defined as any fully or partially enclosed volume within the primary
containment that houses high-energy piping and would limit the flow of fluid to the main
containment volume in the event of a postulated pipe rupture within the volume. The PBNP
review for subcompartment analyses covered the determination of the design differential
pressure values for containment subcompartments. The PBNP review focused on the effects of
the increase in mass and energy release into the containment due to operatlon at EPU conditions
and the resulting increase in pressurization.

The NRC's acceptance criteria for subcompartment analyses are based on:

- GDC 4, insofar as it requires that structures, systems and components (SSCs)
important-to-safety be designed to accommodate the effects of and be compatible with the
environmental conditions associated with normal operation, maintenance, testing, and
postulated accidents, and that such SSCs be protected against dynamic effects, and

« GDC 50, insofar as it requires that the containment subcompartments be designed with
sufficient margin to prevent fracture of the structure due to the calculated pressure differential
conditions across the walls of the subcompartments.

Specific review criteria are contained in NRC SRP Section 6.2.1.2.
PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50 Appendix A GDC-4 and 50 are as follows:

CRITERION: Adequate protection for those engineered safety features, the failures of which
could cause an undue risk to the health and safety of the public, shall be provided against
dynamic effects and missiles that might result from plant equipment failures. (PBNP GDC 40)

As documented in FSAR Sections 4.1, Reactor Coolant System, Design Basis, 6.1.1,
Engineered Safety Features Criteria and 9.0.1, Auxiliary and Emergency Systems, General
Design Criteria, analyses were completed for PBNP for the main reactor coolant piping,
pressurizer surge line piping, the accumulator injection lines and the residual heat removal
suction and discharge lines to demonstrate that the probability of such ruptures is extremely low.
NRC approval was received for these analyses, and based on this application of
leak-before-break (LBB) methodology, the original design requirement for the facility to
accommodate the dynamic effects of the above breaks is no longer applicable.

CRITERION: The reactor containment structure, including openings and penetrations, and any
necessary containment heat removal systems, shall be designed so that the leakage of
radioactive materials from the containment structure under conditions of pressure and
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temperature resulting from the largest credible energy release following a
loss-of-coolant-accident, including the calculated energy from metal-water or other chemical
reactions that could occur as a consequence of failure of any single active component in the
emergency core cooling system, will not result in undue risk to the health and safety of the public.
(PBNP GDC 49) '

As documented in FSAR Section 5.1.1.1, Containment System Structure, General Design
Criteria, the containment building is designed to withstand pressures resulting from the complete
blowdown of reactor coolant through any rupture of the reactor coolant system up to and
including the hypothetical double-ended break of a reactor coolant pipe. The reactor
containment completely encloses the entire reactor and reactor coolant system and ensures that
an acceptable upper limit for leakage of radioactive materials to the environment is not exceeded
even if gross failure of the reactor coolant system occurs.

See LR Section 2.1.6, Leak Before Break, for further discussion.

FSAR Section 14.3.4, Evaluation of Containment Internal Structures, discusses containment
subcompartment pressurization.

In addition to the evaluations described in the FSAR, PBNP’s SSCs have been evaluated for
plant license renewal. Plant system and component materials of construction, operating history,
and programs used to manage aging effects are documented in Safety Evaluation Report
Related to the License Renewal of the Point Beach Nuclear Plant, Units 1 and 2, (NUREG-1839),
dated December 2005. Containment internal structures are included within the scope of license
renewal as discussed in SER Section 2.4.1. The passive, long-lived internal structures are
subject to existing aging management programs as described in SER Section 3.5.

2.6.2.2 Technical Evaluation

Introduction

The containment subcompartments (i.e., the reactor cavity area, the reactor coolant loop cubicles
and the pressurizer cubicle), were evaluated for their structural response to potential increases in
mass and energy releases (and associated pressure differentials) resulting from postulated
current licensing basis high energy line breaks that are assumed to initiate at EPU operating
conditions versus that used for original design.

Description of Ahalyses and Evaluations

Summary of Design Basis History of PBNP Containment Subcompartments

As noted in historical FSAR Section 14.3.4, Evaluation of Containment Internal Structures,
containment internal structures at PBNP such as the reactor coolant loop compartments and the
reactor shield wall are designed for the pressure build-up that could occur following a LOCA.
The original licensing basis took into consideration that the pressure would build up in these
relatively small volumes at a rate faster than the overall containment thus imposing a differential
pressure across the walls of the compartments.
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Historical FSAR Section 14.3.4, Evaluation of Containment Internal Structures, indicates that the:

» Reactor coolant loop compartments are designed for a pressure differential of 23 psi which
represents the maximum calculated differential pressures resulting from an instantaneous
double ended rupture of the reactor coolant pipe.

+ Maximum differential pressures within the reactor cavity and pipe annulus surrounding the
vessel nozzles of 175 psi and 900 psi, respectively, based on a longitudinal split of area
equivalent to the cross-sectional area of a reactor coolant pipe, i.e., 4.5 ft2.

The design and licensing basis requirement for PBNP containment subcompartments to
withstand the dynamic effects of large reactor coolant system pipe breaks was deleted from the
FSAR upon receipt of NRC Letter (G. E. Lear) to WEPCO dated May 6, 1986, which indicated
that LBB technology was approved for PWR reactor coolant line breaks that have extremely low
probability of occurrence. The above NRC letter also noted that asymmetric blowdown loads
need not be considered for PBNP.

As noted in the Regulatory Evaluation above, the application of NRC approved LBB methodology
for pipe breaks within the PBNP containment subcompartments resulits in no further need to
evaluate the following pipe ruptures for EPU:

» Main Reactor Coolant Piping
» Pressurizer Surge Line Piping
. + Accumulator Injection Lines
* Residual Heat Removal (RHR) suction and discharge lines

The largest remaining piping connections to the cold leg are 3-inch connections associated with
charging and alternate charging connections, and a 6-inch connection on the hot leg (B loop).
This 6-inch connection is capped and abandoned, but represents the largest unanalyzed
potential double ended break.

Reactor Cavity Area

As a result of NRC approval of the application of LBB methodology at PBNP, and per current
licensing basis, subcompartment pressurization need not be addressed for the reactor cavity
area.

Reactor Coolant Loop Cubicle/Pressurizer Cubicle

The reactor coolant loop compartment walls are designed to a differential pressure of 23 psi for
walls below EL. 46'-0" (Lower Compartment) and 7 psi for walls above EL. 46'-0" (Upper
Compartment). The pressurizer cubicle walls are designed to a differential pressure of 23 psi.
These design values are based on compartment pressurization resulting from a double ended
rupture of a primary coolant line greater than 10 inches in diameter, and at operating conditions
associated with original plant license.

The M&E releases at EPU conditions resulting from a 3-inch or 6-inch primary coolant line break
(largest break size per current licensing basis), are bounded by the M&E release from a 10-inch
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DER primary coolant line break at operating conditions associated with original plant license.
Since the differential pressure across the cubicle walls will decrease with the decrease in M&E
release into the cubicle, it is concluded that the differential pressure across the cubicle structure
at EPU conditions is bounded by the original design basis, and that the design of the structure
remains acceptable for EPU conditions.

Results

The differential pressure across the containment subcompartment walls resulting from postulated
pipe ruptures at EPU conditions crediting LBB methodology is bounded by the original design
basis, and the subcompartment structures remain acceptable for EPU conditions.

2.6.2.3 Conclusion

PBNP has assessed the effects of EPU and the changes in predicted pressurization resulting
from the EPU mass and energy releases and concludes that containment SSCs important to
safety will continue to be protected from the dynamic effects resulting from pipe breaks and that
the subcompartments will continue to have sufficient margins to prevent fracture of the structure
due to pressure difference across the walls following implementation of the proposed EPU.
Based on this, PBNP concluded that the plant will continue to meet PBNP GDCs 40 and 49 for
the proposed EPU. Therefore, PBNP finds the proposed EPU acceptable with respect to
subcompartment analysis.
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2.6.3 Mass and Energy Release

2.6.3.1 M&E Release Analysis for Postulated Loss-of-Coolant Accidents -
2.6.3.1.1  Regulatory Evaluation

The release of high-energy fluid into containment from pipe breaks could challenge the structural
integrity of the containment, including sub-compartments and systems within the containment.
PBNP’s review covered the energy sources that are available for release to the containment and
the Mass & Energy (M&E) release rate calculations for the initial blowdown phase of the
accident.

The NRC's acceptance criteria for M&E release analyses for postulated loss-of-coolant accidents
(LOCAs) are based on:

» GDC 50, insofar as it requires that sufﬁéient conservatism is provided in the M&E release
analysis to ensure that containment design margin is maintained

* 10 CFR 50, Appendix K, insofar as it identifies energy sources during a LOCA
Specific review criteria are contained in the SRP, Section 6.2.1.3.
PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion

(PBNP GDC).

The PBNP specific GDC for M&E releases for postulated loss-of-coolant accidents are as
follows:

CRITERION: The reactor containment structure, including openings and penetrations, and any
necessary containment heat removal systems, shall be designed so that the leakage of
radioactive materials from the containment structure under conditions of pressure and
temperature resulting from the largest credible energy release following a
loss-of-coolant-accident, including the calculated energy from metal-water or other chemical
reactions that could occur as a consequence of failure of any single active component in the
emergency core cooling system, will not result in undue risk to the heaith and safety of the pubhc
(PBNP GDC 49)

The evolution of the containment analysis licensing basis is discussed in LR Section 2.6.1.1,
Primary Containment Functional Design. For purposes of evaluating the integrity of the
containment as a whole and the integrity of structures internal to the containment
(sub-compartments), the effects of M&E releases are examined for long-term releases and
short-term releases, respectively. The containment functional design requirement is discussed in
FSAR Section 5.1, Containment System Structure. The containment integrity evaluation
(long-term releases) is described in FSAR Section 14.3.4, Containment Integrity Evaluation. The
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method of analysis to study pressure transients in cavities and/or compartments inside of the
containment resulting from the depressurization of the primary coolant is described in

FSAR Appendix A.2 Addendum 2. LR Section 2.6.1, Primary Containment Functional Design,
discusses containment LOCA response analysis. LR Section 2.6.2, Subcompartment Analysis,
discusses the sub-compartment analysis.

Compliance with 10 CFR 50, Appendix K, with regard to energy sources, is described in
FSAR Section 14.3.4, Containment integrity Evaluation, for the loss-of-coolant accident (LOCA)
analyses.

2.6.3.1.2 Technical Evaluation
2.6.3.1.21 Long-Term LOCA M&E Releases

The evaluation/generation of the design basis long-term LOCA M&E release data was completed
to support the extended power uprate (EPU) program operation. -

126.3.1.211 Introduction

The long-term LOCA M&E releases are described in FSAR Section 14.3.4, Containment Integrity
Evaluation. The M&E release rates described in this section form the basis of further
computations to-evaluate the containment response following the postulated LOCA

(FSAR Section 14.3.4, Containment Integrity Evaluatton) and to ensure that containment deS|gn
margin is maintained.

The uncontrolled release of pressurized high-temperature reactor coolant, termed a LOCA, will
result in the release of steam and water into the containment. This, in turn, will result in
increases in the local subcompartment pressures and an increase in the global containment
pressure and temperature. Therefore, both long-term and short-term effects on the containment
resulting from a postulated LOCA were considered using the conditions for PBNP Units 1 and 2
at EPU.

The long-term LOCA M&E releases analyzed using the Reference 1 methodology for the PBNP
Units 1 and 2 EPU were analyzed out to 3600 seconds. The long-term post reflood releases
were calculated by the GOTHIC code (References 6 and 7) and were used with the blowdown,
reflood and post-reflood transient releases from the Reference 1 methods in the containment
integrity analysis (discussed in LR Section 2.6.1, Primary Containment Functional Design). The
use of GOTHIC in this context requires approval from the NRC. To demonstrate the acceptability
of the containment safeguards systems to mitigate the consequences of a hypothetical
large-break LOCA (LBLOCA), the long-term LOCA M&E releases were analyzed to

3600 seconds and used as input to the containment integrity analysis with GOTHIC that
continued the long-term LOCA mass and energy release to 30 days. The containment
safeguards systems must be capable of limiting the peak containment pressure to less than the
design pressure, and limiting the temperature excursion to less than the environmental
qualification (EQ) acceptance limits.
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The EPU analyses were performed using the Westinghouse LOCA M&E Release Model for
Containment Design March 1979 Version, described in WCAP-10325-P-A (Reference 1). The
NRC review and approval letters are found in References 1 and 3.

2.6.3.1.21.2 Input Parameters, Assumptions, and Acceptance Criteria

Input Parameters and Assumptions

The M&E release analysis is sensitive to the assumed characteristics of various plant systems, in
addition to other key modeling assumptions. Where appropriate, bounding inputs are used and
instrumentation uncertainties are included. For example, the RCS operating temperatures were
chosen to bound the highest average coolant temperature range of all operating cases, and a
temperature uncertainty allowance was then added (+6.4°F). The RCS pressure in this analysis
is based on a nominal value of 2250 psia, plus an uncertainty allowance (+50 psi). Nominal
parameters are used in certain instances. All input parameters are chosen consistent with
accepted analysis methodology.

Some of the most critical items are the RCS initial conditions, core decay heat, safety injection
flow, and primary and secondary metal mass and steam generator heat release modeling.
Specific assumptions concerning each of these items are discussed in the following paragraphs.
Tables 2.6.3.1-1, System Parameters Initial Conditions, through Tables 2.6.3.1-3, S| Flow
Maximum Safeguards, present key data assumed in the analysis.

A licensed reactor core power of 1800 MWt (increased by 0.6% power measurement uncertainty)
was used in the analysis. (As previously noted, RCS operating temperatures were chosen to
bound the highest average coolant temperature range.) The use of higher temperatures is
conservative because the initial fluid energy is based on coolant temperatures, which are at the
maximum levels attained in steady-state operation. Additionally, an allowance to account for
instrument error and dead band was reflected in the initial RCS temperature. As previously
discussed, the initial RCS pressure in this analysis was based on a nominal value of 2250 psia,
plus an allowance that accounted for the measurement uncertainty on pressurizer pressure. The
selection of 2300 psia as the limiting pressure is considered to affect blowdown phase results
only, since this represents the initial pressure of the RCS. The RCS rapidly depressurizes from
this value until the point where it equilibrates with containment pressure.

The rate at which the RCS blows down is initially more severe at the higher RCS pressure.
Additionally, the RCS has a higher fluid density at the higher pressure (assuming a constant
temperature), and subsequently has a higher RCS mass available for releases. Therefore,
2250 psia plus uncertainty was selected for the initial pressure as the limiting condition for the
long-term M&E release calculations.

The selection of the fuel design features for the long-term M&E release calculation is based on
the need to conservatively maximize the energy stored in the fuel at the beginning of the
postulated accident (that is, to maximize the core-stored energy). The core-stored energy is
based on the time in life for maximum fuel densification. The assumptions used to calculate the
fuel temperatures for the core-stored energy calculations account for appropriate uncertainties
associated with the models in the PAD code (such as calibration of the thermal model, pellet
densification model, or cladding creep model). In addition, the fuel temperatures for the
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core-stored energy calculation account for appropriate uncertainties associated with
manufacturing tolerances (such as pellet as-built density). The total uncertainty for fuel
temperature calculation is a statistical combination of these effects and is dependent upon fuel
type, power level, and burnup. Therefore, the analysis very conservatively accounts for the
stored energy in the core.

A uniform steam generator tube plugging (SGTP) level of 0% was modeled. This assumption
maximized the reactor coolant volume and fluid release by including the RCS fluid in all steam
generator tubes. During the post-blowdown period, the steam generators are active heat
sources since significant energy remains in the secondary metal and secondary mass that has
the potential to be transferred to the primary side. The 0% tube plugging assumption maximized
heat transfer area and, therefore, the transfer of secondary heat across the steam generator
tube. Additionally, this assumption reduced the reactor coolant loop resistance, which reduced
the AP upstream of the break for the pump suction breaks and increased break flow. Therefore,
the analysis very conservatively modeled the effects related to SGTP.

The secondary-to-primary heat transfer is maximized by assuming conservative heat transfer
coefficients. This conservative energy transfer is ensured by maximizing the initial internal
energy of the inventory in the steam generator secondary side. This internal energy is based on
full-power operation plus uncertainties.

Following a LBLOCA inside containment, the safety injection system (SIS) operates to reflood
the RCS. The first phase of the SIS operation is the passive accumulator injection. Two
accumulators are assumed available to inject. When the RCS depressurizes below 834.7 psia,
the accumulators begin to inject. The accumulator injection temperature was conservatively
modeled high at 120°F. Relative to the active pumped emergency core cooling system (ECCS)
operation, the M&E release calculation considered configurations, component failures, and
offsite power assumptions to conservatively bound respective alignments. The cases include a
minimum safeguards case (one high-head SI (HHSI) pump, and one low-head S| (LHSI) pump,
see Tables 2.6.3.1-2, S| Flow Minimum Safeguards, and a maximum safeguards case (two HHSI
and two LHSI pumps, see Table 2.6.3.1-3. In addition, a conservative containment backpressure
was assumed to bound the GOTHIC calculated results. The assumption of high containment
backpressure was shown in Reference 1 to be conservative for the generation of M&E energy
releases.

In summary, the following assumptions were employed to ensure that the M&E releases are
conservatively calculated, thereby maximizing energy release to containment:

+ Maximum expected operating temperature of the RCS (100% full-power operation)
= Allowance for RCS temperature uncertainty (+6.4°F)

* Analyzed core power of 1811 MWt (includes uncertainty)

» Allowance for calorimetric error (0.6% of power)

» Conservative heat transfer coefficients (that is, steam generator primary/secondary heat
transfer and RCS metal heat transfer)

» Allowance in core-stored energy for effect of fuel densification
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« An allowance for RCS initial pressure uncertainty (+50 psi)

+ A total uncertainty for fuel temperature calculation based on a statistical combination of
effects and dependent upon fuel type, power level, and burnup

» A maximum containment backpressure equal to design pressure (74.7 psia)
» SGTP level (0% uniform)

»= Maximizes reactor coolant volume and fluid release

«» Maximizes heat transfer area across the steam generator tubes

+« Reduces reactor coolant loop resistance, which reduces the AP upstream of the break for
the pump suction breaks and increases break flow

Therefore, based on the previously discussed conditions and assumptions, an analysis of PBNP
Units 1 and 2 was performed for the release of M&E from the RCS in the event of LOCA.

Application of Single-Failure Criterion

An analysis of the effects of the single-failure criterion has been performed on the M&E release
rates for each break analyzed. An inherent assumption in the generation of the M&E release is
that offsite power is lost with the pipe rupture. This results in the actuation of the emergency
diesel generators (EDGs), required to power the SIS. Operating the EDG delays the operation of
the SIS that is required to mitigate the transient. This is not an issue for the double-ended hot leg
break (DEHL), which is blowdown limited.

Two cases were analyzed to assess the effects of a single failure. The first case assumed
minimum safeguards Sl flow based on the postulated single failure of an EDG. This assumption
results in the loss of one train of safeguards equipment. Therefore, the remaining ECCS was
conservatively modeled as: one HHSI pump and one LHSI pump. The maximum safeguards
case was modeled as: two HHSI pumps and two LHSI pumps until the RWST water level is
drained down to 60% and then only one HHSI pump and one LHSI pump are modeled for the
remainder of the injection phase. The single failure assumption postulated is the failure of one
containment spray train. Only a single train-of recirculation flow was used for the maximum
safeguards case. Typically a maximum safeguards case would include two trains of safety
injection and recirculation flow. PBNP plant procedures direct operators to shut down one of the
two trains and place it in standby when the RWST water level is drained down to 60% through
the remainder of the transient. The analysis of the cases described provides confidence that the
effect of credible single failures is bounded.

Decay Heat Model

American Nuclear Society (ANS) Standard 5.1 was used in the LOCA M&E release model for
PBNP Units 1 and 2 for the determination of decay heat energy. The NRC approved the use of
the ANS Standard 5.1, decay heat model for the calculation of M&E releases to the containment
following-a LOCA. Table 2.6.3.1-4 lists the decay heat curve used in the PBNP Units 1 and 2
EPU M&E release analysis.
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. Significant assumptions in the generation of the decay heat curve for use in the LOCA M&E
release analysis include the following:

» The decay heat sources considered are fission product decay and heavy element decay of
U-239 and Np-239

- The decay heat power from fissioning isotopes other than U-235 is assumed to be identical to
that of U-235

+ The fission rate is constant over the operating history of maximum power level

» The factor accounting for neutron capture in fission products is taken from Table 10 of the
ANS Standard 5.1 (Reference 2)

» The fuel is assumed to be at full power for 108 seconds
- The total recoverabie energy associated with one fission is assumed to be 200 MeV/fission

« Two sigma uncertainty (two times the standard deviation) is applied to the fission product
decay

Acceptance Criteria

The long-term cooling criterion was examined. An LBLOCA is classified as an ANS Condition IV
event, an infrequent fault. The relevant requirements to satisfy the acceptance criteria are as
follows:

. - 10 CFR 50, Appendix A
= 10 CFR 50, Appendix K, Paragraph LA
To meet these requirements, the following must be addressed:
« Sources of energy
+ Break size and location

= Calculation of each phase of the accident
26.3.1.213 Description of Analyses and Evaluations

Description of Analyses

The evaluation model (EM) used for the long-term LOCA M&E release calculations is the 1979
model described in WCAP-10325-P-A (References 1 and 3). This EM has been reviewed and
approved by the NRC. The initial approval letter is included with Reference 1. Further approval
is provided in Reference 3. '

This section presents the long-term LOCA M&E releases generated in support of the PBNP
Units 1 and 2 EPU program. These M&E releases were used in the containment integrity
analysis and equipment qualification temperature evaluation.

The M&E release rates described in this section form the basis of further computations to
evaluate the containment following the postulated accident. Discussed in this section are the
. long-term LOCA M&E releases for the hypothetical double-ended pump suction (DEPS) rupture
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with minimum safeguards and DEHL rupture cases. The M&E releases and related analysis
information for these cases are shown in Tables 2.6.3.1-5 through 2.6.3.1-13. These cases are
used for the long-term containment response analyses in LR Section 2.6.1, Primary Containment
Functional Design and Section 2.6.5, Containment Heat Removal.

This section presents an analysis for PBNP Units 1 and 2. Parameters were used from both
plants to generate one bounding analysis.

LOCA M&E Release Phases

The containment system receives M&E releases following a postulated rupture in the RCS.
These releases continue over a time period, which, for the LOCA M&E analysis, is typically
divided into four phases.

Blowdown — the period of time from accident initiation (when the reactor is at steady-state
operation) to the time that the RCS and containment reach an equilibrium state.

Refill — the period of time when the lower plenum is being filled by the accumulator and ECCS-
water. Atthe end of blowdown, a large amount of water remains in the cold legs, downcomer,
and lower plenum. To conservatively consider the refill period for the purpose of containment
M&E releases, it is assumed that this water is instantaneously transferred to the lower plenum
along with sufficient water to completely fill the lower plenum. This allows an uninterrupted
release of M&E to containment. Therefore, the refill period is conservatively neglected in the
M&E release calculation.

Reflood — the period of time that begins when water from the lower plenum enters the core and
ends when the core is completely quenched.

Post-Reflood (Froth) — the period of time following the reflood phase. At the end of reflood, the
core has been recovered with water and the ECCS continues to supply water to the vessel.
Depending on the location of the break, the two-phase mixture in the vessel may pass through
the steam generator on the broken loop and acquire heat from the stored energy in the
secondary system. The methods from Reference 1 are used until 3600 seconds.

Computer Codes

The WCAP-10325-P-A (Reference 1) M&E release evaluation model comprises M&E release

versions of the following codes: SATAN VI, WREFLOOD, FROTH, and EPITOME. These codes
were used to calculate the long-term LOCA M&E releases for PBNP Units 1 and 2. Reference 1
includes a Safety Evaluation Report (SER) dated February 18, 1987 for the use of these codes.

SATAN Vi calculates the blowdown phase, the first portion of the thermal-hydraulic transient
following break initiation, including pressure, enthalpy, density, M&E flow rates, and energy
transfer between primary and secondary systems as a function of time.

The WREFLOOD code addresses the portion of the LOCA transient where the core reflooding
phase occurs after the primary coolant system has depressurized (blowdown) due to the loss of
water through the break and when water supplied by the ECCS refills the reactor vessel and
cools the core. The most important feature of WREFLOOD is the steam/water mixing model.
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The FROTH code models the post-reflood portion of the transient until the time that the
secondary side of the intact loop’s steam generator has depressurized to the containment design
pressure.

EPITOME continues the FROTH post-reflood portion of the transient from the time at which the
secondary side equilibrates to the containment design pressure to 3600 seconds. It also
compiles a summary of data for the entire transient, including formal instantaneous M&E release
tables and M&E balance tables with data at critical times.

Break Size and Location

Generic studies have been performed and documented in Reference 1 with respect to the effect
of postulated break size on the LOCA M&E releases. This section presents the M&E releases to
the containment subsequent to a hypothetical LOCA. The release rates were calculated to
support the EPU program and were calculated for pipe failures at two distinct locations:

1. Hot leg (between vessel and steam generator)
2. Pump suction (between steam generator and pump)

A third possible location is the cold leg (between the reactor coolant pump and the vessel), but
the generic studies that have been documented in Reference 1 have shown that the
double-ended break in the cold leg is not limiting for peak calculated containment pressure and
temperature. ~

During the reflood phase, these breaks have the following characteristics. For a hot leg break,
the vent path resistance is relatively low, which results in a high core flooding rate, and the
majority of the fluid which exits the core bypasses the steam generators in venting the
containment. The pump suction break combines the effects of the relatively high core flooding
rate, as in a hot leg break, and steam generator heat addition, as in the cold leg break. As a
result, the pump suction breaks yield the highest energy flow rates during the post-blowdown
period. However, relative to breaks at other locations, the core flooding rate (and therefore the
rate of fluid leaving the core) is low, because all the core vent paths include the resistance of the
reactor coolant pump.

The spectrum of breaks analyzed includes the double-ended hot leg break (DEHL) and
double-ended pump suction break (DEPS) with a discharge coefficient of 1.0. Because of the
phenomena of reflood as discussed above, the pump suction break location is the worst case for
long term containment pressurization. This conclusion is supported by studies presented in
Reference 1. Pressure due to the high short-term blowdown release associated with this break
location. :

M&E Release Data

Blowdown M&E Release Data

The SATAN VI code was used for computing the blowdown transient. Table 2.6.3.1-5 presents
the calculated M&E release for the blowdown phase of the DEHL break. For the DEHL break
M&E release tables, break path 1 refers to the M&E exiting from the reactor vessel side of the
break; break path 2 refers to the M&E release exiting from the steam generator side of the break.
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Table 2.6.3.1-8 presents the calculated M&E releases for the blowdown phase of the DEPS
break. The blowdown phase of the DEPS break applies to both the minimum safeguards case
and the maximum safeguards case. For the pump suction breaks, break path 1 in the M&E
release tables refers to the M&E exiting from the steam generator side of the break. Break
path 2 refers to the M&E exiting from the pump side of the break.

Reflood M&E Release Data

The WREFLOOD code is used for computing the reflood transient.

Tabie 2.6.3.1-9 presents the calculated reflood M&E for the pump suction double-ended rupture,
minimum safeguards case. The minimum safeguards case data (as opposed to the maximum
safeguards case) is presented due to it being the limiting case for the long-term portion of the
containment response transient discussed in LR Section 2.6.1, Primary Containment Functional
Design.

The transient responses of the principal parameters during reflood are given in Table 2.6.3.1-10
for the double-ended rupture, minimum safeguards case.

Post-Reflood M&E Release Data

The long-term M&E releases account for the transfer of the decay heat and the stored energy in
the primary and secondary systems to the containment after the end of reflood. The energy for
each source term is acquired at the end of reflood from the Westinghouse M&E release analysis.
The rate of energy release is determined by a simplified, RCS model that is coupled to the
containment volume. Thus, the flow from the vessel to the containment is dependent on the
calculated containment pressure. Table 2.6.3.1-11 presents the calculated post-reflood M&E for
the pump suction double-ended rupture minimum safeguards case to 3600 seconds.

Sources of M&E

The sources of mass considered in the LOCA M&E release analysis are given in Table 2.6.3.1-6,
and Table 2.6.3.1-12. These sources include the:

» RCS water
* Accumulator water
* Pumped injection (Sl)

The energy inventories considered in the LOCA M&E release analysis are given in
Table 2.6.3.1-7 and Table 2.6.3.1-13. The energy sources are the following:

* RCS water

* Accumulator water

* Pumped injection (SI)
* Decay heat

» Core-stored energy

* RCS metal (includes steam generator tubes)
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. - Generator metal (includes transition cone, shell, wrapper, and other internals)
- Steam generator secondary energy (includes fluid mass and steam mass)

» Secondary transfer of energy (feedwater into and steam out of the steam generator
secondary: feedwater pump coastdown after the signal to close the flow control valve)

The analysis used the following energy reference points:
» Available energy: 212°F; 14.7 psia (energy available that could be released)
- Total energy content: 32°F; 14.7 psia (total internal energy of the RCS)

The M&E inventories are presentéd at the following times (in seconds), as appropriate:

DEHL DEPS
« Time zero (initial conditions) 0.0 0.0
- End-of-blowdown time | 16.8 13.2
» End-of-refili time 16.8 13.2
» End-of-reflood time _ N/A 206.31
« Time of broken loop steam generator equilibration N/A 975.11
to pressure setpoint
. » Time of intact loop steam generator equilibration N/A 1285.03
to pressure setpoint
+ Time of full depressurization (3600 seconds) N/A 3600.0

The energy release from the metal-water reaction rate is considered as part of the
WCAP-10325-P-A (Reference 1) methodology. Based on the way that the energy in the fuel is
conservatively released to the vessel fiuid, the fuel cladding temperature does not increase to the
point where the metal-water reaction is significant. This is in contrast to the 10 CFR 50.46
analyses, which are biased to caiculate high fuel rod cladding temperatures and, therefore, a
potentially significant metal-water reaction. For the LOCA mass and energy release calculation,
_ the energy created by the metal-water reaction value is small and is not explicitly provided in the
energy balance tables. The energy that is determined is part of the mass and energy releases
and is therefore already included in the overall mass and energy releases for PBNP
Units 1 and 2. :

The sequences of events for the LOCA transients are shown in Tables 2.6.3.1-14 and 2.6.3.1-15.
26.3.1.21.4 M&E Release Analysis for Postulated LOCA Resuits

The LOCA M&E releases from accident initiation to the end of reflood, where applicable, have
been provided for the DEHL and for the DEPS break cases. Post-reflood M&E releases after
3,600 seconds were calculated internally to the containment model.
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The M&E release transients for the limiting transients are presented in Tables 2.6.3.1-5
through 2.6.3.1-7 for the DEHL case and Tables 2.6.3.1-8 through 2.6.3.1-13 for the DEPS case
with minimum ECCS flows.

The results of this analysis (M&E release rate transients) were used in the containment integrity
analysis (see LR Section 2.6.1, Primary Containment Functional Design).

26.3.1.21.5 M&E Release Analysis for Postulated LOCA Conclusion

The consideration of the various energy sources listed in LR Section 2.6.3.1.2.1.2, M&E Release
Analysis for Postulated Loss-of-Coolant Accidents, Input Parameters, Assumptions, and
Acceptance Criteria, for the long-term M&E release analysis provides assurance that all available
sources of energy have been included in this analysis. By addressing all available sources of
energy as well as the limiting break size and location and the specific modeling of each phase of
the long-term LOCA transient, the review guidelines presented in SRP, Section 6.2.1.3 have
been satisfied.

263122 Short-Term LOCA M&E Releases

An evaluation was conducted to determine the effect of the PBNP Units 1 and 2 EPU program on
the short-term LOCA-related M&E releases. PBNP Units 1 and 2 were initially approved for
Leak-Before-Break (LBB) via Reference 5. In accordance with the 1987 revision to GDC-4, the
dynamic effects of RCS main loop piping breaks and RCS branch line breaks 10 inch diameter
and larger have been eliminated from consideration (see LR Section 2.1.6, Leak-Before-Break).

The short-term LOCA-related M&E releases were used as input to the subcompartment analyses
(see LR Section 2.6.2, Subcompartment Analyses). These analyses were performed to ensure
that the walls of a sub-compartment can maintain their structural integrity during the short
pressure pulse (generally less than 3 seconds) accompanying a high-energy line pipe rupture
within that sub-compartment. Short-term M&E release calculations are performed to support the
steam generator compartments and the pressurizer compartment.

2.6.3.1.2.2.1 Introduction

The containment internal structures are designed for a pressure buildup that could occur
following a postulated LOCA. If a LOCA were to occur in these relatively small volumes, the
pressure would build up at a faster rate than the overall containment, thus imposing a differential
pressure across the walls of the compartments.

Short-term LOCA M&E release calculations are performed to support the steam generator
compartments and the pressurizer compartment.

PBNP Units 1 and 2 are licensed in accordance with the 1987 revision to GDC-4. This eliminates
the need to consider RCS branch lines 10 inches in diameter and greater for sub-compartment
pressurization. The pressurizer surge line was also eliminated for structural design basis in
WCAP-15065, Revision 1. The largest remaining break locations that need to be considered are
a 6 inch double-ended hot leg break and a 3 inch double-ended cold leg break. The releases
associated with these smaller breaks would be considerably lower than the large RCS breaks.
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LR Section 2.6.2, Subcompartment Analyses, discusses the short-term evaluation conducted for
this program.

2.6.3.1.2.2.2 Input Parameters, Assumptions, and Acceptance Criteria

Input Parameters and Assumptions

The short-term LOCA M&E release analysis is sensitive to the assumed characteristics of
various plant systems, in addition to other key modeling assumptions. Where appropriate,
bounding inputs are used and instrumentation uncertainties are included. For example, the RCS
operating temperatures were chosen to bound the temperature range of all operating cases and
a temperature uncertainty allowance (-6.4°F) was then included. The RCS pressure in this
analysis is based on a nominal value of 2250 psia plus an uncertainty allowance to arrive at a
value of 2300 psia. All input parameters are chosen consistent with accepted analysis
methodology. Increased power has no impact on the short-term releases because of the
duration of the event (that is, ~3.0 seconds). Only reductions in the initial RCS temperature
conditions (including uncertainties) would affect the blowdown M&E release rates and thus the
results.

Any possible change in the core-stored energy does not adversely affect the normal plant
operating parameters, system actuations, accident mitigating capabilities or assumptions
important to the short-term LOCA M&E releases. Any change in core-stored energy would have
no effect on the releases because of the short duration of the postulated accident.

Therefore, the only effects that need to be addressed are the change in RCS coolant
temperatures and the changes in analysis assumptions for RCS coolant pressure.

In summary, the following assumptions were employed to ensure that the 6 inch double-ended
hot leg and 3 inch double-ended cold leg break releases were conservatively calculated for the
EPU program:

* Minimum RCS vessel outlet temperature of 592.9°F

« Minimum RCS vessel/core inlet temperature of 525.0°F (corresponds to minimum reactor
vessel temperature for PTS considerations)

» Allowance for RCS temperature uncertainty of -6.4°F
+ Allowance for RCS pressure uncertainty of + 50.0 psi
Acceptance Criteria

A LOCA is classified as an ANS Condition IV event — an infrequent fault. The relevant
requirements to satisfy the acceptance criteria are as follows:

The NRC’s NUREG-0800, Section 6.2.1.3, M&E Release Analysis for Postulated
Loss-of-Coolant Accidents subsection Il, Part 3a provides guidance on NRC’s expectations for
what must be included in a LOCA M&E release calculation, if that calculation is to be acceptable.
The Westinghouse M&E models described in WCAP-8264-P-A Rev. 1 (Reference 4) have been
found by the NRC to satisfy those expectations. ‘
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26.3.1.223 Description of Analysis and Evaluations

Description of Analysis

Short-term releases are linked directly to the critical mass flux, which increases with increasing
pressures and decreasing temperatures. The short-term LOCA releases are expected to
increase due to changes associated with the current RCS conditions. Short-term blowdown
transients are characterized by a peak M&E release rate that occurs during a sub-cooled
condition; thus the Zaloudek correlation, which modeis this condition, is currently used in the
short-term LOCA M&E release analyses (Reference 4). This correlation was used to
conservatively evaluate the impact of the deviations in the RCS inlet and outlet temperature for
the EPU program. Therefore, using lower temperatures maximizes the short-term LOCA M&E
releases.

The releases from the 6 inch double-ended hot leg and 3 inch double-ended cold leg breaks
evaluated for Point Beach Units 1 and 2 are found in Table 2.6.3.1-16.

Refer to LR Section 2.6.2, Subcompartment Analysis, for the analysis of the line breaks within
the containment sub-compartments.

26.3.1.224 Short-Term LOCA M&E Releases Results

In summary, with the elimination of the large RCS breaks, the only break locations that needed to
be considered were a 6 inch double-ended hot leg break and a 3 inch double-ended cold leg '
break. The breaks were evaluated using RCS coolant temperatures and pressures at the PBNP
Units 1 and 2 EPU conditions. The results of this evaiuation can be found in Table 2.6.3.1-16.
The impact of the EPU program on the compartment response is discussed in LR Section 2.6.2,
Subcompartment Analysis.

26.31.225 Short-Term LOCA M&E Releases Conclusion

The short-term LOCA mass and energy releases have been evaluated to determine the affect of
the EPU. The original design basis short-term mass and energy releases remain bounding due
to LBB. The decrease in mass and energy releases associated with the smaller breaks more
than offsets the potential penalties associated with increased releases associated with the EPU.
Additionally, releases have been provided for the smaller breaks at the EPU conditions.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

The analysis performed to assess the containment response to the limiting LOCA resulting from
operation at EPU conditions does not add any new functions for existing components that would
change the license renewal system evaluation boundaries. The analytical results associated
with operating at EPU conditions do not add any new or previously unevaluated aging effects that
necessitate changes to aging management programs or require new programs as internal and
external environments remain within the parameters previously evaluated. Therefore, there is no
impact to license renewal scope, aging effects, and aging management programs as a result of
EPU activities.
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2.6.3.1.3 Conclusion

PBNP has reviewed the M&E release assessment and concludes that it has adequately
addressed the effects of the proposed EPU and appropriately accounts for the sources of energy
identified in 10 CFR 50, Appendix K. Based on this, the PBNP staff finds that the M&E release
analysis will continue to meet the PBNP Units 1 and 2 current licensing basis with respect to the
requirements in PBNP GDC 49 for ensuring that the analysis is conservative. Therefore, PBNP
finds the proposed EPU acceptable with respect to M&E release for postulated LOCA.
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Table 2.6.3.1-1
System Parameters Initial Conditions

Parameters Value
Analyzed Core Power (MWt) (includes 0.6% calometric uncertainty) | 1811.0
RCS Total Flow Rate (Ibm/sec) 18,777.8
Vessel Outlet Temperature(ﬂ (°F) 617.5
Core Inlet Temperature“) (°F) 549.3
Vessel Average Temperature“) (°F) 583.4
Initial Steam Generator Steam Pressure (psia) 800.0
Steam Generator Design:

Unit 1 44F

Unit 2 A47
SGTP (%) 0
Initial Steam Generator Secondary Side Mass (Ibm) 105,704.5
Assumed Maximum Containment Backpressure (psia) 74.7
Accumulator

Water volume (ft3) per accumulator (minimum)(z) 1100.0

N5 cover gas pressure (psia) (maximum)(?’) 834.7

Temperature (°F) 120.0
S| Start Time, (sec) (total time from beginning of event, which 40.8 (DEHL)
inctudes the maximum delay from reaching the setpoint) 41.1 (DEPS)
Auxiliary Feedwater Flow (gpm/steam generator) (Minimum 0
Safeguards)
Auxiliary Feedwater Flow (gpm/steam generator) (Maximum 0

Safeguards)

Notes:

RCS total flow rate, RCS coolant temperatures, N, cover gas pressure, and steam generator
secondary side mass include appropriate uncertainty and/or allowance.

1. RCS coolant temperatures include uncertainty of +6.4°F.
2. Does not include accumulator line volume.

3. N, cover gas pressure includes uncertainty of +20 psi.
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. Table 2.6.3.1-2

Sl Flow Minimum Safeguards

RCS Pressure (psia) l Total Flow (Ibm/sec)
Injection Mode (reflood phase)
14.7 ' 363.2
34.7 341.2
54.7 316.9
74.7 290.1
94.7 257.6
114.7 2143 -
Injection Mode (post-reflood phase) '
747 | 290.1
Recirculation Mode
14.7 270.9
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. Table 2.6.3.1-3

Sl Flow Maximum Safeguards

RCS Pressure (psia) | Total Flow (Ibm/sec)
Injection Mode (reflood phase)
14.7 800.0
34.7 766.0
54.7 728.0
74.7 686.0
94.7 642.0
114.7 592.0
Injection Mode (post-reflood phase)
74.7 | 686.0
Recirculation Mode
14.7 270.9
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LOCA M&E Release Analysis Core Decay Heat Fraction

Table 2.6.3.1-4

Time (sec) | Decay Heat Generation Rate Fraction
10 0.053876
15 0.050401
20 0.048018
40 0.042401
60 0.039244
80 0.037065
100 0.035466
150 0.032724
200 0.030936
400 0.027078
600 0.024931
800 10.023389
1000 0.022156
1500 0.019921
2000 0.018315
4000 0.014781
6000 0.013040
8000 0.012000
10,000 0.011262
15,000 0.010097
20,000 0.009350
40,000 0.007778
60,000 0.006958
80,000 0.006424
100,000 0.006021
150,000 0.005323
200,000 0.004847
400,000 0.003770
600,000 0.003201
800,000 0.002834
1,000,000 0.002580
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Table 2.6.3.1-

5

DEHL Break Blowdown M&E Release

Break Path No.1(") Break Path No. 2(2)

Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
0 0 0 0 0
0.00105 438461 27887.9 43844.7 27886.1
0.0021 45581.8 28990.5 453151 28815.3
0.101 36870.4 23703.6 26076.1 16547 1
0.201 34526.6 221448 22945.8 14470.9
0.301 33562 21476.5 20500.8 12755.1
0.401 32156.7 20571.6 19258.5 11788.9
0.502 31510.2 20158.8 18476.4 111311
0.601 31265.9 20016.2 17888.3 10625.9
0.701 30564.7 19617.4 174401 10231.7
0.801 30263.4 19509.8 17081.8 9914.3
0.902 297458 19293.3 16765.8 9639.7
1 28848.3 18828.7 16570.2 9448.4
1.1 27963.2 18376.9 16420.9 9294 4
1.2 27114 .4 179527 16374.8 9206.7
1.3 26248.2 17518.1 16399.9 9164 .4
1.4 25313.3 17030 16464 9148.5
1.5 24276.9 16462.1 16554.9 9151.5
1.6 23233.8 15875.5 16663.2 9168.8
1.7 222299 15314 16773.9 9192
1.8 213134 14823.9 16878.9 9217
1.9 20449 14388.2 16973 9240.7
2 19488.2 13903.7 170423 9255.8
2.1 18661.9 13429.7 17085.9 9260.8
2.2 18094 13035.2 17097.2 9252.4
2.3 17750.7 12707 .4 17079.7 9231.6
2.4 17536.3 12436.6 17034.8 9198.9
25 17356.4 12197.5 16964.3 91551
2.6 17167.9 11976 16868.8 9099.9
27 16974.9 11772.4 16746.4 9032.2
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Table 2.6.3.1-5
DEHL Break Blowdown M&E Release

Break Path No.1(") Break Path No. 2(2)

Energy Energy
Time Mass Thousand - | . Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
2.8 16845.5 11638.7 16599.7 8953.3
29 16736.3 11528.7 16416.6 8856.4
3 16663.7 11433.8 16208.6 8747.5
3.1 16647.1 11357.8 15977.9 8627.6
3.2 16674.8 11299.2 157311 8500.1
3.3 16721.6 11248 15445.5 8352.7
34 16768 11200.1 15113.9 8181
3.5 16796.2 111461 14737.4 7985.6
3.6 16807.1 11090.9 14333.3 7775.8
3.7 16800.7 11033.2 13917.8 7560.7
3.8 16747.1 10965.1 13505.1 7348.2
3.9 16628.6 10879.3 13124 .3 7153.8
4 16502.8 10792 12745.7 6961.8
4.2 16249.6 10617.5 11999.7 6584
4.4 16009.3 10433.8 11208.8 6180.2
4.6 15799.7 10256.9 10432.6 5782.9
4.8 15594 100811 9719.7 5417.5
5 15369.7 9896.9 9091.4 5096.3
52 15147.9 9713.8 8552.6 4821.3
54 14909.2 9517.7 8080.8 4580.8
5.6 14680.3 9323 7661.8 4367.5
5.8 11401.5 7905.3 7274.6 4170.3
6 11060.5 7663.1 6893.2 3975.8
6.2 10618.4 7405.7 6516.3 3785
6.4 10190.4 71194 6147.5 3601.2
6.6 9794 .1 6900.7 5791.7 3427.3
6.8 9369.6 6607.8 5446.4 3261
7 8991.4 6363 5119.3 3105.5
7.2 8648 6154.1 4811.3 2959.6
7.4 8102.8 5858.6 4526.3 2823.7
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Table 2.6.3.1-5
DEHL Break Blowdown M&E Release
Break Path No.1(") Break Path No. 2%}
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
7.6 7741.8 5613.8 4267.2 2698.4
7.8 7266.7 5315.8 4051.8 .2593.7
8 6775.6 5068.8 3863.1 2495.2
8.2 6249.8 4806.7 3669.4 2387.7
84 5743.8 45423 3479 2286.5
8.6 5267 4287 3287.2 2191.6
8.8 4804.3 4038.6 3089.7 2099.3
9 4366.7 3800.9 2891.7 2010
9.2 3934.8 3578.4 2698.8 1926.1
94 3502.8 3365.7 2512.5 1847.9
9.6 3078.3 3161.7 - 2333.6 1775.5
9.8 2650.7 2894.8 2161.3 1707.5
10 2390.4 2671.5 1995.8 1642.7
10.2 2238.2 2477.7 1836.5 1579.4
10.2 22379 2477.2 1836.1 1579.4
104 2117.5 2322.7 1690.6 1522.9
10.6 1964.5 2176.7 1558 1474.6
10.8 1804.6 2052.5 1434 1428.9
11 1660.3 1928.1 1327 1391.5
11.2 1522.3 1800.7 1235.1 1352.4
114 1417.2 1696.5 1153.7 1311.8
11.6 1298.7 1567 1081.5 1259.1
11.8 1192.5 1452.2 985.5 1177.5
12 1082.7 1329.1 868.3 1060.9
12.2 947.6 1167.7 682.1 840.3
124 825.3 1022.9 535 662
12.6 711 885.2 453 562.9
12.8 92.9 111.8 521.3 649
13 0 0 600.9 747.2
13.2 0 0 667.6 828.2
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Table 2.6.3.1-5

DEHL Break Blowdown M&E Release

Break Path No.1(") Break Path No. 2(?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
13.4 0 0 7245 894.2
13.6 0 0 775.6 948.2
13.8 0 0 810.8 977.9
14 0 0 822.8 987.8
14.2 0 0 794 961.4
14.4 0 0 694.2 852.3
14.6 0 0 557.2 687.9
14.8 0 0 544.7 675
15 0 0 536.8 664.5
15.2 0 0 454.6 563
154 41.7 54.4 358.2 445
15.6 4104 496.8 309.6 385.6
15.8 387.9 476.4 262.7 327.3
16 300.2 368.6 220.7 276
16.2 0 0 192.6 2414
16.4 0 0 162.3 203.9
16.6 0 0 66.6 84.2
16.8 0 0 0 0
Notes:
1. Path 1: M&E exiting from the reactor vessel side of the break.
2. Path 2: M&E exiting from the steam generator side of the break.
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. Table 2.6.3.1-6

DEHL Break Mass Balance _
.00 16.80 16.80+¢

Time (Seconds) Mass (thousand Ibm)
Initial In RCS and ACC 414.28 414.28 414.28
Added Mass Pumped Injection 0 ' 0 0
Total Added 0 0 0
***Total Available*** ) 414.28 414.28 414.28
Distribution Reactor Coolant 273.05 56.69 | 74.23
Accumulator 141.24 97.14 79.6
Total Contents 414.28 153.83 153.83
Effluent Break Flow 0 260.44 260.44
ECCS Spill 0 0 0
Total Effluent 0 260.44 260.44
***Total Accountable*** 414.28 414.27 414.27
Note: +e is used to indicate that the column represents the bottom of core recovery
conditions that occurs instantaneously after blowdown.
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Table 2.6.3.1-7
DEHL Break Energy Balance
.00 16.80 16.80+¢
Time (seconds) Energy (million Btu)
Initial Energy In RCS, ACC, S GEN 428.22 428.22 428.22
Added Energy Pumped Injection 0 0 0
Decay Heat 0 3.06 3.06
Heat from Secondary 0 13.49 13.49
Total Added 0 16.55 - 16.55°
***Total Available™* 428.22 44477 44477
Distribution Reactor Coolant 160.66 13.78 15.08
Accumutator 12.73 8.75 7.45
Core Stored 15.37 6.31 6.31
Primary Metal 83.49 77.96 77.96
Secondary Metal 4312 41.78 41.78
Steam Generator 112.85 124.94 124.94
Total Contents 428.22 273.52 273.52
Effluent Break Flow 0 170.76 170.76
ECCS Spill 0 0 0
Total Effluent 0 170.76 170.76
***Total Accountable™™* 428.22 444 28 44428
Note: +e is used to indicate that the column represents the bottom of core recovery
conditions that occurs instantaneously after blowdown.
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Table 2.6.3.1-

8

DEPS Break Blowdown M&E Release

Break Path No. 1{") Break Path No. 2 Flow!?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
0 0 0 0 ‘ 0
0.00111 78896.5 42751.6 40705.8 22023.7
0.102 407501 22140.7 19865.1 10735.6
0.201 45906.9 25150.7 21789.2 11785.3
0.301 46635.4 25826.9 23266.4 12592.3
0.402 46463.4 26063 23652.3 12807
0.501 44243.9 251453 23203.6 12568.9
0.601 44737.3 257354 22630.8 12264.7
0.701 443498 25781.3 22187.3 12030.6
0.802 43115.9 25299.2 21904 .1 11882.1
0.902 41756.9 24720.4 21665.2 11756
1 40471.9 24162 21405.9 116171
1.1 391‘98.5 23590.9 21103.8 11453.8
1.2 37929 23001.8 20769.7 11272.3
1.3 36664.5 22396.3 20403 11072.4
1.4 35366 21754 200111 10858.1
1.5 33958.6 21039.2 19624 .1 10647 .1
1.6 32631.6 20383.6 19324 .4 10484
1.7 31570.6 19920 19040.6 10329.9
1.8 30583.8 19521.4 18726.4 10158.9
1.9 29417.3 19025.6 18379.1 9969.6
2 27859.2 18294.9 18026.6 9777.7
2.1 23196.2 15461.8 176621 9579.2
2.2 19829.4 13479.5 17292 9377.9
23 17362.9 12011.8 16944.7 9189.8
2.4 15416.3 10807.8 16716.9 9067.8
2.5 14152.2 10018.8 16470.7 8935.7
2.6 13381.6 9534.9 159214 8637.9
2.7 12822.8 9175.4 15477.7 8398.8
2.8 12324.2 8856.7 15130.4 8213
Point Beach Units 1 and 2 EPU Licensing Report 2.6.3.1-25 April 2009

M&E Release Analysis for Postulated Loss-of-Coolant Accidents



Table 2.6.3.1-

8

DEPS Break Blowdown M&E Release

Break Path No. 1(") Break Path No. 2 Flow!?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
29 11885.8 8594.7 14893.7 8088.3
3 11469 8363 14677.5 7974.5
3.1 11095.7 8170 14467.2 7863.8
3.2 10742.5 7990.6 142711 7761
3.3 10413.2 7825.2° 14086.9 7664.9
3.4 10114.7 7680.1 14366.9 7825.4
3.5 9842.7 7549.9 14430 7863.6
3.6 9594.5 7428.3 14395.7 7848.8
3.7 9371.3 7315.9 14410.8 7861.4
3.8 9174 .1 7214.3 14377 1 7846.9
3.9 9006.1 71241 14306.8 7812
4 8853.6 7034.5 14247 .4 7783
4.2 8582.1 6855.8 13996.7 7651.4
4.4 8343.2 6667.2 13609 74455
4.6 8134.2 6463 13225.7 72447
4.8 7956.8 6252.1 12825.3 7036.5
5 7829.7 6057.1 12395.8 6813
5.2 7702 5861.3 11957.7 6585
5.4 74991 5643 11509.3 6351.4
5.6 7250.2 5392.7 11120.9 6134.2
5.8 7051.9 5161.3 10843.4 59454
6 6943.2 4978.7 10715.3 5816.4
6.2 7119.1 4982.7 10651.6 5714.9
6.4 73544 5068.3 10739.8 5698.8
6.6 7105.5 5075.6 10577.6 5564.3
6.8 6324.6 4766.7 10407 5425.9
7 5843.1 4469.5 10151.3 5252.7
7.2 5627.4 4281.7 9627.3 4941
7.4 5464 .1 4132.7 9079 4619
7.6 5303 4003.7 8644.7 4361.8
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Table 2.6.3.1

-8

DEPS Break Blowdown M&E Release

Break Path No. 1{") Break Path No. 2 Flow(?
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
7.8 5125.5 3878.9 8257 4140.2
8 49414 3757.7 7871.9 3924.9
8.2 4757.2  3645.4 7483.9 3707.9
8.4 4519.7 3522.7 7036.4 3450
8.6 4266.9 3401.7 6722.2 3250.1
8.8 4040.6 3281.1 6408.9 3048.8
9 3838.9 3170.6 6115 2855.6
9.2 3647.2 3077.4 5842 .1 2675.6
94 3451.1 2988.7 5581.8 2507
9.6 3254.2 2910.9 5378 2369.7
9.8 3062 2844 5200.5 2249.1
10 2859 2777.7 4950.7 2103.9
10.2 2646.9 2718.2 4671.6 1951.6
104 2418.6 2660.8 43853 1801.3
10.6 2089.4 2480.9 4055 1636
10.8 1765.2 2172.6 3712.7 1463.5
11 1514.7 1876.1 34943 1332.1
11.2 1321.6 1641.7 3341.7 1222.5
11.4 1123.3 13994 3161.2 1110.1
11.6 939.5 1172.6 2977.9 10094
11.8 783.7 979.6 2683.6 883.2
12 637.9 798.1 2348.3 755.9
12.2 516.9 647.4 2012.5 636.4
12.4 411.6 515.9 1626.1 506.3
12.6 294 .4 369.3 11721 360
12.8 179.8 225.9 663.5 202
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Table 2.6.3.

1-8

DEPS Break Blowdown M&E Release

Break Path No. 1(" Break Path No. 2 Flow(?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
13 67.9 85.6 160.8 48.9
13.2 0] 0 0 0
Notes: -

1. Path 1: M&E exiting from the steam generator side of the break.
2. Path 2: M&E exiting from the broken loop reactor coolant pump side of the break.
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Table 2.6.3.1-
DEPS Break Reflood M&E Release — Minimum Sl

9

Break Path No. 1(") Break Path No. 2 Flow(?
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
1322 0 0 0 0
13.7 0 0 0 0
13.8 0 0 0 0
14 0 0 0 0
14.1 0 0 0 0
141 0 0 0 0
14.2 82.3 97.3 0 0
14.3 30.3 35.8 0 0
144 20.2 23.9 0 0
14.5 23.5 277 0 0
14.6 -29.6 35 0 0
14.7 39.3 46.4 0 0
14.8 46.3 547 0 0
14.9 53 62.6 0 0
15 59.4 70.2 0 0
15.1 65.5 774 0 0
15.2 69.3 81.9 0 0
156.2 70.7 83.6 0 0
15.3 75.2 88.9 0 0
15.4 79.6 94 0 0
15.5 83.7 99 0 0
15.6 87.8 103.7 0 0
15.7 917 108.4 0 0
15.8 95.4 112.8 0 0
15.9 99.1 1171 0 0
16 102.6 121.3 0 0
16.1 106.1 1254 0 0
16.2 109.4 129.3 0 0
17.2 139 164.3 0 0
18.2 163.5 193.4 0 0
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Table 2.6.3.1-
DEPS Break Reflood M&E Release ~ Minimum Sl

9

Break Path No. 1{7) Break Path No. 2 Flow!?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
18.9 260.5 308.4 2137.9 258.5
19.3 309.7 366.8 28422 341.7
/| 20.3 326.7 387 2974.9 365.4
21.3 322.8 382.4 29327 361.5
223 318.5 377.3 2885.3 | - 357
229 316 3743 2856.2 3541
23.3 314.2 372.2 2836.6 352.2
243 310 367.2 2788 347.5
25.3 305.9 362.3 27401 3427
26.3 302 3576 2693.3 338.1
273 298.2 353.1 2647.8 333.6
27.8 296.3 350.9 2625.6 3314
28.3 2945 348.8 2603.6 329.2
293 291 344.6 2560.7 324.9
30.3 287.7 340.6 2519.2 320.8
31.3 2845 336.8 2478.9 316.8
323 2814 333.2 2439.9 3129
333 278.4 329.6 24021 309.1
34.3 275.6 326.3 2365.4 3054
353 272.8 323 2329.8 301.9
36.3 270.2 319.9 2295.2 298.4
373 267.6 316.8 2261.7 295
38.3 265.2 313.9 22291 2917
39.2 2455 290.6 15692.7 241.8
393 222.9 263.8 9231 169.9
40.3 189.1 2236 970 164.2
413 197.6 233.7 1225.2 183.2
423 192.9 228.2 204.8 80.9
43.3 2239 264.9 213.9 94.2
44.3 219.4 259.6 212.4 92.3
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Table 2.6.3.1-9
DEPS Break Reflood M&E Release — Minimum Sl
Break Path No. 1{") Break Path No. 2 Flow(?
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
453 2149 254.2 211 90.5
46.3 210.2 248.7 209.5 88.6
473 205.8 2435 2081 86.8
48.3 2014 238.3 206.7 85
49.3 197.1 233.1 205.4 83.3
50.3 192.7 227.9 204 81.6
513 188.3 222.8 202.7 79.9
52.3 184 217.6 201.3 78.2
53.3 179.7 2125 200 76.5
53.8 177.5 209.9 199.4 75.7
543 175.3 2074 198.7 74.8
55.3 1711 - 202.3 197.4 73.2
56.3 166.8 197.2 196.2 71.6
57.3 162.5 192.2 194.9 70
58.3 158.3 187.2 193.7 68.5
59.3 1541 182.2 192.5 66.9
60.3 150 177.3 191.3 65.4
61.3 145.9 172.5 190.1 64
62.3 141.8 167.6 189 62.5
63.3 137.8 162.9 - 187.8 61.1
64.3 133.8 158.2 186.7 59.7
65.3 129.8 153.5 185.7 58.4
736.3 126 148.9 184.6 57.1
67.3 122.2 1444 183.6 " 55.8
68.3 118.4 140 182.7 54.6
69.3 114.7 135.6 181.7 53.4
70.3 1111 1314 180.8 523
713 107.6 127.2 179.9 51.1
723 104.2 123.1 179.1 50.1
726 103.2 121.9 178.8 49.8
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Table 2.6.3.1-9
DEPS Break Reflood M&E Release — Minimum Sl
Break Path No. 1(") Break Path No. 2 Flow!?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
73.3 101.4 119.9 178.1 48.9
74.3 99.9 118.1 177.3 47.9
76.3 97 1147 175.6 46
78.3 94.3 111.5 174 44 1
80.3 91.7 108.3 172.4 422
82.3 89.2 1054 171 40.5
84.3 86.8 102.5 169.5 38.8
86.3 84.5 99.9 168.2 37.2
88.3 82.4 97.3 166.9 35.7
90.3 80.4 95 165.7 34.2
92.3 78.5 92.7 164.5 32.8
94.3 76.7 90.6 163.4 31.5
96.3 75 88.7 162.4 30.3
98.3 73.5 86.9 161.4 29.2
98.7 73.2 86.5 161.2 28.9
100.3 721 85.2 160.5 28.1
102.3 70.7 83.6 159.6 271
104.3 69.5 82.2 158.8 26.1
106.3 68.4 80.8 1568.1 25.2
108.3 67.4 79.6 157 .4 24.4
110.3 66.4 78.5 156.7 23.7
112.3 65.6 77.5 156.2 23
114.3 64.8 76.5 155.6 22.3
116.3 64.1 75.7 155.1 21.7
118.3 63.4 75 154.6 21.2
120.3 62.9 74.3 154.2 20.7
122.3 62.3 73.7 153.8 20.2
124.3 61.9 73.1 153.5 19.8
126.3 61.5 72.6 153.1 194
128.3 61.1 72.2 152.9 19.1
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Table 2.6.3.1-9
DEPS Break Reflood M&E Release — Minimum Si
Break Path No. 1(") Break Path No. 2 Flow(?)
Energy Energy
-Time Mass Thousand Mass Thousand
Seconds bml/sec Btu/sec Ibm/sec Btu/sec
130.3 60.8 - 71.8 152.6 18.8
131.5 60.6 71.6 152.4 18.6
132.3 60.5 71.5 152.3 18.5
134.3 60.3 7127 152.1 18.2
136.3 60.1 71 151.9 18
138.3 59.9 70.8 151.7 17.8
140.3 59.7 70.6 151.6 17.6
1423 59.6 70.5 1514 174
144.3 59.5 70.3 151.3 17.2
146:3 59.4 70.3 151.2- 17.1
148.3 59.4 70.2 151.1 17
150.3 59.3 70.1 151 16.9
152.3 59.3 70.1 150.9 16.8
154.3 59.3 70.1 150.8 16.7
156.3 59.3 70.1 150.7 16.6
158.3 59.3 70.1 150.7 16.5
160.3 59.3 70.1 150.6 16.5
162.3 59.4 70.1 150.6 16.4
164.3 59.4 70.2 150.5 16.3
166.3 59.4 70.2 150.5 16.3
168.1 59.5 70.3 150.5 16.3
168.3 59.5 70.3 150.5 16.3
170.3 59.5 70.4 150.5 16.2
172.3 59.6 70.4 150.4 16.2
174.3 59.7 70.5 150.4 16.2
176.3 59.8 70.6 150.4 16.2
178.3 59.8 70.7 150.4 16.2
180.3 59.9 70.8 150.4 16.1
182.3 60 70.9 150.4 16.1
184.3 60.1 71 150.4 16.1
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DEPS Break Reflood M&E Release — Minimum Si

Table 2.6.3.1-9

Break Path No. 1(1) Break Path No. 2 Flow(?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
186.3 60.2 711 150.4 16.1
188.3 60.3 71.2 150.4 16.1
190.3 60.4 71.3 150.4 16.1
192.3 60.5 71.5 150.4 16.1
194.3 60.6 71.6 150.4 16.1
196.3 60.7 71.7 150.4 16.2
198.3 60.8 71.8 150.4 16.2
200.3 60.9 71.9 150.4 16.2
202.3 61 72.1 150.4 16.2
204.3 61.1 72.2 150.4 16.2
206.3 61.2 72.3 150.4 16.2
Notes:
1. Path 1: M&E exiting from the steam generator side of the break.
2. Path 2: M&E exiting from the broken loop reactor coolant pump side of the break.
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Table 2.6.3.1-10

DEPS - Minimum Safety Injection Principal Parameters During Reflood

. . Injection
Time Temp ;l:tzdlng Carry-over Core Height gz;ﬂgl:tcomer Flow Total Accumulator S! Spill Enthalpy
sec °F in/sec Fraction ft ft Fraction (Pounds mass per second) Btu/lbm
13.2 151.7 0 0 0 0 0.5 0 0 o] 0
14 150.6 24.775 0 0.77 1.48 0 4296.2 4296.2 0 90.1
14.1 150.3 25757 0 0.98 1.44 0 4284 .4 4284.4 0 90.1
14.1 150.1 25.638 0 1.09 1.41 0 4272.8 4272.8 0 90.1
14.5 149.9 3121 0.148 1.37 2.33 0.372 4218.5 4218.5 0 90.1
15.1 150.1 3.179 0.282 1.49 4.28 0.54 4150 4150 0 90.1
15.2 150.2 3.162 0.296 1.5 4.52 0.547 4144.7 41447 0 90.1
15.8 150.4 3.087 0.395 1.61 6.54 0.578 4076.9 4076.9 0 90.1
18.9 151.7 4.426 0.622 2 15.66 0.706 37531 37531 0 90.1
19.3 151.8 4.888 0.637 2.06 15.81 0.747 3708.2 3708.2 0 90.1
21.3 152.9 4.656 0.685 2.32 15.83 0.745 35839.7 3539.7 0 90.1
229 153.8 4.464 0.702 2.51 15.83 0.743 3429.7 3429.7 0 90.1
27.8 157 4111 0.724 3.01 15.83 0.734 3141.9 3141.9 0 90.1
333 160.8 3.87 0.731 3.5 15.83 0.726 2881.6 2881.6 0 90.1
39.2 165.2 3.5 0.734 4 15.83 0.67 2023.2 2023.2 0 90.1
40.3 165.9 2.973 0.724 4.08 15.83 0.649 1311.3 1311.3 0 90.1
413 166.6 3.066 0.726 -4.14 15.83 0.66 1578.2 1290.8 0 86.08
423 167.3 3.137 0.723 4.21 15.81 0.673 289.3 0 0 68
43.3 168.1 3.314 0.731 4.29 15.53 0.681 285.2 0 0 68
46.3 170.5 3.136 0.73 4.51 14.72 0.677 285.9 0 0 68
53.8 1774 2715 0.724 5.01 13.02 0.665 287.5 0 0 68
63.3 187 2214 0.715 5.55 11.47 0.642 289.1 0 0 68
72.6 196.4 1.785 0.704 6 10.53 0.605 290.2 0 0 68
86.3 209.7 1.495 0.697 6.56 9.82 0.599 290.2 0 0 68
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Table 2.6.3.1-10

DEPS - Minimum Safety Injection Principal Parameters During Reflood

. . Injection

Time Temp ;l:t:dlng Carry-over Core Height El:iv;rlltcomer Flow Total Accumulator Si Spill Enthalpy
sec °F in/sec Fraction ft ft Fraction (Pounds mass per second) Btu/lbm
98.7 219.6 1.311 0.692 7 9.57 0.596 280.2 0 0 68

116.3 231 1.155 0.688 7.56 9.62 0.595 290.2 0 0 68

131.5 239.3 1.089 0.688 8 9.88 0.597 290.2 0 0 68

150.3 248.1 1.056 0.691 8.52 10.34 0.601 290.2 0 0 68

168.1 255.4 1.047 0.694 9 10.82 0.604 290.1 0 0 68

180.3 | 260 1.045 0.698 9.32 11.16 0.607 290.1 0 0 68

188.3 262.8 1.046 0.7 9.53 11.38 0.608 290.1 0 0 68

206.3 268.6 1.049 0.705 10 11.88 0.611 290.1 0 0 68
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DEPS Break Post-Reflood M&E Release - Minimum Sl

Table 2.6.3.1-11

Break Path No. 1(") Break Path No. 2 Flow(?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec ibm/sec Btu/sec
206.4 1155 146.5 176.3 46.3
2114 116.2 147.5 177.7 47.3
216.4 115.9 147 .1 177.5 47.3
2214 115.5 146.6 177.4 47.3
226.4 115.2 146.2 177.3 47.3
2314 114.8 145.7 1771 47.2
236.4 "115.6 146.7. 177 46.9
2414 115.2 146.2 176.9 46.9
246.4 114.9 145.8 176.7 46.9
2514 114.5 145.3 176.6 46.8
256.4 114.2 144.9 176.5 46.8
2614 114.9 145.8 176.3 46.5
266.4 1145 145.3 176.2 46.5
2714 1142 144.9 176.1 46.5
276.4 113.8 144 .4 176.4 46.4
1281.4 113.4 143.9 176.7 46.4
286.4 1141 144.8 176 46.1
2914 113.7 1444 - 176.4 46.1
296.4 1134 143.9 176.8 46.1
3014 113 143.4 177.2 46
306.4 113.7 144.2 176.5 45.7
311.4 113.3 143.8 176.9 45.7
316.4 1129 143.3 177.3 457
321.4 112.5 142.8 177.7 457
326.4 112.1 142.3 178 45.6
331.4 112.8 143.1 1774 453
336.4 112.4 142.6 177.8 453
341.4 112 142.1 178.2 453
346.4 111.6 141.6 178.6 453
351.4 112.2 142.4 178 45
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Table 2.6.3.1-11
DEPS Break Post-Reflood M&E Release — Minimum Sli

Break Path No. 1{!) Break Path No. 2 Flow!?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
356.4 111.8 141.8 178.4 45
361.4 111.4 141.3 178.8 45
366.4 111 140.8 179.2 44.9
371.4 111.5 141.5 178.6 44.6
376.4 1111 141 179 ~ 446
381.4 110.7 140.5 179.5 44.6
386.4 1113 141.2 178.9 456
3914 110.8 140.6 179.3 456
396.4 110.4 140.1 179.8 45.5
401.4 110 139.6 180.2 45.5
406.4 110.6 140.3 179.6 45.2
411.4 110.2 139.9 179.9 452
416.4 109.9 139.4 180.3 45.2
421.4 110.4 140.2 179.7 449
426.4 110.1 139.7 180.1 448
431.4 109.7 139.2 180.5 448
436.4 110.2 139.9 1799 - 445
4414 109.8 1394 180.3 445
446.4 109.4 138.9 180.7 44 .4
4514 110 139.6 180.2 44 .2
456.4 109.6 139 180.6 44 1
461.4 109.2 138.5 181 44 1
466.4 109.7 139.2 180.5 45
471.4 109.2 138.6 180.9 45 |
476.4 108.8 138.1 181.4 45
481.4 109.3 138.7 180.9 447
486.4 108.8 138.1 181.3 447
491.4 109.3 138.7 180.9 444
496.4 108.8 138.1 181.3 44 4
501.4 108.4 137.5 181.8 44 4
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DEPS Break Post-Reflood M&E Release — Minimum Si

Table 2.6.3.1-11

Break Path No. 1!} Break Path No. 2 Flow®?)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
506.4 108.8 138.1 181.4 441
511.4 108.3 137.5 181.8 441
516.4 108.7 138 181.5 43.8
521.4 108.2 137.3 181.9 438
526.4 108.6 137.8 181.6 435
531.4 108.1 137.2 182.1 447
536.4 108.4 137.6 181.7 44 .4
541.4 107.9 136.9 182.3 44 .4
546.4 108.2 137.3 182 44.2
551.4 107.7 136.6 182.5 442
556.4 107.9 137 182.2 43.9
561.4 107.4 136.3 182.8 43.9
566.4 107.6 136.6 182.5 43.7
571.4 107 135.8 183.1 437
576.4 107.2 136.1 182.9 435
581.4 107.4 136.3 182.7 43.2
586.4 106.8 1355 183.4 44 .4
591.4 107 135.7 183.2 44.2
596.4 1071 135.9 183.1 43.9
601.4 107.2 136 183 43.7
606.4 106.5 135.2 183.6 43.8
611.4 106.6 135.3 183.5 43.6
616.4 106.7 1354 183.5 43.4
621.4 106.7 1354 183.5 43.2
626.4 106.7 135.4 183.5 44 1
631.4 106.7 135.4 183.5 43.9
636.4 106.6 135.3 183.6 43.8
641.4 106.5 135.2 183.7 43.6
646.4 106.4 135 183.8 434
651.4 106.2 134.8 184 43.3
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DEPS Break Post-Reflood M&E Release — Minimum SI

Table 2.6.3.1-11

Break Path No. 1{") Break Path No. 2 Flow(®)
Energy Energy
Time Mass Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
656.4 106 "134.5 184.2 43.2
661.4 105.7 134.2 184.4 43
666.4 106.1 134.7 184.1 438
671.4 105.8 134.2 184 4 437
676.4 106 1345 184.2 43.4
681.4 105.5 133.9 184.6 434
686.4 105.6 134 184.5 431
691.4 105.6 1341 184.5 429
696.4 105.6 134 184.6 43.8
701.4 105.4 133.7 184.8 43.6
706.4 105.1 133.4 185.1 43.5
711.4 105.3 133.6 184.9 432
716.4 105.3 133.6 184.9 43
721.4 105.1 1334 185.1 42.8
726.4 105.3 133.6 184.9 43.6
731.4 105.1 133.4 185 434
736.4 104.8 132.9 1854 43.3
741.4 105 133.2 185.2 43
746.4 104.7 132.8 185.5 42.8
751.4 104.6 132.8 185.5 42.6
756.4 104.6 132.7 185.6 43.4
761.4 1044 132.4 185.8 43.2
766.4 104.2 132.2 186 43
771.4 104.3 132.3 185.9 42.7
776.4 104 132 186.2 425
781.4 42.5 53.9 247.7 60.3
975 425 53.9 2477 60.3
975.1 49 61.2 2411 57.5
976.4 49 61.2 2411 57.6
1285 49 61.2 2411 57.6
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. | Table 2.6.3.1-11

DEPS Break Post-Reflood M&E Release — Minimum Sl

Break Path No. 1(*) Break Path No. 2 Flow®?)
Energy ' Energy
Time Mass : Thousand Mass Thousand
Seconds Ibm/sec Btu/sec Ibm/sec Btu/sec
1285.1 457 52.6 244 .4 18.6
3395 36.8 42 .4 253.3 20.3
3395.1 36.8 42.4 234.1 ‘ 40.6
3600 - 36.2 41.6 234.7 40.7
Notes:
1. Path 1: M&E exiting from the steam generator side of the break.
2. Path 2: M&E exiting from the broken loop reactor coolant pump side of the break.
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Table 2.6.3.1-12
DEPS Break Mass Balance Minimum Safeguards

Time (Seconds) .00 13.20 13.20+¢ | 206.31 975.11 1285.03 | 3600.00
Mass (Thousand lbm)
Initial Mass in RCS and Accumulator 414.28 41428 | 414.28 414.28 414.28 414.28 414.28
Added Mass Pumped Injection 0 0 0 47.87 270.92 360.84 1028.61
Total Added 0 0 0 47.87 270.92 360.84 1028.61
*** Total Available *** 414.28 414,28 | 414.28 462.15 685.2 775.13 1442.89
Distribution Reactor Coolant 273.05 17.72 42.72 71.05 71.05 71.05 71.05
Accumulator 141.24 114.79 89.79 0 0 0 0
Total Contents 414.28 132.51 132.51 71.05 71.05 71.05 71.05
Effluent Break Flow 0 281.77 | 281.77 385.11 608.28 698.2 1365.97
ECCS Spill 0 0 0 0 0 0 0
Total Effluent 0 281.77 281.77 385.11 608.28 698.2 1365.97
*** Total Accountable *** 414.28 41428 | 414.28 456.15 679.33 769.25 1437.02
| Note: +¢ is used to indicate that the column represents the bottom of core recovery conditions which occurs
‘ instantaneously after blowdown.
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DEPS Break Energy Balance Minimum Safeguards

Table 2.6.3.1-13

Time (Seconds) .00 13.20 13.20+¢ | 206.31 975.11 1285.03 | 3600.00
Energy (Thousand Btu)

Initial Energy In RCS, Accumulators and | 428.22 42822 | 428.22 428.22 42822 | 428.22 |428.22
Steam Generators

Added Energy Pumped Injeétion 0 0 0 3.25 18.42 24.54 74.39
Decay Heat 0 2.52 2.52 14.6 48.39 59.88 129.65
Heat from Secondary 0 11.69 11.69 11.69 11.69 11.69 11.69
Total Added 0 14.21 14.21 29.55 78.51 96.11 215.73

*** Total Available *** 428.22 | 44243 44243 | 457.77 506.73 524.33 643.95

Distribution Reactor Coolant 160.66 4.96 7.22 19.06 19.06 19.06 19.06
Accumulator 12.73 10.34 8.09 0 0 0 0
Core Stored 15.37 9.34 9.34 277 2.63 2.53 1.81
Primary Metal 83.49 79.8 79.8 66.63 40.71 37.31 26.59
Secondary Metal 43.12 42.85 42.85 40.61 25.18 22.47 15.97
Steam Generator 112.85 125.81 125.81 117.78 69.29 61.88 43.54
Total Contents 428.22 | 273.1 2731 246.86 156.88 143.26 106.98

Effluent Break Flow 0 169.02 169.02 206 34494 | 370.12 528.3
ECCS Spill 0 0 0 0 0 0 0
Total Effluent 0 169.02 169.02 206 344.94 37012 528.3

*** Total Accountable *** 428.22 | 442.11 44211 452.86 501.81 513.38 635.27

Note: +¢ is used to indicate that the column represents the bottom of core recovery conditions which occurs

instantaneously after blowdown.
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. Table 2.6.3.1-14

Double-Ended Hot Leg Break Sequence of Events

Time (sec) | Event Description

0.0 Break Occurs and Loss-of-Offsite Power Are Assumed

0.311 Compensated Pressurizer Pressure for Reactor Trip (1968.7 psia) Reached
and Turbine Trip Occurs

3.8 Low-Pressurizer Pressure Sl Setpoint (1663 psia) Reached - Feedwater
Isolation Signal :

4.95 Broken Loop Accumulator Begins Injecting Water

4.99 Intact Loop Accumulator Begins Injecting Water

15.81 Feedwater Isolation Valves Closed

16.8 End of Blowdown Phase

16.8 Accumulator Mass Adjustment for Refill Period

16.8 Transient Modeling Terminated
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. Table 2.6.3.1-15

Double-Ended Pump Suction Break - Minimum Safeguards Sequence of Events

Time (sec) | Event Description

0.0 Break Occurs and Loss-of-Offsite Power Are Assumed

0.418 Compensated Pressurizer Pressure Reactor Trip (1968.7 psia) Reached and
Turbine Trip Occurs

4.1 Low Pressurizer Pressure S| Setpoint (1663 psia) Reached (Safety Injection
Begins coincident with Low Pressurizer Pressure S| Setpoint)

5.27 Broken Loop Accumulator Begins Injecting Water

5.37 - | Intact Loop Accumulator Begins Injecting Water

132 End of Blowdown Phase

13.2 Accumulator Mass Adjustment for Refill Period

16.11 Feedwater Isolation Valves Closed

39.163 Broken Loop Accumulator Water Injection Ends

411 | Pumped Safety Injection Begins (Includes 37 Second Diesel Delay)

42.113 Intact Loop Accumulator Water Injection Ends

206.31 .| End of Reflood for Minimum Safeguards Case

781.4 M&E Release Assumption: Broken Loop Steam Generator (SG) Equilibration

. When the Secondary Temperature is at Saturation (Tg4;) at Containment

Design Pressure of 74.7 psia

975.11 M&E Release Assumption: Broken Loop SG Equilibration at Containment
Pressure of 60.7 psia

1109.7 M&E Release Assumption: Intact Loop SG Equilibration When the Secondary
Temperature is at Saturation (Tgy) at Containment Design Pressure of
74.7 psia

1285.03 M&E Release Assumption: Intact Loop SG Equilibration at Containment
Pressure of 54.7 psia

3397.73 Switchover to Recirculation Begins

3600.0 End of Transient
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. Table 2.6.3.1-16

Short-Term LOCA M&E Releases

Time Flow Enthalpy

(sec) (Ibm/sec) (BTU/Ibm)

Double-Ended Hot Leg 6" Break

0.0 : 0.0 0.0

0.001 9615.02 598.04

3.0 9615.02 598.04

Double-Ended Cold Leg 3" Break

0.0 0.0 . 0.0

0.001 2952.76 510.29

3.0 2952.76 510.29
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2.6.3.2 Mass and Energy Release Analysis for Secondary System Pipe Ruptures
2.6.3.2.1 Regulatory Evaluation

PBNP’s review covered the energy sources that are available for release to the containment, the
mass and energy release rate calculations, and the single-failure analyses performed for steam
and feedwater line isolation provisions, which would limit the flow of steam or feedwater to the
assumed pipe rupture. The NRC's acceptance criteria for mass and energy release analysis for
secondary system pipe ruptures are based on GDC-50, insofar as it requires that the margin of
the design of the containment structure reflect consideration of the effects of potential energy
sources that have not been included in the determination of peak conditions, the experience and
experimental data available for defining accident phenomena and containment response, and the
conservatism of the model and the value of input parameters. Specific review criteria are
contained in SRP Section 6.2.1.4.

PBNP Current Licenéing Basis

As noted in PBNP updated Final Safety Analysis Report (FSAR), Section 1.3, the GDC used
during the licensing of PBNP predates those provided today in 10 CFR 50, Appendix A. The
origin of the PBNP GDC relative to the Atomic Energy Commission proposed GDC is discussed
in FSAR, Section 1.3. The parenthetical numbers following the criterion description indicate the
numbers of the Atomic Industrial Forum version of the proposed General Design Criterion
(PBNP GDC).

PBNP specific GDC for the adequacy of assumptions regarding energy sources available for
release to the containment and the M&E release rate calculations are as follows:

Criterion: The containment structure shall be designed (a) to sustain, without undue risk to the
health and safety of the public, the initial effects of gross equipment failures, such as a large
reactor coolant pipe break, without loss of required integrity, and (b) together with other
engineered safety features as may be necessary, to retain for as long as the situation requires,
the functional capability of the containment to the extent necessary to avoid undue risk to the
health and safety of the public. (PBNP GDC 10)

The evolution of the containment analysis licensing basis is discussed in LR Section 2.6.1,
Primary Containment Functional Design.

System and system component materials of construction, operating history and programs used
to manage aging effects are documented in:

- Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005 (Reference 1)

Components associated with mass and energy are included in the License Renewal Program.
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2.6.3.2.2 Technical Evaluation
2.6.3.2.21 Introduction

Steamline ruptures occurring inside the reactor containment structure may result in significant
releases of high-energy fluid to the containment environment, producing elevated containment
temperatures and pressures. The magnitude of the releases following a steamline rupture is
dependent upon the plant initial operating conditions and the size of the rupture as well as the
configuration of the plant steam system and the containment design. There are competing
effects and credible single failures in the postulated accident scenario used to determine the
worst cases for containment pressure following a steamline break.

The PBNP steamline break and containment response analysis considers a spectrum of cases
that varies the initial plant conditions and single failure. The following sections identify the
analysis methodology, the selection of cases, the major plant assumptions, and the results of the
analysis. Major elements considered in this analysis compared to the current licensing-basis
analysis are the modification of main feedwater regulating valves as a back-up to the new
feedwater isolation valves, the extended power uprate (EPU), and a reduction in the shutdown
margin for the core at the end-of-cycle conditions. Specifics of these changes include the
following:

* New feedwater isolation valves (FIV) are being added to each feedline. The FIVs will be the
fast-closing (5 second stroke time), safety-grade method of isolating the feedlines when a
safety injection (Sl) signal is generated. The FIVs are being located immediately outside
containment, and are between each SG and the current feedwater regulating valve (FRV) in
the loop-specific feedline piping. The maximum unisolable feedline volume is 225 ft3
between the SG and the FIV. :

* The current safety-grade FRVs are being modified with a non-safety grade internal trim and
operators. The new FRVs will have a stroke time of 10 seconds, and are maintained in the
current location with an unisolable volume of 355 ft3.

* The changes in the feedwater isolation valves cause a different single failure postulated in
the main feedwater system. The current analysis postulates that the faulted loop FRYV fails
open, with back-up feedline isolation provided by the main feedwater pump discharge valves,
with an unisolable volume of 1274 ft2 to the faulted SG. The EPU analysis postulates the FIV
on the faulted loop fails open, with back-up feedline isolation provided by the FRV and
bypass valves. The smaller unisolable volume to the FRV presents a much less challenging
scenario with less water added to the faulted SG.

* The shutdown margin is being reduced from 3.1%Ak to 2.0%Ak. This is a penalty to the
analysis, but can now be accommodated because of the benefit provided by the plant
modifications to the main feedwater valves.

* Changes being made to the auxiliary feedwater (AFW) system, have two key impacts on this
analysis: 1) the total AFW flowrates are higher than the current analysis, and 2) there is now
a different AFW system single failure to be considered that can increase the maximum AFW
flowrate.

Point Beach Units 1 and 2 EPU Licensing Report 2.6.3.2-2 _ April 2009
Mass and Energy Release Analysis for Secondary System Pipe Ruptures



26.3.22.2 Input Assumptions, Parameters, and Acceptance Criteria

This subsection summarizes the major input assumptions associated with the main feedwater
system, the auxiliary feedwater system, the steam generator, the main steam system, and the
RCS. -

Main Feedwater System

The rapid depressurization that occurs following a steamline rupture typically results in large
amounts of water being added to the steam generators through the main feedwater system. A
rapid-closing main feedwater isolation valve (FIV) and feedwater regulating valve (FRV) and
bypass valve in each of the main feedwater lines limits this effect. The feedwater addition to the
faulted steam generator is maximized to be conservative because it increases the water mass
inventory that will be converted to steam and released from the break.

Following the initiation of the steamline break, the feedwater flow increases due to the FRV
opening in response to the steam flow/feedwater flow mismatch or the decreasing steam
generator water level, as well as due to a lower backpressure on the feedwater pump as a result
of the depressurizing steam generator. This maximizes the total mass addition prior to feedwater
isolation. The feedwater isolation response time, following the safety injection signal, is assumed
to be a total of 7 seconds, accounting for delays associated with signal processing plus FIV
stroke time. For the circumstance in which the FIV in the faulted loop is postulated to fail open,
the feedwater isolation response time is assumed to be a total of 12 seconds accounting for
signal processing plus FRV and bypass valve stroke time.

Following feedwater isolation, as the steam generator pressure decreases, some of the fluid in
the feedwater lines downstream of the isolation or regulator and bypass valves may flash to
steam if the feedwater temperature exceeds the saturation temperature. This unisolable
feedwater line volume (225 ft3 when the FIV is credited to close and 355 ft2 when the FRV and
bypass valves closure is credited as a back-up when the FIV fails open) is an additional source of
fluid that can increase the mass discharged out of the break. The unisolable volume in the
feedwater lines is maximized for the faulted loop.

Auxiliary Feedwater

Generally, within the first minute following a steamline break, the auxiliary feedwater (AFW)
system is initiated on any one of several protection system signals. AFW to the faulted steam
generator will increase the secondary mass available for release to containment and therefore is
maximized. Maximum AFW flowrates from both the motor-driven auxiliary feedwater pump as
well as the turbine-driven pump are assumed. The AFW is assumed to start at the time a safety
injection setpoint is reached, with no electronic or pump start-up delay. Operator action is
credited to terminate the AFW flow to the faulted steam generator at 10 minutes after the
initiation of the steamline break.

Initial Steam Generator Fluid Inventory

A maximum initial steam generator mass in the faulted loop steam generator has been used in all
of the analyzed cases. The use of a high faulted loop initial steam generator mass maximizes
the steam generator inventory available for release to containment. The initial level corresponds
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tb 74% narrow range span (NRS) at all power levels. This consists of a nominal level of 64%
NRS plus a steam generator water level control uncertainty of 10% NRS.

Unisolable Steamline

The initial steam in the steamline between the break and the steamline non-return check valve is
included in the mass and energy released from the break.

Quality of the Break Effluent

The break effluent is assumed to be dry, saturated steam throughout most of the transient.
However, when a large double-ended break first occurs, it is expected that there will be a
significant quantity of liquid in the break effluent. Entrainment of water in the blowdown
discharge is a result of the swell of the steam generator two-phase mixture and flow reversal
through the steam separator drains of the steam generator due to the sudden depressurization.

The break quality is input as a function of time and varies depending on the initial power level.
Break quality characteristics that bound those presented in WCAP-8822 (Reference 2) were
used, as previously approved by the NRC for PBNP in Reference 3.

Reactor Coolant System Assumptions

While the mass and energy released from the break is determined from assumptions that have
been discussed above, the rate at which the release occurs is largely controlted by the conditions
in the reactor coolant system. The major features of the primary side analysis model are
summarized below:

» The analyzed NSSS power is 1816.8 MWt (1806 plus 0.6% calorimetric uncertainty).
- RCS vessel full-power average temperature is 577.0°F plus an uncertainty of 6.4°F.

- Continued operation of the reactor coolant pumps maintains a high heat transfer rate to the
steam generators.

+ The model includes consideration of the heat that is stored in the RCS metal.

* Reverse heat transfer from the intact steam generator to the RCS is modeled as the
temperature in the RCS falls below the steam generator fluid temperature.

» Core residual heat generation is assumed based on the 1979 ANS decay heat plus 26 model
(Reference 4).

« Conservative core reactivity coefficients corresponding to end-of-cycle conditions with the
most reactive rod stuck out of the core are assumed. This maximizes the reactivity feedback
effects as the RCS cools down as a result of the steamline break.

 All cases have credited a minimum shutdown margin of 2.0%Ak.

+ Minimum safety injection flow rates corresponding to the failure of one safety injection train
have been assumed for all cases in this analysis. The flow rates are modeled to
conservatively minimize the amount of boron delivered to the RCS providing negative
reactivity feedback.
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. + No steam generator tube plugging is assumed to maximize the primary-to-secondary heat
transfer rate.

Protection System Actuations _
The low steamline pressure setpoint is the first Sl signal and is credited to cause:
* reactor t‘rip
+ start of AFW pumps
« closure of FIVs after a delay of 7 seconds. (addresses electronic delay and valve stroke time)

« closure of back-up FRVs after a delay of 12 seconds (addresses electronic delay and valve
stroke time)

+ start of S| pumps after a delay of 13 seconds (addresses electronic delay and pump start-up
time)

Acceptance Criteria

The main steamline break is classified as an ANS Condition 1V event, an infrequent fault. The
acceptance criteria associated with the steamline break event resulting in mass and energy
releases inside containment is based on an analysis that provides sufficient conservatism to
show that the containment design margin is maintained. The specific criteria applicable to this
analysis are related to the assumptions regarding power level, stored energy, the break flow,
main and auxiliary feedwater flow, steamline and feedwater isolation, and single failure

. assumptions that have been included in this steamline break mass and energy release analysis
as discussed in Reference 2.

26.3.2.23 Description of Analyses and Evaluations

The Westinghouse steamline break mass and energy release methodology was approved by the
Nuctear Regutatory Commission (NRC) (Reference 5) and is documented in WCAP-8822
(Reference 2). WCAP-8822 forms the basis for the assumptions used in the calculation of the
mass and energy releases resulting from a steam line rupture. WCAP-8822 uses MARVEL as
the mass and energy release system code. This was subsequently replaced by LOFTRAN
(Reference 6), which was used in the previous PBNP licensing basis analysis.

Initial Power Level

The power level at which the plant is operating when the steamline break is postulated can cause
different competing effects. A single power level cannot be specified as the most limiting. At
higher power levels, there is less initial water/steam in the steam generator, which is a benefit.
However, at higher power levels there is a greater initial feedwater flow rate, higher feedwater
temperature, more decay heat, and there is a greater rate of heat transfer from the primary side,
which are all penalties. Therefore, representative power levels of 100.6, 70, 30, and 0% of the
uprated full NSSS power conditions have been investigated for PBNP. A calorimetric uncertainty
of 0.6% is applied to the initial condition for the full power case. '
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Break Definitions

All cases consider the largest possible break, a double-ended rupture (DER) immediately
downstream of the flow restrictor at the outlet of the steam generator. A DER is defined as a
rupture in which the steam pipe is completely severed and the ends of the break fully displace
from each other. This break conservatively bounds the plant response to any smaller break size.
The effective forward break area is limited by the 1.4 ft? cross-sectional area of the flow restrictor.
The reverse break area is the cross-sectional area of the pipe, which is 4.3 ft.

Single-Failure Assumptions

There are three single failures that are analyzed for this event: an AFW runout protection failure,
a feedwater isolation valve failure, and a failure of a safeguards train.

The AFW runout protection failure models the single failure in the AFW system which results in a
maximum delivery of AFW to the faulted SG. At PBNP the limiting AFW single failure flow control
valve failed open on the faulted generator. The additional AFW delivered to the faulted SG will
result in increased mass and energy releases inside containment.

The FIV failure models a failure of the safety-grade fast acting valve isolating feedwater from the
faulted loop. The FIV (7-second closure time}) in the feedline to the faulted steam generator is
assumed to fail open and backup isolation is provided by the slower (12-second closure time)
FRV and bypass valve, which are also slightly further away from the steam generator. The
increased inventory of unisolable feedwater between the FIV and FRV and bypass valve, plus
additional pumped main feedwater until the later closure of the FRV is available to be released to
containment through the steamline break.

The safeguards failure is the failure of one containment safeguards train. The main impactis on
the containment response analysis (see LR Section 2.6.1, Primary Containment Functional
Design) where the active heat removal is reduced by the loss of one train of fan coolers and one
containment spray pump. In the mass and energy release analysis, this failure also causes the
loss of one train of safety injection. However, there is only one train of safety injection credited
for all the PBNP EPU cases.

2.6.3.2.3 Resulits

-Steamline break cases were analyzed varying the initial power level and the assumed single
failure. The mass and energy release from the break was calculated using the LOFTRAN code.
The analysis included the effects of the extended power uprate to 1806 MW, a decrease in the
shutdown margin to 2.0%Ak, higher AFW flowrates, and the benefit of the safety-grade feedwater
isolation valve being added in each feedline loop. The acceptance criteria are met for PBNP
Unit 1 and Unit 2.

Prior to the EPU analysis, the limiting steamline break containment pressure case was initiated
from full power with the FRV on the faulted loop failed open. The previous analysis modeled
feedwater isolation due to the closure of the main feedwater pump discharge valves and the trip
of the main feedwater pumps. The large unisolable volume from the main feedwater pump
discharge valves to the faulted steam generator contained over 65,000 Ibm of water which

- flashed as the SG depressurized, entered the faulted steam generator and eventually released
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out the steamline break. The steamline break postulated from a full power initial condition was
the most limiting because the main feedwater temperature is the highest and the feedwater
flashing occurs the earliest. '

For the EPU there is a plant modification to add a safety-grade FIV to each feedline. This
becomes the valve that is postulated to fail open as one of the single failures and the FRV and
bypass valve become the back-up valves that are credited to close in this accident scenario.
Because both the FIV and FRV and bypass valve are on the loop-specific feedline and relatively
close to the faulted steam generator, the amount of feedwater that flashes and enters the faulted
steam generator is reduced by approximately 50,000 Ibm. The flashing phenomenon becomes
less important, which is the main reason that a different initial power level is found to be the most
limiting case. ’

The limiting containment pressure case for the EPU (see LR Section 2.6.1.2.4, Containment
Response to Main Steam) is a large double-ended rupture steamline break initiated from 30%
power with a single failure of the feedwater isolation valve. The sequence of events for this case
is given in Table 2.6.3.2-1, Sequence of Events for SLB Initiated from 30% Power with FIV Singie
Failure, while the mass and energy releases are listed in Table 2.6.3.2-2, SLB Mass/Energy
Releases from 30% Power with FIV Single Failure. Figure 2.6.3.2-1 and Figure 2.6.3.2-2 show
the break flowrate and break energy release rate, respectively, for the limiting case compared to
the limiting case prior to the EPU and the FIV plant modification.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

The analysis performed to assess the containment response (inciuding mass and energy
releases) to the limiting Steam Line Break resulting from operation at EPU conditions does not
add functions to existing components that would change the license renewal system evaluation

“boundaries. The analytical results associated with operating at EPU conditions do not add any
new or previously unevaluated aging effects that would necessitate a change to aging
management programs or require new programs, as internal and external environments remain
within the parameters previously evaluated. Therefore, there is no impact on license renewal
scope, aging effects, and aging management programs due to EPU.

2.6.3.24 Conclusion

PBNP has reviewed the mass”a‘n‘d‘energy'release assessment for the postulated secondary
system pipe ruptures and finds that the analysis adequately addresses the effects of the
proposed EPU. Based on this, PBNP concludes that the analysis (including the effects of new
FlVs, the change in shutdown margin, and the changes to the auxiliary feedwater system) meets
the PBNP current licensing basis requirements with respect to PBNP GDC 10 for ensuring that
the analysis is conservative (i.e., that the analysis includes sufficient margin). Therefore, the
PBNP finds the proposed EPU acceptable with respect to mass and energy release for
‘postulated secondary system pipe ruptures.
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2.6.3.2.5 References

1.

Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005 '

WCAP-8822, Mass and Energy Releases Following a Steam Line Rupture, September 1976
NRC letter to NMC, Point Beach Nuclear Plant Units 1 and 2 — Issuance of Amendments RE:
Change of Containment Maximum Pressure Technical Specification Limit

(TAC NOS. MB3870 and MB3871), November 2002

ANSI/ANS-5.1-1979, American National Standard for Decay Heat Power in Light Water
Reactors, August 1979

Letter from NRC, Acceptancé for Referencing of Licensing Topical Report WCAP-8821 and
WCAP-8859, ‘TRANFLO Steam Generator Code Description,” and WCAP-8822 and
WCAP-8860, ‘Mass and Energy Release Following a Steam Line Rupture,’ August 1983

WCAP-7907, LOFTRAN Code Description, April 1984
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Table 2.6.3.2-1
Sequence of Events for SLB Initiated from 30% Power with FIV Single Failure

Event Time (sec)

First Sl setpoint reached 0.2

AFW starts 0.2

Rod motion starts 22

Feedwater isolation 12.2

Steam generator tubes start to uncover 130.4

Faulted loop feedwater flashing starts 144.6

AFW terminated to faulted loop 600.0

Break release stops 610.0
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SLB Mass/Energy Releases from 30% Power with FIV Single Failure

Table 2.6.3.2-2

Time Break Flowrate Break Enthalpy
(sec) (lbm/sec) (BTU/Ibm)
0.0 0.0 0.0
0.2 11846.7 1193.2
0.4 11779.9 1193.8
0.6 2710.0 11945
1.4 2516.2 1196.6
1.6 2698.8 1124.7
1.8 3250.9 979.5
2.0 4131.9 833.3
2.2 48421 753.0
3.4 5578.8 670.5
5.8 4616.0 696.4
7.0 4206.0 710.5
8.4 3611.7 747.4
9.6 3178.3 781.1
10.8 2805.7 815.4
12.2 2437.9 856.5
13.4 22113 893.4
15.8 1852.8 968.4
17.0 1702.7 1006.4
18.4 1567.8 1042.1
222 1268.3 1140.9
23.6 1143.4 1204.3
27.4 1060.7 1204.1
38.8 892.9 1203.1
46.2 816.7 1202.4
53.8 771.8 1201.9
69.0 736.7 1201.5
130.2 727.0 1201.3
132.2 709.6 1201.0
134.2 673.5 1200.4
136.2 622.9 1199.4
138.0 564.7 1198.1
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SLB Mass/Energy Releases from 30% Power with FIV Single Failure

Table 2.6.3.2-2

Time Break Flowrate Break Enthalpy
(sec) (lbm/sec) (BTU/Ibm)
144.8 291.4 1186.8
1454 277.0 1186.0
145.8 274.2 1185.9
146.6 282.0 1186.5
148.0 308.8 1188.1
148.6 3125 1188.3
149.4 308.8 1188.0
151.2 290.2 1187.0
153.4 303.9 1187.8
155.6 293.0 11871
158.0 301.3 1187.6
160.4 295.0 1187.2
162.6 298.5 1187.4
198.4 282.8 1186.5
211.2 273.9 1185.9
233.6 247.7 1183.9
248.0 2184 11814
274 .4 144.0 1173.4
279.2 133.5 1171.9
288.8 120.4 1169.5
294 4 115.0 1168.6
302.4 110.4 1167.8
321.6 106.7 11671
600.6 106.6 11671
601.2 104.7 1166.7
602.4 96.5 1165.1
603.0 91.2 1163.7
603.4 84.9 1162.6
6038 80.2 11615
605.0 69.0 1158.5
606.2 59.2 1155.7
608.2 40.3 1151.9
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SLB Mass/Energy Releases from 30% Power with FIV Single Failure

Table 2.6.3.2-2

Time Break Flowrate Break Enthalpy
{sec) (Ibm/sec) (BTU/Ibm)
608.6 36.0 115615
608.8 35.0 11511
609.0 30.7 1151.0
609.2 30.2 1150.7
609.4 24.9 1150.6
609.6 244 1150.4
609.8 0.0 0.0
Point Beach Units 1 and 2 EPU Licensing Report - 26.3.2-12 April 2009

Mass and Energy Release Analysis for Secondary System Pipe Ruptures



. Figure 2.6.3.2-1

Comparison of Steamline Break Flowrate from Limiting EPU-Case vs. Previous Analysis
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. Figure 2.6.3.2-2

Comparison of Steamline Break Energy Release Rate from Limiting EPU Case vs.
Previous Analysis
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2.6.4 Combustible Gas Control in Containment
2.6.4.1 Regulatory Evaluation

Following a loss-of-coolant accident (LOCA), hydrogen and oxygen may accumulate inside the
containment due to chemical reactions between the fuel rod cladding and steam, corrosion of
aluminum and other materials, and radiolytic decomposition of water. If excess hydrogen is
generated, it may form a combustible mixture in the containment atmosphere. The PBNP review
covered:

+ The production and accumulation of combustible gases

» The capability to prevent high concentratlons of combustlble gases in local areas
» The capability to monitor combustible gas concentratlons

» The capability to reduce combustible gas concentrations

PBNP’s review primarily focused on any impact that the proposed EPU may have on hydrogen
release assumptions, and how increases in hydrogen release are mitigated.

The NRC's acceptance criteria for combustible gas control in containment are based on:

+ 10 CFR 50.44, insofar as it requires that certain plants be provided with the capability for
controlling combustible gas concentrations in the containment atmosphere

» GDC 5, insofar as it requires that SSCs important-to-safety not be shared among nuclear
power plants unless it can be shown that sharing will not significantly impair their ability to
perform their safety functions

» GDC 41, insofar as it requires that systems be provided to contro! the concentration of
hydrogen or oxygen that may be released into the reactor containment following postulated
accidents to ensure that containment integrity is maintained

» GDC 42, insofar as it requires that systems required by GDC 41 be designed to permit
periodic inspections

« GDC 43, insofar as it requires that systems required by GDC 41 be designed to permit
appropriate periodic testing

Specific review criteria are contained in NRC SRP Section 6.2.5.
PBNP Current Licensing Basis

The Containment Hydrogen Dectectors and Recombiners System (generally referred to as the
Post Accident Containment Vent (PCAV)) provides a long-term method of controlling hydrogen
accumulation within the containment following a loss-of-coolant accident. The system includes
independent sample, exhaust and supply piping connections, and the associated piping and
valves to support the system intended functions. Each piping connection is equiped with
redundant containment isolation valves located to minimize personnel radiation exposure should
valve operation be required. Exhaust piping discharges to either the Primary Auxiliary Building
ventilation system (VNPAB) or a hydrogen recombiner (stored offsite). * ~
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The NRC eliminated the hydrogen release associated with a design basis loss of coolant
accident from 10 CFR 50.44 and the associated requirements that necessitated the hydrogen

- recombiners and the containment post accident hydrogen vent and purge system. As a result of
this regulatory change, the availability of and capability to install hydrogen recombiners has been
removed from the PBNP licensing and design basis. In addition, the post accident containment
purge system has been removed from the licensing basis. However, the capability to facilitate
post accident containment purging is being maintained for beyond design basis accident
management.

The capability to monitor post-accident hydrogen concentration in containment is retained,
consistent with 10 CFR 50.44(b)(4)(ii), the requirement is contained in the Technical
Requirements Manual, but the components necessary to monitor hydrogen no longer need to be
classified as safety-related as previously recommended by Regulatory Guide 1.97.

The PBNP Containment Hydrogen Detectors and Recombiners System (PACV) was evaluated
for plant license renewal. Systems and system component materials of construction, operating
history and programs used to manage aging effects are documented in:

- Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

2.6.4.2 Technical Evaluation

None required.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

The PBNP containment combustible gas control system was evaluated for plant license renewal.
This evaluation and conclusions are presented in NRC License Renewal Safety Evaluation
Report of the Point Beach Nuclear Plant, Units 1 and 2, NUREG-1839, dated December 2005.

Portions of the containment combustible gas control system were determined to be within the
scope of license renewal as discussed in NUREG-1839, Section 2.3.3.16. For those
components within the scope of license renewal, the programs to manage the effects of aging
were identified and evaluated in NUREG-1839 Section 3.3.2.1.12.

The NRC license renewal evaluations were performed when components of the containment
combustible gas control system were included in the PBNP licensing and design basis. With the
subsequent change to 10 CFR 50.44 discussed above, and the PBNP license amendment
request to eliminate hydrogen monitors from technical specifications dated January 30, 2004
(ML040420424) and approved by the NRC on August 13, 2004 (ML041750666), these system
components are being removed from the scope of license renewal, and evaluation for the impact
of the proposed EPU on license renewal evaluations is not considered necessary.

2.6.4.3 Results

Not Applicable.
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. 2.6.4.4 Conclusion

PBNP concludes that, based on change to 10 CFR 50.44 and the license amendment approved
by the NRC on August 13, 2004, the containment combustible gas control system and its
components are no longer part of the PBNP license and design basis. PBNP further concludes
that post-LOCA hydrogen generation at the proposed EPU conditions need not be further
evaluated. Therefore, PBNP finds the proposed EPU acceptable with respect to combustibie gas
control in containment.

2.6.4.5 References

1. Letter from NMC to NRC, Application for Technical Specification Improvement to Eliminate
Requirements for Hydrogen Recombiners and Hydrogen Monitors Using Consolidated Line
Item Improvement Process, dated January 30, 2004 (ML040420424)

2. Letter from NRC to NMC, Point Beach Nuclear Plant, Units 1 and 2, Issuance of

Amendments Re: Relocation of Requirements for Hydrogen Monitors (TAC NOS. MC1904
AND MC1905), dated August 13, 2004 (ML041750666)
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2.6.5 Containment Heat Removal
2.6.5.1 Regulatory Evaluétion

Fan cooler systems, spray systems, and residual heat removal systems are provided to remove
heat from the containment atmosphere and/or from the water in the containment sump. The
PBNP review in this area focused on (1) the effects of the proposed EPU on the analyses of the
available net positive suction head (NPSH) to the containment heat removal system pumps and
(2) the analyses of the heat removal capabilities of the spray water system and the fan cooler
heat exchangers.

The NRC'’s acceptance criteria for containment heat removal are based on:

+ GDC 38, insofar as it requires that the containment heat removal system be capable of
rapidly reducing the containment pressure and temperature following a LOCA and
maintaining them at acceptably low levels.

Specific review criteria are contained in the SRP Section 6.2.2 as supplemented by Draft
Guide 1107.

PBNP Current Licensing Bases

As noted in PBNP Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the
licensing of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the
PBNP GDC relative to the Atomic Energy Commission proposed GDC is discussed in FSAR,
Section 1.3. The parenthetical numbers following the criterion description indicate the numbers
of the Atomic Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP specific GDC for containment heat removal is as fotlows:

CRITERION: Where an active heat removal system is needed under accident conditions to
prevent exceeding containment design pressure, this system shall perform its required function,
assuming failure of any single active component. (PBNP GDC 52)

Adequate heat removal capability for the containment is provided by two separate, engineered
safety features systems. These are the Containment Spray System and the Containment Air
Recirculation Cooling System (VNCC). These systems are of different engineering principles
and serve as independent backups for each other.

The containment air recirculation cooling system is designed to recirculate and cool the
containment atmosphere in the event of a loss-of-coolant accident and thereby ensure that the
containment pressure cannot exceed its design value of 60 psig at 286°F (100% relative
humidity). Although the water in the core after a loss-of-coolant accident is quickly subcooled by
the safety injection system, the containment air recirculation cooling system is designed on the
conservative assumption that the core residual heat is released to the containment as steam.

The primary purpose of the containment spray system is to spray cool water into the containment
atmosphere, when appropriate, in the event of a loss-of-coolant accident and thereby ensure that
the containment pressure does not exceed the design value of 60 psig at 286°F (100% relative
humidity). This protection is afforded for all pipe break sizes up to and including the hypothetical
instantaneous circumferential rupture of a reactor coolant pipe. Although the water in the core
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after a loss-of-coolant accident is quickly subcooled by the safety injection system, the
containment spray system design is based on the conservative assumption that the core residual
heat is released to the containment as steam.

The following combination of equipment will provide sufficient heat removal capability to maintain
the post accident containment pressure below the design value, assuming that the core residual
heat is released to the containment as steam. '

» One containment spray pump and two of the four containment cooling fans.

The functional performance assumptions for the containment heat removal systems are inputs to
the containment accident analyses. The evolution of the containment analysis licensing basis is
discussed in LR Section 2.6.1, Primary Containment Functional Design.

The current licensing basis for the containment heat removal systems (VNCC and Containment
Spray Systems) is contained in FSAR Section 5.3, Containment Ventilating System, Section
6.1.1, Engineered Safety Features Criteria, Section 6.3, Containment Air Recirculation Cooling
System (VNCC), and Section 6.4, Containment Spray System.

License Renewal

In addition to the evaluations described in the FSAR, the PBNP containment heat removal
systems were evaluated for plant License Renewal. System and system component materials of
construction, operating history and programs used to manage aging effects are documented in:

« Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

With respect to the above SER, the components of the containment heat removal systems that
are within the scope of license renewal are identified in SER Section 2.3.2.2, Containment Spray,
and Section 2.3.3.9, Containment Ventilation.

2.6.5.2_ Technical Evaluation

Introduction

This section discusses the Containment Heat Removal Systems modeled in the Containment
Integrity Analysis for a postulated LOCA event (LR Section 2.6.1, Primary Containment
Functional Design) in support of EPU operation. The containment heat removal systems
modeled comply with the criterion of PBNP GDC 52. The steamline break mass and energy
release inside containment event was also analyzed for EPU operation. The containment
pressure and temperature response for both a postulated LOCA and a postulated steamline
break are analyzed to confirm that the containment design limits are not exceeded. For
containment heat removal the steamline break does not represent the limiting case since the
energy released from the break is essentially terminated when the main and auxiliary feedwater
flow is isolated. The steamline break does not result in long term decay heat addition into the
containment.

The purpose of the Containment Integrity LOCA analyses is to demonstrate that the containment,
containment structures, and containment cooling safeguards systems are adequate to mitigate
the consequences of a hypothetical rupture of a large break reactor coolant system (RCS) pipe.
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The effect of LOCA mass and energy releases on the Containment pressure and temperature
are addressed to ensure that the containment pressure and temperature remain below the
design limits of 60 psig at 286°F under EPU operation. EPU increases the heat available to be
released into Containment, and thus, subsequent heat loads on the containment heat removal
systems.

Removal of the containment heat following a postulated LOCA event is provided by two
engineered safety features systems. These systems are the Containment Spray System, which
is described in FSAR Section 6.4, and the Containment Air Recirculation Cooling System
(VNCC), which is described in FSAR Section 6.3.

The containment spray system consists of two pumps, one spray additive tank, spray ring
headers and nozzles, and associated piping and valves. The pumps and spray additive tank are
located in the Auxiliary Building. The pumps take suction directly from the Refueling Water
Storage Tank (RWST) during the injection phase. The primary design function of the system is to
remove containment heat by spraying borated water into the containment following a LOCA.
Heat is removed from the containment atmosphere via heat transfer to the spray droplets. A
second function of the system is to remove iodine from the containment atmosphere following a
LOCA. A third function of the containment spray system is to provide sufficient sodium hydroxide
from the spray additive tank to maintain the required containment sump pH levels. The system is
designed to operate in conjunction with the safety injection system during the Injection Phase
following a LOCA. During the recirculation phase the system is aligned to take suction from the
discharge of the RHR heat exchangers to provide spray flow.The RHR system is discussed in
LR Section 2.8.4.4, Residual Heat Removal System. As discussed in LAR 241, Alternative
Source Term (ML083450683), the Containment Spray System and the RHR System will be
modified to provide throttling capability of the systems in the recirculation phase of the accident.
These system changes have been included in the EPU evaluation for containment heat removal
capability.

The function of the VNCC system under normal operating conditions is addressed in

LR Section 2.7.7, Other Ventilation Systems. The VNCC consists of four fan cooler units, a duct
distribution system, and the associated instrumentation and controls. The fan cooler units are
located in a missile protected area along the containment wall. Each unit consists of a roughing
filter bank, cooling coils, and two fans and motors. One fan and motor are designed for accident
conditions following a LOCA. The second fan and motor are designed for normal operation and
are not required to operate following a LOCA. Cooling water is provided to the cooling coils by
the service water system. Under limiting design basis accident conditions, each fan cooler unit is
capable of removing 37.5 x 108 Btu/hr from a saturated air-steam mixture at 286°F, with a flow
rate of 33,500 cfm. The design function of the system is to recirculate and cool the containment
atmosphere following a LOCA. '

Description of Analyses and Evaluations

The Containment Integrity Analysis was performed to demonstrate the ability of the Containment
Spray System and the VNCC in conjunction with the Safety Injection System to maintain the
containment pressure and temperature within the design limits of 60 psig and 286°F following a
LOCA inside Containment under EPU conditions.
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Three LOCA cases were analyzed for PBNP. The cases analyzed were the full Double-ended
Hot Leg Break (DEHL) case, the full Double-ended Pump Suction Break (DEPS) with minimum
safeguards (MINSI), and the DEPS with maximum safeguards (MAXSI). All of the cases assume
a loss of offsite power coincident with the break. For the DEHL case and the DEPS MINSI case
the limiting single failure is taken to be the loss of one train of the Engineered Safety Features
resulting in only one Containment Spray Pump and two Containment Fan Coolers along with one
train of the Safety Injection System being available to mitigate the postulated LOCA. For the
DEPS MAXSI case the limiting single failure postulated is the loss of one Containment Spray
Pump resulting in one Containment Spray Pump, four Containment Fan Coolers along with two
trains of Safety Injection in the Injection Phase and one train of Safety Injection in the
Recirculation Phase being available to mitigate the postulated LOCA.

The Containment Spray System is modeled in GOTHIC to actuate on a high containment
pressure trip of 30 psig (44.7 psia). There is a time delay from the pressure trip until full spray
flow of 70 seconds without offsite power available. The spray flow rate during the injection phase
is modeled as a function of Containment pressure. The spray flow rate during recirculation
phase is 900 gpm per pump. The spray drop diameter is modeled as 1000 microns

(0.0394 inches).

The Containment Fan Coolers are modeled in GOTHIC to actuate on a Containment pressure of
6 psig with a delay time of 84 seconds from when the setpoint is reached without offsite power
available. The fan cooler heat removal is modeled as a function of the Containment saturation
temperature. The air flow rate through each fan cooler is conservatively assumed to be

33,500 ft3/min.

LR Section 2.6.1, Primary Containment Functional Design, Table 2.6.1-1 provides the key
parameters used in the Containment Integrity Analysis relative to the Containment Spray System
and the VNCC. LR Section 2.6.1, Primary Containment Functional Design, Table 2.6.1-5
provides the heat removal capability of the Containment Fan Coolers.

Results

The Containment integrity Analysis demonstrates the ability of the Containment Spray System
and the VNCC to maintain the Containment temperature and pressure within the design limits of
286°F and 60 psig following a postulated LOCA. LR Section 2.6.1, Primary Containment
Functional Design, Table 2.6.1-9 shows the calculated peak temperature of 279.9°F and the
calculated peak pressure of 70.05 psia (55.35 psig) resulting from the full Double-ended Hot Leg
Break (DEHL) case. The long term Containment pressure and temperature profile is given by the
full Double-ended Pump Suction (DEPS) case with minimum safeguards (MINSI). The pressure
at 24 hours for the DEPS cases fall to less than half of the peak pressures for both cases.

Net Positive Suction Head

The effect of EPU on the Containment Spray Pump Net Positive Suction Head Available
(NPSHA) analysis has been evaluated. NPSHA for a pump is a function of the pressure of the
suction source, the pressure drop in the suction piping, and the vapor pressure of the suction
flow. The minimum NPSHA occurs when the pressure of the source and the backpressure of the
outlet are minimized, the flow resistance in the suction piping is maximized, and the vapor
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pressure is maximized. The required NPSH for the Containment Spray Pump ranges from 26 ft.
at 1575 gpm to 30 ft. at 1690 gpm. :

The containment spray pump takes suction from the refueling water storage tank (RWST) during
the injection phase. During the injection phase the pressure at the Containment Spray Pump
suction source is calculated based on the RWST level and RWST pressure. The pressure drop
‘in the suction piping is based on maximum flow conditions. The vapor pressure of the suction
flow is based on the maximum RWST temperature. The EPU NPSH analysis concludes
adequate NPSH for the containment spray pumps during the injection phase is dependent on
configuration (number of systems taking suction from the RWST) and RWST water level. Plant
operating procedures ensure adequate water levels are maintained in the RWST so that the
containment spray pump NPSH requirements are met during the injection phase.

During the recirculation phase the containment spray pump takes suction from the RHR System
(the discharge of the RHR Heat Exchangers) which takes suction from the containment sump.
The pressure of the suction source during the recirculation phase is determined by the
containment sump level and containment pressure and temperature. A minimum sump level and
atmospheric sontainment pressure are used. The pressure drop in the suction piping is based on
maximum flow conditions. The fluid conditions in the containment sump vary throughout the
recirculation phase. Equilibrium conditions between the sump and the atmosphere are the
conservative bounding conditions for the ECCS NPSH pump analysis. The equilibrium fluid
temperature is taken to be 212°F. The calculated NPSH ratio (NPSHA/NPSHR) for the
containment spray pumps during the recirculation is greater than 1, therefore, the EPU NPSH
analysis concludes NPSHA for the Containment Spray Pumps during the recirculation phase is
adequate for all analyzed cases without crediting containment pressure in excess of normal
atmospheric pressure. The NPSHA evaluation takes into account the modifications being
implemented to the containment spray system and the RHR system by LAR 241 - Alternative
Source Term (ML083450683) which provides throttling capability of the systems during the
recirculation phase of the accident. Throttling of the CS flow and the RHR core injection flow
ensures adequate net positive suction head is maintained to the running RHR pump, ensuring
adequate core injection flow is available at all times, and allowing sufficient time to place
recirculation spray in service to meet radiological analyses assumptions associated with
implementation of AST. '

License Renewal

Portions of the containment spray system and the VNCC are within the scope of License
Renewal as identified in the License Renewal Safety Evaluation Report, NUREG-1839,

Section 2.3.2.2, Containment Spray and Section 2.3.3.9, Containment Ventilation. Aging
Management Programs used to manage the aging effects associated with the containment spray
system are addressed in the NUREG-1839, Section 3.2.2.3.3, Containment Spray — Aging
Management Evaluation — Table 3.2.2-2. Aging Management Programs used to manage the
aging effects associated with the VNCC are addressed in the NUREG-1839, Section 3.3.2.3.9,
Containment Ventilation System — Aging Management Evatuation — Table 3.3.2-8. EPU activities
are not adding any new components within the existing license renewal system evaluation
boundaries nor do they introduce any new functions for existing components that would change
the license renewal system evaluation boundaries. Operating at EPU conditions does not add
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. any new or previously unevaluated materials to the containment spray system or VNCC. System
component internal and external environments remain within the parameters previously
evaluated. Thus, no new aging effects requiring management are identified as a result of EPU.

2.6.5.3 Conclusion

PBNP has assessed the effects of EPU on the containment heat removal systems and concludes
that the assessment has adequately addressed the effects of the proposed EPU. PBNP finds
that the systems will continue to meet the design function of rapidly reducing the containment
pressure and temperature following a LOCA, and maintaining them at acceptably low levels and
comply with PBNP GDC 52. Therefore, PBNP finds the proposed EPU acceptable with respect
to the containment heat removal systems.
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2.6.6 Pressure Analysis for Emergency Core Cooling System Performance Capability
2.6.6.1 Regulatory Evaluation

Following a loss-of-coolant accident (LOCA), the emergency core cooling system (ECCS) will
supply water to the reactor vessel to reflood the reactor core and thereby cool the core. The core
flooding rate will increase with increasing containment pressure. PBNP reviewed analyses of the
minimum containment pressure that could exist during the period of time following a LOCA until
the core is reflooded to confirm the validity of the containment pressure used in ECCS
performance capability studies. PBNP’s review included assumptions made regarding heat
removal systems, structural heat sinks, and other heat removal processes that have the potential
to reduce the pressure.

The NRC'’s accepténce criteria for the pressure analysis for ECCS performance capability are
based on:

» 10 CFR 50.46, insofar as it requires the use of an acceptable emergency core cooling system
evaluation model that realistically describes the behavior of the reactor during LOCAs, or an
emergency core cooling system evaluation model developed in conformance with
10 CFR 50, Appendix K.

PBNP Current Licensing Basis

FSAR Section 14.3.2, Large Break Loss-of-Coolant Accident Analysis, describes the
methodology used to analyze the large break LOCA. The current ECCS containment
backpressure analysis for a large break LOCA was performed using the COCO computer code
(Reference 1) as sanctioned by the current Large Break LOCA evaluation model (Reference 2).
The containment backpressure used in the WCOBRA/TRAC hydraulic calculations was
conservatively low and included the effect of all pressure reducing systems and processes.

2.6.6.2 Technical Evaluation

This section discusses the containment backpressure analysis used in the Point Beach
Units 1 and 2 large break LOCA analyses.

2.6.6.2.1 Introduction

The system hydraulic transient for a large break LOCA is influenced by the containment pressure
transient response to the M&E released from the reactor coolant system (RCS) by the LOCA. In
the best estimate ECCS evaluation model using the automated statistical treatment of
uncertainty method (ASTRUM) (Reference 3), the containment pressure transient is provided as
a boundary condition to the system hydraulic transient. License Amendment Request 258,
Incorporate Best Estimate Large Break Loss of Coolant Accident (LOCA) Analyses Using
ASTRUM (ML083330160), was submitted to the NRC for approval on November 25, 2008. The
containment pressure transient applied is to be conservatively low and includes the effect of the
operation of all pressure reducing systems and processes. The COCO computer code
(Reference 1) is used to generate the containment pressure response to the M&E release from
the break from a reference WCOBRA/TRAC transient. This containment pressure curve is then
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used to determine an appropriate input to the WCOBRA/TRAC code as sanctioned by the large
break LOCA evaluation model (Reference 3).

2.6.6.2.2 Input Parameters, Assumptions, and Acceptance Criteria
26.6.2.21 Input Parameters and Assumptions

Table 2.6.6-1, Parameters for ECCS Containment Backpressure Analysis, provides the general
parameters used in the ECCS containment backpressure boundary condition analysis.

Table 2.6.6-2, Containment Fan Cooler Maximum Heat Removal Rate for ECCS Containment
Backpressure Analysis, provides the containment fan coolers heat removal rate used in the
ECCS containment backpressure boundary condition analysis.. Table 2.6.6-3, Structural Heat
Sink Data for ECCS Containment Backpressure Analysis, provides the structural heat sink data
used in the ECCS containment backpressure boundary condition analysis. Processes were
used which ensure that the values and ranges used in the ECCS containment backpressure
analyses for a large break LOCA conservatively bound the values and ranges of the plant
as-operated for those parameters.

Acceptance Criteria

As specified in 10 CFR 50, Appendix K: The containment backpressure boundary condition
analysis is acceptable if the containment pressure used for evaluating the cooling effectiveness
during reflood does not exceed a pressure calculated conservatively for this purpose. The
calculation should include the effects of operation of all installed pressure reducing systems and
processes. '

2.6.6.2.3 Description of Analyses and Evaluations

The Containment Backpressure Analysis for a Large Break LOCA was performed using the
COCO computer code (Reference 1) as sanctioned by the large break LOCA evaluation model
(Reference 3). The application of this code is consistent with Westinghouse Emergency Core
Cooling System Evaluation Model Summary, WCAP-8339 Appendix A (Non-Proprietary),

June 1974 (Reference 4). These analyses reflect the PBNP specific parameters as discussed in
Section 2.6.6.2.2.1, Pressure Analysis for ECCS Performance Capability,Input Parameters and
Assumptions. The result of the analyses is discussed in Section 2.6.6.3, Pressure Analysis for
ECCS Performance Capability, Results.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

The NRC issued its PBNP License Renewal Safety Evaluation Report (SER), NUREG-1839, in
December 2005. The ECCS components whose performance is relied upon to support the
inputs, assumptions, and results of the containment backpressure analysis for a large break
LOCA are discussed in SER Section 2.3.2, Engineered Safety Features Systems. EPU activities
do not impact license renewal scope, aging effects, and aging management programs as
described in NUREG-1839. The ECCS performance capability described in this section for the
proposed EPU involves analytical techniques and methodology which are unaffected by the
proposed EPU, and the results of which remain bounded by the acceptance criteria of
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. 10 CFR 50.46. Therefore, the conclusions reached in NUREG-1839 for the ECCS components
and their aging management programs are not impacted by EPU activities associated with these
analytical techniques and methodology.

2.6.6.3 Results

Figures 2.6.6-1 and 2.6.6-2 provide plots of the containment pressure curve used as an input into
the WCOBRA/TRAC uncertainty runs and the containment pressure curve calculated by the
COCO computer code for PBNP Units 1 and 2, respectively. The containment pressure curves
used as input to the uncertainty runs for the thermal-hydraulic calculations are at a lower
pressure than the containment pressure curves calculated by the COCO computer code for
Units 1 and 2. The containment pressure curves used in the Large Break LOCA analyses are
considered acceptable.

2.6.6.4 Conclusion

PBNP has reviewed the minimum containment pressure analyses and concludes that the
analyses have adequately accounted for plant operation at the EPU power level and were
performed using acceptable analytical models. PBNP further concludes that the evaluation has
demonstrated that the containment pressure curve used in the large break LOCA analyses are
considered acceptable. Based on this, PBNP concludes that the requirements in 10 CFR 50.46
regarding emergency core cooling system performance will continue to be met following
implementation of the proposed EPU. Therefore, PBNP finds the analyses acceptable with
. respect to minimum containment pressure for emergency core cooling system performance.

2.6.6.5 References

1. F. M. Bordelon and E. T. Murphy, Containment Pressure Analysis Code (COCO),
WCAP-8327 (Proprietary Version), WCAP-8326 (Non-Proprietary Version), June 1974

2. S.|. Dederer et. al., Application of Best-Estimate Large Break LOCA Methodology to
Westinghouse PWRs with Upper Plenum Injection, WCAP-14449-P-A, Revision 0
(Proprietary Version), August 1995

3. M. E. Nissley et. al., Realistic Large-Break LOCA Evaluation Methodology Using the
Automated Statistical Treatment of Uncertainty Method (ASTRUM), WCAP-16009-P-A
(Proprietary Version), WCAP-16009-NP-A (Non-Proprietary Version), January 2005

4. F. M. Bordelon et. al., Westinghouse Emergency Core Cooling System Evaluation Model
Summary, WCAP-8339 Appendix A (Non-Proprietary), June 1974
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. ' Table 2.6.6-1

Parameters for ECCS Containment Backpressure Analysis

Parameter Value

Containment Physical Description
Maximum Net Free Volume (ft3) 1,118,250

Containment Initial Conditions

Minimum Operating Pressure (psia) 14.7

Minimum Operating Temperature (°F) 90

Relevant Temperatures
Minimum Refueling Water Storage Tank (RWST) Temperature (°F) | 32
Minimum Outside Temperature (°F) -25

Containment Spray System and Sl Spill

Maximum Number of Pumps Operating _ 2
Maximum Runout Flow Rate (gpm from ALL pumps) 1 3900
Minimum Initiation Time (sec) 10
Maximum Safety Injection Spill Flow Rate (gpm) 487 .4
Containment Fan Coolers

‘ Maximum Number of Fan Coolers Operating
Minimum Post Accident Initiation Time of Fan Coolers (sec) 0
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Table 2.6.6-2
Containment Fan Cooler Maximum Heat Removal Rate for ECCS Containment
Backpressure Analysis

Containment Heat Removal Rate
Temperature for One CFC
(°F) (BTU/sec)
120 3718
160 8893
190 14,953
210 19,425
220 21,558
240 25,539
260 29,047
270 30,725
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: Table 2.6.6-3
Structural Heat Sink Data for ECCS Containment Backpressure Analysis
| Area Thickness
Heat Sink | Description (ftz) Material* (inches)
1 Upper Dome 1883.7 Paint Type 1 0.01404
Carbon Steel 0.2496
Gap 0.021
Concrete 36
2 Middle Dome 6917.0 Paint Type 1 0.01404
Carbon Steel 0.2496
Gap 0.021
Concrete 36
3 Lower Dome 7525.4 Paint Type 1 0.01404
Carbon Steel 0.2496
Gap 0.021
Concrete 36
4 Upper Containment outer wall 19876.0 Paint Type 1 0.015
(above 66) Carbon Steel 0.2496
Gap 0.021
Concrete 42
5 Middle Containment outer wall 17367.5 Paint Type 1 0.015
(2110 66') Carbon Steel 0.2496
Gap 0.021
Concrete 42
6 Lower Containment outer wall 4874.2 Paint Type 1 0.015
(8"to 217) Carbon Steel 0.2496
Gap 0.021
Concrete 42
7 Rx Cavity: Shield wall/Rx Pit 1983.2 Paint Type 2 0.039
_ Concrete 12
8 Rx Cavity: Tunnel walls 304.2 Paint Type 2 0.039
Concrete 12
9 Rx Cavity: Keyway tower/shaft 1310.4 Paint Type 2 0.039
A Concrete 12
10 Rx Cavity: Floor slab 413.0 Paint Type 2 0.015
Concrete 12
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Table 2.6.6-3

Structural Heat Sink Data for ECCS Containment Backpressure Analysis
Area Thickness
Heat Sink | Description (ft?) Material* (inches)
11 Pzr walls (inside 46'-86") 2371.6 Paint Type 2 0.039
Concrete 15
12 Pzr floor slab 182.5 Paint Type 2 0.015
Concrete 24
Paint Type 2 0.039
13 Pzr missile shields 205.9 Paint Type 2 0.039
Carbon Steel 0.5
Gap 0.021
Concrete 15
Paint Type 1 0.039
14 Upper Ctmt interior walls 6341.4 Paint Type 2 0.039
Concrete 15
15 Upper Ctmt fl/Annular Cmpt 5076.6 Paint Type 2 0.015
cing Concrete 4
16 Annular Cmpt: Interior wall 6285.2 Paint Type 2 0.039
(46" to 66") Concrete 15
17 Annular Cmpt: Interior wall 9667.7 Paint Type 2 0.039
(21" to 46') Concrete 15
18 Annular Cmpt: laydown area 684.5 Paint Type 2 0.039
high wall (21'-66") Concrete 18
19 Annular Cmpt 46’ floor slab 4579.4 Paint Type 2 0.015
. ' Concrete 4
20 Annular Cmpt fi/Annular Sump 4998.2 Paint Type 2 0.015
celling (21') Concrete 4
21 Annular Sump: interior walls 5249.8 Paint Type 2 0.039
(8"to 217) . Concrete 15
22 Annular Sump floor slab (8") 5091.8 Paint Type 2 0.015
Concrete 12
23 Loop A: walls 7828.5 Paint Type 2 0.039
Concrete 15
24 Loop A: floor slab 954.7 Paint Type 2 0.015
Concrete 12
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Table 2.6.6-3
Structural Heat Sink Data for ECCS Containment Backpressure Analysis
Area Thickness
Heat Sink | Description (ftz) Material* (inches)
25 Loop A: missile shields 293.8 Paint Type 2 0.015
Concrete 15
Paint Type 2 0.039
26 Loop B: walls 9461.8 Paint Type 2 0.039
Concrete 15
27 Loop B: floor slab 929.0 Paint Type 2 0.015
Concrete 12
28 Loop B: missile shields 2434 Paint Type 2 0.015
Concrete 15
Paint Type 2 0.039
29 Loop B: sub-pzr cmpt walls 334.6 Paint Type 2 0.039
' Concrete 15
30 Loop B: sub-pzr cmpt floor 205.9 Paint Type 2 0.015
Concrete 24
Paint Type 2 0.039
31 Refueling cavity wall 5488.5 Stainless Steel 0.1875
Gap 0.021
Concrete 18
Paint Type 2 0.039
32 Refueling cavity flr/Annular 627.1 Stainless Steel 0.1875
sump cing Gap 0.021
Concrete 36
Paint Type 2 0.039""
33 Misc. steel in reactor cavity 780.8 Paint Type 1 0.013
compartment | Carbon Steel 1.263
34 Misc. steel in the pressurizer 1.3 Paint Type 1 0.013
compartment Carbon Steel 0.005
35 Misc. steel in the upper 5906.5 Paint Type 1 0.013
containment Carbon Steel 0.377
36 Misc. steel in the annular 26333.6 Paint Type 1 0.013
compartment Carbon Steel 0.396
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) Table 2.6.6-3 )
Structural Heat Sink Data for ECCS Containment Backpressure Analysis
Area Thickness
Heat Sink | Description (ft2) Material* (inches)
37 Misc. steel in the annular sump 7795.5 Paint Type 1 0.013
compartment Carbon Steel 0.23
38 Misc. steel in the Loop A 3967.0 Paint Type 1 0.013
compartment Carbon Steel 0.372
39 Misc. steel in the Loop B 3967.0 Paint Type 1 0.013
compariment Carbon Steel 0.372
40 Misc. steel in the dome 24255.6 Paint Type 1 0.013
compartment Carbon Steel 0.148
41 Misc. steel in refueling cavity 466.0 Paint Type 1 0.013
compartment Carbon Steel 1.475
42 1 CFC in upper containment 82741 Copper 0.013
compartment; unpainted
copper
43 1 CFC in upper containment 25.2 Stainless Steel 1.022
compartment
44 1 CEC in annular compartment 8278.3 Copper 0.013
45 Unpainted stainless steel in 28.2 Stainless Steel 0.67
Annular Compartment; 1 CFC
46 Polar crane & Rail girder in the 9470.5 Paint Type 1 0.013
upper containment Carbon Steel 0.906
47 A RCP in the Loop A 667.5 Paint Type 1 0.0079
compartment Copper 2583
48 B RCP in the Loop B 667.5 Paint Type 1 0.0079
compartment Copper 2583
49 PRT Unpainted SS 595.5 Stainless Steel 0.67

*Paint Type 1 is Amercote 66 top coating with a Dimecote 6 primer coating; Paint Type 2 is

Phenoline 305 top coating with a Carboline 195 primer coating.
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. Figure 2.6.6-1 COCO Calculated Containment Backpressure (using mass and energy
releases from a reference WCOBRA/TRAC transient) and WCOBRA/TRAC Input
Containment Backpressure Versus Time After Break for Unit 1
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. Figure 2.6.6-2 COCO Calculated Containment Backpressure (using mass and energy
releases from a reference WCOBRA/TRAC transient) and WCOBRA/TRAC Input
Containment Backpressure Versus Time After Break for Unit 2
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2.7 Habitability, Filtration, and Ventilation
2.7.1 Control Room Habitability System
2711 Regulatory Evaluation

PBNP reviewed the control room habitability system and control building layout and structures to
ensure that plant operators are adequately protected from the effects of accidental releases of
toxic and radioactive gases. The PBNP review focused on the effects of the proposed EPU on
radiation doses, toxic gas concentrations, and estimates of dispersion of airborne contamination.

The NRC’s acceptance criteria for the control room habitability system are based on:

» GDC-4, insofar as it requires that SSCs important to safety be designed to accommodate the
effects of and to be compatible with the environmental conditions associated with postulated
accidents, including the effects of the release of toxic gases.

- GDC-19, insofar as it requires that adequate radiation protection be provided to permit
access and occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent, to any part of
the body, for the duration of the accident.

Specific review criteria are contained in SRP Section 6.4 and other guidance provided in Matrix 7
of RS-001.

PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50 Appendix A GDC-4 and 19 are as follows:

CRITERION: The facility shall be provided with a control room from which actions to maintain
safe operational status of the plant can be controlled. Adequate radiation protections shall be
provided to permit continuous occupancy of the control room under any credible post-accident
condition or as an alternative, access to other areas of the facility as necessary to shut down and
maintain safe control of the facility without excessive radiation exposures of personnel.

(PBNP GDC 11)

PBNP is equipped with a common control room which contains those controls and
instrumentation necessary for operation of each unit's reactor and turbine generator under
normal and accident conditions. The control room is continuously occupied by operating
personnel under all operating conditions.

The control building, which houses the control room envelope (CRE) and the control room HVAC
system, is Seismic Class |.

The CRE is a component in the control room habitability system. When the control room HVAC
system is running in the emergency mode, the CRE must be capable of limiting the unfiltered
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in-leakage. lhtegrity of the CRE barrier is programmatically and procedurally monitored,

- maintained, and controlled.

The control room HVAC (VNCR) system performs no safety related functions, but was
re-classified as augmented quality (AQ) in January 1998. No formal safety classification rules
existed when the original VNCR system was designed. This system was upgraded to support
the augmented quality function “provide radiation protection to permit continuous occupancy of
the control room under any credible post-accident condition without excessive radiation exposure
of personnel”.

NUREG-0737, item HI1.D.3.4, Control Room Habitability Requirements

This post-TMI NUREG required all licensees to submit a letter to the NRC stating whether or not
they met the control room habitability criteria of applicable Standard Review Plans (SRPs) for
radiation and toxic gas releases. It explicitly separated requirements into the following two
categories: (1) licensees who were required to meet the SRP, and had to prove they met the SRP
and (2) licensees who were not required to meet the SRP, who were required to “perform the
necessary evaluations and identify appropriate modifications”. PBNP fell into the latter category.
This NUREG also required PBNP to complete an attachment entitled, Information Required for
Control Room Habitability Evaluation, for an independent evaluation of the habitability system.

As part of meeting the requirements of this action item, PBNP implemented several
modifications: portable lead shielding was staged for placement in front of the south and north
control room doors and the east control room viewing window; additional self contained breathing
apparatuses (SCBAs) were placed in the control room; and, control room air supply duct
radioactive gas detection equipment was installed. NRC acceptance of PBNP actions regarding
this action item was provided on August 10, 1982. Supplementing the NRC safety evaluation
was a letter from Pacific Northwest Laboratories (PNL), who provided an independent review of
the PBNP response. PNL concluded that the control room met the requirements of 10 CFR 50,
Appendix A, General Design Criteria 3, 4, 5, and 19. All required modifications were ‘
implemented and communicated to the NRC on September 4, 1984.

The only change made to these NUREG-0737, 111.D.3.4 related modifications occurred in 1995,
when an office area was built adjacent to the north wall of the control room, thereby, providing the
necessary shielding in place of the lead shielding. A modification to replace the remaining
portable lead shielding with permanent block wall is planned to support the pending License
Amendment Request 241 - Alternative Source Term (ML083450683). Following this
modification, the NUREG-0737, I11.D.3.4 commitment for portable lead shielding will be
eliminated.

Continued compliance with the PBNP GDC 11 and NUREG-0737, 111.D.3.4, is demonstrated via
administrative controls, which establish periodic inspections and maintenance requirements.
Changes to designs affecting safety-related structures, systems, or components (SSCs} or SSCs
that support safe operation of the plant, are controlled by QA procedures. Design changes are
processed in accordance with the design control process. Any planned changes that affect the
CRE boundary integrity are required to be identified and appropriate breach control procedures
invoked before work orders are authorized.
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PBNP Control Room Habitability Program

PBNP has a Control Room Envelope Habitability Program that provides the current
programmatic guidance to identify, mitigate or correct degraded or nonconforming conditions the
program provides information required to confirm CRE and CRHS meets applicable design and
licensing basis requirements, except for the unfiltered in-leakage rate.

In response to GL 2003-01 (Reference 1), PBNP will also comply with the dose limits of

10 CFR 50 Appendix A, General Design Criteria 19 - Dose Limits Using Alternate Source Term
Methodology as described in the pending License Amendment Request 241 - Alternative Source
Term. Pending LAR 241, AST, when approved by the Commission will implement GDC 19 dose
limits. Following approval of LAR 241, a license amendment will be-submitted to provide the
response to GL 2003-01. An approved surveillance methodology for the control room envelope
(and any associated modifications to the envelope) in accordance with the provisions of
TSTF-448, that includes unfiltered leakage. Submittal of this license amendment is being
tracked as a Regulatory Commitment that is essential to the closure of GL 2003-01.

Hazardous chemical and toxic gas assessment is not part of the licensing basis for PBNP.
Reactor shutdown capability would be maintained in the control room due to the design features
of the ventilation system. These features include the capability to exhaust smoke from the
control room and computer room or from the cable spreading room through a dedicated smoke
and heat vent fan.

The current licensing basis for the Control Room Habitability System is contained in

FSAR Section 7.1.2, Instrumentation and Control, General Design Criteria, Section 7.5.3,
Operating Control Stations, Occupancy, Section 9.8, Control Room Ventilation System (VNCR)
and Section 11.6.3, Shielding Systems, System Evaluation, and the pending License
Amendment Request 241 - Alternative Source Term (ML083450683). (Reference 3)

In addition to the evaluations described in the FSAR sections listed above, the PBNP control
room habitability system was evaluated for plant license renewal. Systems and system
component materials of construction, operating history and programs used to manage aging
effects are documented in:

» Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005 (Reference 2)

With respect to the above SER, control room ventilation system (VNCR) is addressed in
Section 2.3.3.10, Essential Ventilation System. Aging effects, and the programs used to manage
the aging effects associated with the control room ventilation system, are discussed in

Section 3.3.2.3.10.

2.7.1.2 Technical Evaluation

Introduction

The CRE must be capable of minimizing unfiltered in-leakage when the VNCR is running in
emergency mode. The integrity of the CRE allows the VNCR to maintain positive pressure within
the CRE during a post-accident condition, in order to prevent infiltration of airborne contaminants.
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The VNCR provides HEPA and charcoal filtered air during post-accident conditions, and provides
smoke evacuation in the event of fire within the CRE. The VNCR can also be operated in
MODE 3 (100% recirculation, with 25% HEPA and Charcoal filtered recirculation air) for smoke
removal in the event of a fire.

The VNCR system is a Non-Safety Related, Augmented Quality, constant-volume HVAC system
that provides ventilation, heating, cooling, humidification, dehumidification, pressurization,
filtration, smoke exhaust and radiological habitability to the Control Room and the Computer
Room. Per FSAR Section 9.8, Control Room Ventilation System (VNCR) and 10 CFR 50
Appendix A, General Design Criteria 19, the VNCR provides 4 modes of operation, as follows:

The VNCR modes of operation are described here. MODE 1 is normal operation, MODE 2 is
100% recirculation, MODE 3 is 100% recirculation with 25% filtered return air and MODE 4 is
25% filtered outside air/75% recirculation.

For MODE 1, one of the two normal supply fans is started. The fan start opens the outside air
damper to a predetermined throttled position to supply approximately 1000 CFM of make-up air
ducted from an intake penthouse located on the roof of the auxiliary building. The make-up air
and the return air from the control and computer rooms passes through a roughing filter and
cooling units before entering one of the normal recirculation fans.

MODE 2 operation is 100% recirculation of the air and is initiated by a containment
isolation/safety injection signal or manually. After implementation of the Alternative Source Term
analysis the automatic actuation of MODE 2 by a containment isolation signal will be removed
from the control circuits of the affected dampers.

MODE 3 operation employs one of two control room emergency filter fans and a filtration unit
which includes a roughing filter, a HEPA filter, and a charcoal filter. This MODE is manually
initiated. With dampers in the full open position, a portion (approximately 25%) of the
recirculated air is directed through a fiiter bank and the operating emergency fan back to the
suction of the normal recirculation fan. Operation in this mode also closes the outside make-up
air damper and de-energizes the washroom exhaust fan.

MODE 4 is similar to MODE 3 except the return air inlet damper to the emergency fans remains '
closed and the outside air supply damper opens. This allows make-up air to pass through a filter
and the emergency fan to the suction of the normal recirculation fan, ensuring a positive pressure
is maintained in the control and computer rooms to limit in-leakage. This MODE is currently
initiated by a high radiation signal from the control room area monitor, a high radiation signal from
the noble gas monitor located in the supply duct to the control room, or manually. After
implementation of the Alternative Source Term analysis the automatic actuation of MODE 4 by a
radiation monitor signal will be removed from the control circuits of the affected dampers and
fans.

A new system MODE of operation, VNCR Accident MODE (MODE 5), is to be implemented by
PBNP LAR 241, Alternative Source Term, dated December 8, 2008 (ML083450683)

(Reference 3). MODE 5 is required to be operational prior to implementation of the EPU. MODE
5 provides emergency HEPA/charcoal filtered outside air and HEPA/charcoal filtered recirculating
air. To create MODE 5 the MODE 4 flow path is modified to include the return air flow path to the
emergency fans. This allows a combination of outside air and return air to pass through the
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emergency HEPA/charcoal filter unit to the suction of the recirculation fan, assuring a positive
pressure that will prevent excessive unfiltered in-leakage into the control room ventilation '
boundary. MODE 5 will be automatically initiated by a containment isolation signal, a high
radiation signal from the control room monitor, or a high radiation signal from the noble gas
monitor located in the supply duct to the control room. This mode can also be initiated manually
from the control room. Operation in MODE 5 is the assumed mode of operation for the control
room habitability analyses for the Alternative Source Term analysis.

The VNCR can exhaust smoke from the control room, computer room or cable spreading room
through dedicated smoke and heat vent fan W-13C. Interlocking dampers allow smoke and heat
removal from one room at a time. The VNCR also has auto-start of standby fan on low flow
condition and diesel generator backup power to control room filter fan and recirculation fan. As
indicated in the pending License Amendment Request 241 - Alternative Source Term
(ML083450683), CREFS fans will auto start upon loss of offsite power.

The CRE is equipped with a fire protection system to assure that fire will not prevent safe
shutdown functions or significantly increase the risk of radioactive release to the environment
during a postulated fire.

The control room is equipped with a breathing air manifold system connected to a storage

reservoir located outside of the room. Breathing apparatus is available to essential control room
operators to permit continuous occupancy of the control room under any credible post-accident
condition. The control room is also equipped with Self Contained Breathing Apparatus (SCBA).

Description of Analyses and Evaluations

The control room habitability was evaluated to ensure that EPU conditions would not cause any
significant changes to essential aspects of habitability, such as building envelope integrity,
heating and cooling capacity and the abitity of the VNCR to ventilate, remove smoke, filter
airborne contaminants and maintain sufficient positive space static pressure under emergency
conditions. The evaluations performed are in compliance with PBNP’s commitments to NRC
Generic Letter 2003-01 (Reference 1).

Operation of the VNCR system in MODE 5 is the assumed mode of operation for the EPU control
room habitability analyses. The EPU Control Room dose analysis is presented in

LR Section 2.9.2, Radiological Consequences Analyses Using Alternative Source Terms, and
demonstrates the effectiveness of the VNCR to permit continuous occupation of the Control
Room in compliance with PBNP GDC 11 and NRC Generic Letter 2003-01. (Reference 1)

Other evaluations related to the control room habitability system are addressed in the following
LR sections:

» Protection against dynamic effects of missiles, pipe whip and discharging fluids —
LR Section 2.2.1, Pipe Rupture Locations and Associated Dynamic Effects; and
LR Section 2.5.1.3, Pipe Failures.
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Evaluation of Impact on Renewed Plant Operating License Evaluations and Licensing
Renewal Programs : :

In regard to the aging programs and aging influences described in the License Renewal SER
NUREG 1839, Safety Evaluation Report Related to the License Renewal of the Point Beach
Nuclear Plant, Units 1 and 2, the engineered safety feature ventilation system was evaluated and
it was concluded that this system was within the scope of the License Renewal. On the basis of
its review, the NRC staff concluded that the applicant demonstrated that the aging effects.
associated with the essential ventilation systems (i.e., Control Room Environment (CRE), namely
Control Room HVAC (VNCR), Computer Room HVAC (VNCOMP)) components will be
adequately managed so that the intended functions will be maintained consistent with the CLB
for the period of extended operation as required by 10 CFR 54.21. Thus, any new aging effects
due to EPU requiring management will be managed consistent with the CLB.

Results

The design and operation of the CRE, VNCR, control room fire protection system and control
room breathing air system are unaffected by EPU. The proposed EPU has no effect on fire
barrier or pressure boundary integrity of the CRE. The proposed EPU has no effect on the ability
of the VNCR to provide a controlled environment for the comfort and safety of control room
personnel and to support the operability of control room and computer room components under
normal and postulated accident conditions. EPU modifications have minimal effect on internal
heat gain in the control room or computer room, and they likewise do not affect the ability of the
VNCR to maintain normal specified space temperatures, evacuate smoke, activate emergency
filtration flow, maintain emergency filtration air flow rates, maintain space static pressure during
emergency filtration air flow and meet minimum HEPA and charcoal filtration efficiencies. The
proposed EPU will result in minimal increases in combustible loading in the CRE. The EPU will
not increase the likelihood of fire or decrease the effectiveness of the fire protection system. The
proposed EPU does not alter the accessibility or effectiveness of any part of the breathing air
manifold system. VNCR MODE 5 is being added by the Alternative Source Term analysis and is
required for implementation of EPU. For a discussion of EPU impact on control room dose, refer
to LR Section 2.9.2, Radiological Consequences Analyses Using Alternative Source Terms.

2.7.1.3 Conclusions

PBNP has assessed the effects of the proposed EPU on the ability of the control room habitability
system to protect plant operators against the effects of accidental releases of radioactive gases.
PBNP has adequately accounted for the increase of radioactive gases that would result from the
proposed EPU. PBNP further concludes that the control room habitability system will continue to
provide the required protection following implementation of the proposed EPU. The EPU dose
calculations prepared as part of this assessment use the methodology contained in the
Alternative Source Term analysis and, therefore, require the implementation of VNCR MODE 5
for EPU operation. Based on this, and the pending approval of AST LAR 241, PBNP concludes
that the control room habitability system will continue to comply with PBNP GDC 11, the dose
limits of 10 CFR 50 and Appendix A GDC 19. Therefore, PBNP finds the proposed EPU
acceptable with respect to the control room habitability system.
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. 2.7.1.4 References

1 NRC Generic Letter 2003-01: Control Room Habitability, dated June 12, 2003

2 NUREG-1839, Safety Evaluation Report Related to the License Renewal of the Point Beach
Nuclear Plant, Units 1 and 2, dated December 2005

3 Point Beach Nuclear Plant Units 1 and 2 License Amendment Request 241, Alternative
Source Term (ML083450683), submitted December 8, 2008
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2.7.2 Engineered Safety Feature Atmosphere Cleanup
2.7.2.1 Regulatory Evaluation

ESF atmosphere cleanup systems are designed for fission product removal in post-accident
environments. These systems generally include primary systems {e.g., in-containment
recirculation) and secondary systems (e.g., emergency or post-accident air-cleaning systems) for
the fuel-handling building, control room, shield building, and areas containing ESF components.
For each ESF atmosphere cleanup system, the PBNP review focused on the effects of the
proposed EPU on system functional design, environmental design, and provisions to preclude
temperatures in the adsorber section from exceeding design limits.

The NRC’s acceptance criteria for ESF atmosphere cleanup systems are based on:

+ GDC 19, insofar as it requires that adequate radiation protection be provided to permit
access and occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent, to any part of
the body, for the duration of the accident.

» GDC 41, insofar as it requires that systems to control fission products released into the
reactor containment be provided to reduce the concentration and quality of fission products
released to the environment following postulated accidents.

« GDC 61, insofar as it requires that systems that may contain radioactivity be designed to
assure adequate safety under normal and postulated accident conditions.

+ GDC 64, insofar as it requires that means be provided for monitoring effluent discharge paths
and the plant environs for radioactivity that may be released from normal operations,
including anticipated operational occurrences (AOOs), and postulated accidents.

Specific review criteria are contained in SRP Section 6.5.1.
PBNP Current Licensing Bases

As noted in Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing of
PBNP predate those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50 Appendix A GDC 19, 41, 61 and 64 are as follows:

CRITERION: The facility shall be provided with a control room from which actions to maintain
safe operational status of the plant can be controlled. Adequate radiation protections shall be
provided to permit continuous occupancy of the control room under any credible post-accident
condition or as an alternative, access to other areas of the facility as necessary to shut down and
maintain safe control of the facility without excessive radiation exposures of personnel.

(PBNP GDC 11)

CRITERION: Means shall be provided for monitoring the containment atmosphere and the facility
effluent discharge paths for radioactivity released from normal operations, from anticipated
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transients, and from accident conditions. An environmental monitoring program shall be
maintained to confirm that radioactivity releases to the environs of the plant have not been
excessive. (PBNP GDC 17)

CRITERION: Provisions shall be made in the design of fuel and waste storage facilities such that
no undue risk to the health and safety of the public could result from an accidental release of
radioactivity. (PBNP GDC 69) '

In-Containment Recirculation System

The current radiological analyses and the pending License Amendment Request 241 -
Alternative Source Term (AST) (ML083450683) (Reference 2) assume that the air volume in the
containment building is mixed by the containment fan coolers to support the iodine removal
function performed by the containment spray system.

In-Containment lodine Removal System

The current radiological analyses assume that the containment spray system operates in the
injection phase of the accident to remove iodine from the containment atmosphere. The
radiological analyses associated with the pending License Amendment Request 241 - Alternative
Source Term (ML.083450683) (Reference 2) assume that the containment spray system operates
to remove iodine from the containment atmosphere in the injection phase and the recirculation
phase of the accident, with a maximum 20 minute interruption for the purposes of aligning the
.containment spray system for recirculation spray.

The containment spray system delivers a sodium hydroxide solution into the spray stream to
remove iodine. The system includes a common sodium hydroxide tank that contains enough
sodium hydroxide solution which, upon mixing with the refueling water from the refueling water
storage tank during the injection phase, and the borated water contained within the accumulators
and primary coolant that collect in the containment sump during the recirculation phase, to
maintain the pH within a range of 7.0 to 10.5. This required range is not affected by EPU. A pH
of greater than 7.0 assures the iodine removal effectiveness of the containment spray. The
maximum pH is based on Equipment Qualification considerations and is set at 10.5.

Control Room

The control room HVAC (VNCR) system performs no safety related functions, but was
re-classified as augmented quality (AQ) in January 1998. No formal safety classification rules
existed when the original VNCR system was designed. This system was upgraded to support
the augmented quality function “provide radiation protection to permit continuous occupancy of
the control room under any credible post-accident condition without excessive radiation exposure
of personnel.”

As described in the pending License Amendment Request 241 - Alternative Source Term
(ML083450683) (Reference 2), the current VNCR system is capable of meeting the dose limits of
10 CFR 50 Appendix A General Design Criteria 19 as required by NUREG-0737, Iltem 111.D.3.4
(Reference 3) while taking credit for use of potassium iodide (Ki) to reduce the thyroid dose. The
proposed AST accident analyses do not credit the use of Kl and do not assume the current
MODE 4 configuration for accident mitigation. Instead, the VNCR system is assumed to operate
with filtered return air in addition to filtered makeup air. This configuration is referred to as
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MODE 5 (emergency HEPA/charcoal filtered outside air and HEPA/charcoal filtered return air
mode), and is automatically initiated from either a containment isolation signal, or by a high
radiation signal from either the control room area monitor RE-101 or the process

monitor RE-235, which takes suction from, located in the supply duct to the control room. This
MODE 5 operation, which is required to be operational prior to implementation of EPU, will allow
a combination of outside air (<2500 cfm) and return air to pass through the emergency
HEPA/charcoal filter unit to the suction of the control room recirculation fan for a total flow rate of
4950 cfm +10%.

The control room filter assembly (F-16) removes particulates, aerosols, and radioactivity from the
control room supply and/or recirculation air during events requiring emergency air filtration. The
F-16 filter assembly consists of a roughing, HEPA and charcoal filter, with filter efficiencies of
95% for elemental iodine, 95% for methyl iodine, and 99% for particulate. The F-16 filter
assembly is protected from fire effects using a manually actuated water suppression system
supplied by the fire water system.

Other Atmospheric Cleanup Systems

Ventilation air from buildings normally containing radioactive materials and equipment is
exhausted through HEPA and/or carbon adsorber equipment depending on the potential for
significant releases.

The PBNP auxiliary building ventitation (VNPAB) system is non-safety related, and no credit is
taken for removal of iodine by the VNPAB system nor is credit taken for isolation of release paths.
The radiological analyses associated with the pending License Amendment Request 241,
Alternative Source Term (ML083450683) (Reference 2), is based on the VNPAB being manually
restored by operator action within 30 minutes following the alignment of RHR to containment
sump recirculation mode of operation to ensure that the auxiliary building vent stack is the source
of the release associated with the ECCS leakage phase of the event. License Amendment
Request 241 identifies that the portions of the VNPAB system credited for AST will be upgraded
to augmented quality status. Additionally, NRC 2009-0023, Supplement to License Amendment
Request 241 Alternative Source Term (ML090540860) (Reference 4), identifies that the VNPAB
system will be added to the scope of the Maintenance Rule (10 CFR 50.65) and the scope of the
License Renewal Program (10 CFR 54.37 (b)). Auxiliary building ventilation is provided by
supply and exhaust fans that ventilate the area and exhaust to the atmosphere via the auxiliary
building vent stack. The VNPAB provides roughing, HEPA and charcoal filtration (normally |
bypassed) prior to exhausting the air to the auxiliary building vent stack. The auxiliary building
vent stack is a monitored release path.

Radiation Monitoring (RM)

The radiation monitoring system monitors radiation levels and fluid activities at various locations
throughout the plant. It is designed to provide direct indication and warning of radiation levels in
the plant, measure gas releases from the plant vent stacks and initiate isolation and control
functions on certain effluent streams.

The containment atmosphere, the auxiliary building vent, the drumming area vent, the condenser
air ejector exhaust, and the gas stripper building exhaust are monitored for radioactivity
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concentration during normal operations, anticipated transients, and accident conditions. High
radiation in any of these is indicated and alarmed in the control room.

The current licensing basis for the in-containment recirculation system, the in-containment iodine
removal system, the primary auxiliary building ventilation system, and the control room
ventilation system is contained in FSAR Section 6.3, Containment Air Recirculation Cooling
System, Section 6.4, Containment Spray System, Section 9.5, Primary Auxiliary Building
Ventilation, Section 9.8, Control Room Ventilation System, Section 11.2, Gaseous Waste
Management System, Section 11.5, Radiation Monitoring System, Section 11.6, Shielding
Systems, and Appendix C.1, Purpose of Chemical Addition to Containment Spray.

License Renewal

In addition to the evaluations described in the FSAR sections listed above, the PBNP ESF
ventilation systems were evaluated for plant license renewal. Systems and system component
materials of construction, operating history and programs used to manage aging effects are
documented in:

+ Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005 (Reference 1)

Components of the ESF Atmosphere Cleanup Systems are within the scope of License Renewal.
Aging effects to all system components are monitored using the aging effects program. There
are no modifications or additions to system components as the result of EPU that would
introduce any new functions or change the functions of existing components that would affect the
license renewal system evaluation boundaries. Thus, no new aging effects requiring
management are identified.

2.7.2.2 Technical Evaluation

Containment

The containment spray system and the containment air recirculation cooling system (VNCC) are
designed to reduce the concentration of iodine released to the environment following postulated
accidents.

The containment spray system sprays cool, borated water into the containment atmosphere in
the event of a loss of coolant accident or main steam line break, and thereby ensures that
containment pressure does not exceed the design value of 60 psig at 286°F (100% Relative
Humidity) and removes iodine from the containment atmosphere. This protection is afforded for
all pipe break sizes up to and including the hypothetical, instantaneous, circumferential rupture of
a reactor coolant pipe.

The containment air recirculation cooling system (VNCC) removes heat during normal conditions
and following a LOCA. The VNCC has four air cooling units. Each air cooling unit consists of the
following equipment arranged in the following flow-through sequence: inlet screen, roughing filter
(only instalied during refueling shutdown), cooling coil, and two separate vane-axial fans (one
designed for accident conditions and the other for normal operation). Backdraft dampers in the
discharge duct work of the units isolate an inactive unit from the duct distribution system. In
addition a backdraft damper is installed on the normal fan discharge to prevent back flow during
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accident fan operation. Air is drawn through the inlet screen, roughing filter (if installed) and
cooling coil, and then supplied to the containment atmosphere through a common discharge
header. Cooling water is provided to the cooling coils by the service water system. Under
limiting design basis accident conditions, each fan cooler unit is capable of removing 37.5 x 10%
Btu/hr from a saturated air-steam mixture at 286°F, with a flow rate of 33,500 cfm. The design
function of the system is to recirculate and cool the containment atmosphere following a LOCA.

The containment air recirculation cooling (VNCC) system is further discussed in
LR Section 2.7.7, Other Ventilation Systems (Containment).

Additional discussion of design basis accident containment atmosphere cleanup is provided in
LR Section 2.5.3.1, Fission Product Control Systems and Structures.

EPU does not affect the ability of the Containment Spray System or the VNCC to reduce the
concentration of iodine released from the containment to the environment following a postulated
accident. The offsite and control room dose analyses, presented in LR Section 2.9.2,
Radiological Consequences Analyses Using Alternative Source Terms, demonstrate the
effectiveness of the containment spray system and the VNCC to minimize the release of
radioactivity to the environment following a LOCA.

Control Room

The Control Room HVAC System (VNCR) is a Non-Safety Related, Augmented Quality
constant-volume HVAC system that provides ventilation, heating, cooling, humidification,
dehumidification, pressurization, filtration, smoke exhaust and radiological habitability to the
Control Room and the Computer Room. The VNCR system is discussed in further detail in LR
Section 2.7.1, Control Room Habitability System and Section 2.7.3, Control Room Area
Ventilation System.

The VNCR is capable of limiting unfiltered air infiltration to the Control Room Envelope (CRE)
when the VNCR is running in emergency mode by maintaining a positive pressure in the Control
Room thus assuring leakage is out of rather than into the Control Room. The pressure boundary
integrity of the CRE is subject to regular, procedural monitoring, testing and maintenance.

The integrity of the CRE allows the Control Room Ventilation System (VNCR) to maintain positive
pressure in the control room during a post-accident condition, in order to fimit infiltration of
airborne contaminants. The VNCR also provides HEPA and charcoal filtered air during
post-accident conditions, and provides smoke evacuation in the event of fire within the CRE.
The VNCR is designed to meet the dose limits of 10 CFR 50 Appendix A GDC-18.

EPU does not affect the ability of the VNCR to activate emergency filtration flow, maintain
emergency filtration air flow rates, maintain space static pressure during emergency filtration air
flow and meet minimum HEPA and charcoal filtration efficiencies. A new mode of operation for
the VNCR will be implemented as a result of the pending License Amendment Request 241 -
Alternative Source Term (ML083450683). This new mode, MODE 5, provides emergency filtered
outside air and filtered recirculating air. Operation in MODE 5 is the assumed mode of operation
for the control room habitability analyses for Aiternative Source Term and EPU evaluations. The
EPU Control Room dose analysis is presented in LR Section 2.9.2, Radiological Consequences
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Analyses Using Alternative Source Terms, and demonstrates the effectiveness of the VNCR to
permit continuous occupation of the Control Room.

Auxiliary Building

The Primary Auxiliary Building Ventilation System (VNPAB) is a non-safety related system.
Portions of this system will be upgraded to augmented quality status to support Alternative
Source Term requirements.

VNPAB performs the following functions:

« Exhaust and filtration (of exhaust) from rooms potentially containing iodine vapor and/or

contaminated particles during normal and accident conditions to limit offsite releases and
support auxiliary building habitability.

» Provide a flow path for venting portions of the auxiliary building that are subject to hydrogen
line breaks or leaks, in order to maintain hydrogen concentration within allowable limits.

+ In support of Alternative Source Term, provide a flow path for post-LOCA ECCS Iearkage in
the auxiliary building to discharge through the auxiliary building ventilation stack.

All auxiliary building exhaust air is filtered through roughing and high efficiency filters for removal
of particulates. Areas that have possible contamination from iodine vapor can be exhausted
through activated carbon beds in addition to high efficiency filters, if required. The exhausted air
from these areas passes through activated carbon filters as required. All air exhausted from
these areas is then discharged through the auxiliary building vent stack, which is monitored for
radiation. The EPU does not alter the supply or exhaust air flow paths, air flow rates, filtration or
existing ability to isolate any portion of the VNPAB. The VNPAB is discussed further in

LR Section 2.7.5, Auxiliary and Radwaste Area and Turbine Areas Ventilation System.

Refer to LR Section 2.7.6, ESF Ventilation System, for additional information regarding the ESF
ventilation systems.

Spent Fuel Pool Area

Ventilation to the Spent Fuel Pool Area is provided by the drumming area ventilation system
(VNDRM) which is a subsystem of the auxiliary building ventilation system. The system serves
to control airborne radioactivity in the area by passing the exhaust air through activated carbon
beds in addition to high efficiency filters. EPU does not affect the design of the VNDRM system.
Refer to LR Section 2.7.4, Spent Fuel Pool Area Ventilation, for additional information regarding
spent fuel pool area ventilation.

Radiation Monitoring

The containment atmosphere is continually monitored during normal and transient station
operations using the containment particulate and gas monitors. Three high radiation monitors
per unit are also installed within the containment. The monitors are used for post-accident
monitoring of the containment space conditions. Radioactivity levels contained in the facility
effluent discharge paths and in the environs are continually monitored during normal and
accident conditions by the station radiation monitoring system and by the radiation protection
program for PBNP. The ability of these monitors to perform their function is not affected by the
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EPU. Refer to LR Section 2.10.1, Occupational and Public Radiation Doses, for additional
discussion.

License Renewal

Components of the ESF Atmosphere Cleanup Systems that are within the scope of License
Renewal are described in NUREG-1839, Sections 2.3.2.2, Containment Spray, 2.3.3.9, VNCC,
and 2.3.3.10, VNPAB and VNCR. Aging effects, and the programs used to manage the aging
effects of these components are discussed in NUREG-1839, Sections 3.2.2.3.3, Containment
Spray, 3.3.2.3.9, VNCC, and 3.3.2.3.10, VNPAB and VNCR. There are no modifications or
additions to system components as the result of EPU that would introduce any new functions or
change the functions of existing components that would affect the license renewal system
evaluation boundaries. Operation of the ESF Atmosphere Cleanup Systems at EPU conditions
does not add any new types of materials or previously unevaluated materials to the system. -
System component internal and external environments remain within the parameters previously
evaluated. Thus, no new aging effects requiring management are identified.

Results

The proposed EPU has no effect on the ability of ESF atmosphere cleanup systems to control
the release of radioactivity to the environment within regulatory limits. The offsite and control
room dose analyses presented in LR Section 2.9.2, Radiological Consequences Analyses Using
Alternative Source Terms, demonstrate the effectiveness of the ESF Atmosphere Cleanup
Systems to minimize the release of radai_oactivity to the environment following a LOCA.

2.7.2.3 Conclusions

PBNP has assessed the effects of the proposed EPU on the ESF atmosphere cleanup systems.
PBNP accounted for the increase of fission products and changes in expected environmental
conditions that would result from the proposed EPU, and PBNP further concludes that the ESF
atmosphere cleanup systems will continue to provide adequate fission product removal and
radiation monitoring in post-accident environments following implementation of the proposed
EPU. Based on this, PBNP concludes that the ESF atmosphere cleanup systems will continue to
meet the current licensing basis requirements and comply with PBNP GDC 11, 17 and 69.
Therefore, PBNP finds the proposed EPU acceptable with respect to the ESF atmosphere
cleanup systems.

2.7.2.4 References

1 NUREG-1839, Safety Evaluation Report Related to the License Renewal of the Point Beach
Nuclear Plant, Units 1 and 2, dated December 2005

2 Point Beach Nuclear Plant Units 1 and 2 License Amendment Request 241, Alternative
Source Term (ML083450683), submitted December 8, 2008

3 NUREG-0737, Clarification of TMI Action Plan Requirements, published November 1980

4 Point Beach Units 1 and 2 - Supplement to License Amendment Request 241 Re: Alternative
Source Term, dated February 20, 2009 (ML090540860)
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2.7.3 Control Room Area Ventilation System
2.7.3.1 Regulatory Evaluation

The function of the Control Room Ventilation System (VNCR) is to provide a controlled
environment for the comfort and safety of control room personnel and to support the operability
of control room components during normal operation, Anticipated Operational Occurrences and
DBA conditions. The PBNP review of the VNCR focused on the effects that the proposed EPU
will have on the functional performance of safety-related portions of the system. The review
included the effects of radiation, combustion, and other toxic products; and the expected
environmental conditions in areas served by the VNCR.

The NRC'’s acceptance criteria for the VNCR are based on:

» GDC 4, insofar as it requires that SSCs important to safety be designed to accommodate the
effects of and to be compatible with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents.

+ GDC 19, insofar as it requires that adequate radiation protection be provided to permit
access and occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent to any part of
the body, for the duration of the accident.

+ GDC 60, insofar as it requires that the plant design include means to control the release of
radioactive effluents.

Specific review criteria are contained in SRP Section 9.4.1.
PBNP Current Licensing Bases

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP specific GDC for the Control Area Ventilation Systems are as follows:

CRITERION: The facility shall be provided with a control room from which actions to maintain
safe operational status of the plant can be controlled. Adequate radiation protections shall be
provided to permit continuous accupancy of the control room under any credible post-accident
condition or as an alternative, access to other areas of the facility as necessary to shut down and
‘maintain safe control of the facility without excessive radiation exposures of personnel.

(PBNP GDC 11)

CRITERION: The facility design shall include those means necessary to maintain control over
the plant radioactive effluents, whether gaseous, liquid, or solid. Appropriate holdup capacity
shall be provided for retention of gaseous, liquid, or solid effluents, particularly where
unfavorable environmental conditions can be expected to require operational limitations upon the
release of radioactive effluents to the environment. In all cases, the design for radioactivity
control shall be justified (a) on the basis of 10 CFR 20 requirements, for both normal operations

Point Beach Units 1 and 2 EPU Licensing Report 2.7.31 o April 2009
Control Room Area Ventilation System



and for any transient situation that might reasonably be anticipated to occur and (b) on the basis
of 10 CFR 100 dosage level guidelines for potential reactor accidents of exceedingly low
probability of occurrence. (PBNP GDC 70)

PBNP is equipped with a common control room which contains those controls and
instrumentation necessary for operation of each unit’s reactor and turbine generator under
normal and accident conditions. The control room is continuously occupied by operating
personnel under all operating conditions.

The control building, which houses the control room envelope (CRE) and the control room HVAC
system, is Seismic Class . '

The CRE is a passive component in the control room habitability system. When the control room
HVAC system is running in the emergency MODE, the CRE must be capable of limiting the
unfiltered in-leakage. Integrity of the CRE barrier is programmatically and procedurally
monitored, maintained, and controlled.

The control room HVAC (VNCR) system performs no safety related functions, but was
re-classified as augmented quality (AQ) in January 1998. No formal safety classification rules
existed when the original VNCR system was designed. This system was upgraded to support
the augmented quality function “provide radiation protection to permit continuous occupancy of
the control room under any credible post-accident condition without excessive radiation exposure
of personnel.”

NUREG-0737, Item 111.D.3.4, Control Room Habitability Requirements

This post-TMI NUREG required all licensees to submit a letter to the NRC stating whether or not
they met the control room habitability criteria of applicable Standard Review Plans (SRPs) for
radiation and toxic gas releases. It explicitly separated requirements into the following two
categories: (1) licensees who were required to meet the SRP, and had to prove they met the
SRP and (2) licensees who were not required to meet the SRP, who were required to “perform
the necessary evaluations and identify appropriate modifications.” PBNP fell into the latter
category. This NUREG also required PBNP to complete an attachment entitled, Information
Required for Control Room Habitability Evaluation, for an independent evaluation of the
habitability system.

As part of meeting the requirements of this action item, PBNP implemented several
modifications: portable lead shielding was staged for placement in front of the south and north
control room doors and the east control room viewing window; additional seif contained breathing
apparatuses (SCBAs) were placed in the control room; and, control room air supply duct
radioactive gas detection equipment was installed. NRC acceptance of PBNP actions regarding
this action item was provided on August 10, 1982. Supplementing the NRC safety evaluation
was a letter from Pacific Northwest Laboratories (PNL), who provided an independent review of
the PBNP response. PNL concluded that the control room met the requirements of 10 CFR 50,
Appendix A, General Design Criteria 3, 4, 5, and 19. All required modifications were
implemented and communicated to the NRC on September 4, 1984.

The only change made to these NUREG-0737, 111.D.3.4 related modifications occurred in 1995,
when an office area was built adjacent to the north wall of the control room, thereby, providing
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the necessary shielding in place of the lead shielding. A modification to replace the remaining
portable lead shielding with permanent block wall is planned to support the pending License
Amendment Request 241, Alternative Source Term (ML083450683). Following this modification,
the NUREG-0737, 11.D.3.4 commitment for portable lead shielding will be eliminated.

Continued compliance with the PBNP GDC 11 and NUREG-0737, 111.D.3.4, is demonstrated via
administrative controls, which establish periodic inspections and maintenance requirements.
Changes to designs affecting safety-related structures, systems, or components (SSCs) or SSCs
that support safe operation of the plant, are controlled by QA procedures. Design changes are
processed in accordance with the design control process. Any planned changes that affect the
CRE boundary integrity are required to be identified and appropriate breach control procedures
invoked before work orders are authorized.

In response to GL 2003-01, PBNP will also comply with the dose limits of 10 CFR 50 Appendix A
General Design Criteria 19 dose limits using Alternative Source Term methodology as described
in the pending License Amendment Request 241 (ML083450683) for implementation of the
Alternative Source Term methodology.

Hazardous chemical and toxic gas assessment is not part of the licensing basis for PBNP.
Reactor shutdown capability would be maintained in the control room due to the design features
of the ventilation system. These features include the capability to exhaust smoke from the
control room and computer room; or from the cable spreading room through a dedicated smoke
and heat vent fan.

The current licensing basis for the VNCR system is contained in FSAR Section 9.8, Control
Room Ventilation System, and the pending PBNP License Amendment Request 241 - Alternative
Source Term (ML083450683).

In addition to the evaluations described the FSAR Section listed above, the PBNP control room
ventilation system was evaluated for plant license renewal. Systems and system component
materials of construction, operating history and programs used to manage aging effects are
documented in:

» Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005 (Reference 1.) .

With respect to the above SER, control room ventilation system (VNCR) is addressed in
Section 2.3.3.10, Essential Ventilation System. Aging effects, and the programs used to manage
the aging effects associated with the control room ventilation system, are discussed in

Section 3.3.2.3.10.

2.7.3.2 Technical Evaluation

Introduction

The Control Room Ventilation System (VNCR) is designed to provide heating, ventilation, air
conditioning, and radiological habitability for the Control Room and Computer Room, which are
both within the control room envelope. The control room is maintained at a positive pressure
during accident conditions to assure that any leakage is out of (rather than into) the control room.
VNCR performs the following functions: '
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» During normal conditions the system provides outside air ventilation to the control and
computer room zones to satisfy personnel fresh air requirements

+ During normal conditions the system humidifies/dehumidifies the control and computer room
zones to assure equipment operability and maintain operator comfort

- During normal, abnormal and emergency conditions the system provides sufficient controf of
room temperatures to maintain equipment temperatures within design limits and maintain
operator comfort

+ During emergency operation the system filters recirculated control room air (or contaminated
outside air) to provide a radiologically habitable space to allow continuous operator
occupancy

+ During emergency operation the system pressurizes the control room to limit unfiltered
inleakage to the control room zone

» Following a Halon discharge in the computer room the system isolates the computer room
. from the control room to prevent Halon-contamination in the control room

» During control or computer room fires the system aligns to vent smoke and heat one room at
a time, to prevent cross-contamination of rooms

A normal operating environment of 75° £ 10°F is maintained in the control room. The system
equipment is designed to maintain a room temperature of 75° + 10°F, with outside air
temperatures varying from -15°F to 95°F. Instrumentation and associated circuitry in the control
room is generally rated for an ambient temperature range of 40°F to 120°F.

For radiological habitability the system is currently capable of operating in four different MODES
providing for control room pressurization to limit inleakage, makeup and recirculation through
HEPA and charcoal filters to remove contaminates, and recircuiation without filtration or makeup.
The system is capable of meeting the dose limits of 10 CFR 50 Appendix A GDC-19 as required
by NUREG-0737, item Ili1.D.3.4. The design factors affecting the systems ability to meet the
above dose limits include; actuation on a Containment Isolation signal, emergency filtration flow
rate of 4950 c¢fm * 10%, maintaining a positive pressure >1/8 in. w.g during MODE 4 operation,
and meeting minimum filtration efficiencies specified in the test section for the HEPA and
charcoal filters. A new MODE of operation, MODE 5, is to be implemented by LAR 241 -
Alternative Source Term (ML083450683).

MODE 1 is normal operation, MODE 2 is 100% recirculation, MODE 3 is 100% recirculation with
25% filtered return air and MODE 4 is 25% filtered outside air / 75% recirculation. MODE 5 (to be
implemented by LAR 241, Alternative Source Term) (ML083450683) provides emergency filtered
outside air and filtered recirculating air.

For MODE 1, one of the two normal supply fans is started. The fan start opens the outside air
damper to a predetermined throttled position to supply approximately 1000 CFM of make-up air
ducted from an intake penthouse located on the roof of the auxiliary building. The make-up air
and the return air from the control and computer rooms passes through a roughing filter and
cooling units before entering one of the normal recirculation fans.
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. MODE 2 operation is 100% recirculation of the air and is initiated by a containment
isolation/safety injection signal or manually. After implementation of LAR 241, Alternative Source
Term (ML083450683), the automatic actuation of MODE 2 by a containment isolation signal will
be removed from the control circuits of the affected dampers.

MODE 3 operation employs one of two control room emergency filter fans and a filtration unit
which includes a roughing filter, a HEPA filter, and a charcoal filter. This MODE is manually
initiated. With dampers in the full open position, a portion (approximately 25%) of the
recirculated air is directed through a filter bank and the operating emergency fan back to the
suction of the normal recirculation fan. Operation in this MODE also closes the outside make-up
air damper and de-energizes the washroom exhaust fan.

MODE 4 is similar to MODE 3 except the return air inlet damper to the emergency fans remains
closed and the outside air supply damper opens. This allows make-up air to pass through a filter
and the emergency fan to the suction of the normal recirculation fan, ensuring a positive pressure
is maintained in the control and computer rooms to limit in-leakage. This MODE is currently
initiated by a high radiation signal from the control room area monitor, a high radiation signal from
the noble gas monitor located in the supply duct to the control rcom, or manually. After
implementation of LAR 241 - Alternative Source Term (ML083450683) the automatic actuation of
MODE 4 by a radiation monitor signal will be removed from the control circuits of the affected
dampers and fans.

A new MODE of operation, MODE 5, is to be implemented by LAR 241, Alternative Source Term
(MLO083450683). The VNCR Accident MODE (MODE 5) provides emergency HEPA/charcoal

. filtered outside air and HEPA/charcoal filtered recirculating air. To create MODE 5, the MODE 4
flow path is modified to include the return air flow path to the emergency fans. This allows a
combination of outside air and return air to pass through the emergency HEPA/charcoal filter unit
to the suction of the recirculation fan, assuring a positive pressure that will prevent excessive
unfiltered in-leakage into the control room ventilation boundary. MODE 5 will be automatically
initiated by a containment isolation signal, by a high radiation signal from the control room
monitor, or by a high radiation signal from the noble gas monitor located in the supply duct to the
control room. This MODE can also be initiated manually from the control room. Operation in
MODE 5 is the assumed MODE of operation for the control room habitability analyses for the
LAR 241, Alternative Source Term Analysis, Enclosure 3, Section 5.2.

Description of Analyses and Evaluations

The Control Room Ventilation System was evaluated {o assure it is capable of performing its
intended functions at EPU conditions as follows:

» During normal conditions VNCR operates in MODE 1 to where outside air ventilation to the
control and computer room zones provides fresh air to meet personnel requirements. The
capability of the system to provide fresh (outside) air is not affected by EPU.

» The capability of the system to humidify/dehumidify the control and computer room zones to
assure equipment operability and maintain operator comfort is not affected by EPU.

+ Under EPU conditions the temperatures of the areas surrounding the control room do not
significantly change. In addition there are minimal increases in heat loads internal to the
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control room. Therefore during normal, abnormal and emergency conditions the system will
provide sufficient control of room temperatures to maintain equipment temperatures within
design limits and maintain operator comfort.

» Under EPU there is no significant increase in either radiation levels or contamination levels
that would affect the filtering of recirculated control room air (or contaminated outside air)
during the emergency operation of the system. This is addressed in LR Section 2.7.1,
Control Room Habitability System.

» During emergency operation the system pressurizes the control room to limit unfiltered
inleakage to the control room zone. This is addressed in LR Section 2.7.1, Control Room
Habitability System.

* There are no changes under EPU that would prevent the isolation of the computer room from
the control room following a Halon discharge in the computer room.

» There are no changes under EPU that would prevent system alignment to vent smoke and
heat from one room at a time to prevent the cross-contamination of the control room and
computer room during a fire in one of the rooms.

Based on the above, the control room area ventilation system provides an environment in the
control room that allows for continuous occupancy under post accident conditions. For the
evaluation of radiation protection of control room occupants see LR Section 2.7.1, Control Room
Habitability System and Section 2.9.2, Radiological Consequences Analyses Using Alternative
Source Terms. Operation of the VNCR in MODE 5 is the assumed MODE of operation for the
EPU control room habitability analyses. PBNP control room habitability under accident
conditions meets the requirements of PBNP GDC 11.

The new MODE 5 being implemented by LAR 241, Alternative Source Term (ML083450683), is
created by modifying the existing MODE 4 flow path. No physical changes are being made to the
ventilation fans. Since no changes to the Control Room Area Ventilation System fans are
required to support EPU, there is no increased probability of dynamic effects or missiles from the
ventilation fans.

LR Section 2.9.2, Radiological Consequences Analyses Using Aiternative Source Terms,
summarizes the EPU assessment of impact on post-accident dose consequences at the site
poundary and at locations on-site that require continuous occupancy, such as the control room.
The resuits of LR Section 2.9.2, Radiological Consequences Analyses Using Alternative Source
Terms, confirm that after implementation of LAR 241, Alternative Source Term (ML083450683),
and the EPU, the plant ventilation systems will continue to maintain control over gaseous
radioactive releases and maintain dosage level within guidelines in compliance with PBNP
GDC 70. Compliance with PBNP GDC 70 with regards to liquid and solid waste is addressed in
LR Section 2.5.6.2, Liquid Waste Management System, and Section 2.5.6.3, Solid Waste
Management System.

Results

The design and operation of the VNCR system require no further changes due to EPU following
the addition of VNCR MODE 5, which is being implemented by LAR 241, Alternative Source
Term (ML083450683). The proposed EPU has minimal effect on the ability of the VNCR to
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provide a controlled environment for the comfort and safety of control room personnel and to
support the operability of control room and computer room components under normal and
postulated conditions. EPU has minimal effect on internal heat gain in the control room or
computer room and therefore EPU does not affect the ability of the VNCR to maintain normal
specified space temperatures. Likewise the ability of the VNCR system to evacuate smoke,
activate emergency filtration flow, maintain emergency filtration air flow rates, maintain space
static pressure during emergency filtration air flow and meet minimum HEPA and charcoal
filtration efficiencies is not affected by EPU. The ability of the control room area ventilation
system to limit the radiation dose to personnel within the Control Room and Computer Room is
addressed in

LR Section 2.7.1, Control Room Habitability System, and Section 2.9.2, Radiological
Consequences Analyses Using Alternative Source Terms. LR Sections 2.5.6.1, Gaseous Waste
Management System, 2.5.6.2, Liquid Waste Management System and 2.9.2, Radiclogical
Consequences Analyses Using Alternative Source Terms, also confirm PBNP compliance with
PBNP GDC 70.

License Renewal

Portions of the controt room area ventilation systems are within the scope of License Renewal as
identified in the License Renewal Safety Evaluation Report, NUREG-1839, Section 2.3.3.10,
Essential Ventilation System. Aging Management Programs used to manage the aging effects
associated with the control room area ventilation systems are addressed in the NUREG-1839,
Section 3.3.2.3.10, Essential Ventilation System — Aging Management Evaluation. EPU
activities are not adding any new components within the existing license renewal system
evaluation boundaries nor do they introduce any new functions for existing components that
would change the license renewal system evaluation boundaries. Operating at EPU conditions
does not add any new or previously unevaluated materials to the system. System component
internal and external environments remain within the parameters previously evaluated. Thus, no
new aging effects requiring management are identified as a resuit of EPU.

2.7.3.3 Conclusion

PBNP has assessed the effects of the proposed EPU on the ability of the VNCR system to
provide a controlled environment for the comfort and safety of control room personnel and to
support the operability of control room components. PBNP concludes that the assessment has
adequately accounted for changes to parameters affecting the environmental conditions for
control room personnel and equipment under the conditions of the proposed EPU. The EPU
dose calculations prepared as part of this assessment use the methodology contained in the
LAR 241, Alternative Source Term (ML083450683), analysis. Therefore, approval of LAR 241
and implementation of VNCR MODE 5 are required for EPU operation. Accordingly, PBNP
concludes that the control room VNCR system wili continue to provide an acceptable control
room environment for safe operation of the plant following the implementation of the proposed
EPU. PBNP also conciudes that the system will continue to suitably control the release of
gaseous radioactive effluents to the environment. Based on this, PBNP concludes that the
control room ventilation system will continue to meet the requirements of PBNP GDCs 11, 70 and
the dose limits of 10 CFR 50, Appendix A GDC 19. Therefore, PBNP finds the proposed EPU
acceptable with respect to the VNCR system.
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. 2.7.3.4 References

1. Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005
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2.7.4 Spent Fuel Pool Area Ventilation System
2.7.41 Regulatory Evaluation

The function of the spent fuel pool area ventilation system is to maintain ventilation in the spent
fuel pool equipment areas, permit personnel access, and control airborne radioactivity in the area
during normal operation, anticipated operational occurrences, and following postulated fuel
handling accidents. The PBNP review focused on the effects of the proposed EPU on the
functional performance of the safety-related portions of the system.

The NRC'’s acceptance criteria for the spent fuel pool area ventilation are based on:

+ GDC 60, insofar as it requires that the plant design include means to control the release of
radioactive effluents

- GDC 61, insofar as it requires that systems which contain radioactivity be designed with
appropriate confinement and containment

Specific review criteria are contained in SRP Section 9.4.2.
PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR),-Section 1.3, the GDC used during the licensing
of PBNP predate those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in

FSAR Section 1.3. The parenthetical numbers following the criterion description indicate the
numbers of the Atomic Industrial Forum version of the proposed General Design Criterion
(PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50 Appendix A GDC 60 and 61 are as foI‘Iows:

CRITERION: The facility design shall include those means necessary to maintain control over
the plant radioactive effluents, whether gaseous, liquid, or solid. Appropriate holdup capacity
shall be provided for retention of gaseous, liquid, or solid effluents, particularly where unfavorable
environmental conditions can be expected to require operational limitations upon the release of
~ radioactive effluents to the environment. In all cases, the design for radioactivity control shall be
justified (a) on the basis of 10 CFR 20 requirements, for both normal operations and for any
transient situation that might reasonably be anticipated to occur and (b) on the basis of

10 CFR 100 dosage level guidelines for potential reactor accidents of exceedingly low probability
of occurrence. (PBNP GDC 70)

CRITERION: Provisions shall be made in the design of fuel and waste storage facilities such that
no undue risk to the health and safety of the public could result from an accidental release of
radioactivity. (PBNP GDC 69)

The PBNP spent fuel pool area ventilation system is non-safety related, and no credit is taken for
removal of iodine by the spent fuel pool ventilation system nor is credit taken for isolation of
release paths.

Ventilation air from buildings normally containing radioactive materials and equipment is
exhausted through HEPA and/or carbon adsorber equipment depending on the potential for
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significant releases. Ventilation of the spent fuel pool area is provided by supply and exhaust
fans that ventilate the area and exhaust to the atmosphere via the drumming area stack that
includes a HEPA filter. The drumming area stack is a monitored release path.

The current licensing basis for the spent fuel pool area ventilation system is contained in
FSAR Section 14.2.1, Fuel Handling Accident, and Appendix |, Section 1.5, Plant Ventilation and
Filtration Systems, and Section 2.6, Ventilation and Exhaust Systems.

The PBNP ventilation systems were evaluated for plant license renewal. Systems and system
component materials of construction, operating history and programs used to manage aging
effects are documented in:

- Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

With respect to the above SER, the spent fuel pool area ventilation system, which is part of the
drumming area ventilation (VNDRM) system, is addressed in Section 2.3.3.10, Essential
Ventilation System. The VNDRM system is not within the scope of license renewal.

2.7.4.2 Technical Evaluation

Introduction

The spent fuel pool area ventilation system is part of the drumming area ventilation system,
which is a subsystem of the auxiliary building ventilation system. The primary auxiliary building
ventilation system is described in FSAR Section 9.5, Primary Auxiliary Building Ventilation
System. The spent fuel pool area ventilation system is addressed in FSAR Section 14.2.1, Fuel
Handling Accident, and Appendix I, Sections 1.5, Plant Ventilation and Filtration System, and
Appendix |, Section 2.6, Ventilation and Exhaust Systems. The impact of the proposed EPU on
the auxiliary building ventilation system is further evaluated in LR Section 2.7.5, Auxiliary and
Radwaste Area and Turbine Areas Ventilation Systems, LR Section 2.7.6, Engineered Safety
Feature Ventilation System and LR Section 2.7.2, Engineered Safety Feature Atmosphere
Cleanup. The spent fuel pool area ventilation system serves to control airborne radioactivity in
the spent fuel pool area during normal operating conditions. This is accomplished by directing air
from the auxiliary building to both the drumming and spent fuel pool (SFP) areas to limit radiation
doses to personnel from drumming operations, or from radioactive vapor emanating from the
SFP.

All the exhaust air is filtered through roughing and high efficiency filters for removal of
particulates. All air exhausted from these areas is then discharged through the drumming area
vent stack, which is monitored for radiation.

The PBNP spent fuel pool area ventilation system is non-safety related, and no credit is taken for
removal of iodine by the spent fuel pool ventilation system nor is credit taken for isolation of
release paths.

Description of Analyses and Evaluations

The spent fuel pool area ventilation system was evaluated to ensure it is capable of performing
its intended functions at EPU conditions. The decay heat loads in the spent fuel pool increase
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due to the EPU conditions. EPU decay heat loads and pool water temperatures have been
evaluated to ensure that the system is capable of maintaining the pool temperature within current
design temperature under normal EPU and refueling modes. This evaluation is addressed in
LR Section 2.5.4.1, Spent Fuel Pool Cooling and Cleanup System.

The radiological evaluations of the spent fuel pool area ventilation are addressed in the following
LR sections:

» Offsite dose consequences of a fuel handling accident — LR Section 2.9.2, Radiological
Consequences Analyses Using Alternative Source Terms

» ‘Control of the release of radioactive effluents — LR Section 2.10.1, Occupational and Public
Radiation Doses

The evaluations in these sections show that the spent fuel pool area ventilation continues to
comply with PBNP GDCs 70 and 69.

The design of the spent fuel pool area ventilation system does not change as a result of the
implementation of EPU. Airborne radioactivity released from the spent fuel in the pool will
continue to be collected, exhausted by the drumming area ventilation system, which is a
subsystem of the auxiliary building ventilation system, and released to the atmosphere via the
monitored and alarmed drumming area ventilation stack.

License Renewal

The spent fuel pool area ventilation system, which is part of the drumming area ventilation
system, is not within the scope of License Renewal as identified in the License Renewal Safety
Evaluation Report, NUREG-1839, Section 2.3.3.10, Essential Ventilation System. EPU activities
do not add any new components nor do they introduce any new functions for existing
components that would change the license renewal system evaluation boundaries. There are no
changes associated with operation of the spent fuel pool ventilation system at EPU conditions
and the EPU does not add any new or previously unevaluated materials to the system. System
component internal and external environments remain within the parameters previously
evaluated. Thus, no new aging effects requiring management are identified.

Results

The air temperature in the spent fuel pool area is affected by heat released from the spent fuel
pool. Although the decay heat in the spent fuel is greater at EPU conditions, the spent fuel pool
water temperature during normal and abnormal EPU operation does not exceed the current
values. Therefore, the spent fuel pool area ventilation system will maintain the required air
temperature conditions for personnel and equipment during EPU operation. Refer to

LR Section 2.5.4.1, Spent Fuel Pool Cooling and Cleanup System.

The design of the spent fuel pool area ventilation system does not change following the
implementation of the EPU. Airborne radioactivity released from the spent fuel in the pool will
continue to be collected, exhausted by the drumming area ventilation system (VNDRM) which is
a subsystem of the auxiliary building ventilation system and released to the atmosphere via the
monitored and alarmed drumming area ventilation stack. Therefore, the contro! of airborne
radioactivity in the spent fuel pool area is not affected following implementation of the EPU.
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. Refer to LR Section 2.9.2, Radiological Consequences Analyses Using Alternative Source
Terms, and Section 2.10.1, Occupational and Public Radiation Doses.

2.7.4.3 Conclusions

PBNP has assessed the effects of the proposed EPU on the Spent Fuel Pool Area Ventilation
System. PBNP has adequately accounted for the effects of the proposed EPU on the system’s
capability to maintain ventilation in the spent fuel pool equipment areas, permit personnel
access, control airborne radioactivity in the area, control release of gaseous radioactive effluents

" to the environment, and provide appropriate containment. Based on this, PBNP concludes that
the Spent Fuetl Pool area ventilation will continue to comply with PBNP GDCs 69 and 70.
Therefore, PBNP finds the proposed EPU acceptable with respect to the Spent Fuel Pool Area
Ventilation System.
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2.7.5 Auxiliary and Radwaste Area and Turbine Areas Ventilation Systems
2.7.5.1 Regulatory Evaluation

The function of the auxiliary and radwaste area ventilation system and the turbine area
ventilation system is to maintain ambient temperatures in the auxiliary and radwaste equipment
and turbine areas, permit personnel access, and control the concentration of airborne radioactive
material in these areas during normal operation, during anticipated operational occurrences, and
after postulated accidents. The PBNP review focused on the effects of the proposed EPU on the
functional performance of the safety-related portions of these systems. '

The NRC’s acceptance criteria for these systems are based on:

+ GDC 60, insofar as it requires that the plant design include means to control the release of
radioactive effluents ‘

Specific review criteria are contained in SRP Sections 9.4.3 and 9.4.4

In order to minimize confusion and to maintain consistency with previous NRC staff evaluations
performed on PBNP, the systems reviewed in this section are designated “Nonessential
Ventilation Systems” as used in the PBNP License Renewal Safety Evaluation Report,
NUREG-1839.

(The ventilation systems important to personnel safety or vital equipment operation are
composed primarily of the license renewal grouping called essential ventilation systems.
Additional information on the essential ventilation systems is provided in LR Section 2.7.2,
Engineered Safety Feature Atmosphere Cleanup and LR Section 2.7.6, Engineered Safety
Feature Ventilation System. Other systems are addressed elsewhere as called out in RS-001).

PBNP Current Licensing Bases

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP specific GDC for the auxiliary and radwaste area ventilation system and the turbine
area ventilation system is as follows:

CRITERION: The facility design shall include those means necessary to maintain control over
the plant radioactive effluents, whether gaseous, liquid, or solid. Appropriate holdup capacity
shall be provided for retention of gaseous, liquid, or solid effluents, particularly where unfavorable
environmental conditions can be expected to require operational limitations upon the release of
radioactive effluents to the environment. In all cases, the design for radioactivity control shall be
justified (a) on the basis of 10 CFR 20 requirements, for both normal operations and for any
transient situation that might reasonably be anticipated to occur and (b) on the basis of

10 CFR 100 dosage level guidelines for potential reactor accidents of exceedingly low probability
of occurrence. (PBNP GDC 70)
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The following ventilation systems provide suitable and controlied environments for equipment,
personnel access, and control of airborne radioactive material:

Auxiliary Building

The auxiliary building ventilation (VNPAB) includes ventilation air from service building controlled
areas and is exhausted through the auxiliary building and the drumming area ventilation
(VNDRM) vents.

The auxiliary building vent exhausts air from the service building, chemistry laboratory, general
areas of the auxiliary building and cubicles containing radioactive equipment. The chemistry
laboratory exhausts to the auxiliary building vent through roughing filters, HEPA filters and
carbon adsorbers.

Service building ventilation (VNSBB) and general areas and cubicles of the auxiliary building
containing equipment with low potential for iodine releases are exhausted through roughing and
HEPA filters.

Areas of the auxiliary building with high potential for iodine releases are routed through roughing
and HEPA filters to the auxiliary building vent with an optional route through carbon adsorbers
and HEPA filters.

Turbine Building Ventilation (VNTB) System

Units 1 and 2 share a combined turbine building. Outside air is provided at ali levels of the
building and is exhausted through 19 turbine building roof exhausters evenly spaced along the
length of the turbine building roof. Turbine building ventilation is exhausted through roof
exhausters with no treatment.

The Electrical Equipment Room Ventilation (VNEERM) system is part of the VNTB system and
maintains electrical equipment room temperatures within design limits.

Condenser Air Ejectors

Unit 1 and Unit 2 air ejectors discharge to a delay duct in the turbine building which provides a
nominal one hour holdup prior to release via the auxiliary building vent. An optional route is
through a carbon adsorber prior to the delay duct. Treatment of main condenser air ejector
offgas is addressed in LR Section 2.10.1, Occupational and Public Radiation Doses.

Radioactive Waste Gases
The PBNP specific GDC for the control room ventilation system is as follows:

Releases of cover gas from gas decay tanks are directed to the auxiliary building vent at a
controlled rate. :

Stripped gas from the Unit 1 and Unit 2 gas strippers is normally routed through the charcoal
decay tanks and back to the CVCS volume control tank for each unit. This gas may also be
released directly to the auxiliary building vent. An optional route is to pass the charcoal decay
tank effluent through cryogenic equipment prior to release. However, no credit for the cryogenic
system is taken in calculating radioactive releases.
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. During normal operation, the Radwaste HVAC (VNRAD) system (in the blowdown evaporator
building) draws air from the auxiliary building, and discharges to the auxiliary building primarily
through open doors to the spent fuel pool area (although it can also discharge through a duct to
the auxiliary building), where it is processed by the VNPAB system. :

The PBNP CLB for the auxiliary and radwaste area ventilation system and the turbine area
ventilation system is provided in FSAR Section 9.5, Primary Auxiliary Building Ventilation,
Section 11.2, Gaseous Waste Management System, and Appendix {, Sections 1.5, Plant
Ventilation and Filtration Systems, and 2.6, Ventilation and Exhaust Systems.

In addition to the evaluations described in the FSAR, PBNP’s nonessential ventilation system
was designated as not being within the scope of License Renewal. The system and system
component materials of construction, operating history and programs used to manage aging
effects are documented in:

- Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

Portions of the primary auxiliary building ventilation system are within the scope of License
Renewal under essential ventilation system. EPU activities are not adding any new components
within the existing license renewal system evaluation boundaries nor do they introduce any new
functions for existing components that would change the license renewal system evaluation
boundaries. Operating at EPU conditions does not add any new or previously unevaluated
materials to the system. System component internal and external environments remain within

. the parameters previously evaluated. Additional structures and components of the VNPAB
system will be added to the scope of License Renewal as a result of the licensing action for LAR
241, Alternative Source Term. No new aging effects requiring management are identified as a
result of EPU.

2.7.5.2 Technical Evaluation

Introduction
Primary Auxiliary Building Ventilation (VNPAB)

The primary auxiliary building ventilation system (VNPAB} is a non-safety reiated system.
Portions of this system will be upgraded to augmented quality status to support Alternative
Source Term requirements.

VNPAB performs the following functions:

+ Exhaust and filtration (of exhaust) from rooms potentially containing iodine vapor and/or
contaminated particles during normal and accident conditions to limit offsite releases and
support auxiliary building habitability.

+ Provide a flow path for venting portions of the auxiliary building that are subject to hydrogen
line breaks or leaks, in order to maintain hydrogen concentration within allowable limits.

+ In support of Alternative Source Term, provide a flow path for post-LOCA ECCS leakage in
the auxiliary building to discharge through the auxiliary building ventilation stack.
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The VNPAB has one non-safety related, Non-QA function, which is to maintain the building within
its design range of 65°F-85°F. Safety-related equipment in the PAB is not affected by a
loss-of-HVAC for up to 24 hours thus indicating that the ability to maintain an 85°F design
temperature during normai operation is not critical.

Following NRC staff review and approval of License Amendment Request 241, Alternative
Source Term (ML083450683) (Reference 1), PBNP will submit a License Amendment Requirs
for a Technical Specification addressing a Limiting Condition for Operation and appropriate
Surveilience Requirements for the VNPAB.

Radwaste Area Ventilation (VNRAD)

The VNRAD is a non-safety related, non-QA system that is located in the blowdown evaporator
building. it was originally installed to support radwaste modifications {gas strippers) and cool a
cryogenic area. During normal operation, the VNRAD system (in the blowdown evaporator
building) draws air from the auxiliary building, and discharges to the auxiliary building primarily
through open doors to the spent fuel pool area (although it can also discharge through a duct to
the auxiliary building), where it is processed by the VNPAB system. Although the VNRAD
system is not physically connected to the VNPAB system, the boundary is assumed to be at the
suction/discharge points, and at the normally open door (which can be closed to isolate the
VNRAD system from the VNPAB system).

Turbine Area Ventilation (VNTB)

The VNTB is a non-safety related, non-QA system that provides ventilation for heat removal
during summer and heat to maintain minimum space temperature during winter and plant
outages. The VNTB provides once-through ventilation, with air intake louvers on the outside
walls and exhaust fans on the roof. The VNTB must maintain general areas in the Turbine
Building at or below 115°F.

Description of Analyses and Evaluations

EPU does not change the requirements for filtering the air from rooms within the Primary
Auxiliary Building (PAB) that may contain iodine. After filtration, the air is released to the
atmosphere via the PAB vent stack which is monitored for radiation. EPU does not alter the
supply or exhaust air flow paths, air flow rates, filtration, or ability to isolate any portion of the
VNPAB. Referto LR Section 2.7.2, Engineered Safety Feature Atmosphere Cleanup, for
additional information regarding the Engineered Safety Feature Atmosphere Cleanup function of
the VNPAB system. o

The Auxiliary Feedwater (AFW) System is being redesigned to support PBNP operation at EPU
conditions (refer to LR Section 2.5.4.5, Auxiliary Feedwater, for further details). As a result, two
new motor-driven auxiliary feedwater pumps will be installed in the primary auxiliary building.
The heat generated by the addition of these new AFW pumps and any impact on the primary
auxiliary building ventilation system, VNPAB, will be addressed as part of the AFW system
modification process.

As described in the pending License Amendment Request 241, Alternative Source Term
(ML083450683), the alternative source term analysis takes credit for operation of one
containment spray pump in addition to one safety injection pump during post-accidént ECCS
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sump recirculation (additional details are provided in LR Section 2.6.5, Containment Heat
Removal). Since the AST LAR must be implemented for EPU, this statement will also be true for
operation at EPU conditions. The heat released from the operation of one containment spray
pump motor and one safety injection pump motor during sump recirculation is bounded by the
existing configuration of one containment spray pump and two safety injection pumps operating
during the injection phase. Therefore, operation of a containment spray pump during the
recirculation phase will not impose an additional load on the VNPAB system following EPU
implementation. '

EPU does not change the requirements for maintaining hydrogen concentrations in the primary
auxiliary building below allowable limits. Hydrogen concentrations are not expected to increase
at EPU because there are no expected changes in the hydrogen system or volume control tank.

EPU does not alter the supply or exhaust air flow paths, air flow rates, filtration, heating load or
cooling load of the VNRAD. Refer to LR Section 2.10.1, Occupational and Public Radiation
Doses, for additional information and discussion of compliance with PBNP GDC 70.

Temperatures in the turbine building general areas are currently maintained within design limits.
As part of the implementation of EPU, the feedwater and condensate pump motors are being
replaced, and the new, larger motors will give off more -heat than the existing motors. In addition,
as discussed in LR Section 2.5.5.4, Condensate and Feedwater, the temperature of the
feedwater supplied to the steam generators will increase, resulting in additional heat being
transferred to various turbine building areas. Considering the heat load increases from motors
and process fluids at higher temperatures, the turbine building temperature is expected to
increase by approximately 1°F. Given this small increase, the turbine building ventilation system,
VNTB, will continue to maintain the temperatures in the turbine building within the design basis.

Resuits

Aside from the AFW System redesign, plant changes to support operation at EPU conditions will
not affect the ability of the VNPAB, VNRAD or VNTB systems to perform their respective design
functions. The impact on the VNPAB temperature due to the addition of two new AFW pumps
and motors will be addressed during the AFW system modification process. EPU plant changes
will not diminish the capability of the VNPAB, VNRAD or VNTB systems to meet the requirements
of PBNP GDC 70.

License Renewal

Portions of the primary auxiliary building ventilation system are within the scope of License
Renewal as identified in the License Renewal Safety Evaluation Report, NUREG-1839,

Section 2.3.3.10, Essential Ventilation System. Aging Management Programs used to manage
the aging effects associated with the primary auxiliary building ventilation systems are addressed
in the NUREG-1839, Section 3.3.2.3.10, Essential Ventilation System — Aging Management
Evaluation. EPU activities are not adding any new components within the existing license
renewal system evaluation boundaries nor do they introduce any new functions for existing
components that would change the license renewal system evaluation boundaries. Operating at
EPU conditions does not add any new or previously unevaluated materials to the system.
System component internal and external environments remain within the parameters previously
evaluated. Additiona!l structures and components of the VNPAB system will be added to the
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scope of License Renewal as a result of the licensing action for LAR 241, Alternative Source
Term. No new aging effects requiring management are identified as a result of EPU. The
remaining systems discussed in this LR Section are designated as “Nonessential Ventilations
Systems” as used in the PBNP License Renewal Safety Evaluation Report, NUREG-1939.

2.7.5.3 Conclusions

PBNP has assessed the effects of the proposed EPU on the auxiliary and radwaste area
ventilation system and the turbine area ventilation system. PBNP concludes that the
assessment has adequately accounted for the effects of the proposed EPU on the capabitity of
these systems to maintain ventilation in the auxiliary, radwaste equipment and turbine areas,
permit personnel access, control the concentration of airborne radioactive material in these
areas, and control release of gaseous radioactive effluents to the environment. Based on this,
PBNP concludes that the systems wili continue to comply with PBNP GDC 70. Therefore, PBNP
finds the proposed EPU acceptable with respect to the auxiliary and radwaste area ventilation
system and the turbine area ventilation system.

-2.7.5.4 Reference

1. FPL Energy LLC to NRC, Point Beach Nuclear Plant Units 1 and 2, Submittal of License
Amendment Request 241, Alternative Source Term, December 2008, (ML083450683)
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2.7.6 Engineered Safety Feature Ventilation System

(Note that the environmental control for engineered safety feature components that are located
inside containment is covered in LR Section 2.6.5, Containment Heat Removal.)

2.7.6.1 Regulatory Evaluation

The function of the Engineered Safety Feature Ventilation System (ESFVS) is to provide a
suitable and controlled environment for ESF components following certain anticipated transients
and DBAs. The PBNP review for the ESFVS focused on the effects of the proposed EPU on the
functional performance of the safety-related portions of the system. The PBNP review also
covered:

= The ability of the ESF equipment in the areas being serviced by the ventilation system to
function under degraded ESFVS performance.

. » The capability of the ESFVS to circulate sufficient air to prevent accumulation of flammable or

explosive gas or fuel-vapor mixtures from components (such as storage batteries and stored
fuel).

= The capability of the ESFVS to control airborne particulate material {dust) accumulation.
The NRC'’s acceptance criteria for the ESFVS are based on:

+ GDC 4, insofar as it requires that structures, systems, and components (SSCs) important to
safety be designed to accommaodate the effects of, and to be compatible with, the
environmental conditions associated with normal operation, maintenance, testing, and
postulated accidents.

» GDC 17, .insofar as it requires onsite and offsite electric power systems be provided to permit
functioning of safety-related SSCs important to safety.

+ GDC 60, insofar as it requires that the plant design includes means to control the release of
radioactive effluents.

Specific review criteria are contained in SRP Section 9.4.5.
PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50 Appendix A GDC 4, 17 and 60 are as follows:

CRITERION: The facility design shall include those means necessary to maintain control over
the plant radioactive effluents, whether gaseous, liquid, or solid. Appropriate holdup capacity
shall be provided for retention of gaseous, liquid, or solid effluents, particularly where unfavorable
environmental conditions can be expected to require operational limitations upon the release of
radioactive effluents to the environment. In all cases, the design for radioactivity control shall be
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justified (a) on the basis of 10 CFR 20 requirements, for both normal operations and for any
transient situation that might reasonably be anticipated to occur and (b) on the basis of

10 CFR 100 dosage level guidelines for potential reactor accidents of exceedingly low probability
of occurrence. (PBNP GDC 70) '

The following ventilation systems provide suitable and controlled environments for ESF
components:

The primary auxiliary building (PAB) battery and electrical equipment room ventilation system
(VNBI) maintains the station batteries (D-105 and D-106), inverters, and other safety-related
components within established temperature limits, including during plant fires. This system also
prevents hydrogen buildup in the battery rooms. The VNBI sub-system is classified as Seismic
Class 1.

The diesel generator building ventilation (VNDG) system maintains ambient temperatures in the
required areas within acceptable limits to support the operation of the emergency diesel
generators G03, and G04 during a design basis accident, loss of offsite power, Station Blackout
(SBO) events, and some plant fires. G03/G04 draw outside air for combustion rather than room
air like the G01/G02 diesel generators. The VNDG system provides combustion and ventilation
air to the emergency diesel generator room to maintain the room within operating temperature
and pressure limits. The VNDG system is classified as Seismic Class |.

The gas turbine building ventilation (VNGT) system supports the operation of the gas turbine by
providing cooling (via air flow) once the gas turbine equipment is in operation. This function is
necessary for both Appendix R and Station Blackout (SBO) scenarios.

The primary auxiliary building ventilation (VNPAB) system provides sufficient control of building
temperatures during normal, abnormal, and accident conditions to maintain equipment within
operational temperature limits. Primary auxiliary building ventilation is provided by supply and
exhaust fans that ventilate the area and exhaust to the atmosphere via the auxiliary building vent
stack. This system also filters the exhaust from rooms potentially containing iodine vapor, and
rooms potentially containing particulates, during normal and accident conditions to limit offsite
releases, and support auxiliary building habitability. The VNPAB system filtration assembly
consists of roughing, HEPA and charcoal filtration prior to exhausting the air to the auxiliary
building vent stack. The auxiliary building vent stack is a monitored release path. The VNPAB
system is not required to perform any safety-related functions. No credit is taken in any accident
analysis or habitability study for the filtration capability of the system.

The drumming area ventilation (VNDRM) system is similar to the VNPAB system with the
exception that the exhaust system has no provision for iodine removal and is discharged via a
separate, monitored vent stack.

The auxiliary feedwater pump area ventilation (VNAFW) provides sufficient control of room
temperatures for the auxiliary Feedwater pump, vital switchgear, and control building battery
rooms D05 and DO6. The VNAFW also maintains the hydrogen concentration of the battery
rooms within allowable limits.
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Battery room ventilation (VNBR) provides sufficient control of the control building battery room
environment to maintain the batteries within design temperature limits and the hydrogen
concentration within allowable limits.

The cable spreading room ventilation (VNCSR) and the computer room ventilation (VNCOMP)
provide heating, ventilation, and air conditioning for their respective areas and associated
equipment contained within those areas.

The circulating water pump house ventilation (VNPH) system provides heating and ventilation for
its respective area and the associated equipment contained within this area.

The current licensing basis for the engineered safety feature ventilation systems is contained in
FSAR Section 8.7.2, System Description and Operation, Section 9.5, Primary Auxiliary Building
Ventilation, Appendix | Section 1.5, Plant Ventilation and Filtration Systems, and Appendix |
Section 2.6, Ventilation and Exhaust Systems.

In addition to the evaluations described in the FSAR Sections listed above, the PBNP engineered
safety feature ventilation systems (VNBI, VNDG, VNGT, VNPAB and VNCSR) were evaluated for
plant license renewal. Systems and system component materials of construction, operating
history and programs used to manage aging effects are documented in:

+ Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

The engineered safety feature ventilation system was evaluated and it was concluded that this
system was “in-scope” of the License Renewal. On the basis of its review, the staff concluded
that the applicant demonstrated that the aging effects associated with the auxiliary systems (i.e.,
EFSVS) components will be adequately managed so that the intended functions will be
maintained consistent with the CLB for the pericd of extended operation as required by

10 CFR 54.21

2.7.6.2 Technical Evaluation

Introduction

The ESFVS function to maintain temperatures within specified limits in areas containing
safety-related equipment. Normal ventilation exhausts from potentially contaminated areas are
filtered and the discharge is monitored for radiation. Included in the scope of the engineered
safety feature ventilation system at PBNP are the following subsystems:

» PAB and Swing Battery and Electrical Equipment Room Ventilation System (VNBI),
(described in :
FSAR Section 8.7)

* Diesel Generator Building Ventilation (VNDG) system

+ Gas Turbine Building Ventilation (VNGT) system

» Primary Auxiliary Building Ventilation (VNPAB) System, (described in FSAR Section 9.5)
* Drumming Area Ventilation (VNDRM) System
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Auxiliary Feedwater Pump Area Ventilation (VNAFW) System

Battery Room Ventilation (VNBR) System

Cable Spreading Room Ventilation (VNCSR) and the Computer Room Ventilation (VNCOMP)
System .

+ The Circulating Water Pump House Ventilation System (VNPH)

The PAB battery and electrical equipment room ventilation system (VNBI) maintains the station
batteries (D105 and D106), inverters, and other safety-related components within established
temperature limits. This system also prevents hydrogen buildup in the battery rooms. In
addition, a second non-safety related VNBI system provides the same function for the swing
chargers and swing battery (D-305) located in the Control Building. The supply airflow to the
ventilation equipment is from the turbine building. The air is exhausted from the battery rooms to
the turbine building.

The diesel generators have several auxiliary support systems that must function in order to
perform its safety related function, including the room ventilation system (VNDG). The two
Train A emergency diesel generator sets (G01 and G02) are located in separate rooms in the
Seismic Class | section of the turbine building. The two Train B Emergency diesel generator sets
are located separate rooms in the Seismic Class | Emergency Diesel Generator Building (DGB,
G03 and G04). The diesel generator ventilation system (G01 and G02) within the turbine
building ventilates two diesel generators that are housed in adjacent, but separate rooms. Two
exhaust fans plus motor-operated and natural draft dampers are provided to meet the
performance objectives for each diesel generator room. The exhaust fans, 2 per room, draw
“outside air through the dampers into the room. The fans exhaust directly into the turbine hall.
Operation of the fans is controlled by thermostats.

The diesel generator building ventilation system (VNDG) ventilates two diesel generators

(G03 and G04) that are housed in adjacent, but separate rooms. Each generator unit is serviced
by a safety-related ventilation system having inlet wall louvers with associated back draft
dampers, and each room has a set of two 30/70% capacity exhaust fans drawing outside air
across the room and exhaust to the roof. The ventilation system provides sufficient air flow to
maintain acceptable temperature operation within each room and prevent the possible buildup of
a flammable atmosphere. The switchgear and mechanical room ventilation system consists of a
common air handling unit that maintains room temperature to support equipment and personnel
operation. Upon failure of the air handling unit, an emergency exhaust air fan provides
ventilation. Within the fuel oil day tank and transfer pump room, three exhaust fans maintain
continuous air flow to prevent a pdtential buildup of flammable vapors.

The gas turbine is a small power plant within itself, fully capable of operating independent of the
remainder of the plant. Although it has no safety related function, the gas turbine is relied upon
to provide backup power during some abnormal situations. This unit is normally used for
spinning reserve, station blackout and for peaking purposes. The Gas Turbine Building
Ventilation System (VNGT) that supports the gas turbine unit is located within its own structure.
The VNGT system provides combustion and ventilation air to the gas turbine and diesel
generator areas to maintain the areas within the gas turbine and diesel operational temperature.
The VNGT system combustion and ventilation air is sized for maximum rated power output of the
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‘existing gas turbine, diesel and the associated electrical equipment in the building. An enclosure
fan set consisting of an exhaust fan (installed on one side of the enclosure) which removes
potential buildup of flammable vapors and its coincident make up air opening (located on the
opposite side of the enclosure) ensure continuous air flow throughout the building enclosure.

The primary auxiliary building ventilation system (VNPAB) is evaluated in LR Section 2.7.5,
Auxiliary and Radwaste Area and Turbine Areas Ventilation Systems.

The drumming area ventilation system (VNDRM) is evaluated in LR Section 2.7.4, Spent Fuel
Pool Area Ventilation System.

The auxiliary feedwater pump area ventilation system (VNAFW) provides sufficient control of
room temperatures during normal, abnormal, and emergency conditions to maintain equipment
temperatures in the auxiliary feedwater pump rooms, vital switchgear area, and D05 and D06
battery rooms within design limits. This system provides redundant air handling units to form two
parallel trains and recirculate a natural supply of cooled air to the auxiliary feedwater pump
rooms, vital switchgear area, and battery rooms. Two battery room fans {one per battery room)
exhaust air to the turbine building. Turbine building air is drawn into the auxiliary feedwater pump
room to make up for the air being exhausted by the battery room exhaust fans.

The battery room ventilation system (VNBR) provides sufficient control of the control building
battery room (D05 and D06) environment during normal, abnormal, and accident conditions to
maintain the batteries within design temperature limits, and the hydrogen concentration within
allowable limits. The make up airflow to the battery.room is provided by the auxiliary feed pump
room ventilation system via the vital switchgear area. Airis exhausted from the battery room to
the turbine building.

The computer room ventilation (VNCOMP) system is evaluated in LR Section 2.7.3, Control
Room Area Ventilation System.

The cable spreading room ventilation (VNCSR) consists of a single system which filters, heats,
cools and distributes air to the room. The system draws outside air from the common supply
plenum with the turbine building, control and computer room ventilation systems. The air is
drawn through a roll-type filter and a series of two heat exchangers. The system delivers air to
provide positive pressure within the cable spreading room to assure no in-leakage from adjoining
rooms. The cable spreading room shares a common smoke and heat vent removal system with
the Control Room and the Computer Room. The ventilation system has 2 modes of operation;
normal and emergency. The emergency mode of operation is initiated by a containment isolation
signal. In the emergency mode of operation, exhaust air and outside air is shut off and the
system continuously recirculates the supply air.

The Circulating Water Pump House Ventilation System (VNPH) which ventilates the circulating
water pumphouse and associated valve gallery consists of exhaust fans and air-operated make
up air dampers. Exhaust fans provide the proper circulation by discharging room air to the
outdoors. Air is made up to the building through wall mounted air-operated dampers. Two
exhaust fans are provided in the service water pump area. These exhaust fans draw the air from
the service water pump area and exhaust into the pumphouse enclosure. Makeup air to the
service water pump area is supplied by natural circulation from the pumphouse. Ventilation for
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the valve gallery is supplied by two exhaust fans. The fans take suction on the air within the area
and discharge it outside. Makeup air supplied from outside by motor-operated dampers.

The control room ventilation (VNCR) system is discussed in LR Section 2.7.1, Control Room
Habitability System System and Section 2.7.3, Control Room Area Ventilation System. The
spent fuel pool ventilation system is discussed in LR Section 2.7.4, Spent Fuel Pool Area
Ventilation System.

Description of Analyses and Evaluations

Changes in heat loads which effect ventilation subéystems in areas served by the ESFVS were
evaluated to ensure that the ventilation subsystems are capable of performing their intended
functions under EPU conditions. The changes were found to be insignificant to degrade
essential system operation, to impact the system’s capability to circulate sufficient air to prevent
accumulation of flammable or explosive gases, or to impact its ability to control airborne
particulate material accumulation.

Other evaluations related to the ESFVS are addressed in the following LR Sections:

» Protection against dynamic effects of missiles, pipe whip and discharging fluids. See
LR Section 2.2.1, Pipe Rupture Locations and Associated Dynamic Effects, and
LR Section 2.5.1.3, Pipe Failures

+ Electrical equipment qualification. See LR Section 2.3.1, Environmental Qualification of
Electrical Equipment

» Onsite and offsite electric power systems, including PBNP GDC-39 requirements. See
LR Section 2.3.2, Offsite Power System, and LR Section 2.3.3, AC Onsite Power System

» Potential radioactive releases to the environment. See LR Section 2.10.1, Occupaticnal and
Public Radiation Doses '

Evaluation of Impact on Renewed Plant Operating License Evaluations and Licensing
Renewal Programs

In regard to the aging programs and aging influences described in the License Renewal SER
NUREG-1839, Safety Evaluation Report Related to the License Renewal of the Point Beach
Nuclear Plant, Units 1 and 2, the engineered safety feature ventilation system was evaluated and
it was concluded that this system was in scope of the License Renewal. On the basis of its
review, the staff concluded that the applicant demonstrated that the aging effects associated with
the auxiliary systems (i.e., EFSVS) components will be adequately managed so that the intended
functions will be maintained consistent with the CLB for the period of extended operation as
required by 10 CFR 54.21. Thus, any new aging effects due to EPU requiring management will
be managed consistent with the CLB.

Results

PAB and Swing Battery, and Inverter (Electrical Equipment) Room Ventilation System (VNBI)

The PAB battery and electrical equipment room heat loads do not change after implementation of
the EPU (refer to LR Section 2.3.4, DC Onsite Power System). Since area temperatures and
volatile gasses do not increase, no changes will be required to the PAB battery and electrical
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equipment room ventilation system. Likewise, the heat loads to the swing bus chargers and
battery in the Control Building is unaffected by EPU.

Diesel Generator Buiiding Ventilation (VNDG) System

A diesel generator is considered operable when the diesel room temperature is maintained
<120°F with the diesel operating at full load. The VNDG system is designed to maintain the room
temperature at <120°F with the diesels operating at their ratings. Changes in diesel loading
resulting from EPU related equipment changes or additions, or load sequencing changes may
reduce the diesel generator margin; however, the loadings at EPU conditions will not exceed the
ratings of the diesels. Consequently, the VNDG system, which supports the diesel generator
rooms, is not affected by EPU. Therefore, the ventilation system’s ability to provide the required
temperature conditions for personnel and equipment is not affected by EPU.

Gas Turbine Building Ventilation (VNGT) System

The gas turbine unit load is not increased after implementation of the EPU (refer to

LR Section 2.3.3, AC Onsite Power System). Therefore, the ventilation system’s ability to
provide the required air flow and temperature conditions for personnel and equipment is not
affected by the EPU.

Auxiliary Feedwater Pump Area Ventilation (VNAFW) System

In order to support operation at EPU conditions the auxiliary feedwater (AFW) system is being
redesigned, including the addition of two new motor-driven AFW pumps in the primary auxiliary
building. The present 250 HP motor-driven AFW pumps will remain in place, but be converted to
Standby Steam Generator (SSG) pumps. Refer to LR Section 2.5.4.5, Auxiliary Feedwater for
additional details. The present turbine-driven auxiliary feedwater pump has not changed and is
not impacted by EPU. Thus, the net impact to the VNAFW system is that no new equipment will
be added to the area cooled by the VNAFW system and concurrent operation of the turbine
driven auxiliary feedwater pumps and the SSGs is not required. Therefore, the VNAFW system’s
ability to maintain present area temperature conditions for personnel and equipment is not
adversely affected by EPU.

The ventilation for the new motor-driven AFW pumps will be addressed in the modification
process for the new pumps.

Battery Room Ventilation {(VNBR) System

The battery room (D05 and D06) loads do not change after implementation of the EPU (refer to
LR Section 2.3.4, DC Onsite Power System). Since area temperatures and volatile gasses do
not increase, no changes will be required to the battery room ventilation system (VNBR).

Cable Spreading Room Ventilation (VNCSR) and the Computer Room Ventilation (VNCOMP)
System
The cable spreading room heat load does not increase after implementation of EPU. EPU

activities do not add any new components nor do they introduce any new functions for existing
components that would change the licensed system evaluation boundaries of the cable
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spreading envelope. During an emergency, the ventilation system is configured to a full
recirculation mode. Therefore, the ventilation system’s ability to provide the required
temperature conditions for personnel and equipment and the control of airborne particulate
material is not impacted by the EPU.

Circulating Water Pump House Ventilation System (VNPH)

The building area of the circulating water pump house building and its temperature do not
increase after implementation of the EPU. EPU activities do not add any new components nor
introduce any new functions within the circulating water pump house building. EPU does not
change system flow or pressure. Circulating water is drawn through the pump house from Lake
Michigan, and the circulating water inlet temperature is not changed by EPU. Although the
discharge temperature of the circulating water increases approximately 4°F as a result of EPU,
circulating water does not return to Lake Michigan through the pump house. Thus, the VNPH
system is not affected by the temperature increase of the circulating water discharge. Therefore,
the ventilation system’s ability to provide the required temperature conditions for personnel and
equipment and the control of volatile vapors is not impacted by the EPU.

Summary

The evaluation of the plant equipment changes for the proposed EPU did not identify any need to
modify subsystems of the engineered safety feature ventilation system. There are no equipment
changes as a result of the EPU that could create a new potentially unmonitored radioactive
release path. Thus, following the EPU, PBNP will continue to meet the current licensing basis

~ insofar as it requires that the plant design include means to control the release of radioactive

effluents, as reflected in general design criteria PBNP GCD 70. The effects of potential releases
to the environment are evaluated in LR Section 2.10.1, Occupational and Public Radiation
Doses, and remain within current limits following the EPU.

2.7.6.3 Conclusion

PBNP has assessed the effects of the proposed EPU on the ESFVS. PBNP concludes that the
assessment has adequately accounted for the effects of the proposed EPU on the ability of the
ESFVS to provide a suitable and controlled environment for ESF components. PBNP further
concludes that the ESFVS will continue to assure a suitable environment for the ESF
compaonents following implementation of the proposed EPU. PBNP also concludes that the
ESFVS wili continue to suitably control the release of gaseous radioactive effluents to the
environment following implementation of the proposed EPU. Based on this, PBNP concludes
that the ESFVS will continue to meet the requirements of PBNP GDC 70. Therefore, PBNP finds

the proposed EPU acceptable with respect to the ESFVS.
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2.7.7 Other Ventilatioh Systems (Containment)
2.7.7.1 Regulatory Evaluation

The functions of the containment ventilation system are to provide heat removal from the
containment atmbsphere, to support the removal of radioactive materials from the containment
atmosphere, and to provide containment pressure control under normal and accident conditions.
The PBNP review of the containment ventilation system focused on the effects that the proposed
EPU will have on the functional performance of system.

The acceptance criteria from 10 CFR 50 Appendix A would apply to the containment ventilation
system are based on:

» GDC 4, insofar as it requires that safety-related structures, systems, and components be
designed to accommodate the effects of and be compatible with the environmental conditions
associated with normal operation, maintenance, testing, and postulated accidents

« GDC 17, insofar as it requires onsite and offsite electric power systems be provided to permit
functioning of safety-related structures, systems, and components

+ GDC 60, insofar as it requires that the plant design include means to control the release of
radioactive effluents

+ GDC 61, insofar as it requires that systems containing radioactivity be designed with
appropriate confinement and containment

PBNP Current Licensing Basis

The containment air recirculation cooling (VNCC) system removes heat from the containment
following a loss of coolant accident or main steam line break inside containment to limit
containment temperatures and pressures to less than containment design limits.

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50 Appendix A GDC 4, 17, 60 and 61 are as follows:

CRITERION: Engineered safety features shall be provided in the facility to back up the safety
provided by the core design, the reactor coolant pressure boundary, and their protection
systems. Such engineered safety features shall be designed to cope with any size reactor
coolant piping break up to and including the equivalent of a circumferential rupture of any pipe in
that boundary, assuming unobstructed discharge from both ends. (PBNP GDC 37)

The VNCC system, as one of two independent systems of essentially equal heat removal
capacity, reduces the containment pressure and thereby limiting the driving potential for fission
product leakage by cooling the containment atmosphere.

The containment air recirculation cooling system is designed to recirculate and cool the
containment atmosphere in the event of a loss-of-coolant accident and thereby ensure that the
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containment pressure cannot exceed its design value of 60 psig at 286°F (100% relative
humidity). Although the water in the core after a loss-of-coolant accident is quickly subcooled by
the safety injection system, the containment air recirculation cooling system is designed on the
conservative assumption that the core residual heat is released to the containment as steam.

CRITERION: An emergency power source shall be provided and designed with adequate
independency, redundancy, capacity, and testability to permit the functioning of the engineered
safety features and protection systems required to avoid undue risk to the health and safety of
the public. This power source shall provide this capacity assuming a failure of a single active
component. (PBNP GDC 39) '

Independent alternate power systems are provided with adequate capacity and testability to
supply the required engineered safety features and protection systems.

Adequate heat removal capability for the containment is provided by two separate, full capacity,
engineered safety features systems. These are the containment spray system and the
containment air recirculation cooling system. These systems are of different engineering
principles and serve as independent backups for each other.

CRITERION: Provisions shall be made in the design of fuel and waste storage facilities such that
no undue risk to the health and safety of the public could result from an accidental release of
radioactivity. (PBNP GDC 69)

CRITERION: The facility design shall include those means necessary to maintain control over
the plant radioactive effluents, whether gaseous, liquid, or solid. Appropriate holdup capacity
shall be provided for retention of gaseous, liquid, or solid effluents, particularly where unfavorable
environmental conditions can be expected to require operational limitations upon the release of
radioactive effluents to the environment. In all cases, the design for radioactivity control shall be
justified (a) on the basis of 10 CFR 20 requirements, for both normal operations and for any
transient situation that might reasonably be anticipated to occur and (b) on the basis of

10 CFR 100 dosage level guidelines for potential reactor accidents of exceedingly low probability
of occurrence. (PBNP GDC 70)

The VNCC system, as one of two independent systems of essentially equal heat removal
capacity, reduces the containment pressure and thereby limiting the driving potential for fission
product leakage by cooling the containment atmosphere.

Other Containment Ventilation Functions

The containment ventilating systems are designed to remove the normal heat loss from
equipment and piping in the containment during plant operation and to maintain a normal
ambient temperature less than 105°F. The containment ventilation systems also provide
sufficient air circulation and filtering throughout containment areas to permit safe and continuous
access to the reactor containment following reactor shutdown, provide for positive circulation of
air across the refueling water surface when necessary to minimize personnel inhalation hazards
during shutdown, provide a minimum containment ambient temperature of 50°F during reactor
shutdown and provide for purging of the containment vessel to the plant vent for dispersion to the
environment.

In order to accomplish these objectives, the following systems are provided:

Point Beach Units 1 and 2 EPU Licensing Report 27.7-2 April 2009
Other Ventilation Systems (Containment)



1. Containment Air Recirculation Cooling System (VNCC)
2. Control Rod Drive Mechanism Cooling System (VNCRD)
* 3. Reactor Cavity Cooling System (VNRC)

4. Refueling Water Surface Ventilation System (VNRF)

5. Purge Supply and Exhaust System (VNPSE)

6. Containment Cleanup (Charcoal Filter) System (VNCF)
7. Post-Accident Containment Venting System (PACV)

8. Radiation Monitoring System (RM)

Ventilation air from buildings normally containing radioactive materials and equipment is
exhausted through HEPA and/or carbon absorber equipment depending on the potential for
significant releases. The containment is provided with a containment purge system (VNPSE), an
internal cleanup system (VNCF), and a purge vent which exhausts above the containment
facade. Purge exhaust is through roughing fiiters, HEPA filters, and carbon absorbers. The
VNCF system is provided with roughing filters, HEPA filters and carbon absorbers. The VNCF
system is not necessarily operated prior to each purge, and therefore no credit is taken in the
evaluation of releases via containment ventilation.

Pressure buildup in the containment as a result of instrument air leakage is vented continuously
via the containment air monitor (RM). This effluent is routed to the containment purge filters prior
to release via the purge vent.

The containment ventilation ductwork (except the CRDM cooling system ductwork), fans (except
the refueling water surface supply and exhaust fans and the CRDM cooling system fans), filters,
coils, and housings within the containment are designed as Seismic Class | structures.

The Post Accident Containment Ventilation sub-system (PACV) is addressed separately in
LR Section 2.6.4, Combustible Gas Control in Containment.

" Other FSAR sections that address the design features and functions of the containment
ventilation system include:

+ FSAR Section 5.2, Containment Isolation System, which describes containment isolation
features to isolate the containment boundaries in the containment ventilation system
post-accident.

+ FSAR Section 6.4, Containment Spray System, which describes means of heat removal from
the containment atmosphere with containment recirculation fan coolers and the containment
spray system under accident conditions.

The current licensing basis for the containment ventilation systems is contained in
FSAR Section 5.3, Containment Ventilating System, Section 6.1.1, Engineered Safety Features
Criteria, Section 6.3, Containment Air Recirculation Cooling System, Appendix | Section 1.5,
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. Plant Ventilation and Filtration System, and Appendix | Section 2.6, Ventilation and Exhaust
Systems.

In addition to the evaluations described in the FSAR sections listed above, the PBNP
containment ventilation systems (VNCC and VNPSE) were evaluated for plant license renewal.
Systems and system component materials of construction, operating history and programs used
to manage aging effects are documented in:

- - Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

The containment ventilation system evaluation concluded that subsystems VNCC and VNPSE
were within the scope of the License Renewal. On the basis of its review, the NRC staff
concluded in the SER that the applicant adequately identified the containment ventilation system
components that are within the scope of the license renewal, as required by 10 CFR 54.4(a) and
that the applicant adequately identified the containment ventilation system components that are
subject to an Aging Management Review, as required by 10 CFR 54.21(a}(1).

2.7.7.2 Technical Evaluation

Introduction

The Containment Ventilation Systems, as described in FSAR Section 5.3.1, Containment
Ventilating System, Design Basis, are designed to accomplish the following:

. » Remove the normal heat loss from the equipment and piping in the containment during plant
operation and maintain a normal ambient temperature below about 105°F.

» Provide sufficient air circulation and filtering throughout all containment areas to permit safe
and continuous access to the reactor containment within 2 hours after reactor shutdown
assuming defects exist in no more than 1% of the fuel rods.

« Provide for positive circulation of air across the refueling water surface when necessary to
minimize personnel inhalation hazards during shutdown. -

* Provide a minimum containment ambient temperature of 50°F during reactor shutdown.
» Provide for purging of the containment to the plant vent for dispersion to the environment.

+ Provide for depressurization of the containment vessel following an accident. For
post-accident operation, refer to LR Section 2.6.5, Containment Heat Removal, for the
system evaluation.

In order to accomplish these functions, the following systems are provided:

« Containment Air Recirculation Cooling System (VNCC) - removes heat from the containment
following a loss of coolant accident or main steam line break inside the containment to limit
containment temperatures and pressures to less than containment design limits (refer to
LR Section 2.6.5, Containment Heat Removal).

« The VNCC air recirculating cooling function; during normal operation, is accomplished using
three of the four air cooling units (with 2 fans/unit) discharging to a common duct to ensure
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adequate distribution of filtered and cooled air throughout the containment. The VNCC
system maintains the containment ambient temperature below 105°F.

Control Rod Drive Mechanism Cooling System (VNCRD) - consists of fans and ductwork that
draw air through the control rod drive mechanism shroud and eject it to the main containment
atmosphere. The VNCRD system cools the control rod drive mechanisms (CRDMs) during
normal operation to maintain the CRDM coils within temperature limits. A 100% redundancy
is provided by a standby fan.

Reactor Cavity Cooling System (VNRC) - provides cooling of ex-core neutron detectors,
in-core drives and various structures within equipment limits during normal operations. The
VNRC system consists of a plenum, cooling coils, fans, and ductwork, and is arranged to
supply cooled air to the annulus between the reactor vessel and the primary shield for cooling
the primary shield wall and to the nuclear instrumentation external to the reactor. A 100%
redundancy is provided by a standby fan and cooling coils.

Refueling Water Surface Ventilation System (VNRF) - is used during refueling operaﬁons to
remove contaminants emanating from the water pool above the fuel elements. This is
accomplished by the supply fan drawing air from the containment atmosphere and supplying
it above the water surface. This air then mixes with containment air and is exhausted by the
refueling surface exhaust fan to the purge exhaust system where it is filtered and discharged
to atmosphere. The system is not required to assist in mitigating a fuel handling accident or
operate during refueling operations. ‘

Purge Supply and Exhaust System (VNPSE) - provides ventilation air to containment areas
during refueling to permit continuous personnel access, provides a flow path to atmosphere,
filtration and monitoring to limit offsite releases during containment purges, forced vents or
other releases. The containment purge system is independent of any other system and
includes provisions to both supply and exhaust air from the containment during MODES 5
and 6. The supply system includes: outside air connection to roughing filters, heating coils,
fans, duct system, supply penetration with one butterfly valve and one blind flange, in series
for tight shutoff. The exhaust system includes: an exhaust penetration with one butterfly
valve and one blind flange in series, duct system, filter bank with roughing and HEPA filters,
and exhaust fans. Both supply and exhaust systems include two fans with isolating dampers
so that purging can be performed at half or full flow rate. The purge supply and exhaust
system is used to maintain a minimum temperature of 50°F during winter shutdowns. Per
Technical Specifications, purging of the containment is prohibited during MODES 1, 2, 3
and 4. Radiation monitors are provided to monitor the releases. Refer to LR Section 2.10.1,
Occupational and Public Radiation Doses, for the evaluation of the impact on normal
releases and the impact on the radiation monitors set-points.

Containment Cleanup (Charcoal Filter) System (VNCF) - draws air from the containment
general area across a HEPA/charcoal filter and discharges it back into the containment.

Post-Accident Containment Venting System {PACV) - does not function during normal plant

. operating conditions. The system was designed to remove hydrogen from the containment

following a LOCA. The NRC eliminated the hydrogen release associated with a design basis
loss of coolant accident from 10 CFR 50.44 and the associated requirements that
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necessitated the hydrogen re-combiners and the post-accident containment hydrogen vent
and purge system. As a result, the PACV has been removed from the PBNP licensing basis.

- However, the PACYV is being maintained for beyond-design basis accident management.

Refer to'LR Section 2.6.4, Combustible Gas Control in Containment, for additional
information on the post-accident containment venting system (PACV).

Radiation Monitoring System (RM) - monitors the containment atmosphere and containment
discharge paths for radioactivity released during normal operations, transients, and accident
conditions. During normal reactor operation at power, the containment may be continuously
vented by use of the containment gaseous and particulate sampling and monitoring
penetrations. The containment air sample flow is normalily routed back to the containment
atmosphere. When the unit is in cold shutdown and the containment purge exhaust fans are
operating, the containment air sample returns are normally routed to the containment purge
exhaust stack. The flow transmitter output and signals are wired to the plant computer to
allow continuous computation of radiation releases. Use of this continuous containment
ventilation system precludes the buildup of pressure inside the containment which would
normally result from instrument air leak off to various instrumentation and valve operators and
during containment atmosphere heat up due to primary system temperature increase. The
system is automatically isolated in the event of a containment isolation signal to limit any
offsite dose consequences.

The principal components of the containment ventilation systems include filters, fans, dampers,
valves, heat exchangers, essential ductwork, containment isolation valves, and piping. The
containment ventilation ductwork (except the CRDM cooling system ductwork), fans (except the
refueling water surface supply and exhaust fans and CRDM cooling system fans), filters, coils
and housings within the containment are designed as Seismic Class | structures.

Description of Analyses and Evaluations

The changes in heat loads for ventilation subsystems in the containment were evaluated to
ensure that they are capable of performing their intended functions under EPU conditions.

Other evaluations related to the containment ventilation system are addressed in the following
LR Sections: '

Protection against dynamic effects, including PBNP GDC 37 requirements, of missiles, pipe
whip and discharging fluids - LR Section 2.2.1, Pipe Rupture Locations and Associated
Dynamic Effects and Section 2.5.1.3, Pipe Failures.

Electrical equipment qualification - LR Section 2.3.1, Environmental Qualification of Electrical
Equipment.

Onsite and offsite electric power systems, including PBNP GDC 39 requirements —
LR Section 2.3.3, AC Onsite Power System and LR Section 2.3.4, DC Onsite Power System.

Protection against turbine missiles and internal missiles (PBNP GDC 40) is discussed in
LR Section 2.5.1.2.1, Internally Generated Missiles and Section 2.5.1.2.2, Turbine
Generator.

Containment post accident heat removal — LR Section 2.6.5, Containment Heat Removal
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+ Radiological consequences analysis — LR Section 2.9.2, Radiological Consequences
Analyses Using Alternative Source Terms

- Impact of containment purge related to (PBNP GDC 70) normal operational radwaste
effluents and associated doses — LR Section 2.10.1, Occupational and Public Radiation
Doses

Evaluation of Impact on Renewed Plant Operating License Evaluations and Licensing
Renewal Programs

In regard to the aging programs and aging influences described in the License Renewal SER
NUREG-1839, Safety Evaluation Report Related to the License Renewal of the Point Beach
Nuclear Plant, Units 1 and 2, dated December 2005, the Containment Ventilation System was
evajuated and it was concluded that subsystems VNCC and VNPSE were within the scope of the
License Renewal. On the basis of its review, the NRC staff concluded in the SER that the
applicant adequately identified the containment ventilation system components that are within
the scope of the license renewal, as required by 10 CFR 54.4(a) and that the applicant
adequately identified the containment ventilation system components that are subject to an
Aging Management Review, as required by 10 CFR 54.21(a)(1). Operating at EPU does not add
any new or previously unevaluated materials to components of the containment ventilation
system. Thus, no new aging effects requiring management are identified as a result of EPU.

Results

The ability of the containment ventilation systems (VNCC, VNCRD, VNRC, and VNCF) to provide
the required temperature conditions for personnel and equipment in the containment during
normal operating modes was evaluated. Operation at EPU power would cause equipment and
piping inside the containment to give off additional heat. This would result in a containment
temperature rise of less than 1°F. Normally three containment fan cooling units (CFCUs) are run
to maintain the containment temperature air below 105°F. The service water temperature is the
dominant factor in controlling containment temperature at both the current and EPU power levels.
As the service water temperature rises above 65°F, it may be necessary to run four CFCUs to
maintain the containment air temperature below 105°F. At EPU four CFCUs will maintain the
containment air temperature below 112.5°F (Technical Specification Bases B 3.6.5) as service
water increases beyond 75°F up to 80°F.

VNRF and VNPSE operate during refueling and are not affected by EPU. During reactor
shutdown, heating coils throughout the containment maintain a minimum temperature of 50°F.
This design capability remains unchanged by the EPU.

Refer to LR Section 2.6.5, Containment Heat Removal, for the ventilation system evaluation
following an accident.

Operation of the radiation monitoring system and the purge supply and exhaust system has not
been changed due to EPU. Radiation monitors are provided to monitor the release of radioactive
effluents.

Thus, the evaluation of the containment ventilation systems (VNCC, VNCRD, VNRC, VNRF,
VNCF, VNPSE, PACV and RM) at EPU conditions demonstrates that the PBNP will continue to
meet the current licensing basis, insofar as it requires that the plant design include means to
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control the release of radioactive effluents. This design capability remains unchanged by the
EPU. The handling, control, and release of radioactive materials are in compliance with

10 CFR 20 limits, as discussed in LR Section 2.10.1, Occupational and Public Radiation Doses
and general design criteria PBNP GDC 70.

The evaluation of the containment ventilation systems (VNCC, VNCRD, VNRC, VNRF, VNCF,
VNPSE, PACV and RM) at EPU conditions demonstrates that PBNP will continue to meet the
current licensing basis, insofar as it requires that systems containing radioactivity be designed
with appropriate confinement and containment during normal operations. Radioactivity levels
remain bounded by the current licensing basis. Refer to LR Section 2.9.2, Radiological
Consequences Analyses Using Alternative Source Terms, for accident conditions. Radioactivity
levels contained in the effiuent discharge paths to the environs are continually monitored during
normal and accident conditions by the station radiation monitoring system and by the radiation
protection program for PBNP, as reflected in general design criteria PBNP GDC 69. Refer to
LR Section 2.10.1, Occupational and Public Radiation Doses, for Normal Operation.

2.7.7.3 Conclusion

PBNP has reviewed the containment ventilation system with respect to heat removal from the
containment atmosphere, radioactive material removal from the containment atmosphere and
the impact on containment pressure control under normal and accident conditions. The review
focused on the effects of the EPU on the performance of the system. The PBNP assessment of
the containment ventilation system has adequately addressed the effects of the proposed EPU
on the ability of the containment ventilation systems to provide a suitable and controlled
environment for the components within the containment. Based on this, PBNP concludes that
the containment ventilation systems will continue to comply with PBNP GDCs 37, 39, 69, and 70.
Therefore, PBNP finds the proposed EPU acceptable with respect to the containment ventilation
system.
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2.8 Reactor Systems
2.8.1 Fuel System Design
2.8.1.1 Regulatory Evaluation

The fuel syétem consists of arrays of fuel rods, burnable poison rods, spacer grids and springs,
end plates, and reactivity control rods. PBNP reviewed the fuel system to ensure that:

- The fuel system is not damaged as a result of normal operation and anticipated operational
occurrences

» The fuel system damage is never so severe as to prevent control rod insertion when it is
required

» The number of fuel rod failures is not underestimated for postulated accidents
» Coolable geometry is always maintained

PBNP’s review covered fuel system damage mechanisms, limiting values for important
parameters, and performance of the fuel system during normal operation, anticipated operational
occurrences, and postulated accidents. The NRC’s acceptance criteria are based on:

- 10 CFR 50.46, insofar as it establishes standards for the calculation of emergency core
cooling system performance and acceptance criteria for that calculated performance

- GDC 10, insofar as it requires that the reactor core be designed with appropriate margin to
ensure that specified acceptable fuel design limits are not exceeded during any condition of
normal operation, including the effects of anticipated operational occurrences

» GDC 27, insofar as it requires that the reactivity control systems be designed to have a
combined capability, in conjunction with poison addition by the emergency core cooling
system (ECCS), of reliably controlling reactivity changes under postulated accident
conditions, with appropriate margin for stuck rods, to ensure the capability to cool the core is
maintained

- GDC 35, insofar as it requires that a system to provide abundant emergency core cooling be
provided to transfer heat from the reactor core following a loss-of-coolant accident (LOCA)

Specific review criteria are contained in the Standard Review Plan (SRP), Section 4.2 and other
guidance provided in Matrix 8 of RS-001.

PBNP Current Licensing Basis
10 CFR 50.46 provides the acceptance criteria for loss-of-coolant accident evaluations.

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing

of PBNP predate those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC

relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.

The parenthetical numbers following the criterion description indicate the numbers of the Atomic
_Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50, Appendix A, GDC 10, 27 and 35 are as follows:
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CRITERION: The reactor core with its related controls and protection systems shall be designed
to function throughout its design lifetime without exceeding acceptable fuel damage limits which
have been stipulated and justified. The core and related auxiliary system designs shall provide
this integrity under all expected conditions of normal operation with appropriate margins for
uncertainties and for specified transient situations which can be anticipated. (PBNP GDC 6)

As stated in FSAR Section 3.1, Reactor, Design Criteria, the core design, together with reliable
process and decay heat removal systems, provides for this capability under all expected
conditions of normal operation with appropriate margins for uncertainties and anticipated
transient situations.

CRITERION: One of the reactivity control systems provided shall be capable of making the core
subcritical under any anticipated operating condition (including anticipated operational transients)
sufficiently fast to prevent exceeding acceptable fuel damage limits. Shutdown margin should
assure subcriticality with the most reactive control rod fully withdrawn. (PBNP GDC 29)

FSAR Section 3.1, Reactor, Design Criteria, also states that the reactor core, together with the
reactor control and protection system, is designed so that the minimum allowable DNBR is at
least equal to the limits specified for Optimized Fuel Assembly (OFA), upgraded OFA, and 422V+
fuel, and there is no fuel melting during normal operation, including anticipated transients.

The shutdown groups are provided to supplement the control group of RCCAs to make the
reactor at least 1% subcritical (kg = 0.99) following a trip from any credible operating condition to
the hot, zero power condition assuming the most reactive RCCA remains in the fully withdrawn
position.

Sufficient shutdown capability is also provided to maintain the core subcritical for the most severe
anticipated cooldown transient associated with a single active failure.

CRITERION: The reactivity control systems provided shall be capable of making the core
subcritical under credible accident conditions with appropriate margins for contingencies
and limiting any subsequent return to power such that there will be no undue risk to the
health and safety of the public. (PBNP GDC 30)

The reactivity control systems provided are capable of making and holding the core subcritical,
under accident conditions, in a timely fashion with appropriate margins for contingencies. Any
time that the reactor is at power, the quantity of boric acid retained in the boric acid storage tanks
and/or the refueling water storage tank (RWST) and ready for injection always exceeds that
required for the normal cold shutdown. This quantity also exceeds that required to bring the
reactor fo hot shutdown and to compensate for subsequent xenon decay.

CRITERION: An emergency core cooling system (ECCS) with the capability for accomplishing
adequate emergency core cooling shall be provided. This core cooling system and the core shall
be designed to prevent fuel and clad damage that would interface with the emergency core
cooling function and to limit the clad metal-water reaction to acceptable amounts for all sizes of
breaks in the reactor coolant piping up to the equivalent of a double-ended rupture of the largest
pipe. The performance of such emergency core cooling system shail be evaluated
conservatively in each area of uncertainty. (PBNP GDC 44)
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The performance capability of the ECCS is further discussed in FSAR Section 6.2, Safety
Injection System. Adequate emergency core cooling is provided by the safety injection system
(which constitutes the emergency core cooling system). The primary purpose of the safety
injection system is to automatically deliver cooling water to the reactor core in the event of a
loss-of-coolant accident. This limits the fuel clad temperature and thereby ensures that the core
will remain intact and in place with its heat transfer geometry preserved.

A review of fuel system design for impact on license renewal evaluations is not necessary since
continued applicability of the EPU safety analysis for the 14x14, 422V + fuel assembly will be
evaluated or reanalyzed during the reload safety evaluation process for the reload cycles
employing this design.

2.8.1.2 Technical Evaluation
2.8.1.2.1 Fuel System Design Features

The licensing basis for the fuel system design is contained in FSAR Chapter 3.0, Reactor, of the
PBNP Updated Final Safety Analysis Report (FSAR). For the EPU, the PBNP fuel design will
remain the 14x14, 422V+ fuel assembly design with 0.422-inch diameter rods. The typical
features of the PBNP 14x14, 422V+ fuel assembly are as follows:

+ 1.25X Integral Fuel Burnable Absorber (IFBA), ZrB,, loading
* 0.422 inch outside diameter fuel rods

* Up to 8 inch annular axial blanket pellets

* 143.25 inch pellet stack length

» Standard height removable top nozzle (RTN)

* Reduced rod bow (RRB) Alloy 718 top grid

» ZIRLO™ 422V+ mid-grids (low-corrosion ZIRLO™ thin strap)
» High-force Alloy 718 bottom grid

» Debris-filter bottom nozzle (DFBN)

» Oxide coated clad for debris mitigation

» ZIRLO™ instrumentation tubes

+ ZIRLLO™ fuel rod cladding

The 14x14, 422V+ fuel rod has been sized to accommodate a lead rod burnup of up to

75,000 MWD/MTU. The 14x14, 422V+ fuel assembly is currently designed to accommodate a
- peak fuel rod average burnup of 62,000 MWD/MTU. 422V+ is currently licensed to

60,000 MWD/MTU by the NRC (Reference 6) with extension to 62,000 MWD/MTU on a

cycle-specific basis, as delineated in Reference 1, Appendix R.
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2.8.1.2.2 Mechanicai Compatibility and Performance
2.8.1.2.21 Introduction

The effects of the EPU on the mechanical design are limited to induced changes in the core flow
rates and operating temperatures, which have been considered in the supporting calculations.
The fuel design analysis that could have been impacted are the fuel assembly lift forces and
hold-down force margin. Analyses have been performed to demonstrate that the fuel assembly
lift force margin requirement is met for the EPU without any modifications to the current fuel
assembly design.

The effects of the EPU on the seismic/LOCA performance of the fuel mechanical design have
been analyzed to confirm that all acceptance criteria and regulatory requirements are met. The
criteria for the seismic loading design are that fragmentation of the fuel rod must not occuras a
result of the seismic loads and the control rod insertability must be maintained. In addition,
coolable geometry of the core must be maintained.

The effects of the EPU for a LOCA event are that fragmentation of the fuel rod must not occur as
a direct result of the blowdown load, and control rod insertability and coolable geometry must be
maintained.

2.8.1.222 Input Parameters, Assumptions and Acceptance Criteria

In accordance with the WCAP-12488-A process, the various criteria for fuel damage and fuel rod
failure, fuel coolability, and nuclear design are screened for impacts based on the known design
changes from an established design. Each of the key design changes is then evaluated versus
the applicable (screened) criteria. The acceptance criteria evaluated for this design change
were:

» Fuel rod clad fretting wear

+ LOCA and non-LOCA fuel clad temperatures
» Departure From Nucleate Boiling (DNB)

» Thermal-hydrodynamic stability

The results of the evaluation were included in the notification letter from Westinghouse to the
NRC Dated June 6, 2005 (Reference 2).

2.8.1.2.23 Description of Analyses and Evaluations

With respect to the mechanical performance of the fuel, the impacts on the fuel of the core flow
rates and operating temperatures changes have been analyzed. The fuel design analyses that
could be impacted are the fuel assembly lift forces and hold-down force margin. Analyses have
been performed to demonstrate that the fuel assembly lift force design requirement is met for the
EPU without modifications to the current fuel assembly design. The hold-down force calculation
conservatively assumed high burnup fuel assembly growth and hold-down spring relaxation due
to irradiation effects. The analysis accounted for the opposing forces that act on the fuel
assemblies due to fuel assembly weight, buoyancy, spring force, and lift force.
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The results of the combined LOCA and seismic analysis were obtained using the time-history
numerical integration technique. The maximum grid impact forces obtained from both transients
were combined using the square-root-sum-of-the-squares (SRSS) method. The maximum loads
were compared with the allowable grid crush strength. In the grid load analysis, the time-history
motions of the barrel at the upper core plate elevation and the upper and lower core plates were
applied simultaneously to the reactor core model. The time histories representing the seismic
motion and the pipe rupture transients were obtained from the time-history analyses of the
reactor vessel and internals finite element model.

281224 Mechanical Compatibility and Performance Resulits

The mechanical design of the fuel is unchanged for the EPU application. Therefore, there is not
a transition core or typical transition core issues such as induced cross flow, flow saturation, etc.
Effects of flow rate and temperature changes have been considered for the EPU application.

With respect to the mechanical design of the fuel, the analyses performed confirm that the fuel
design is structurally and mechanically acceptable for the EPU. Use of reinserted previously
irradiated assemblies is also acceptable for the EPU.

The following acceptance criteria were for the EPU:

+ Fuel rod clad fretting wear
None of the changes in fuel or core parameters impact the fuel cladding fretting wear. The
change in flow rate is inconsequential

+ LOCA and non-LOCA fuel clad temperatures are reviewed in LR Section 2.8.3, Thermal and
Hydraulic Design

» DNB is evaluated in LR Section 2.8.3, Thermal and Hydraulic Design

» Thermal-hydrodynamic stability is discussed in LR Section 2.8.5.6.3, Emergency Core
Cooling System and Loss-of-Coolant Accidents

The effects of the EPU with regard to the regulatory bases identified in LR Section 2.8.1.1, Fuel
System Design, Regulatory Evaluation, are addressed for the seismic/LOCA

LR (Section 2.8.1.2.3, Fuel System Design, Seismic/LOCA) and fuel performance

(LR Section 2.8.1.2.4, Fuel System Design, Fuel Rod Performance) portions of the fuel system
evaluation.

2.8.1.2.3 Seismic/LOCA
281.231 Introduction

The effects of the EPU on the fuel mechanical design are limited to changes in the uprate
parameters (LR Section 1.1, Nuclear Steam Supply System Parameters). The new core plate
motions and vertical impact loads on the nozzles were used in the seismic/LOCA analysis for
EPU project. The acceptance criterion for the mechanical evaluation is that (1) fuel rod
fragmentation does not occur, (2) a coolable core geometry is maintained, and (3) control rod
insertability is maintained.
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A seismic and LOCA evaluation for PBNP was performed at the uprated conditions. The results
of the evaluation show that the maximum combined impact forces on the mid grid are below the
grid crush limits. The results indicated adequate margin for both fuel rod and thimble tube exists.
Fragmentation of the fuel rods and thimble tubes will not occur.

The results of the combined seismic and LOCA analyses indicate that the maximum impact.
forces are less than the respective allowable grid strengths. The allowable grid strengths are
established at the 95% confidence level on the true mean from the distribution of experimentaily
determined grid crush data at operating temperature. Based on the resuits of the combined
seismic and LOCA loads, the fuel design is structurally acceptable for the EPU and the core
coolable geometry requirements are met.

28.1.23.2 Input Parameters, Assumptions, and Acceptance Criteria

The analysis parameters—the natural frequencies, mode shapes, and span masses of the fuel
assembly combined with the structural damping—were used to generate a simplified
lumped-mass-spring fuel assembly model. The mid-grid crush strength, stiffness, and damping,
the fuel assembly impact stiffness and damping, the number of fuel assemblies, and the gap
clearances between fuel-assemblies and at the baffles were used to generate the reactor internal
model. The WEGAP computer code was used (Reference 4).

The acceptance criteria for the seismic loading design are that fragmentation of the fuel rod must
not occur as a result of the seismic loads, and control rod insertability and coolable geometry
must be maintained.

The principal acceptance criteria for a LOCA event are that fragmentation of the fuel rod must not
occur as a direct result of the blowdown load, and control rod insertability and coolable geometry
must be maintained.

The grid crush strength is established based on analysis of the 95% confidence level on the true
mean of the test data at operating temperature.

2.8.1.2.3.3 Description of Analyses and Evaluations

The maximum horizontal input motion congruent with the core principai axis was used to
determine dynamic fuel responses. The reactor core was analyzed as a de-coupled system with
respect to the two lateral directions. The input forcing function was obtained from a separate
reactor pressure vessel and reactor internals system analysis.

Based on appropriate modeling, it has been shown that the assumed mode shapes agree well
with the predominant fuel assembly vibration frequencies. With the appropriate analysis
parameters, the WEGAP reactor core model was used for analyzing transient loadings. The
original methodology as defined in Reference 4 has not changed.

The results of the combined LOCA and Safe Shutdown Earthquake (SSE) analysis were
obtained using the time-history numerical integration technique. The maximum grid impact
forces obtained from both transients were combined using the square root of the sum of squares
(SRSS) method. The maximum loads were compared with the allowable grid crush strength.
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In the grid load analysis, the time-history motions of the barrel at the upper core plate elevation
and the upper and lower core plates were applied simultaneously to the reactor core model. The
time histories representing the SSE motion and the pipe rupture transients were obtained from
the time history analyses of the reactor vessel and internals finite element model.

2.8.1.2.34 Additional Information

No mixed cores were considered in the seismic/LOCA analysis for EPU project since the fuel
mechanical design is not changing.

The licensing basis for fuel structural integrity requires that the loading conditions address
seismic loading, LOCA loading, and the combination of LOCA and seismic loading as required by
the NRC. The seismic and LOCA analysis of the reactor pressure vessel system was performed
for the EPU conditions, including the generation of the core plate seismic motions that were used
in the PBNP analysis of 14x14, 422V+ fuel assembly design. The LOCA analysis used LOCA
hydraulic forcing functions calculated using the MULTIFLEX computer code, see LR Appendix A,
Safety Evaluation Report Compliance, and crediting leak-before-break (LBB) for the reactor
coolant loop piping. :

Detailed site-specific fuel assembly analyses for PBNP have been performed under EPU
conditions in accordance with approved methodologies. These methodologies were approved
by NRC in WCAP 9401-P-A (Reference 5), WCAP-9500-A (Refe'rence 4), WCAP-12610-P-A
(Reference 6), and WCAP-12488-A (Reference 1). Results from these analyses demonstrate
that for the limiting-loading condition (combined seismic and LOCA loading), the fuel assembly

- structural integrity is maintained and the grid impact loads and component stresses remain below
the allowable limits. Therefore, the requirements to maintain a coolable core geometry are met.

2.8.1.2.35 Results

The maximum SSE and LOCA results for the 14x14, 422V+ fuel assembly in a homogenous core
occur in the Z-direction during SSE loading. The maximum structural grid loads for the

14x14, 422V + fuel assemblies occurred in the peripheral assemblies in the eleven fuel assembly
arrays. The maximum fuel assembly deflection occurred in an assembly array consisting of 13
fuel assemblies in the Z-direction during a seismic loading.

The maximum grid loads obtained from SSE and LOCA loading analyses were combined using
the SRSS method. The results of the combined seismic and LOCA analyses indicate that the
maximum impact forces for the 14x14, 422V + design using the two-direction grid characteristics
are less than the respective allowable grid strengths. The allowable grid strengths are
established at the 95% confidence level on the true mean from the distribution of experimentally
determined grid crush data at temperature. Based on the results of the combined SSE and
LOCA loads, the 14x14, 422V + fuel design is structurally acceptable for PBNP at EPU
conditions. Core coolable geometry requirements are met.

Fuel assembly displacement is limited by the total accumulated gap clearances, plus etastic grid
deformations. Fuel assembly stresses were calculated based on the most limiting case. The
stresses for the fuel rods and thimble tubes were calculated based on the maximum lateral
displacement, the vertical impact load, and operating condition loads. The stresses of the
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thimble tube and fuel rod are evaluated with the seismic and LOCA load condition (lateral
deflection and vertical impact force) for EPU. The evaluation indicates that adequate margins for
both fuel rods and thimble tubes exist, so fragmentation of fuel rods will not occur. The detall
analyzed stresses and acceptance criteria are listed in Table 2.8.1-1, Maximum Stresses and
Allowable of 14x14, 422V+ Thimble Tube and Fuel Rod. The reactor can be safely shut down
under faulted-condition loading. In conclusion, the 14x14, 422V+ assembly design is structurally
acceptable under the combined seismic and LOCA loadings for PBNP at EPU conditions.

The grid loads evaluated for the LOCA and seismic events, and combined by the SRSS method

identified in SRP Section 4.2, are less than the allowable limit. The stresses in the 14x14, 422V+

PBNP fuel assembly components resulting from seismic and LOCA-induced deflections are

" within acceptable limits. Therefore, control rod insertion and coolable core geometry is
maintained.- o

This evaluation concluded that the stresses of the fuel rod and thimble tube are structurally
acceptable under the combined seismic and LOCA loadings for PBNP at EPU conditions. The
reactor can be safely shut down and cooled under the combined faulted-condition loads.

2.8.1.2.4 Fuel Rod Performance
281241 Introduction

Fuel rod performance for PBNP fuel is shown to satisfy the NRC fuel rod design bases on a
region-by-region basis. These same bases are applicable to all fuel rod designs, including the
Westinghouse 14x14, 422V+ fuel design. The current licensing basis is described in Chapter
3.0, Reactor, of the FSAR and is based on the same methods and models (PAD 4.0) used here.
This licensing basis analysis is based on maintaining the current fuel, 14x14, 422V+ fuel, with
ZIRLO™ fuel rod cladding and the bounding high-temperature nuclear design bases
representing four cycles at EPU conditions (two transition cycles and two equilibrium cycles),
developed for the Nuclear Design (see LR Section 2.8.2, Nuclear Design). Compliance with the
GDC 10 Specified Acceptable Fuel Design Limits (SAFDL) criteria for reload cycles is confirmed -
via the approved reload methodology of WCAP-9273-NP-A (Reference 7).

2.8.1.24.2 Input Parameters, Assumptions, and Acceptance Criteria

The fuel rod design analysis is performed on a cycle-specific basis. The reference analysis
presented here is based on the bounding high-temperature nuclear design cases representing
four cycles at EPU conditions (two transition cycles and two equilibrium cycles) developed for the
Nuclear Design (see LR Section 2.8.2, Nuclear Design). Both the reference analysis and the
cycle-specific analysis consider compliance for all fuel designs in the core. Therefore, there is no
impact due to having fuel with more than one type of IFBA loading, and annular blanket lengths
simultaneously residing in the core during the transition cycles, since this configuration was
explicitly evaluated. The mechanical fuel rod design evaluation for each region incorporates all
appropriate design features of the region, including any changes to the fuel rod or pellet
geometry from that of previous fuel regions (for example, the presence of annular pellets in axial
biankets or changes in IFBA loading). Analysis of integral fuel burnable absorber (IFBA) rods
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includes geometry changes necessary to model the presence of the burnable absorber, and
conservatively models the gas release from the ZrB, coating.

The Constant Axial Offset Control (CAOC) methodology will be implemented coincident with the
uprate and the first transition of the uprated cycles. The CAOC methodology provides additional
analytical margin and is reflected in the reference analysis presented here.

Fuel rod design evaluations for the 14x14, 422V+ fuel were performed using NRC-approved
models as stated in WCAP-15063-P-A (Reference 8) and NRC-approved design criteria
methods as stated in WCAP-10125-P-A and WCAP-13589-A (References 9 and 10) to
demonstrate that all fuel rod design criteria are satisfied.

The fuel rod design criteria given below are verified by evaluating the predicted performance of
the limiting fuel rod, defined as the rod that has the minimum margin to the design limit. No single
rod is limiting with respect to the design criteria. Generic evaluations alone cannot identify which
rods are most likely to be limiting for each criterion, so an exhaustive screening of fuel rod power
histories and fuel rods was used to determine the limiting rods. The typical changes in the fuel
geometry parameters from the current operating conditions and that of the uprated conditions
that are important to the fuel rod design analysis reported in this section are:

* Annular blanket length
+ Changing from RAOC to CAOC operating strategy
» |FBA loading

The NRC-approved PAD 4.0 code, with NRC-approved models (Reference 8) for in-reactor
behavior, is used to calculate the fuel rod performance over its irradiation history. PAD is the
principal design tool for evaluating fuel rod performance. PAD iteratively calculates the
interrelated effects of temperature, pressure, clad elastic and plastic behavior, fission gas
release, and fuel densification and swelling as a function of time and linear power.

PAD 4.0 is a best-estimate fuel rod performance model, and in most cases the design criterion
evaluations are based on a best-estimate plus uncertainties approach. A statistical convolution
of individual uncertainties due to design model uncertainties and fabrication dimensional
tolerances is used. As-built dimensional uncertainties for some critical inputs, such as fuel pellet
diameter, can be used in lieu of the fabrication uncertainties. An evaluation of the clad and
structural component oxidation and hydriding was also performed.

The criteria pertinent to the fuel rod design were:
Rod Internal Pressure

The internal pressure of the lead fuel rod in the reactor will be limited to a value below that which
could cause the diametral gap to increase due to outward clad creep during steady-state
operation, and extensive DNB propagation to occur.

Clad Stress and Strain

The design limit for clad stress is that the volume-averaged effective stress, considering
interference due to uniform cylindrical pellet-to-clad contact caused by pellet thermal expansion,
pellet swelling, uniform clad creep, and pressure differences between the rod internal pressure
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and the system coolant pressure, be less than the clad-yield strength for'Condition | and il
events. While the clad has some capability for accommodating plastic strain, the yield stress has
been established as the conservative design limit. The design limit for clad strain during
steady-state operation is that the total plastic tensile creep strain due to uniform clad creep and
uniform cylindrical fuel pellet expansion associated with fuel swelling and thermal expansion is
less than 1% from the unirradiated condition. The design limit for fuel rod clad strain during
Condition Il events is that the total tensile strain due to uniform cylindrical pellet thermal
expansion is less than 1% from the pre-transient value. These limits are consistent with proven
practice. ‘

Clad Oxidation and Hydriding

The design criteria related to clad corrosion require that the Zircaloy-4/ZIRLO™ clad metal-oxide
interface temperature is maintained below specified limits to prevent a condition of accelerated
oxidation, which would lead to clad failure. The calculated clad temperature (metal-oxide
interface temperature) will be less than 750°F/780°F, respectively, for Zircaloy-4 and ZIRLO™
clad during steady-state operation. For Condition Il transients, the calculated clad temperature
will not exceed 800°F/850°F, respectively, for Zircaloy-4 and ZIRLO™ clad.

The best-estimate hydrogen pickup level in Zircaloy-4/ZIRLO™ fuel rod cladding and structural
components is less than or equal to the 600 ppm limit, on a volume-averaged basis at End of Life
(EOL).

Fuel Temperature

For Condition | and Il events, the reactor protection system is designed to ensure that the fuel
centerline temperature does not exceed the fuel melt temperature criterion. The intent of this
criterion is to avoid a condition of gross fuel melting that can result in severe duty on the clad.
The concern is based on the large volume increase associated with the phase change in the fuel,
and the potential for loss of clad integrity as a resuit of molten fuel/clad interaction.

Clad Fatigue

The fuel rod design criterion for clad fatigue requires that, for a given strain range, the number of
strain fatigue cycles is less than that required for failure, with factors of safety of 2.0 on the stress
amplitude and 20.0 on the number of cycles. This criterion addresses concerns about the
cumulative effect of short-term cyclic clad stress and strain resulting from daily load follow
operation.

Clad Flattening

The clad flattening criterion prevents fuel rod failures due to long-term creep collapse of the fuel
rod clad into axial gaps formed within the fuel stack. Current fuel rod designs employing:fuel with
improved in-pile stability provide adequate assurance that axial gaps large enough to allow clad
flattening will not form within the fuel stack.

Fuel Rod Axial Growth

This criterion ensures that there is sufficient axial space to accommodate the maximum expected
fuel rod growth. Fuel rods are designed with adequate clearance between the fuel rod and the
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top and bottom nozzles to accommodate the differences in the growth of fuel rods and the growth
of the fuel assembly skeleton to preclude interference of these members.

Plenum Clad Support

This criterion ensures that the fuel clad in the plenum region of the fuel rod will not collapse
during normal operating conditions, nor distort so as to degrade fuel rod performance.

Clad Free-Standing

The clad free-standing criterion requires that the clad is short-term, free-standing at beginning of
life (BOL), at power, and during hot hydrostatic testing. This criterion precludes the
instantaneous collapse of the clad onto the fuel pellet caused by the pressure differential that
exists across the clad wall. ‘

Fuel Rod End Plug Weld Integrity

The fuel rod end plug weld shall maintain its integrity during Condition | and Il events and shali
not contribute to any additional fuel failures above those already considered for Condition lll
and IV events. The intent of this criterion is to assure that fuel rod failures will not occur due to
the tensile pressure differential loads which can exist across the weld.

These criteria are verified at PBNP EPU-specific operating conditions and fuel rod duties. The
continued validity of the limiting power shapes used in this analysis is confirmed for each reload
using Constant Axial Offset Control (CAOC) methods.

281243 Description of Analyses and Evaluations

Rod Internal Pressure

The Rod Internal Pressure “no gap reopening” criterion for the PBNP fuel rods has been
evaluated at EPU conditions by modeling the gas inventories, gas temperature, and rod internal
volumes throughout the life of the limiting rod. The resuiting rod internal pressure is compared to
the design limit on a case-by-case basis of current operating conditions to EOL. This evaluation
showed that the “no gap reopening” criterion is met. Note that rod internal pressure “no gap
reopening” is most limiting for the transition cycles, leaving minimal margin, cycle-specific
analyses required to address on a reload basis.

The second part of the rod internal pressure design basis precludes extensive DNB propagation
and associated fuel failure. The basis for this criterion is that no significant additional fuel
failures, due to DNB propagation, will occur in cores that have fuel rods operating with rod
internal pressure in excess of system pressure. The design limit for Condition Il events is that
DNB propagation is not extensive, that is, the process is shown to be self-limiting and the number
of additional rods in DNB due to propagation is relatively small. For Condition lil/IV events, it is
shown that the total number of rods in DNB, including propagation effects, is consistent with the
assumptions used in radiological dose calculations for the event under consideration.

Clad Stress and Strain

Clad temperature and irradiation effects on yield strength were considered in the analysis. The
clad stress criterion has been shown to meet the design limits with consideration of significant
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performance model and fabrication uncertainties for ZIRLO™ fuel rod cladding. The transient
clad strain limit is met based on the analyses performed for evaluation of the transient clad stress
criterion. Steady-state clad strain is met by using a PBNP EPU specific calculation.

Clad Oxidation and Hydriding

The clad surface temperatures were evaluated and the applicable clad surface temperature limits
were satisfied. The base metal wastage of the Zircaloy-4, ZIRLO™, grids and guide tubes and
fuel rod cladding were shown not to exceed the design limit at EOL.

The hydrogen pickup criterion, which limits the loss of ductility due to hydrogen embrittlement,
which occurs upon the formation of zirconium hydride platelets, has been met with the current
approved model for the PBNP EPU, as well as the new Integral ZIRLO™ Corrosion Model.

Fuel Temperature

The temperature of the fuel pellets were evaluated by modeling the fuel rod geometry, thermal
properties, heat fluxes, and temperature differences in order to calculate fuel surface, average
and centerline temperatures of the fuel pellets.

Fuel temperatures have been calculated as a function of local power and burnup. The fuel
surface and average temperatures with associated rod internal pressure are provided to transient
analysis and LOCA for accident analysis of the 14x14, 422V+ seven-grid fuel design. The fuel
centerline temperatures are used to show that fuel melt will not occur. For 14x14, 422V+ design,
the local linear power that precludes fuel centerline melting is 22.54 kW/ft.

Clad Fatigue

Clad fatigue for the 14x14, 422V+ seven-grid fuel was evaluated by using a limiting fatigue duty
cycle consisting of daily load follow maneuvers. The 14x14, 422V+ fuel rod fatigue evaluation,
based on a statistical method which takes into account for all significant performance model and
fabrication uncertainties in combination with the ASME Boiler and Pressure Vessel Code
required uncertainties addressing the most limiting of the factor of 20 on the number of cycies or
a factor of 2 on the stress amplitude, showed that the cumulative fatigue usage factor is less than
the design limit of 1.0.

Clad Flattening

The NRC has approved WCAP-13589-A (Reference 10), which provided data to confirm that
significant axiai gaps in the fue! column due to densification (and therefore clad flattening) will not
occur in current Westinghouse fuel designs. The PBNP fuel meets the criteria for applying the
Reference 10 methodology and, therefore, clad flattening will not occur.

Fuel Rod Axial Growth

The PBNP EPU fuel rod growth evaluation, based on similar designs, demonstrates that there is
adequate margin to the fuel rod growth design limit for the 14x14, 422V + fuel.

Point Beach Units 1 and 2 EPU Licensing Report 2.8.1-12 ' April 2009
Fuel System Design



Plenum Clad Support

The helical coil spring used in the 14x14, 422V+ fuel design for the PBNP EPU has been shown
to provide enough support to prevent potential clad collapse. Therefore, the plenum clad support
criterion is met for the 14x14, 422 V+ fuel.

Clad-Free Standing

Evaluations of the clad-free standing criteria have shown that instantaneous collapse of the
PBNP fuel will be precluded for differential pressures in excess of the maximum expected
differential pressure across the clad under operating conditions. This generic analysis has been
shown to be met for all Westinghouse fuel rod geometries.

Fuel Rod End Plug Weld Integrity

Evaluation of the fuel rod end plug weld integrity criteria has shown that no fuel rod failures shall
occur during Condition | and li events or contribute to additional failures during Condition 1l
and IV events.

Fuel rod design evaluations for PBNP were performed using the NRC approved models in
Reference 8 to demonstrate that the SRP fuel rod design criteria are satisfied. For the
14x4, 422V+ fuel design, these criteria have been shown to be met.

2.8.1.2.4.4 Additional Information

The requests for additional information applicable to fuel rod performance that were issued to
other licensees in prior power uprating submittals are addressed below for the PBNP EPU
application.

“With respect to the impacts of the proposed power uprate on the nuclear, thermal-hydraulic
and fuel rod design analyses, please provide a listing of the NRC-approved codes and
methodologies used for the design analyses discussed in Section 7.10 of the Attachment 11|
of the submittal and confirm that all parameters and assumptions to be used for analyses
described in Sections 7.10 of the Attachment Il remain within any code limitations or
restrictions.”

The fuel rod design code and methodology used for the PBNP EPU analyses was previously
approved by the NRC (Reference 8).

2.8.1:2.4.5 Results

Fuel performance evaluations have been completed for EPU transition and equilibrium cycles to
demonstrate that the design criteria can be satisfied for all fuel rod types in the core under the
planned operating conditions of a power uprating to 1800 MWt. Based on input from core
design, the fuel rod design was analyzed with an FAHN limit of 1.68 for the uprated 14x14, 422V+
fuel. Any additional changes from the plant operating conditions originally evaluated for the
mechanical design of a fuel region will be addressed for all affected fuel regions as part of the
reload safety evaluation process when the plant changes are to be implemented.
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As expected, the large increase in power will have an impact on the fuel rod design margin,
although some of this reduction in design margin is offset by the decision to implement Constant
Axial Offset Control (CAOC) and increase the length of annular axial blankets. The rod internal
pressure (RIP) criteria, including “no gap reopening” and DNB propagation, clad corrosion, clad
stress, steady-state clad strain, clad fatigue, and fuel temperature criteria have all had a loss of
margin due to the core power increase. For RIP, analyses were performed to define the power
history constraints that will be required to provide sufficient RIP margin at the EPU conditions for
the other aforementioned criteria, all fuel rod design limits were satisfied for the reference EPU
transition and equilibrium cycles.

Continued compliance with fuel rod design criteria for the uprated 14x14, 422V+ fuel will be
confirmed for each reload cycle design.

In summary, al! fuel rod design criteria have been evaluated for application of the Westinghouse
14x14, 422V+ fuel assembly design in PBNP at EPU conditions. Based on these evaluations, it
is concluded that all fuel rod design criterion can be satisfied for 14x14, 422V+ with ZIRLO™ fuel
rod gladding design while appropriately accounting for EPU conditions.

2.8.1.3 Conclusions

PBNP has reviewed the analyses related to the effects of the proposed EPU on the fuel system
design of the fuel assemblies, control systems, and reactor core. PBNP concludes that the
analyses have adequately accounted for the effects of the proposed EPU on the fuel system and
demonstrated that:

» The fuel system will not be damaged as a result of normal operation and anticipated
operational occurrences

= The fuel system damage will never be so severe as to prevent control rod insertion when it is
required

+ The number of fuel rod failures will not be underestimated for postulated accidents
+ Coolable geometry will always be maintained

Based on this, is PBNP concludes that the fuel system and associated analyses will continue to
meet the PBNP current licensing basis with respect to the requirements of 10 CFR 50.46,
PBNP GDC 6, 29, 30 and 44 following implementation of the EPU. Therefore, PBNP finds the
proposed EPU acceptable with respect to the fuel system design.
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Table 2.8.11
14x14, 422V+ Thimble Tube and Fuel Rod Maximum and Allowable Stresses
14 422V+ design Direct or Bending | Allowable Combined Value Aliowable
Unit ksi ksi ksi ksi
Thimble Tube <9.2 24.35 <114 36.54
Fuel Rod <251 50.12 <251 75.18
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2.8.2 Nuclear Design
2.8.2.1 Regulatory Evaluation

PBNP reviewed the nuclear design of the fuel assemblies, control systems and reactor core for
EPU conditions to ensure that fuel design limits will not be exceeded during normal operation and
anticipated operational transients, and that the effects of postulated reactivity accidents will not
cause significant damage to the reactor coolant pressure boundary or impair the capability to
cool the core. The PBNP review covered core power distribution, reactivity coefficients, reactivity
control requirements and control provisions, control rod patterns and reactivity worths, criticality,
burnup and vessel irradiation.

The NRC's acceptance criteria are based on: -

» GDC 10, insofar as it requires that the reactor core be designed with appropriate margin to
ensure that specified acceptable fuel design limits are not exceeded during any condition of
normal operation, including the effects of anticipated operational occurrences

- GDC 11, insofar as it requires that the reactor core be designed so that the net effect of the
prompt inherent nuclear feedback characteristics tends to compensate for a rapid increase in
reactivity

» GDC 12, insofar as it requires that the reactor core be designed to ensure that power
oscillations, which can result in conditions exceeding specified acceptable fuel design limits,
are not possible or can be reliably and readily detected and suppressed

+ GDC 13, insofar as it requires that instrumentation and controls be provided to monitor
variables and systems affecting the fission process over anticipated ranges for normal
operation, anticipated operational occurrences and accident conditions, and to maintain the
variables and systems within prescribed operating ranges

+ GDC 20, insofar as it requires that the protection system be designed to automatically initiate
the reactivity control systems to ensure that acceptabie fuel design limits are not exceeded as
a result of anticipated operational occurrences and to automatically initiate operation of
systems and components important-to-safety under accident conditions

+ GDC 25, insofar as it requires that the protection system be designed to ensure that specified
acceptable fuel design limits are not exceeded for any single malfunction of the reactivity
control systems

+ GDC 26, insofar as it requires that two independent reactivity control systems be provided,
with both systems capable of reliably controlling the rate of reactivity changes resulting from
planned, normal power changes

» GDC 27, insofar as it requires that the reactivity control systems be designed to have a
combined capability, in conjunction with poison addition by the emergency core cooling
system, of reliably controlling reactivity changes under postulated accident conditions, with
appropriate margin for stuck rods, to ensure the capability to cool the core is maintained

« GDC 28, insofar as it requires that the reactivity control systems be designed to ensure that
the effects of postulated reactivity accidents can neither result in damage to the reactor
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coolant pressure boundary greate'r than limited local yielding, nor disturb the core, its support
structures, or other reactor vessel internals so as to significantly impair the capability to cool
the core

Specific review criteria are contained in SRP, Section 4.3 and other guidance provided in Matrix 8
of RS-001. '

PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in the PBNP FSAR,
Section 1.3. ‘The parenthetical numbers following the criterion description indicate the numbers
of the Atomic Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50, Appendix A, GDC 10, 11, 12, 13, 20, 25, 26, 27
and 28 are as follows:

CRITERION: The reactor core with its related controls and protection systems shall be designed
to function throughout its design lifetime without exceeding acceptable fuel damage limits which
have been stipulated and justified. The core and related auxiliary system designs shall provide
this integrity under all expected conditions of normal operation with appropriate margins for
uncertainties and for specified transient situations which can be anticipated. (PBNP GDC 6)

CRITERION: The design of the reactor core with its related controls and protection systems shall
ensure that power oscillations, the magnitude of which could cause damage in excess of
acceptable fuel damage limits, are not possible or can be readily suppressed. (PBNP GDC 7)

CRITERION: Instrumentation and controls shall be provided as required to monitor and maintain
within prescribed operating ranges essential reactor facility operating variables. (PBNP GDC 12)

CRITERION: Core protection systems, together with associated equipment, shall be designed to
prevent or to suppress conditions that could result in exceeding acceptable fuel damage limits.
(PBNP GDC 14)

CRITERION: Two independent reactivity control systems, preferably of different principles, shall
be provided. (PBNP GDC 27)

CRITERION: The reactivity contro! systems provided shall be capable of making the core
subcritical under credible accident conditions with appropriate margins for contingencies and
limiting any subsequent return to power such that there will be no undue risk to the health and
safety of the public. (PBNP GDC 30)

CRITERION: The reactor protection systems shall be capable of protecting against any single
malfunction of the reactivity control system, such as unplanned continuous withdrawal (not
ejection or dropout) of a control rod, by limiting reactivity transients to avoid exceeding
acceptable fuel damage limits. (PBNP GDC 31)

CRITERION: Limits, which include reasonable margin, shall be placed on the maximum
reactivity worth of control rods or elements and on rates at which reactivity can be increased to
ensure that the potential effects of a sudden or large change of reactivity cannot (a) rupture the
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reactor coolant pressure boundary or (b) disrupt the core, its support structures, or other vessel
internals sufficiently to lose capability of cooling the core. (PBNP GDC 32)

PBNP nuclear design is discussed in FSAR Chapter 3.0, Reactor.

A review of fuel system design for impact on license renewal evaluations is not necessary since
continued applicability of the EPU safety analysis for the 422V+ fuel assembly will be evaluated
or re-analyzed during the reload safety evaluation process for the reload cycles employing this
design. The reload design methodology includes the evaluation of the reload core key safety
parameters, which comprise the nuclear design-dependent input to the 10 CFR 50.59 evaluation
for each reload cycle.

2.8.2.2 Technical Evaluation
2.8.2.2.1 Introduction

The licensing basis for the reload core nuclear design is defined in FSAR Section 3.3, Reactor,
Reload Core Design and Safety Analysis. The purpose of the EPU core analysis is to determine
prior to the cycle-specific reload design if the current range of values for the key safety
parameters remain applicable for the plant uprating. This will allow the majority of any safety
analysis re-evaluations/re-analyses to be compieted prior to the cycle specific design analysis. It
will also allow future EPU core reload analysis to use the simple verification methodology
described in Reference 1.

2.8.2.2.2 Input Parameters, Assumptions, and Acceptance Criteria

The PBNP EPU core will use the Westinghouse 14X14, 422V + fuel assembly design. The key
features of this design are:

+ 0.422 inch outside diameter fuel rods

» Annular axial blanket pellets (up to 8 inches at top and bottom)
* 143.25 inch pellet stack length

» Standard height Removable Top Nozzle (RTN)

» Reduced Rod Bow (RRB) Alloy 718 top grid

- OFA style, 422V+ mid-grids with balanced mixing vane pattern
» High force alloy 718 bottom grid

+ ZIRLO™ tube-in-tube guide thimble assembly

+ Debris Filter Bottom Nozzle (DFBN)

» Oxide coated clad for debris mitigation

+ ZIRLO™ instrumentation tubes

» ZIRLO™ fuel rod clad
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i . This fuel éssembly design was previously implemented (starting with Unit 1 Cycle 27 and Unit 2 '
Cycle 25) to provide margin for future uprates and/or extended burnups. The key features of this
assembly design (relative to the older OFA design) that support EPU implementation are:

» A changed fuel stack height within the assembly (increase of 1.85 inches)
» Alonger fuel rod (increase of 3.6 inches)

* A longer fuel assembly (increase of 0.040 inches)

+ A wider pellet-to-clad gap (increase of 0.25 mils)

« A larger pellet diameter (increase of 0.0215 inches)

« A larger clad diameter (increase of 0.022 inches)

These changes, together with the annular axial blankets, result in a larger rod plenum volume to
accommodate fission gas release from the extended burnups and EPU conditions of the 14x14,
422V+ design and the helium release from integral fuel burnable absorbers (IFBA) (see LR
Section 2.8.1, Fuel System Design).

The specific values of core safety parameters, e.g., power distributions, peaking factors, rod
worths, and reactivity parameters are loading pattern dependent. The variations in loading
pattern dependent safety parameters for the EPU cycle are expected to be similar to the
cycle-to-cycle variations for past reload cycles.

Limits for radial peaking factor (F,p) and axial offset must be reduced to offset the impact of EPU
. on core thermal hydraulics and fuel rod performance. The nuclear design will be constrained to
comply with these limits required as a resuit of the EPU.

No changes to the nuclear design philosophy or methods are necessary because of the transition
to EPU. The reload design methodology described in Reference 1 includes the evaluation of the
reload core key safety parameters which comprise the nuclear design-dependent input to the
FSAR safety evaluation for each reload cycle. These key safety parameters will be evaluated for
each reload cycle. If one or more of the parameters fall outside the bounds assumed in the
reference safety analysis, the affected transients will be re-evaluated/re-analyzed using standard
methods and the results documented in the reload evaluation for that cycle.

Table 2.8.2-2, Range of Key Safety Parameters, provides the key safety parameter ranges
compared to the current limits.

2.8.2.2.3 Description of Analyses and Evaluations

The effects of implementing EPU conditions on the nuclear design bases and methodologies for
PBNP are evaluated in this section.

Core designs were developed for several typical EPU reload cycles to model the transition to
equilibrium EPU conditions based on a nominal projected energy requirement of 500 EFPD (See
Table 2.8.2-1, Core Characteristics of the EPU Scoping Cycles). One core design with an
atypically long cycle length was also developed to examine the impact of cycle length and feed
batch size variations. These core designs are not intended to represent limiting designs, but
. were instead developed to determine if enough margin exists between typical parameter values
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_ and the corresponding safety analysis limits to allow flexibility in designing actual EPU reload
cores. Cycle specific calculations will confirm that the actual values are within the safety analysis
limits. The margins for the EPU cycles were compared to values for recent reload cycles to
evaluate the continued adequacy of margins between typical safety parameter values and the
corresponding limits.

The nuclear design analysis for the EPU cores employed standard analytical models and
methods (Reference 1, 2,and 3) that have previously been demonstrated to accurately describe
the neutronic behavior of the reactor cores.

The effect of extended burnup on nuclear design parameters has been previously discussed in
detail in Reference 5. That discussion is valid for the discharge burnups that are anticipated for
the EPU cycles. In accordance with the NRC recommendation made in Reference 5,
Westinghouse will continue to monitor predicted versus measured physics parameters for
extended burnup applications. i

Reactor vessel irradiation is discussed in LR Section 2.2.3, Reactor Pressure Vessel Internals
and Core Supports. Control rod patterns have been considered in the caiculation of the
shutdown margin and control rod worths reported in Table 2.8.2-2.

2.8.2.24 Results

As shown in Table 2.8.2-2 the margin to key safety parameter limits is not significantly reduced
by the EPU implementation. The key safety parameters evaluated for PBNP as it transitions to
EPU show little change from the current design. The variations in these parameters are similar
to the normal cycle-to-cycle variations that occur as fuel loading patterns are changed each
cycle. Changes to the core power distributions and peaking factors are also within the normal
cycle-to-cycle variations expected in core loading patterns. As shown in Table 2.8.2-1, Core
Characteristics of the EPU Scoping Cycles, the discharge burnups and assembly requirements
have increased, relative to the current design, due to the increase in core power. These will vary
cycle-to-cycle based on actual energy requirements. The normal methods of feed enrichment
variation and insertion of fresh burnable absorbers will be employed to control peaking factors.
Compliance with the peaking factor Technical Specifications can be assured using these
standard nuclear design techniques.

EPU implementation will not require changes to the current FSAR nuclear design bases or
methodology. There are few changes to the range of key nuclear design parameters currently
used in the PBNP safety analysis that will be necessary for EPU implementation.

2.8.2.3 Conclusion

PBNP has reviewed the analyses related to the effect of the proposed EPU on the nuclear design
of the fuel assemblies, control systems, and reactor core. PBNP concludes that the analyses
have adequately accounted for the effects of the proposed EPU on the nuclear design and have

1. While the 14x14, 422v+ product is capable of being extended to a lead rod burnup of up to
75,000 MWD/MTU, VANTAGE+ is currently licensed to 60,000 MWD/MTU by the NRC (Reference 4)
with the extension to 62,000 MWD/MTU on a cycle-specific basis, per Reference 7
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demonstrated that the fuel design limits will not be exceeded during normal or anticipated

operational transients and that the effects of postulated reactivity accidents will not cause
significant damage to the reactor coolant pressure boundary or impair the capability to cool the
core. Therefore, based on these analyses, in conjunction with the analyses of the fuel system
design, thermal and hydraulic design, and transient and accident analyses, it is concluded that
the nuclear design of the fuel assemblies, control systems, and reactor core will continue to meet
the PBNP current licensing basis requirements with respect to PBNP GDC 6, 7, 12, 14, 27, 30,
31 and 32. Therefore, PBNP finds the proposed EPU acceptable with respect to the nuclear
design.
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Table 2.8.2-1
Core Characteristics of the EPU Scoping Cycles
Nominal Radial Maximum| Peak Rod
Power | Cycle # Feed Power 3D MTC @ Burnup
Cycle | Rating | Length | Assemblies | Peaking | Peaking | HZP | (MWD/MTU)
(See Note 2)| (MWth) | (EFPD) | (See Note 1) FH Factor FQ| (pcm/°F) | (See Note 3)
Unit 2 1540 506 37 1.57 1.88 -1.9 60219
Current
Power
N 1800 500 48 1.53 1.92 0.3 58788
N+1 1800 500 49 1.50 1.83 0.3 58672
N+2 1800 500 48 1.51 1.86 0.2 56859
N+3 1800 570 57 1.49 1.87 1.6 55244

1. All feed assemblies use the Westinghouse 14X14, 422V+ fuel assembly design

2. The first EPU cycle (designated as N) was arbitrarily chosen to be Unit 2 for nuclear
analysis purposes.

3. The peak rod burnup is best estimate at the nominal cycle length. While the 14x14, 422V+
fuel is capable of being extended to a lead rod burnup of up to 75,000 MWD/MTU,
VANTAGE + is currently licensed to 60,000 MWD/MTU by the NRC (Reference 4) with
extension to 62,000 MWD/MTU on a cycle-specific basis, per Reference 7.
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Range of Key Safety Parameters

Table 2.8.2-2

Safety Parameter

Current Design Values

EPU Analysis Values

Reactor Core Power (MWt) 1540 1800
Core Average Coolant 577.1 581
Temperature. HFP (°F)

Coolant System Pressure (psia) 2250 2250

Most Positive MTC (pcm/°F)

<+ 5.0 (Power < 70%)
< 0.0 (Power 2 70%)

< + 5.0 (Power < 70%)
< 0.0 (Power = 70%)

Most Positive MDC (AK/g/cm?3) 043 0.43
Doppler Temperature -2.90 to -0.91 -2.90 to -0.91
Coefficient (pcm/°F)
Doppler Only Power Coefficient (See below) (See below)
{(pcm/%Power)
Least Negative, HFP to HZP -9.55t0 -6.05 -9.55 to -6.05
Most Negative, HFP to HZP -19.40t0 -12.6 -215t0-147
Beta-Effective 0.0043 to 0.0072 0.0043 to 0.0072
Normal Operation F?H (with 177 1.68
uncertainties)
Required Shutdown Margin 3.10 2.00
(%lp)
Normal Operation Fn(Z) 2.60 2.60
Fraction of Rod Worth Fraction of Rod Worth
Rod Insertion (%K) Rod Insertion (%k)
Trip Reactivity versus Rod 0.00 0.000 0.00 0.000
Position 0.10 0.035 0.10 0.035
0.20 0.075 0.20 0.075
0.50 0.150 0.50 0.150
0.60 0.250 0.60 0.250
0.80 0.750 0.80 0.750
0.90 3.000 0.90 3.000
0.96 4.500 0.96 4.500
1.00 5.000 1.00 5.000
Rod Ejection (See Below) | (See Below) | (See Below) | (See Below)
BOL EOL BOL EOL
Maximum Ejected Rod Worth 0.79 (HZP) 0.93 (HZP) 0.79 (HZP) 0.93 (HZP)
(%4p) 0.40 (HFP) | 0.42 (HFP) | 0.40 (HFP) | 0.42 (HFP)
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Table 2.8.2-2

Range of Key Safety Parameters

Safety Parameter

Current Design Values

EPU Analysis Values

11.0 (HZP)

18.0 (HZP)

11.0 (HZP)

18.0 (HZP)

Maximum Ejected Rod F(Z)

4.2 (HFP)

5.69 (HFP)

4.2 (HFP)

5.69 (HFP)

Maximum Burnup at Ejected

31000 (HZP)

48000 (HZP)

31000 (HZP)

48000 (HZP)

Rod Hot Spot (MWD/MTU)

31000 (HFP)

48000 (HFP)

31000 (HFP)

48000 (HFP)
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2.8.3 Thermal and Hydraulic Design
2.8.3.1 Regulatory Evaluation

PBNP has reviewed the core thermal and hydraulic design analyses and the reactor coolant
system to confirm that the design:

- Has been accomplished using acceptable analytical methods,
- |s equivalent to or a justified extrapolation from proven designs,

- Provides acceptable margins of safety from conditions that would lead to fuel damage during
normal reactor operation and anticipated operational occurrences, and

+ Is not susceptible to thermal-hydraulic instability.

The PBNP review of the analyses also covered hydraulic loads on the core and reactor coolant
system components during normal operation and design basis accident conditions and core
thermal-hydraulic stability under normal operation and anticipated transients without scram
(ATWS) events.

The NRC’s acceptance criteria are based on:

» GDC-10, insofar as it requires that the reactor core be designed with appropriate margin to
ensure that specified acceptable fuel design limits are not exceeded during any condition of
normal operation, including the effects of anticipated operational occurrences

+ GDC-12, insofar as it requires that the reactor core and associated coolant, control, and
protection systems be designed to ensure that power oscillations, which can result in
conditions exceeding specified acceptable fuel design limits, are not possible or can reliably
and readily be detected and suppressed

Specific review criteria are contained in SRP, Section 4.4 and other guidance provided in Matrix 8
of RS-001.

PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50, Appendix A, GDC-10 and 12 are as follows:

CRITERION: The reactor core with its related controls and protection systems shall be designed
to function throughout its design lifetime without exceeding acceptable fuel damage limits, which
have been stipulated and justified. The core and related auxiliary system designs shall provide
this integrity under all expected conditions of normal operation with appropriate margins for
uncertainties and for specified transient situations, which can be anticipated. (PBNP GDC 6)
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CRITERION: The design of the reactor core with its related controls and protection systems shall
ensure that power oscillations, the magnitude of which could cause damage in excess of
acceptable fuel damage limits, -are not possible or can be readily suppressed. (PBNP GDC 7)

PBNP nuclear design is discussed in FSAR Chapter 3.0, Reactor.

A review of thermal and hydraulic design for impact on license renewal evaluations is not
necessary since continued applicability of the EPU safety analysis for the 422V + fuel assembly
will be evaluated or re-analyzed during the reload safety evaluation process for the reload cycles
employing this design. The reload design methodology includes the evaluation of the reload core
key safety parameters which comprise the thermal and hydraulic-dependent input to the safety
evaluation for each reload cycle.

2.8.3.2 Technical Evaluation
2.8.3.2.1 Introduction

This section describes the thermal-hydraulic (T-H) analysis performed to support operation of
PBNP Units 1 and 2 with cores consisting of 14x14, 422V+ fuel assemblies at EPU conditions.

The current licensing basis for T-H design for PBNP inciudes the prevention of departure from
nucleate boiling (DNB) on the limiting fuel rod with a 95% probability at a 95% confidence level
and criteria to ensure fuel cladding integrity, and is documented in FSAR Section 3.2.2, Thermal
and Hydraulic Design and Evaluation. The EPU analysis is based on the licensing basis
incorporating the increased core power. The analysis addresses the DNB performance,
including the effects of fuel rod bow and bypass flow. Also considered in this section is the
calculation of fuel temperature/pressure data used in various safety analyses and core stored
energy.

2.8.3.2.2 Input Parameters, Assumptions, and Acceptance Criteria

For the purposes of the EPU analysis, bounding fuel-related safety and design parameters have
been chosen. These bounding parameters have been used in the safety and design analyses
discussed in this section and in other relevant sections of this report.

Table 2.8.3-1, PBNP Thermal-Hydraulic Design Parameters Comparison, lists the
thermal-hydraulic parameters for the current design at 1540 MWt as well as for the EPU design
at 1800 MWt with the 14x14, 422V + fuel design. The limiting direction for these parameters is
shown in Table 2.8.3-2, Limiting Parameter Direction for DNB.

2.8.3.2.2.1 Design Basis and Methodology

The thermal-hydraulic DNBR analysis of the 14x14 422V + fuel in PBNP Units 1 & 2 is based on
the Revised Thermal Design -Procedure (RTDP) (Reference 3) and the WRB-1, DNB correlation
(References 4 and 5) using the VIPRE-W subchannel analysis code (Reference 1). See

LR Section 2.8.5, Accident and Transient Analysis, for use of the VIPRE and required NRC
approval for use. The Standard Thermal Design Procedure methodology (STDP) with the
WRB-1 or W-3 DNB correlation is used when RTDP is not applicable. The analyses demonstrate
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that the 95/95 design basis is met for the core in operation at the maximum analyzed core power
of 1800 MWi.

2.8.3.2.2.11 Subchannel Analysis Code

The Westinghouse version of the VIPRE-01 (VIPRE) code is used for DNBR calculations. The
use of VIPRE for the EPU analysis is in full compliance with the conditions specified in the NRC"
Safety Evaluation Report (SER) in WCAP-14565-P-A (Reference 1). See Appendix A for code
applicability.

2.8.3.2.2.2 DNB Methodology

With the RTDP methodology, uncertainties in plant operating parameters, nuclear and thermal
parameters, fuel fabrication parameters, computer codes, and DNB correlation predictions are
considered statistically to obtain the overall DNB uncertainty factors. Based on the DNB

" uncertainty factors, RTDP design limit DNBR values are determined such that there is a
95-percent probability with a 95% confidence level that DNB will not occur on the maost limiting
fuel rod during normal operation, operational transients, or transient conditions arising from faults
of moderate frequency.

The uncertainties included in the overall DNB uncertainty factor are:
» Nuclear enthalpy rise hot channel factor, (FNAH)
» Enthalpy rise engineering hot channel factor, (FEAH )
* Uncertainties in the VIPRE-01 and transient codes
* Vessel coolant flow
+ Effective core flow fraction
» Core thermal power
+ Coolant temperature
+ System pressure

Table 2.8.3-3, Peaking Factor Uncertainties, provides a listing and description of the peaking
factor uncertainties. Only the random portion of each plant operating parameter uncertainty is
included in the statistical combination for RTDP. Any adverse instrumentation bias is treated
either as a direct DNBR penalty or a direct analysis input. Instrumentation uncertainties in core
thermal power, RCS flow, pressure and temperature used for the fuel transition and EPU
analyses, are listed in Table 2.8.3-4, RTDP Uncertainties and Biases.

In addition to the above considerations for uncertainties, DNBR margin was obtained by
performing the safety analyses to DNBR limits higher than the design limit DNBR values.
Sufficient DNBR margin was conservatively maintained in the safety analysis DNBR limits to
offset the rod bow, plant instrumentation bias and potential future DNBR penalties and to provide
flexibility in design and operation of the plant. Table 2.8.3-5, RTDP DNBR Margin Summary(1),
provides an illustration of the DNBR margin and penalties applicable at uprated conditions.
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The Standard Thermal Design Procedure (STDP) is used for those analyses where RTDP is not
applicable. The DNBR limit for STDP is the appropriate DNB correlation limit increased by
sufficient margin to offset the applicable DNBR penalties.

2.8.3.2.2.2.1 DNB Correlations and Limits

The WRB-1 DNB correlation is based entirely on rod bundle data and takes credit for the
significant improvements in DNB performance due to the mixing vane grid effects. NRC
acceptance of a 95/95 correlation limit DNB ratio (DNBR) of [ 1€ for the 14x14, 422V+ fuel
assemblies is documented in References 1 and 4. The WRB-1 correlation applicability has been
documented for the PBNP Units 1 and 2 with 14x14, 422V + fuel in Reference 5.

For the EPU analysis, the RTDP design limit DNBR values are [ ]#° and [ ] for typical and
thimble cells, respectively. After accounting for the plant-specific margin, the Safety Analysis
Limit (SAL) DNBR is set to [ ]'° for both typical and thimble cells. For events where the
temperature instrumentation bias is incorporated directly into the accident initial conditions rather
than allocating DNBR margin, the SAL DNBR is [ ]®:°. An additional limit of [ ]2 is used for the
rod withdrawal at power event to account for a minimum DNBR below [ ]*°. These SALs are
employed in the RTDP DNB analyses.

For events where STDP is used, the DNBR correlation limits are | ]""'b'C for WRB-1, W-3 at 1000 <
P <2300 psia, and W-3 at 500 < P £ 1000 psia, respectively.

2.8.3.2.2.2.2 Acceptance Criteria

The reactor core is designed to meet the following limiting thermal and hydraulic criteria:

» There is at least a 95% probability that DNB will not occur on the limiting fuel rods during
MODES 1 and 2, operational transients, or any condition of moderate frequency at a 95%
confidence level.

+ No fuel melting during any anticipated normal operating condition, operational transients, or
any conditions of moderate frequency.

» Mode of operation under Conditions | and Il events will not lead to thermo-hydrodynamic
instabilities.

The ratio of the heat flux causing DNB at a particular core location, as predicted by a DNB
correlation, to the actual heat flux at the same core location is the DNBR. Analytical assurance
that DNB will not occur is provided by showing the calculated DNBR to be higher than the 95/95
Limit DNBR for all conditions of normal operation, operational transients and transient conditions
of moderate frequency. The design limit DNBR is calculated by using the RTDP methodology,
which for all operating conditions, assures compliance with the DNBR criteria above.

For use in the DNB safety analyses, the design limit DNBR is conservatively increased to provide
DNB margin to offset the effect of rod bow and any other DNB penalties that may occur, and to
provide flexibility in design and operation of the plant. This increase in the design limit DNBR to
account for various penalties and operational issues is the plant-specific margin retained
between the design limit DNBR and the Safety Analysis Limit (SAL) DNBR.
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2.8.3.2.3 Description of Analyses and Evaluations

To support the operation at EPU conditions, DNBR reanalysis was required to define new core
limits, axial offset limits, and ANS Condition Il and IV event (e.g. locked rotor) accident
acceptability. With the SAL DNBR set, the core limits, axial offset limits (Reference 2), and
dropped rod limits are generated. Based on these limits, the maximum design FNan limit that
can be supported is 1.68. This limit incorporates applicable uncertainties, including a
measurement uncertainty of [ ]:° percent and is adjusted for the power level using the following
equation:(Reference 6)

FNan = 1.68 x [1 + 0.3(1-P)]

where P is the fraction of full power.

The accident DNB analyses to support the EPU are addressed below.
2.8.3.2.3.1 Loss of Flow

This section supplements the methodology discussed in LR Section 2.8.5.3.1, Loss of Forced
Reactor Coolant Flow.

The loss of flow DNBR analysis was performed using RTDP and the 3-D non-LOCA analysis
methodology (RAVE) described in Reference 13. See LR Section 2.8.5, Accident and Transient
Analysis, for the first use of RAVE and the need for NRC approval of use.

The minimum DNBR calculated for the limiting loss of flow case is greater than the safety
analysis DNBR limit, thereby demonstrating compliance to the design criterion for this event.

2.8.3.2.3.2 Locked Rotor

This section supplements the methodology discussed in Section 2.8.5.3.1, Loss of Forced
Reactor Coolant Flow.

The locked rotor DNBR analysis was performed using RTDP and the 3-D non-LOCA analysis
methodology (RAVE) described in Reference 13. The locked rotor accident is classified as an
ANS Condition IV event. To calculate the radiation release as a consequence of this accident,
DNB calcuiations were performed to calculate the number of rods that would experience DNB
and be conservatively assumed to fail. The acceptance criterion for this analysis is based on the
value used in the radiological analysis, to demonstrate that less than 30% of the fuel rods
experience DNB. The analysis confirms that less than 25% of the fuel rods are predicted to be in
DNB, thereby meeting the acceptance criterion.

The locked rotor Peak Clad Temperature (PCT) analysis was performed using STDP and the 3-D
non-LOCA analysis methodology (RAVE) described in Reference 13. The acceptance criterion
for this analysis is that the peak clad temperature is less than 2700°F for the ZIRLO™ fuel. The
analysis confirms that the acceptance criterion is met. -
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2.8.3.2.3.3 Feedwater Malfunction

The feedwater malfunction event is bounded by the hot zero power steamline break analysis
(see LR Section 2.8.5.1.2, Steam System Piping Failures Inside and Outside Containment) with
respect to the DNB acceptance criterion.

2.8.3.2.3.4 RCCA Drop/Misoperation

This section supple}hents the methodology discussion of Section 2.8.5.4.3, Control Rod
Misoperation, for this non-LOCA event.

The NRC-approved Westinghouse analysis methods in Reference 11 were used for analyzing
the RCCA drop event. The Dropped Rod Limit Lines (DRLL) define DNB-based limits on peaking
factors as functions of core inlet temperature, core power and pressure. Based on the DRLL and
transient statepoints covering a range of reactivity insertion mechanisms, nuclear design
calculations determined pre-drop F" an values corresponding to the post-drop peaking factors at
the SAL DNBR. The maximum pre-drop FNAH for each reload is specified in the Core Operating
Limits Report (COLR). The cycle-specific RCCA drop analysis confirms that allowed pre-drop
FNAH values do not violate the COLR limit, and the DNB design basis is met for power uprate. In
addition, the maximum linear heat rate from the RCCA drop analysis is lower than the fuel
centerline melt limit. Therefore, the peak fuel centerline melt temperature criterion is also met for
this event.

The maximum allowable FNAH limit for RCCA misalignment was calculated using RTDP
methodology. This is the value of FNAH at normal operating conditions that gives a minimum
DNBR equal to the RTDP safety analysis DNBR limit. The acceptability of this limit is determined
by nuclear design each cycle.

2.8.3.2.3.5 Steam Line Break Accident

The event description is provided in Section 2.8.5.1.2, Steam System Piping Failures Inside and
Outside Containment.

The NRC-approved Westinghouse analysis methods in Reference 14 were used for analyzing
the steam line break accident. The DNB analyses of the steamline break events were performed
at EPU conditions. Cases were analyzed for both hot zero power and hot full power conditions.
For each of these cases, the appropriate methodology was applied.

For the hot full power cases, the RTDP methodology and the WRB-1 correlation was used. The
DNB analysis showed that the minimum DNBR values are above the DNBR safety analysis limit,
thereby demonstrating that the DNBR design basis was met.

For the hot zero power cases, the mechanistic STDP and the W-3 DNB correlation were applied.
The W-3 DNBR correlation limit for this transient is [ ]a'b'C in the pressure range of 500-1000 psia.
The DNBR limit is the correlation limit increased to account for any DNB penalties applicable at
these conditions. The analysis showed that the minimum DNBR was greater than the DNBR
limit, thereby demonstrating that the DNBR design basis was met.
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2.8.3.2.3.6 Uncontrolled Rod Cluster Control Assembly Withdrawal from Subcritical

The analysis for the uncontrolled rod cluster control assembly withdrawal from subcritical is
based on the STDP methodology since the event was initiated from hot zero power conditions.
Results and additional information are contained in Section 2.8.5.4.1, Uncontrolled Rod
Assemble Withdrawal from A Subcritical or Low Pump Startup Condition.

The DNB analysis of the rod withdrawal from subcritical accident was performed at EPU
conditions. This transient results in a power excursion and a bottom-skewed power shape due to
the withdrawal of the rod bank. A conservative accident-specific power shape was applied. Two
DNB calculations are required for this accident. The W-3 correlation is applied for fuel assembly
spans below the first mixing vane grid. The WRB-1 correlation is applied for spans above the
first mixing vane grid. Because of the zero power preconditions of this event, the RTDP
methodology is not appropriate and therefore, STDP is applied. For the STDP application, the
DNBR limits applied are the correlation limits [ 12° and [ ]2°€ for W-3 and WRB-1, respectively,
increased by any applicable DNBR penalties. The resuits of the calculations show that the
calculated DNBR values remain above the respective DNBR limits thereby demonstratlng that
the DNB design basis is met.

2.8.3.2.3.7 Rod Withdrawal at Power

The rod withdrawal at power (RWAP) analysis was performed using RTDP methodology, initiated
from nominal, hot full power operating conditions. The temperature instrumentation bias is
incorporated directly into the RWAP DNB analysis. Sufficient DNBR margin is retained in this
SAL to offset the required DNBR penalties (Table 2.8.3-5, RTDP DNBR Margin Summary(1)).
The results show that the minimum DNBR of the limiting case meets the accident-specific SAL of

[1Pe.
'2.8.3.2.3.8 Bypass Flow

Two different bypass flow rates are used in the thermal-hydraulic design analysis. The thermal
design bypass flow (TDBF) is the conservatively high core bypass flow used with the thermal
design flow (TDF) in power capability analyses that use standard (non-statistical) methods, and
is also used to calculate fuel assembly pressure drops. The best estimate bypass flow (BEBF) is
the core bypass flow that would be expected using nominal values for dimensions and operating
parameters that affect bypass flow without applying uncertainty factors. The BEBF is used in
conjunction with the vessel minimum measured flow (MMF) for power capability analyses using
-the RTDP design procedures. The BEBF is also used to calculate fuel assembly lift forces.

2.8.3.2.3.9 Effects of Fuel Rod Bow on DNBR

Rod bow can occur between mid-grids, reducing the spacing between adjacent fuet rods and
reducing the margin to DNB. Rod bow must be accounted for in the DNBR safety analysis of
Condition | and Condition Il events. Westinghouse has conducted tests to determine the impact
of rod bow on DNB performance. The testing and subsequent analyses were documented in
WCAP-8691. (Reference 7)
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Currently the maximum rod bow penalty for the 422V + fuel assembly at PBNP uprated conditions
is [ 12° % DNBR at an assembly average burnup of [ 1*¢ MWD/MTU (References 7 and 8). No
additional rod bow penalty is required for burnups greater than [ 12:° MWD/MTU since credit is
taken for the effect of F AH burndown due to the decrease in fissionable isotopes and the
buildup of fission products (Reference 9).

2.8.3.2.4 Fuel Temperatures énd Rod Internal Pressures

Fuel temperatures and associated rod internal pressures have been generated using the
NRC-approved PAD code (Reference 10). The integral fuel burnable absorber (IFBA) and
non-IFBA fuel temperature and/or rod internal pressures were used as initial conditions for LOCA
and non-LOCA transients. The linear power limit to preclude fuel centerline melt is determined to
be [ ]2:° kW/it at the analyzed conditions.

In addition to the fuel rod temperatures and rod internal pressures, the core stored energy for the
14x14, 422V+ fuel has been determined for use in containment analysis. Core stored energy is
defined as the amount of energy in the fuel rods in the core above the local coolant temperature.
The local core stored energy is normalized to the local linear power level.

2.8.3.3 Conclusions

PBNP has reviewed the analyses related to the effects of the proposed EPU on the thermal and
hydraulic design of the core and the RCS. PBNP concludes that the analyses have adequately
accounted for the effects of the proposed EPU on the thermal and hydraulic design and
demonstrated that the design (1) has been accomplished using acceptable analytical methods,
(2) is proven design, (3) provides acceptable margins of safety from conditions that would lead to
fuel damage during normal reactor operation and anticipated operational occurences, and (4) is
not susceptible to thermal hydraulic instability. PBNP further concludes that the analyses have
adequately accounted for the effects of the proposed EPU on the hydraulic loads on the core and
RCS components. Based on this, PBNP concludes that the thermal and hydraulic design will
continue to meet the requirements of PBNP GDC 6 and 7 following implementation of the
proposed EPU. Therefore, PBNP finds the proposed EPU acceptable with respect to thermal
and hydraulic design. '

2.8.3.4 References

1. WCAP-14565-P-A, VIPRE-01 Modeling and Qualification for Pressurized Water Reactor
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Table 2.8.31
PBNP Thermal-Hydraulic Design Parameters Comparison
Current Design EPU Analysis
Thermal-Hydraulic Design Parameters Value Value
Reactor Core Heat Output, MWt 1540 1800'")
Reactor Core Heat Output, 108 BTU/Hr 5255 61421
Heat Generated in Fuel, % 97.4 97.4
Core Pressure, Nominal, psia 2265 2265
Pressurizer Pressure, Nominal, psia 2250 2250

Radial Power Distribution(?

1.77[1+0.3(1-P)]

1.68[1+0.3(1-P)]

HFP Nominal Coolant Conditions

(based on 1800 MW, TDF, design byp. flow,
2265 psia core pressure; uncertainties and biases
not included)

Vessel Thermal Design Flow Rate (including

bypass) 67.44 67.56
10° Iomhr 178,000 178,000
GPM : ’

Core Flow Rate (excluding Bypass,(3))
10° Ibmyhr 63.06 63.17
GPM 166,430 166,430

Core Flow Area, ft2 (full core of 422V+) 271 271

Core Inlet Mass Velocity,

108 Ibm/hr-ft2 233 2133
Nominal Vessel/Core Inlet Temperature, °F 544.5 542.9
Vessel Average Temperature, °F 574.0 577.0
Core Average Temperature, °F 577.2 581.0
Vessel Outlet Temperature, °F 603.5 611.1
Core Outlet Temperature, °F 607.3 615.3
Average Temperature Rise in Vessel, °F 59.0 68.2
Average Temperature Rise in Core, °F 62.8 72.4
Heat Transfer

Active Heat Transfer Surface Area, ft* 28507 28507

Average Heat Flux, BTU/hr-ft? 179540 209850(")

Average Linear Power, kW/ft 5.81 6.80
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Table 2.8.3-1
PBNP Thermal-Hydraulic Design Parameters Comparison
Current Design EPU Analysis

Thermal-Hydraulic Design Parameters Value Value

Peak Linear Power for Normal Operation,*) 15.11 17.677)

kW/ft

Peak Linear Power for Prevention of 22.54 22.54

Centerline Melt, kW/ft
Pressure Drop Across Core, psi(5) 20.9 25.0

Notes:

_ ThermalPower
RatedThermalPower

Based on maximum FQ of [ ]?°.

Ok N

Current Design Value for core pressure drop is based on |
EPU value for core pressure drop is based on [ 12"° gpm best estimate flow rate.

]a,c

1. The proposed power level of 1800 MWt has been used for all thermal-hydraulic design
analyses which includes 2.6% of power generated in coolant.

Design bypass flow of [ 12'° % was used for current and uprate conditions.

gpm best estimate flow rate.
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Table 2.8.3-2

Limiting Parameter Direction for DNB

Limiting Direction

Parameter for DNB
FAH nuclear enthalpy rise hot-channel factor maximum
Heat generated in fuel (%) maximum
Reactor core heat output (MWt) maximum
Average heat flux (BTU/hr—ftz) maximum
Nominal vessel/core inlet temperature (°F) maximum
Core pressure (psia) minimum
Pressurizer pressure (psia) minimum
Thermal design flow for non-RTDP analyses (gpm) minimum
Minimum measured flow for RTDP analyses (gpm) minimum
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. Table 2.8.3-3

Peaking Factor Uncertainties

N E
Fan = F an x Fran

where: FMAH Nuclear Enthalpy Rise Hot Channel Factor — The ratio of the
relative power of the hot rod, which is one of the rods in the hot
channel, to the average rod power. The normal operation value
of this is given in the plant Technical Specifications or a Core.
Operating Limit Report (COLR).

F~aH Engineering Enthalpy Rise Hot Channel Factor — The nominal
enthalpy rise in an isolated hot channel can be calculated by
dividing the nominal power into this channel by the core average
inlet flow per channel. The engineering enthalpy rise hot
channel factor accounts for the effects of flow conditions and
fabrication tolerances. It can be written symbolically as:

E E E E E E
F-an =f(F an.1, F anz2, F aHinlet maidist, F~aH redist, F~AH mixing )

where: FtAH,1 accounts for rod-to-rod variations in fuel enrichment and weight
FEAH,Z accounts for variations in fuel rod outer diameter, rod pitch, and
bowing
FEAH inlet maldist accounts for the non-uniform flow distribution at the core inlet
- FEaH redist accounts for flow redistribution between adjacent channels due
. to the different thermal-hydraulic conditions between channels
Foan mixing accounts for thermal diffusion energy exchange between

adjacent channels caused by both natural turbulence and forced
turbulence due to the mixing vane grids

The value of these factors and the way in which they are combined depends upon the design
methodology used, that is, STDP or RTDP. Note that no actual combined effect value is
calculated for F an. These factors are accounted for in the VIPRE-01 calculations.
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. : Table 2.8.3-4

RTDP Uncertainties and Biases

Uncertainties and Biases Used in
Parameter EPU Safety Analysis
Power [ 1?€ power-
Reactor Coolant System Flow [ 7€ flow
[ 1?© flow (bias)
Pressure [1?°
[ 12 bias

Inlet Temperature []7:¢

[ 1€ (bias)
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Table 2.8.3-5

RTDP DNBR Margin Summary(

Current Operation

(1540 MWt) EPU: Core Thermal Limits
DNB Correlation WRB-1 WRB-1
DNBR Correlation Limit [12PcC []20C
DNBR Design Limit [}&° []>¢ [1>° [P
DNBR SAL []&¢ []2© [1>° [
DNBR Retained Margin® []&¢ [12° []&€ 0
DNBR Credit for operation [1?° [1?° )
at 1540 MWit®)
instrumentation Bias [1&¢ [12¢ [2¢ [17¢
Penalty(7)
Rod Bow DNBR Penalty [12¢ []2° [17° [1?€
Core Bypass Flow [1?¢ [12° [1?° [12°
Penalty(s)
Available DNBR Margin(® [12¢ [12° [17€ 1P°

EPU: Rod Withdrawal at
Power

EPU: All Other Transients

typ®@ thm®

DNB Correlation

WRB-1

WRB-1

DNBR Correlation Limit

[ ]a,b,c

“a,b,c

DNBR Design Limit

[1&¢ [1%€

[1&° [1*¢

DNBR SAL

[1%° [7e

[P [

DNBR Retained Margin(®)

[1%° (e

[1%© [1%°

DNBR Credit for operation
at 1540 MWt®)

[1%°

[1>°

Instrumentation Bias
Penaltym

[1%° [1%€

[1%€ [T

Rod Bow DNBR Penalty

[1%° (e

[]a,c []a,c

Core Bypass Flow
Penalty(g)

(e [17€

[1%€ (1€

Available DNBR Margin(®

[ [17€

[1%€ (1€
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Table 2.8.3-5
RTDP DNBR Margin Summary("

Notes:

1. Hot zero power steam line break is analyzed using the W-3 correlation with STDP. The
correlation limit DNBR is [ 2P in the pressure range of 500 to 1000 psia. Rod withdrawal
from subcritical is also analyzed using the W-3 correlation with STDP below the bottom
non-mixing vane grid. The correlation limit DNBR is [ ]a’b'c for pressure between
1000 psia and 2300 psia. WRB-1 with STDP is used for rod withdrawal from subcritical
above the bottom non-mixing vane grid. The SAL DNBR limits are [ ]:°:¢ (for W-3 at
500 psia < P < 1000 psia), [ J"?€ (for W-3 at 1000 psia < P < 2300 psia), and [ 2P
(WRB-1) to preserve 10% DNBR margin for these analyses.

2. TYP = Typical Cell
3. THM = Thimble Cell

4. Retained DNBR margin is the margin that exists between the SAL and the désign limit
DNBRs.

5. Current safety analysis for PBNP is based on 1650 MWt. DNBR margin, in addition to that
retained between the design limit and safety analysis Limit at 1650 MWH, is realized by
operation at 1540 MWit.

6. Different DNBR limits are used because the instrumentation T,,4 bias is directly
incorporated into the OTDT setpoint analysis for the core thermal limits and rod withdrawal
at power but must be included in the accident analysis for all other transients.

7. Instrumentation biases for the EPU are [ ]*°°F and [ ]* flow. The corresponding DNBR
penalties are [ ]*° (thm/typ) for the T4 bias, and [ ] (thm/typ) for the flow bias.

8. The T/H safety analyses assume a best estimate core bypass flow fraction of [ ]2- for
RTDP DNBR calculations. The final value of the best estimate core bypass flow fraction is
[12°. A DNBR penalty is calculated based on this bypass flow difference and a
conservative DNBR: Flow sensitivity factor that is based on EPU conditions.

9. This table does not account for minimum DNBR values that are greater than the safety

analysis limit.
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2.8.4 Emergency Systems

2.8.4.1 Functional Design of Control Rod Drive System
2.84.1.1 Regulatory Evaluation

The PBNP review covered the functional performance of the contro! rod drive system to confirm
that the system can affect a safe shutdown, respond within acceptable limits during anticipated
operational occurrences (AOOs), and prevent or mitigate the consequences of postulated
accidents. The review also covered the control rod drive cooling system to ensure that it will
continue to meet its design requirements.

The NRC'’s acceptance criteria are based on:

+ GDC 4, insofar as it requires structures, systems, and components important—td-safety be
designed to accommodate the effects of and to be compatible with the environmental
conditions associated with normal operation, maintenance, testing, and postulated accidents

» GDC 23, insofar as it requires that the protection system be designed to fail into a safe state

» GDC 25, insofar as it‘requires that the protection system be designed to ensure that specified
acceptable fuel design limits are not exceeded for any single malfunction of the reactivity
control systems

- GDC 26, insofar as it requires that two independent reactivity control systems be provided,
with both systems capable of reliably controlling the rate of reactivity changes resulting from
planned, normal power changes

» GDC 27, insofar as it requires that the reactivity control systems be designed to have a
combined capability, in conjunction with poison addition by the emergency core cooling
system, of reliably controlling reactivity changes under postulated accident conditions, with
appropriate margin for stuck rods, to ensure the capability to cool the core is maintained

« GDC 28, insofar as it requires that the reactivity control systems be designed to ensure that
the effects of postulated reactivity accidents can neither result in damage to the reactor
coolant pressure boundary greater than limited local yielding,’nor disturb the core, its support
structures, or other reactor vessel internals so as to significantly impair the capability to cool
the core

» GDC 29, insofar as it requires that the protection and reactivity control systems be designed
to ensure an extremely high probability of accomplishing their safety functions in event of
anticipated operational occurrences

Specific review criteria are contained in the SRP, Section 4.6.
PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
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The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50, Appendix A, GDC-4, 23, 25, 26, 27, 28 and 29 are as
follows: '

CRITERION: The protection systems shall be designed to fail into a safe state or into a state
established as tolerable on a defined basis if conditions such as disconnection of the system,
loss of energy (e.g., electrical power, instrument air), or adverse environments (e.g., extreme
heat or cold, fire, steam, or water) are experienced. (PBNP GDC 26)

Each reactor protection channel and train is designed on the “de-energize to operate” principle;
an open circuit or loss of power causes the respective channel or train to go into its tripped
condition (the “preferred failure” direction).

The analog channels for the engineered safety features actuation system, with the exception of
containment spray actuation, are designed on the same “de-energize to operate” principie as the
reactor protection channels. The high-high containment pressure channels for containment
spray actuation are designed as energize-to-operate, to avoid spray operation on inadvertent
channel power failures.

Regarding the two ESF actuation trains, the output relays are “energize-to-operate” and require
power to actuate ESF equipment. This design prevents inadvertent ESF equipment actuation on
power failure of an actuation train (the “preferred failure” direction).

CRITERION: Two independent reactivity control systems, preferably of different principles, shall
be provided. (PBNP GDC 27)

Two independent reactivity control systems are provided, one involving rod cluster control
assemblies (RCCAs) and the other involving the injection of a soluble poison.

CRITERION: The reactivity control systems provided shall be capable of making the core
subcritical under credible accident conditions with appropriate margins for contingencies and
limiting any subsequent return to power such. that there will be no undue risk to the health and
safety of the public. (PBNP GDC 30)

The reactivity control systems provided are capable of making and holding the core subcritical,
under accident conditions, in a timely fashion with appropriate margins for contingencies.

Normal reactivity shutdown capability is provided within 2.2 seconds following a trip signal by
control rods with soluble neutron absorber (boric acid) injection used to compensate for the
long-term xenon decay transient and for plant cooldown. :

CRITERION: The reactor protection systems shall be capable of protecting against any single
malfunction of the reactivity control system, such as unplanned continuous withdrawal (not
ejection or dropout) of a control rod, by limiting reactivity transients to avoid exceeding
acceptable fuel damage limits. (PBNP GDC 31)

The reactor protection systems are capable of protecting against any single anticipated
maifunction of the reactivity control system by limiting reactivity transients so as to avoid
exceeding acceptable fuel damage limits.
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Reactor shutdown with rods is completely independent of the normal rod control functions since
the trip breakers completely interrupt the power to the latch type rod mechanisms regardless of

. existing control signals.

CRITERION: Adequate protection for those engineered safety features, the failures of which
could cause an undue risk to the health and safety of the public, shall be provided against .
dynamic effects and missiles that might result from plant equipment failures. (PBNP GDC 40)

This plant-specific GDC is very similar to 10 CFR 50, Appendix A, GDC 4. Under the provisions
of that criterion, the dynamic effects associated with postulated pipe ruptures of the RCS may be
excluded from the design basis when appropriate analyses approved by the NRC demonstrate
that the probability of such ruptures is extremely low. Analyses have been completed for PBNP
for the Reactor Coolant Loop piping and the Pressurizer Surge Line (Reference 1 and Reference
3). The NRC has approved the analyses (Reference 2, Reference 4, and Reference 5). As
such, the original design features of the facility to accommodate the dynamic effects of a Reactor
Coolant pipe or Pressurizer Surge line pipe rupture are no longer applicable

CRITERION: Limits, which include reasonable margin, shall be placed on the maximum reactivity
worth of control rods or elements and on rates at which reactivity can be increased to ensure that
the potential effects of a sudden or large change of reactivity cannot (a) rupture the reactor
coolant pressure boundary or (b) disrupt the core, its support structures, or other vessel internals
sufficiently to lose capability of cooling the core. (PBNP GDC 32)

Limits, which include considerable margin, are placed on the maximum reactivity worth of control
rods or elements and on rates at which reactivity can be increased to ensure that the potential
effects of a sudden or large reactivity change cannot (a) rupture the reactor coolant pressure
boundary or (b) disrupt the core, its support structures, or other vessel internals so as to lose
capability to cool the core.

The maximum positive reactivity insertion rate assumed in the detailed plant analysis is greater
than that for the simuitaneous withdrawal of the combination of the two sequential control banks
having the greatest combined worth at maximum speed. The resultant reactivity insertion rates
are within the capability of the overpower-overtemperature protection circuits to prevent core
damage.

No credible mechanical or electrical control system malfunction can cause a rod cluster to be
withdrawn at a speed greater than 72 steps per minute (45 inches per minute).

Other FSAR sections that address the design features and functions of the control rod drive
system include: '

* FSAR Section 3.2.1, Nuclear Design and Evaluation, which provides a description of the
design of the control rods and the control rod withdrawal and insertion rate associated with
reactor operational load changes

+ FSAR Section 3.4, Functional Design of Reactivity Control Systems, which provides a
general description of the mechanical design and operation of the control rod drive
mechanism '
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* FSAR Chapter 4, Reactor Coolant System, which provides the design characteristics of the
reactor coolant system

+ FSAR Section 5.1.2.7, Missile Protection, which provides a description of the structure that is
provided over the control rod drive mechanisms to block any missiles generated from fracture
of the mechanisms

» FSAR Section 5.3, Containment Ventilation System, which provides a description of the
control rod drive mechanism cooling system

* FSAR Section 7.2, Reactor Protection System, which provides a description of the reactor
trip system interface with the control rod drive system

+ FSAR Section 7.7, Control Systems, which provides a description of the operation of the
control rod drive system and the analog rod position indication and digital (demand) position
systems

» PBNP Technical Specification 3.1, Reactivity Control Systems, and associated bases which
describe the operability requirements for the control rods and contro! rod position indication
system.

In addition to the evaluations described in the FSAR, control rod drive system and the control rod
drive mechanism cooling system were evaluated for the PBNP license renewal. System and
system component materials of construction, operating history, and programs used to manage
aging effects are documented in:

+ Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

As a component of the reactor vessel, the control rod drives are discussed in Section 2.3.1.2.
The control rod drive cooling system is discussed in Section 2.3.3.9, and the aging management
of the control rod drive mechanisms is described in Section 3.0 of the SER.

2.8.4.1.2 Technical Evaluation - Control Rod Drive System
2.8.4.1.21 Introduction

The impact of EPU on the control rod drive system results from the temperature effects
associated with increasing reactor core thermal power to 1800 MWt with an associated increase
in reactor coolant system (RCS) average temperature to a maximum of 577.0°F. The increase in
RCS average temperature is expected to increase vessel head temperature to 611.1°F (a 5.6°F
increase). )

As a result of EPU, there are no physical changes required to the controi rod drive system,
operating coil stacks, power supplies, solid state electronic control cabinets, or the control rod
drive cooling system.
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. 284122 Description of Analyses and Evaluations

The effects of the EPU on the control rod drive system are:

* Increased thermal stresses associated with the structural integrity of the control rod
mechanisms associated with the increased reactor coolant system head temperatures, and
the increased hydraulic, cyclic, and seismic forces associated with normal, transient, and
accident conditions at EPU conditions (see LR Section 2.2.2.4, Control Rod Drive
Mechanism and Supports).

« Increased heat load to the control rod drive cooling system resulting from the higher head
temperatures. The impact to the rod control cooling system is evaluated in
LR Section 2.8.4.1.3 below.

Analyses and evaluations of the impact of EPU on the structural integrity of the control rod drive
system during normal, transient, and accident conditions were performed using the EPU
conditions listed in LR Section 1.1, Nuclear Steam Supply System Parameters Table 1-1. These
analyses and evaluations are discussed in LR Section 2.2.2.4, Control Rod Drive Mechanism,
and LR Section 2.2.6, NSSS Design Transients. The results of the analyses and evaluations
determined the structural integrity of the control rod drive system remained within acceptable
limits at EPU conditions.

2.8.4.1.3 Technical Evaluation - Control Rod Drive Mechanism Cooling System

. 284131  Introduction

Control rod drive mechanisms (CRDMs) use electro-magnetic coils to position the rod cluster
control assemblies (RCCAs) within the reactor core. The insulation and potting materials used in
the construction of the coils are subject to thermal aging. In order to reduce the thermal aging,
CRDM cooling systems were designed to remove heat supplied by conduction and convection
from the reactor head and reactor coolant. These systems are the largest source of containment
heat ioad. PBNP recently modified the CRDM cooling systems to better facilitate reactor
disassembly during refueling. The components of this modification are referred to as a head
assembly upgrade package (HAUP).

284132 Input Parameters, Assumptions, and Acceptance Criteria

There is an increase in CRDM cooling system heat load associated with the increase in reactor
vessel head temperature.

There are no acceptance criteria for CRDM heat load. The total containment heat load from all
components is evaluated against the capability of the containment coolers.
(See LR Section 2.6.5, Containment Heat Removal)

There is an increase in CRDM coil temperatures associated with the increase in reactor vessel
head temperature. Two thermal analyses using two different head temperatures produced
corresponding CRDM coil temperatures. Using these two points, (Tyeadt. Tcoi) @nd

(Thead2: Tcoil2), @ linear relationship was established between the head temperature and the
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CRDM coil temperature. This linear relationship was used to determine the CRDM coil
temperature for the EPU.

The design temperature for the CRDM coils is 392°F (after 15 minutes of stepping with
containment air at 120°F).

28.4.13.3 Description of Analyses and Evaluations

The increase in CRDM heat load is simply the difference between the EPU CRDM heat load and
the current CRDM heat load, and is calculated to be 67,980 BTU/hr.

The maximum CRDM coil temperature occurs in the lift coil after a 15 minute stepping transient.
Two thermal analyses using two different head temperatures determined the corresponding lift
coil temperatures at holding conditions. By assuming a linear relationship between the two
analyzed points, the lift coil temperature was extrapolated for the EPU conditions in holding
mode. A temperature rise for a 15 minute stepping transient was added to the steady state
holding temperature to predict a lift coil temperature of 370°F. This is below the coil design
temperature of 392°F. '

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

Passive elements of the control rod drive system are within the scope of license renewal, and
identified aging management programs have been found acceptable in the License Renewal
safety evaluation report, NUREG-1839. EPU does not require new functions for existing control
rod drive system components that would require revision of the license renewal system
evaluation boundaries. The operation of the CRD and CRDM cooling systems at EPU conditions
does not result in new or previously unevaluated aging effects that necessitate a change to aging
management programs, or require new programs, as internal and external environments remain
within the parameters previously evaluated. Therefore, there is no impact on license renewal
scope, aging effects, and aging management programs due to EPU activities.

2.84.1.34 Results

The CRDM cooling evaluation determined the expected additional heat load associated with
expected higher reactor head temperatures from the EPU, and demonstrated that the design
temperature in the electro-magnetic coils, used to move the control rods, was not exceeded.
This calculation has determined that the maximum expected electro-magnetic coil temperature is
370°F. This remains below the electro-magnetic coil design limit of 392°F.

The estimated increase in containment heat load of 67,980 BTU/hr from the CRDM cooling
system was evaluated in the evaluation of the containment cooling system described in
LR Section 2.7.7, Other Ventilation Systems Containment.

PBNP has reviewed the functional design of the CRD system and the CRDM cooling system for
the effects of EPU. Analyses and evaluations, described in LR Section 2.4.2, Plant Operability,
and LR Section 2.8.5, Accident and Transient Analyses, have demonstrated that at EPU the rod
control system will continue to satisfy the design basis for reactivity control and ensure specified
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acceptable fuel designulimits are not exceeded for single malfunction of the reactivity control
systems.

The impact of the EPU on the structural integrity of the CRDMs is discussed in

LR Section 2.2.2.4, Control Rod Drive Mechanism. The impact of EPU NSSS transients is
discussed in LR Section 2.2.6, NSSS Design Transients. No modifications have been made to
the hardware, logic or operation of the system that affect the system’s current ability to fail into a
safe state.

2.8.4.1.4 Conclusion

PBNP has reviewed the analyses related to the effects of the proposed EPU on the functional
design of the CRD system and the CRDM cooling system. PBNP concludes that the evaluation
has adequately accounted for the effects of the proposed EPU on the systems and demonstrated
that the system’s ability to affect a safe shutdown, respond within acceptable limits, and prevent
or mitigate the consequences of postulated accidents will be maintained following the
implementation of the proposed EPU. PBNP further concludes that the evaluation has
demonstrated that there is sufficient cooling to ensure the system’s design bases will continue to
be followed upon implementation of the proposed EPU. Based on this, PBNP concludes that the
CRD system and the CRDM cooling system will continue to meet the current licensing bases with
respect to the requirements of PBNP GDC 26, 27, 30, 31, 32 and 40 following implementation of
the proposed EPU. Therefore, PBNP finds the proposed EPU acceptable with respect to the
functional design of the controi rod drive system.
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2.8.4.2 Overpressure Protection During Power Operation
2.8.4.2.1 Regulatory Evaluation

Overpressure protection for the reactor coolant pressure boundary during power operation is
provided by relief and safety valves and the reactor protection system. The PBNP review
covered pressurizer relief and safety valves and the piping from these valves to the quench tank
(pressurizer relief tank).

The NRC’s acceptance criteria are based on:

« GDC 15, insofar as it requires that the reactor coolant system and associated auxiliary,
control, and protection systems be designed with sufficient margin to ensure that the design
conditions of the reactor coolant pressure boundary are not exceeded during any condition of
normal operation, including anticipated operational occurrences.

+ GDC 31, insofar as it requires that the reactor coolant pressure boundary be designed with
sufficient margin to ensure that it behaves in a nonbrittle manner and that the probability of
rapidly propagating fracture is minimized.

Specific review criteria are contained in the SRP, Section 5.2.2, and other guidance provided in
Matrix 8 of RS-001.

PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50, Appendix A, GDC-15 and 31 aré as follows:

CRITERION: The reactor coolant pressure boundary shall be designed, fabricated, and
constructed so as to have an exceedingly low probability of gross rupture or significant
uncontrolled leakage throughout its design lifetime. (PBNP GDC 9)

The reactor cootant system, in conjunction with its control and protective provisions, is designed
to accommodate the system pressures and temperatures attained under all expected modes of
plant operation or anticipated system interactions, and maintain the stresses within applicable
code stress limits. Fabrication of the components which constitute the pressure boundary of the
reactor coolant system is carried out in accordance with the applicable codes at the time of
fabrication.

The system is protected from overpressure by means of pressure relieving devices, as required
by Section Il of the ASME Boiter and Pressure Vessel Code. The system is also protected from
overpressure at low temperatures by the low temperature overpressure protection system.
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CRITERION: The reactor coolant pressure boundary shall be capable of accommodating without
rupture the static and dynamic loads imposed on any boundary component as a result of an
inadvertent and sudden release of energy to the coolant. As a design reference, this sudden
release shall be taken as that which would result from a sudden reactivity insertion such as rod
ejection (unless prevented by positive mechanical means), rod dropout, or cold water addition.
(PBNP GDC 33)

The reactor coolant boundary is shown to.be capable of accommodating, without rupture, the
static and dynamic loads imposed as a result of a sudden reactivity insertion such as a rod
ejection. The operation of the reactor is such that the severity of an ejection accident is
inherently limited. Since control rod clusters are primarily used to control load variations and
boron dilution is used primarily to compensate for core depletion, only the rod cluster control
assemblies in the controlling groups are inserted in the core at power, and at full power these
rods are only partially inserted. A rod insertion limit monitor is provided as an administrative aid
to the operator to insure that this condition is met.

CRITERION: The reactor coolant pressure boundary shall be designed and operated to reduce
to an acceptable level the probability of rapidly propagating type failures. Consideration is given
(a) to the provisions for control over service temperature and irradiation effects which may
require operational restrictions, (b) to the design and construction of the reactor pressure vessel
in accordance with applicable codes, including those which establish requirements for absorption
of energy within the elastic strain energy range and for absorption of energy by plastic
deformation, and (c) to the design and construction of reactor coolant pressure boundary piping
and equipment in accordance with applicable codes. (PBNP GDC 34)

The reactor coolant pressure boundary is designed to reduce to an acceptable level, the
probability of a rapidly propagating type failure. All pressure containing components of the
reactor coolant system are designed, fabricated, inspected, and tested in conformance with the
applicable codes at the time of order placement. Further details are given in FSAR Table 4.1-9,
Reactor Coolant System, Code Requirements.

Overpressure protection of the RCPB is further discussed in FSAR Section 4.1, Reactor Coolant
System, Design Basis, Section 4.2, RCS System Design and Operation, Section 4.3, Reactor
Coolant System, Design Evaluation, Section 4.4, Reactor Coolant System, Tests and Inspections
and Section 7.2, Instrumentation and Control, Reactor Protection System.

In addition to the evaluations described in the FSAR, the PBNP reactor coolant pressure
boundary overpressure protection components were evaluated for plant license renewal.
System and system component materials of construction, operating history, and programs used
to manage aging effects are documented in:

» Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2 (NUREG-1839), dated December 2005 (Reference 1)

Overpressure components are included in the scope of license renewal.
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2.8.4.2.2 Technical Evaluation
2.8.4.2.21 Introduction

The limiting credible event with respect to primary and secondary system overpressurization is
the loss of external electrical load/turbine-trip (LOL/TT) event. This section briefly summarizes
the LOL/TT analysis performed for PBNP, which demonstrates that the overpressure criteria
continue to be met for the proposed extended power uprate (EPU). Details of the LOL/TT
analysis performed for PBNP in support of the EPU are given in LR Section 2.8.5.2.1, Loss of
External Load, Turbine Trip and Loss of Condenser Vacuum.

The technical evaluations of the RCS and components are described in LR Section 2.2.2,
Pressure-Retaining Components and Component Supports. The technicai evaluation of the
pressurizer safety valves is described in LR Section 2.4.2.2, Pressurizer Control Component
Sizing. The technical evaluation of the piping from the safety valves to the pressurizer relief tank
(PRT) is described in LR Section 2.5.2, Pressurizer Relief Tank.

Note that overpressure protection during low temperature operation is discussed in
LR Section 2.8.4.3, Overpressure Protection During Low Temperature Operation.

2.8.4.2.2.2 Input Parameters, Assumptions, and Acceptance Criteria

The LOL/TT cases for maximizing the peak RCS and main steam system (MSS) pressures were
analyzed using the standard thermal design procedure (STDP). Initial uncertainties on NSSS
power, reactor coolant flow and RCS temperature and pressure were applied in the conservative
direction to obtain the initial plant conditions for the transient analyses in which
overpressurization of the RCS or MSS is the primary concern (for the DNB analysis, the
uncertainties associated with power, temperature, pressure, and flow are statistically accounted
for in the safety analysis DNBR correlation limit). Further details of the input parameters and
assumptions for the LOL/TT analyses at the EPU power are discussed in LR Section 2.8.5.2.1,
Loss of External Load, Turbine Trip and Loss of Condenser Vacuum.

For this event, primary and secondary system pressures must remain below 110% of their
respective design pressures (an RCS pressure limit of 2748.5 psia and a secondary side
pressure limit of 1208.5 psia) at all times during the transient. Demonstrating that the primary
and secondary pressure limits are met satisfies the PBNP current licensing basis requirements
with respect to the PBNP GDC 9, 33 and GDC 34.

2.8.4.2.2.3 Description of Analyses and Evaluations

For the LOL/TT event, the behavior was analyzed for a complete loss of steam load from full
power without a direct reactor trip. A detailed analysis was performed, as described in

LR Section 2.8.5.2.1, Loss of External Load, Turbine Trip and Loss of Condenser Vacuum, to
determine the plant transient conditions following a total loss of load.

In addition, the allowable power levels with inoperable main steam safety valves have been
determined and specified in Technical Specification 3.7.1. This Technical Specification allows
PBNP to operate with a reduced number of operable main steam safety valves (MSSVs) at a
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reduced power level. In order to preclude secondary side overpressurization in the event of a
LOL/TT event, the maximum power level allowed for operation with inoperable MSSVs must be
below the heat removing capability of the operable MSSVs. Table 3.7.1-1 of the PBNP Technical
Specifications defines the maximum allowable power limits corresponding to one or two
inoperable MSSVs.

Results

The results of the LOL/TT analysis documented in LR Section 2.8.5.2.1, Loss of External Load,
Turbine Trip,and Loss of Condenser Vacuum, demonstrate that the primary and secondary
pressure limits are met at the proposed EPU conditions. To meet the applicable secondary side
pressure limit, the nominal lift settings of the MSSVs with the two highest setpoints were
changed. Table 2.8.4.2-1, Main Steam Safety Valves Lift Settings, provides the nominal lift
settings of the MSSVs for the EPU along with the current PBNP Technical Specification

Table 3.7.1-2 lift settings. Since the reduced maximum power limits are required for these
MSSVs to prevent secondary side overpressurization for the proposed EPU, the PBNP Technical
Specification Table 3.7.1-2 will be revised accordingly.

Operation at the EPU conditions will have no impact on the reliability of the reactor protection
system or the safety valves, therefore, conclusions with respect to the overpressure protection
discussed in the FSAR remain valid. '

Table 2.8.4.2-2, Maximum Allowable Power versus Operable Main Steam Safety Valves,
provides the maximum allowable power limits in percent rated thermal power (RTP) with
inoperable MSSVs for the EPU along with the current PBNP Technical Specification

Table 3.7.1-1 lift settings. Since more restrictive setpoints are required to prevent secondary side
overpressurization with inoperable MSSVs for the proposed EPU, the PBNP Technical
Specification Table 3.7.1-1 will be revised accordingly.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

PBNP has evaluated the impact of the EPU on the conclusions reached in the PBNP license
renewal application for the components used to provide overpressure protection. The EPU does
not add any new functions for existing components that would change the existing license
renewal evaluations. Operation at EPU conditions does not result in any new or previously
unevaluated aging effects that necessitate a change to aging management programs or require
new programs as internal and external environments remain within the parameters previously
evaluated. Therefore, there is no impact to the license renewal scope, aging effects, and aging
management programs as approved by the NRC in NUREG-1839 (Reference 1) as a result of
EPU activities.

2.8.4.2.3 Conclusions

PBNP has reviewed the analyses related to the effects of the EPU on the overpressure
protection capability of the plant during power operation. PBNP concludes that the analyses
have:
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. » Adequately accounted for the effects of the proposed EPU on pressurization events and
overpressure protection features

« Demonstrated that the plant will continue to have sufficient pressure relief capacity to ensure
that pressure limits are not exceeded

PBNP concludes that the overpressure protection features will continue to provide adequate
protection to meet the PBNP current licensing basis requirements with respect to the PBNP
GDC 9, 33 and 34 following implementation of the proposed EPU. Since more restrictive
maximum allowable power limits are required to prevent secondary side overpressurization with
inoperable MSSVs for the proposed EPU, the Technical Specification Table 3.7.1-1 will be
revised accordingly. Therefore, PBNP finds the proposed EPU acceptable with respect to
overpressure protection during power operation.

2.8.4.2.4 References

1. Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2 (NUREG-1839), dated December 2005
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Table 2.8.4.2-1

Main Steam Safety Valves Lift Settings

Vaive Number Lift Setting (psig *3%)
Steam Generator Proposed EPU
Current Technical |Technical Specification
A B Specification Setpoint Setpoint
MS 2010 MS 2005 1085 1085
MS 2011 MS 2006 1100 1100
MS 2012 MS 2007 1125 1105
MS 2013 MS 2008 1125 1105
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Table 2.8.4.2-2

Maximum“Allowable Power versus Operable Main Steam Safety Valves

Number of Operable
MSSVs per Steam

Current Technical
Specification Setpoint

Proposed EPU Technical
Specification Setpoint

Generator (%RTP) (%RTP)
3 <49 <39
2 <29 <22
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2.8.4.3 Overpressure Protection During Low Temperature Operation
2.8.4.3.1 Regulatory Evaluation

Overpressure protection for the reactor coolant pressure boundary (RCPB) during low
temperature operation of the plant is provided by pressure-relieving systems that function during
the low temperature operation. The PBNP review covered reactor coolant system (RCS) relief
valves with piping to the pressurizer relief tank (quench tank), the charging (make-up) and
letdown system, and the residual heat removal (RHR) system, which may be operating when the
primary system is water solid.

PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP specific GDC for Overpressure Protection during Low Temperature Operation are as
follows:

CRITERION: The reactor coolant pressure boundary shall be capable of accommodating without
rupture the static and dynamic loads imposed on any boundary component as a result of an
inadvertent and sudden release of energy to the coolant. As a design reference, this sudden
release shall be taken as that which would result from a sudden reactivity insertion such as rod
ejection (unless prevented by positive mechanical means), rod dropout, or cold water addition.
(PBNP GDC 33)

The reactor coolant boundary is shown to be capable of accommodating, without rupture, the
static and dynamic loads imposed as a result of a sudden reactivity insertion such as a rod
ejection. The operation of the reactor is such that the severity of an ejection accident is
inherently limited. Since control rod clusters are primarily used to control load variations and
boron dilution is used primarily to compensate for core depletion, only the rod cluster control
assembilies in the controlling groups are inserted in the core at power, and at full power these
rods are only partially inserted. A rod insertion limit monitor is provided as an administrative aid
to the operator to insure that this condition is met.

CRITERION: The reactor coolant pressure boundary shall be designed and operated to reduce
to an acceptable level the probability of rapidly propagating type failures. Consideration is given
(a) to the provisions for control over service temperature and irradiation effects which may
require operational restrictions, (b) to the design and construction of the reactor pressure vessel
in accordance with applicable codes, including those which establish requirements for absorption
of energy within the elastic strain energy range and for absorption of energy by plastic
deformation, and (c) to the design and construction of reactor coolant pressure boundary piping
and equipment in accordance with applicable codes. (PBNP GDC 34)

The PBNP reactor coolant pressure boundary is designed to reduce to an acceptable level the
probability of a rapidly propagating type failure. Pressure containing components of the reactor
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coolant system (RCS) are designed, fabricated, inspected, and tested in conformance with the
applicable codes at the time of order placement. Further details are given in FSAR Table 4.1-9.

| CRITERION: The reactor coolant pressure boundary shall be designed, fabricated, and
constructed so as to have an exceedingly low probability of gross rupture or significant
uncontrolled leakage throughout its design lifetime. (PBNP GDC 9)

The RCS in conjunction with its control and protective provisions, is designed to accommodate
the system pressures and temperatures attained under all expected modes of plant operation or
anticipated system interactions, and maintain the stresses within applicable code stress limits.
Fabrication of the components which constitute the pressure boundary of the RCS is carried out
in accordance with the applicable codes at the time of fabrication.

The RCS is protected from overpressure at low temperatures by the Low Temperature
Overpressure Protection (LTOP) system. The LTOP system is required to provide a diverse
means of relieving pressure during operation when the RCS temperature is at or below the LTOP
enable temperature as defined in Technical Requirements Manual (TRM) 2.2, Pressure
Temperature Limits Report (PTLR).

The PBNP automatic LTOP system that utilizes the two power operated relief valves (PORVs)
was originally installed as a result of an NRC request to Westinghouse PWRs in 1976
(Reference 2) to prevent overpressurization events in operating plants. The PBNP LTOP system
design was based on a reference mitigating system developed by Westinghouse and
Westinghouse Owners Group (WOG) to address the specific NRC concerns. The NRC
approved the PBNP overpressure mitigating system on May 20, 1980 (Reference 5).

The PBNP Technical Specification 3.4.12 requires the LTOP system to be operable in MODES 4,
5 and 6 and states the following:

An LTOP system shall be OPERABLE with:
a. A maximum of one Safety Injection (Sl) pump capable of injecting into the RCS;

b. Each accumulator isolated, whose pressure is > the maximum RCS pressure for the
existing RCS cold leg temperature allowed by the P/T limit curves provided in the PTLR,
and

c. One of the following pressure relief capabilities:

1. Two Power-Operated Relief Valves (PORVs) with lift settings within the limits
specified in the PTLR, or

2. The RCS depressurized and an RCS vent path with venting capability equivalent to or
greater than a PORV.

Additionally, as required by Generic Letter 88-11, NRC Position on Radiation Embrittlement of
Reactor Vessel Materials and lts Impact on Plant Operations (Reference 1), PBNP re-evaluated
the effect of neutron radiation on reactor vessel material using the methods described in
Regulatory Guide 1.99, Radiation Embrittlement of Reactor Vessel Materials, Revision 2. Based
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on the preséure-temperature limits resulting from the implementation of Regulatory Guide 1.99,
Revision 2, the PBNP LTOP system setpoints were re-evaluated and determined to be
unaffected.

In Generic Letter 90-06 (Reference 8), the NRC stated its positions regarding Generic

Issues GI-70 (Reference 9) and GI-94 (Reference 10). In GI-70, the NRC recognized that
pressurizer PORVs and block valves were provided for plant operational flexibility and for limiting
the number of challenges to the safety-related pressurizer safety valves. Therefore, most PWRs
had not classified them as safety-related components (except for RCS pressure boundary
functions). Following the TMI-2 accident, the NRC concluded that the role of PORVs had
changed such that PORVs in many plants were relied upon to perform one or more safety-related
functions, including Low Temperature Overpressure Protection. GI-94 addressed the issue of
low temperature overpressure protection for light-water reactors. The concern was that major
overpressurization of the RCS while at low temperature, if combined with a critical crack in the
RPV welds or plate material, could result in a brittle fracture of the pressure vessel. The NRC
accepted the PBNP response to GL 90-06 on September 30, 1994. (Reference 6)

On January 27, 1997, the NRC granted PBNP an exemption from 10 CFR 50.60 to permit the
use of ASME Code Case N-514 in the determination of the limiting reactor vessel pressure limits
in accordance with the requirements of 10 CFR 50, Appendix G. (Reference 7)

Overpressure protection of the RCPB is further discussed in FSAR Section 4.1, Reactor Coolant
System, Design Basis, FSAR Section 4.2, RCS System Design and Operation, FSAR

Section 4.3, Reactor Coolant System, Design Evaluation, FSAR Section 4.4, Reactor Coolant
System, Tests and Inspections, FSAR Section 7.4.2, Low Temperature Overpressure Protection
(LTOP), FSAR Section 9.2, Residual Heat Removal (RHR), and FSAR Section 9.3, Chemical
and Volume Control System.

In addition to the evaluations described in the FSAR, the PBNP reactor coolant pressure
boundary overpressure protection components were evaluated for plant license renewal system
and system component materials of construction, operating history and programs used to
manage aging effects are documented in:

+ Safety evaluation report related to the license renewal of PBNP Units 1 and 2,
(NUREG-1839), dated December 2005. (Reference 11)

The LTOP system was evaluated as part of license renewal.
2.8.4.3.2 Technical Evaluation

Existing Design Basis Requirements

Low temperature reactor vessel overpressure protection is provided automatically by the two
pressurizer PORVs, as described in FSAR Section 7.4.2, Low Temperature Overpressure
Protection, LTOP, with a low pressure setpoint as specified in TRM 2.2. As described in FSAR
Section 7.4.2, Low Temperature Overpressure Protection, the LTOP circuitry for low pressure
PORYV actuation uses mulitiple pressure sensors, power supplies and logic trains to improve
system reliability.
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Whenever the RCS cold leg temperature is below the LTOP enable temperature specified in the
TRM 2.2, the LTOP system is manually armed. Pressure transients caused by mass injection
(M1) or heat injection (HI) are terminated below the limits of 10 CFR 50, Appendix G, as amended
by ASME Code Case N-641, by automatic operation of the pressurizer PORVs. The system is
designed to protect the RCS pressure boundary from the effects of spurious operations during
MODES 4, 5, and 6 when the RCS is in a water solid condition.

Pre-EPU Analyses

The existing automatic LTOP system is designed to mitigate pressure transients that cause a
rapid increase in RCS pressure when the RCS is in a water solid condition in MODES 4, 5 and 6.
The types of transients evaluated for PBNP (Reference 3) are divided into the following two
categories:

« Mass input (MI) transients from injection sources such as charging pumps, safety injection
(S1) pumps, or Sl accumulators

» Heat input (HI) transients from sources such as steam generators, decay heat or pressurizer
heaters

For the automatic LTOP system, the limiting Ml transient for PBNP at the pre-EPU conditions is
postulated to be due to isolation of the letdown system with continued operation of one Sl pump
and two charging pumps. Since ali but one Si pumps are required to be de-energized prior to
enabling the LTOP System, Ml due to the start of more than one S| pump is not a credible event
for the PBNP LTOP System. The limiting Ml transient for PBNP was analyzed at a primary
temperature of 70°F and a primary pressure of 150 psig which bounds all RCS conditions when
LTOP system is enabled. One reactor coolant pump (RCP) was assumed running for RCS
temperatures below 180°F. Both RCPs are assumed running for RCS temperture above 180°F.
The analysis assumed water solid conditions. The RHR system was not modeled in the analysis.
The analysis assumed 120 gpm of charging flow due to two pump operation. The computer
analysis was run for long enough to capture the peak RCS pressure during the limiting Mi
transient.

For the automatic LTOP system, the most limiting heat addition transient for PNBP at the
pre-EPU conditions is the RCS HI transient associated with a 50°F temperature asymmetry
between the steam generator (SG) and the primary side water temperatures, This Hi transient
was analyzed at the pre-EPU conditions.

Based upon the results of the Ml and heat addition transients performed for PBNP with the
pre-EPU conditions, the Ml transient associated with letdown isolation and operation of one Sl
and two charging pumps represents the limiting condition for the automatic LTOP system
operation.

The ‘calculated LTOP system setpoint at the pre-EPU conditions is applicable up to 35.9
Effective Full Power Years (EFPY).

For times when the RCS is de-pressurized and the automatic LTOP system is not available, low
pressure protection is provided by a passive system that requires a minimum RCS vent area
equivalent to or greater than a PORV.
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The maximum RCS pressure calculated for an LTOP event remained below the pressurizer
piping limit of 800 psig.

Impact of EPU on LTOP Analyses

The critical parameters for the LTOP system PORYV setpoint determination are: (1) the design
basis Ml and Hl transients, (2) RCS volumes, (3) Ml flow rates, (4) differential pressures between
the reactor vessel and the hot leg pressure transmitter, (5) wide range pressure and temperature
uncertainties, (6) pressurizer PORV characteristics, and (7) pressure-temperature limits of

10 CFR 50, Appendix G. Impact of the EPU on these parameters is discussed below.

There are no changes in the design basis M| and HI transients from the current analyses of
record for PBNP as a result of the EPU Program.

There are no significant changes to the RCS volumes to PBNP Units 1 and 2 components as.part
of the EPU Program.

There are no changes to the Ml flow rates and differential pressures between the reactor vessel
and the hot leg pressure transmitter as a result of the EPU Program. The RCS wide range
pressure uncertainty and RCS hot and cold leg temperature uncertainty will not change. In
addition, the EPU does not result in any other plant changes (such as, pressurizer PORV
“characteristics) from the pre-EPU analyses of record.

The existing P-T limits for 36.9 EFPY in Reference 4 are not impacted by the EPU and therefore
remain applicable; however, as described in LR Section 2.1.2.2.2, Input Parameters,
Assumptions, and Acceptance Criteria, EFPY values have changed from 36.9 to 35.9 EFPY for
the EPU.

The only input parameter changes to the LTOP system analysis due to EPU are to the nominal
full-power conditions as presented in LR Section 1.1, Nuclear Steam Supply System Parameters.
The LTOP system PORYV setpoints analyses for both units are performed at reactor shutdown
and RCS cold conditions. Therefore, the EPU does not affect the LTOP system PORV setpoint
determination.

The acceptance criterion for the LTOP system analysis is that the LTOP system PORYV setpoints
should prevent the RCS pressure from exceeding the pressure-temperature fimits of 10 CFR 50,
Appendix G for the design basis M| and Hi transients. As for the pre-EPU analyses, the MI
transient remains the limiting transient for LTOP system PORYV setpoint at EPU conditions.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

The EPU evaluation on the PBNP LTOP system was evaluated for its impact on plant license
renewal. System and system component materials of construction, operating history and
programs used to manage aging effects as documented in the license renewal safety evaluation
report (SER) for the PBNP NUREG-1839, dated December 2005, remain unchanged by the EPU
activities associated with the LTOP system.(Reference 11)

With respect to the above SER, the components for which the LTOP system provides a
protective function are evaluated within the system that contains them. Aging effects and
programs used to manage the aging effects are discussed in Section 3.1, Reactor Coolant

Point Beach Units 1 and 2 EPU Licensing Report 2.84.3-5 April 2009
Overpressure Protection During Low Temperature Operation :



Systems. Since the existing limiting MI and heat addition transients are not affected by the EPU,
the peak reactor vessel and RHR system transients presently reported in the FSAR remain valid-
for the period of extended operation of the plant. Therefore, EPU activities do not impact license
renewal scope, aging effects, and aging management programs associated with the LTOP
system and the components they protect in the RCS.

2.8.4.3.3 Resulis

Based on the evaluation, neither the existing limiting Ml nor the existing limiting heat addition
transients for the PBNP LTOP system are affected by EPU. The pre-EPU LTOP system setpoint
analysis which is based on the Reference 3 methodology showed that the LTOP system PORV
setpoint associated with the heatup and cooldown curves for PBNP Units 1 and 2 meet the
acceptance criterion. Itis further concluded that the existing LTOP system setpoint and the
enable temperature are not impacted by the EPU, and the existing setpoint and the enable
temperature remain applicable for the PBNP EPU. However, the applicability of the LTOP
system setpoint and the enable temperature has changed from 36.9 EFPY to 35.9 EFPY.
Additionally, the existing requirement for an RCS passive vent area when LTOP is not in service
with a depressurized RCS is also unchanged by the EPU.

2.84.3.4 Conclusion

PBNP has reviewed the analyses related to the effects of the proposed power uprate on the
overpressure protection capability of the ptant during low temperature operation. PBNP
concludes that:

» The analyses adequately accounted for the effects of the proposed EPU on pressurization
events and overpressure protection features, and

» The plant will continue to have sufficient pressure relief capacity to ensure that pressure limits
are not exceeded.

Based on this, PBNP concludes that the LTOP system features will continue to provide adequate
protection to meet the PBNP current licensing basis requirements with respect to PBNP GDC 9,
33 and 34 following implementation of the proposed power uprate. Therefore, PBNP finds the
proposed EPU is acceptable with respect to overpressure protection during low temperature
operation.

2.8.4.3.5 References

1. Generic Letter 88-11, NRC Position on Radiation Embrittlement of Reactor Vessel Materials
and lts Impact on Plant Operations, July 12, 1988

2. NRC Letter to Westinghouse PWR Utilities, Summary of Meeting Held on November 4, 1976
Concerning Proposed Measures to Prevent Reactor Vessel Overpressurization in Operating
Westinghouse (PWR) Facilities, November 17, 1976

3. WCAP-14040-A, Revision 2, Methodology Used to Develop Cold Overpressure Mitigating
System Setpoints and RCS Heatup and Cooldown Limit Curves, January 1996
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. 4. WCAP-15976-NP, Revision 1, Point Beach Units 1 and 2 Heatup and Cooldown Limit Curves
for Normal Operation, March 2008

5. NRC Safety Evaluation Report for Technical Specification Amendment 45/50, Reactor Vessel
Over Pressure Mitigating System for Unit 1 and 2, May 20, 1980 (ML021930068)

6. NRC Safety Evaluation Report for Technical Specification Amendment 155/159, Resolution .
for GL-90-06 and Generic Issue - 94, September 30, 1994

7. NRC to Wisconsin Electric Power, Exemption from Requirements of 10 CFR 50.60,
Aceptance Criteria for Fracture Prevention for Light Water Nuclear Power Reactors for
Normal Operation - Point Beach Nuclear Plan, Units 1 and 2, January 27, 1997
(ML021970302) :

8. Generic Letter 90-06, Resolution of Generic Issues 70, PORV and Block Valve Reliability,
and 94, Additional LTOP Protection for PWRs, June 25, 1990

9. Generic Issue 70, PORV and Block Valve Reliability, June 6, 1983

10. Generic Issue 94, Additional Temperature Overpressure Protection for Light Water Reactors,
February 1986

11. Safety evaluation report related to the license renewal of PBNP Units 1 and 2,
. (NUREG-1839), dated December 2005
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2.8.4.4 Residual Heat Removal System
28441 Regulatory Evaluation

The residual heat removal (RHR) system cools down the reactor coolant system following
shutdown. The residual heat removal system is a low-pressure system that takes over the
shutdown cooling function when the reactor coolant system temperature is reduced. The PBNP
review covered the effect of the proposed EPU on the functional capability of the RHR system to-
cool the reactor coolant system following shutdown and provide decay heat removal.

The NRC’s acceptance criteria are based on:

» GDC 4, insofar as it requires that structures, systems, and components important-to-safety
be protected against dynamic effects

» GDC 5, insofar as it requires that important-to-safety structures, systems, and components
not be shared among nuclear power units unless it can be shown that sharing will not
significantly impair their ability to perform their safety functions

+ GDC 34, which specifies requirements for a residual heat removal system

Specific review criteria are contained in SRP, Section 5.4.7 and other guidance provided in
Matrix 8 of RS-001.

PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50, Appendix A, GDC 4, 5 and 34 are as follows:

CRITERION: Adequate protection for those engineered safety features, the failures of which
could cause an undue risk to the health and safety of the public, shall be provided against
dynamic effects and missiles that might result from plant equipment failures other than a rupture
of the Reactor Coolant System piping. (PBNP GDC 40)

CRITERION: Reactor facilities may share systems or components if it can be shown that such
sharing will not result in undue risk to the health and safety of the public. (PBNP GDC 4)

The FSAR does not directly apply PBNP GDC 40 and PBNP GDC 4 to the decay heat removal
function of the RHR system.

The current licensing basis for the decay heat removal function of the RHR System is contained
in FSAR Section 9.2, Auxiliary Emergency Systems, Residual Heat Removal. During a plant
shutdown to cold shutdown conditions, the RHR system performs the non-safety related decay
heat removal function for the reactor. To accomplish this atignment, several manual valves must
be opened to cross-connect the outlet of the heat exchangers and the discharge of the pumps
and to provide a suction path for each of the pumps. After the reactor coolant system
temperature and pressure have been reduced to less than or equal to 350°F and less than
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400 psig, respectively, residual heat removal is initiated by aligning the pumps to take suction
from the “A” hot leg reactor coolant loop and discharge through the heat exchangers into the “B”
cold leg reactor coolant loop. If only one pump and one heat exchanger are avallable reductlon
of reactor coolant temperature is accomplished at a lower rate.

In addition to the evaluations described in the FSAR, the PBNP RHR systemvwas evaluated for
plant License Renewal. System and system component materials of construction, operating
history and programs used to manage aging effects are documented in:

» Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005

The RHR system is in scope of license renewal.
2.8.4.4.2 Technical Evaluation
2.8.44.21 Introduction

The RHR system is described in FSAR Section 9.2, Auxiliary and Emergency Systems, Residual
Heat Removal.The system is designed to remove residual and sensible heat from the core and
reduce the temperature of the reactor coolant system during the second phase of plant cool
down. During the first phase of cool down, the temperature of the reactor coolant system is
reduced by transferring heat from the reactor coolant system to the steam and power conversion
system.

(Note: The performance of the RHR system during mid-loop operation is discussed in LR
Section 2.8.7.1, Loss of Residual Heat Removal at Reduced Inventory.)

284422 Description of Analysis and Evaluations

The EPU increases the residual heat generated in the core during normal cooldown, refueling
operations and accident conditions. This provides a higher heat load on the RHR Heat
Exchangers (HXs) during cooldown and also during refueling outages. The removal of core
decay heat for accident conditions is addressed in LR Section 2.6.5, Containment Heat Removal.
The increased heat loads will be transferred to the Component Cooling Water System (CCWS)
and ultimately to the Service Water system (SW). Evaluation of the EPU performance of the
RHR system in conjunction with the CCW system and SW system with the increased heat loads
is addressed in this subsection, LR Section 2.5.4.3, Reactor Auxiliary Cooling Water Systems
(Component Cooling Water System), and LR Section 2.5.4.2, Station Component Service Water
System.

The EPU affects the plant cooldown time(s) since core power, and therefore, the decay heat
increases. The plant cool down calculation was performed at a core power of 1800 MWt to
support the EPU (LR Section 1.1, Nuclear Steam Supply System Parameters, Table 1-1). The
RCS heat capacity and the other CCW system heat loads were explicitly considered in these
analyses. The analysis was performed to demonstrate that the RHR and CCW systems continue
to comply with their design basis functional requirements and performance criteria for plant
cooldown under the EPU conditions. The two-train system alignment was considered to address
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the design capability in the FSAR. In addition, a cooldown analysis was performed to support the
worst-case scenario for the 10 CFR 50, Appendix R fire hazards and safe shutdown analysis.
Also, analysis was performed to demonstrate that existing technical specification cooldown time
* limits will be achieved at EPU conditions.

The following considerations were applied to these cooldown analyses:
* The CCW and RHR HX data assumes design fouling factors
» The service water temperature of 82°F was assumed
+ The CCW system supply temperature is limited to 120°F during cooldown.
« Decay Heat curves bound current fuel cycles

The normal plant cooldown time of 140°F for refueling (MODE 6) or cotd shutdown maintenance
with both trains of CCW and RHR available (i.e. two RHR pumps and Heat exchangers & two
CCW pumps and heat exchangers) increased from 45 hours for the current power rating to

77 hours for the EPU assuming a normal cooldown start time of 4 hours after reactor shutdown.
The normal plant cooldown time to cold shutdown (MODE 5 - < 200°F) with both trains of CCW
and RHR available increased from 15 hours for the current power rating to 19 hours for the EPU.
Since there is no design criterion for normal plant cooldown time, these increases in calculated
values, based on design conditions, are acceptable.

The Appendix RSafe Shutdown requires that cold shutdown (MODE 5 - 200°F) be achieved in
72 hours after reactor shutdown. Continued compliance with this time limit was demonstrated at
the EPU conditions. The worst case fire scenario trips both Units and results in loss-of-offsite
power to both Units, and leaves only one CCW pump available to serve both Units and supply
Component Cooloing (CC) water to one CCW heat exchanger and one RHR heat exchanger in
each Unit. At EPU conditions, both Units can achieve coid shutdown 66 hours after the reactors
shutdown assuming RHR cooldown is initiated in each Unit 48 hours after reactor shutdown. The
first phase of plant cooldown must be accomplished with the steam system atmospheric dump
valves. For the worst case only one main steam atmospheric dump valve is assumed to be
available in each Unit and under natural circulation conditions cooldown to the RHRS cut-in
conditions can be achieved in 43 hours. Therefore, continued compliance with the Appendix R
cold shutdown requirement within the 72 hour time was demonstrated at EPU conditions with no
plant changes required.

Analysis was also performed to demonstrate that continued compliance with all Technical
Specification cooldown time limits will be achieved at EPU conditions. The plant Technical
Specifications require that the plant be in hot standby (MODE 3) in 6 hours and cold shutdown
(MODE 5) in 36 hours with required equipment for power operation out of service. For the worst
case scenario, that is, loss of RCPs coupled with the loss of one RHR pump and one CCW pump
cold shutdown will be achieved in 19 hours after reactor shutdown if RHR operation is initiated 6
hours after reactor shutdown. Therefore, continued compliance with the Technical Specification
cooldown time requirements was demonstrated at the EPU conditions.

The EPU does not impact the design temperature and pressure of the RHR system piping and
associated components. Refer to LR Section 2.2.2.1, NSSS Piping, Components and Supports
(Class 1), LR Section 2.2.2.2, Balance of Plant Piping, Components, and Supports
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(Non Class 1), and LR Section 2.5.1 .3, Pipe Failures for the RHR system piping evaluation and
the environmental and dynamic effects evaluation relative to meeting the PBNP current licensing
basis requirements with respect to GDC 4.

The EPU has no affect on the ability of the RHR system to remove residual heat at reduced
reactor coolant system inventory, and therefore, the PBNP will continue to meet the current
licensing basis requirements with respect to NRC Generic Letter 88-17, Loss of Decay Heat
Removal. Additional discussion of NRC Generic Letter 88-17 is provided in LR Section 2.8.7.1,
Loss of Residual Heat Removal at Reduced Inventory.

Evaluation of Impact on Renewal Plant Operating License, Evaluations and License
Renewal

. EPU activities do not add any new functions for existing components of the RHR system that
would change the license renewal system evaluation boundaries. The changes associated with
operating the RHR system at EPU conditions do not add any new or previously unevaluated
aging effects that necessitate a change to aging management programs or require new
programs, as internal and external environments remain within the parameters previously
evaluated. Therefore, EPU activities do not impact license renewal scope, aging effects, and
aging management programs associated with the RHR system.

2.8.443 Results

Continued compliance with the RHR system cooldown performance requirements was
demonstrated at the EPU conditions with no plant changes being necessary. The EPU cooldown
analyses results are as follows:

» The normal plant cooldown time to cold shutdown (MODE 5 - < 200°F) with both trains of
RHR and CCW equipment in service will increase from 15 hours to 19 hours. The normal
plant cooldown time to 140°F for refueling (MODE 6) or cold shutdown maintenance will
increase from 45 hours to 77 hours. Since there are no design criteria for normal plant
cooldown times, these increases in calculated values, based on design conditions, are
acceptable.

* For the Appendix Rsafe shutdown cooldown scenario, cold shutdown (MODE 5 -< 200°F) will
continue to be achieved within the 72 hour time limit. The worst case fire scenario trips both
Units and results in loss of offsite power to both Units, and leaves only one CCW pump
available to serve both Units and supply CCW to one CCW heat exchanger and one RHR
heat exchanger in each unit. At EPU conditions, both Units can achieve cold shutdown
66 hours after the reactors shut down, assuming RHR cooldown is initiated in each Unit
48 hours after reactor shutdown.

+ Continued compliance with the Technical Specification time limits with respect to achieving
hot standby (MODE 3 in 6 hours) and cold shutdown (MODE 5 in 36 hours) was .
demonstrated at the EPU conditions. With loss of one RHR pump and one CCW pump cold
shutdown will be achieved 19 hours after reactor shutdown.

Evaluations described in LR Section 2.2.2.1, NSSS Piping, Components and Supports (Class 1),
LR Section 2.2.2.2, Balance of Plant Piping, Components, and Supports (Non Class 1), and
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LR Section 2.5.1.3, Pipe Failures, show the response of the RHR system piping to the EPU
environmental and dynamics effects remain acceptable relative to meeting the PBNP current
licensing basis requirements.

PBNP has a dedicated RHR system for each unit and does not share RHR system components
between the two Units.

2.8.444 Conclusions

PBNP has reviewed the effects of the proposed EPU on the RHR system. PBNP concludes that
the effects of the proposed EPU on the system are adequately accounted for and it has been
demonstrated that the RHR system will maintain its ability to cool the reactor coolant system

“following shutdown and provide decay heat removal. Based on this, PBNP concludes that the

RHR system wilt continue to meet PBNP current licensing requirements with respect to PBNP
GDC 4 and 40 following implementation of the proposed EPU. Therefore, PBNP finds the
proposed EPU acceptable with respect to the RHR system.

Point Beach Units 1 and 2 EPU Licensing Report 2.8.4.4-5 April 2009
Residual Heat Removal System



2.8.5 Accident and Transient Analyses
2.8.5.00 Non-LOCA Analyses Introduction

This section summarizes the non-loss-of-coolant accident (non-LOCA) transient analyses and
evaluations performed to support the extended power uprate (EPU) program for the Point Beach
Nuclear Plant (PBNP) Units 1 and 2.

2.8.5.0.1  Fuel Design Mechanical Features

The fuel type currently in use at PBNP Units 1 and 2 is the Westinghouse 14x14, VANTAGE+
fuel design (0.422-inch outer diameter fuel rods) with PERFORMANCE+ features (422V+). The
422V + fuel rods contain enriched uranium dioxide fuel pellets, mid-enriched annular pellets in
axial blankets, and an integral fuel burnable absorber {IFBA) coating on some of the enriched
fuel pellets. The fuel rod cladding material is ZIRLO™, as is the material for the mid-grids, guide
thimble tubes, and instrumentation tubes. Information on the fuel design is provided in LR

- Section 2.8.1, Fuel System Design. With respect to the non-LOCA transient analyses, the
effects of fuel design mechanical features were accounted for in fuel-related input assumptions
such as fuel and cladding dimensions, cladding material, fuel temperatures, and core bypass
flow.

2.8.5.0.2 Peaking Factors, Kinetics Parameters

Relative to the fuel, the power distribution is characterized by a nuclear enthalpy rise hot channel
factor (radial peaking factor, FNan ) of 1.6154 for analyses employing the Revised Thermal
Design Procedure (RTDP) (Reference 1), and 1.68 for non- RTDP analyses, and a full-power
heat flux hot channel factor (total peaking factor, FQ) of 2.60. F\ AH is important for transients
that are analyzed for departure from nucleate boiling (DNB) concerns (Table 2.8.5.0-1,
Non-LOCA Analysis Limits and Analysis Results, identifies which events are analyzed for DNB
concerns, as well as the DNB methodology used (RTDP or non-RTDP)). As FNan increases
with decreasing power Ievel due to rod insertion, all tranS|ents analyzed for DNB concerns are
assumed to begin with an FNAn consistent with the FNan defined in the Technical Requirements
Manual (TRM) Core Operating Limits Report (COLR) for the assumed nominal power level. The
Fq. for which the limits are specified in the COLR, is important for transients that are analyzed for
overpower concerns, e.g., rod cluster control assembly (RCCA) ejection.

The minimum shutdown margin at hot zero power (HZP) conditions, with the most reactive Rod
Cluster Control Assembly (RCCA) fully withdrawn, is assumed to be 2.0% Ak/k. This was
assumed in the HZP steam line break analysis.

2.8.,5.0.3 EPU Program Features

Key features of the EPU program that were considered in the non-LOCA transient analyses are
as follows:

» A nuclear steam supply system (NSSS) power level of 1806 MW1 (includes a net reactor
coolant pump (RCP) heat of 6 MWt)
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e 14x14, 422V+ fuel with a fuel rod outer diameter of 0.422 inches

» A nominal, full-power reactor coolant vessel average temperature (Tavg) window between
558°F and 577°F was supported. Note that the T, range from 569°F to 558°F is considered
to be for end-of-cycle T,,4 coastdown operation; a T,,q coastdown can be initiated from any
Tavg Within the normal full power T4 range of 569°F to 577°F

"+ A reactor coolant system (RCS) thermal design flow (TDF) of 178,000 gpm
(89,000 gpm/loop) specified in the Technical Specifications, and a minimum measured flow
(MMF) of 186,000 gpm (93,000 gpm/loop) as specified in the Core Operating Limits Report

- Westinghouse Model 44F steam generators in Unit 1 and Westinghouse Model A47 steam
generators in Unit 2, with a maximum steam generator tube plugging (SGTP) level of 10%

« A nominal operating pressurizer pressure of 2250 psia

« A design core bypass flow of 6.5% (non-RTDP analyses) and a statistical core bypass flow of
5.0% (RTDP analyses), conservatively corresponding to having the core thimble plugs
removed

+ A nominal, full-power main feedwater temperature window between 390"F and 458°F

For most transients that were analyzed for DNB concerns, the RTDP methodology (Reference 1)
was employed. With this methodology, nominal values are assumed for the initial RCS
conditions of power, temperature, pressure, and flow, and the corresponding uncertainty
allowances are accounted for statistically in defining the departure from nucleate boiling ratio
(DNBR) safety analysis limit. Note that the nominal RCS flow modeled in RTDP transient
analyses is the minimum measured flow of 186,000 gpm. Also note that a +1.4°F temperature
bias was applied to the initial reactor coolant vessel average temperature because it was not
accounted for statistically in the RTDP DNBR limits.

As discussed in LR Section 2.8.3, Thermal and Hydraulic Design, uncertainties in plant operating
parameters, nuclear and thermal parameters, fuel fabrication parameters, computer codes, and
DNB correlation predictions were combined statistically to obtain the overall DNB uncertainty
factor, which was used to define the design-limit DNBR (1.24 for typical cell and 1.23 for thimble
cell). In other words, the design limit DNBR is a DNBR value that is greater than the WRB-1 DNB
correlation limit (1.17) by an amount that accounts for the RTDP uncertainties. To provide DNBR
margin to offset various penalties such as those due to rod bow and instrument bias, and to
provide flexibility in design and operation of the plant, the design limit DNBR was conservatively
increased to a value designated as the safety analysis limit DNBR, to which transient-specific
DNBR values were compared. The DNBR safety analysis limit for each applicable event is
identified in Table 2.8.5.0-1, Non-LOCA Analysis Limits and Analysis Results.

For transient analyses that are not DNB-limited, or for which RTDP is not employed, the initial
conditions were obtained by applying the maximum, steady-state uncertainties to the nominal
values in the most conservative direction; this is known as Standard Thermal Design Procedure
(STDP), or non-RTDP. In these analyses, the RCS flow was assumed to be equal to the TDF,
and the following steady-state initial condition uncertainties were applied:

+ 1+ 0.6% NSSS power allowance for calorimetric measurement uncertainty

Point Beach Units 1 and 2 EPU Licensing Report 2.8.5.0-2 April 2009
Non-LOCA Analyses Introduction



* +6.4°F T,,4 allowance for deadband and system measurement uncertainties

+ * 50 psi pressurizer pressure allowance for steady-state fluctuations and measurement
uncertainties

These uncertainties are conservative with respect to those determined in WCAP-14787
(Reference 21).

2.8.5.0.4 Other Major Analysis Inputs

Table 2.8.5.0-2 summarizes the initial conditions used in the non-LOCA transient analyses.
Other major analysis inputs considered in the non-LOCA transient analyses are discussed as
follows:

« Four main steam safety valves (MSSVs) per loop were modeled with opening setpoints
based on nominal lift settings of at least the following: 1085 psig, 1100 psig, 1105 psig,
1105 psig (see Note below). Each MSSV was modeled with a +3% setpoint tolerance and at
least a 5 psi ramp from closed to full-open, which accounts for accumulation. A -3% setpoint
tolerance is also supported, but because none of the non-LOCA transients are limiting with
minimum setpoints, it has not been explicitly modeled. See Table 2.8.5.0-3, Pressure Relief
Models for the RCS (Pressurizer) and MSS, for the MSSV modeling characteristics used in
each non-LOCA analysis

Note: In the analysis of the Loss of External Electrical Load/Turbine Trip event (see
Section 2.8.5.2.1), the nominal lift setting of the two MSSVs per loop with the highest
lift setting had to be reduced from 1125 psig to 1105 psig to ensure the main steam
system (MSS) pressure does not exceed the applicable limit. This requires a revision
to Technical Specification Table 3.7.1-2.

« Two pressurizer safety valves (PSVs) were modeled with opening setpoints based on a
nominal lift setting of 2485 psig. Setpoint tolerances of +2.5% and -3.0% were considered in
the modeling of the PSVs. Additionally, when it was conservative to do so (that is, for peak
RCS pressure concerns), the effects of the PSV water-filied loop seals, as discussed in
Reference 2, were explicitly modeled. See Table 2.8.5.0-3 for the PSV modeling
characteristics used in each non-LOCA analysis

- Consistent with PBNP Technical Specification 3.1.3, for minimum reactivity feedback, a
maximum moderator temperature coefficient (MTC) of +5 pcm/°F is applicable at power
levels less than or equal to 70%. Above 70% power, the maximum MTC is O pcm/°F. For
maximum reactivity feedback, a maximum moderator density coefficient (MDC) of
0.43 Ak (g/cc) was assumed

» The fission product contribution to decay heat assumed in the non-LOCA analyses is
consistent with the American National Standards Institute/American Nuclear Society standard
ANSI/ANS-5.1-1979, for decay heat power in light water reactors (Reference 3), including
two standard deviations of uncertainty
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. 2.85.0.5 Overtemperature and Overpower AT Reactor Trip Setpoints

The overtemperature and overpower AT (OTAT/OPAT) reactor trip setpoints were recalculated
using the methodology described in WCAP-8745-P-A (Reference 4). Conservative core thermal
limits, developed using the RTDP methodology (as described in LR Section 2.8.3, Thermal and
Hydraulic Design), were used to calculate the OTAT and OPAT reactor trip setpoints. The
assumed core thermal limits are presented in Figure 2.8.5.0-1. The OTAT and OPAT trip
setpoints are illustrated in Figure 2.8.5.0-2 and presented in Table 2.8.5.0-4, Parameters Related
to Overtemperature AT {(OTAT) and Overpower AT (OPAT) Setpoints.

The adequacy of these setpoints was confirmed by showing that the DNB design basis is met in
the analyses of those events that credit these functions for accident mitigation. The revised
safety analysis setpoints are based upon the assumption that the reference vessel average
temperature (T') used in the OTAT and OPAT setpoint equations is set to a value less than or
equal to 576°F.

The boundaries of operation defined by the OTAT and OPAT trips are represented as “protection
lines” in Figure 2.8.5.0-2. The protection lines were drawn to include all adverse instrumentation
and setpoint errors so that under nominal conditions, a trip would occur well within the area
bounded by these lines. These protection lines are based upon the safety analysis limit OTAT
and OPAT setpoint values, which are the Technical Specification nominal values with allowances
for instrumentation errors and acceptable drift between instrument calibrations. The diagram is
useful in the fact that the limit imposed by any given DNBR can be represented as a line (T,yq
versus AT). The DNB lines represent the locus of conditions for which the DNBR equals the limit
value (1.34 for both typical and thimble cells). All points below and to the left of a DNB line for a
given pressure have a DNBR greater than the safety analysis limit DNBR value.

The area of permissible operation (power, temperature, and pressure) is bounded by the
combination of the high neutron flux (fixed setpoint) reactor trip, the high- and low-pressurizer
pressure reactor trips (fixed setpoints), the OTAT (variable setpoint) and OPAT (variable
setpoint) reactor trips, and the opening of the MSSVs which limits the maximum RCS average
temperature. The adequacy of the OTAT and OPAT setpoints was confirmed by demonstrating
that the DNB design basis was met for those transients that credit these protection functions.

As a result of the revised OTAT and OPAT setpoint equations, the temperature ranges presented
below are required for the resistance temperature detector (RTD) instrumentation:

* Teold: 500-650°F (same as current range)

* Thot! 500-650°F (same as current range)

* Tavg: 530-630°F(requires a revision from the current range of 520-620°F)
+ AT: 0-100°F (same as current range)

2.8.5.0.6 RPS and ESFAS Functions Assumed in Analyses

Table 2.8.5.0-5, Summary of RPS and ESFAS Functions Actuated, contains a list of the different
reactor protection system (RPS) and engineered safety feature actuation system (ESFAS)
functions credited in the non-LOCA transient analyses. The safety analysis setpoints and
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‘associated time delays of each function are also presented in Table 2.8.5.0-5, Summary of RPS
and ESFAS Functions Actuated.

2.8.5.0.7 RCCA Insertion Characteristics

The negative reactivity insertion following a reactor trip is-a function of the acceleration of the
RCCAs and the variation in rod worth as a function of rod position. With respect to the
non-LOCA transient analyses, the critical parameter is the time from the start of RCCA insertion
to when the RCCAs reach the dashpot region, which is located at an insertion point
corresponding to approximately 86% of the total RCCA travel distance. For the non-LOCA
analyses, the RCCA insertion time from fully withdrawn to dashpot entry was modeled as

2.2 seconds. The assumed negative reactivity insertion following reactor trip is based on having
the most reactive RCCA stuck in the fully withdrawn position.

Three figures relating to RCCA drop time and reactivity worth are presented in this report. The
RCCA position (fraction of full insertion) versus the time from release is presented in

Figure 2.8.5.0-3. The normalized reactivity worth assumed in the safety analyses is shown in
Figure 2.8.5.0-4 as a function of rod insertion fraction and in Figure 2.8.5.0-5 as a function of
time.

2.8.5.0.8 Reactivity Coefficients

The transient response of the reactor core is dependent on reactivity feedback effects, in
particular the MTC and the Doppler Power Coefficient (DPC). Depending upon event-specific
characteristics, conservatism dictates the use of either maximum or minimum reactivity
coefficient values. Justification for the use of the reactivity coefficient values was treated on an
event-specific basis. Table 2.8.5.0-6, Core Kinetics Parameters and Reactivity Feedback
Coefficients, presents the core kinetics parameters and reactivity feedback coefficients assumed
- in the non-LOCA analyses.

The maximum and minimum integrated DPCs assumed in the safety analyses are provided in
Figure 2.8.5.0-6. Note that the Hot Zero Power (HZP) steam line break core response analysis
used a different DPC, which was based on an RCCA being stuck out of the core (not shown in
Figure 2.8.5.0-6).

2.8.5.09 Computer Codes Used

Summary descriptions of the principal computer codes used in the non-LOCA transient analyses
are provided below. Table 2.8.5.0-7, Summary of initial Conditions and Computer Codes Used,
lists the computer codes used in each of the non-LOCA analyses.

FACTRAN

FACTRAN calculates the transient temperature distribution in a cross-section of a metal-clad
UO, fuel rod, and the transient heat flux at the surface of the cladding, using as input the nuclear
power and the time-dependent coolant parameters of pressure, flow, temperature, and density.
The code uses a fuel model with the following features:
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+ A sufficiently large number of radial space increments to handle fast transients such as an
RCCA ejection accident

» Material properties that are functions of temperature

+ A sophisticated fuel-to-cladding gap heat transfer calculation

Calculations to address post-DNB conditions (film boiling heat transfer correlations,
Zircaloy-water réaction, and partial melting of the fuel)

The FACTRAN licensing topical report, WCAP-7908 (Reference 5), was approved for use by the
NRC via a Safety Evaluation Report (SER) This SER issued for FACTRAN identifies seven
conditions of acceptance, which are summarized in Appendix A.2, along with justifications for
application to PBNP.

RETRAN

RETRAN is used for studies of transient response of a pressurized water reactor (PWR) system
to specified perturbations in process parameters. This code, which is being used for PBNP for
the first time, simulates a multi-loop system by a lumped parameter model containing the reactor
vessel, hot and cold-leg piping, RCPs, steam generators (tube and shell sides), main steam
lines, and the pressurizer. The pressurizer heaters, spray, relief valves, and safety valves can
also be modeled. RETRAN includes a point neutron kinetics model and reactivity effects of the
moderator, fuel, boron, and control rods. The secondary side of the steam generator uses a
detailed nodalization for the thermal transients. The RPS simulated in the code includes reactor
trips on high neutron flux, high neutron flux rate, OTAT, OPAT, low reactor coolant flow, high- and
low-pressurizer pressure, high pressurizer level, and low-low steam generator water level.
Control systems are also simulated including rod control and pressurizer pressure control. Parts
of the safety injection system (SI), including the accumulators, are also modeled. A conservative
approximation of the transient DNBR, based on the core thermal limits, is calculated via
RETRAN.

The RETRAN licensing topical report, WCAP-14882 (Reference 7), was approved by the NRC
via an SER. This SER issued for RETRAN identifies three conditions of acceptance, which are
summarized in Appendix A.3, along with justifications for application to PBNP.

The RETRAN nodalization modeling used in the PBNP analyses is consistent with the
Westinghouse plant nodalization model of WCAP-14882, except for the nodalization of the
reactor coolant system hot legs. Since the approval of WCAP-14882, the hot leg modeling was
enhanced to minimize code instabilities attributed to pressurizer insurge and outsurge. This hot
leg model enhancement, which has been applied in other RETRAN analyses performed by
Westinghouse, consisted of dividing each hot leg control volume into three equal control
volumes. Although it was needed only for the hot leg connected to the pressurizer, all loops were
divided in the same manner.

LOFTRAN

Transient response studies of a PWR to specified pertUrbations in process parameters use the
LOFTRAN computer code. This code simulates a multi-loop system by a model containing the
reactor vessel, hot and cold-leg piping, steam generators (tube and shell sides), the pressurizer
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and the pressurizer heaters, spray, relief valves, and safety valves. LOFTRAN also includes a
point neutron kinetics model and reactivity effects of the moderator, fuel, boron, and rods. The
secondary side of the steam generator uses a homogeneous, saturated mixture for the thermal
transients. The code simulates the RPS, which includes reactor trips on high neutron flux, OTAT
and OPAT, high and low pressurizer pressure, low RCS flow, low-low steam generator water
level, and high pressurizer level. Control systems are also simulated including rod control, steam
dump, and pressurizer pressure control. The SIS, including the accumulators, is also modeled.
LOFTRAN can also approximate the transient value of DNBR based on input from the core
thermal safety limits.

The LOFTRAN licensing topical report, WCAP-7907 (Reference 9), was approved by the NRC
via an SER . This SER for LOFTRAN identifies one condition of acceptance, which is
" summarized in Appendix A.4, along with justifications for application to PBNP.

TWINKLE

TWINKLE is a multi-dimensional spatial neutron kinetics code. The code uses an implicit
finite-difference method to solve the two-group transient neutron diffusion equations in one, two,
and three dimensions. The code uses six delayed neutron groups and contains a detailed

- -multi-region fuel-cladding-coolant heat transfer model for calculating pointwise doppler and
moderator feedback effects. The code handles up to 8000 spatial points and performs
steady-state initialization. Aside from basic cross-section data and thermal-hydraulic
parameters, the code accepts as input basic driving functions such as inlet temperature,
pressure, flow, boron concentration, control rod motion, and others. The code provides various
outputs, such as channelwise power, axial offset, enthalpy, volumetric surge, pointwise power,
and fuel temperatures. It also predicts the kinetic behavior of a reactor for transients that cause a
major perturbation in the spatial neutron flux distribution.

The TWINKLE licensing topical report, WCAP-7979 (Reference 10), was approved by the U.S.
Atomic Energy Commission (AEC) via an SER . This SER for TWINKLE does not identify any
conditions, restrictions, or limitations that need to be addressed for application to PBNP.

Advanced Nodal Code (ANC)

ANC is an advanced nodal code capable of two-dimensional (2-D) and three-dimensional (3-D)
neutronics calculations. ANC is the reference model for certain safety analysis calculations,
power distributions, peaking factors, critical boron concentrations, control rod worths, reactivity
coefficients, etc. In addition, 3-D ANC validates 1-D and 2-D results and provides information
about radial (x-y) peaking factors as a function of axial position. It can calculate discrete pin
powers from nodal information as well.

The SPNOVA code utilizes the same Westinghouse standard core design methodology with
three-dimensional (3-D) nodal expansion methodology for static analysis of cores that is
incorporated into the ANC computer program. SPNOVA includes a neutron kinetics capability
and uses the Stiffness Confinement Method to solve time dependent equations.

The ANC licensing topical report, WCAP-10965 (Reference 11), was approved by the NRC via
an SER . This SER for ANC does not identify any conditions, restrictions, or limitations that need
to be addressed for application to PBNP. The SPNOVA licensing topical report, WCAP-12394
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(Reference 22), was approved by the NRC via an SER from A.C. Thadani (NRC) to W.J.
Johnson (Westinghouse), dated November 26, 1990. The conditions, restrictions, and
limitations identified in the SPNOVA SER are generically addressed in WCAP-16259 (Reference
19) for the RAVE methodology. WCAP-16259 was approved by the NRC via an SER from H. N.
Berkow (NRC) to J. A. Gresham (Westinghouse), dated September 15, 2005. This SER
stipulates a number of conditions and limitations on the use for licensing basis calculations, and
these conditions and limitations are summarized in Appendix A.8 along with justification for
application to PBNP. ‘

VIPRE

The VIPRE computer program performs thermal-hydraulic calculations. This code, which is
being used for PBNP for the first time, calculates coolant density, mass velocity, enthalpy, void
fractions, static pressure, and DNBR distributions along flow channels within a reactor core.

The VIPRE licensing topical report, WCAP-14565 (Reference 12), was approved by the NRC via
an SER . This SER for VIPRE identifies four conditions of acceptance, which are summarized in
Appendix A.5, along with justifications for application to PBNP.

2.8.5.0.10 Classification of Events

Each of the non-LOCA events listed in Table 2.8.5.0-8, Non-LOCA Transients Evaluated or
Analyzed(3), is presented in Section 14, Safety Analysis, of the FSAR, except for ATWS. Each
non-LOCA event is categorized with respect to its potential consequences. Since 1970, the
classification of plant conditions in American Nuclear Society Standard (ANSI) N18.2-1973
(Reference 13) has often been used to facilitate the evaluation of nuclear ptant safety and the
functional requirements for structures, systems, and components. The plant conditions are
divided into four categories in accordance with the anticipated frequencies of occurrence and
potential radiological consequences. The four categories (or conditions) are:

» Condition | — Normal Operation

+ Condition Il — Incidents of Moderate Frequency
+ Condition lll — Infrequent Events

» Condition IV — Unanticipated Occurrences

The basic principle applied in relating requirements to each of the conditions is that the more
probable occurrences must result in little or no risk to the public, and those extreme situations
having the potential for greater risk should be those situations least likely to occur. Where
applicable, the reactor trip system and/or engineered safety features are assumed in fulfilling this
principle. Each condition is described in more detait as follows:

Condition | — Normal Operation

Condition | occurrences are those that are expected frequently or regularly during power
operation, refueling, maintenance, or maneuvering of the plant. Condition | occurrences are
accommodated with margin between any plant parameter and the value of the parameter that
would require either automatic or manual protective action. In this regard, analysis of the event
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condition is typically based on a conservative set of initial conditions corresponding to the most
adverse set of conditions occurring during Condition | operation.

Condition 1l - Incidents of Moderate Frequency

These events occur with moderate frequency during the life of the plant, any one of which may
occur during a calendar year. These events, at worst, result in a reactor trip with the plant being
capable of returning to operation after corrective action. Any release of radioactive materials in
effluents to unrestricted areas should be in conformance with Title 10 Part 20 of the Code of
Federal Regulations (10 CFR 20). A Condition Il event, by itself, does not propagate to a more
serious incident of the Condition Il or Condition IV type without the occurrence of other
independent incidents. A single Condition Il incident should not cause the loss of any barrier to
the escape of radioactive products.

Condition Il — Infrequent Events

Condition Il events occur very infrequently during the life of the plant, any one of which may
occur during the plant's lifetime. Condition 11l events can be accommodated with the failure of
only a small fraction of the fuel rods, although sufficient fuel damage might occur to preciude
resumption of operation for a considerable outage time. The release of radioactivity due to
Condition Ill events may exceed the guidelines of 10 CFR 20, but is not sufficient to interrupt or
restrict public use of those areas beyond the exclusion area boundary. A Condition Ill event does
not, by itself, generate a Condition IV event or result in a consequential loss of function of the
RCS or containment barriers.

Condition IV — Unanticipated Occurrences

Condition IV occurrences are events that are not expected to occur, but are postulated because
their consequences have the potential for the release of significant amounts of radioactive
material. Condition IV events are the most drastic occurrences that must be designed against,
and represent the limiting design cases. Condition IV events should not cause a fission product
release to the environment resulting in an undue risk to public health and safety in excess of the
guideline values in Title 10 Part 100 of the Code of Federal Regulations (10 CFR 100). A single
Condition IV event is not to cause a consequential loss of required functions of systems needed
to cope with the event, including those of the RCS and the reactor containment system.

2.8.5.0.11 Events Evaluated or Analyzed

Each of the FSAR transients listed in Table 2.8.5.0-1 were evaluated or analyzed as shown in
Table 2.8.5.0-8 in support of the PBNP EPU Program. These transient evaluations and analyses
demonstrate that all applicable safety analysis acceptance criteria are satisfied for PBNP.

Table 2.8.5.0-1 summarizes the results obtained for each of the non-LOCA transient analyses.

2.8.5.0.12 Analysis Methodology

The transient-specific analysis methodologies that were applied to PBNP have been reviewed
and approved by the NRC via transient-specific topical reports (e.g., WCAPs) and/or through the

review and approval of plant-specific safety analysis reports. There are five non-LOCA '
transients analyzed for PBNP that have an approved transient-specific topical report: RCCA drop
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(dropped rod) (FSAR Section 14.1.3, Rod Cluster Control Assembly Drop), loss of reactor
coolant flow and locked rotor (FSAR Section 14.1.8, Loss of Reactor Coolant Flow), steam line
break (FSAR Section 14.2.5, Rupture of a Steam Pipe), and RCCA ejection

(FSAR Section 14.2.6, Rupture of a Control Rod Mechanism Housing - RCCA Ejection). One
additional NRC-approved methodology that was applied to PBNP is the RETRAN modeling
methodology for reactor coolant system thick metal mass heat transfer, which was applied in the
analyses of the loss of normal feedwater flow (FSAR Section 14.1.10, Loss of Normal
Feedwater) and loss of all AC power to the station auxiliaries (FSAR Section 14.1.11, Loss of all
AC Power to Station Auxiliaries) events.

Dropped Rod Analysis Methodology

The dropped rod licensing topical report, WCAP-11394 (Reference 14), was approved by the
NRC via an SER . The dropped rod SER identifies one condition of acceptance, which is
summarized below along with justification for application to PBNP.

1. The Westinghouse analysis, results and comparisons are reactor and cycle specific. No
credit is taken for any direct reactor trip due to dropped RCCA(s). Also, the analysis
assumes no automatic power reduction features are actuated by the dropped RCCA(s). A
further review by the staff (for each cycle) is not necessary, given the utility assertion that the
analysis described by Westinghouse has been performed and the required comparisons
have been made with favorable results.

Justification

For the reference cycle assumed in the PBNP EPU Program, the methodology described in
WCAP-11394 was applied and the required comparisons have been made with acceptable
results (DNBR limits were not exceeded). Future cycles will be assessed as part of the
reload safety evaluation process described in Reference 8.

Loss of Reactor Coolant Fiow and Locked Rotor Analysis Methodology

The loss of reactor coolant flow and locked rotor events were analyzed using a methodology in
which 3-D transient neutronics were applied. The licensing topical report for this methodology,
(RAVE) which is being used for PBNP for the first time, WCAP-16259 (Reference 18), was
approved by the NRC via an SER . This SER stipulates a number of conditions and limitations
on the use for licensing basis calculations, and these conditions and limitations are summarized
in Appendix A.8, along with justification for application to PBNP.
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Steam Line Break Methodology

The steam line break licensing topical report, WCAP-9226 Revision 1 (Reference 17), was
approved by the NRC via an SER . The steam line break SER identifies two conditions of
acceptance, which are summarized below along with justification for application to PBNP.

1.

“Only those codes which have been accepted by the NRC should be used for licensing
application.”

Justification
As identified in Table 2.8.5.0-7, the computer codes used in the analysis of the steam line
break event are RETRAN, ANC, and VIPRE. Per Section 2.8.5.0.9, these codes have been

accepted by the NRC, and therefore this condition of acceptance is satisfied for PBNP.

“For the pressure between 500 and 1000 psia, the 95/95 DNBR limit for the W-3 correlation is
145"

Justificatidn
As shown in Table 2.8.5.0-1, 1.45 was applied as the DNBR limit in the steam line break

analysis that used the W-3 DNB correlation. Thus, no further justification is required for
PBNP.

RCCA Ejection Methodology

The RCCA ejection licensing topical report, WCAP-7588 Rev. 1-A (Reference 15), was approved
by the AEC via an SER . The RCCA ejection SER identifies two conditions of acceptance, which
are summarized below along with justification for application to PBNP.

1.

“The staff position, as well as that of the reactor vendors over the last several years, has been
to limit the average fuel pellet enthalpy at the hot spot following a rod ejection accident to
280 cal/gm. This was based primarily on the results of the SPERT tests which showed that,
in general, fuel failure consequences for UO, have been insignificant below 300 cal/gm for
both irradiated and unirradiated fuel rods as far as rapid fragmentation and dispersal of fuel
and cladding into the coolant are concerned. In this report, Westinghouse has decreased
their limiting fuel failure criterion from 280 cal/gm {somewhat less than the threshold of
significant conversion of the fuel thermal energy to mechanical energy) to 225 cal/gm for
unirradiated rods and 200 cal/gm for irradiated rods. Since this is a conservative revision on
the side of safety, the staff concludes that it is an acceptable fuel failure criterion.”

Justification

The maximum fuel pellet enthalpy at the hot spot calculated for each PBNP-specific RCCA
ejection case was less than 200 cal/gm. These results satisfy the fuel failure criterion
accepted by the NRC staff.

Point Beach Units 1 and 2 EPU Licensing Report 2.8.5.0-11 April 2009
Non-LOCA Analyses Introduction '



2. “Westinghouse proposes a clad temperature limitation of 2700°F as the temperature above

which clad embrittlement may be expected. Although this is several hundred degrees above
the maximum clad temperature limitation imposed in the AEC ECCS Interim Acceptance
Criteria, this is felt to be adequate in view of the relatively short time at temperature and the
highly localized effect of a reactivity transient.”

Justification

As discussed in Westinghouse letter NS-NRC-89-3466 written to the NRC (Reference 16),
the 2700°F clad temperature limit was historically applied by Westinghouse to demonstrate
that the core remains in a coolable geometry during an RCCA ejection transient. This limit
was never used to demonstrate compliance with fuel failure limits and is no longer used to
demonstrate core coolability. The RCCA ejection acceptance criteria applied by
Westinghouse to demonstrate long-term core coolability and compliance with applicable
offsite dose requirements are identified in LR Section 2.8.5.4.6, Spectrum of Rod Ejection
Accidents.

RETRAN Thick Metal Mass Heat Transfer Methodology

The topical report for the RETRAN thick metal mass heat transfer methodology, which is being
used for PBNP for the first time, WCAP-14882-S1-P-A (Reference 19), was approved by the
NRC via an SER . The SER identifies one condition of acceptance, which is summarized below
along with justification for application to PBNP.

1.

“The NRC staff review utilized analyses and supporting experimental data supplied by the
licensee that are specific to reactor system designs similar to STP, Units 1 and 2. The NRC
staff will therefore, require that licensees seeking to apply this methodology for analyses of
other nuclear power plants provide supporting justification that use of this methodology is
appropriate and conservative for their designs.”

Justification

With the only exception being that PBNP specific geometric dimensions were used, the same
thick metal model described in WCAP-14882-S1-P-A (Reference 19) was incorporated into
the RETRAN models used to simulate the loss of normat feedwater flow (FSAR

Section 14.1.10) and loss of all AC power to the station auxiliaries (FSAR Section 14.1.11)
events. As the Reference 19 thick metal model, which was shown in Reference 19 to be
conservative for long-term heatup events such as loss of normal feedwater flow, was applied
with plant-specific geometry, use of the Reference 19 methodology is appropriate and
conservative for the PBNP design.

2.8.5.0.13 Operator Actions

No operator actions were explicitly credited in the non-LOCA analyses identified in
Table 2.8.5.0-1. '
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2.8.5.0.14 Key Safety Analysis Input Changes '

Key safety analysis input changes made in support of the PBNP EPU program are identified in
Table 2.8.5.0-9.
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Non-LOCA Analysis Limits and Analysis Results

Table 2.8.5.01 '

FSAR Analysis Result
Section | Event Description Result Parameter Analysis Limit Limiting Case
14.1.1 | Uncontrolled Rod Withdrawal from | Minimum DNBR Below First Mixing Vane | 1.44/1.44. 1.954/1.755
Subcritical Grid (non-RTDP, W-3 correlation)
(typical/thimble) -
Minimum DNBR Above First Mixing Vane 1.30/1.30 2.055/2.055
Grid (non-RTDP, WRB-1 correlation)
(typical/thimble)
Maximum Fuel Centerfine Temperature, °F | 48001 2166
14.1.2 Uncontrolled Rod Withdrawal at Minimum DNBR (RTDP, WRB-1) 1.337 (Unit 1) | 1.337 (Unit 1)
Power . : 1.337 (Unit 2) | 1.344 (Unit 2)
Peak MSS Pressure, psia 1208.5 1115 (Unit 1)
1114 (Unit 2)
Peak RCS Pressure, psia 2748.5 2690 (Unit 1)
' . 2692 (Unit 2)
14.1.3 RCCA Drop Minimum DNBR (RTDP, WRB-1) 1.38 > 1.38
Peak Linear Heat Generation (KW/ft) 22.5412) <22.54
, Peak Uniform Cladding Strain (%) 1.0 <1.0
14.1.4 Chemical and Volume Control Minimum Time to Loss of Shutdown 15 17.6 (MODE 1 auto)
System Malfunction Margin, Minutes 15 15.1 (MODE 1 '
' ' manual)
15 18.2 (MODE 2)
15 >15 (MODE 5)
30 32.2 (MODE 6)
14.1.5 Startup of an Inactive Reactor No Analysis Performed (See Licensing N/A N/A
Coolant Loop Report Section 2.8.5.4.4)
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Non-LOCA Analysis Limits and Analysis Results

Table 2.8.5.0-1

FSAR Analysis Result
Section | Event Description Result Parameter Analysis Limit Limiting Case
14.1.6 Reduction in Feedwater Enthalpy | (3) N/A N/A
Incident
14.1.7 Excessive Load Increase Incident | Minimum DNBR (RTDP, WRB-1) 1.34 1.627
14.1.8 Loss of Reactor Coolant Flow Minimum DNBR (RTDP, WRB-1) 1.38/1.38 1.41/1.41
(typical/thimble) ‘
Locked Rotor Peak RCS Pressure, psia 3120 2653
Peak Cladding Temperature, °F 2700 1809.9
Maximum Zirconium-Water Reaction, % 16 0.4
. Maximum Percentage of Rods-in-DNB, % | 30 25
14.1.9 Loss of External Electrical Load Minimum DNBR (RTDP, WRB-1) 1.34 1.64 (Unit 1)
1.66 (Unit 2)
Peak RCS Pressure, psia 2748.5 2739.6 (Unit 1)
2741.9 (Unit 2)
Peak MSS Pressure, psia 1208.5 1205.6 (Unit 1)
1205.0 (Unit 2)
14.1.10 | Loss of Normal Feedwater Maximum pressurizer mixture volume, ft3 1000 880 (Unit 1)
928 (Unit 2)
14.1.11 | Loss of All AC Power to Station Maximum Pressurizer Mixture Volume, f* | 1000 720 (Unit 1)
Aucxiliaries 732 (Unit 2)
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_Table 2.8.5.0-1
Non-LOCA Analysis Limits and Analysis Results

FSAR : Analysis Result
Section | Event Description . | Result Parameter Analysis Limit Limiting Case
14.2.5 Rupture of a Steam Pipe — Zero Minimum DNBR (non-RTDP, W-3) 1.45/1.45 1.623/1.616 (Unit 1)
Power (Core response only) (typical/thimble) 1.652/1.650 (Unit 2)
Peak Linear Heat Generation (KW/ft) 22.54(2) 21.64 (Unit 1)
21.35 (Unit 2)
Rupture of a Steam Pipe — Full Minimum DNBR Below First Mixing Vane 1.30 1.411 (Unit 1)
Power (Core response only) Grid (non-RTDP, W-3 correlation) 1.428 (Unit 2)
Minimum DNBR Above First Mixing Vane 1.38 1.644 (Unit 1)
Grid (non-RTDP, WRB-1 correlation) 1.654 (Unit 2)
Peak Linear Heat Generation (kKW/ft) 22.540) 22.51 (Unit 1)
22.26 (Unit 2)
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Table 2.8.5.0-1
Non-LOCA Analysis Limits and Analysis Results

FSAR Analysis Result
Section | Event Description Result Parameter Analysis Limit Limiting Case
14.2.6 Rupture of a Control Rod Maximum Fuel Pellet Average Enthalpy, 200 150.5 (BOC-HZP)¥)
Mechanism Housing (RCCA calig 174.1 (BOC-HFP)®)
Ejection) . 161.0 (EOC-HZP)®
176.4 (EOC-HFP)(")
Maximum Fuel Melt, % 10®) 0.0 (BOC-HzP)@
5.6 (BOC-HFP)®)
0.0 (EOC-HZP)®
9.8 (EOC-HFP)("
Peak RCS Pressure, psia Generically addressed in
. Reference 15
N/A ATWS Peak RCS Pressure, psia 3215 3097.4 psia (Unit 1)
3175.1 psia (Unit 2)
Notes:

1. 4800°F is the fuel melting temperature corresponding to a maximum UO, burnup at the hot spot of ~48,276 MWd/MTU.

2. Corresponds to a conservative UO, fuel melting temperature of 4700°F.

3. Event bounded by excessive load increase incident. See Section 2.8.5.1.1.

4. BOC-HZP = Beginning of cycle HZP.

5. BOC-HFP = Beginning of cycle HFP.

6. EOC-HZP = End of cycle HZP.

7. EOC-HFP = End of cycle HFP.

8. BOC and EOC fuel melting temperatures are 4900°F and 4800°F, respectively. These temperatures correspond to hot spot
burnups of approximately 31,034 MWD/MTU (BOC) and 48,276 MWD/MTU (EOC).

9. The minimum DNBR from the limiting case of the RAVE Loss of Flow analysis is 1.696, which accounts for conservative
uncertainty allowances that are required by the RAVE methodology. The minimum DNBR value presented in this table (1.41)
accounts for additional conservative allowances for reload flexibility. This additional conservatism was specifically introduced
to create a bounding case for the future Point Beach reload cycles.
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Table 2.8.5.0-2

Summary of Initial Conditions Used in Non-LOCA Analyses
Parameter | RTDP Non-RTDP | Notes
NSSS Power (MWt) 1806 1806 * 1.006 1
Nominal Total Net RCP Heat (MWht) 6.0 6.0 1,2,3
Maximum Full-Power Vessel T,,4 (°F) 577 577 +6.4 1,4
Minimum Full-Power Vessel T,,q (°F) 558 558 + 6.4 1,4
No-Load RCS Temperature (°F) 547.0 547.0 1,4
Pressurizer Pressure (psia) 2250 2250 + 50 1
Steam Flow (Ibm/hr) see Note 5 see Note 5 -
Steam Pressure (psia) see Note 5 see Note 5 -
Fuli-Power Feedwater Temperature Range (°F) 390 - 458 390 - 458 1
Pressurizer Water Level (% span) see Note 6 see Note 6 -
Steam Generator Water Levei (% NRS) see Note 7 see Note 7 --

Notes:

1.

Section 1.1, NSSS Parameters, of Licensing Report.

A maximum net RCP heat of 8 MWt was conservatively assumed in the non-RTDP

2. Total RCP heat input minus RCS thermal losses.
3.

analysis of the loss of normal feedwater event.
4.

All analyses assumed a programmed no-load T, of 547°F. For the events initiated from
a no-load condition (rod withdrawal from subcritical, steam line break, rod ejection, boron
dilution), the use of the no-load T,q as the initial temperature bounds the conditions of
startup operations at PBNP with a temperature less than 547°F. This is because the
DNBR calculations and the boron dilution calculations would be less limiting at a lower

RCS temperature.

conditions.

applied when conservative.

5. The nominal steam flow rate and steam pressure are dependent on other nominal

6. The nominal/programmed pressurizer water level varies linearly from 20% of span at the
no-load T,,4 of 547°F to either 29.9% of span at the minimum full-power T,,4 of 558°F or
47% of span at full-power T, values greater than or equal to the maximum full-power
Tayg of 577°F. The programmed level is constant at the full-power T4 level for T,yq
values greater than the full-power T,,4. An uncertainty of at least +10% of span was

7. The programmed steam generator water level modeled in the analyses for both PBNP
Units 1 and 2 was a constant 64% narrow range span (NRS) for all power levels; an
uncertainty of £10% NRS was applied when conservative.
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Table 2.8.5.0-3

Pressure Relief Models for the RCS (Pressurizer) and MSS

Pressure Relief

Model(")
FSAR | Event Description RCS MSS
14.1.1 | Uncontrolled Rod Withdrawal from Subcritical 5 5
14.1.2 | Uncontrolled Rod Withdrawal at Power — Minimum DNBR 1A 3A
Case
Uncontrolled Rod Withdrawal at Power — Peak RCS Pressure 2A 3A
Case ‘
14.1.3 | RCCA Drop 6 6
14.1.4 | Chemical and Volume Control System Malfunction 5
14.1.5 | Startup of an Inactive Reactor Coolant Loop Analysis not
required.
14.1.6 | Reduction in Feedwater Enthalpy Incident 5 5
14.1.7 | Excessive Load Increase Incident 4 4
14.1.8 | Loss of Reactor Coolant Flow 1C 7
Locked Rotor - Rods-in-DNB Case 1C 7
Locked Rotor — Peak RCS Pressure Case 2A 7
| Locked Rotor — Peak Clad Temperature Case 2A 7
14.1.9 | Loss of External Electrical Load — Minimum DNBR Case 1B 3B
Loss of External Electrical Load — Peak RCS Pressure Case 2A 3B
Loss of External Electrical Load — Peak MSS Pressure Case 1B 3B
14.1.10 | Loss of Normal Feedwater 1c &2B@ | 3A
14.1.11 | Loss of All AC Power to Station Auxiliaries 1c&2B@ | 3A
14.2.5 | Rupture of a Steam Pipe — Zero Power (core response only) 4 4
Rupture of a Steam Pipe - Full Power (core response only)
14.2.6 | Rupture of a Control Rod Mechanism Housing (RC.CA 5 5
Ejection)
N/A | ATWS 8 9
Note: _
1. The pressure relief models are described on the following pages of this table.
2. Two RCS pressure relief models were considered to address the issue described in
NSAL-07-10 (Reference 6).
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Table 2.8.5.0-3 continued
Pressure Relief Models for the RCS (Pressurizer) and MSS -

Model 1A (Maximum Pressurizer Pressure Relief)
The following components were modeled to maximize the RCS pressure relief capability:

» Pressurizer Power-Operated Relief Valves (PORVs) — The two pressurizer PORVs were
modeled based on a relief rate of 179,000 Ibm/hr at 2350 psia. Both PORVs were modeled
to begin opening when the pressurizer pressure reached a value of 2350 psia and be
full-open at a pressure of 2355 psia.

+ Pressurizer Sprays — The pressurizer sprays were modeled via a control valve {with a
full-open flow area of 0.0716 ft2) that was set to initially open when the indicated
pressurizer pressure exceeded the initial value by 25 psi, and ramping to full-open when
the indicated pressurizer pressure exceeded the initial value by 75 psi.

» Pressurizer Safety Valves (PSVs) — The two PSVs were modeled with a minimum setpoint
of 2425.2 psia, which is 3% below the nominal setpoint of 2485 psig. For each PSV, the
full-open area is based on a relief rate of 288,000 Ibm/hr at 2575 psia, which is 3% above
the nominal setpoint. The effects of the water-filled loop seals were ignored because they
-would delay the opening of the PSVs. The closing pressure of the PSVs was set to 5%
below the opening setpoint (2304.6 psia).

Model 1B (Maximum Pressurizer Pressure Relief)

Model 1B is the same as Model 1A except one pressurizer PORV was modeled to actuate on
an indicated pressure signal of 2350 psia and the other PORV was modeled to actuate on a
PID (proportional-integral-derivative) pressure signal of 100 psia from the nominal reference
pressure of 2250 psia.

Model 1C (Maximum Pressurizer Pressure Relief)

Model 1C is the same as Model 1B with respect to the pressurizer PORVs and sprays.
However, depending on the transient, the PORVs may or may not actuate. For example,
although the analysis of the Loss of Reactor Coolant Flow transient showed that the
pressurizer pressure does not increase high enough to open the pressurizer PORVs, the
Locked Rotor Rods-in-DNB transient analysis showed that the pressurizer PORVs do open.
The PSVs were modeled, but do not actuate,

Model 2A (Minimum Pressurizer Pressure Relief)

The pressurizer PORVs and pressurizer sprays were assumed to be unavailable. The two
PSVs were modeled with a maximum setpoint of 2584.2 psia, which accounts for a 2.5%
setpoint tolerance plus a 0.9% set pressure shift associated with the existence of water-filled
loop seals (see WCAP-12910 [Reference 2]). A time delay of 0.85-second was modeled to
account for the purging of the water in the PSV loop seals. For each PSV, the full-open area is
based on a relief rate of 288,000 Ibm/hr at 2575 psia, which is 3% above the nominal setpoint.
The closing pressure of the PSVs was set to 5 psi below the opening setpoint (2579.2 psia).

Model 2B (Minimum Pressurizer Pressure Relief)

Model 2B is the same as Model 2A except the pressurizer sprays were assumed to be
available.
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. Table 2.8.5.0-3 continued
Pressure Relief Models for the RCS (Pressurizer) and MSS

Model 3A (MSS Pressure Relief)

Four MSSVs per loop were modeled with opening setpoints based on the lift settings shown
below. For each MSSV, the full-open area is based on a relief rate of 845,000 Ibm/hr at
1174 psia, which is 3% above the highest nominal setpoint.

MSSV Nominal Initial-Open Pressure of the Full-Open Pressure of the
Bank Setpoint MSSVs* MSSVs**

1 1085 psig 1166.44 psia 1178.73 psia

2 1100 psig 1181.89 psia 1194.35 psia

3 1125 psig 1207.64 psia 1220.39 psia

4 1125 psig 1207.64 psia 1220.39 psia

*  Pressure includes +3% for the setpoint tolerance, +34.19 psi for the pressure drop from the
inlet connection of the MSSV header to the MSSV, and +14.7 psi to convert to atmospheric
pressure. '

Pressure accounts for 1.1% accumulation.

Model 3B (MSS Pressure Relief)

Same as Model 3A, except MSSV banks 3 and 4 have a nominal lift setting of 1105 psig, and
5 psi accumulation was modeled for all MSSVs.

*k

' MSSV Nominal Initial-Open Pressure of the Full-Open Pressure of the
. Bank Setpoint MSSVs MSSVs
1 1085 psig 1166.44 psia 1171.44 psia
2 1100 psig 1181.89 psia ~ 1186.89 psia
3 1105 psig 1187.04 psia 1192.04 psia
4 1105 psig 1187.04 psia 1192.04 psia
Model 4

No specific RCS or MSS pressure relief inputs were modeled. The pressurizer pressure and
main steam pressure both decrease during this event. Thus, the pressurizer sprays,
pressurizer PORVs, PSVs, and MSSVs are irrelevant.

Model 5

RCS and MSS pressure relief models were not applied because either the computer code(s)
used for the analysis of this event did not include pressurizer or steam generator models, or
the analysis was a hand calculation that did not involve these plant components. Refer to the
accident-specific analysis discussions for additional information.

Model 6

The generic analysis used to address this event assumed that the pressurizer PORVs
actuated at 2350 psia with a total maximum relief capacity of 16.65 ft3/sec. The pressurizer
spray valve setpoints assumed were the same as those specified for Model 1, but the total
spray capacity was 52.2 Ibm/sec. The PSVs and MSSVs were modeled and assumed to be
available, but did not actuate. ‘
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. : Table 2.8.5.0-3 continued
Pressure Relief Models for the RCS (Pressurizer) and MSS

Model 7

No specific MSS pressure relief inputs were modeled because the secondary-side pressure
transient during the event is non-limiting.

Model 8 (Pressurizer Pressure Relief for ATWS)

Pressurizer Power-Operated Relief Valves (PORVs) — The two pressurizer PORVs were
modeled based on a relief rate of 179,000 Ibm/hr at 2350 psia. Both PORVs were modeled to
begin opening when the pressurizer pressure reached a value of 2350 psia and be full-open at
a pressure of 2351 psia. '

Pressurizer Sprays — The pressurizer sprays were not modeled.

Pressurizer Safety Valves (PSVs) — The two PSVs were modeled with an initial opening
setpoint of 2500 psia (corresponding to the nominal setpoint of 2485 psig) and a full-open
setpoint of 2750 psia (corresponding to 10% accumulation). For each PSV, the full-open relief
rate was modeled as 288,000 Ibm/hr.

Model 9 (MSS Pressure Relief for ATWS)

Four MSSVs per loop were modeled with opening setpoints based on the lift settings shown
below. The relief rates at the full-open pressures for the four MSSVs were modeled as
817,000 Ibm/hr, 825,000 Ibm/hr, 845,000 Ibm/hr, and 845,000 lbm/hr, respectively.

MSSV Nominal Initial-Open Pressure of the Full-Open Pressure of the
Bank Setpoint MSSVs* MSSVs**
. 1 1085 psig 1133.9 psia 1138.9 psia
2 1100 psig 1148.9 psia 1153.9 psia
3 1105 psig 1153.9 psia 1158.9 psia
4 1105 psig 1153.9 psia 1158.9 psia

Pressure includes 34.19 psi for the pressure drop from the inlet connection of the MSSV
header to the MSSV and 14.7 psi to convert to atmospheric pressure.

Pressure accounts for 5 psi accumulation.

k%
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Table 2.8.5.0-4 :
Parameters Related to Overtemperature AT (OTAT) and Overpower AT (OPAT) Setpoints

OTAT K (safety analysis value) 1.295
OTATK; . 0.016/°F
OTAT K3 0.000811/psi
OTAT f(Al) Deadband -12%Al to +6%Al
OTAT f(Al) Negative Gain - -2.69%/%Al
OTAT f(Al) Positive Gain +2.00%/%Al
T (OTAT & OPAT) 576°F
P' (OTAT & OPAT) 2250 psia
OPAT K4 (safety analysis value) 1.165
OPAT Ky 0.0/°F{")
OPAT Kg (for Tayg2 T') 0.00123/°F
OPAT Kg (for Toyg < T) 0.0/°F
Allowable Fuli-Power T,,4 Range 558°F to 577°F
Pressurizer Pressure Range of Applicability for OTAT and OPAT | 1855 psia to 2425 psia(z)
Note:

1. The Kg term is zeroed out in the safety analyses.

2. Values correspond to bounding safety analysis limits for the low and high pressurizer

pressure reactor trip setpoints.
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Table 2.8.5.0-5
Summary of RPS and ESFAS Functions Actuated
FSAR Delay
Section | Event Description RPS or ESFAS Signal(s) Actuated Analysis Setpoint (sec)
14.1.1 | Uncontrolled Rod Withdrawal from Power-Range High Neutron Flux Reactor 35% 0.5
Subcritical Trip (Low Setting)
14.1.2 | Uncontrolled Rod Withdrawal at Overtemperature AT Reactor Trip See Table 2.8.5.0-4 5.0(0
Power — Minimum DNBR Case Power-Range High Neutron Flux Reactor 116% 0.5
Trip (High Setting)
Uncontrolled Rod Withdrawal at Power-Range High Neutron Flux Reactor 116% 0.5
Power — Peak RCS Pressure Case Trip (High Setting)
High Pressurizer Pressure Reactor Trip 2425 psia 1.0
14.1.3 | RCCA Drop , Low Pressurizer Pressure Reactor Trip See Note 2 2.0
14.1.4 | Chemical and Volume Control System | Overtemperature AT Reactor Trip See Table 2.8.5.0-4 5.00)
Malfunction
14.1.5 | Startup of an Inactive Reactor Coolant | N/A N/A N/A
Loop '
14.1.6 | Reduction in Feedwater Enthalpy N/A N/A N/A
Incident
14.1.7 | Excessive Load Increase Incident N/A N/A N/A
14.1.8 | Complete Loss of Reactor Coolant Reactor Coolant Low Flow Reactor Trip 87% 1.0
Flow — Reference Case ,
Complete Loss of Reactor Coolant Reactor Coolant Low Flow Reactor Trip - 87% 1.0
Flow — Frequency Decay Case
Complete Loss of Reactor Coolant Reactor Coolant Pump Undervolitage See Note 2.5
Flow — Undervoltage Case Reactor Trip
Partial Loss of Reactor Coolant Flow Reactor Coolant Low Flow Reactor Trip 87% 1.0
Locked Rotor — All Cases Reactor Coolant Low Flow Reactor Trip 87% 1.0
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Table 2.8.5.0-5
Summary of RPS and ESFAS Functions Actuated
FSAR . Delay
Section | Event Description RPS or ESFAS Signal(s) Actuated Analysis Setpoint (sec)
14.1.9 | Loss of External Electrical Load — High Pressurizer Pressure Reactor Trip 2418 psia 1.0
Minimum DNBR Case
Loss of External Electrical Load — High Pressurizer Pressure Reactor Trip 2418 psia 1.0
Peak RCS Pressure Case
Loss of External Electrical Load - High Pressurizer Pressure Reactor Trip 2418 psia 1.0
Peak MSS Pressure Case _
14.1.10 | Loss of Normal Feedwater Low-Low Steam Generator Water Level 20% NRS 2.0
Reactor Trip :
Low-Low Steam Generator Water Level 20% NRS 30.04)
_ Auxiliary Feedwater (AFW) Pump Start
14.1.11 | Loss of All AC Power to Station Low-Low Steam Generator Water Level 20% NRS 2.0
Auxiliaries Reactor Trip
Low-Low Steam Generator Water Level 20% NRS 60.0(4)
Auxiliary Feedwater (AFW) Pump Start
14.2.5 | Steam System Piping Failure — Zero Low Steam Pressure Safety Injection (SI) 335 psia 2.0
Power (Core response only) and Steam Line Isolation Valve Closure (lead/lag = 12/2)
Steam Line Isolation Valve Closure Delay N/A 7.0
Following Low Steam Pressure Signal
Feedwater Isolation Valve Closure Delay N/A 12.0
Following S| Signal
S| Pumps at Full Flow Following Sl Signal N/A 13/28
(with/without offsite power)
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Table 2.8.5.0-5
Summary of RPS and ESFAS Functions Actuated

FSAR . Delay
Section | Event Description RPS or ESFAS Signal(s) Actuated Analysis Setpoint (sec)
14.2.5 | Steam System Piping Failure — Full Overpower AT Reactor Trip See Table 2.8.5.0-4 6.0

Power (Core response only) Reactor Trip due to S| from Low Steam 410 psia 2.0
Line Pressure (lead/lag = 18/2) '
Reactor Trip due to Si from High - 6.0 psig 2.0
Containment Pressure _
14.2.6 | Rupture of a Control Rod Mechanism | Power-Range High Neutron Flux Reactor 35% (low setting) 0.5
Housing (RCCA Ejection) Trip (Low and High Settings) 118% (high setting) 05
N/A ATWS ATWS Mitigation System Actuation N/A 30 (TT)
Circuitry (AMSAC) — Turbine Trip (TT), 90 (AFW)
AFW Pump Start
Notes:
1. The overtemperature AT reactor trip response time was modeled with a first order lag of 3 seconds and a pure delay of

2 seconds. The 3-second lag accounts for delays associated with fluid transport, thermal lag, and RTD (resistance temperature
detector) response time. The 2-second delay accounts for delays associated with the protection system electronics, reactor trip
breaker opening, and RCCA gripper release.

The generic two-loop RCCA drop analysis, which is applicable to PBNP, modeled the low pressurizer pressure reactor trip
setpoint as a “convenience trip.” The cases that actuated this function assumed dropped rod and control bank worth
combinations that were non-limiting with respect to DNB. The fact that the plant-specific low pressurizer pressure reactor trip
setpoint (1855 psia) is lower than the value assumed in the generic analysis (1860 psia) does not invalidate the applicability of
the generic two-loop RCCA drop analysis to PBNP. Therefore, the low pressurizer pressure reactor trip setpoint value that was
used in the generic two-loop RCCA drop analysis (1860 psia) does not represent an analytical limit for this function for PBNP.

To bound the loss of flow events initiated by a loss of bus voltage, the reactor coolant low flow reactor trip was conservatively
modeled in the Complete Loss of Reactor Coolant Flow reference case. In this reference case, the reactor trip on low flow
signal occurs 2.93 seconds into the fransient. This case is equivalent to an undervoltage case with a reactor coolant pump
power supply undervoltage reactor trip delay of 2.93 seconds. For a Westinghouse designed plant, a typical undervoltage trip
delay is 1.5 seconds which has the following typical breakdown.
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Table 2.8.5.0-5

Summary of RPS and ESFAS Functions Actuated

FSAR
Section | Event Description

RPS or ESFAS Signal(s) Actuated

Analysis Setpoint

Delay
(sec)

Undervoltage trip circuitry including
adjustable delay preventing spurious trip

EMF decay

Trip breaker opening
RCCA release time
TOTAL DELAY TIME

the undervoltage setpoint.

0.95 second
0.25 second
0.15 second

0.15 second

1.50 seconds

To support an increase in the adjustable delay that is used to help prevent spurious undervoltage reactor trips, the Complete
Loss of Reactor Coolant Flow reference case was performed without crediting the reactor coolant pump power supply
undervoltage reactor trip.  Also, note that the reference case analysis conservatively assumes that the pump coastdown
begins immediately at time zero, even though a voitage reduction will not cause the pump speed to drop as the EMF decays to

4. The delay value represents the time of initial AFW flow delivery after the ESFAS setpoint is reached. Following this initial delay,
the AFW flow was modeled to increase linearly from 0% to 80% of full flow over the next 30 seconds, and then increase linearly
from 80% to 100% of full flow over the subsequent 60 seconds.
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Table 2.8.5.0-6
Core Kinetics Parameters and Reactivity Feedback Coefficients

Beginning of Cycle End of Cycle
Parameter (Minimum Feedback) | (Maximum Feedback)
MTC, pcm/°F 5.0 (< 70% RTP)\V N/A

0.0 (> 70% RTP)

Moderator Density Coefficient, k/(g/cc) N/A 0.43
Doppler Temperature Coefficient, pcm/°F -0.91 -2.90
Doppler-Only Power Coefficient, -9.55 + 0.035Q -21.5 + 0.068Q

pcm/%power (Q = power in %)

Delayed Neutron Fraction

0.0072 (maximum)

0.0043 (minimum)

Minimum Doppler Power Defect, pcm

— RCCA Ejection 1000 945 (HFP)
980 (HZP)
— RCCA Withdrawal from Subcritical 1100 N/A
Note:
1. RTP = Rated Thermal Power
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Summary of Initial Conditions and Computer Codes Used

Table 2.8.5.0-7

Computer DNB Vessel Coolant | Vessel Average RCS Pressure,
Event Codes Used |Correlation| RTDP Initial Power, % Flow, gpm Coolant Temp, °F psia
Uncontrolled Rod TWINKLE w-3t No 0 79,9220 547 2200
Withdrawal from Subcritical | FACTRAN | WRB-1(?) (1800 MWt - Core power)
VIPRE
Uncontrolled Rod RETRAN WRB-1 Yes 100, 60, 10 186,000 578.4 (100%) 2250
Withdrawal at Power ~ VIPRE (1806 MWt - NSSS power) 566.4 (60%)
Minimum DNBR Cases 551.4 (10%)
Uncontrolled Rod RETRAN N/A No 100.8, 70, 55, 50, 45, 40, 178,000 583.4 (100.6%) 2200
Withdrawal at Power — - 35,25,8 574.4 (70%)
Peak RCS Pressure Cases (1806 MWt — NSSS power) 569.9 (55%)
568.4 (50%)
566.9 (45%)
. 565.4 (40%)
563.9 (35%)
560.9 (25%)
555.8 (8%)
RCCA Drop LOFTRAN® | WRB-1 Yes 100 186,000 577.0 2250
ANC (1800 MWt — Core power) :
VIPRE .
Chemical and Volume N/A N/A N/A 100 (Mode 1) N/A 583.4 (Mode 1) 2250 (Mode 1)
Control System Malfunction 5 (Mode 2) 554.9 (Mode 2) 2250 (Mode 2)
0 (Modes 5 & 6) 200.0 (Mode 5) | 14.7 (Modes 5 & 6)
(1800 MWt — Core power) 140.0 (Mode 6)
Startup of an Inactive See Licensing Report Section 2.8.5.4.4
Reactor Coolant Loop
Reduction in Feedwater Bounded by the Excessive Load Increase Incident (see Section 2.8.5.1.1)
Enthalpy Incident :
Excessive Load Increase RETRAN WRB-1 Yes . 100 186,000 578.4 2250
Incident (1806 MWt — NSSS Power)
Loss of Reactor Coolant RETRAN WRB-1 Yes 100 186,000 578.4 2250
Flow — All Cases SPNOVA (1806 MW1 - NSSS power)
VIPRE®)
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Table 2.8.5.0-7
Summary of Initial Conditions and Computer Codes Used

Computer DNB Vessel Coolant | Vessel Average RCS Pressure,
Event Codes Used |Correlation| RTDP Initial Power, % Flow, gpm Coolant Temp, °F psia
Locked Rotor - DNB Case RETRAN WRB-1 Yes 100 186,000 578.4 2250
SPNOVA (1806 MWt - NSSS power)
VIPRE®
Locked Rotor — Peak RCS RETRAN N/A No 100.6 178,000 583.4 2300
Pressure Case SPNOVA (1806 MWt - NSSS power)
_ VIPRES
Loss of External Electrical RETRAN WRB-1 Yes 100 186,000 578.4 2250
Load — Minimum DNBR (1806 MWt - NSSS power)
Case
Loss of External Electrical RETRAN N/A No 100.6 178,000 577.0 (Unit 1)6 2200
Load — Peak RCS Pressure (1806 MWt - NSSS power) 583.4 (Unit 2)°
Case
Loss of External Electrical RETRAN N/A No 100.6 178,000 583.4 2200
Load — Peak MSS Pressure (1806 MWt - NSSS power)
Case
Loss of Normal Feedwater RETRAN N/A No 100.6 178,000 570.6 (Unit 1) 2300 (Unit 1)
(1806 MWt - NSSS power) 570.6 (Unit 2) 2300 (Unit 2)
Loss of All AC Power to RETRAN N/A No 100.6 178,000 570.6 (Unit 1) 2300 (Unit 1)
Station Auxiliaries (1806 MWt - NSSS power) 570.6 (Unit 2) 2200 (Unit 2)
Steam System Piping RETRAN W-3 No 0 178,000 547.0 2250
Failure — Zero Power (Core ANC (1806 MWt - NSSS power)
response only) VIPRE _
Steam System Piping RETRAN WRB-1 Yes 100 186,000 578.4 2250
Failure — Full Power (Core ANC (1806 MWt - NSSS power)
response only) VIPRE
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Summary of Initial Conditions and Computer Codes Used

Table 2.8.5.0-7

ok wN

o

1. Below the first mixing vane grid.
Above the first mixing vane grid.
Flow from one loop = 0.449 * TDF. N
The LOFTRAN portion of the analysis was generic; the DNB evaluation performed with VIPRE utilized the plant-specific values presented.

The RETRAN, SPNOVA and VIPRE computer codes were applied in the analyses for these events in a manner consistent with the methodology
described in Reference 19. See Appendix A.8, for additional discussion of the application of these codes with the Reference 19 methodology
Unit-specific sensitivity studies were performed to address the issue of NSAL-03-1 (Reference 21) related to the initial vessel average coolant temperature
For Unit 1, the peak RCS pressure result is slightly more limiting (< 2 psi) when the initial
vessel average coolant temperature is at the nominal value of 577°F versus the value of 583.4°F that accounts for uncertainties.
peak RCS pressure result is slightly more limiting (< 1 psi) with an initial vessel average coolant temperature of 583.4°F.

applied in analyses of the Loss of Load / Turbine Trip event.

Computer DNB Vessel Coolant | Vessel Average RCS Pressure,
Event Codes Used |Correlation| RTDP Initial Power, % Flow, gpm Coolant Temp, °F psia
Rupture of a Control Rod TWINKLE N/A No 102 (HFP) 178,000 (HFP) 583.4 (HFP) 2200
Mechanism Housing FACTRAN 0 (HZP) 79,022 @) (HZP) | . 547.0 (HZP)
(RCCA Ejection) (1800 MWt - Core power)
ATWS LOFTRAN N/A N/A 100 178,000 577.0 2250

(1806 MWt - NSSS power) :

Notes:

In contrast, the Unit 2
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. Table 2.8.5.0

-8
Non-LOCA Transients Evaluated or Analyzed®

Report FSAR

Event Section Section Notes
Reduction in Feedwater Enthalpy Incident 2.8.5.1.1 14.1.6 2
Excessive Load Increase Incident 28511 14.1.7 1
Rupture of a Steam Pipe — Zero Power Core 2.8.51.2 14.2.5 1
Response
Rupture of a Steam Plpe Full Power Core 28512 14.2.5 1
Response
Loss of External Electrical Load, Turbine Trip, and 2.8.5.21 14.1.9 1
Loss of Condenser Vacuum
Loss of All AC Power to Station Auxiliaries 28522 14.1.11 1
Loss of Normal Feedwater 28523 14.1.10 1
Feedwater System Pipe Break 28524 N/A 4
Partial Loss of Forced Reactor Coolant Flow 2.8.5.31 14.1.8 1
Complete Loss of Forced Reactor Coolant Flow 2.8.5.31 14.1.8 1
Locked Rotor/Shaft Break 2.8.5.3.2 14.1.8 1

. Uncontrolled Rod Withdrawal from Subcritical 2.8.5.41 14.1.1 1
Uncontrolled Rod Withdrawal at Power 2.854.2 14.1.2 1
RCCA Drop 2.8.54.3 14.1.4 1
Startup of an Inactive Reactor Coolant Loop 28544 14.1.5 2
Chemical and Volume Control System Malfunction 28545 1414 1
(Boron Dilution)
Rupture of a Control Rod Mechanism Housing 28546 14.2.6 1
(RCCA Ejection) '

‘| Inadvertent Operation of the Emergency Core 2855 N/A 4

Cooling System During Power Operation
Inadvertent Opening of a Pressurizer Safety or Relief 2.85.6.1 N/A 4
Valve
ATWS 2.8.5.7 N/A 1
Notes:
1. Complete analysis
2. Evaluation _
3. All analyses and evaluations cover Units 1 and 2
" 4. Transient is not considered part of the PBNP licensing basis
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Table 2.8.5.0-9

Key Safety Analysis Input Changes Made in Support of the PBNP EPU Program

Event Safety Analysis Input Parameter New (EPU) Value Old Value
Uncontrolled OTAT Reactor Trip Setpoint See Table 2.8.5.0-4 See Current COLR
Rod Withdrawal and safety analysis
at Power K4 value of 1.255
OTAT Reactor Trip Setpoint Delay Time 5 seconds 6 seconds
(see Table 2.8.5.0-5)
Power-Range High Neutron Fiux Reactor Trip Setpoint (High 116% 118%
Setting)
High Pressurizer Pressure Reactor Trip Delay Time 1 second 2 seconds
Lead Time Constant for Lead/l.ag Compensator on 40 seconds 25 seconds
Measurement of Reactor Vessel T,
Lag Time Constant for Lead/Lag Compensator on Measurement 8 seconds 3 seconds
of Reactor Vessel T,yq
Complete Loss | Reactor Coolant Pump Undervoltage Reactor Trip Delay Time Not Credited 2.5 seconds
of Reactor See Note 2
Coolant Flow
Loss of External | High Pressurizer Pressure Reactor Trip Setpoint 2418 psia 2425 psia
Electrical Load  Mign Pressurizer Pressure Reactor Trip Delay Time 1 second 2 seconds
Pressurizer Safety Valve Positive Setpoint Tolerance +2.5% +3.0%
Nominal Setpoint for the 3™ and 4 Banks of MSSVs 1105 psig 1125 psig
MSSV Setpoint Accumulation 5 psi 1.1%
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Table 2.8.5.0-9
Key Safety Analysis Input Changes Made in Support of the PBNP EPU Program
Event Safety Analysis Input Parameter 7 New (EPU) Value Old Value
Loss of Normal | Low-Low Steam Generator Water Level Reactor Trip/AFW 20% NRS 17% NRS

Time

Feedwater Pump Start Setpoint
Low-Low Steam Generator Water Level AFW Pump Start Delay 30 seconds'’) 300 seconds
Time
Full AFW Flow Rate . 275 gpm 200 gpm
Pressurizer Backup Heater Actuation on Pressurizer Water Not Modeled Modeled
Level Deviation
Reactor Coolant System Thick Metal Mass Heat Transfer Model Credited Not Credited
Loss of All AC Low-Low Steam Generator Water Level Reactor Trip/AFW 20% NRS 17% NRS
Power to Pump Start Setpoint :
iﬁ(till(i):ries Low-Low Steam Generator Water Level AFW Pump Start Delay 60 seconds(") 300 seconds

Full AFW Flow Rate 275 gpm 200 gpm
Pressurizer Backup Heater Actuation on Pressurizer Water Not Modeled Modeled
Level Deviation

Reactor Coolant System Thick Metal Mass Heat Transfer Model Credited Not Credited

Steam System

OTAT Reactor Trip Setpoint

See Table 2.8.5.0-4

See Current COLR

Piping Failure and safety analysis
K4 value of 1.14
Low Steam Line Pressure Safety Injection Setpoint 410 psia 335 psia
Lead Time Constant for Lead/Lag Compensator on 18 seconds 12 seconds
Measurement of Steam Line Pressure
Hi-1 Containment Pressure Safety Injection Setpoint (for steam 6.0 psig N/A
line breaks inside containment at full power) (Credited) (Not Credited)
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Table 2.8.5.0-9
Key Safety Analysis Input Changes Made in Support of the PBNP EPU Program
Event Safety Analysis Input Parameter New (EPU) Value Old Value
Miscellaneous Low Pressurizer Pressure Reactor Trip Setpoint 1855 psia 1775 psia
Reactor Vessel T, g RTD Temperature Range 530-630°F 520-620°F
Reactor Trip Permissive P-8 60% RTP

Note:

45% RTP

1. This value represents the time of initial AFW flow delivery after the ESFAS setpoint is reached. Following this initial delay, the
AFW flow was modeled to increase linearly from 0% to 80% of full flow over the next 30 seconds, and then increase linearly
from 80% to 100% of full flow over the subsequent 60 seconds.

2. This reactor trip delay time is not credited in the reference Complete Loss of Reactor Coolant Flow analysis (See
Section 2.8.5.3.1).
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. Figure 2.8.5.0-1 Reactor Core Safety Limits
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Figure 2.8.5.0-2 lllustration of OTAT and OPAT Protection

90 v . ) l
- \
L RN N A
\ \ \ \ Thermal Limits: [1855 psid [2000 psid [2250 psid 2425 psid
- \ \ N \ J
B \ \ N .
80T N \ \
I \
o \
= . \ ———
\
10T
= OPAT
B Setpoint
A SG Safety
60 i Ful Power Valve Line
o Operating Point
°_ B forTavg=T'
e |
< -
0T
B l/
- %4
4 /\
40 \
B \
B \
I~ \
L \ \
\
0T \
- OTAT Setpoints: [1855 psig R000 psial 250 psid 425 psiq \ \
- \
\
i \
B \
20 1 ! ! l | 1 1
540 560

Tavg (°F)

Point Beach Units 1 and 2 EPU Licensing Report
Non-LOCA Analyses Introduction

2.8.5.0-38

April 2009



. Figure 2.8.5.0-3 Fractional Rod Insertion Versus Time from Release.
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. : Figure 2.8.5.0-4 Normalized RCCA Reactivity Worth Versus Fractional Rod Insertion
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. Figure 2.8.5.0-5 Normalized RCCA Reactivity Worth Versus Time from Release
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Figure 2.8.5.0-6 Integrated DPC Used in Non-LOCA Transient Analyses
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2.8.5.1 Increase in Heat Removal by"the Secondary System

2.8.5.1.1  Reduction In Feedwater Enthalpy, Increase in Feedwater Flow, Increase in Steam
Flow, and Inadvertent Opening of a Steam Generator Relief or Safety Valve

2.8.5.1.11 Regulatory Evaluation

Excessive heat removal causes a decrease in moderator temperature that increases core
reactivity and can lead to a power level increase and a decrease in shutdown margin. Any
unplanned power level increase can result in fuel damage or excessive reactor system pressure.
Reactor protection and safety systems are actuated to mitigate the transient. The PBNP review
covered:

» The postulated initial core and reactor conditions
» The methods of thermal-hydraulic analyses
+ The sequence of events
» The assumed reactions of reactor system components
» The functional and operational characteristics of the reactor protection system
+ The operator actions
+ The results of the transient analyses
The NRC’s acceptance criteria are based on:

» GDC 10, insofar as it requires that the reactor coolant system (RCS) is designed with
appropriate margin to ensure that specified acceptable fuel design limits are not exceeded
during normal operations including anticipated operational occurrences

+ GDC 15, insofar as it requires that the RCS and its associated auxiliary systems are
designed with sufficient margin to ensure that the design condition of the reactor coolant
pressure boundary is not exceeded during any condition of normal operation

» GDC 20, insofar as it requires that the reactor protection system is designed to automatically
initiate the operation of appropriate systems, including the reactivity control systems, to
ensure that specified acceptable fuel design limits are not exceeded during any condition of
normal operation, including anticipated operational occurrences

+ GDC 26, insofar as it requires that a reactivity control system is provided, and is capable of
reliably controlling the rate of reactivity changes to ensure that under normal operating
conditions, including anticipated operational occurrences, specified acceptable fuel design
limits are not exceeded

Specific review criteria are contained in the SRP, Section 15.1.1-4 and other guidance provided

_in Matrix 8 of RS-001, Revision 0.
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PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Energy Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP specific GDC for excessive heat removal by the secondary system events are as
follows: .

CRITERION: The reactor core with its related controls and protection systems shall be designed
to function throughout its design lifetime without exceeding acceptable fuel damage limits which
have been stipulated and justified. The core and related auxiliary system designs shall provide
this integrity under all expected conditions of normal operation with appropriate margins for
uncertainties and for specified transient situations which can be anticipated. (PBNP GDC 6)

As described in FSAR Section 3.1.2.1, Reactor Core Design, the reactor core, with its related
control and protection system, is designed to function throughout its design lifetime without
exceeding acceptable fuel damage limits.

Fuel design and nuclear design are further discussed in LR Section 2.8.1 and LR Section 2.8.2,
respectively.

CRITERION: Core protection systems, together with associated equipment, shall be designed to
prevent or to suppress conditions that could result in exceeding acceptable fuel damage limits.
(PBNP GDC 14)

As described in FSAR Section 7.1.2, Instrumentation and Control, General Design Criteria, if the
reactor protection system sensors detect conditions which indicate an approach to unsafe
operating conditions that require core protection, the system actuates alarms, prevents control
rod motion, initiates load runback, and initiates reactor trip by opening the reactor trip breakers.

CRITERION: Two independent reactivity control systems, preferably of different principles, shall
be provided. (PBNP GDC 27)

In addition to the reactivity control achieved by the rod cluster control (RCC) described in FSAR
Section 3.1, Reactor, Design Basis, reactivity control is provided by the Chemical and Volume
Control System (CVCS) which regulates the concentration of boric acid solution neutron
absorber in the reactor coolant system. The system is designed to prevent uncontrolled or
inadvertent reactivity changes which might cause system parameters to exceed design limits.

CRITERION: The reactivity control system provided shall be capable of making and holding the
core subcritical from any hot standby or hot operating condition. (PBNP GDC 28)

The reactivity control systems provided are capable of making and holding the core subcritical
from any hot standby or hot operating condition, including conditions resulting from power
changes. The rod cluster control assemblies (RCCAs) are divided into two categories
comprising control and shutdown groups. The control group, used in combination with chemical
shim, provides control of the reactivity changes of the core throughout the life of the core at
power conditions. The chemical shim contro!l (CVCS) is normally used to compensate for the
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more slowly occurring changes in reactivity throughout core life such as those due to fuel
depletion, fission product buildup and decay, and load follow.

CRITERION: The reactivity control systems provided shall be capable of making the core
subcritical under credible accident conditions with appropriate margins for contingencies and
limiting any subsequent return to power such that there will be no undue risk to the health and
safety of the public. (PBNP GDC 30)

Normal reactivity shutdown capability is provided by control rods, with boric acid injection from
the CVCS system used to compensate for the xenon transients, and for plant cooldown. When
the plant is at power, the quantity of boric acid retained in the boric acid tanks and/or the refueling
water storage tank (RWST) and ready for injection will always exceed that quantity required for
the normat cold shutdown. This quantity will always exceed the quantity of boric acid required to
bring the reactor to hot shutdown and to compensate for subsequent xenon decay. '

The injection of boric acid is shown to afford backup reactivity shutdown capability, independent

“of control rod clusters which normally serve this function in the short term situation. Shutdown for
long term and reduced temperature conditions can be accomplished with boric acid injection
using redundant components.

The reactivity control provided by the CVCS is further discussed in FSAR Section 9.3, Chemical
and Volume Control System.

CRITERION: The reactor coolant pressure boundary shall be capable of accommodating without
rupture the static and dynamic loads imposed on any boundary component as a result of an
inadvertent and sudden release of energy to the coolant. As a design reference, this sudden
release shall be taken as that which would result from a sudden reactivity insertion such as rod
ejection (unless prevented by positive mechanical means), rod dropout, or cold water addition.
(PBNP GDC 33)

The reactor coolant boundary is shown to be capable of accommodating, without rupture, the
static and dynamic loads imposed as a result of a sudden reactivity insertion such as a rod
ejection. The operation of the reactor is such that the severity of an ejection accident is
inherently limited. Since control rod clusters are primarily used to control load variations and
boron dilution is used primarily to compensate for core depletion, only the rod cluster control
assembilies in the controlling groups are inserted in the core at power, and at full power these
rods are only partially inserted. A rod insertion limit monitor is provided as an administrative aid
to the operator to insure that this condition is met.

Further analysis of this event is discussed in FSAR Section 14.1.6, Reduction in Feedwater
Enthalpy Incident, and Section 14.1.7, Excessive Load Increase Incident.

In addition to the evaluations described in the FSAR, PBNP’s systems and components were
evaluated for license renewal. Systems and system component materials of construction,
operating history, and programs used to manage aging effects are documented in:

» Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005 (Reference 1)
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During plant license renewal evaluations, components associated with the control and mitigation
of transients that could result in an increase in heat removal by the secondary system were
evaluated within the system that coqtained them.

2.8.5.1.1.2 Technical Evaluation
2.8.5.11.21 Decrease in Feedwater Temperature
28511211 Introduction

Opening of a low-pressure heater bypass valve causes a reduction in feedwater temperature that
increases the thermal load on the primary system. For this event, there is a sudden reduction in
feedwater temperature into the steam generators.

At power, the increased subcooling caused by the reduced feedwater temperature creates a
greater load demand on the RCS. With the plant at no-load conditions, the addition of cold
feedwater may cause a decrease in RCS temperature, and thus a reactivity insertion due to the
effects of the negative moderator temperature coefficient. However, since the rate of energy
change is reduced as the load and feedwater flow decrease, the no-load transient is less severe
than the full-power case.

Depending on the magnitude of the temperature reduction and the operation of the automatic rod
control system, the net effect on the RCS can be similar to the effect of increasing secondary
steam flow; that is, the reactor will reach a new equilibrium condition at a power level
corresponding to the new temperature difference across the secondary-side of the steam
generator. For large feedwater temperature reductions, the overpower-overtemperature
protection function will prevent a power increase that could lead to a DNBR that is lower than the
safety analysis limit value.

2.8.5.1.1.21.2 - Input Parameters, Assumptions and Acceptance Criteria

The decrease in feedwater temperature event is evaluated to confirm that the Departure from
Nucleate Boiling Ratio (DNBR) and fuel centerline temperature design bases are met. The
following assumptions are made:

- The evaluations were performed to support an uprated core power of 1800 MWt (nuclear
steam supply system (NSSS) power of 1806 MWt).

« Alow pressure heater bypass valve opens, resulting in condensate flow splitting between the
bypass line and the low pressure heaters; the flow through each path is proportional to the
pressure drops.

Based on its frequency of occurrence, the decrease in feedwater temperature event is
considered to be a Condition Il event as defined by the American Nuclear Society’s, Nuclear
Safety Criteria for the Design of Stationary Pressurized Water Reactor Plants, ANSI N18.2-1973
(Reference 4). As such, the applicable acceptance criteria for this incident are:

* Pressures in the RCS and main steam system (MSS) should be maintained below
110 percent of the respective design pressures.
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» Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR safety analysis limit in the limiting fuel rods and that the centerline
temperature of the fuel rods with the peak linear heat rate (kW/ft) does not exceed the UO,
melting temperature. Fuel melting is precluded by ensuring that the maximum-transient core
average thermal power does not exceed a value that would result in exceeding the kW/ft
value corresponding to fuel centerline melting at the core hot spot.

+ An incident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently. Demonstrating that the pressurizer does not
become water-solid ensures a more serious plant condition is not generated. Since this
event results in a cooldown of the RCS, the reactor coolant experiences a reduction in
volume, and therefore pressurizer filling is not a concern.

28.5.1.1.213 Description of Analyses and Evaluation

A decrease in feedwater enthalpy can be caused by an accidental opening of the low pressure
feedwater heater bypass valve or a load reduction. Opening the low-pressure feedwater heater
bypass valve results in a maximum feedwater temperature reduction of 40°F. It has been
determined that the excessive increase in steam flow event (a step-load increase of 10% from
full load), which is discussed in LR Section 2.8.5.1.1.2.3, Increase in Steam Flow, is equivalent to
a 69°F reduction in the feedwater temperature. Therefore, the consequences of a feedwater
temperature reduction of up to 69°F are equivalent to or bounded by the consequences of a 10%
load increase from full power.

28511214 Decrease in Feedwater Temperature Results

- The reduction in feedwater enthalpy transient was evaluated for PBNP for the EPU program. It

has been determined that the decrease in feedwater enthalpy incident is less severe than the
excessive load incident (Section 2.8.5.1.1.2.3, Increase in Steam Flow) which assumes a 10%
step increase in secondary load. Based on the results presented in that section, the acceptance
criteria for this event have been met at EPU conditions.

2.85.1.1.2.2 Increase in Feedwater Flow

This event is not part of the PBNP licensing basis.

$ 2851123 Increase in Steam Flow

2.851.1.2.3.1 Introduction

An excessive load increase incident (ELI) is defined as a rapid increase in steam flow that
causes a power mismatch between the reactor core power and the steam generator load
demand. The reactor control system (RCS) is designed to accommodate a 10% step-load
increase and/or a 5% per minute ramp-load increase (without a reactor trip) in the range of 15 to
100% of full power. Any loading rate in excess of these values can cause a reactor trip actuated
by the reactor protection system. If the load increase exceeds the capability of the reactor
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control system, the transient would be terminated in sufficient time to prevent the DNB design
basis from being violated.

This accident could result from either an administrative violation such as excessive loading by
the operator or an equipment malfunction in the steam bypass control system, or turbine speed
control.

During power operation, steam bypass to the condenser is controlled by reactor coolant condition
signals; i.e., abnormally high reactor coolant temperature indicates a need for steam bypass. A
single controller malfunction does not cause steam bypass. An interlock is provided to block the
opening of the valves unless a large turbine load decrease or a turbine trip has occurred.

Regardless of the rate of load increase, the reactor protection system will trip the reactor in time
to prevent the DNBR from going below the limit value. Increases in steam load to more than
design flow are analyzed as the steam line rupture event in LR Section 2.8.5.1.2, Steam System
Piping Failures Inside and Outside Containment.

Protection against an ELI accident, if necessary, is provided by the following reactor protection
system signals: :

+ Overtemperature AT (OTAT)
+ Overpower AT (OPAT)
» Power range high neutron flux

» Low pressurizer pressure
2.85.1.1.23.2 Input Parameters, Assumptions, and Acceptance Criteria

The analysis includes the following conservative assumptions:

. This accident is analyzed with the Revised Thermal Design Procedure (RTDP)
(Section 2.8.5.1.1.2.4). Initial reactor power, RCS pressure, and RCS temperature are
assumed to be at their nominal values, consistent with steady-state full-power operation

+ The PBNP EPU has a vessel average temperature (T,,q) range from 558.0°F to 577.0°F.
The higher value (including the 1.4°F bias) is used since it is more limiting with respect to
minimum DNBR

» The PBNP EPU has a feedwater temperature range from 390.0°F to 458.0°F. The ELI event
is not very sensitive to feedwater temperature; however, the higher feedwater temperature is
assumed

» Minimum measured flow (MMF) is assumed. Uncertainties in initial conditions are included in
the DNBR limit as described in Reference 2

+ 0% steam generator tube plugging (SGTP) is assumed; this maximizes primary-to-secondary
heat transfer and results in a more severe RCS cooldown transient

* The pressurizer heaters are not credited
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' ‘ « The pressurizer sprays and power operated relief valves (PORVs) are modeled to reduce
RCS pressure resulting in a conservative calculation of the margin to the DNBR limit

* Although the high neutron flux, overtemperature AT, overpower AT, and low pressurizer
pressure reactor trips are available to mitigate the ELI event, the analysis conservatively
does not credit these trips

* The analysis is performed for a step-load increase of 10% steam flow from 100% of nuclear
steam supply system (NSSS) thermal power

+ This event is analyzed in both automatic and manual modes of rod control, i.e. no rod motion

» No credit is taken for the heat capacity of the RCS and steam generator metal mass in
attenuating the resulting plant cooldown

- The ELI event is analyzed for both the beginning-of-life (BOL) (minimum reactivity feedback)
and end-of-life (EOL) (maximum reactivity feedback) conditions. The physics data used for
each case are: '

a. Moderator Density Coefficient — a least positive value is assumed with minimum reactivity
feedback cases and a most positive value is assumed for maximum reactivity feedback
cases

b. Moderator Temperature Coefficient — a least negative value is assumed for minimum
reactivity feedback cases and a most negative value is assumed for maximum reactivity

. _ feedback cases

c. Doppler Power Coefficient — a least negative value is assumed for minimum reactivity
feedback cases and a most negative value is assumed for maximum reactivity feedback
cases »

d. Delayed Neutron Fraction — a maximum value is assumed for minimum reactivity
feedback cases and a minimum value is assumed for maximum reactivity feedback cases

Based on its frequency of occurrence, the EL! accident is considered a Condition Il event as
defined by the American Nuclear Society (ANS) (Reference 4). The following items summarize
the acceptance criteria associated with this event:

« The critical heat flux should not be exceeded. This is met by demonstrating that the minimum
DNBR does not go below the limit value at any time during the transient.

« Pressure in the RCS and main steam systems (MSS) should be maintained below 110% of
the design pressures.

- The peak linear heat generation rate (expressed in kW/ft) should not exceed a value that
would cause fuel centerline melt.

» An incident of moderate frequency does not generate a more serious plant condition without
other faults occurring independently. This criterion is satisfied by verifying that the
pressurizer does not fill.
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28511233 Description of Analyses and Evaluations

The ELI transient is analyzed using the RETRAN computer code described in WCAP-14882-P-A
(Reference 3). The RETRAN code model simulates the reactor coolant system, neutron kinetics,
pressurizer, pressurizer relief and safety valves, pressurizer heaters, pressurizer spray, steam
generators, feedwater system and main steam safety valves. The code computes pertinent plant
variables including steam generator mass, pressurizer water volume, reactor coolant average
temperature, reactor coolant system pressure and steam generator pressure.

PBNP Unit 1 has Westinghouse Model 44F steam generators and Unit 2 has Westinghouse
Model A47 replacement steam generators (RSGs); therefore, a separate ELI analysis was
performed for each unit. The ELI analysis considers both minimum and maximum reactivity
feedback plant conditions with automatic and manual rod control operation. Thus, eight cases
are analyzed for the EPU program.

At BOL, minimum-moderator feedback cases, the core has the least-negative moderator
temperature coefficient of reactivity and the least-negative doppler-only power coefficient curve,
and, therefore, the least-inherent transient response capability. For the EOL maximum
moderator feedback cases, the moderator temperature coefficient of reactivity has its
most-negative value and the most-negative doppler-only power coefficient curve. This results in
the largest amount of reactivity feedback due to changes in coolant temperature. Normal reactor
control systems and engineered safety systems are not required to function.

A 10% step increase in steam demand was assumed and the analysis did not take credit for the
operation of the pressurizer heaters. »

28511234 Increase in Steam Flow Results

The results of the ELI analysis, assuming a 10% load increase from full power conditions for the

- EPU program, show that in all cases analyzed, the minimum DNBR remains above the safety

analysis limit value and the peak linear heat generation does not exceed the limit value, thus
demonstrating that the applicable acceptance criteria for critical heat flux and fuel centerline meit
are met. The peak pressurizer water volume remained below the total volume of the pressurizer,
demonstrating that this event did not generate a more serious plant condition. Following the
initial load increase, the plant reaches a stabilized condition without a reactor trip. With respect
to peak pressure, the ELI accident is bounded by the loss-of-electrical-load/turbine-trip analysis.
See LR Section 2.8.5.2.1, Loss of External Electrical Load, Turbine Trip and Loss of Condenser
Vacuum.

The cases that model minimum reactivity feedback conditions with automatic rod control are the
most limiting cases with respect to minimum DNBR. The results are summarized in

Table 2.8.5.1.1-1, Excessive Load Increase Summary Results for Unit 1 with Model 44 SGs and
Unit 2 with Model A47 SGs. The Time Sequence of Events for each case is provided in

Table 2.8.5.1.1-2, Time Sequence of Events for the Excessive Load Increase Incident. The
transient responses for the four Unit 2 cases, which are representative of the transient in either
unit, are shown in Figures 2.8.5.1.1-1 through 2.8.5.1.1-16.
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28511235 Conclusions

The analysis performed for the EPU demonstrates that the DNBR does not decrease below the
safety analysis limit value at any time during the transient for an ELI incident. Thus, no fuel or
clad damage is predicted. The peak core average power (heat flux) remains below the limit of
120% of rated thermal power. The event does not challenge the primary and secondary side

- pressure limits since the increased heat removal tends to cool the RCS. The peak pressurizer
water volume remained below the total volume of the pressurizer, demonstrating that this event
did not generate a more serious plant condition. With respect to peak pressure, the ELI accident
is bounded by the loss-of-electrical-load/turbine-trip analysis. All applicable acceptance criteria
are therefore met. - '

28.5.1.1.24 Inadvertent Opening of a Steam Generator Relief or Safety Valve

As described in FSAR Section 14.2.5, Rupture of A Steam Pipe, the cooldown effects and
transient results from a credible steam line break (i.e., the inadvertent opening of a steam relief
valve) have been shown to be less severe than those for a hypothetical steam line break (i.e., the
double-ended rupture). Thus, the credible break case is not explicitly analyzed for PBNP. The -
limiting steam line break accident has been analyzed as described in Section 2.8.5.1.2, Steam
System Piping Failures Inside and Outside Containment, which demonstrates that the DNBR and
kW/ft limits are met. Thus, there are no safety concerns for the credible break case.

Evaluation of Impact on Renewal Plant Operating License, Evaluations and License
Renewal '

EPU activities associated with these analyses do not add any new functions for existing
components of the Condensate and Feedwater System (CS) and MS Systems that would
change the license renewal system evaluation boundaries. The changes associated with
operating the CS and MS systems at EPU conditions do not add any new or previously
unevaluated aging effects that necessitate a change to aging management programs or require
new programs as internal and external environments remain within the parameters previously
evaluated. Therefore, EPU activities associated with these analyses do not impact license
renewal scope, aging effects, and aging management programs associated with the CWS and
MS systems. '

2.8.5.1.1.3 Conclusion

PBNP has reviewed the analyses of the increased heat removal by the secondary system events
described above and concludes that the analyses have adequately accounted for plant operation
at the proposed EPU power level and were performed using acceptable analytical models.
'PBNP further concludes that the licensee has demonstrated that the reactor protection and
safety systems will continue to ensure that the specified acceptable fuel design limits and the
reactor coolant pressure boundary pressure limits will not be exceeded as a result of these
events. PBNP concludes that the plant will continue to meet the requirements of PBNP GDCs 6,
14, 27, 28, 30, and 33 following implementation of the proposed EPU. Therefore, PBNP finds the
proposed EPU acceptable with respect to the increase in steam flow.
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Table 2.8.5.1.1-1
Excessive Load Increase Summary Results for Unit 1 with Model 44 SGs and Unit 2 with
Model A47 SGs

Minimum Core Heat
DNBR/Time Flux (fon)1lTime
Case (sec) (sec)
Limits 1.34 1.20
Unit 1 — Model 44 SGs:
Minimum Reactivity Feedback, Automatic Rod 1.62/338.0 1.11/117.0
Control
Minimum Reactivity Feedback, Manual Rod Control 1.92/8.0 1.02/400.0
Maximum Reactivity Feedback, Automatic Rod 1.67/64.5 1.11/52.5
Control
Maximum Reactivity Feedback, Manual Rod Control 1.71/76.0 1.09/64.0
Unit 2 - Model A47 SGs:
Minimum Reactivity Feedback, Automatic Rod 1.63/300.0 1.12/74.0
Control
Minimum Reactivity Feedback, Manual Rod Control 1.91/7.5 1.02/369.0
Maximum Reactivity Feedback, Automatic Rod 1.67/398.0 1.10/79.25
Control
Maximum Reactivity Feedback, Manual Rod Control 1.71/398.0 1.09/80.25
1. fraction of nominal (fon)
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Table 2.8.5.1.1-2

Time Sequence of Events for the Excessive Load Increase Incident

Time of Event (seconds)
Unit 1 Unit 2
Case Event Model 44 SGs |Model A47 RSGs
Beginning of Core Life, 10% step load increase 0 0
Manual Reactor Control
Steady-state conditions 250 200
reached (approximate)
Beginning of Core Life, 10% step load increase 0 0]
Automatic Reactor Control
Steady-state conditions 200 200
reached (approximate)
End of Core Life, Manual 10% step load increase 0 0
Reactor Control
Steady-state conditions 200 200
reached (approximate)
End of Core Life, Automatic | 10% step load increase 0 0
Reactor Control
Steady-state conditions 200 200
reached {approximate)
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. Figure 2.8.5.1.1-1 Excessive Load Increase, BOL, Manual Rod Control
Nuclear Power and Core Heat Flux vs. Time

1.3

1.27]

117

T T T r T

Nuclear Power
(fraction of nominal)

0.97

T T T T T

08 +
200 300 400

0 Time (seconds)

(=]
—_
<
(=}

1.1

e T T T T

Core Heat Flux
(fraction of nominal)

097

T T

08+ t i
200 300 400
Time (seconds) .

(=]
—_
[=]
(=1

Point Beach Units 1 and 2 EPU Licensing Report 2.8.51.1-13 April 2009
Reduction In Feedwater Enthalpy, Increase in Feedwater Flow, Increase in Steam Flow, and Inadvertent
Opening of a Steam Generator Relief or Safety Valve



Figure 2.8.5.1.1-2 Excessive Load Increase, BOL, Manual Rod Control
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Figure 2.8.5.1.1-3 Excessive Load Increase, BOL, Manual Rod Control
Pressurizer Pressure and Pressurizer Water Volume vs. Time
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' Figure 2.8.5.1.1-4 Excessive Load Increase, BOL, Manual Rod Control
Core Reactivity and DNBR vs. Time
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Figure 2.8.5.1.1-5 Excessive Load Increase, BOL, Automatic Rod Control

Nuclear Power and Core Heat Flux vs. Time
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' Figure 2.8.5.1.1-6 Excessive Load Increase, BOL, Automatic Rod Control
Vessel T,,4 and Vessel Delta-T vs. Time :
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. Figure 2.8.5.1.1-7 Excessive Load Increase, BOL, Automatic Rod Control
Pressurizer Pressure and Pressurizer Water Volume vs. Time
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Figure 2.8.5.1.1-8 Excessive Load Increase, BOL, Automatic Rod Control
Core Reactivity and DNBR vs. Time
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. Figure 2.8.5.1.1-9 Excessive Load Increase, EOL, Manual Rod Control
Nuclear Power and Core Heat Flux vs. Time

1.3

1.2

117

0.9

Nuclear Power
. (fraction of nominal)
i
|lli\willli

o

0.8 t
200 300 400

' Time (seconds)

1.3

o
—
[=]
(=]

1.2

1.1

Core Heat Flux
(fraction of nominal)

l||ll\llillll!

0.9

=

0.8 }
200 300 400

Time (seconds)

[=]
—
<
[=]

Point Beach Units 1 and 2 EPU Licensing Report - 2.8.5.1.1-21 April 2009
Reduction In Feedwater Enthalpy, Increase In Feedwater Flow, Increase in Steam Flow, and Inadvertent
Opening of a Steam Generator Relief or Safety Valve



Figure 2.8.5.1.1-10 Excessive Load Increase, EOL, Manual Rod Control
Vessel T,yg and Vessel Delta-T vs. Time
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. Figure 2.8.5.1.1-11 Excessive Load Increase, EOL, Manual Rod Control
Pressurizer Pressure and Pressurizer Water Volume vs. Time
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' Figure 2.8.5.1.1-12 Excessive Load Increase, EOL, Manual Rod Control
Core Reactivity and DNBR vs. Time
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Figure 2.8.5.1'.1-13 Excessive Load Increase, EOL, Automatic Rod Control

Nuclear Power and Core Heat Flux vs. Time
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Figure 2.8.5.1.1-14 Excessive Load Increase, EOL, Automatic Rod Control
Vessel T,,4 and Vessel Delta-T vs. Time
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. Figure 2.8.5.1.1-15 Excessive Load Increase, EOL, Automatic Rod Control
Pressurizer Pressure and Pressurizer Water Volume vs. Time
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Figure 2.8.5.1.1-16 Excessive Load Increase, EOL, Automatic Rod Control

Core Reactivity and DNBR vs. Time
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. 2.8.5.1.2 Steam System Piping Failures Inside and Outside Containment
2.8.5.1.21 Regulatory Evaluation

The steam release resulting from a rupture of a main steam pipe will result in an increase in
steam flow, a reduction of coolant temperature and pressure, and an increase in core reactivity.
The core reactivity increase may cause a power level increase and a decrease in shutdown
margin. Reactor protection and safety systems are actuated to mitigate the transient. The PBNP
review covered: '

» The postulated initial core and reactor conditions
» The methods of thermal and hydraulic analyses
» The sequence of events
» The assumed responses of the reactor coolant and auxiliary systems
* The functional and operational characteristics of the reactor protection system
» The operator actions
» The core power excursion due to power demand created by excessive steam flow
» The variables influencing neutronics
» The results of the transient analyses
. The NRC’s acceptance criteria are based on:

+ GDC 27, insofar as it requires that the reactivity control systems are designed to have a
combined capability, in conjunction with poison addition by the emergency core cooling
system, of reliably controlling reactivity changes under postulated accident conditions, with
appropriate margin for stuck rods, to assure the capability to cool the core is maintained

+ GDC 28, insofar as it requires that the reactivity control systems are designed to assure that
the effects of postulated reactivity accidents can neither resuit in damage to the reactor
coolant pressure boundary greater than limited local yielding, nor disturb the core, its support
structures, or other reactor vessel internals so as to significantly impair the capability to cool
the core

+ GDC 31, insofar as it requires that the reactor coolant pressure boundary is designed with
sufficient margin to assure that, under specified conditions, it will behave in a non-brittle
manner and the probability of a rapidly propagating fracture is minimized

» GDC 35, insofar as it requires the reactor coolant system (RCS) and associated auxiliaries
are designed to provide abundant emergency core cooling

Specific review criteria are contained in the SRP, Section 15.1.5, and other guidance provided in
Matrix 8 of RS-001, Revision 0.
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PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR,-Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP specific GDC for steam system piping failures inside and outside containment are as
follows:

CRITERION: The reactor coolant pressure boundary shall be designed, fabricated, and
constructed so as to have an exceedingly low probabitity of gross rupture or significant
uncontrolled leakage throughout its design lifetime. (PBNP GDC 9)

As described in FSAR Section 4.1, the Reactor Coolant System (RCS), in conjunction with its
control and protective provisions, is designed to accommodate the system pressures and
temperatures attained under all expected modes of plant operation or anticipated system
interactions, and maintain the stresses within applicable code stress limits. Fabrication of the
components which constitute the pressure boundary of the RCS is carried out in accordance with
the applicable codes at the time of fabrication.

The materials of construction of the pressure boundary of the RCS are protected from corrosion
phenomena which might otherwise significantly reduce the system structural integrity during its
service lifetime by the use of non-corrosive materials (such as stainless steel) and by the
maintenance of proper chemistry control.

System conditions resulting from anticipated transients or malfunctions are monitored and
appropriate action is automatically initiated to maintain the required cooling capability and to limit
system conditions to a safe level.

The system is protected from overpressure by means of pressure relieving devices, as required
by Section Il of the ASME Boiler and Pressure Vessel Code. The system is also protected from
overpressure at low temperatures by the Low Temperature Overpressure Protection

System (LTOP).

CRITERION: The reactivity control systems provided shall be capable of making the core
subcritical under credible accident conditions with appropriate margins for contingencies and
limiting any subsequent return to power such that there will be no undue risk to the health and
safety of the public. (PBNP GDC 30)

As described in FSAR Section 3.1.2.6, Reactivity Holddown Capability, the reactivity control
systems provided are capable of making and holding the core subcritical, under accident
conditions, in a timely fashion with appropriate margins for contingencies. As described in FSAR
Section 6.2, Safety Injection System, for any rupture of a steam pipe and the associated
uncontrolled heat removal from the core, the safety injection system adds shutdown reactivity so
that with a stuck rod, no off-site power and minimum engineered safety features, there is no
consequential damage to the reactor coolant system and the core remains in place and intact.
Analysis of the spectrum of steam system piping failures is provided in FSAR Section 14.2.5,
Rupture of A Steam Pipe.

Point Beach Units 1 and 2 EPU Licensing Report 2.8.51.2-2 April 2009
Steam System Piping Failures Inside and Outside Containment



CRITERION: Limits, which include reasonable margin, shall be placed on the maximum reactivity
worth of control rods or elements and on rates at which reactivity can be increased to ensure that
the potential effects of a sudden or large change of reactivity cannot (a) rupture the reactor
coolant pressure boundary, or (b) disrupt the core, its support structures, or other vessel internals
sufficiently to lose capability of cooling the core. (PBNP GDC 32)

As described in FSAR Section 3.1, Reactor, Design Basis, limits are placed on the maximum
reactivity worth of control rods or elements and on rates at which reactivity can be increased to
ensure that the potential effects of a sudden or large reactivity change cannot (a) rupture the
reactor coolant pressure boundary, or (b) disrupt the core, its support structures, or other vessel
internals so as to lose capability to cool the core.

CRITERION: The reactor coolant pressure boundary shall be capable of accommodating without
rupture the static and dynamic loads imposed on any boundary component as a result of an
inadvertent and sudden release of energy to the coolant. As a design reference, this sudden
release shall be taken as that which would result from a sudden reactivity insertion such as rod
ejection (unless prevented by positive mechanical means), rod dropout, or cold water addition.
(PBNP GDC 33)

The reactor coolant boundary is shown to be capable of accommodating, without rupture, the stat-
ic and dynamic loads imposed as a result of a sudden reactivity insertion such as a rod ejection.
The operation of the reactor is such that the severity of an ejection accident is inherently limited.
Since control rod clusters are primarily used to control load variations and boron dilution is used
primarily to compensate for core depletion, only the rod cluster control assemblies in the
controlling groups are inserted in the core at power, and at full power these rods are only partially
inserted. A rod insertion limit monitor is provided as an administrative aid to the operator to insure
that this condition is met.

CRITERION: The reactor coolant pressure boundary shall be designed and operated to reduce to
an acceptable level the probability of rapidly propagating type failures. Consideration is given (a)
to the provisions for control over service temperature and irradiation effects which may require
operational restrictions, (b) to the design and construction of the reactor pressure vessel in
accordance with applicable codes, including those which establish requirements for absorption of
energy within the elastic strain energy range and for absorption of energy by plastic deformation
and (c) to the design and construction of reactor coolant pressure boundary piping and equipment
in accordance with applicable codes. (PBNP GDC 34)

The reactor coolant pressure boundary is designed to reduce to an acceptable level the probability
of a rapidly propagating type failure. The fracture toughness of the materials in the beltline region
of the reactor vessel will decrease as a result of fast neutron irradiation induced embrittlement.
The decrease in fracture toughness, which is a function of several factors, including accumulated
fast neutron fluence, requires a corresponding increase in reference nil ductility temperature
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(RTnpT) In order to maintain strength/stress requirements. This change in material properties is

factored into the operating procedures such that the reactor coolant system pressure is limited
with respect to RCS temperature during plant heatup, cooldown, and normal operation.

CRITERION: An emergency core cooling system with the capability for accomplishing adequate
emergency core cooling shall be provided. This core cooling system and the core shall be de-
signed to prevent fuel and clad damage that would interface with the emergency core cooling
function and to limit the clad metal-water reaction to acceptable amounts for all sizes of breaks in
the reactor coolant piping up to the equivalent of a double-ended rupture of the largest pipe. The
performance of such emergency core cooling system shall be evaluated conservatively in each
area of uncertainty. (PBNP GDC 44)

Adequate emergency core cooling is provided by the safety injection system (which constitutes
the emergency core cooling system) operates in three modes. These modes are delineated as
passive accumulator injection, active safety injection and residual heat removal recirculation. The
primary purpose of the safety injection system is to automatically deliver cooling water to the re-
actor core in the event of a loss-of-coolant accident. This limits the fuel clad temperature and
thereby ensures that the core will remain intact and in place with its heat transfer geometry
preserved.

For any rupture of a steam pipe and the associated uncontrolled heat removal from the core, the
safety injection system adds shutdown reactivity so that with a stuck rod, no off-site power and
minimum engineered safety features, there is no consequential damage to the reactor coolant
system and the core remains in place and intact.

In addition to the evaluations described in the FSAR, the plant systems and components were
evaluated for license renewal. Systems and system component materials of construction,
operating history, and programs used to manage aging effects are documented in:

« Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2, (NUREG-1839), dated December 2005. (Reference 1)

During plant license renewal evaluations, components associated with the control and mitigation
of transients that could result in an increase in heat removal by the secondary system were
evaluated.

2.851.2.2 Technical Evaluation

Steam line breaks initiated from either hot full power (HFP) conditions or from hot zero power
(HZP) conditions are conservatively chosen to be analyzed to Condition il acceptance criteria.
The specific acceptance criteria applied by PBNP for these events are as follows:

+ The departure from nucleate boiling ratio (DNBR) should remain above the 95/95 DNBR Ilimit
at all times during the transient. In addition, the peak linear heat generation rate (expressed
in kW/ft) should not exceed a value which would cause fuel centerline melt. Demonstrating

Point Beach Units 1 and 2 EPU Licensing Report 2.8.5.1.2-4 April 2009
Steam System Piping Failures Inside and Outside Containment



. that the DNBR and kW/ft limits are met satisfies the PBNP current licensing basis
v requirements

- Primary and secondary pressures must remain below 110% of their respective design
pressures at all times during the transient. Demonstrating that the primary and secondary
pressure limits are met, including allowance made for the worst stuck rod, satisfies the PBNP
current licensing basis requirements

» Only the HZP case assumes emergency core cooling system (ECCS) actuation (i.e., safety
injection (SI) flow) for mitigation. The analysis performed demonstrates that the Sl system
has sufficient capacity to mitigate the event. The HFP transient is terminated via a reactor
trip. The post-trip portion of the HFP transient is bounded by the HZP case. Thus,
demonstrating adequate capacity for the HZP case also demonstrates adequate capacity for
the post-reactor trip portion of the HFP transient. The analyses demonstrate that the PBNP
current licensing basis requirements are met

The discussion below demonstrates that all applicable acceptance criteria are met for these
events at EPU conditions.

2851221 Steam System Piping Failure at Hot Zero Power
28.5.1.2211 Introduction

The steam release from a major rupture of a main steam pipe will result in an initial increase in

. steam flow that decreases during the accident as the steam pressure falls. The energy removal
from the RCS causes a reduction of reactor coolant temperature and pressure. In the presence
of a negative moderator temperature coefficient (MTC), the cooldown results in a positive
reactivity insertion and subsequent reduction in core shutdown margin. If the most-reactive rod
cluster control assembly (RCCA) is assumed stuck in its fully withdrawn position after reactor trip,
there is an increased possibility that the core will become critical and return to power. A return to
power following a steam pipe rupture is a concern primarily because of the high-power peaking
factors that would exist assuming the most-reactive RCCA is stuck in its fully withdrawn position.
The core is ultimately shut down by boric acid injection delivered by the ECCS (high head safety
injection and passive accumulators). '

The major rupture of a main steam pipe is the most-limiting cooldown transient. It is analyzed at
HZP conditions with no decay heat (decay heat would retard the cooldown, thus reducing the
return to power). A detailed discussion of this transient with the most limiting break size is
presented below.

The primary design features, which provide protection for steam pipe ruptures are:
» Actuation of the Sl system from any of the following:
- Two-out-of-three pressurizer low-pressure signals
- Two-out-of-three low-pressure signals in any steam line

- Two-out-of-three high-containment pressure signals
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« If the reactor trip breakers are closed, reactor trip can be actuated from overpower neutron
flux, overpower delta-T {OPAT), or upon actuation of the S| system

» Redundant isolation of the main feedwater lines to prevent sustained high-feedwater flow that
will cause additional cooldown. In addition to the normal control action which will close the
main feedwater control valves, an Sl signal will also rapidly close all feedwater control valves
as well as the feedwater isolation valves ’

» Closure of the fast-acting main steam line isolation valves (MSIVs), on the following:
- Two-out-of-three high-high containment preésure signals

- One-out-of-two high-high steam flow sign'a'ls in a steam line in coincidence with any safety
injection signal '

- One-out-of-two high-steam flow signals in a steam line in coincidence with two-out-of-four
indications of low-reactor coolant T,,q and any Sl signal

Each steam line is provided with a main steam isolation valve which isolates flow in the forward
direction, and a main steam non-return check valve, which isolates flow in the reverse direction.
Thus, even with a single failure of any valve, no more than one steam generator can blow down,
no matter where the break is postulated. The unaffected steam generator is still available for
dissipation of decay heat after the initial transient is over.

Following blowdown of the faulted steam generator, the unit can be brought to a stabilized
hot-standby condition through control of the auxiliary feedwater (AFW) flow and Sl flow as
described by plant operating procedures. The operating procedures would call for operator
action to limit RCS pressure and pressurizer level by terminating Sl flow and to control steam
generator level and RCS coolant temperature using the auxiliary feedwater system (AFWS).

28512212 Input Parameters, Assumptions, and Acceptance Criteria

The following summarizes the major input parameters and/or assumptions used in the main
steam line rupture event:

'« End of core life (EOL) shutdown margin (2.0% Ak/k) is assumed at no-load, equilibrium xenon
conditions, and the most reactive control rod assembly is stuck in its fully withdrawn position.
Operation of the control rod banks during core burnup is restricted in such a way that addition
of positive reactivity in a steam line break accident will not lead to a more adverse condition
than the case analyzed

+ The negative moderator temperature reactivity coefficient corresponds to the EOL rodded
core with the most-reactive control rod in the fully withdrawn position. The core properties
associated with the sector nearest the affected steam generator and those associated with
the remaining sector were conservatively combined to obtain average core properties for
reactivity feedback calculations. To verify the conservatism of this method, the reactivity and
power distribution were checked with a detailed ANC core model. These core analyses
considered the doppler reactivity feedback from the high fuel temperature near the stuck
RCCA, moderator feedback from the high water enthalpy near the stuck RCCA, power
redistribution and non-uniform core inlet temperature effects. For cases in which steam
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generation occurs in the high flux regions of the core, the effect of void formation was also
included. It was determined that the reactivity employed in the RETRAN kinetics analysis
was conservative; i.e., under-prediction of negative reactivity feedback from power
generation

Minimum capability for injection of boric acid (2700 ppm) solution is assumed, corresponding
to the most restrictive single failure in the SIS. This corresponds to one high-head Sl pump
delivering its full flow to each cold leg. Although a small return line back to the RWST exists
such that the Si piping volume is borated, the analysis conservatively assumes that
unborated water must be swept from the Sl lines downstream of the RWST isolation valves
prior to the delivery of boric acid (2700 ppm) to the reactor coolant loops. The Sl pump is
assumed to achieve full speed within 13 seconds following receipt of the Sl signal for the
case in which offsite power is assumed available, and within 28 seconds for the case where
offsite power is not available; the additional delay is assumed to model the time delay
associated with the start of the diesels and loading of the necessary Sl equipment onto them.
Note that actual Sl flow delivery does not begin until the cold leg pressure falls below the
shutoff pressure of the SI pump

The passive cold leg accumulators provide an additional source of borated water to the core
when the RCS pressure decreases below the actuation setpoint. A minimum accumulator
boron concentration of 2600 ppm is assumed, with an actuation setpoint of 694.7 psia. A
minimum accumulator water temperature of 60°F is assumed.

To maximize the primary-to-secondary heat transfer rate, zero (0%) steam generator tube
plugging is assumed

The analysis assumes a complete severance of a main steam pipe with the plant initially at
no-load conditions. Cases were analyzed for each unit, both with offsite power available (full
coolant flow is maintained) and with a loss of offsite power (reactor coolant pumps coast
down following the break). Since both the Westinghouse Model 44F (Unit 1) and Model A47
(Unit 2) steam generators are equipped with integral flow restrictors with a 1.388 ft2 throat
area, any steam line rupture with a break area greater than this size, regardless of the
location, would have the same effect on the reactor as a 1.388 ft? break

Power peaking factors corresponding to one stuck RCCA and non-uniform core inlet coolant
temperatures are determined at end of core life (EOL). The coldest core inlet temperature is
assumed to occur in the sector with the stuck rod. The power peaking factors account for the
effect of the local void in the region of the stuck control assembly during the return-to-power
phase following the steam line break. This void, in conjunction with the large negative
moderator temperature reactivity coefficient, partially offsets the effect of the stuck assembly.
The power peaking factors depend on the core power, operating history, temperature,
pressure, and flow

In computing the steam flow during a steam line rupture, the Moody Curve (Reference 5) for
f(L/D) = 0 is used

Perfect moisture separation in the steam generator is assumed. This assumption leads to
conservative results since considerable water would be expected to be discharged from the
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steam generator. Water entrainment in.the steam reduces the steam generator inventory,
thereby reducing the magnitude of the temperature decrease (cooldown} in the core

+ Main and AFW pumps are assumed to be operating at full capacity when the rupture occurs.
This assumption maximizes the cooldown. The main feedwater temperature at no-load
conditions is assumed to be 35°F. A conservatively high auxiliary feedwater flow rate of
1200 gpm at a minimum temperature of 35°F is assumed to be delivered to the affected
steam generator. Main feedwater is isolated following the S| signal; however, AFW continues
for the duration of the transient

+ The effect of heat transferred from thick metal in the RCS and the steam generators is not
included in the cases analyzed. The heat transferred from these sources would be a net
benefit since it would slow the cooldown of the RCS

For the acceptance criteria, see LR Section 2.8.5.1.2.2, Technical Evaluation, above.
28512213 Description of Analyses and Evaluations

A detailed analysis using the RETRAN computer code is performed to determine the plant
transient conditions following a main steam line rupture. The code computes pertinent variables,
including the core power, RCS temperature and pressure. A detailed core analysis is then
performed using the ANC code (Reference 3) to determine if the RETRAN-predicted reactivity
feedback model is conservative. Statepoints consisting of nuclear power, RCS loop inlet
temperatures, pressure, and core flow are used as input to the detailed thermal and hydraulic
digital computer code VIPRE (Reference 4), to determine if the DNBR limit is met for the limiting
time in the transient. Details of the RETRAN model are documented in Reference 2. The
RETRAN, ANC, and VIPRE computer codes are described in LR Section 2.8.5.0.9, Accident and
Transient Analysis, of this report.

28512214 Results

The most limiting main steam line rupture at HZP for each unit is the case in which offsite power
is assumed to be available. Since offsite power is assumed available, there is full reactor coolant
flow throughout the transient. The sequence of events for these limiting cases is shown in
Table 2.8.5.1.2-1, Unit 1: Time Sequence of Events — Steam System Piping Failure at Hot Zero
Power, and Table 2.8.5.1.2-2, Unit 2: Time Sequence of Events — Steam System Piping Failure
at Hot Zero Power, for Unit 1 and Unit 2, respectively. Figures 2.8.5.1.2-1 through 2.8.5.1.2-6
(Unit 1) and Figures 2.8.5.1.2-7 through 2.8.5.1.2-12 (Unit 2) show the transient results.

As shown in Figures 2.8.5.1.2-4 and 2.8.5.1.2-10, the core attains criticality with the RCCAs
inserted (i.e., with the plant shut down assuming one stuck RCCA) before boron solution from the
ECCS and accumulators enters the RCS.

The results of the major rupture of a main steam pipe event indicate that the DNB and fuel
centerline melt design bases are met. The calculated minimum DNBR is 1.616 (Unit 1) and
1.650 (Unit 2), compared to a limit value of 1.45 (W-3 DNB correlation limit with pressure less
than 1000 psia). The calculated peak linear heat generation rate is 21.64 kW/ft (Unit 1) and
21.35 kW/it (Unit 2}, compared to a limit value of 22.54 kW/ft. Primary and secondary pressure
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limits are not challenged because primary and sécondary pressures decrease from their initial
values during the transient. Therefore, this event does not adversely affect the core or the RCS,
and ali applicable acceptance criteria are met.

2851222 Steam System Piping Failure at Full-Power
28512221 Introduction

This section describes the analysis of a steam system-piping failure occurring from at-power
initial conditions to demonstrate that core protection is maintained prior to and immediately
following reactor trip. The at-power case is currently not analyzed for PBNP but was analyzed for
the EPU for completeness. '

2.8.5.1.2.2.2.2 Input Parameters, AssUmptions, and Acceptance Criteria

Limiting transient condition statepoints were generated using the Revised Thermal Design
Procedure (RTDP) (Reference 6). For RTDP applications, uncertainties on reactor coolant
system (RCS) initial conditions (temperature, pressure, power, and flow) are included in the
development of the departure from nucleate boiling ratio (DNBR) limit value. When RTDP is not
applicable, uncertainties are included in the initial conditions or are conservatively applied to the
limiting transient condition in the calculation of the minimum DNBR.

+ Initiat conditions — The initial core power and RCS pressure are assumed to be at their
nominal steady-state, full-power values when generating the transient statepoints (1800 MWt
and 2250 psia, respectively). The initial RCS temperature is assumed to be at its nominal
steady-state, full-power value plus a 1.4°F bias (see below). Uncertainties are already
explicitly included in the DNBR limit calculations

* RCS flow — Minimum measured RCS flow of 93,000 gpm per RCS loop is assumed when
generating the transient statepoints and in the DNBR calculations. The flow uncertainty is
included in the DNBR limit calculations. The initial loop flows are assumed to be symmetric

* RCS average temperature — The full-power RCS T4 range is from 558.0° to 577.0°F. To
ensure that the limiting condition is analyzed, both ends of the T,,4 window were considered,
including a +1.4°F temperature bias

» Feedwater temperature — The main feedwater analytical temperature range is from 390° to
458°F. A nominal feedwater temperature of 458°F is assumed for this event. Sensitivity
studies have shown that HFP SLB results are not influenced by the assumed initial feedwater
temperature

» Break size - The event is analyzed over a spectrum of break sizes to identify the most
limiting overpower condition, which is typically the largest break to produce a reactor trip on
overpower delta-T (OPAT). The Westinghouse Model 44F (Unit 1) and Model A47 (Unit 2)
steam generators at PBNP have steam exit nozzle flow restrictors that limit the flow area to
about 1.388 ft2. Therefore the analysis conservatively modeled break sizes up to 1.4 ft2. In
-addition, the largest break size for which there is no reactor trip is examined to determine if it
is more limiting with respect to peak power level
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+ Reactivity coefficients — The analysis assumed maximum moderator reactivity feedback and
minimum Doppler power feedback to maximize the power increase following the break

+ Protection system — The protection system features that mitigate the effects of a steam line
break are described in LR Section 2.8.5.1.2.2.1 above, steam system piping failure at hot
zero power. This analysis only considers the initial phase of the transient from at-power
conditions. Protection in this phase of the transient is provided by reactor trip, if necessary
(specifically, OPAT, low steam Ine pressure — safety injection, and high containment pressure
— safety injection). The fluid conditions at the time of reactor trip for a hot full power case are
less severe than the initial conditions for a hot zero power case with respect to the potential
for a return to critical. Thus, the post-trip portion of an at-power steam line break is bounded
by the hot zero power steam line break analysis. LR Section 2.8.5.1.2.2.1 presents the
analysis of the bounding transient following reactor trip, where other protection system
features are actuated to mitigate the effects of the steam line break

Note that since the OPAT trip function is not qualified for a harsh environment caused by the
steam line break, additional work was performed which showed that, although not specifically

- credited, the Hi-1 containment pressure — safety injection signal would cause reactor trip
before OPAT on all cases in which OPAT was predicted to provide protection. As such,
should OPAT fail during a harsh steam environment,.the core would be protected by the high
containment pressure — Sl signal

For breaks outside containment, the OPAT and low steam line pressure — safety injection
protection functions are relied upon to provide the necessary protection to mitigate the event.
For breaks inside containment, protection is provided by the high containment pressure —
safety injection function. The results of separate containment pressure response analyses
showed that the high containment pressure — safety injection signal would be reached before
OPAT on all inside containment break cases. A delayed reactor trip for this event results in
more limiting transient results. Based on this, the outside containment breaks, which rely on
OPAT and low steam line pressure — safety injection, are determined to be the most limiting
scenario; therefore, it is this scenario that is explicitly modeled. Therefore, the results
presented in this section correspond to breaks outside containment

In order to obtain acceptable results for the steam system piping failure at hot full power
analysis for the EPU, protection system setpoint changes are necessary. The low steam line
pressure — Safety Injection safety analysis setpoint is changed from 335 psia to 410 psia, and
the associated lead/lag dynamic compensation time constants are changed from

12 sec/2 sec to 18 sec/2 sec

» Control systems — The only control system that is assumed to function during a full
power-steam line-rupture-core-response event is the main feedwater system. For this event,
the feedwater flow is set to match the steam flow

Depending on the size of the break, this event is classified as either a Condition Il (infrequent
fault) or Condition IV (limiting fault) event. However, the analysis was done to the more
conservative Condition Il acceptance criteria. The acceptance criteria for this event are
consistent with those stated in LR Section 2.8.5.1.2.2; the primary criteria are minimum DNBR
and peak linear heat rate (kW/ft)
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. 2.8.5.1.22.23 Description of Analysis and Evaluations

The analysis of the steam line break at-power for the EPU was performed as follows:

» The RETRAN code (Reference 7) was used to calculate the nuclear power, core heat flux,
and RCS temperature and pressure transients resulting from the cooldown foilowing the
steam line break.

» The core radial and axial peaking factors were determined.using the thermal-hydraulic
conditions from RETRAN as input to the nuclear core models. A detailed thermal-hydraulic
code, VIPRE {Reference 8), was used to calculate the DNBR for the limiting time during the
transient. The DNBR calculations were performed using the WRB-1 DNB correlation and
RTDP.

2.8.5.1.2.2.24 Steam System Piping Failure at Full-Power Results

The limiting break size from the spectrum of break sizes analyzed is 0.59 ft2 (Unit 1) and 0.63 ft2
(Unit 2), with a minimum DNBR of 1.644 (Unit 1) and 1.654 (Unit 2) versus a limit of 1.380, and a
peak fuel rod power of 22.51 kW/ft (Unit 1) and 22.26 kW/ft (Unit 2) versus a limit of 22.54 kW/ft.
The sequence of events for these limiting cases are shown in Table 2.8.5.1.2-3, Unit 1: Time
Sequence of Events — Steam System Piping Failure at Full Power (Core Response — 0.59 ft?
break), and Table 2.8.5.1.2-4, Unit 2: Time Sequence of Events — Steam System Piping Failure
“at Full Power (Core Response — 0.63 ft2 break), for Unit 1 and Unit 2, respectively. Plots for
these limiting cases are provided in Figures 2.8.5.1.2-13 through 2.8.5.1.2-16 (Unit 1) and
. Figures 2.8.5.1.2-17 through 2.8.5.1.2-20 (Unit 2).

The 0.59 ft? (Unit 1) and 0.63 ft2 (Unit 2) break sizes are the most limiting break size with respect
to peak core heat flux, minimum DNBR, and peak linear heat generation (kW/ft) for the full-power
steam line rupture — core response event.

The DNB design basis and the kW/ft limit are met. Therefore, this event does not adversely
affect the core or RCS, and all applicable criteria are met.

The results and conclusions of the analysis performed for the steam system piping failure at full
power for the nuclear steam supply system (NSSS) power of 1806 MWt support the
implementation of EPU. Furthermore, the results and conclusions of this analysis will be
confirmed on a cycle-specific basis as part of the normal reload process.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

EPU activities associated with these analyses do not add any new functions for existing
components of the MS System that would change the license renewal system evaluation
boundaries. The changes associated with operating the MS System at EPU conditions do not
add any new or previously unevaluated aging effects that necessitate a change to aging
management programs or require new programs as internal and external environments remain
within the parameters previously evaluated. Therefore, EPU activities associated with these
analyses do not impact license renewal scope, aging effects, and aging management programs
. associated with the MS System.
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. 2.8.56.1.2.2.25 Conclusion

PBNP has reviewed the analyses of the steam system piping failure events described above and
concludes that the analyses have adequately accounted for plant operation at the proposed
power level and were performed using acceptable analytical models. PBNP further concludes
that the evaluation has demonstrated that the reactor protection and safety systems will continue
to ensure that the ability to insert control rods is maintained, the reactor coolant pressure
boundary pressure limits will not be exceeded, the reactor coolant pressure boundary will behave
in a non-brittle manner, the probability of propagating fracture of the reactor coolant pressure
boundary is minimized, and adequate core cooling will be provided. Based on this, PBNP will
continue to meet its current licensing basis with respect to the requirements of PBNP GDC 9, 30,
32, 33, 34 and 40 following implementation of the proposed EPU. Therefore, PBNP finds the
proposed EPU acceptable with respect to steam system piping failures.
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. Table 2.8.5.1.2-1

Unit 1: Time Sequence of Events — Steam System Piping Failure at Hot Zero Power

Case Event Time (sec)
With Offsite Power | Main steam line ruptures in loop 1 0.0
(Ahhlzgaetl)ILF steam High-high steam line flow setpoint reached in loop 1 0.01
generator) High-high steam line flow setpoint reached in loop 2 0.23
Low steam pressure Sl setpoint reached in loop 1, steam 1.5
line isolation logic satisfied in both loops
Sl actuation occurs 3.5
Steam line isolation completed in both loops 8.5
Main feedwater isolation completed in both loops 13.5
S| pumps achieve full speed 14.5
Si flow injection begins (cold leg pressure falls below SI |  16.9
pump shutoff pressure)
Criticality attained 30.7
Accumulators begin to inject 91.8
Peak core heat flux, minimum DNBR occurs 93.8
. Borated water from the SIS reaches the core (> 1 ppm) 94.0
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Table 2.8.5.1.2-2

Unit 2: Time Sequence of Events — Steam System Piping Failure at Hot Zero Power

Case Event Time (sec)
With Offsite Power | Main steam line ruptures in loop 1 0.0
QX?/iEZI:rT(IMOdel High-high steam line flow setpoint reached in loop 1 0.01
generator) High-high steam line flow setpoint reached in loop 2 0.24
Low steam pressure Sl setpoint reached in loop 1, steam 1.4
line isolation logic satisfied in both loops
Sl actuation occurs 34
Steam line isolation completed in both loops 8.4
Main feedwater isolation completed in both loops 134
Sl pumps achieve full speed 14.4
S| flow injection begins (cold leg pressure falls below SI 16.2
pump shutoff pressure) :
Criticality attained 30.2
Accumulators begin to inject 86.8
Borated water from the SIS reaches the core (> 1 ppm) 88.7
Peak core heat flux, minimum DNBR occurs 89.0
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Table 2.8.5.1.2-3

Unit 1: Time Sequence of Events — Steam System Piping Failure at Full Power

(Core Response — 0.59 ft2 break)

Event Time (sec)
Steam Line Ruptures 0.0
Overpower AT Reactor Trip Setpoint Reached (both loops) 243
Rods Begin to Drop 26.3
Minimum DNBR Occurs (1.644)* 26.5
Peak Core Heat Flux Occurs 26.5

* DNBR safety analysis limit: 1.380
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Table 2.8.5.1.2-4

Unit 2: Time Sequence of Events — Steam System Piping Failure at Full Power

(Core Response — 0.63 ft2 break)

Event Time (sec)
Steam Line Ruptures 0.0

Overpower AT Reactor Trip Setpoint Reached (both loops) 244

Rods Begin to Drop 26.4

Minimum DNBR Occurs (1.654)* 26.7

Peak Core Heat Flux Occurs 26.7

* DNBR safety analysis limit: 1.380
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. Figure 2.8.5.1.2-1 Unit 1 Steam System Piping Failure at Hot Zero Power — 1.388 ft2 Break
With Offsite Power Available Nuclear Power and Core Heat Flux vs. Time
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Figure 2.8.5.1.2-2 Unit 1 Steam System Piping Failure at Hot Zero Power — 1.388 ft2 Break
With Offsite Power Available RCS Average and Cold Leg Temperatures vs. Time
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Figure 2.8.5.1.2-3 Unit 1 Steam System Piping Failure at Hot Zero Power —~ 1.388 ft2 Break
With Offsite Power Available Core Pressure and Pressurizer Water Volume vs. Time
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. Figure 2.8.5.1.2-4 Unit 1 Steam System Piping Failure at Hot Zero Power — 1.388 ft2 Break
With Offsite Power Available Core Boron Concentration and Reactivity vs. Time
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. Figure 2.8.5.1.2-5 Unit 1 Steam System Piping Failure at Hot Zero Power — 1.388 ft2 Break
With Offsite Power Available Steam Pressure and Steam Flow vs. Time
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‘ Figure 2.8.5.1.2-6 Unit 1 Steam System Piping Failure at Hot Zero Power — 1.388 ft2 Break -
With Offsite Power Available Feedwater Flow and Core Flow vs. Time
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. Figure 2.8.5.1.2-7 Unit 2 Steam System Piping Failure at Hot Zero Power — 1.388 ft2 Break
With Offsite Power Available Nuclear Power and Core Heat Flux vs. Time
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. Figure 2.8.5.1.2-8 Unit 2 Steam System Piping Failure at Hot Zero Power — 1.388 ftZ Break
With Offsite Power Available RCS Average and Cold Leg Temperat_urés vs. Time
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. Figure 2.8.5.1.2-9 Unit 2 Steam System Piping Failure at Hot Zero Power — 1.388 ft2 Break
With Offsite Power Available Core Pressure and Pressurizer Water Volume vs. Time
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Figure 2.8.5.1.2-10 Unit 2 Steam System Piping Failure at Hot Zero Power — 1.388 ft2
Break With Offsite Power Available Core Boron Concentration and Reactivity vs. Time
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Figure 2.8.5.1.2-11 Unit 2 Steam System Piping Failure at Hot Zero Power — 1.388 t2
Break With Offsite Power Available Steam Pressure and Steam Flow vs. Time

1200

T 1T 11

1000

psid

Intact SG

(
g

600

4007

Steam Pressure

200

100 150 200
Time (seconds)

o

3000

25001

g
2

LI I A N O O D B P ™ g B0 |

g
it

Faulted SG

Steam Flow (Ibm/sec)

Intact SG
0 al I [l 1 JI ] i | 1 I 1 1 1 1 | 1 1 1 L

100 150 200
Time (seconds)

o
(9]
(=]

Point Beach Units 1 and 2 EPU Licensing Report 2.85.1.2-27 April 2009
Steam System Piping Failures Inside and Outside Containment



. Figure 2.8.5.1.2-12 Unit 2 Steam System Piping Failure at Hot Zero Power — 1.388 ft2
Break With Offsite Power Available Feedwater Flow and Core Flow vs. Time
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Figure 2.8.5.1.2-13 Unit 1 Steam System Piping Failure at Full Power — 0.59 ftZ Break
Nuclear Power and Core Heat Flux vs. Time
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. Figure 2.8.5.1.2-14 Unit 1 Steam System Piping Failure at Full Power — 0.59 ft2 Break
Pressurizer Pressure and Pressurizer Water Voiume vs. Time
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. Figure 2.8.5.1.2-15 Unit 1 Steam System Piping Failure at Full Power — 0.59 ft? Break
' Vessel Inlet Temperature vs. Time -
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. Figure 2.8.5.1.2-16 Unit 1 Steam System Piping Failure at Full Power - 0.59 ft2 Break
Steam Generator Dome Pressure and Steam Generator Outlet Steam Flow Rate vs. Time
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Figure 2.8.5.1.2-17 Unit 2 Steam System Piping Failure at Full Power — 0.63 ft? Break

Nuclear Power and Core Heat Flux vs. Time
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. Figure 2.8.5.1.2-18 Unit 2 Steam System Piping Failure at Full Power — 0.63 ft2 Break
Pressurizer Pressure and Pressurizer Water Volume vs. Time
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. Figure 2.8.5.1.2-19 Unit 2 Steam System Piping Failure at Full Power — 0.63 ft2 Break
Vessel Inlet Temperature vs. Time-
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. Figure 2.8.5.1.2-20 Unit 2 Steam System Piping Failure at Full Power — 0.63 ft2 Break
: Steam Generator Dome Pressure and Steam Generator Outlet Steam Flow Rate vs. Time
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2.8.5.2 Decrease in Heat Removal By the Secondary System
2.8,5.2.1  Loss of External Electrical Load, Turbine Trip, and Loss of Condenser Vacuum
2.8.5.2.1.1 Regulatory Evaluation

A number of initiating events can result in unplanned decreases in heat removal by the
secondary system. These events result in a sudden reduction in steam flow and, consequently,
result in pressurization events. Reactor protection and safety systems are actuated to mitigate
the transient.

Loss of external electrical load can cause a sudden heat addition to the reactor coolant system
(RCS) resulting in an increase in RCS temperature and pressure and an increase in pressurizer
level and affect fuel design parameters and core reactivity. Similar effects to the RCS will be
experienced following instantaneous turbine trip or loss of condenser vacuum during power
operation.

The PBNP review covered the sequence of events, the analytical models used for analyses, the
values of parameters used in the analytical models, and the results of the transient analyses.

The NRC acceptance criteria are based on:

* GDC 10, insofar as it requires that the RCS is designed with appropriate margin to ensure
that specified acceptable fuel design limits are not exceeded during normal operations,
including anticipated operational occurrences

* GDC 15, insofar as it requires that the RCS and its associated auxiliary systems is designed
with sufficient margin to ensure that the design condition of the reactor coolant pressure
boundary is not exceeded during any condition of normal operation

» GDC 26, insofar as it requires that a reactivity control system is provided, and is capable of
reliably controlling the rate of reactivity changes to ensure that under normal operating
conditions, including anticipated operational occurrences, specified acceptable fuel design
limits are not exceeded

Specific review criteria are contained in the SRP, Section 15.2.1-5, and other guidance provided
in Matrix 8 of RS-001.

PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50 Appendix A GDC 10, 15 and 26 are as follows:

CRITERION: The reactor core with its related controls and protection systems shall be designed
to function throughout its design lifetime without exceeding acceptable fuel damage limits which
have been stipulated and justified. The core and related auxiliary system designs shall provide
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this integrity under all expected conditions of normal operation with appropriate margins for
uncertainties and for specified transient situations which can be anticipated. (PBNP GDC 6)

As described in FSAR Section 3.1.2.1, Reactor Core Deisgn, the reactor core with its‘ related
control and protection system, is designed to function throughout its design lifetime without
exceeding acceptable fuel damage limits.

Fuel design and nuclear design are further discussed in LR Section 2.8.1, Fuel System Design,
and LR Section 2.8.2, Nuclear Design.

CRITERION: The reactor coolant pressure boundary shall be designed, fabricated, and
constructed so as to have an ‘exceedingly low probability of gross rupture or significant
uncontrolled leakage throughout its design lifetime. (PBNP GDC 9)

As described in FSAR Section 4.1, Reactor Coolant System, Design Basis, the reactor coolant
system, in conjunction with its control and protective provisions, is designed to accommodate the
system pressures and temperatures attained under ali expected modes of plant operation or
anticipated system interactions, and maintain the stresses within applicable code stress limits.

System conditions resulting from anticipated transients or malfunctions are monitored and
appropriate action is automatically initiated to maintain the required cooling capability and to limit
‘system conditions to a safe level. The system is protected from overpressure by means of
pressure relieving devices, as required by Section Il of the ASME Boiler and Pressure Vessel
Code. The system is also protected from overpressure at iow temperatures by the low
temperature overpressure protection system. '

CRITERION: One of the reactivity control systems provided shall be capable of making the core
subcritical under any anticipated operating condition (including anticipated operational transients)
sufficiently fast to prevent exceeding acceptable fuel damage limits. Shutdown margin should
assure subcriticality with the most reactive control rod fuilly withdrawn. (PBNP GDC 29)

The reactor core, together with the reactor control and protection system, is designed so that the
minimum allowable DNBR is at least equal to the limits specified for STD, OFA, upgraded OFA,
and 422V+ fuel, and there is no fuel melting during normal operation, including anticipated
transients.

The shutdown groups are provided to supplement the control group of RCCAs to make the
reactor at least 1% subcritical (Kes = 0.99) following a trip from any credibie operating condition to
the hot, zero power condition assuming the most reactive RCCA remains in the fully withdrawn
position.

In addition to the evaluations described in the FSAR, the analyses of events at PBNP that can
result in a sudden reduction in steam flow, and hence increase in reactor coolant system
pressure, were evaluated for plant License Renewal. System and system component materials
of construction, operating history, and programs used to manage aging effects are documented
in:
- Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
Units 1 and 2 (NUREG-1839), dated December 2005 (Reference 1)
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The Loss of External Electrical Load, Turbine Trip, and Loss of Condenser Vacuum analyses are
not evaluated for license renewal.

285212 Technical Evaluation
2.8.5.2.1.21 Introduction

A major load loss on the plant (FSAR Section 14.1.9, Loss of Electrical Load) can result from
either a loss-of-external-electrical load or from a turbine trip. A loss-of-external-electrical load
can result from an abnormal variation in network frequency or other adverse network operating
condition. In either case, offsite power is available for the continued operation of plant
components such as the reactor coolant pumps (RCPs). A turbine trip can result from several
occurrences, including a loss of condenser vacuum. A ioss of condenser vacuum would
preclude the use of steam dumps to the condenser. However, since steam dumps are assumed
to not be available in the analysis of the loss-of-external-electrical load/turbine trip event, no
additional adverse effects would result if the turbine trip were caused by a loss of condenser
vacuum. Therefore, the analysis results and conclusions contained in this section apply to a
loss-of-external-electrical load, turbine trip and loss of condenser vacuum.

The plant is designed to accept a 50% loss-of-electrical load while operating at full power, or a
complete loss of load while operating below 50% power without actuating a reactor trip with all
nuclear steam supply system (NSSS) control systems in automatic (see LR Section 2.4.2, Plant
Operatibility). A 50% loss-of-electrical load is handled by the steam dump system, the rod
control system, and the pressurizer. Should a complete loss of load occur from full power, the
reactor protection system will automatically actuate a reactor trip.

The most likely source of a complete loss of load on the NSSS is a trip of the turbine generator.
In this case, there is a direct reactor trip signal derived from either the turbine auto-stop oil
pressure or a closure of the turbine stop valves, provided the reactor is operating above 50%
power. Reactor temperature and pressure do not increase significantly if the steam dump
system and pressurizer pressure control system are functioning properly. However, the RCS and
main steam system (MSS) pressure-relieving capacities are designed to ensure the safety of the
plant without requiring the use of automatic rod control, pressurizer pressure control, and/or
steam dump control systems. In this analysis, the behavior of the plant is evaluated for a
complete loss-of-steam load from full power without direct reactor trip from a turbine trip in order
to demonstrate the adequacy of the pressure-relieving devices and core protection margins.

In the event the steam dump valves fail to open following a large loss of load, the main steam
safety valves (MSSVs) can lift and the reactor can be tripped by the high pressurizer pressure
signal, the overtemperature AT signal, or the overpower AT signal. The steam generator
shell-side pressure and reactor coolant temperatures will increase rapidly. The pressurizer
safety valves (PSVs) and MSSVs are sized to protect the RCS and steam generator against
overpressure for all load losses without assuming the operation of the steam dump system,
pressurizer spray, pressurizer power-operated relief valves (PORVs), automatic rod control, or
the direct reactor trip on turbine trip.
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2.8.5.21.22 Input Parameters, Assumptions, and Acceptance Criteria

Three cases were analyzed for a total loss of load from full-power conditions:

» Minimum Departure from Nucleate Boiling Ratio (DNBR) Case — With automatic pressurizer
pressure control and maximum steam generator tube plugging (SGTP)

» Peak MSS Pressure Case — With automatic pressurizer pressure control and minimum SGTP

» Peak RCS Pressure Case — Without automatic pressurizer pressure control and maximum
SGTP

For the minimum DNBR case, it must be shown that the calculated DNBR remains above the
safety analysis DNBR limit. For the peak RCS and peak MSS.pressure cases, it must be shown
that the pressures remain below 110% of their respective design pressures.

The key attributes of the analyses are summarized as follows:
Initial Operating Conditions

The minimum DNBR case was analyzed using the revised thermal design procedure (RTDP)
(Reference 2). NSSS power and RCS temperature and pressure were assumed to be at their
nominal values consistent with steady-state, fuli-power operation. Minimum measured flow was
modeled. Uncertainties in initial conditions were included in the safety analysis DNBR limit as
described in Reference 2.

The peak RCS and MSS pressure cases were analyzed using the standard thermal design
procedure (STDP). Initial uncertainties on NSSS power, reactor coolant flow and RCS
temperature and pressure were applied in the conservative direction to obtain the initial plant
conditions for the transient. Both cases modeled thermal design flow.

Reactivity Coefficients

The total loss of load transient was analyzed conservatively with minimum reactivity feedback
(beginning of core life). All cases assumed the least-negative doppler power coefficient and a

0 pcm/°F moderator temperature coefficient, which bounds less than full power conditions with a
positive moderator temperature coefficient. Minimum reactivity conditions were conservative
since reactor power was maintained until the time of reactor trip, which exacerbated the
calculated minimum DNBR and maximum RCS and MSS pressures.

Reactor Control

Manual rod control was modeled for all cases. If the reactor had been in automatic rod control,
the control rod banks would have driven into the core prior to reactor trip, thereby reducing the
severity of the transient.

Pressurizer Spray, PORVs, and Safety Valves

The loss-of-load event was analyzed both with and without pressurizer pressure control. The
pressurizer PORVs and sprays were assumed to be operable for the minimum DNBR case to
minimize the increase in primary pressure, which was conservative for the DNBR criterion. The
pressurizer PORVs and sprays were also assumed to be operable for the peak MSS pressure
case to minimize the incréase in primary pressure, which delayed reactor trip, resulting in a
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conservatively high calculated peak secondary side pressure. The peak RCS pressure case was
analyzed without pressurizer pressure control to conservatively maximize the RCS pressure
increase. In all cases, the MSSVs and PSVs were assumed to be operable.

A total PSV setpoint tolerance of -3%/+2.5% was accounted for in the analysis. For the minimum
DNBR case and peak MSS pressure case (pressurizer pressure control cases), the negative
tolerance was applied to conservatively reduce the setpoint. For the case analyzed for peak
RCS pressure, the positive tolerance was applied to conservatively increase the setpoint
pressure; in addition, a +0.9% setpoint shift and a 0.85-second purge time delay were modeled
to account for the existence of PSV water-filled loop seals, as described in Reference 4.

Feedwater Flow

Main feedwater flow to the steam generators was assumed to be lost at the time of turbine trip.
. No credit was taken for auxiliary feedwater flow; however, auxiliary feedwater flow would
eventually be initiated and a stabilized plant condition reached in the long term.

Reactor Trip

Only the overtemperature AT, high-pressurizer pressure, and overpower AT reactor trips were
assumed to be operable for the purposes of this analysis. No credit was taken for a reactor trip
on high pressurizer level or the direct reactor trip on turbine trip. The minimum DNBR case, peak
MSS pressure case and peak RCS pressure case all trip on the high pressurizer pressure signal.

Secondary Side Steam Release

No credit was taken for the operation of the steam dump system or steam generator atmospheric
dump valves (ADVs). This assumption maximizes secondary pressure. The MSSV model for all
cases includes an allowance of +3% for safety valve setpoint tolerance and an accumulation
model that assumes that the safety valves are wide open once the pressure exceeds the setpoint
(plus tolerance) by 5 psi. '

Single Failures

The limiting single failure is failure of one train of the reactor protection system. The remaining
(operable) train trips the reactor. The MSSVs and PSVs are considered passive safety-related
components and are assumed not to fail to open on demand.

Steam Generator Conditions

Maximum {10%) steam generator tube plugging is assumed in the minimum DNBR case and
peak RCS pressure case since it maximizes the RCS temperature transient following event
initiation. However, the peak MSS pressure case is analyzed at zero steam generator tube
plugging since this conservatively maximizes the primary-to-secondary heat transfer and
maximizes the initial steam generator pressure. This assumption is slightly more limiting with
respect to the secondary side pressure transient.
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Acceptance Criteria

Based on its frequency of occurrence, the loss-of-external-electrical load/turbine trip accident is
considered a Condition 1l event as defined by the American Nuclear Society. The specific criteria
for this accident are as follows:

« Pressures in the reactor coolant and main steam systems are maintained below 110% of their
respective design pressures (an RCS pressure limit of 2748.5 psia and an MSS pressure
limit of 1208.5 psia)

- Fuel cladding integrity is maintained by demonstrating that the minimum DNBR remains
above the 95/95.DNBR limit for PWRs (the applicable safety analysis DNBR limit is 1.34)

« An incident of moderate frequency does not generate a more serious plant condition without
other faults occurring independently

This criterion is satisfied by verifying that the pressurizer does not fill (i.e., total pressurizer
water volume remains less than 1000 ft3)

- An incident of moderate frequency in combination with any single active component failure,
or single operator error, is considered an event for which an estimate of the number of
potential fuel failures is provided for radiological dose calculations. For such accidents, fuel
failure is assumed for all rods for which the DNBR falls below those values cited above for
cladding integrity unless it can be shown, based on an acceptable fuel damage model, that
fewer failures occur. There is no loss of function of any fission product barrier other than the
fuel cladding

This criterion is satisfied by verifying that DNBR remains above the 95/95 DNBR limit.
2852123 Description of Analyses and Evaluations

A detailed analysis using the RETRAN (Reference 3) computer code was performed to
determine the plant transient conditions following a total loss of load due to turbine trip without a
direct reactor trip from turbine trip. The code models the core neutron kinetics, RCS, pressurizer,
pressurizer PORVs and sprays, steam generators, MSSVs, and the auxiliary feedwater system.
RETRAN computes pertinent variables, including the pressurizer pressure, steam generator
pressure, and reactor coolant average temperature. Additional discussion of the RETRAN code
is contained in LR Section 2.8.5.0.9, Accident and Transient Analysis, Computer Codes Utilized.

2.8521.24 Loss of External Electrical Load, Turbine Trip, and Loss of Condenser Vacuum
Results

The calculated sequence of events for the three loss-of-external-electrical load/turbine trip cases
analyzed for each unit are presented in Table 2.8.5.2.1-1, Time Sequence of Events — Loss of
External Electrical Load and/or Turbine Trip. The limiting values for each case from the extended
power uprate (EPU) analysis along with a comparison to the previous analysis results are shown
in Table 2.8.5.2.1-2, Loss of External Electrical Load and/or Turbine Trip — Results and
Comparison to Previous Results. For the minimum DNBR.and peak MSS pressure cases, the
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EPU analysis results are more limiting than the previous analysis results due to the higher EPU
power level. For the peak RCS pressure case, the EPU analysis results are less limiting than the
previous analysis results because of the key input changes that were made for the EPU analysis
as discussed in the results for Case 3 below.

Case 1: Minimum DNBR Case

The transient response calculated for the total loss-of-load event (minimum DNBR case) is
shown in Figures 2.8.5.2.1-1 through 2.8.5.2.1-3 for Unit 1 and Figures 2.8.5.2.1-4
through 2.8.5.2.1-6 for Unit 2.

The reactor was tripped via a high pressurizer pressure signal. The nuclear power slightly
‘increased until the reactor was tripped and the pressurizer PORVs and sprays minimized the
primary pressure transient, which was conservative for DNBR. Although the DNBR value
decreased below the initial value, it remained well above the safety analysis limit throughout the
entire transient. The peak pressurizer water volume remained below the total volume of the
pressurizer, demonstrating that this event did not generate a more serious plant condition.

Case 2: Peak MSS Pressure Case

The transient response calculated for the total loss-of-load event (peak MSS pressure case) is
shown in Figures 2.8.5.2.1-7 through 2.8.5.2.1-9 for Unit 1 and Figures 2.8.5.2.1-10
through 2.8.5.2.1-12 for Unit 2.

The reactor was tripped via a high pressurizer pressure signal. The nuclear power slightly
increased until the reactor was tripped and the pressurizer PORVs and sprays minimized the
primary pressure transient, which was conservative to delay reactor trip and exacerbate the peak
secondary side pressure. The MSSVs actuated to maintain the secondary side pressure below
110% of the design value. The peak pressurizer water volume remained below the total volume
of the pressurizer, demonstrating that this event did not generate a more serious plant condition.

To meet the applicable secondary side pressure limit, the nominal lift settings of the MSSVs with
the two highest setpoints were changed. Table 2.8.5.2.1-3, Main Steam Safety Valves Lift
Settings, provides the nominal lift settings of the MSSVs for the EPU along with the current
PBNP Technical Specification Table 3.7.1-2 setpoints. Since lower lift settings are required for
these MSSVs to prevent secondary side overpressurization for the proposed EPU, the PBNP
Technical Specification Table 3.7.1-2 will be revised accordingly.

Case 3: Peak RCS Pressure Case

The transient response calculated for the total loss-of-load event (peak RCS pressure case) is
shown in Figures 2.8.5.2.1-13 through 2.8.5.2.1-15 for Unit 1 and Figures 2.8.5.2.1-16
through 2.8.5.2.1-18 for Unit 2.

The reactor was tripped via a high pressurizer pressure signal. The nuclear power remained
essentially constant at full power until the reactor was tripped. The PSVs actuated and it was
confirmed that the primary side pressure was maintained below 110% of the design value. The
peak pressurizer water volume remained below the total volume of the pressurizer,
demonstrating that this event did not generate a more serious plant condition.
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To meet the applicable primary side pressure limit, the positive PSV setpoint tolerance was
reduced from the pre-EPU value of +3% to a value of +2.5% for the EPU. Table 2.8.5.2.1-4,
Pressurizer Safety Valves Lift Settings, provides the lift setting range for the PSVs for the EPU
along with the current PBNP Technical Specification 3.4.10 lift setting range. Since smaller
positive setpoint tolerance is required for the PSVs to prevent primary side overpressurization for
the proposed EPU, the PBNP Technical Specification 3.4.10 will be revised accordingly. In
addition, for the high pressurizer pressure reactor trip function, the safety analysis trip setpoint
was reduced from the pre-EPU value of 2425 psia to a value of 2418 psia for the EPU, and the
safety analysis signal delay time was reduced from the pre-EPU value of 2.0 seconds to a value
of 1.0 second for the EPU.

2.8.56.213 Results

The results of this analysis showed that the plant design is such that a total
loss-of-external-electrical load without a direct reactor trip presents no hazard to the integrity of
the RCS or the MSS. The applicable acceptance criteria were met. The minimum DNBR
remained greater than the applicable safety analysis limit value and the peak RCS and MSS

- pressures remained below 110% of their respective design pressures at all times as shown in
Table 2.8.5.2.1-2, Loss of External Electrical Load and/or Turbine Trip — Results and Comparison
to Previous Results. The protection features adequately mitigated the loss-of-external-electrical
load/turbine trip transient such that the above acceptance criteria were satisfied.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs

EPU activities associated with these analyses do not add any new functions for existing
components that would change the license renewal system evaluation boundaries. The changes
associated with operating at EPU conditions do not add any new or previously unevaluated aging
effects that necessitate a change to aging management programs or require new programs as
internal and external environments remain within the parameters previously evaluated.
Therefore, EPU activities associated with these analyses do not impact license renewal scope,
aging effects, and aging management programs.

2.85.214 Conclusions

PBNP has reviewed the analyses of the decrease in heat removal events described above and
concludes that the analyses have adequately accounted for plant operation at the EPU power
level and were performed using acceptable analytical models. PBNP further concludes that the
evaluation has demonstrated that the reactor protection and safety systems continue to ensure
that the specified acceptable fuel design limits and the reactor coolant pressure boundary and
main steam system pressure limits will not be exceeded as a result of these events. Based on
this, PBNP concludes that the plant will continue to meet the PBNP current licensing basis
requirements with respect to PBNP GDC 6, 9, and 29 following implementation of the proposed
EPU. Therefore, PBNP finds the proposed EPU acceptable with respect to loss of external
electrical level, turbine trip, and loss of condenser vacuum.
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Table 2.8.5.2.1-1

Time Sequence of Events — Loss of External Electrical Load and/or Turbine Trip

Time (sec)
Case Event Unit 1 Unit 2
Minimum DNBR Case Loss of Electrical Load/Turbine Trip 0.0 0.0
(auto Pressurnzer pressure | pigh-pressurizer Pressure Reactor Trip 10.9 10.3
contr.oll, RTDP initial Setpoint Reached
conditions)
Rods Begin to Drop 11.9 11.3
) Minimum DNBR Occurs 12.4 1.9
Peak MSS Pressure Case | Loss of Electrical Load/Turbine Trip 0.0 0.0
(auto pressurizer pressure "o prassurizer Pressure Reactor Trip 11.8 11.6
control, STDP initial Setpoint Reached
conditions)
Rods Begin to Drop 12.8 12.6
: Peak Secondary Side Pressure Occurs 17.4 17.2
Peak RCS Pressure Case | Loss of Electrical Load/Turbine Trip 0.0 0.0
(no pressurizer pressure High-Pressurizer Pressure Reactor Trip 6.0 59
control, STDP initial Setpoint Reached
conditions) -
Rods Begin to Drop 7.0 6.9
Peak RCS Pressure Occurs 9.2 9.0
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. Table 2.8.5.2.1-2

Loss of External Electrical Load and/or Turbine Trip — Results and Comparison to
Previous Results

EPU Analysis Previous Analysis

Result Unit 1 Unit 2 Unit 1 Unit 2 Limit

Minimum DNBR 1.64 1.66 1.91 1.91 1.34
(EPU)/1.36
(pre-EPU)

Peak RCS 2739.6 2741.9 27453 27475 2748.5

Pressure (psia)

Peak MSS 1205.6 1205.0 1190.7 1190.7 1208.5

Pressure (psia)
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Table 2.8.5.2.1-3

Main Steam Safety Valves Lift Settings

Valve Number - Lift Setting (psig *3%)
Steam Generator Proposed EPU Technical Current
Specification Technical Specification
A B Setpoint Setpoint
MS 2010 MS 2005 1085 1085
MS 2011 MS 2006 1100 1100
MS 2012 MS 2007 1105 1125
MS 2013 MS 2008 1105 1125
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. Table 2.8.5.2.1-4

Pressurizer Safety Valves Lift Settings

Proposed EPU Current
Technical Specification Technical Specification
Setpoint Setpoint
Two pressurizer safety > 2410 psig and £ 2547 psig 2 2410 psig and < 2560 psig
valves shall be
OPERABLE with lift
settings
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. Figure 2.8.5.2.1-1 Loss of Load/Turbine Trip Minimum DNBR Case — Unit 1 Nuclear Power
and Vessel Average Temperature versus Time
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. Figure 2.8.5.2.1-2 Loss of Load/Turbine Trip Minimum DNBR Case - Unit 1 Pressurizer
Pressure and Pressurizer Water Volume versus Time
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. Figure 2.8.5.2.1-3 Loss of Load/Turbine Trip Minimum DNBR Case — Unit 1 Steam
Generator Pressure and DNBR versus Time
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. Figure 2.8.5.2.1-4 Loss of Load/Turbine Trip Minimum DNBR Case — Unit 2 Nuclear Power
and Vessel Average Temperature versus Time
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. Figure 2.8.5.2.1-5 Loss of Load/Turbine Trip Minimum DNBR Case — Unit 2 Pressurizer
Pressure and Pressurizer Water Volume versus Time
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. Figure 2.8.5.2.1-6 Loss of Load/Turbine Trip Minimum DNBR Case — Unit 2 Steam
Generator Pressure and DNBR versus Time
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. Figure 2.8.5.2.1-7 Loss of Load/Turbine Trip Peak MSS Pressure Case — Unit 1 Nuclear
Power and Vessel Average Temperature versus Time
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Figure 2.8.5.2.1-8 Loss of Load/Turbine Trip Peak MSS Pressure Case — Unit 1 Pressurizer
Pressure and Pressurizer Water Volume versus Time
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‘ Figure 2.8.5.2.1-9 Loss of Load/Turbine Trip Peak MSS Pressure Case — Unit 1 Steam
Generator Pressure versus Time
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. Figure 2.8.5.2.1-10 Loss of Load/Turbine Trip Peak MSS Pressure Case — Unit 2 Nuclear
Power and Vessel Average Temperature versus Time
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Figure 2.8.5.2.1-11 Loss of Load/Turbine Trip Peak MSS Pressure Case — Unit 2

Pressurizer Pressure and Pressurizer Water Volume versus Time
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. Figure 2.8.5.2.1-12 Loss of Load/Turbine Trip Peak MSS Pressure Case — Unit 2 Steam
: Generator Pressure versus Time
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. Figure 2.8.5.2.1-13 Loss of Load/Turbine Trip Peak RCS Pressure Case — Unit 1 Nuclear
Power and Vessel Average Temperature versus Time

Nuclear Power (fraction of nominal)

0 20 40 60 80

Time (sec)
595
Lot
“?, 55
E
' E 580':
o |
£ T
- 5571
£ |

570 1] L 1 T 1 1 T 1 I 1 T 1
0 2 o« 60 80
Time (sec)
Point Beach Units 1 and 2 EPU Licensing Report 2.8.5.2.1-26 April 2009

Loss of External Electrical Load, Turbine Trip, and Loss of Condenser Vacuum



Figure 2.8.5.2.1-14 Loss of Load/Turbine Trip Peak RCS Pressure Case — Unit 1 RCS
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. Flgure 2.8.5.2.1-15 Loss of Load/Turbine Trlp Peak RCS Pressure Case — Unit 1 Steam
Generator Pressure versus Time
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. Figure 2.8.5.2.1-16 Loss of Load/Turbine Trip Peak RCS Pressure Case — Unit 2 Nuclear
Power and Vessel Average Temperature versus Time
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Figure 2.8.5.2.1-17 Loss of Load/Turbine Trip Peak RCS Pressure Case — Unit 2 RCS
Pressure and Pressurizer Water Volume versus Time '
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. Figure 2.8.5.2.1-18 Loss of Load/Turbine Trip Peak RCS Pressure Case — Unit 2 Steam
Generator Pressure versus Time
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2.8.5.2.2 Loss of Non-Emergency AC Power to the Station Auxiliaries
285221 Regulatory Evaluation

The Ioss-of—nan-emergency—ac—power event is assumed to result in the loss-of-all power to the
station auxiliaries and the simultaneous tripping of all reactor coolant pumps (RCPs). This
causes a flow coastdown as well as a decrease in heat removal by the secondary system, a
turbine trip, an increase in pressure and temperature of the coolant, and a reactor trip. Reactor
protection and safety systems are actuated to mitigate the transient. The PBNP review covered
the sequence of events, the analytical models used for analyses, the values of parameters used
in the analytic models, and the results of the tran5|ent analyses.

The NRC acceptance criteria are based on:

» GDC 10, insofar as it requires that the reactor coolant system (RCS) be designed with
appropriate margin to ensure that specified acceptable fuel design limits are not exceeded
during normal operations, including anticipated operational occurrences

» GDC 15, insofar as it requires that the RCS and its associated auxiliary systems be designed
with sufficient margin to ensure that the design condition of the reactor coolant pressure
boundary (RCPB) is not exceeded during any condition of normal operation

+ GDC 26, insofar as it requires that a reactivity control system be provided and be capable of
reliably controlling the rate of reactivity changes to ensure that under conditions of normal
operation, including anticipated operational occurrences, specified acceptable fuel design
limits are not exceeded

Specific review criteria are contained in SRP, Section 15.2.6, and other guidance provided in
Matrix 8 of RS-001, Revision 0.

PBNP Current Licensing Basis

As noted in Final Safety Analysis Report (FSAR), Section 1.3, the GDC used during the licensing
of PBNP predates those provided today in 10 CFR 50, Appendix A. The origin of the PBNP GDC
relative to the Atomic Energy Commission proposed GDC is discussed in FSAR, Section 1.3.
The parenthetical numbers following the criterion description indicate the numbers of the Atomic
Industrial Forum version of the proposed General Design Criterion (PBNP GDC).

The PBNP equivalent GDC for 10 CFR 50, Appendix A, GDC 10, 15 and 26 are as follows:

CRITERION: The reactor core with its related controls and protection systems shall be designed
to function throughout its design lifetime without exceeding acceptable fuel damage limits which
have been stipulated and justified. The core and related auxiliary system designs shall provide
this integrity under all expected conditions of normal operation with appropriate margins for
uncertainties and for specified transient situations which can be anticipated. (PBNP GDC 6)

As stated in FSAR Section 3.1, Reactor Core Design, the core design, together with reliabie
process and decay heat removal systems, provides for this capability under all expected
conditions of normal operation with appropriate margins for uncertainties and anticipated
transient situations, including the effects of the loss of external electric load

(FSAR Section 14.1.9, Loss of External Electrical Load).
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Further discussion of this design is provided in FSAR Chapter 4, Reactor Coolant System.

CRITERION: The reactor coolant pressure boundary shall be designed, fabricated, and
constructed so as to have an exceedingly low probability of gross rupture or significant
uncontrolled leakage throughout its design lifetime. (PBNP GDC 9)

As described in FSAR Section 4.1, Reactor Coolant System, Design Basis, the reactor coolant
system, in conjunction with its control and protective provisions, is designed to accommodate the
system pressures and temperatures attained under all expected modes of plant operation or
anticipated system interactions, and maintain the stresses within applicable code stress limits.

System conditions resulting from anticipated transients or malfunctions are monitored and
appropriate action is automatically initiated to maintain the required cooling capability and to limit
system conditions to a safe level. The system is protected from overpressure by means of
pressure relieving devices, as required by Section 1l of the ASME Boiler and Pressure Vessel
Code. The system is also protected from overpressure at low temperatures by the Low
Temperature Overpressure Protection System.

CRITERION: One of the reactivity controf systems provided shall be capable of making the core
subcritical under any anticipated operating condition (including anticipated operational transients)
sufficiently fast to prevent exceeding acceptable fuel damage limits. Shutdown margin should
assure subcriticality with the most reactive control rod fully withdrawn. (PBNP GDC 29)

The reactor core, together with the reactor control and protection system, is designed so that the
minimum allowable DNBR is at least equal to the limits specified for STD, OFA, upgraded OFA,
and 422V + fuel, and there is no fuel melting during normal operation, including anticipated
transients.

The shutdown groups are provided to supplement the controf group of RCCAs to make the
reactor at least 1% subcritical {(keff = 0.99) following a trip from any credible operating condition
to the hot, zero power condition assuming the most reactive RCCA remains in the fully withdrawn
position

CRITERION: The reactivity control systems provided shall be capable of making the core
subcritical under credible accident conditions with appropriate margins for contingencies and
limiting any subsequent return to power such that there will be no undue risk to the health and
safety of the public. (PBNP GDC 30)

Normal reactivity shutdown capability is provided by control rods, with boric acid injection from
the Chemical and Volume Control System (CVCS) used to compensate for the xenon transients,
and for plant cooldown. When the plant is at power, the quantity of boric acid retained in the boric
acid tanks and/or the refueling water storage tank (RWST) and ready for injection will always
exceed that quantity required for the normal cold shutdown. This quantity will always exceed the
quantity of boric acid required to bring the reactor to hot shutdown and to compensate for
subsequent xenon decay.

The injection of boric acid is shown to afford backup reactivity shutdown capability, independent
of control rod clusters which normally serve this function in the short term situation. Shutdown for
long term and reduced temperature conditions can be accomplished with boric acid injection
using redundant components.
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The reactivity control provided by the CVCS is further discussed in FSAR Section 9.3, Chemical
and Volume Control System.

In addition to the evaluations described in the PBNP. FSAR, the analysis of a loss of
non-emergency AC power to station auxiliaries event was evaluated for plant license renewal.
System and system component materials of construction, operating history and programs used
to manage aging effects are documented in:

+ Safety Evaluation Report Related to the License Renewal of the Point Beach Nuclear Plant,
. Units 1 and 2, (NUREG-1839), dated December 2005 (Reference 1)

The analysis of a loss of non-emergency AC power to station auxiliaries event is part of License
Renewal.

2.8.5.2.2.2 Technical Evaluation

Introduction

A complete loss of nonemergency AC power (FSAR Section 14.1.11, Loss of All AC Power to
Station Auxiliaries) will result in a loss of power to the plant auxiliaries, i.e., the reactor coolant
pumps, main feedwater pumps, condensate pumps, etc. The loss-of-power can be caused by a
complete loss of the offsite grid accompanied by a turbine generator trip at the station, or by a
loss of the onsite AC distribution system. '

A loss of normal feedwater (LONF) with a loss of nonemergency AC power (LOAC) occurring at
the time of reactor trip is a more severe event (in terms of peak pressurizer volume) than the loss
of nonemergency AC power event in which the reactor trips on low reactor coolant system flow
and the reactor coolant pumps coastdown at the beginning of the event. In the LONF with LOAC
event, the reactor trip is conservatively delayed until the low-low steam generator water level
signal is reached, at which time the RCP coastdown begins. Therefore, the more severe LONF
with LOAC event, hereafter referred to as LOAC for simplicity, is addressed in this section. The
LONF event without a loss of nonemergency AC power is addressed in LR Section 2.8.5.2.3,
Loss of Normal Feedwater Flow.

The events following an LOAC with turbine and reactor trip are described in the sequence listed
below:

« Plant vital instruments are supplied by emergency DC power sources

» The atmospheric dump valves (ADVs) can be automaticaily opened to the atmosphere as the ‘
steam system pressure rises following the trip. The condenser is assumed unavailable for
steam dump. If the relief capacity of the ADVs is inadequate, the main steam safety valves
(MSSVs) can lift to dissipate the sensible heat of the fuel and coolant plus the residual decay
heat produced in the reactor

+ The ADVs (or MSSVs, if the ADVs are inadequate or unavailable), are used to dissipate the
residual decay heat and to maintain the plant at the MODE 3 (hot shutdown) condition as the
no-load temperature is approached

» The emergency diesel generators start on the loss of voltage to the engineered safety
features buses and begin to supply safeguards loads in the event offsite power is also lost
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. The following provide the necessary protection following an LOAC:
+ The reactor can be tripped on one or more of the following reactor trip signals:

- Pressurizer-high pressure trip signal if any two-of-three pressure channels exceed a fixed
setpoint

- Pressurizer-high water level trip signal if any two-of-three level channels exceed a fixed
setpoint '

- Overtemperature AT trip signatl if any two-out-of-four AT channels exceed an
overtemperature AT setpoint. This setpoint is automatically varied with axial power
imbalance, coolant temperature, and pressurizer pressure to protect against departure
from nucleate boiling (DNB)

- Low-low steam generator water level trip signal if any two-out-of-three levei channels in
either steam generator is below a fixed setpoint

» One motor-driven auxiliary feedwater (MDAFW) pump is started on any of the following:

Low-low water level in two-out-of-three level channels in either steam generator

Loss of voltage on both 4.16 kV buses supplying the main feedwater pump motors

Safety injection
- Manual actuation

. + One turbine-driven auxiliary feedwater (TDAFW) pump is started on any of the foliowing:

Low-low water level in two-out-of-three level channels in either steam generator

Loss of voltage on both 4.16 kV buses supplying the main feedwater pump motors

)

Safety Injection

Manual actuation

» The main steam safety valves (MSSVs) open to provide an additional heat sink and
protection against secondary side overpressure.

» The pressurizer safety valves (PSVs) may open to provide protection against overpressure of
the reactor coolant system (RCS).

With the exceptions noted below, the Auxiliary Feedwater (AFW) system is initiated as discussed
in the LONF analysis (see LR Section 2.8.5.2.3, Loss of Normal Feedwater Flow). The reactor
trip system and AFW system design provide reactor trip and AFW flow following any loss of
normal feedwater.

Foliowing the loss of power to the RCPs, heat removal is maintained by natural circulation in the
RCS loops. Following the RCP coastdown, the natural circulation capability of the RCS will
remove decay heat from the core, aided by the AFW flow in the secondary system.
Demonstrating that acceptable results can be obtained for this event proves that the resultant
natural circulation flow in the RCS is adequate to remove decay heat from the core.
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The first few seconds after a loss of AC power to the RCPs closely resembles the analysis of the
complete loss of flow event (see LR Section 2.8.5.3.1, Loss of Forced Reactor Coolant Flow) in
that the RCS experiences a rapid flow reduction transient. This aspect of the LOAC event is
bounded by the analysis performed for the complete loss of flow event that demonstrates that the
DNB design basis is met. The analysis of the LOAC event demonstrates that RCS natural
circulation and the AFW system are capable of removing the stored and residual heat, and
consequently will prevent RCS or main steam system (MSS) overpressurization and core
uncovery. The plant is therefore able to return to a safe condition.

Input Parameters, Assumptions, and Acceptance Criteria

The major inputs and assumptions used in this analysis were identical to those used in the LONF
analysis described in LR Section 2.8.5.2.3, Loss of Normal Feedwater Flow, with the exceptions
that power is assumed to be lost to the RCPs after rod motion begins and the AFW actuation
delay times are different. Details of the modeling differences from the LONF analysis are as
follows:

* The loss of non-emergency AC power was assumed to occur soon after the time of reactor
trip on low-low steam generator water level. This assumption maximizes the amount of
stored energy in the RCS and minimizes the steam generator water inventory at the time of
reactor trip, which are conservative with respect to the long-term heatup

» The plant was initially operating at an NSSS power of 100.6% of 1806 MWHt, with nominal
RCP heat of 6.0 MWt. Assuming nominal RCP heat is conservative because when the RCPs
coast down and cease to add heat to the primary coolant, the core decay heat is based on a
slightly higher initial core power

+ The RCPs were assumed to lose power and coastdown 2 seconds after the beginning of rod
motion following the reactor trip signal, and the post-trip heat removal from the core relied
upon natural circulation flow in the RCS loops. The 2 second RCP coastdown time delay
after reactor trip is a reasonable value that is typically assumed, and is not a critical
parameter in the analysis because it is short relative to the overall transient time

* The RCS flow coastdown was based on a momentum balance around each reactor coolant
loop (RCL) and across the reactor core. This momentum balance was combined with the
continuity equation, a pump momentum balance, the as-built pump characteristics, and
conservative estimates of system pressure losses

+ It was assumed that one MDAFW or one TDAFW pump was available to supply a minimum
flow of 275 gpm split equally to both steam generators. Therefore, loss of either of these
pumps could be considered as the worst single failure. The AFW flow was initiated
60 seconds after the low-low SG water level setpoint was reached; from 60 to 80 seconds,
the AFW flow rate ramped from 0% to 80% of total flow; from 90 to 150 seconds, the AFW
flowrate ramped from 80% to 100% of total flow; beyond 150 seconds, 100% of total flow
(275 gpm) was maintained. The initial AFW enthalpy was assumed to be 70.90 Btu/Ibm
(corresponding to the maximum AFW temperature of 100°F)

» The most limiting LOAC case (with respect to pressurizer filling), which corresponds to the
Model A47 steam generators of Unit 2, was modeled with a conservative temperature
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uncertainty subtracted from the high nominal (window) T,4 (i.e., 577.0°F - 6.4°F), a
conservative pressure uncertainty subtracted from the nominal value (i.e., 2250 psia - 50 psi),
while modeling high (458°F) main feedwater temperature conditions. The most limiting case
LOAC case with the Model 44F steam generators of Unit 1 was modeled with a conservative
temperature uncertainty subtracted from the high nominal (window) T,4 (i-€.,

577.0°F - 6.4°F), a conservative pressure uncertainty added to the nominal value (i.e.,

2250 psia + 50 psi), while modeling low (390°F) main feedwater temperature conditions.
Whereas the most limiting Unit 1 LOAC case was one in which the pressurizer
power-operated relief valves (PORVs) were assumed to be inoperable, the most limiting
Unit 2 LOAC case was one in which the pressurizer PORVs were assumed to operate
as-designed

- Steam generator tube plugging (SGTP) levels of both 0% and 10% were analyzed with 0%
being the most limiting

Based on its frequency of occurrence, the LOAC event was considered a Condition |l event as
defined by the American Nuclear Society. The following items summarize the acceptance criteria
associated with this event:

» Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains above the
95/95 DNBR limit

» Pressure in the RCS and MSS are maintained below 110% of the design pressures

« An incident of moderate frequency does not generate a more serious plant condition without
other faults occurring independently

With respect to DNB, the LOAC event is bounded by the loss of flow event reported in

LR Section 2.8.5.3.1, Loss of Forced Reactor Coolant Flow. The DNBR consequences of the
LOAC event are similar to those of the LONF event (see discussion presented in

Section 2.8.5.2.2.2), with the additional effect of a reduction in the core flow rate caused by loss
of power to the RCPs. However, the LOAC event is bounded by the complete loss of flow event
for which the RCP coastdown is the initiating fault and the reactor trip occurs when the core flow
is already degraded.

With respect to overpressurization, the LOAC event is bounded by the loss of load event
reported in LR Section 2.8.5.2.1, Loss of External Electrical Load, Turbine Trip, and Loss of
Condenser Vacuum, in which assumptions are made to conservatively calculate the RCS and
MSS pressure transients. For the LOAC event, turbine trip occurs after reactor trip, whereas for
loss of load the turbine trip is the initiating fault. Therefore, the primary/secondary power
mismatch and resultant RCS and MSS heatup and pressurization transients are always more
severe for loss of load than for LOAC.

The restrictive acceptance criterion, that the pressurizer does not become water solid, has been
used for this event. Satisfying this single criterion ensures that the capacity of the AFW system is
sufficient for long-term removal of decay heat. It also demonstrates the preclusion of a more
serious plant condition and ensures that the pressure criteria and minimum DNBR criterion are
satisfied for the long-term.
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Description of Analyses and Evaluations

A detailed analysis using the RETRAN (Reference 2) computer code was performed to
determine the plant transient following a loss of all AC power. The code described the core
neutron kinetics, RCS, including natural circulation, pressurizer,-pressurizer PORVs and sprays,
steam generators, MSSVs, and the AFW system, and computed pertinent variables, including
the pressurizer pressure, pressurizer water level, and reactor coolant average temperature.
Additional discussion of the RETRAN code is contained in LR Section 2.8.5.0.9, Accident and
Transient Analyses, Computer Codes Ultilized.

Credit was taken for a portion of the coolant-to-metal heat transfer that would occur during the
long-term primary-side heat-up. A RETRAN thick metal mass heat transfer model was
developed for use in the LONF and LOAC event analyses using the RETRAN thick metal mass
heat transfer model methodology described in WCAP-14882-S1-P-A (Reference 3). See
Section 2.8.5.0.12 for justification of the use of this methodology.

Evaluation of Impact on Renewed Plant Operating License Evaluations and License
Renewal Programs '

The system, structures, and components whose performance is relied upon to support the inputs,
assumptions, and results of the analyses described in this section for transients resulting in
unplanned sudden decreases in heat removal by the secondary system are not being modified
by the EPU activities. EPU activities do not add any new functions for existing components

- associated with these analyses that would change the license renewal evaluation boundaries.
Operation of these components at EPU conditions does not introduce any unevaluated aging
effects that would necessitate a change to aging management programs or require a new
program as internal and external environments remain within the parameters. previously
evaluated. In addition, the primary and secondary systems performance capability described in
this section is for upset conditions which are not the conditions used for license renewal aging
evaluations. Therefore, EPU activities associated with loss of non-emergency AC power do not
impact license renewal scope, aging effects, and aging management programs.

285223 Results

Figures 2.8.5.2.2-1 through 2.8.5.2.2-6 present transient plots of plant parameters for the limiting
LOAC case with the Model 44F steam generators (Unit 1) and Figures 2.8.5.2.2-7

through 2.8.5.2.2-12 present transient plots of plant parameters for the limiting LOAC case with
the Model A47 steam generators (Unit 2), with the assumptions identified in Section 2.8.5.2.2.2.
The calculated sequence of events for this event is listed in Table 2.8.5.2.2-1, Loss of
Non-Emergency AC Power to the Plant Auxiliaries Time Sequence of Events. Numerical results
of the EPU analysis along with a comparison to the previous analysis results are shown in
Table 2.8.5.2.2-2, Loss of Non-Emergency AC Power to the Plant Auxiliaries Results. The most
limiting cases are initiated with the average RCS temperature-at the high end of the T4
temperature window minus uncertainties.

The first few seconds after the loss of power to the RCPs, the flow transient closely resembled
the complete loss of flow incident, where core damage due to rapidly increasing core
temperatures was prevented by the reactor trip. After the reactor trip, stored and residual heat
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. had to be removed to prevent damage to the core and the RCS and MSS. The RETRAN code
results showed that the natural circulation and AFW flow available was sufficient to provide
adequate core decay heat removal following reactor trip and RCP coastdown.

Figures 2.8.5.2.2-4 and 2.8.5.2.2-10 illustrate that the pressurizer did not reach a water solid
condition, therefore, no water relief from the pressurizer occurred.

With respect to DNB, the LOAC event is bounded by the complete loss of flow event described in
LR Section 2.8.5.3.1, Loss of Forced Reactor Coolant Flow, for which the minimum DNBR was
determined to be greater than the safety analysis limit value. Also, with respect to primary and
secondary overpressurization, the loss of load event alanysis described in LR Section 2.8.5.2.1,
Loss of External Electrical Load, Turbine Trip, and Loss of Condenser Vacuum demonstrates that
the primary and secondary pressure limits of 2748.5 psia and 1208.5 psia, respectively, are met.

The results of the analysis showed that the pressurizer did not reach a water solid condition.
Therefore, the LOAC event did not adversely affect the core, the RCS, or the MSS.

285224  Conclusions

PBNP has reviewed the analysis of the LOAC event and concludes that the analysis has
adequately accounted for plant operation at the power level and was performed 