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DISCLAIMER

This report was prepared by the Washington Public Power Supply
System (the Supply System) for submittal to the Nuclear Regulatory
Commission, NRC.. The information contained herein is accurate to
the best of the Supply System's knowledge. The use of information
contained in this document by anyone other than the Supply System,
or the NRC is not authorized and with respect to any unauthorized
use, neither the Supply System nor its officers, directors, agents,
or employees assume any obligation, responsibility, or liability or
makes any warranty or representation concerning the contents of
this document or its accuracy or completeness.
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ABSTRACT

This report documents the ability of the Supply System to perform
reload analyses that ensure successful reload fuel designs and core
configurations. These analyses also ensure compliance with all
regulatory requirements and conformance with industry practice.

The reload analysis begins with an energy utilization plan and a
reference core design for the next reactor cycle. An integrated
set of computer codes and a range of analysis techniques, such as
the statistical combination of uncertainties, make it possible to
evaluate limiting events. These evaluations provide the bases for
any changes in operating limits and technical specifications and
ensure that WNP-2 will operate safely with each fuel reload and
each new core configuration. The Supply System will document the
results of each reload analysis in a reload summary report.
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SECTION 1.0
+ INTRODUCTION

The Washington Public Power Supply System (WPPSS or Supply Systenm)
operates the Washington Nuclear Project No. 2 (WNP-2). Designed by
General Electric, WNP-2 is a BWR/S boiling water reactor (BWR) with
a licensed core thermal power of 3323 MWt. The Supply System has
developed a methodology for the reactor safety analysis. This
report describes the application of that methodology to the fuel
reload design.

1.1 RELOAD ANALYSIS OVERVIEW
The reload analysis begins with development of the following:

o an enerqgy utilization plan that establishes operational
goals for the-reload

o a prediction of the end-of-cycle core condition for the
current operating cycle

o a reference fuel cycle.

These sources provide information for a tentative fuel design and
reference loading pattern, which are then evaluated with the
lattice physics codes and a three-dimensional core simulator code.

After the fuel design and reference loading pattern have been
revised as necessary, a safety analysis evaluates potentially
limiting events. These events have been divided into three
categories that reflect the probability of occurrence and analysis

requirements:

o normal operation and anticipated operational occurrences
o accidents

o special events.




Screening identifies the potentially limiting events in each of the
three categories. These events are then re-evaluated during each

m

reload analysis.

Analyses of limiting events provide the bases for any changes in
core operating limits or technical specifications. Lattice physics
methods, the three-dimensional simulator code, and transient
analysis are used for evaluating all three categories of events.
Event analyses for rod drop accidents and loss of coolant accidents
(LOCA) rely on the fuel vendor methodology.

Cycle-specific reload summary reports document the results of
reload analyses, which provide the basis for any changes in core
operating limits or technical specifications. Figure 1-1 provides
an overview of the reload analysis process.

1.2 METHODOLOGY IMPLEMENTATION AND UPDATING

Implementation of the reload analysis methodology will require
amending the technical specifications so they reference this
topical report instead of the various fuel vendor topical reports.
This reload analysis methodology will also be updated as required
to reflect changes in design and technology, and all Supply System
documents will reflect these changes.

Approved copies of this report will be issued in loose leaf
binders. Revisions will be issued as page changes. Page change
records will provide traceability to previous versions and identify
firmly'which methodology was in place when a specific analysis was
done. Furthermore, every page of the report will include the date
of the applicable Safety Evaluation Repgrt (SER) .

1
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Figure 1-1. Reload Analysis Overview -
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S8ECTION 2.0
COMPUTER CODES AND ANALYSIS TECHNIQUES

The reload analysis ensures that the reload fuel design and core
configuration satisfy regulatory requirements. To meet these
requirements, the reload analysis draws on a number of computer
codes and analytical techniques for the design analysis and safety
analysis. Uncertainties in fhe results may be evaluated using
either a deterministic approacﬁ or the statistical combination of
uncertainties (SCU) methods.

Together the design analysis and safety analysis accomplish the
following: '

o establish an operating limit minimum critical power ratio
(MCPR) that ensures the fuel cladding integrity limit will not
be exceeded as a result of an =anti;:ipated operational
occurrence or a fuel loading error

o demonstrate that the protection against fuel failure (PAFF)
limits will not be exceeded as a result of an anticipated
operational occurrence

o establish maximum average planar linear heat generation rate
(MAPLHGR) 1limits that ensure the consequences of a LOCA
satisfy the requirements of 10CFR50.46

o demonstrate that the reload core design has sufficient
shutdown margin

o demonstrate that the core can be shut down without the control
rods

o demonstrate that the consequences of a control rod drop
accident fall within regulatory bounds

o demonstrate that the résults of the Code overpressure

protection analysis meet the requirements of 10CFR50.55a.




2.1 . CODE DESCRIPTIONS .

The Supply System methodology uses a suite of computer codes and
associated models and code inputs to analyze the limiting events

associated with the design and safety analyses. The Supply System

codes consolidate core physics, system thermal-hydraulics, and core
thermal-hydraulics ihto an integrated system. These codes are
comparable to those used by nuclear steam supply system (NSSS) and
reload fuel suppliers, and have been extensively validated by

comparison to plant data, experimental test facility data, and

benchmark analytical calculations. The methodology draws
particularly heavily on the Reactor Analysis Support Package (RASP;
system of computer codes developed by the Electric Power Research
Institute (EPRI) [Reference 1].

Several utilities use RASP for a range of applications, including

fuel cycle management

core design ’

plant reload licensing support

development of analytical bases to support changes in plant

0O 0 O O

design and configuration, protection system setpoints, and
technical specifications.

The Supply System supplements the RASP codes with a number of

special purpose codes. These codes have been implemented by the

"Supply System and are integrated with specific facets of the fuel
supplier methodology. The Rasp codes and special purpose codes can
also be used to perform other analyses that support operations.

Figure 2-1 shows the computer codes and codé sequence. All
computer codes are maintained and controlled by the NRC-approved
Supply System quality assurance program (see letter D.F. Kirsch of
NRC to WPPSS, “Operational Quality Assurance Program Description,"
WPPSS-QA-004, Rev. II, June 8, 1987).

- on o @
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2.1.1 Reactor Physics Codes,

The reactor physics codes model steady-state core conditions;
simulate slow transients that can be analyzed with quasi-steady-
state methods; and provide neutronics input for dynamic analyses.
These codes include -

o MICBURN-E, a pin cell code .to treat gadolinia’ isotopic

depletion
o CASMO-2E, a lattice physics code
o SIMULATE-E, a three-dimensional core simulator code

o NORGE-B, a linking code for transferring data from CASMO-2E to
SIMULATE-E and to the core neutronics linkage code, SIMTRAN-E.

MICBURN-E and SIMULATE-E were developed by EPRI [References 2, 3].
NORGE-B was developed by EPRI and modified by the Supply System
(Reference 4]. CASMO-2E was developed by Studsvik Energiteknik AB.

2.1.1.1 MICBURN-E

MICBURN-E is a multigroup, pin-cell physics code for analysis of
light water reactor fuel rods with homogeneous mixtures of uranium
(U0,) and gadolinia (Gd,0;). MICBURN~E uses integral transport
theory to calculate neutron flux distributions and eigenvalues; it
employs a time-dependent analysis method to calculate fuel rod
isotopic distributions as a function of burnup.

In the reload analysis, MICBURN-E generates burnable absorber data
for input to CASMO-2E. The resulting files contain effective
microscopic absorption cross sections tabulated as a function of
burnup for a pseudo-burnable absorber nuclide equivalent to the
constituent absorber nuclides of the gadolinia.




2.1.1.2 CASMO-2E

CASMO-2E is a multigroup, two—dimensional‘transport theory code
used for burnup calculations on fuel assemblies or simple pin
cells. This code uses transmission probabilities to solve the
neutron transport equation within a two-dimensional representation
of the fuel assembly.

In BWR applications, CASMO-2E treats cylindrical fuel rods of
varying composition in a squafe pitch array, with allowance for
fuel rods loaded with gadolinia. It also handles fuel assembly
channels, water gaps between fuel assemblies, incore
instrumentation, and cruciform control rods.

Input data to CASMO-2E includes the following:

composition data for the fuel and structure
burnable absorber data produced by MICBURN—E
assembly and control rod dimensions

internal fuel rod arrangement

average fuel temperature from ESCORE analyses.

0O 0 0O 0 0 O

power density

CASMO-2E performs the following sequence of calculations:

o a resonance calculation

o a pin cell calculation for each type of fuel rod in the
assembly

o a one-dimensional spectrum calculation

o a two-dimensional power distribution and k, calculation

o a calculation of assembly-averaged, two-group cross sections

and kinetics parameters.

‘.
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For each lattice design, CASMO-2E also calculates neutronics data
as- a function of the following BWR parameters:

exposure history

exposure~averaged relative moderator density
instantaneous relative moderator density
control rod presence

control rod history

fuel temperature

moderator temperature*

xenon concentration

samarium concentration

0O 0 0 0O OO O O 0 O

boron concentration.

CASMO-2E provides the cross section data used by SIMULATE-E in the
core analysis and the inverse neutron velocities and delayed
neutron fraction used by SIMTRAN-E. In addition, CASMO-2E produces
the local peaking factor distribution and incore detector response.
CASMO-2E has qualified for use in the reload analysis [Reference
5].

2.1.1.3 NORGE-B

NORGE-B is a data handling and processing code used for
transferring data from CASMO-2E to SIMULATE-E and through SIMTRAN-E
to the transient analysis codes. NORGE-B provides SIMULATE-E with
the following:

o partial cross sections in the form of two-dimensional
interpolating tables and polynomial fits
o additional polynomial fits for isotopic fission yields and
‘” L ]

neutrons per fission.
'NORGE-B provides SIMTRAN-E with the following:

o two—-group inverse neutron velocities
o the total effective delayed neutron yield.

2=5



2.1.1.4 SIMULATE-E

SIMULATE-E is a coarse-mésh, three-dimensional, nodal-diffusion
code used for steady-state core analysis. It models the reactor
core as a matrix of neﬁtronically coupled nodes, each a six-inch
.axial segment of a fuel assembly. The core analyses use cubic
nodes. For each node, SIMULATE-E uses two-group macroscopic cross
section data to solve the coarse-mesh diffusion theory equations in
one energy group. Fast and thermal neutron flux distributions are
determined from the neutron source based on the steady-state
balance of the slowing-down and thermal-capture reaction rates.

SIMULATE-E uses the FIBWR steady-state thermal-hydraulic model to
predict the flow distribution for a given power distribution.
Calculations from the pressure drop analysis provide.active and
bypass flow distributions. ' The thermal-hydraulic analysis
performed at the beginning of each void iteration provides
information about the void distribution. The void distribution

determines the nodal cross section values, which in turn determine

the thermal power distribution. The relative moderator density of
the active coolant 1is calculated from the thermal power
distribution using the void quality profile model. Iterative
calculations of the neutron flux, thermal power, and moderator
density distributions continue until they are consistent.

Input to SIMULATE-E includes the cross section data provided by

NORGE-B, a description of the core loading pattern, the power

level, the coolant inlet subcooling and flow rate, and the control
rod positions.

SIMULATE-E develops the three-dimensional macroscopic cross section
data processed by SIMTRAN-E for input to RETRAN-02. SIMULATE-E

also gives k-effectives, nodal power distributions, and nodal,
exposures. SIMULATE-E has been qualified for use in the reload

analysis-[Reference 5].
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2.1.2 Core Neutronics Linkage Codes

The core neutronics linkage codes, SIMTRAN-E and STRODE, translate
SIMULATE-E data into a form that can be used by

RETRAN-02. SIMTRAN-E was developed by EPRI [Refereﬁce 6]. STRODE
was developed by the Supply System. | '

2.1.2.1 SIMITRAN-E

SIMTRAN-E is a data handling and processing code used for
transferring data from SIMULATE-E and NORGE-B to RETRAN-02.
SIMTRAN-E reads data from the kinetics parameter tables produced by
NORGE-B and from two SIMULATE-E cases. The first SIMULATE-E case
models the reactor at the operating state that will represent the
initial conditions for the RETRAN-02 transient analysis. The
second SIMULATE-E case represents the same state, but with the
control rods fully inserted and the void and power reactivity
feedbacks disabled to allow a calculation of the scram reactivity.
(Applications to transients that do not cause a scram do not
require the second SIMULATE-E case.)

SIMTRAN-E radially collapses the three-dimensional cross section
and kinetics parameter data read from the SIMULATE-E cases to one
dimension by using appropriate weighting functions. Depending on
the particular cross section involved, the weighting function is
either the volume, the product of the volume and the flux, or the
product of the volume and the adjoint flux.

SIMTRAN-E then generates several perturbations of the pressure and
fuel temperature about the values obtained from the initial
SIMULATE-E case. Each of the perturbations is initially three-
dimensional and is collapsed to one dimension by using appropriate
weighting functions. The resulting changes in each cross section
and each kinetics parameter are represented as polynomial functions
of the moderator density and the square root of - the fuel
temperature. These polynomial fits 'are subsequently used by RETRAN-
02.

2=7




2.1.2.2 STRODE

STRODE takes SIMULATE-E data processed through SIMTRAN-E and
adjusts the polynomial fits before the data are input to RETRAN-02.
This adjustment eliminates differences in core average feedback
that otherwise result because SIMULATE-E and RETRAN-02 calculate
moderator densities differently.

STRODE uses the results from parallel SIMULATE-E and RETRAN-02
cases to quantify the differences between axial moderator density
distributions predicted by the two codes given identical variations
in core pressure. STRODE uses the differences between the axial
arrays to modify the polynomial coefficients associated with
changes in moderator density to obtain consistent moderator density
reactivity feedback between SIMULATE-E and RETRAN-02. The STRODE
output data is in the same form as that of SIMTRAN-E and is used
directl& as input to RETRAN-02.

STRODE also corrects the delayed neutron fractions in the one-
dimensional data, which are based on the cross section libraries
used by CASMO-2E. Delayed neutron fractions in the CASMO-2E cross

section library (obtained from ENDF/B-III) are lower than those in-

the more recent cross section library (ENDF/B-V). The STRODE
adjustment makes the one-~-dimensional data consistent with the more
recent data.

2.1.3 System and Core Thermal-Hydraulics Codes
RETRAN-02, the system thermal-hydraulic code, and VIPRE-01, the
core thermal-hydraulic code, evaluate core-wide transients for the

reload analysis. Both codes were developed by EPRI [References
7,8].

2.1.3.1 RETRAN-02

RETRAN-02 is a neutronic and thefmal-hydraulics transient analysis
code for modelling nuclear power plants under both normal and




accident conditions. This code can be used either with a point- or
with a one-dimensional kinetics representation of the core.

In the reload analysis, RETRAN-02 analyzes dynamic plant transients

" using one-dimensional neutron kinetics and the core and system-wide

thermal-hydraulic models. The RETRAN-02 code solves one-
dimensional, two-gréup, diffusion theory neutron kinetics equations
using the space-time factorization method. SIMTRAN-E and STRODE
provide the neutronics input to RETRAN-02.

RETRAN-02 is a variable nodalization code requiring user input to
specify the system model, which consists of control volumes, heat
slabs, and a flow path network. The RETRAN-02 models in this
analysis were developed by“fhe Supply System. They were qualified
by comparing model predictions with experimental data. Data sources
included plant startup tests and the Peach Bottom-2 turbine trip
tests. The RETRAN-02 model has been qualified for use in the
reload and plant safety analysis [Reference 9].

RETRAN-02 solves conservation of mass, momentum, and energy
equations for the fluid mixture. Relative velocities of liquid and
vapor are calculated with an algebraic slip model that uses a drift
flux approach. Channel friction is calculated using a two-phase
friction multiplier to the single-phase friction factor. Heat
transfer is calculated with a time-dependent, one;dimeQ§ional heat
conduction equation. Fill junctions or time-dependent volumes
specify the boundary conditions for system thermal-hydraulic

calculations.

RETRAN-02 component models represent valves, pumps, and steam
separators. Valve opening and closing characteristics are
Eimhlated using a table of valve-flow-area versus time. Punp
characteristics are simulated with a set of pump curves. Steam
separators are modelled with the bubble rise model. Control
systems and component trips can also be modelled with RETRAN-02.




2.1.3.2 VIPRE-0O1

VIPRE-01 analyzes steady-state and transient reactor core thermal-
hydraulic conditions. This code also evaluates the MCPR, fuel and
cladding temperatures, and coolant conditions. VIPRE-0l1 can be
used for the steady-state or transient analyses of BWR cores with
geometries ranging from a single fuel assembly or flow channel up
to an entire core. Possible simulations include transient
variation of inlet flow, inlet enthalpy, system pressure, average
power, local pin power, and power shape.

The transients VIPRE-01 evaluates can range from those found under
normal operating conditions to those that develop during moderately
severe accidents. Transients occurring entirely within the core
can be simulated by VIPRE-01 alone. Transients involving primary
syséem effects outside the core must first, however, be simulated
with a system code, such as RETRAN-02, that can provide core
boundary conditions to VIPRE-01l.

VIPRE-01 predicts three-dimensional velocity, pressure, thermal-
energy fields, and fuel rod temperatures for single-phase and two-
phase flow. This code also solves the finite difference equations
for mass, momentum, and energy conservation for an interconnected
array of channels assuming incompressible, thermally expandable,
homogeneous flow. The equations are solved with an implicit
numerical method that‘places no restriction on the time step or
node size. Although the formulation is homogeneous, it includes
models for subcooled boiling and vapor/liquid‘slip in two-phase
flow.

The Supply System uses VIPRE-01 to predict changes in the critical

power ratio (ACPR) during transients; these changes establish the
MCPR operating limit.

2=-10




2.1.4 Other Codes

The reload analysis also uses a number of supplementary codes to
perform specific functions. These codes include ESCORE, FICE,
RODDK, TLIM, CALTIP, RBLOCK, and STARS. ESCORE, RODDK, and STARS
were developed by EPRI (Reference 10, 11, 12]. RBLOCK was
developed by the Yankee Atomic Electric Company ([Reference 13].
The remaining codes were developed by the Supply System.

2.1.4.1 ESCORE

»

ESCORE predicts the steady-state, thermal-mechanical performance of
fuel rods. In the reload analysis, ESCORE provides the fuel and
clad temperature distributions used in the lattice physics
calculations and establishes the gap conductance used in the system

and core thermal-hydraulic analyses.

Escore models the fuel rod as a series of discrete axial segments;
independent radial thermal equilibrium calculations are performed
for each one. The results for each axial segment are coupled
through the assumption of the complete mixing of the fill gas and
fission gases within the free volume of the fuel rod.

Models within ESCORE describe the fuel pellet and cladding behavior
as it is influenced by irradiation history. Fuel pellet models
include a steady-state, radial-temperature predictor with flux or
power depression, thermal expansion, relocation, densification,
swelling, fission gas production and release, and elastic and non-
elastic deformation. Cladding modeis include a steady-state
temperature predictor with power deposition, thermal and elastic

expansion, creep, and growth.

The fuel pellet is assumed to be a right circular cylinder that
responds to thermal- and fission-induced volumetric changes. The
fuel cladding conforms elastically and plastically to the
calculated conditions of pellet-cladding contact. The internal
pressure of the fuel rod is calculated from the amount of £ill gas,
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the amount of fission gas released, and the free volume of the fuel
rod. The fuel temperature depends on the fuel-pellet-to-cladding
gap conductance calculated as a function of the gap-gas
conductivity and open-gap size or contact load. .

2.1.4.2 FICE

FICE is a data handling and processing code used to transfer data
from CASMO-2E to the thermal limits code, TLIM, and the traversing
incore probe (TIP) calculational code, CALTIP. FICE provides the
following data to TLIM:

o the local peaking functions needed for the critical power
ratio (CPR) correlation (the reload analysis currently uses
the ANFB correlation) '

o the maximum local peaking factors needed for calculation of
linear heat generation rates (LHGR).

Local peaking functions for the ANFB correlation are based on
Advanced Nuclear Fuels (ANF) methodology. They are used to account
for the local peaking factor, the bundle geometry, and the spacer
effects. FICE provides to CALTIP.data tables that can be used for
interpolating detector signal rate responses.

2.104.3 RODDK-E

The RODDK-E code provides rapid estimation of relative control rod
worths.  RODDK-E uses a - two-dimensional, FLARE-based- source
iteration method to solve the neutron balance, and a FLARE-based
source normalization method to reproduce a more detailed SIMULATE-E
neutron source distribution. RODDK-E also predicts the relative
order of control rod worths, which facilitates the selection of
control rods for aﬁalysis with the more detailed SIMULATE-E code.
SIMULATE-E provides more accurate and more detailed assessments of
control rod worth, which reduces some of the uncertainty in the
results obtained from RODDK-E.



2.1.4.4 TLIM

TLIM is used to evaluate the thermal margins associated with the
results of a SIMULATE-E case. Thermal margins evaluated by TLIM
include the following:

o | CPR
o LHGR
o average planar linear heat generation rate (APLHGR).

2.1.4.5 CALTIP

CALTIP calculates expected TIP responses for a given core
configuration. The core configuration is first modeled with the
SIMULATE-E code; CALTIP reads the resulting nodal fluxes,
exposures, and other variables from the SIMULATE-E restart file.
CALTIP then uses the nodal variables to obtain nodal detector
signal rates by interpolating in tables generated by the FICE code
from CASMO-2E results. The nodal detector signal rates are then
combined and normalized to produce the predicted signal rates for
each TIP measurement. CALTIP reads the measured TIP data, compares
each measurement with the corresponding predicted value, and prints
a statistical summary of the results. .

2.1.4.6 RBLOCK

RBLOCK predicts the response of the rod block monitor (RBM) system
for specified failure combinations of local bower range monitors
(LPRM) or LPRM strings. It also identifies the most limiting notch
position where a rod block would be predicted to occur for a given
limiting failure combination. The RBLOCK code uses individual LPRM
responses calculated by the CALTIP code. It also uses TLIM
calculations for the MCPR and maximum linear heat generation rate
(MLHGR) as a function of notch position. RBLOCK generates an
output summary to assist in evaluating compliance with the event
acceptance limits for control rod withdrawal errors.



2.1.4.7 STARS

STARS applies the SCU methodology to determine the overall
probability distribution for an analysis result in a specific
" event. The variable of interest is an uncertain gquantity with
,statistical properties estimated by STARS from a response
surface/Monte Carlo analysis. The response surface provides a fit

to the results of a systems simulation code or code package, such .

as RETRAN-02/VIPRE-01l.

STARS can develop a second-order response surface, with all cross
terms, for up to nine parameters. It can also be used to establish
selected cubic and quartic dependencies. The Supply System safety
analysis uses a second order response surface fit with four or
fewer parameters.

Evaluation of a response surface is based on a central composite
experimental design technique that identifies a reasonable number
of cases to be run with the systems simulation code. Additional
data points may be added later to reduce the fitting error. STARS
can use up to 350 data points to evaluate the response surface

polynomial fitting coefficients, which are determined by a least

squares analysis.
2.2 S8TATISTICAL COMBINATION OF UNCERTAINTIES METHODOLOGY

The safety analysis must consider uncertainties in models, model
inputs, instrumentation systems, and the operating state. The
approach usually taken assumes that all significant uncertainties
are simultaneously at their most, adverse points given the possible
range of conditions. The plant usually has sufficient margin to
accommodate this approach. Occasionally, however,, this abproach
can lead to core operating liﬁits or technical specification
setpoints that result in undesirable plant restrictions. In these
cases, the safety analysis uses the SCU methodology to define a set
of more operationally acceptable setpoints while retaining a
sufficient level of conservatism.
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The SCU methodology used by the Supply System is based on the
approach in the EPRI setpoint analysis guidelines (Reference 14].
This approach consists of the following:

o identifying the event acceptance criteria and limits that will
be used to evaluate the analysis results
o developing a response surface and applying the methodology.

2.2.1 Event Acceptance Criteria and Limits

The SCU methodology requires determining which part of a system
will receive the greatest challenge from a specific event. The SCU
analyses must then indicate a 95% probability that the consequences
of such an event will be less severe than predicted. Furthermore,
the methods of arriving at the probability figure must be
sufficiently conservative to ensure a 95% degree of confidence that
the figure is correct. In the reload analysis, this degree of
confidence is obtained by using deterministic inputs for all

‘parameters except those treated statistically in the development of

the fesponse surface or the model uncertainty.

The SCU analysis of anticipated operational occurrences may be used
to establish two core operating limits: the operating limit MCPR
and the operating limit LHGR. The operating limit MCPR ensures a
greater than 95% probability that the MCPR for the fuel cladding
integrity (greater than 99.9% of the fuel rods in the core will not
be expected to experience boiling transition) will not fall below
the specified limit. The operating limit LHGR ensures a greater
than 95% probability that PAFF limits (less than 1% plastic strain
of the cladding and fuel centerline melt temperature) will not be
exceeded. In the safety analysis, the SCU methodology is applied
to the operating limit MCPR. The PAFF limits are obtained from the
fuel vendor's analysis. .

2.2.2 Response Surface Methodology

In the SCU approach, direct stochastic analysis of an event, using
event analysis methodology to demonstrate compliance with event
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acceptance limits, requires an unacceptable expenditure of

resources. Response surface techniques reduce resource
requirements to an acceptable level.

Development of a response surface approximating key results of
event analysis codes requires five steps: .

o quantifying the model uncertainty
o selecting and quantifying the parameters for the response
surface
o developing the‘response surface
‘o simulating an event using the response surface
o convolving the response surface for the event with the model
uncertainty. '

Fl

Quantifying the model uncertainty requires establishing the effect
of modelling and input uncertainties on key results of the event
analysis. Analysis models are run with perturbed inputs to
quantify the effect of specific changes on output. The results are
statistically combined to characterize overall model uncertainty.
These results are later combined with the results of the response
surface analysig to provide an overall probabilistic statement.

Selecting and quantifying parameters requires screening to
determine their relative impact on the analysis. The parameters
that provide the greatest relative improvement in the evaluation
are used for the response surface. Typically, no more than four
parameters are used. ‘The Supply System will attempt to limit the
number t9 one or two.

Developing a response surface requires defining the specific system
and core thermal-hydraulic cases that must be run to obtain the
desired degree of accuracy. A response surface is a polynomial fit
to a set of experimental design cases; this fit approximates the
results of the system and core thermal-hydraulic analysis model for
a specific output parameter over a limited range of interest. The
polynomial fitting coefficients that define the response surface
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are determined by a least squares fitting technique. As part of
the fitting process, the fitting error, which represents the
uncertainty introduced into the analysis by the use of the response

surface, is determined.

Once a response surface has been defined, the event can be
simulated using Monte Carlo techniques. These techniques select a
random sample of each independent parameter based on its
statistical characteristics. The dependent variable is then
calculated froh the response surface. Each set of random samples
forms one history for statistical evaluation of "the dependent
variable. Sufficient histories (typically 100,000) will accurately
quantify thé probability of a given result for a dependent

variable.

Convolving the response surface with the model uncertainty
establishes an overall probability distribution for the analysis
results. This probability distribution is then used to demonstrate
compliance with the event acceptance limits.

The computer codes used in the Supply System reload analysis make
three contributions to the SCU evaluation: ’

o perturbation analyses that establish the model uncertainties

K sensitivity studies that identify the parameters to be’treated

statistically in the development of the response surface
o analyses that determine the shape of the response surface.

A cornerstone in the SCU methodology is the STARS code. This code

‘calculates and evaluates the response surface fitting coefficients

based on the experimental design, performs the Monte Carlo

. assessment of the response surface, and convolves the response

surface with the model uncertainty.

R Appendix A gives more detail about the application of SCU

methodology in the Supply System safety analysis.
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SECTION 3.0
DESIGN ANALYSIS REQUIREMENTS

This section discusses design criteria, technical bases, supporting
analyses, and test results for the thermal-mechanical, nuclear, and

‘thermal-hydraulic design of reload fuel. Fuel design analyses are
a cooperative effort between the Supply System and the fuel vendor.

3.1 FUEL THERMAL-MECHANICAL DESIGN
The thermal-mechanical design description includes the following:

a fuel system description

the design bases

a description of mechanical .design evaluations

a summary of supporting test, inspection, and surveillance

0O 0 0 O

programs.

The fuel vendor develops the thermal-mechanical design for the
reload fuel.

3.1.1 Fuel System Description
The fuel system description includes the following:

o a description of the fuel assembly and its component parts,

including fuel rods, water rods, tie plates, and spacers
o fuel assembly drawings with dimensions of all components
(o} reference design values for all parameters identified in the

standard review plan.

The fuel vendor supplies the fuel description as part of the
generic licensing of the fuel design. Reference 15 is an example
of a fuel vendor report with this information. All fuel designs
currently being used by the Supply System for relcad fuel have been
approved by the NRC.
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3.1.2 Design Bases

The design bases provide the criteria for acceptable fuel assembly
performance during normal operation, anticipated operational
occurrences, and postulated accidents. Design bases are developed
for both the fuel rods and the fuel assemﬁly. Fuel rod designs
must comply with regulatory requirements for the following: "

rod internal pressure
cladding strain
cladding temperature
fuel temperature
cladding fretting wear
cladding fatigue
cladding corrosion
hydriding

cladding collapse

fuel enthalpy.

Fuel assembly designs must comply with regulatory requirements for
the following:

structural integrity
corrosion

hydriding

dimensional compatibility
hydraulic loads
dimensional stability
shipping and handling loads

O 0 0O 0O 0 0 0 O

fuel coolability.
3.1.3 Mechanical Design Evaluations

Design evaluations ensure that all bases for a proposed reload fuel
design and core configuration have been satisfied. The results of
these evaluations are ,documented in the reload summary report.
Licensing topical reports submitted to the NRC describe the models
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used 1in specific design analyses. The results of design
evaluations are used to set core operating limits.

3.1.4 Test, Inspection, and Surveillance Programs

Testing, inspectién, and surveillance programs ensure the
operational acceptability of proposed reload fuel designs. These
programs are described in generic topical reports submitted by the
fuel vendor to the NRC. Reference 16 is an example of such a
report.

3.2 NUCLEAR DESIGN .
The nuclear design description includes the following:

a reload fuel description

the design bases

a description of nuclear design evaluations

a description of the reload fuel design methodology

the nuclear input parameters used in the safety analysis.

0O 0 0 0 O

The reload summary report and the licensing topical reports that
support it provide the nuclear design bases necessary to approve
the proposed reload fuel design.

3.2.1 Reload Fuel Description

The reload fuel description includes the following:

o the enrichment distribution in the assembly
o the amount and location of burnable poison in the assembly
o the moderator distribution within each fuel assembly.

The reload summary report documents this information for each
reload.



3.2.2 Design Bases

Nuclear design bases ensure " that functional and regulatory
requirements for nuclear design are satisfied. Nuclear designs
must comply with regulatory requirements for the following:

fuel burnup

reactivity coefficients

control of power distribution
shutdown margin

criticality criteria for fuel storage
stability.

0O 0 0o 0 0 O

3.2.3 Nuclear Design Evaluations

Design evaluations ensure that all nuclear design bases for the
proposed reload fuel and core configuration have been satisfied.

3.2.4 Reload Fuel Design Methodology

The description of the reload core design methodology documents the
approach to the reload core design. The description inclgdes a
reference core design for the proposed reload and all analyses
required for licensing.

3.2.5 Nuclear Input Parameters Used in the Safety Analysis
Nuclear input parameters are an important aspect of a safety
analysis. These parameters include

core kinetics characteristics
scram reactivity
core power distributions

O 0 0o o

core neutron cross sections and their dependencies on the fuel

temperature and coolant void level.
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Each safety analysis model requires a slightly different set of
input parameters. These parameters are evaluated for core
conditions that make the consequences of a particular event most

severe.
3.3 THERMAL-HYDRAULIC DESIGN

The thermal-hydraulic design description includes the following:

o a thermal-hydraulic system description
o the design bases
o a description of thermal-hydraulic design evaluations.

The reload summary report and the licensing topical reports that
support it provide the thermal limits necessary to approve the
proposed reload fuel design.

3.3.1 Thermal-Hydraulic System Description
The thermal-hydraulic system description includes the following:

o a list of key hydraulic parameters, such as base rod flow
area, hydraulic diameter, and heated surface area of the
reload fuel

o component loss coefficients that permit hydraulic modelling of
the reload fuel in a mixed core with co-resident fuel
assemblies.

3.3.2 Design Bases

Thermal-hydraulic design bases ensure that thermal-hydraulic
functional and regulatory requirements are satisfied. Thermal-

hydraulic designs must meet regulatory requirements for the

following:

o thermal an&.hydraulic compatibility

Ke! bypass flow analysis




o water-rod analysis
o stability.

The thermal design basis is that greater than 99.9% of the fuel

rods are not expected to experience' boiling . transition during
normal operation or anticipated operational occurrences. Core
operating limits that satisfy this design basis are derived ‘using
transient analysis ACPR methods and a reactor statistical safety
limit methodology [Reference 17].

Hydraulic compatibility between reload fuel assemblies and resident
fuel assemblies must be demonstrated whenever reload fuel differs
hydraulically from resident fuel. Furthermore, bypass-flow and
water-rod analyses must demonstrate that both the bypass region and
the water rods will remain sufficiently cool during expected
operating conditions. The design bases are that water in the
bypass region and in the water rods will remain essentially
subcooled during normal operation.

3.3.3 Thermal-Hydraulic Design Evaluations

Design evaluations ensure that all bases for a proposed reload fuel
design and core configuration have been satisfied. Reload summary
reports document the results of design evaluations and address
regions of instability.

The thermal-hydraulic analyses are performed on a cycle-by-cycle
basis. Technical specifications implemented at. WNP-2 define
régions of instability and preclude operation of the reactor in
these regions.



S8ECTION 4.0
SAFETY ANALYSIS REQUIREMENTS

. Safety analyses determine the safety margin during normal

operation, anticipated operational occurrences, accidents, and
special events. They also ensure that any proposed changes to
plant configuration satisfy all safety requirements, licensing
commitments, and regulatory guidelines and requirements.
Furthermore, safety analyses identify any changes in operating
limits or technical specifications that will be required as a
result of changes in plant conﬁiguration.ﬁ

Previous safety analyses demonstrate that WNP-2 can operate safely
in its current configuration. The Supply System methodology will
be used to evaluate any changes to that configuration, such as the
insertion of relbad fuel.

4.1 BAFETY ANALYSIS CATEGORIES

Safety analyses evaluate a wide spectrum of plant events and
conditions. Different acceptance criteria and limits are applied
to events with different probabilities of occurrence. For
convenience, these events and conditions have been divided into
categories that reflect the probability of occurrence and analysis

requirements:

o normal operation and anticipated operational occurrences
o accidents

o special events.

4.1.1 Normal Operation and Anticipated Operational Occurrences

Normal operation encompasses all modes of planned plant operation,
including startup, operation; shutdown, and refueling.
Furthermore, all events that require analysis are assumed to
initiate from some mode of normal operation. Normal operation
therefore provides the initial conditions for the transient safety
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analysis, which evaluates the anticipated operational occurrences

~ with parameters that pose the most significant challenge to the

fuel or reactor coolant pressure boundary capabilities. In the
Supply System methodology, these occurrences fall into eight
categories: )

' decrease in feactor coolant temperature
increase in reactor pressure
decrease in reactor coolanf flow rate
reactivity and power distribution anomalies
increase in reactor coolant inventory
decrease in reactor coolant inventory
increase in reactor coolant flow
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increase in reactor coolant temperature.

These occurrences include all those identified in applicable
regulatory requirements and guidelines. Each occurrence is
discussed below.

4.1.1.1 Decrease in Reactor Coolant Temperature

Events that directly decrease the reactor coolant temperature are
those that either increase the flow of cold water or reduce the
temperature of water being delivered to the reactor vessel.
Reducing the reactor coolant (moderator) temperature increases core
reactivity, which in turn increases core power. The resulting
negative moderator void reactivity shifts power towards the bottom
of the core. These changes will lead to a new steady-sfate powver
level, which will require corrective action by the operator.
Sufficiently high levels of thermal power or neutron flux will
cause a scram. Events in this category include

o loss of feedwater heating

o inadvertent high pressure core spray-  (HPCS) startup
o inadvertent residual heat removal (RHR) shutdown cooling
operation.




4.1.1.2 Increase in Reactor Pressure

Events that increase reactor pressure significantly are usually
initiated by a sudden reduction in steam flow. The increased
pressure collapses the voids in the core, which increases core
reactivity. This causes an increase in the core power level, which
further increases core pressure. A scram will terminate this
event. Safety analysis events in this category include

o) digital-electric-hydraulic (DEH) pressure regulator failure in
the closed position
generator load rejection

turbine trip
closure of the main-steam-line isolation valve.

O 0 0 o

loss of the condenser vacuun.
4.1.1.3 Decrease in Reactor Coolant Flow Rate

Events that reduce recirculation flow also reduce the reactor

coolant flow rate, which increases core voids and decreases core

reactivity. The decrease in reactor coolant flow increases the
water level because of the swelling of moderator voids. The
increase in core voids decreases the power level. Under certain
conditions, the increase in water level may cause a turbine and

feedwater trip, which will, in turn, initiate a reactor scram and

require operation of the high pressure makeup systems. Events in
this category include ﬁ

o recirculation pump trip (RPT)
o recirculation flow control failure in the decreasing flow
position. ’

4.1.1.4 Reactivity and Power Distribution Anomalies

Localized reactivity increases and _anomalies in the power
distribution are usually due to operator errors involving control
rod movement. The effects of the changes vary. A large reactivity
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addition may require a reactor scram or rod block to terminate the
_event. Lack of corrective action will lead to a new steady-state
operating condition. Events in this category. include

e} control rod withdrawal error at low power
o control rod withdrawal error at full power.

4.1.1.5 Increase in Reactor Coolant Inventory

Events that lead to a feedwater flow rate higher than the steam
production rate increase the amount of water (coolant inventory) in
the reactor vessel, and may initiate a turbine and feedwater trip
on high water level. A turbine trip will, in turn, result in
increased core pressure, with a concomitant void collapse and
reactivity increase. The resulting increase in power level will be
terminated by the reactor scram initiated by the turbine trip. A
feedwater trip may also lead to conditions that actuate the high
pressure makeup systems. The one event in this category is the
feedwater controller failure.

4.1.1.6 Decrease in Reactor Coolant Inventory

Events that lead to a steam production rate that is higher than the
feedwater flow rate decrease the water level in the reactor vessel.
'If the feedwater flow is sufficient to maintain the vessel water at
a new level, a new steady-state operating condition will be
established until operator action is taken. Otherwise, the event
will be terminated by a scram on low water level. Events in this
category include

o inadvertent opening of the safety relief valve
o DEH pressure regulator failure in the open position
loss of feedwater flow

P
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4.1.1.7 Increase in Reactor Coolant Flow

Events that increase recirculation flow also increase the reactor
coolant flow rate, which decreases coolant temperature and voids.
These changes cause an increase in core reactivity and an increase
in power level. A slow increase in coolant flow may lead to a new
steady-state operating condition, which can be terminated by
operator action. A rapid increase will initiate a scram on high
neutron flux. Events in this category include

o recirculation flow control failure in the increasing'flow
position
o startup of an idle recirculation pump.

4.1.1.8 Increase in Reactor Coolant Temperature

The one event in this category is the failure of the RHR shutdown
cooling system. This event increases the reactor coolant
temperature, which leads to a slow increase in pressure. The
shutdown cooling system is assumed to be isolated. Operator action
must establish an alternate coolant path through the low pressure

coolant injection line.
4.1.2 Accidents

Accidents are postulated events that would affect one or more of
the radioactive material barriers. These events are not expected
to occur during the lifetime of the plant. They are, however, used
to establish design bases for some systems. Accidents fall into
eight categories:

control rod drop accidenés

main steam line breaks

instrument line pipe breaks

LOCAS o

fuel handling accidents

recirculation pump seizures or shaft breaks

0O 0 0 0 0 0O
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o radwaste system failures

o fuel loading errors.
Each of these categories is discussed below.
4.1.2.,1 Control Rod Drop Accident

Rapid removal of a high-worth control rod may create a power
excursion significant enough to affect the fuel cladding and
reactor coolant pressure boundary. The postulated control rod drop
accident is the dropping of a fully inserted and decoupled control
rod at maximum velocity. The control rod is assumed to be the
maximum-worth rod consistent with the constraints on the control
rod patterns.  This type of accident creates a sudden burst of
power, which is initially limited by the Doppler reactivity. A
control rod scram initiated on high neutron flux will terminate the
event. ’

4.1.2.2 Main Steam Line Break Accident

Some systems that penetrate the primary and secondary containment
are connected to the reactor coolant pressure boundary. The
postulated main steam line break is a break in a steam line outside
the primar& containment, where it releases the maximum amount of
reactor coolant directly to the environment. The break causes
rapid depressurization of the reactor and an increase in the void
fraction, which shuts down the nuclear reaction. The main steam
isolation valves will then close and terminate the event.

4.1.2.3 Instrument Line Break

A number of instrument lines that penetrate the primary containment
connect directly to the reactor coolant préssure boundary. The
postulated instrument line break is the complete severance of an
instrument line outside the primary containment and upstream from
the isolation valve. A break in this location cannot be isolated
and may release a significant amount of reactor coolant to the
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environment. The reactor will continue to operate until the break
is detected. The reactor must be shut down and the system
depressurized to minimize.releases until the break is repaired.

4.1.2.4 Loss of ébolant Accident

A number of pipes penetrate the reactor coolant pressure boundary.
The analysis of the postulated LOCA includes the evaluation of a
spectrum of pipe break sizes and locations. These breaks cause
coolant to leak from the reactor and be discharged into the primary
containment. Depressurization along with a low-water level will-
initiate a reactor scram, close the containment isolation valves,
and activate the emergency core cooling system (ECCS) and other
required equipment.

4.1.2.5 Fueling Handling Accident

Accidents can release radioactivity directly to the secondary
containment when the primary contdinment is not intact. The
greatest potential for a release of this type occurs during
refueling, when the head is off the reactor vessel and the primary
containment is open.

The postulated fuel handling accident is the dropping of a fuel
assembly onto the core or onto fuel in the fuel storage pool in a
way that maximizes damage to the exposed fuel. This type of
accident will activate the secondary containment isolation system
and the standby gas treatment system.

»

4.1.2.6 Recirculation Pump Seizure or Shaft Break "

Failure of a recirculation pump rapidly reduces the core coolant
flow. The postulated recirculation pump failure is that of a pump
seizing or a shaft breaking. The level swell caused by the rapid
decrease of coolant flow trips the main and feedwater turbines and
produces a stop valve closure scram and an RPT. The bypass and
safety/relief valves will keep the vessel pressure within the
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American Society of Mechanical Engineers (ASME) Code 1limits
[Reference 18].

”

4.1.2.7 Radwaste System Failures

The postulated radwaste system failures lead to the maximum amount
of radioactivity being released directly to the environment. The
plant will continue to operate until the failure is detected.
Operator action will be required to isolate the system and minimize
releases. '

4.1.2.8 Fuel Loading Error
The postulated fuel assembly loading error is that of placing one
fuel assembly in the wrong location or rotating it. For this

analysis, the following assumptions have been made:

o Only one fuel assembly is incorrectly loaded.

o The loading error is not detected before startup through the
core verification process. m .

o The loading error is not detected after startup by the process
instrumentation.

o The plant is capable of operating at thermal limits throughout
the operating cycle.

The fuel loading error is a highly 1localized event that
significantly affects only the misloaded assembly and adjacent
assemblies. Although fuel loading errors are classed as accidents,
the Supply System applies to this type of error the stfingent
operational criterion of ensuring that fuel cladding integrity
limits are met. ’

Y

4.1.3 8Special Events

Special event analyses ensure compliance with specific regulatory
and licensing requirements not considered in the analyses of normal
operation, anticipated operational occurrences, and accidents. Six
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categories typically evaluated in a BWR reload analysis include the

following:

o shutdown margin

o standby liquid control system capability
o Code overpressure protection analysis

o stability

o shutdown from outside the control room
o anticipated transients without scram.

The special events are described below.

4.1.3.1 Shutdown Margin

The shutdown margin analysis demonstrates that the core can be made
subcritical with sufficient margin when the highest-worth control
rod is in the full-out position and the remaining control rods are
fully inserted. For this analysis, the core is assumed to be at
cold conditions, with no xenon present, and at the most reactive
stage in the operating cycle.

4.1.3.2 Standby Liquid Control System Capability

The standby liquid control system capability analysis demonstrates
that the core can be made subcritical by actuating the standby
liquid control system. The analysis verifies that the core becomes
subcritical at all power conditions with minimum control rod
inventory and no xenon present.

4.1.3.3 Code Overpressure Protection Analysis

The Code overpressure pfotection analysis confirms conformance with
the ASME Code requirement for protecting against overpressure
[Reference 18]). The Code overpressure protection analysis usually
simulates the most severe pressurization event in an anticipated
operational occurrence with an indirect scram that is not
associated with the event initiator.
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4.1.3.4 S8tability

Stability evaluations ensure that no divergent power oscillations
will occur that cannot be detected and suppressed. The safety
analysis evaluates three types of hydrodynamic stability: plant,
core, channel.

4.1.3.5 Shutdown from Outside the Control Room

This evaluation ensures that the reactor can be shut down from
outside the control room. It employs an operator procedure for
reaching cold shutdown state using only equipment outside the
control room.

4.1.3.6 Anticipated Transients Without Scram

The postulated anticipated transient without scram is an
anticipated transient that reaches a reactor protection system
(scram) setpoint or requires a manual scram without enough
insertable control rods to shut the reactor down. Transients of
this nature are expected to occur one or more times during the life
of the plant. The Supply System uses an RPT, a standby liquid
control system, and alternate rod insertion (ARI) to protect WNP-2
against failure to scram.

4.2 SAFETY ANALYSIS CRITERIA AND LIMITS

As noted in section 4.1, three categories of events require a
safety analysis. The Code of Federal Regulations (CFR) specifies
the requirements for analyzing these events. The General Design
Criteria (GDC), Appendix A, 10CFR50, list many of the requirements.
These requirements vary widgly because of the differences in the
nature of different events and the difference in the probabilities
of occurrence. Table 4-1 lists the boundaries, criteria, and
limits for the three types of events.’ Table 4-2 lists specific
events and limits. The discussion below summarizes the federal
requirements.
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4.2.1 Normal Operation & Anticipated Operationél Occurrences

Normai operation and anticipated operational occurrences require
criteria and limits for the following:

o site
o fuel cladding integrity
o reactor coolant pressure boundary integrity

Site requirements are less limiting than those for fuel cladding
integrity and reactor coolant pressure. boundary integrity.
Therefore, it is unnecessary to deal with site requirements as long
as requirements for the last two categories are satisfied.

4.2.1.1 Fuel Cladding Integrity

The GDC-10 governs fuel cladding integrity limits. It requires
that the reactor core and associated coolant, control, and
protection systems be designed with a margin sufficient to ensure
that specified acceptable fuel design limits (SAFDL) are not
exceeded during normal operation or anticipated operational
occurrences. The SAFDLs place limits on cladding stress or strain,
fuel temperature, fuel enthalpy, and cladding overheating.

The SAFDL for cladding stress or strain comes from the ASME Code,
which specifies that fuel cladding shall experience no more than 1%
plastic strain [Reference 18].

The SAFDL for fuel temperature is the maximum LHGR that will not
lead to fuel centerline melting. This limit is a function of
exposure.

The SAFDL for fuel enthalpy ié less than 170 cal/gm radially
averaged at any axial location for reactivity insertion events
initiated from low power. In the Supply System reload analysis,
this SAFDL is used only to estimate the number of fuel rods assumed
to fail in the control rod drop accident analysis.

. 4-11




The SAFDL associated with cladding overheating is that greater than
99.9% of the fuel rods are not expected to experience boiling
transition.

4.2.1.2 Reactor Coolant Pressure Boundary Integrity

The GDC-15 requires that the reactor coolant system and associated
auxiliary, control, and protection systems be designed with
sufficient margin to ensure that design limits for the reactor
coolant pressure boundary will not be exceeded during normal
operatioh or anticipated operational occurrences. The ASME Code
specifies a peak pressure of less than 1375 psig within the reactor
coolant pressure boundary [Reference 18].

4.2.2 Accidents

Postulated accidents require criteria and limits for the following:

“

o site,
o reactor coolant pressure boundary integrity
o primary containment integrity.

Site requirements are less limiting than those for reactor coolant
pressure boundary integrity and primary containment integrity.
Theréfore, it is unnecessary to deal with site requirements as long
. as requirements for the last two categories are satisfied.

4.2.2.1 Reactor Coolant Pressure Boundary Integrity

The GDC-14 requires that the reactor coolant pressure boundary be
designed, fabricated, erected, and tested to ensure an extremely
low probability of abnormal leakage, rapidly propagating failure,
or gross rupture. The ASME Code specifies limits [Reference 18].

The GDC-28 requires that reactivity control systems be designed to
limit the amount and rate of reactivity increase to ensure that
postulated reactivity accidents will cause no damage to the reactor

¥
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coolant pressure boundary greater than limited local yielding.
Current regulatory guidelines limit the calculated peak radial
average enthalpy to 280 cal/gm at any axial location in the fuel
and the peak reactor vessel pressure to less than the emergency
stress limits allowed by the ASME Code [Reference 18].

G
»

4.2.2.2 Primary Containment Integrity

The 10CFR50.44, .GDC-16, and GDC-50 specify containment ldesign
criteria. The ECCS capability criteria and performance limits
ensure that other containment integrity limits will be satisfied by
ensuring that postulated containment loads and core damage are
bounded by previous assumptions in the plant safety analysis.

The GDC-35 specifies that the ECCS must_.be capablé of transferring
heat from the reactor core following any LOCA at a rate sufficient
to ensure negligible fuel and fuel cladding damage that could
interfere with effective core cooling. The 10CFR50.46 specifies
the following ECCS 1imitsi '

a peak cladding temperature < 2200°F

a maximum cladding oxidation < 17%
core-wide metal-water reactionh <1%

the maintenance of a coolable geometry
assurance of long term cooling.

0O 0 0 0 0

4.2.3 8pecial Events

Special events require criteria and limits for the following:

o fuel cladding integrity
o reactor coolant pressure boundary integrity

4-13
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4.2.3.1 Fuel Cladding Integrity

The GDC-12 requires that the reactor core and associated coolant,
control, and protection systems be designed to ensure that power
oscillations that could damage fuel are not possible or can be
reliably and readily detected and supéressed. The GDC-19 requires
that equipment be placed at appropriate locations outside the
control room with a design capability for achieving hot shutdown
with a potential for cold shutdown.

The GDC-26 requires two independent reactivity control systems of
different design principles. One of the systems must use control
rods and must ensure that the SAFDLs will not be exceeded during
normal oOperation or ant1c1pated operational occurrences. This
system must also allow an approprlate margin for malfunctions, such
as stuck control rods. The second system must ensure that the
SAFDLs will not be exceeded during planned, normal power changes,
including xenon burnout.

The GDC-27 requires that the reactivity control systems have a
combined capability, with appropriate margin for stuck control
rods, sufficient to control reactivity changes under postulated
accident conditions. One of the systems must also be capable of
holding the reactor core subcritical under cold conditions.

4.2.3.2 Reactor Coolant Pressure Boundary Integrity

The 10CFR50.55a specifies that ASME Code pressure limits [Reference
18] apply to Code overpressure protection analysis. The 10CFR50.62
identifies design features required for anticipated transients
without scram. This regulation also mandates that. sufficient
information be provided to the NRC to ‘demonstrate the sqitability
of these design features.

B
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SAFETY ANALYSIS BOUNDARIES, CRITERIA, AND LIMITS

NORMALI, OPERATION AND ANTICIPATED OPERATIONAL OCCURRENCES

BOUNDARY CRITERIA

Site Limits on Release to
Unrestricted Arcas
(10CFR20)
Releases as Low as
Reasonably Achicvable
(10CTR5034a)

Fucl Cladding SAFDLs (GDC-10)

"

Reactor Coolant Pressure Reactor Coolant Pressure
Boundary Boundary Design Limits
(GDC15)

LIMITS

Numerical Limits for
Release of Radioactive
Materials (10CI'R20)

Numerical Guides and Dose
Objectives
(10CFRS0, Appendix I)

Fuel Cladding Integrity
Limit (SRP 4.4)

Fucl Cladding Plastic
Strain Dcsign Limit (SRP 42)

Pcak Fucl Bathalpy Limit
(SRP42)

Tucl Centerline Mclt Limit
(SRP 42)

Nuclear System Design Limits for
Upscts (10CPR50.55a)



BOUNDARY

Site

Reactor Coolant Pressure
Boundary

Primary Containment
Boundary

Table 4-1 (continued)

SAFETY ANALYSIS BOUNDARIES, CRITERIA, AND LIMITS

7

ACCIDENTS

CRITERIA
Sitc Limits
(10CP'R100.10)
Opcrator Exposure Limits
(GDC-19)
Reactor Coolant Pressure
Boundary Design (GDC-14)
Reactivity Inscrtion Limits
(GDC-28)
Containment Design
(GDC-16&50 & 10CI'RS0.44)
Emergency Core Cooling
System Capability ¥ ,
(GDC-35)

4-16

LIMITS

Guidcline Dosc Valucs
(10CPR100.11)

Exposure Limits for Plant
Opcerators (GDC-19)

Containment Design
Limits for Accidents (10CTR5055a)

Peak Fucl Cathalpy
Limit (Reg. Guide 1.77)

Nuclear System Design for
Accidents (10CI'R5055a)

Emergency Core Cooling
System Performance Limits
(10CT'R50.46)
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BOUNDARY

Fucl Cladding

Reactor Coolant Pressure
Boundary

' Table 4-1 (continued)

SAFETY ANALYSIS BOUNDARIES, CRITERIA, AND LIMITS

SPECTAL BEVENTS

CRITERIA

Reactivity Coatrol
System Design
(GDC-26&27)
Shutdown Capability
(GDC-19)

Reactor Power Oscillation Control
(GDC-12)

Reactor Coolant System Design (GDC-15)

Anticipated Transicnts
Without Scram Critcria
(10CT'RS0.62)

LIMITS

Shutdown Margin Limit
(SRP 43)

Cold Reactor Shutdown from
Qutside Control Room
(GDC-19)

Suppression of Reactor
Power Oscillations
(GDC-12)

ASME Codc Limits (10CT'RS0.55a)

Limils Associated With Plant Systems
Pceformance (10CT'R50.62)

S




Table 4-2

SAFETY ANALYSIS EVENTS AND LIMITS

ANTICIPATIID OPERATIONAL OCCURRENCES

EVENT LIMIT
Loss of I'ccdwatcr Heating SATDL
Inadvertent High Pressure Core Spray Startup SAFDL
Inadvertent RHR Shutdown Cooling Operation SAIDL
Pressure Regulator Failure-Closed SAFDL/Pressure
Generator Load Rejectioa SAFDL;Pmrc
Turbine Trip . SATDL/Pressurc
Main Stcam Linc Isolation Valve Closure SATDL/Pressure
Loss of Condenser Vacuum SAFDL/Pressurc
Recirculation Pump Trip SAIDL
Recirculation Flow Controlicr Failure-Deercasing Flow SATDL
Coatrol Rod Withdrawal Error-Low Power SAIDL
Control Rod Withdrawal Error at Power SAFDL
Feedwater Controller Failure SAPDL/Pressurc
Tnadvertent Safety Relicf Valve Opening SAIDL
Pressure chulfn(or Pailure-Open SAFDL
Loss of Icedwater Flow SAI'DL
I:os of ac Power SAFDL /Pressure
Recirculation Flow Controller Pailurc-Increasing Flow SA'DL
Startup of Idlc Recirculation Pump SAFDL
Failure of RIIR Shutdown Cooling Not Applicablc

Note:

The SAFDLs require

o less than 1% fucl rod cladding strain

o no fucl ceaterline melt

o peak fuel enthalpy less than 170 cal/gm

o greater than 99.9% of the fuel rods not cxpected to experience boiling transition.

Complying with the SAFDLs makes it unnccessary to address the site limits for normal operation and anticipated

operational occurrences.
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Table 4-2 (continued)

SAFETY ANALYSIS EVENTS AND LIMITS

~

G,
_—

ACCIDENTS

EVENT LIMTIT
it
Control Rod Drop Accident Offsite and Onsitc Doscs
: Peak Pucl Bathalpy
‘ Reactor Vessel Pressure
1
\'f‘ Main Steam Line Break Offsitc and Onsite Doses
ii Instrument Line Break Offsitc and Onsite Doscs
( .
Fuel Handling Accident , Offsite and Onsitc Doscs
' \ Loss of Coolant Accidents Offsite and Onsitc Doscs
- ECCS Acceptance Criteria
- Containment Design Limits
i: Recirculation Pump Scizure or Shaft Break Offsitc and Onsite Doscs
/
‘ Radwaste System Pailurcs . » Offsite and Onsite Doses
Fuel Loading Ecror Tucl Cladding Integrity

s - -

\




Table 4-2 (continucd)

SAFETY ANALYSIS EVENTS AND LIMITS

RVENT

Shutdown Margin

Standby Liquid Control System Capability
Overpressure Protection Analysis
Stability

Shutdown from OQutside Control Room

Anticipated Transicnts without Scram

SPECIAL EVENTS

LIMIT

Shutdown Margin
Cold Rcactor Shutdown
Pressure

Reactor Shutdowa from
Outside the Control Room

10CT'R50.62

* Code of Federal Regulations, 10CIPRS0, Appendix A (GDC-12) requires that the reactor corc and the associated
coolant control and protection systems be designed to ensure that power oscillations, which can result in
condiiions exceeding SAFDL limits, are not possiblc or can be reliably and readily detected and suppressed.
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SECTION 5.0
RELOAD ANALYSIS

The reload analysis uses approved fuel designs from the fuel
supplier and, for some reload fuel :analyses, integrates fuel
supplier analysis methods into the Supply System reload analysis
methodology. This section discusses the following:

I
, |
le] the reload analysils process
o the relationship between the reload analysis and“the:plant
safety analysis requirements -
o the reload evaluation requirements |
o the safety limits used in the analysis process i
o the process used to identify events that are not limiting for

purposes of the reload analysis.
5.1 INTRODUCTION

A reload is defined as replacement of depleted or exposed fuel
assemblies with sufficient fresh fuel assemblies or other high
reactivity (reinsert) fuel assemblies to enable another cycle of
operation to proceed. The reload analysis demonstrates that plant
safety ‘analysis requirements have been satisfied for the reload
fuel assemblies in the new core configuration.

5.1.1 Reload Analysis Process

Figure 5.1-1 provides an overview of the Supply System reload
analysis.

The first task in the reload analysis is to select and procure the
number and type of fuel assemblies needed for the reload. The
choice is based on the characteristics of the current core and fuel
designs and on an energy utilization plan. The energy utilization
plan indicates the expected operating cycle length, the target
plant capacity factor, and the anticipated end-of-cycle exposure
for the current operating cycle. Fuel cycle studies are then

5-1



performed, and a reference fuel cycle is developed that specifies
the number and type of reload fuel assemblies necessary to
economically satisfy the energy utilization plan. Once the Supply
System has chosen the number of fuel assemblies, the fuel design,
and the fuel enrichment, fuel fabrication can begin.

The next step in the reload analysis process is to establish a
reference loading pattern that will serve as the basis for the
reload fuel design and safety analyses. The reference loading
pattern identifies the type and location of all fuel assemblies
that will be used in the reactor core during the next operating
cycle. Important characteristics that influence the reference
loading pattern are the predicted end-of-current-cycle core
exposure, exposure distribution, and operating history. Section
7.0 discusses parameters that must be checked if the core
characteristics at the end of the cycle differ from those predicted
and/or if the actual loading pattern differs from the reference

loading pattern.

The next step in the reload analysis is to identify the potentially
limiting events in the plant safety analysis. This process
requires identifying and listing current safety analysis events
applicable to the reload analysis. The relationship between the
safety analysis and the reload analysis is described in more detail
in section 5.1.2. The reload evaluation requirements are described
in section 5.1.3. The reload analysis limits are established using
fuel vendor design analyses and current plant safety analysis
requirements. Section 5.1.4 describes the methodology used to
obtain the limits. The reload analysis limits make it possible to
identify potentially limiting events by eliminating non-limiting
events from the list of applicable events. Section 5.1.5 describes
the process for identifying non-limiting events.

The potentially 1limiting events are the subject of the event
analyses. Event analysis requirements are described in more detail
in section 5.2. Specific event analysis procedures and their bases
are described in section 5.3. -
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The results of the reload analysis are documented in the reload
summary report. (Section 6.0 provides an outline of a reload
summary report.) The reload summary report is used to update the
plant safety analysis, define the required core operating limits,
and provide the basis for any license amendment requests.

The core operating limits are based on the results of the event
analyses. Section 6.0 describes how the core operating limits are

identified.

In some cases, the results of the analygis may lead to a change in
plant technical specifications. Any plant technical specification
change requires a license amendment request. Section 6.0 discusses
considerations associated with technical specification changes.

The final step in the reload analysis is confirming the suitability

of the actual loading pattern. Section 7.0 gives more details

about the confirmation process.

«

5.1.2 Relationship to Plant Safety Analysis Requirements

Section 4.0 described the séfety analysis requirements with respect
to event analyses. The introduction of reload fuel into the core
can change the results of some of the event analyses performed for
previous cycles. Any such changés must be evaluated.

Not all events included in the plant - safety analysis are
significantly impacted by the introduction ‘of reload fuel. Some
events in each category may, however, require reanalysis if the
changes to the nuclear and thermal hydraulic characteristics of the

core are significant.

A screening process identifies and eliminates the non-applicable
and non-limiting events. Section 5.1.5 describes the process of
identifying potentially limiting events. Section 5.2 describes the
application and results of the screening process.



The remaining events are the subject of analysis for the reload
fuel and core design. Reload fuel evaluation requirements are
described in section 5.1.3.

~

S.1.3 Reload Evaluation Requirements

The reload analysis updates the plant safety analysis. To ensure
a complete assessment, each event in the plant safety analysis must
be evaluated to determine the extent to which it challenges the
safety limits. )

Potentially 1limiting anticipated operational occurrences are
generally analyzed to establish the core operating limits for the
reload fuel and core configuration. Accidents may be reanalyzed to
establish operating limits- for reload fuel or to assess the event
consequences if the bounding conditions are not satisfied. Special
events are analyzed to demonstrate conformance to specific
regulatory requirements. Considerations used to determine the need
for and extent of event analyses are described in section 5.2.

Event limits are a key consideration in determining which events
require reanalysis for reloads. Section 5.1.4 describes the
specific event limits and the process used to establish them.

5.1.4 8Safety Limits Used in the Analysis Process
Section 4.0 describes criteria and limits applied to event analysis

These criteria and limits are as applicable to the reload analysis
as they are to the current plant safety analysis. They serve two

purposes:

o They provide the figures of merit for the reload analysis
results. )

o They are used in event screening to assess the relative

severity of the events in each category.
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Applicable limits for the events in each category are provided in
Table 5.1-1; the bases are discussed in sections 5.1.4.1 through
5.1.4.3.. It is only necessary to check event analyses results
against the most restrictive limits for the event.

5.1.4.1 Anticipated Operational Occurrences
Three sets of limits apply to anticipated operational occurrences:

o onsite and offsite dose limits associated with the release of
radioactive materials

o design limits for the reactor coolant pressure boundary

o SAFDLs.

The onsite and offsite dose limits are not used in the reload
analysis because the SAFDLs are more limiting. Onsite and offsite
dose limits are based on the assumption of a limited number of fuel
failures in the core, consistent with plant technical specification
requirements. No significant number of fuel failures will occur as
long as the SAFDLs are not exceeded. Therefore, previous dose
assessments remain applicable, and no further evaluations are
required for the reload analysis.

The reactor coolant pressure boundary design limits are based on
the requirements in the ASME Code [Reference 18]. These
requirements specify a peak vessel pressure limit of 1375 psig.

Four limits apply to SAFDLs:
the fuel cladding integrity limit

the fuel cladding plastic strain design limit
the fuel centerline melt linit

0O 0O 0 O

the peak fuel enthalpy design limit.

The process of establishing these limits is described below.




S.1.4.1.1 Fuel Cladding Integrity Limit

The fuel cladding integrity limit ensures that greater than 99.9%
of the fuel rods in the core would not be expected to experience
boiling transition. The Supply System reload analysis will use the
fuel vendor methodology and approved critical power or critical
heat flux correlations to establish a MCPR that satisfies this
requirement.

Currently, the only CPR correlation used with the fuel vendor
methods is the approved ANFB correlation [Reference 19]. Analyses
using ANFB include the effects of channel bow in the MCPR limit.

5.1.4.1.2 Fuel Plastic Strain Design/Fuel Centerline Melt Limits

The fuel plastic strain limit is the LHGR that produces a permanent
fuel cladding deflection of 1%. The fuel centerline melt limit is
the LHGR required to reach the fuel melting temperature at the
centerline of a fuel pellet. The Supply System methodology uses
the fuel vendor's thermal-mechanical methods to establish the LHGR
limits for fuel plastic strain and fuel centerline melt limits.
These limits are expressed as a function of exposure. To evaluate
current fuel designs, these two limits have been combined into a
single set of PAFF limits that use the more limiting LHGR.

5.1.4.1.3 Peak Fuel Enthalpy Design Limit

The safety analysis identifies a peak fuel enthalpy design limit
for energy deposition from reactivity insertion events initiated
from low power. In the Supply System methodology, this limit is an
axially averaged peak fuel enthalpy of 170 cal/gm. ‘It is used only
to determine the number of fuel rods predicted to fail as a result
of a control rod drop accident. This limit does not apply to other
events analyzed in the reload analysis process.
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In the plant safety analysis, four sets of 1limits apply to

accidents:

offsite guideline dose values and operator exposure limits
reactor coolant pressure boundary integrity limits

primary containment integrity limits

for the fuel loading error, the fuel cladding integrity limit.

0O 0 0 O

The offsite guideline dose values and operator exposure limits are
not used in the reload analysis because they are less restrictive
than the limits established from bounding analyses for accidents.
Section 5.2 discusses the basis for bounding in the event analyses.

Two sets of limits apply to the reactor coolant pressure boundary:

o nuclear system design limits for accidents, which are based on
ASME Code requirements for emergency or faulted conditions
o peak fuel enthalpy limits for reactivity insertion accidents.

The nuclear system design limits for accidents are not used because
bounding analyses exist in the current plant safety analysis.
Section 5.2 discusses the basis for the current safety analysis
being bounding. A peak fuel enthalpy of 280 cal/gm is the limit
for reactivity insertion accidents. The results of analyses for
the limiting reactivity insertion event demonstrate that the ASME
Code limits for the reactor coolant pressure boundary will not be
exceeded for a peak fuel enthalpy of 280 cal/gm.

Two sets of limits apply to the primary containment integrity:

o ‘containment design limits
o ECCS limits.

Containment design limits for accidents are based on the ASME Code
requirements. The containment must be capable of accommodating the

5=7



amounts of hydrogen that may be released during a LOCA. The
containment design limits are not used in the reload aﬁélysis
because the ECCS limits are more restrictive. The ECCS performance
limits are ’

a peak cladding temperature < 2200 °F
a maximum cladding oxidation < 17%
core wide metal water reaction < 1%
the maintenance of a coolable geometry

0O 0 o 0 ©O

assurance of long term cooling.

only the first three limits are of significance in the reload
analysis process. These three limits ensure that a short-term LoOCA
will preserve a coolable geometry consistent with long-term cooling
requirements. Assurance of 1long term cooling is provided by
demonstrating that the geometry is refloodable.

The fuel cladding integrity limit is used as the figure of merit
for a fuel loading error. The fuel integrity limit is the MCPR at
which greater than 99.9% of the fuel rod in the core would not be
expected to experience boiling transition. This 1limit is
consistent with commitments in the current plant safety analysis
and represents a conservative limit for this event.

5.1.4.3 8pecial Events

Evaluations in section 5.2 show that four special events require
reanalysis in each reload analysis:

shutdown margin demonstration

standby liquid control system capability
stability

Code overpressure protection.

0 0 O O°

Each of these events has its own limit.
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The shutdown margin demonstration must provide assurance that the
shutdown margin requirement in the plant technical specification
will be satisfied during plant startup tests.. The shutdown margin
demonstration analysis assumes that the highest worth control rod
is fully withdrawn. >

The standby liquid control system capability analysis demonstrates
that the plant can attain a cold shutdown condition without the
control rods. In the analysis of this event, it is assumed that
all the control rods remain at the same location or at their
initial location throughout the event.

Stability evaluations must demonstrate that there will be no

unsuppressed reactor power oscillations. Plant technical
specifications place monitoring and operational constraints on
plant operating conditions to ensure compliance with stability
limits.

For overpressure protection, the limits of the ASME Code apply,
which specify a peak reactor vessel pressure of 1375 psig.

$.1.5 Process for Identifying Potentially Limiting Events

In the reload analysis, it is only necessary to analyze events that
can establish core operating 1limits, result in the need for a
technical specification change, or demonstrate compliance with
technical specifications. The Supply System methodology has
developed a process for identifying potentially limiting events.
The steps in this process are shown ‘on Figure 5.1-2 and described
below. The results of applying this process are described in
section 5.2.
8

The process begins by identifying and eliminating all events in the
current plant safety analysis that are not associated with fuel,
core, or reactor system design.




The second step is to identify and eliminate all plant capability
demonstrations in the current plant safety analysis. The safety
analysis evaluates some special events that demonstrate plant
capability to accommodate events or failure combinations not
considered in the plant design basis. These events do not need to
be considered in the reload analysis as long as changes in fuel and
core design do not significantly alter the plant capability to
accommodate these events.

The third step is to identify and eliminate all non-limiting
events. The current plant safety analysis demonstrates that a
number of events are not limiting. As long as the reload fuel and
core design do not change the relative severity of these events,
they may be eliminated from consideration in the reload analysis.

The fourth step is to identify and eliminate all events that fit
within the bounding analyses in the current plant safety analysis.
These events are not significantly affected by reload fuel and core
design. As long as the bounding assumptions are applicablé, the
reload analysis does not need to analyze these events.

Any events not eliminated with these steps are ‘considered
potentially limiting. These events are the subject of the analyses
documented in the reload summary report.
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LIMIT

Anticipated Operational Occurrences

Specified Acceptable Fuel
Design Limits (SAFDLSs)

Reactor Coolant
Pressure Boundary

Accidents
Reactivity Insertion
Emergency Corc Cooling

System Pecrformance

Fuel Loading Error

Special Events

Shutdown Margin
Demonstration

Standby Liquid Control
System Capability

Stability

Overpressure Protection

Table 5.1-1
RELOAD ANALYSIS LIMITS

VALUE

MCPR > Fuel Cladding Integrity Limit
LHGR < PAFF Limits

Pressure < 1375 psig

Peak Fuel Enthalpy < 280 cal/gm

Peak Clad Temperature < 2200 °F
Local Oxidation £ 17%

Core Wide Mectal Water Reaction< 1%

MCPR > Fuel Cladding Integrity Limit
Shutdown Margin > Tech. Spec. Limit.
Cold Reactor Shutdown
Suppression of Reactor

Power Oscillations -

Pressure < 1375 psig



Plant Operational Cuirrent Core Safety Analysis
Goals and . .
Performance and Fuel Design Requirements
) | ¢
Y Y Y
Energy Reference Current
Utilization ™| Fuel Cycle Safety Current Plant
Plan Analysis Design, Operation,
| and Safety Analysis
’ Y
Fuel Design
and Fabrication Fuel Design
[ and Procurement
Y Y
End of Current Rfcfggi?]?;e Reload Fuel
Cycle Prediction Pattern Analysis Activities
il ¢
Applicable
Analyses for
Reload Fuel
F;e' _SUPP“:;‘r Reload Fuel
if\lglr; :lg Analysis Limits
Identification of
Potentially
Limiting Events d
WNP-2 Reactor Reload Fuel
Analysis TR
Methodology Event Analyses
Core Operating Reload
Limits = Summary
mi Report

Figure 5.1-1. Reload Analysis Process Overview
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All Events Contained in
Current Safety Analysis

Y
Identify and Eliminate
Events Not Associated
with Fuel, Core, or
Reactor Systems Design

Identify and Eliminate
Plant Capability
Demonstrations

Y

Identify and Eliminate
All Non-Limiting Events

:

Identify and Eliminate
All Bounding Analyses

Figure 5.1-2. Process for Identifying Potentially Limiting Events
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5.2 RELOAD ANALYSIS REQUIREMENTS

The ‘reload analysis demonstrates that all plant safety analysis
requirements have been satisfied for the new fuel assemblies and
core configuration. Satisfying safety analysis requirements may
require establishing new core operating limits or technical
specifications. Reviewing the current safety analysis will ensure
that necessary analyses and evaluations of the reload fuel and core
configuration have been performed. The review is necessary because
the reloaded core may have different nuclear and thermal hydraulic
characteristics than the core configurations previously evaluated.

As noted in Section 5.1, not all events evaluated in the plant
safety analysis are significantly affected by the introduction of
reload fuel.

Section 5.1.5 describes the screening process used to identify
potentially limiting events. The application of this process is
described in more detail below. For convenience, events have are
grouped by safety analysis categories:

o anticipated operational occurrences
o accidents ‘
o special events.

Event evaluations apply only to the current plant design. Plant
design changes, such as those that significantly affect system or
equipment performance characteristics, may affect the relative
event severity. Any such changes require assessment to determine
if they affect safety analysis requirements. The Supply System
assessment of plant changes will be consistent with the
requirements of 10CFR50.59.




$.2.1 Anticipated Operational Occurrences Assessment

Anticipated operational occurrences are characterized by’ nuclear
system parameter variations that pose the most significant
challenge to the fuel or reactor coolant pressure boundaries.
These parameter variations fall into eight categories:

decrease in reactor coolant temperature
increase in reactor pressure

decrease in reactor coolant flow rate
reactivity and power distribution anomalies
increase in reactor coolant inventory
decrease in reactor coolant inventory
increase in reactor coolant flow

O 0 0O 0O 00O O O

increase in reactor coolant temperature.
Events in each of these categories are assessed below.
5.2.1.1 Decrease in Core Coolant Temperature

The events in this category are

o loss of feedwater heating
o inadvertent HPCS startup
o inadvertent RHR shutdown cooling operation.

The current plant safety analysis demonstrates that the loss of
feedwater heating is the most limiting event in this category and
has the potential to establish core operating limits. Therefore,
the loss of feedwater heating event is analyzed in the reload
analysis.

5.2.1.2 Increase in Reactor Pressure
The events in this category are

o DEH pressure regulator failure in the closed position

‘ 5.2-2
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generator load rejection

turbine trip
closure of the main-steam-line isolation valve

loss of the condenser vacuum.

o 0 0 O

The current plant safety analysis aemonstrates that the generator
load rejection without bypass is the most limiting event in this
category and has the potential to establish core operating linmits.
Therefore, the generator load rejection without bypass is analyzed
in the reload analysis.

5.2.1.3 Decreaselin Reactor Coolant Flow Rate

The events in this category are

(o) an RPT
o a recirculation flow control failure in the decreasing flow
position. .

The events in this category are relatively benign because the
reduction in core flow reduces core reactivity and leads to a
reduction in power prior to any system trips or actuations. The
current plant safety analysis demonstrates that the events in this

category are non-limiting.
5.2.1.4 Reactivity and Power Distribution Anomalies

The events in this category are

o control rod withdrawal error at low power
(o} control rod withdrawal error at full power.

The current plant safety analysis demonstrates that the control rod -

withdrawal error at full power is the most limiting event in this
category and has the potential to establish core operating limits.
Therefore, the control rod withdrawal error at full power is
analyzed in the reload analysis.
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5.2.1.5 Increase in Reactor Coolant Inventory

One event in this category is the feedwater controller failure.
Other events that cause an increase in reactor coolant inventory
have been discussed in sections 5.2.1.1 and 5.2.1.2. Feedwater
controller failure in the maximum demand position has the potential
to establish core operating limits and is therefore analyzed in the
reload analysis process.

5.2.1.6 Decrease in Reactor Coolant Inventory

The events in this category are

o inadvertent opening of the safety relief valves
o DEH pressure regulator failure in the open position
o loss of ‘feedwater flow

These events are characterized by a steam and feedwater flow

mismatch which results in a mild depressurization, a decrease in

core power level, a decrease in water level, and a decrease in core

coolant temperature prior to any system trips or actuations. The
current plant safety analysis demonstrates that the events in this
category are non-limiting.

5.2.1.7 Increase in Reactor Coolant Flow

The events in this category are

o recirculation flow control failure in the increasing flow
position
o startup of an idle recirculation loop pump.

-

The current plant safety analysis demonstrates that the slow
increase in reactor coolant flow associated with a recirculation
flow controller failure may be the transient that establishes the
MCPR operating limit when the reactor is operating at low power and
low flow. Therefore, recirculation flow controller failure in the
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increasing flow position is analyzed from low power and low flow
conditions in the reload analysis.

5.2.1.8 Increase in Reactor Coolant Temperature

The one event in this category is the failure of the RHR shutdown
cooling system. The current plant safety analysis demonstrates
that this event is non-limiting.

5.2.1.9 Anticipated Operational Occurrences Assessment ‘Summary

Evaluation of anticipated operational occurrences indicates that
the following five events require re-evaluation during the reload

analysis:

loss of feedwater heating

generator load rejection without bypass

control rod withdrawal error at full power

feedwater controller failure in the maximum demand position
recirculation flow controller failure in the increasing flow
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