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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 Systemn,
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 System)
operates the Washington Nuclear Project No. 2 (WNP-2). Designed by
Genéral Electric, WNP-2 is a BWR/S boiling water reactor (BWR) with
a licensed core thermal power of 3323 MWt. A power uprate to 3486
MWt is scheduled for 1994. 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 energy 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
determined, a safety analysis evaluates potentially 1limiting
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.



“on the fuel vendor’s generic ana1y51s results. "

Screening identifies the potentially limiting events in each of the

three categories. These events are then re-evaluated during each
reload analysis.

Analyses of limiting events provide the bases for any changes in
core operating 1limits or technical specifications. The Supply
System’s lattice physics methods, three-dimensional simulator code,
and transient analysis methods are used for evaluating all three
categories of events. Analyses of the consequences of rod drop
accidents and loss of coolant accidents (LocCA) rely, in addition,

»

N

«

Cycle~specific reload summary reéorts document the results of
reload analyses, which provide the basms for any changes in core
operating limits or technical spec1f1catlons. Figure 1- 1 prov1des
an overv1ew of the reload analysis process.

»

1.2 METHODOLOGY IMPLEMENTATION AND UPDATING

Implementation of the reload analysis methodology will require
amending the techn1ca1 specifications so they reference this
topical report in addition to the various fuel vendor toplcal
reports. ThlS reload analys1s 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 mreport. 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
information to indentify the applicable revision number.

-
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Figure 1-1. Reload Analysis Overview
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SECTION 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 the results may be evaluated using
either a deterministic approach or the statistical combination of
uncertainties (SCU) method.

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 anticipated 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

le] establish maximum average planar linear heat generation rate
(MAPLHGR) 1limits that ensure the consequences of a LOCA
satisfy the requirements of 10CFRS50.46

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 results' of the Code overpressure

protection analysis meet the requirements of 10CFRS50.55a.

2-1




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 into 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 an;1Ytic51‘ calculations.” - The- methodology - draws
partlcularly heavily on the.Redctor Analysis Support Package (RASP)
system of computer codes” developed by the Electric Power Research
Institute (EPRI) [Reference 1].

&Sevefal utilities use RASP for a range of applications, including

M - B . . -
4

fuel ;ycle management : : .
core design ' .

plant reload licensing support
development of analytical bases to support-changes in. plant

0O 0 0 O

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

ary P .
W .

. s - Pt e ow

The Supply System supplements the RASP -codes” with a ’number of

spec1al purpose codes. ' These codes have been’ implemented by the

Supply 8ystem and are lntegrated with spe01f1c facets of the fuel
| supplier methodology. The RASP codes and specmal purpose \codes can
| also be used to perform other analyses that support operations.

. . )
n ‘ , [ ' B « !
.

uFigufé‘az-ij‘sho&s ‘the computér ”codes and code. sequence. -All
~ computer codes are maintained and controlled by the :NRC-approved
|'Su§piy System quality assurance program . - -« ®

*
"




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 nehtronics input for dynamic analyses.

These codes include

o MICBURN-E, a pin cell. code, to.. treat gadolidia ieotoéic

depletion . . s . e oM
CASMO-2E, a lattice physics code ) a
0o SIMULATE-E, a three—dlmen51onal core 51mulator code o

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

s

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
[Reference 23].

2.1.1.1 MICBURN-E o

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 dlstrlbutlons and elgenvalues, 1t
employs 'a time-dependent analysis method to calculate fuel rod

Il
=

isotopic distributions as a functlongof burnup.

In the reload analysis, MICBURN-~E generates burnable absorber data
for input to CASMO-2E. | The resultlng flles contaln effective
microscopic absorption cross sectlons tabulated as a functlon of
burnup for a pseudo-burnable absorber nucllde equlvalent to the

¥

.constituent absorber nuclides of the gadollnla.

. 2=3




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 probgbilities 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 square 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. -, e . e

iﬁpui data to CASMO-2E -includes the following: . "

"
’

[ “ ¥

s - ’ - . 5 em

' - F L3

;'comﬁésition datafor the fuel and structure S
burnable absorber data produced by MICBURN-E

assembly and control rod dimensions

internal fuel rod arrangement

average fuel temperature from ESCORE analyses.

0O 0 00 0 O,

power density TR L

EASMQ;?E performs the following:sequence .of calculations: . . .-
> * . ‘ I Y s e . .. .

‘s ' 'a'resonance calculation )

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

6 ° '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. e e e

~2=4
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For each lattice design, CASMO-2E also calculates neutronics data
as a function of the following BWR parameters:

o]
(o]
o
(o]
o
0.
o
o
o
o]

exposure history . _
exposure-averaged relative moderator density
instantaneous relative moderator density
control rod presence
control rod history
. fuel temperature . oo . e
moderator temperature ‘ o
xenon concentration , - e
samarium concentration roae - , N
boron concentration., .. . . s« e b e . “’j

CASMO-2E provides the‘'cross section data. used by SIMULATE-p,in,the
core analysis and the inverse neutron velocities aénd delay;d
neutron fraction used by SIMTRAN-E. In addition, CASMO-2E produces
the local peaking factor distribution and incore detector reéponse.
CASMO-2E has been qualified for use in the reload analysis
{Reference 5].

2.1.1.3 NORGE-B .

NORGE-B 1is data handling and-‘ processing .code used for
transferrlng 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

T

o] partial cross sections, in the form of two-dimensional

-interpolating tables and polynomial fits . . .. L.
o «+."additional .polynomial fits for. isotopic flSSlon ylelds and
neutrons per fission. e PO

NORGE-B provides SIMTRAN-E with the following:

the total effective delayed neutron yield.

Q o two-group inverse neutron velocities

2-5



2.1.1.4 SIMULATE-E

SIMULATE-E is a coarse-mesh, three-dimensional, nodal-diffusion
code used for steady-state core analysis. It models the reactor
core as a matrix of neutronically -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 slowinngown and thermal-capture reaction rates. .

e x . N . »

S%MUﬂATE-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
b&pass' 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 is calculated from the thermal power
‘dlstrlbutlon using the void quality profile model. "Iterative
. calculations of the neutron flux, thermal power,- and moderator

" T

’den51§y distributions contlnue until they are consistent. K

- .

“Input to SIMULATE-E includes the cross section data provmded by
NORGE-B, a description of the. core--loading pattern,- the power
level the coolant 1nlet subcoollng and flow rate, and the control

¥y

) rod pos;tlons. oo ’ oo S,

é

-
b ]

f SiﬁﬁLﬁTE-EﬁdeveIdés the three-dimensional macroscopic cross-section
:ﬁaata'processed by SIMTRAN-E for' input to.RETRAN-02. :SIMULATE-E
: also givee k-effectives, nodal -power distributions, and nodal
exposures. SIMULATE-E ‘has been’ quallfled for use.in the- reload

.

analy51s [Reference 57. . .

= -

- A - = - N
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2.1.2 Core Neutronics Linkage Codes

The core neutronics linkage codes, SIMTRAN-E end STRODE,‘translate
. SIMULATE-E data into, a form that can be used by RETRAN-02.
SIMTRAN-E was deveioped by EPRI [Referenge 6]. STRODE was
developed by the Supply System. ’

2.1.2.1° SIMTRANrE L v . R e e

- ..
-

SIMTRAN-E is a data handllng and proce551ng code used for
transferring data from SIMULATE~E and NORGE-B to RETRAN-OZ.
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‘veld and power react1v1ty
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-dlmen51onal cross sectlon
and kinetics parameter data read from the SIMULATE-E, cases to one
dimension by using appropriate weighting functlons. Dependlng on
the particular cross section involved, the welghtlng functlon is
either the volume, the product of the volu@e and .the flux, or the
product of ‘the volume and the adjoint flux.. ‘ o

e

SIMTRAN-E then generates several perturbations of the moderator
density and fuel temperature about the values obtalned from the
" dinitial SIMULATE-E-case.. ‘The axial shape of these perturbatlons is

specified as input.. . SIMTRAN-E expands the perturbatlons to three

dimensions and generates the. correspondlng perturbed cross sectlons .

and kinetics parameters. . These three-dimensional perturbatlons
then are collapsed to one dimension as in the base case. The
resulting changes in each cross section and each kinetics parameter
are represented as polynomial functions of the moderator density

2=7
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and the square root of the fuel temperature. These polynomial fits
are subsequently used by RETRAN-02. ’

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 dlfferently. .

o . sy 4 - »
L] - e

STRODE uses the results from patallel SIMULATE-E. and RETRAN-02
cases to quantify the differences between:axial moderator density
distributions predicted by the two codes given identical variations
ih'core preséure. STRODE uses the differences between the-axial
arrays to modlfy the " polynomial coefficients -‘associated ,Kwith
:changes in moderator den51ty 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
directly as input’ to RETRAN-02. ‘ e

STRODE also corrects thé 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
sectioh iibfary (obtaineﬁ from ENDF/B-III) are lower.than those in
hthe more recent' cross section library '(ENDF/B-V). The STRODE
’adjustment makes the one-dimensional data consistent-with the more

¥ - -

recent’ data. . E : . ]

[
« - A

.2.1.3 8yst?m and Core Thermhl-ﬁydraulics Codes - - e

RETRAN-02, the system thermal-hydraulic éode, and VIPRE+0l, the
core thermal-hydraulic code, evaluate core-wide transients for the
reload analysis. Both codes were developed” by EPRI (References

7,8].

e
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2.1.3.1 RETRAN~02 .

RETRAN-02 is a neutronic and thermal-hydraulics transient analysis
code for modelling nuclear power plants under both normal- and
accident conditions. Thls 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-wxde
thermal-hydraulic models. The RETRAN—OZ code solves one—
dimensional, two-group, dlffu51on'theory'neutron‘klnetlcs equatlons
using the space-time factorization method. SIMTRAN~E and STRODE
provide the neutronics input to RETRAN-02. -

RETRAN~02 is a variable nodaligation code reéuiring ussrdinbut to
specify the system model, which cgnsists'ofwcontrol,volhmes,‘héat
slabs, and a flow path network.. The RETRAN-02 modelsi;nLthis
analysis were developed by the Supply System. They were‘qual;fisd
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 nse in the ,
reload and plant safety analysis [Reference 9].

RETRAN-02 solves conservation of mass, momentun, ,énd:'sneféy
equations for the fluid mixture. Relative velocities of liquid and
vapor are calculated with an algebraic slip mgdelithat uses a”drift
flux approach. Channel friction is,calculatedfusind a tW°?P@§§e
friction multiplier to the single-phase fristion fac;on.“EHsét
. transfer is calculated with a time~dependent, one-dimensional heat
conduction equation. Fill Junctlons or tlme-dependent volumes
specify the boundary conditions for system thermal-hydraullc
calculations. Cm N . e

[t . . -

RETRAN-02 component mpdels,~representd‘ValJes, pumps, and steam
separators. Valve opening and closing characteristics are
simulated using a table of valve-flow-area versus time. Pump

characteristics are simulated with a set of pump curves. Steam

2=9




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-01l

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-01 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 thosé found under
normal operating conditions to those that develop during moderately
severe accidents. Transients occurring entirely within the core
can be simulated by VIPRE-O01l alone. Transients involving primary
system 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-01.

'VIPRE-01 predicts three-dimensional velocity, pressure, thermal-
énergy'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 ihcludes
models for subcooled boiling and vapor/liquid slip in two-phése
flow. = - .o - :

-

The Shppl} System uses VIPRE-01 to predict changes in the.critical
power ratio (ACPR) during transients; these changes establish the
MCPR operating limit. -’




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-E, TLIM, CALTIP, RBLOCK, and STARS. ESCORE, RODDK-E, 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.

M B N .

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 1lattice physics

calculations.

Escore models the fuel rod as-.a series of discrete axial seéments;
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' they are 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 models include a steady-state
tenperature predictor with power deposition, thermal and elastic
expansion, creep, and growth... ﬂ

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,



the amount of fission gas released, and the free volume of the
fuel rod. The fuel temperature depends on the fuel-pellet-to-
claddlng 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 traversingz
incore probe (TIP) calculational code, CALTIP. FICE provides the
following data to TLIM: oo,

*
et 3

o} the'local éeakiﬁg functions needéd for the critical-. power

ratlo (CPR) correlatlon (the reload-analysis currently uses
_ the ANFB correlatlon) s - : :
k-3 " the maximum local peaking factors needed for calculation of

-

-

linear:ﬁeat generation 'rates (LHGR) .- SR L

-
-

| .Local peaking ﬁunctiohs for the ANFB correlation are based on

| éfemens Power Corporation- (SPC, formerly known as Advanced Nuclear

| Fuels or ANF) methodology. They are used to account for the local
peaklng factor, the bundle geometry, and 'the spacer -effects. FICE
provides to CALTIP data tables that can bé used for interpolating
detector signal rate responses.

2.1.4.3 RODPK-E
The RODDK-E code prov1des rapld estimation of relative control rod
worths. '. RODDK—E uses “a two-dimensional; FLARE-based .source
‘lteratlon method to solve:the neutron balance, and a FLARE-based
: source normallzatlon method ‘to reproduce ‘a-more detailed SIMULATE-E
;neutron source dlstrlbutlon. "RODDK-E also predicts ‘the relative
:order of control rod worths, which facilitates ' the selection of
control rods for analy31s with the more’detailed SIMULATE-E code.
SIMULATE-E prov;des more accurate ‘and more detailed assessments of
control rod worth, Whlch reduces some of the uncertainty in the

results obtained from RODDK-E.

w12




@ 2.1.4.4 TLIM

l E

TLIM is used to evaluate the thermal‘margins associated with the
results of a SIMULATE—E case. Thermal margins evaluated by TLIM
1nclude the follow1ng. )

o . CPR
o - LHGR . L ‘.
o average planar -linear heat generation rate (APLHGR).

e

2.1.4.5 CALTI?P

CALTIP calculates expected ,TIP. responses for a given core
configuration. The' core configuration is flrst modeled with the
SIMULATE-E code; CALTIP reads the 'resultlng nodal fluxes,
exposures, and other variables, from the SIMULATE—E }estart file.
CALTIP then uses the nodal varlables to obtain nodal detector
signal rates by 1nterpolat1ng 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 correspondlng predlcted value, and prints

- “-r—(.‘

~a statistical summary of the results. L, “ .
2.1.4.6 RBLOCK

RBLOCK predicts the response of the rod block monitor (RBM) system
for specified failure combinations of local power range monitors
(LPRM) or LPRM strings.. It also identifies the most llmltlng notch
position where a rod .block would be predlcted to occur for a glven
limiting failure comblnatlon. The RBLOCK code uses 1nd1v1dual LPRM
responses calculated by the CALTIP code.‘k‘ It also uses “"TLIM
calculations for the MCPR and max1mum llnear heat generatlon rate
(MLHGR)' as'-a function of notch posxtlon.. RBLOCK generates an
output summary to a531st in evaluatlng compllance with the event

ve

~acceptance limits for control rod withdrawal errors.

-
LB
“
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2.1.4.7 STARS ' . S

STARS applies the SCU methodology to determine the overall
probablllty distribution for an analysis result in a specific
event. The variable of interest 'is an uncertain quantity 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-~O1l.

- - - s v « "
P L4 - & = .

STARS can develop a second-order response surface, with all cross
terms, for up to nine parameters. It-'can also be used to- establlsh
selected cublc and quartlc dependencles. "The Supply'System-safety

analy515 uses a second order response surface .fit with .four or

ey
fewer parameters. : . , P, L,

il e o -
- * . N
.-
. -

Eyaiuation'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 pomnts may be added later to reduce the fitting error. STARS
can use up to 350 data points 'to evaluate the response surface
polynomlal flttlng coeff1c1ents, whlch are determlned by a least

squares analy51s. ’ ' - ‘ « oo tLa

<« e < . -
= - e,

2.2 STATISTICAL COMBINATION OF UNCERTAINTIES METHODOLOGY' ~

. . .
. « - Ce e 0 *

- €
C)a

The safety analy51s must consider uncertainties in models, .model

plnputs, lnstrumentatlon systems, and’ the operating state. . The

approach usually taken ‘assumes that-all significant uncertainties

o
N

l

are 51multaneously at ‘their most adverse points given the possible
range of condltlons.' The plant usually has sufficient margin, to

accommodate this approach. Occa51onally, however,* this. approach

can lead to’ core operatlng limits 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.

“2=14




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:

-

“
Kol %

o identifying the event acceptance criteria and limits that will
be used to evaluate the analysis results

o developing a response surface and:apblylng the methodology.

=

- " an

2.2.1 Event Acceptance Criteria and Limits

= - . "

v

The SCU methodology regquires determining'which bart of aAsystem
will receive the greatest challenge from a spec1f1c event. The'SCU
analyses must then indicate a 95% probablllty that the consequences
of such an event will be less severe than predlcted. Furthermore,
the methods of arriving at the probability flgure must be
sufficiently conservative to ensure a 95% degree of confldence that
the figure is correct.. In the reload analys1s, thlS degree of
confidence is obtained by wusing deterministic inputs for all
parameters except those treated statistically in the development of
the response surface or the model uncertainty. -

n
w

The SCU analysis of ant1c1pated operatlonal occurrences may be used
to establish two core operating limits: the operatlng llmlt MCPR
and the operating limit LHGR. The operating limit MCPR ensures a
greater than 95% probability that the MCPR for the fuel claddlng
integrity (greater than 99.9% of the fuel rods in the core w1ll 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% plastlc strain
of the cladding_ and fuel, centerllne melt temperature) Wlll not be
exceeded. *"‘In the safety-analysis,. the SCU methodology 1s applled
to the operating limit MCPR. The PAEFF llmlts are obtalned from the
fuel vendor’s analysis. -

'y




2.2.2 Response Surface Methodoloegy

.
€

| The statistical simulation of an event requires a large number of
| cases to be run to obtain the desired accuracy. Response surface
| methedology provides -an efficient way of reducing the number of
| system and core thermal hydraulic analyses required to make an
| accurate statistical statement about the event analysis results. |

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

- .
- . - e
e

o quantifying the model uncertalnty

o’ selecting - and ‘quantifying the parameters for the response

**» “surface T ° " . .

o developlng the response surface , .0

o " simulating an event using the .response surface' S

o convolv;ng the response surface for .the event w1th the model
uncertainty.

Quantlfylng the model uncertainty requires establishing the effect
of modelling and input uncertainties on key results of the event
analys1s. Analy51s models are run with perturbed anuts to
guantify the effect of spec;flc 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 analysis to provide an. overall probabilistic statement.w

Seieeting' and :~quantifying parameters. requires. screening to
aetermine‘their“relativelimpact'on the analysis. The“parameters
that provide' the greatest relative improvement in the evaluatlon
are used for 'the- response: surface.- Typlcally, no more than four
parameters are used. The Supply System will attempt to limit the

.
. R A EE }

> N ! . At

“number to-one or two.:." . & ‘- .- R .
. W . . W“ e N ‘.;: .
Developing a response surface requires defining the specific system

and core thermal-hydraulic cases that must be run to obtaln the

desired degree of accuracy. A.response surface is a polynomlal fit

‘.2=16




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

‘polynomlal fitting coeff1c1ents that define the response surface

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 eveqtf Ean 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 from the response surface. Each set of random, samples
forms one history for statistical evaluation  of -the-dependent
variable. Sufficient histories (typically 100,000) will accuratel}
quantify the probability of a .given result Afer- 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. . o

. 3 .
« » . " N o™
- a- N . — -

The computer codes used in the' Supply Systemmreload‘analysis‘make
three contributions to the SCU.evaluation: | C o e

o perturbation analyses that establish the model uncertalntles

o sen51t1v1ty studies that identify the parameters.to be treated
statlstlcally in the development of.the response surface!#

o} i" analyses that determine the: shape of the response surface.

-
Y ek . » =

- L™ oo , N “

P T L s

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. ’

C2=17



Appendix A gives more detail about the application of SCU
methodology in the Supply System safety analysis. .
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Figure 2-1. Code Sequence for WNP-2 Reactor Analysis Methodology






SECTION 3.0
DESIGN ANALYSIS REQUIREMENTS

This section discusses design criteria, teéhnical bases, supporting
analyses, and test results for the thermal-mechanical, nuclear, and
thermal-hydraulic design of reload fuel. As described below,*fuel
design analyses involve efforts by both 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

O 0 O O

a summary of supporting test, inspection, and surveillance

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

.0 reference design values for all parameters identified in the

standard review plan.

The fuel vendor supplieé 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 reload fuel have been
approved by the NRC.



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 baseg are developed
for both the fuel rods and the fuel assembly. Fuel rod designs
must‘comply with regulatory requirements for the following:

“rod internal pressure

cladding strain

cladding temperature

fuel temperature v o

cladding fretting wear

cladding fatigue - - \ .-
cladding corrosion

hydriding

cladding collapse t -

fuel enthalpy. : .

Fuel '‘assembly designs must comply with.regulatory requirements for

0O 0O 0 0O 0O OO O 0 O

the following:

@ 5 . .
" i
- -
a 3 N . . w ok ' #

‘structural’ integrity: Ty O .r
corrosion |
hydriding

dimensional compatibility
hydraulic loads
dimensional ‘stability - " «: 40 . .
shipping and handling loads

fuel coolability. * = "~ o x o0o el - ~

- -
e “ b3 - 3 . - ) . "
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3.1.3 Mechanical Design‘Evaluations'.: --, k -

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 ‘

e, e
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used in specific design analyses. The results .of design
evaluations are used to set core operating limits.

3.1.4 Test, Inspection, and Surveillance Programs

Testing, dinspection, and surveillance programs ensure the
operational acceptability of proposed relocad 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 Py

the nuclear input parameters used in the safety analysis.

O 0 0 0o O

1

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. o .

1 i

3.2.1 Reload Fuel Description

The reload fuel description includes the following:

i

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 dlstrlbutlon
shutdown margin ot .
criticality criteria for fuel storage
stability. .. . .. L .,

O 0 0 0 0 O°

3.2.3  Nuclear.Design Evaluations

o &
4 . X
L

Design evaluations ensure that all nuclear des1gn bases for the
proposed reload fuel and core configuration have been satlsfled.

1

3.2.4 Reload Fuel Design Methodology

The description of the reload core design methodology documents the
*approach to-the .reload core design. :The descrlptlon lncludes a
reference core, design for the proposed reload and all’ analyses
required for licensing.

ar o .
- . -

3.2.5 Nuclear Input Parameters Used in the Safety Analysis

Nuclear input parameters are an important aspeot‘ of' a' safety
analysis. These parameters include

. A

-0¢ .F* core kinetics: characteristics. .

0’4 scram reactivity - : - . .
o core power distributions, .
o core neutron cross sections and thelr dependenc1es on the fuel

temperature and coolant void level.




G 3.3.1 Thermal-Hydraulic System Description

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

P

"severe. < T e

3.3 THERMAL-HYDRAULIC DESIGN

= “

The thermal-hydraulic design description includes the following:

PR . LR

o a thermal-hydraulic system description . ... B I
o the design bases A L . o 0w, .
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. et T BT PR S

< -
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The thermal-hydraulic system description includes the following:

(£
C., '

o‘uw a list of key hydraullc parameters, such as' bdase rod flow

area, hydraulic’ dlameter, and heated’ surface area- of the
reload fuel T e T e e e W . L
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 e e T . e

Thermal-hydraulic design bases- ensure - that ' thermal-hydraulic
functional and regulatory requirements are ‘satisfied. :Thermal-
hydraulic designs must meet regulatory ‘requirements -. for the

following: cs T G e LT -
o thermal and hydraulic compatibility
o bypass flow analysis



o water-rod analysis .o
o stability. e C -

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]. ro T
Hydraulic compatibility between.reload fuel assemblies and - resident
fuel assemblies must be demonstrated whenever reload fuel differs
h}drauliéélly 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 subcooled during
normal operation.

*

3.3.3 ‘Thermal-Hydraulic Design Evaluations Lo,
r % wm i N ‘ )
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 afé performed on a cycle-by-cycle
basis. Technical specifications implemented at WNP-2 .define
regions of instability and preclude operation, K of the reactor in
these regions.

[ Wtk
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SECTION 4.0 ,
SAFETY ANALYSIS REQUIREMENTS

Safety analyses déﬁe}mine 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 n<require§entsﬂ
Furthermore, safety analyses identify any. changes in..operating
limits or technical specifications that will be required as a
result of changes in plant configuration.- - S L.

) " =
- - . - » cas
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Previous safety analyses demonstrate that WNP-2 can operate sa%ély
in its current configuration. The ' Supply System methodology will
be used to evaluate any changes=to“tha£ configuration, such as the
insertion of reload:fuel. =+ =~ - - - N Cea

oot

bl

4.1 SAFETY 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 R . .

o - special events. T L e e

4w
* "

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

T4~



analysis, which evaluates the anticipated operational occurrences
with parameters that pose the most significant challenge to the
fuel or reactor coolant pressure boundary capabilities. 1In the
Supply System methodology, these occurrences fall into eight
categories:

decrease in reactor coolant temperature
increase in reactor pressure

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

0O 0O 0O 0 0 0O 0 O

increase in reactor coolant temperature.

These occurrences include all those identified in appiicable
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 temperaturé;éfe
"those that either increase the flow of cold water or reduce the
temperature of water being delivered to the reactor rvess%%.
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-state power
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. H




Q 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 |,

. .
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n

o digital-electric~hydraulic (DEH) pressure regulator.failure-in
the closed position e oo v s \

o generator load rejection -~ . - . . . ,

o turbine trip ‘ ) roo e ey -

o closure of the ‘main-steam-line isolation valve.., . . . . »

o loss of the condenser vacuum.

. . . . A N kI

y
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4.1.1.3 Decrease in Reactor Coolant Flow Rate , . TS

0 Events that reduce recirculation flow also reduce the reactor
coolant flow rate, which increases core voids and decreages core
reactivity The decrease in reactor coolant flow increases the
water level because of  the swelling: of moderator voids. . The
1ncféase 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
requlre "operation of the high pressure makeup systems. » Events in

-« -

this category include R U

. 5
> “ . < .
: R s "
o oW N . I 1 "

o recirculation pump trip (RPT) - . i . e

o recirculation flow control failure in the decreasing flow.
position. e e T S e AT >,

4.1.1.4 Reactivity and Power Distribution Anomalies o .

= , . I “
va B - ,,.n“ - . ey

Localized ‘reactivity increases and anomalies .in the power
G 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

o 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 théﬁ the steanm
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 tfip. A
feedwater trip may also lead to conditions that actuate the high
pressure makeup systems. The one event in this caéegory 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 tﬁe
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 condltlon 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
DEH pressure regulator failure in the open position
o loss of feedwater flow

.
¥ " . .
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4.1.1.7 Increase in Reactor Coolant Flow
Events that 1ncrease recxrculatlon flow also increase the reactor
coolant flow rate, whlch 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

- . . v
o ® . L]

of - rec1rcu1atlon flow control failure in the . increasing flow
' _.position . e S N T )
o startup of an 1d1e rec1rculatlon punp. s . .
. : oo 2 Ty e e .
4;121.8 .Increase in‘ Reactor Coolant Temperature P o5

hThe one event in this category is the‘failure of the RHR shutdown
cooling systenmn. 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.

EN . .

4.1.2 Accidents o L R

Ac01dents are postulated events that would affect one or more of
the radloactlve material barriers.: These  events are not expected
to occur “during the lifetime bf the plant. They. are, however, used
to establish design bases for some systems. Accidents fall into
eight categories:

O P . = »

-
P
-

control rod drop accidéents =~ -~ . . . % RS
main steam line breaks AT I T L
instrument line pipe breaks

- LOCAs
fuel handling accidents
recirculation pump seizures or shaft breaks

0O 0O 0 0 0 O

<
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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

Rapld removal 'of a hz.gh-worth control: rod may create a power
excur31on s1gn1f1cant encugh ‘to" affect the fuel cladding . and
reactor coolant pressure boundary. -The postulated control rod drop
* accident 1s the 'dropping of.a fully ‘inserted and decoupled control
rod at max1mum velocity. :The ‘control rod.is assumed to be the
max1mum-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.l.2.2 Main Steam Line Break Accident
"same systems that penetrate the primary and.secondary containnent
are connected to the reactor coolant pressure boundaryz fihe
postulated main steam line break is a break in a steam line outside
the primary contalnment -where- it releases the maximum amount -of
"réactor * coolant directly to the” environment. The break causes
rapld depressurlzatlon of "the reactor and an increase in tne 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 ' :.. . o . ae oo

“A humber of instrument lines that ‘penetrate the primary containment
mconnect directly to the:reactor-coolant pressure boundary. .The
postulated instrument line break is thée complete severance of an
1nstrument line outside the primary contalnment 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

‘4w
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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.

w0

4.1.2.4 Loss of Coolant 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 Fuel Handling Accident

Accidents can release radioactivity directly to the secondary
containment when the primary containment 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. r

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 limits ‘
(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 TFuel 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 Oonly one fuel assembly is incorrectly loaded.

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

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

o) The plant is capable of operating at thermal limits thrdughout

the operating cycle.

[
#

£
s

The fuel loading error is a highly localized evént 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 stringent
operational criterion of ensuring .that-. fuel cladding integrity
limits are met. ’

4.1.3 Special Events ‘ ] -

at ~ #

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 protection analysis confirms conformance Qiéh
the ASME Code requirement for protecting- against overpressure
[Reference 18). The Code overpressure protection analysis usually
simulates the most severe of the pressurization events among those
anticipated operational occurrences that lead to an indirect scram
not associated with the event initiator.

" 4~9



4.1.3.4 Stability

Stability evaluations are performed using the fuel vendor’s NRC
approved analysis methods to identify stability regions of
increased concern. 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.

3

»

4.1.3.6 Anticipated- Transients Without Scram

The postulated anticipated transient without scram 1is 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. In this context,
-anticipated transients are defined as those conditions of operation
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

L

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 widely because of the differences in tﬁe
nature of different events and the difference in the probabilities
of occurrence. Table 4-1 1lists the. boundaries, criteria, and
limits for the three types of events. Table 4-2 listsaspecific




Q events and limits. The discussion below summarizes the federal
requirements.

+4.2.1 Normal Operation & Anticipated Operational Occurrences

Normal 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.

Q 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 and strain is defined as follows: The
cladding steady-state primary and secondary stresses shall meet the
requirements of the ASME Code ([Reference 18). The ,cladding.EOL
steady-state strain shall be below the 1.0% design limit, and
shall not exceed 1.0% ‘during anticipated operational occurrences.

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

Q exposure. -
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The -SAFDL for fuel enthalpy is 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.

The SAFDL associated with cladding overheating is that greatef than
99.9%:0f the fuel..rods are .not expected to experience boiling
transition. T o

.

. 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 ﬁofﬁél
operation 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 -

.
. . . . . M 'S s C . ,
. . 5 " z
f . - ‘. .
: N

Postulated accidents reéuire criteria and limits for the follbwing:

ey
T z
[

o site e e e
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.
Therefore, it is unnecessary to deal:-with site requirements as long
as requirements for the last two categories .are satisfied.
4.2.2.1 Reactor COOIant-Pressure Boundary Integrity

The GDC-14 requires that the reactor coolant pressure boundary be
designed, fabricated, erécted, and tested to ensure an extremely

4-12
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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
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].

4.2.2.2 Primary Containment Integrity

The 10CFR50.44, GDC-16, and GDC-50 . specify containment design
criteria. The ECCS capability criteria and performance 1limits
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 capable 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 limits:

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 0 0 o

assurance of long term cooling.
4.2.3 Special Events

Special events require criteria and limits for the following:



fuel cladding integrity
reactor coolant pressure boundary integrity

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
oscillatiohs that - could damage fuel are not possible or can be
reliably and readily detected and suppressed. 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 requiresmtwo 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 operation or anticipated operational occurrences. This
system must also allow an appropriate 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. One of the systems must also be: capable
of holding the reactor core subcritical. under cold condltlons.

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.

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 10CFRS50.62
identifies design features required for anticipated transients
without scram. This regulation also mandates that sufficient
information be provided to the NRC to demonstrate the suitability
of these design features.
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Table 4-1 . ,
SAFETY ANALYSIS BOUNDARIES, CRITERIA, AND LIMITS

NORMAL OPERATION AND ANTICIPATED OPERATIONAL OCCURRENCES

BOUNDARY, CRITERIA .. LT . ~
Site 7 Limits on Release to o ‘ Numerical Limits for
: Unrestricted Areas ' < o + " Release of Radioactive £ .
(10CFR20) = . . Materials (10CFR20)
] Releases as Low as Numerical Guides and Dose
Reasonably Achievable - - Objectives - .l
AL (10CFR50.342) . < (10CFR50, Appendix I) .
Fuel Cladding SAFDLs (GDC-10) Fuel Cladding Integrity
. .. . ) . . Limit (Standard Review Plan, SRP 4.4) |
. . Fuel Cladding Plastic
T ) *  Strain Design Limit (SRP 4.2) ++
’ " Peak Fuel Enthalpy Limit =~ =~
T T (SRP 4.2) <
‘ Fuel Centerline Melt Limit
(SRP 4.2)
Reactor Coolant Pressure _ Reactor Coolant Pressure - Nuclear System Design Limits for
Boundary Boundary Design Limits t Upsets (LOCFR50.55a)
.o (GDC-15) . . . C e T
- s " . : y . N . . .



BQUNDARY

Site

Reactor Coolant Pressure

Boundary

]

u

Primary Containment

Boundary

Table 4-1 (continued)

SAFETY ANALYSIS BOUNDARIES, CRITERIA, AND LIMITS

CRITERIA

»  Site Limits
(10CFR100.10)

Operator Exposure Limits
(GDC-19)

<

+ e

,Rsmctor Coolant Pressure
Boundary Design (GDC-14)

<", Reactivity Insertion Limits
(GDC-28)

"
v ” a.

" .

Containment Design
(GDC-16&50 & 10CFR50.44)

Emergency Core Cooling
System Capability
(GDC-35)

ACCIDENTS

LIMITS

Guideline Dose Values

" (10CFR100.11) e

" ‘Exposure Limits for Plant
Operators (GDC-19)

* Containment Design
Limits for Accideats (10CFRS50.55a)

Peak Fuel Enthalpy
Limit (SRP 4.2)

T

Nuclear System Design for
Accidents (L0CFR50.55a)

Emergeacy Core Cooling
System Performance Limits
(LOCFR50.46)



BOUNDARY

Fuel Cladding

&
-

ey

Reactor Coolant Pressure
Boundary

w

Table 4-1 (continued)

LI 4

SAFETY ANALYSIS BOUNDARIES, CRITERIA, AND LIMITS

SPECIAL EVENTS

CRITERIA

Rmétivity Control
System Design
(609-26&27)

Shutdown Capability
(GDC-19)

Reactor Power Oscillation Control
(GDC-12)

Reactor Coolant System Design (GDC-15) '

Anticipated Transients
Without Scram Criteria
(10CFRS0.62)

LIMIT; ..
_ Shutdown Margin Limit
" (SRP 4.3)

I

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

Suppression of Reactor

Power Oscillations » - [ s

(GDC-12) . $
ASME Code Limits (10CFR50.55a)

Limits Associated With Plant Systems
Performance (10CFR50.62)

W
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SAFETY ANALYSIS EVENTS AND LIMITS

ANTICIPATED OPERATIONAL QCCURRENCES

I3
<
2]
5

Loss of Feedwater Heating
lnndvértent High Pressure Core Spray Startup

Inadvertent RHR Shutdown Cooling Operation

Pressure Regulator Failure-Closed

Generator Load Rejection

Turbine Trip

» ast

. Main Steam Line Isolation Valve Closure

"

ey N

Loss of (;ondenser \;acuum

é;cimuhﬁon Mp Trip

Reéimxlntion ;‘low éoétroller Failure-Decreasing Flow
Control Rod yWithdmwnl Error-Low Power

Control Rod Withdrawal Error at Power

Feedwater Controller Failure

Inadvertent Safety Relief Valve Opening

Pressure Regulator Failure-Open

Loss of Feedwater Flow

Loss of ac Power

Recirculation Flow Controlle'r Failure-Increasing Flow
Startup of Idle Recirculation Pump

Failure of RHR Shutdown Cooling

Table 4-2

Note:

The SAFDLs require

o less than 1% fuel rod cladding strain

o no fuel centerline melt

o peak fuel enthalpy less than 170 cal/gm

o greater than 99.9% of the fuel rods not expected to experience boiling transition,
Complying with the SAFDLs makes it unnecessary to address the site limits for normal operation and anticipated

operational occurrences.

LIMIT
SAFDL
SAFDL *» -
SAFDL

" SAFDL/Pressure

SAFDL/Pressure *

" SAFDL/Pressure

SAFDL/Pressure
SAFDL/Pressure
SAFDL
SAFDL
SAFDL
SAFDL
SAFDL/Pressure
SAFDL
SAFDL
SAFDL
SAFDL/Pressure
SAFDL
SAFDL

Not Applicable




SAFETY ANALYSIS EVENTS AND LIMITS

5
Z

[

Coantrol Rod Drop Accident

Main Steam Line Break
Instrument Line Break
Fuel Handling Accident

Loss of Coolant Accidents

Recirculation Pump Seizure or Shaft Break
Radwaste System Failures

Fuel Loading Error

*Table 4-2 (continued)

ACCIDENTS

LIMI

L} Y -
x * AP

Offsite and Onsite Doses

"' '* Peak Fuel Eathalpy

Reactor Vessel Pressure

! =

+  Offsite and Onsite Doses

. .
. L)

Offsite and Oasite Doses

Offsite and Onsite Doses

Offsite and Onsite Doses

ECCS Acceptance Criteria
Coatainment Design Limits
Offsite and Onsite Doses

Offsite and Onsite Doses

Fuel Cladding Integrity

O T
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an

r e

-

EVENT

Shutdown Margin

Table 4-2 (continued)

SAFETY.ANALYSIS EVENTS AND LIMITS

R ECIAL EVENT.

Standby Liquid Control System Capability L

Overpressure Protection Analysis

Stability

Shutdown from Outside Control Room

.
.-
% 0 il

- Anticipated Transieats without Scram

»

.

» " B
. . . N

‘. " .
» b

LIMIT -

Shutdown Margia
Cold Reactor Shutdown
Pressure -

e - L

Reactor Shutdown from
Qutside the Control Room

10CFR50.62 )

* Code of Federal Regulations, 10CFRS50, Appendix A (GDC-12) requires that the reactor core and the associated

coolant control and protection systems be designed to ensure that power oscillations, which can result in

conditions exceeding SAFDL limits, are not possible or can be reliably and readily detected and suppressed. - ‘e
ot s . .
., " * AR . w .
N i P ‘ N
. - & -
® t - ! £ . te
» 14
- £
» - L » N 2 ) - ¢
tow Ll
- . w ¥ o, -, “. o, , ~
oy wo ' oy . wot ..
RN “ r B ‘ 4 . H . .
x . .« -
i - i w .
4
> wooF .- = » i -
. “« . .
" - Tl ' e -
. ,4=20




' '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: T

o the reload analysis process A A L T L

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

o

the process used to identify events that are.not.limiting for
purposes of the reload analysis. ‘

»

5.1 INTRODUCTION P e ’

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 establish 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 performed, and a reference fuel
cycle is developed that specifies the number of reload fuel
assemblies necessary to economically satisfy the energy utilization

Tt i5.1-1



plan. Once .the: Supply System has chosen the number of fuel
assemblies, the fuel lattice design and 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-c§cle core .

exposure, exposure distribution, and operatlng hlstory Section
7.0 . discusses parameters sthat must be checked lf the core
characteristics at the end of the cycle dlffer from those predlcted
and/or- if the actual loading pattern dlffers from the reference

loading pattern.

.
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The next step in-‘the reload analysis is to identify the potehtially
limiting events in the plant safety analysis. Thi§1 procéés
requires identifying and 1listing 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 analys;s

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.

-

.. av - .
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The potentially limiting events are the subject of the evépt

| analyses. Event analysis requirements are described in more detail
| in Section 5.2. Specific event analysis techniques and their bases

| itare described in Section 5.3. ... .

.
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e The results of the reload analysis are documented- in the reload
summary report. (Sectlon 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 descrlbes "how the core operating limits are

identified.' ) . .. s

- P
Sw s

In some cases, the results of“the analysis may lead to a change in
plant technlcal spec1f1catlons. Any-plant technical spec1f1catlon
change requlres a llcense amendment request.  Section 6.0 discusses
consmderatlons associated with technical specification changes.:
e e
The final step in the reload analysis is confirming the suitability
of the actual loading pattern. Section 7.0 gives more. details

a about the confirmation process.

5.1.2 Relationship to Plant Safety Analysis Requirements .. o

¥t -
s - - WL

Section 4.0 described tﬂeisafEty analysis requirements with respect
‘'to event analyses. The introduction -of reload fuel. into. the' core
cah change the results of some of the event analyses performed -for
- previous cycles. Any such changes must be evaluated. '~ = ‘. ;>
Not all events included in the "plant’ &afety.'analysis .are
sfgnificantly 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 51gn1f1cant. ST e S -
oL T AN RS YL e vEOT LT
A’ screening process identifiés and eliminates the ‘hon-applicable
and non-limiting events. Section 5.1.5 'describes the process-of
identifying potentially limiting events. Section 5.2 describes the

G application and results of the screening process.
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The remaining events are the subject of analy31s for the reload
fuel and- core design. Reload fuel evaluatlon requirements are

described in Section 5.1.3.
5.1.3 Reload Evaluation Requirements

The reload analysis updates the plant eafety analysis. To ensure
a .complete assessment, each event in the plant safety ana1y51s must
be evaluated to determlne the extent to whlch it challenges the

safety limits.

Potentially--limiting. antlclpated operatlonal ' occurrences are
generally analyzed to establish the core operatlng llmlts 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. $pecial
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.

* “ w “
4 - '
» - - n

Event limits .are a key.consideration in determining which events
require reanalysis for reloads.. Sectlon 5.1.4 descrlbes the
specific event limits and the process used to establlsh them.
5.1.4 Safety 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 analy51s
as they are to the current plant safety analysis. They serve “two

purposes: s - L L
g o -«‘ . - - PR ‘
(o] They provide the flgures of merlt for the reload analysms
results. e e e . . )
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: roe . UL
the fuel cladding integrity limit

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

O 0 O O

the peak fuel enthalpy design limit.

-

The process of establishing these limits is described below.
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5.1.4.1.1 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 Supply System uses only the approved ANFB CPR
correlation (Reference 19]. Future developments in approved vendor
CPR correlations will be evaluated by the Supply System and any
changes to the CPR correlation used by the Supply System will be
reflected in appropriate changes to the technical specifications.

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 evaluépe
current fuel designs, these two limits have been combined into a

.single set of PAFF limits that use the more limiting LHGR.

i

5.1.4.1.3, Peak Fuel Enthalpy Design Limit

The safety analysis identifies a peak fuel enthalpy design iimat
for energy deposition from reactivity insertion events initiated
from low power. In the Supply Systen methddology,’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 apalysis process.

T o
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S5.1.4.2 Accidents

In the plant safety analysis, four sets of 1limits apply to

f

e
4 -

accidents:

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

primary containment integrity limits . e

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/dm 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: -

.

K

o containment design limits : . ‘ o
o ECCS limits. ‘ '

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

5.1=7




amounts of hydrogen that may be released during a LOCA. The
containment design limits are not used in the reload analysis
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

0 0 0 0 O

assurance of long term cooling.

The first three limits are of primary significance in the reload
analysis process. - These three limits ensure that a short-term LOCA
will preserve a coolable.geometry consistent with long-term cboling
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. w

5.1.4.3 Special Events

]
s,

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

o shutdown margin pemonstration

o-. - standby liquid control systéh capability
o stability. - . L e ‘

0 « Code overpressure pro;ectionn

Each of these events has its own limit.

o 5‘. 1?8
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The shutdown margin demonstration must provide assurance that the
shutdown maigin requirement in the plant technical specification
will be satisfied during plant startup tests.: - The shutdown murgin
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 anélysis"of this event, it—-is assumed that
all the control rods remain at the same location or.-at their
initial location throughout the event.

" B
» .
. g ' ¥e 3 . ¥
= L4 “n

Stablllty evaluatlons u51ng the fuel vendor’s NRC approved analysis
methods 1dent1fy stablllty reglons of increased: concern. * Plant
technical specifications ~ place' monitoring and. operational
constraints on plant opefatind'conditions to ensure conpliance with
stability limits.

For overpressure protection, the peak reactor vessel pressure must
be less than the ASME Code emergency condition limit (120% of
design pressure, or 1500 psig). For conservatism, “the :Supply
System applies the ASME ‘Code upset condition -limit" (110 ‘of design

pressure, or 1375 psigqg) "instead. T e w A o
5.1.5 Process for Identifying Potentially Limiting Events

In the reload analysié,.it iswoﬁiy‘hecessary'to analyze events that
can establish core operating "limits, 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 1limiting. 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.
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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 analyéis. 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 1is 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 applicable, 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 (SAFDLs)

Reactor Coolant
Pressure Boundary

Accidents
Reactivity Insertion
* Emergency Core Cooling
System Performance

Fuel Loading Error

Special Events

Shutdown Margin
Demonstration

Standby Liquid Control
System Capability

Stability

Overpressure Protection

EL

Table 5.1-1

RELOAD ANALYSIS LIMITS

VALUE

MCPR 2 Fuel Cladding Integrity Limit

LHGR = PAFF Limits

Pressure < 1375 psig

- (ASME Code upset condition limit) -

-
: e

Peak Fuel Enthalpy < 280 cal/gm

Peak Clad Temperature < 2200 °F
Local Oxidation < 17%
Core Wide Mctal Water Reaction < 1%

MCPR = Fuel Cladding Integrity Limit

Shutdown Margin = Tech. Spec. Limit
Cold Reactor Shutdown

Suppression of Reactor
Power Oscillations

Pressure < 1375 psig

(This more conservative ASME code upset
condition limit, 110% of design pressure,
is enforced by the Supply System in place
of the ASME Code emergency condition
limit, 120% of design pressure),
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Plant Operatlonal Current Core Safety Analysis
Goals and L
Performance and Fuel Design Requirements )
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Utllization 1 ¢ 0i cycle i Safety Current Plant
Plan : Analysis Design, Operatlon,
‘ R T and Safety Analysls
Fuel Design ' . |
and Fabrication Fuel Design
.................................... % oo eeeearessasaseeanaenen 20D Procurement
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End of Current Reference
le Predicti ' Loading ' Anatyore Activi
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Figure 5.1-1. Reload Analysis Process Overview ‘
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All Events Contained in
. Current Safety Analysis

l

Identity and Eliminate
Events Not Associated
with Fuel, Core, or
Reactor Systems Desig

Identify and Eliminate - L NI

Plant Capability
Demonstrations

- s =
, u,
.
M
»

Identify and Eliminate

@ | AuNon-Limiting Events

Identify and Eliminate
All Bounded Analyses

L

0 Figure 5.1-2. Process for Identi-fying Potentiall;l 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 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.
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5.2.1.2 Increase in Reactor Pressure

5.2.1 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 0O 0O 0O 0 0O 0 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.

L3
14

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

N

analysis.

~

-

The events in this category are’ . l
o Digital Electro-Hydraulic (DEH) pressure regulator failure in

[

the closed position . < . C
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generator load rejection

turbine trip

closure of the main-~steam-line isolation valve
loss of the condenser vacuun.

0O O 0 O

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

5.2.1.3 Decrease in 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. '

LI,

5.2.1.4 Reactivity and Power Distribution Anomalies

The events in this category are e .

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. " B

5.2.1.6 .Decrease-in Reactor Coolant. Inventory .

The events in this category are.- .. .°. . . )
S S R .

»

o inadvertent opening of the safety relief valves

o DEH pressure regulator failure in the open position
. 0 loss of feedwater flow

These events are characterized by a steam ané. feedwaﬁer flc;w
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

vt e . . - : e = . .
.

The events in this category are

e, @

o recirculation flow control failure in the,incréasing flow
position s e o . ., "
o startup of an idle recirculation loop pump.

LRI P
»

The current plant safety analysis,,demonstrétes tﬁat, fhe slow
increase. in reactor coolant flow associated with a recirculation
flow controller failure may be the transignt”that’establishes the
MCPR operating limit when the reactor is operating at do& power and
low flow. Therefore, recirculation-flow controller failuge.in“;he

M S e,




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

O 0 0 0O o

position. ‘ .o
5.2.2 Accident Assessment

Accidents are postulated events that affect one or more of ‘the
radioactive material barriers. The following events are analyzed:
control rod drop accident

main steam line break - C . .

instrument line pipe break
Loca

fuel handling accident
recirculation pump seizure or shaft break
radwaste system failures : ;

O 0 0 0 0 0 0 0O

“fuel loading error.

Analyses for each of these events are described below.
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5.2.2.1 Control Rod Drop Accident

The control rod drop accident bounds the consequences of reactivity
insertion events in the safety analysis. In the current plant
safety analysis, analysis of the consequences of a control rod drop
accident -are based on the results of. vendor generic parametric
analysis. Four input parameters (see Section 5.3.9.3) to the
generic analysis can change as a result of the reload fuel and core
configuration. Therefore, the control rod drop accident requires
reevaluation in the reload analysis- process.

5.2.,2.2 -Main Steam Line Break -

The main steam line break bounds:the consequences of postulatéd
pipe breaks outside the primary containment. K The consequences of
this event are based on the maximum reactor coolant activity that
can exist- during normal' plant operation. The amount of reactor
coolant activity is 1limited by plant technical specifications,
which are not changed to reflect the reload fuel or core
‘configuration. Therefore, the main steam line break accident does
Anot‘require reevaluation in the reload analysis. ‘

5.2.2.3 Instrument Line Break

W

- -

The instrument line break bounds the consequences of pipe bfeéﬁs
‘outside - the primary containment that are not automatically
isolated. The. consequences of, this accident are baséd"on the
maximum reactor coolant activity that can exist during normal plant
" operation. The amount of reactor coolant activity }srlimited,by
plant technical specifications, which are not changed to reflect
the reload fuel or core configuration. Therefore, the instrument
line break does not require reevaluation in the reload analysis.

5.2.2.4  Loss of Coolant Accident

-

The LOCA bounds the consequences of pipe breaks inside the primary
containment.-  In the current plant safety analysis, the analysis of

5.2-6




the consequences of a LOCA are based on the results of a
conservative system analysis by the vendor. However, five input
parameters to the systems analysis can be changed by the reload
fuel and core configuration (see Section 5.3.10). Therefore, the
LOCA requires reevaluation in the reload analysis. Furthermore,
introduction of a new fuel type, e.g., a new lattice design or
enrichment, requires a new fuel heatup analysis. An appropriate
MAPLHGR must also be established. for that fuel type. .

5.2.2.5 Fuel Handling Accident

The refueling accident bounds the consequences of an accident that
can release radioactivity directly to the secondary containment
when the primary containment is not intact. The consequences of
.this accident are based on an. inventory of fission products in the
fuel and the number of fuel rods calculated to fail as a result of
the accident. These parameters are not usually expected to change
significantly because of a change in the fuel or core
configuration. The refueling accident will not be reanalyzed in
the reload analysis unless there is a significant change in the
fission product inventory of the reload fuel or. in the number of
fuel rods predicted to fail.

5.2.2.6 Recirculation Pump Seizure or Shaft Break

The current plant safety analysis demonstrates that a recirculation
pump seizure or shaft break will not affect any core operating
limits nor the basis for any-technical specifications. Therefore,
the recirculation pump seizure or shaft break is not evaluated in
the reload analysis. .

5.2.2.7 Radwaste System Failures

A conservative inventory of radwaste system radioactivity has been
established for safety analysis purposes. This inventory is not
affected by the reload fuel design. Therefore, radwaste system
failures are not reevaluated in the reload analysis.
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5.2.2.8 Fuel Loading Error ’ ' . . .

Placing a fuel assembly in the wrong location or rotating it the
wrong way may impact the MCPR operating limits. Therefore, these
fuel loading errors are analyzed in the reload analysis.

5.2.2.9 Accident Assessment Summary

The evaluation of accidents indicates that the following four
éventswrequire'exéminépion during the: reload analysis:

- [}

‘control rod drop accident - T

LocA ° o T
fuel loading error--mislocated fuel assembly . . e

0O o o o

fuel loading error--rotated fuel assembly.

5.2.3 Special Events Assessment

Special event analyses satisfy regulatory or licensing requirements .
‘not considered ‘in the accident or anticipated operational
occurrence categories.” The following events are analyzed: ., ..

o shutdown margin

o standby liquid control system capability ... . . L
o Code overpressure protection analysis

o stability® "~ 7 - . o, e o
o "shutdown “from ‘outside the control room ..
o anticipated transients without scram.. - - - T e

‘Analyseé for ‘these events -are described below. ' - ._- . e

L] -
s

5.2.3.1 Shutdown' Margin - R PR ¥y

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 l;
fully inserted. For this analysis, the core is assumed to be at .

' 5.2-8 . } |




cold conditions with no xenon present and at the most reactive
stage in the operating cycle. Because the shutdown margin depends
on the reload fuel and core design, it is evaluated in the reload

analysis.
5.2.3.2 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 xXenon present. Because the standby liquid control
system capability depends on the reload fuel and core design, it is
analyzed in the reload analysis.

5.2.3.3 Code Overpressure Protection Analysis

The Code overpressure protection analysis demonstrates conformance
to the ASME Code requirement for demonstrating protection against
overpressure. The reload fuel and core design affect overpressure
protection. Therefore, the Code overpressure protection analysis
is performed for each reload analysis.

5.2.3.4 Stability . . . . .-

-

-

The stability evaluations are performed using the fuel’vendor's NRC
approved analysis methods to identify stability regions of
increased concern. Stability margins depend on nuclear and thermal
hydraulic parameters that may change with each reload. Plant
technical specifications contain requirements that restrict plant
operation to certain regions within the power-flow mnap. These
requirements are consistent with the General Electric K Company
recommendations in Service Information Letter (SIL) 380, with the
NRC recommendations in NRC Bulletin 88-07 and Bulletin 88-07,
Supplement 1, and with recommendations of the BWR Owner’s Group.
Furthermore, WNP~2 has a stability monitoring system. Teéhh}cal

-
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| specification action statements are provided to ensure compliance .
| with the event acceptance limits associated with stability.

5.2.3.5 Shutdown from Outside the Contrel Room

The evaluation of shutdown from outside the control room ensures
that the plant can be shut down with equipment outside the control
room. This capability is not significantly impacted by the reload
fuel and core design. Therefore, shutdown from outside the control
room is not evaluated in the reload analysis.n )

5.2.3.6 Anticipated Transients. Without Scram

An anticipated transient without a scram is a postulated transient

that reaches a reactor protection system (scram) setpoint or
requires a manual scram without insertable control rods to insert

to shut the reactor down. This capability has been evaluated in

the current plant safety analysis using conservative analysis
assumptions. Therefore, anticipated transients without a scram are .
not evaluated in the reload analysis.

5.2.3.7 Special Events Assessment Summary : - -

The evaluation of special events .indicates that the following four
events require examination during the reload analysis:

shutdown hargin

standby liquid control system capability
Code overpressure protection analysis
stability.

O O 0O O

5.2.4 Potentially Limiting Events for Reload Analysis

| The screening process indicates that thirteen events require
| reevaluation in each reload analysis. Table 5.2-1 lists these
events and their event category. .

!
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Events Requiring Reevaluation in the Reload Analysis
(Arranged by Category)

Anticipated Operational Occurrences

Loss of Feedwater Heating
Generator Load Rejectlon without Bypass

"oyt oA
LR

Control Rod Wlthdrawal Error,

Feedwater Controller Failure - Maximum Demand

Recirculation Flow Controller ‘Failure -‘Increasing Flow

Acc1dents o S SR
Control Rod, Drop Ac01dent 7 o “ S
Loss of Coolant Accident |
Fuel Loading Error - Mislocated Fuel Assembly

Fuel Loading Error - Rotated Fuel Assehbly

Special Events

Shutdown Margin Demonstration

Standby Liquid Control System Capablllty T

N

Code Overpressure Protectlon Analy51s .

Stability. o

-
:
-
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5.3 EVENT ANALYSIS PROCESS

The categorization of events in Section 5.2 is consistent with
recommendations in the EPRI guidelines for BWR event analysis

(Reference 20].

The event analysis methodology establishes the requirements for
specific event analyses. Section 5.3.1 provides an overview of the
methodology. Sections 5.3.2 through 5.3.13 summarize the analysis
process for specific events.

5.3.1 Event Analysis Overview

The Supply System event analysis methodology is conservative to
ensure that analysis uncertainties are not underestimated.
Conservatism in the analysis process is imposed by the way inputs
are selected and uncertainties are treated.

The description of each event analysis follows an outline that
ensures consistent coverage and a comprehensive basis for
development. Each description provides an understanding of the
assumptions and phenomena that can impact analysis results
significantly if they are changed by the reload fuel and core
design. Each event analysis description contains the following:

o an event description, including initial <conditions,
operational assumptions, required operator response, and
event acceptance limits

o analysis considerations, including key phenomena, systems
considerations, and component performance characteristics

o a discussion of the methodology and computer codes used in
the event analysis

o steps in the licensing analysis methodology

o a description of the sensitivity studies used to justify the
methodology

(o} typical analysis results.

5.3.1-1




The scope and content of each item are described below.
5.3.1.1 Event Description

The event description provides an overview of the event sequence
from its starting point until a stable condition is reached. . It
ensures that the event is 'appropriately. simulated. The event
descrlptlon discusses - the 'response of: the. plant .systems to the
1n1t1at1ng event, including the effects of all assumed system trips
or initiations. The event description specifies the initial
conditions' assumed for the event, system operational
con51deratlons, the anticipated operator response to the event, and
event acceptance lTimits.” I ‘. [ e

< a PR » N .
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The initial conditions define the plantvoperating state used as the
starting point for the event analysis. Operational considerations
identify 'the plant 'operating mode used . in the analysis, any
additional failures that must be considered in the analysis, and
system trips and equipment initiations that will probably . be
encountered during the event.

*
PR

Operator response describes the actions that will be taken by plant
operators to attain‘a stable operating state. Operator response
should not be considered a viable option unless information and
tlme are suff;czent for the necessary tasks.

N : "
- % : .
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Event acceptance 'limits identify the "figures of merlt used to
demonstrate the acceptability of event consequences. The event
acceptance limits are consistent with' the reload analysis limits
listed in Table 5.1-1. This table lists only limits specifically
challénged by the event-identified. .~ « -

N
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5.3.1.2 Analysis Consideration - N . .
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Many factors may impact event analyses. These include

o kKey event phenomena

5.3.1=2
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o systems performance considerations
o component performance characteristics.

The importance of each of these is discussed below.

In event analysis, it is important to understand the phenomena that
have a significant impact on the event. Different. approaches and
different modelling.options may .be used to SLmulate the phenomena
of interest; which approach .is chosen depends 1n part on the
relative importance of each to the event.

R . »

The interaction of -plant systems may have a significant impact on
an event and its consequences. Systems con51deratlons 1dent1fy all
systems that may significantly impact event analyses, these system
reqguire simulation in the event- analysis. R ‘.

L »
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The performance characteristics of individual components may also
significantly impact event consequences. Component performance
characteristics include instrument setpoints, valve. opening and
closing times, instrumentation delay times, .and pump coastdown
characteristics. ‘ "

.

5.3.1.3 Methodology/Integration .of Codes and Analysis

Vs - .
- 2 . ! »

The Supply System methodology uses an integrated set of‘compnter
codes and a variety of analysis techniques, such as SCU methods.
The codes and techniques are described in Section 2.0. | . -

g ' " " vy .
« . . . v, . ' -
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5.3.1.4 . Licensing Analysis Process..: .. .

The 1licensing analysis process 1dent1f1es key assumptlons and
modelling considerations used in the event analyses. Included ‘are
assumptions about the plant operating. state and theasystem and
component simulations that must be included. A

[N L
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5.3.1.5 Sensitivity studies/Justification:of Process

This section identifies the sensitivity studies that provide-the
basis for the licensing analysis process. It also discusses the
results of these studies. The studies typically consider
uncértaihéies associated with event definition, the plant operating
state, instrumentation ‘that measures specific parameters or
initiates protective action, and analytical models.

- - % -
i - L

5.3.1.6 . Typical Results

i&hié Section describes-the results of applying the reload analysis
methodology to WNP-2 Cycle 8. The analysis results are compared

with resdlts from the fuel' vendor analysis for Cycle 8. This
allows a’ comparison of thé'rﬁsults obtained using the Supply System
with - the results . using ‘approved

obtained an

methodology.

¢
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5.3.2 Loss of Feedwater Heating

5.3.2.1 Event Description

L}
Loss of feedwater heating results in a core power increase and
power ‘distribution shift due to an increase in core inlet
subcooling. Feedwater heating can be lost in at least two ways:

-
K

»

o a steam extraction line to one of the heaters is closed

o ‘feeawater flow bypasses one or more feedwater heaters. .

The first case produces a gradual cooling of the feedwater, 1In the
second- case, the feedwater bypasses the heaters andmno“heating.qf
the bypass feedwater occurs. In either case, the%reaqtof'VéSEél
receives cooler feedwater. The maximum number of feéd&ater-hgatqu
that can be tripped or bypassed by a single event représents the
most severe situation. ”

Because of the mixing of feedwater and recirculation flow, the
rapid decrease in feedwater 'temperature results in a gradual
increase in core inlet subcooling. This causes a relatively slow
power increase and shift in the power distribution toward the
bottom of the core. As a result of the core power increase, the
vessel steam flow increases. This results in an increase in
nuclear system pressure due to the larger steam line pressure
drops. A scram on average power range monitor (APRM) high neutron
flux or APRM thermal power may occur depending on the magnitude of
the power increase. The increase in inlet subcooling tends to
mitigate the decrease of the MCPR caused by the core power

increase.

| Table 5.3.2-1 shows the expected sequence of events for the loss of
feedwater heating.

5.3.2-1




5.3.2.1.1 Initial Conditions and Operational Assumptions. - . .

The folloﬁing plant operational conditions and assumptions form the
principal bases for the analysis of the loss of feedwater heating
event: ) ‘ R

-

o The-reactor is.in steady state condltlon before and et
after the event.

o The xenon concentration remalns the same before and
after the event. . . .

o ° The critical eigenvalue is constant during the event.:- _:

. LY ! s ~
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6 The maximum chanqe in feedwater temperature identified in the
. "plant safety analysis, -100°F, ;occurs instantaneously.
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o- The plant.is operating . in the manual flow control mode.

-

$.3.2.1.2 Operator Actions ' .

If the core power increase does not cause reactor scram, the
reactor will settle out at a higher steady state power level. An
APRM neutron flux ‘or thermal power monitor alarm will alert-.the
operator to insert control rods or reduce core flow- to.get back
into the normal" range "of the power/flow operating map. The
| operator " must determine, from plant procedures, the -'maximum
allowable turbine~-generator output with feedwater heaters out of
serv1ce.’ If reactor scram- occurs, the’ operator must, monitor  the
reactor water level and pressure controls and the turbine generator

aux111ar1es durlng coastdown. - - = I -

-
-

5.3.2.1.3 Event Acceptance Limits

= ' ~ »

The acceptance limits for this event are a MCPR 2 fuel cladding
| integrity limit and the LHGR < PAFF limits. Compliance to the fuel
| cladding integrity "limit 'is demodnstrated by ensuring ,that the

=

v
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operating limit MCPR is greater than or equal to the MCPR whlch
ensures that greater than 99.9% of the fuel rods in the core are
not expected to experience boiling transition (safety limit) plus
the change in CPR during the event. Compliance to the PAFF 1limits
is demonstrated by ensuring that the change in fuel design limit
ratio (AFﬁLRX) is less than that assumed in the £fuel vendor’s
mechanical design analysis (e.g., References -15, 16); where FDLRX
is the ratio of LHGR to the LHGR limit. R

’ - F

5.3.2.2 Analysis Considerations ,‘\'

This section describes' the key analysis: considerations applicable
to the 1loss of feedwater heating event. It includes: (1) a
description of the phenomena occurring during the event that have
a significant impact on the event consequences;’(2) a discussion of
the system performance characteristics that can significantly

~affect the course of the event; .and (3) 'a discussion of the

performance characteristics of the important components as they
relate to the event consequences.

5.3.2;2.1 Key Phenomena - .

Described below are the key phenomena related to the loss of
feedwater, heating event. Consideration of these phenomena 1s
necessary. in, the simulation of thls event to accurately model the
plant response. S “ o S on

* N w S “ .

Feedwater Phenomena. As the colder feedwater flow is mlxed w1th the

recirculation flow,- the core.inlet .enthalpy decreases and core

power increases. The feedwater flow lncreases sllghtly to malntaln

- . v

the reactor water level.

€ PRI “~y o ' «
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Recirculation Phenomena In this analysis the recirculation flow
rateris held constant. ... ... [ .- . ..

w
. .
] Ak

¥

Pressure Vessel Phenomena As the colder feedwater enters the

reactor pressure vessel, it mixes w1th the re01rcu1atlon flow in

% 5'0302:'3




the downcomer region. Furtherfmixing occurs im the vessel lower
plenum. This mixing phenomena determines the core inlet
temperature corresponding to a change in feedwater temperature.
The vessel pressure increases due to the increase in core power.

Core Phenomena The reduction of core inlet -temperature and the
corresponding reduction of the core average void fraction causes a
p051t1ve reactxv;ty 1nsertlon.'“This causes” an. increase-in power
level which increases core heat flux-and generates additional steam
v01ds. If the core power level does 'not reach ‘the pre-~established
scram setpolnt, “the 1ncreased steam voids and Doppler reactivity
will 1linmit the power ihcrease ‘and -a ‘new: ‘equilibrium power level
will be established. If scram occurs, the power-.increase will be
rapidly terminated.

»e v

3:3.é:é}24'SYStems considerations’

The event is initiated by a rapid reduction of . feedwater
temperature resulting from the 1limiting single failure in the
feedwater or steam extraction systems. All other systems are
‘assumed to operate "as designed and- to continue to ' function
throughout the event.’ " Safety systems-are assumed to initiate.-at
ftheir pre-established setpoints. The important systems are: (1)
the core and’ fuel ‘system; including the nuclear -.and thermal
hydraullc coupllng, (2) the steam and’feedwdter systems; (3) the
rec1rculat1on system, and’X4) the- reactor -protection and ,scram
| systems, 1nclud1ng the APRM fluk-or-thermal- power .scram.. - Other
| systems whlch may be' activated as-a: ‘result-of- a scram or operator
| action are ‘not requlred because’ they have no effect until after the
| challenge or nearest approach to "SAFDLS has-occurred. r A

5.3.2.2.3 Component Performance Characteristics

Modeling of the NSSS components outside of the reactor core is
| simplistic because of the slow nature of the transient. The core

| response is calculated at a steady state condition to ensure that .

5‘03 «e2=4
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the core inlet enthalpy and its maximal effects on core power and
power distribution are accounted for.

5e¢3.2.3 Methodologyé;ntegration of Codes and Analysis

The loss of feedwater heating event is simulated with the use of
reactor physics codes (lattice physics and three-dimensional
simulator) by calculating the core. response at a steady state
condition at the event terminating point (i. e., thermal equlllbrlum
consistent with the maximum feedwater temperature change) Thls
method provides an accurate calculation of the core power level and
enables an assessment of the radial and ax1a1 power dlstrlbutlon
shifts that occur.. N
Analysis of the loss of feedwater heating event‘ utiliaes the
SIMULATE-E three-dimensional BWR simulator code for calculation of
core response to a reduction in inlet temperature. The lattice
physics input to SIMULATE-E is provided by CASMO-2E. The MICBURN-~E
code is used to determine the gadolinia cross sections used'in
CASMO-2E and ESCORE provides the fuel temperature dlstrlbutlon.
(See Section 2 and Figure 2-1 for an overvmew of the overall WNP—

reactor analysis methodology computer code sequence ) )

+n

-

SIMULATE-E calculates the reactor power, power dlstrlbutlon; and
fuel assembly flow rates as a functlon of core 1nlet temperature
and .core:flow. The SIMULATE-E analysis. represents the reactor 1n
equilibrium  for the initial. conditions and after the change in
feedwater temperature. TLIM uses the, results of the SIMULATE-E
rcases to calculate the CPR.and the LHGR dur;ng the event for '

LN \ -
£
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comparison to the event acceptance limits.
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5.3.2.4 Licensing Analysis Process

The loss of feedwater heating transient is analyzed assuming a 100°F
decrease in the feedwater temperature caused by the failure of
plant feedwater heaters. The plant is designed such that the
maximum change in feedwater temperature, considering the limiting

- single failure in the feedwater system, is less than 100°.

Therefore, this transient disturbance is treated as an anticipated
operational occurrence. In the licensing analysis process, any
scram setpoints reached as a result of the event are conservatively
ignored. .

In the analysis of the loss of feedwater. heating event, two
SIMULATE-E cases are run for each exposure point. The first case
represents the initial conditions and the second case represents
the post event steady state conditions. A control rod pattern is
devélobed for the first case to achieve criticality which causes at
least one fuel assembly in the core to be near MCPR and one fuel
assembly to be near maximum LHGR operating limits. In some cases,
it may be the same fuel assembly that satisfies these criteria.
The xenon concentration and the k-effective value resulted from
this control rod pattern are held constant during the second case.

‘The feedwater temperature for the second case is 100°F less than
ffhat"for'the first case. SIMULATE-E calculates a new reactor power
Iievel due to the 100°F feedwater' temperature drop via the power
‘seérch optionfwﬁile the critical eigenvalue is maintained constant.

The core pressure increases as power increases and is calculated by

'SIMULATE-E.” The inlet subcobling is .calculated by SIMULATE-E via

the heat balance option. ' TLIM reads the SIMULATE~E restart file
and calculates MCPR and maximum LHGR for each case.: The ACPR is
determined using the following equation:

-
v -

ACPR = SLMCPR * ( ICPR/FCPR - 1.0 ). ° .. 5.3.2-1
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MCPR safety limit
initial MCPR (first case)
final MCPR (second case).

where SLMCPR
ICPR
and FCPR

TR PP

The AFDLRX is calculated by:

< - ‘ . 503-2-2 ‘
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+ AFDLRX = FDLRX; - FDLRY;

¥ »
>

final FDLRX
initial FDLRX"

where FDLRX;
and - FDLRX;

il
@

Two different analyses can be used to perform the loss of feedWapér
heating analysis: bounding analysis and specific analysis. The

bounding analysis is used to generate the conservative ACPR and

AFDLRX values for the loss of feedwater heating event. 1In this
bounding analysis, the event is assumed to be initiated from 100%
power and a lower than allowed flow at the exposure pOint where the
cycle hot excess reactivity is maximum. .The lower ‘than allowed
flow is the flow at 100% power.which 1s the smaller of either 80%
"rated flow or a flow .5% below the. maximum rod line flow at which
the reactor can be operated ‘This condition lS the worst loss of

feedwater heating condition for the. loss of feedwater heating MCPR”

and- FDLRX - responses ‘at any given.cycle. The ACPR and AFDLRX values
calculated from this- bounding analy51s are the loss of feedwater
heating- ACPR and AFDLRX. .; «: * . . .. '
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The specific analysis is used when the bounding analysis results

are overly conservative. 1In this specific analysis, the event is
’assumed to be initiated.from the-rated power, and flow conditions
(100% power/100% flow) and the cycle exposure is varied from the
beginning of cycle to the end of cycle with an incremental exposure

i H5e3e2=7
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of 1000 MWD/MT. The largest ACPR and AFDLRX from these exposure
points are selected as the loss of feedwater heating ACPR and
AFDLRX.

5.3.2.5 Sensitivity Studies/Justification of Process

This section describes the sensitivity studies performed to provide
the basis for the licensing analysis process. The sensitivity
studies are intended to cover the primary uncertainties related to
the loss of feedwater heating event. These include: (1) operating
state; (2) instrumentation; (3) methodology; and (4) event
definition. These sources of uncertainty, as they relate to this
event, are described in more detail below.

5.3.2.5.1 Primary Uncertainties

Operating State Uncertainties include both fuel assembly and system
uncertainties. System uncertainties are those related to feedwater
flow and temperature, the TIP system, core flow rate, core
pressure, core/assembly power and power distribution, etc. Fuel
assembly uncertainties are those related to individual fuel
assemblies, such as local peaking factor, assembly flow rate,.heat

‘transfer correlations, etc.

w > .
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In the reload analysis process, the magnitudes of the operating
state uncertainties are not expected to change during the event.
In ‘the short period of time between initiation of the event and a
return to reactor equilibrium, it is not expected that the error in
any plant parameter would significantly change. - Thus, if the
reactor dome pressure reading is 5 psia higher than actual at
jnitiation of the event, it is assumed to be 5 psia high at the
termination of the event. With essentially no change in the
uncertainty of the plant parameters during the loss of feedwater

'heating event, the primary" approach .is to account for the

uncertainty in the plant operating state assumed in the event
analysis.  The uncertainties in the plant operating state are
included in the event acceptance limit.

5.3.2-8



Instrumentation Uncertainties are the uncertainties in the

instrument system or sensor performance associated with the
specific value at which an instrument trip signal is generated. In

‘the analysis of the“10s$ of feedwater heating event, no protection

system intervention is assumed to occur (high neutron flux and
thermal power trips are conservatively ignored). Therefore, ﬁo
consideration of instrumentation uncertainties is necessary. |
Methodology Related Uncertainties are associated with the tecﬁniéte
used' to analyze- this-event. The licensing analysis methodolegy
uses SIMULATE-E to calculate the change.in reactor. parameters, The
major ‘uncertainty in this method is in. using a steady state
simulation to analyze this .transient. , Because the loss of
feedwater heating event takes place very slowly, the core remains
in a quasi steady state condition. .The use of a.steady state code
such as SIMULATE-E is therefore reasonable. The con-servatism
introduced into-the analysis process by the event definition, as
described below, bounds the effect of the steaéy state analysis{

Event Definition Uncertainties. are introduced through the
assumptions- of the event scenario. :-For:the loss, of feedwater
heating event, "the primary' conservatisms, and uncertalntles ‘are
introduced by: the assumption of the magnitude of the temperature
reduction, and the assumption of constant xenon concentration.
Each of these parameters is discussed in.more detail below. Other
uncertainties introduced by the.use: of rated power andxflow as the
initial conditions:.of the event, K have -been ,covered 1n the event
sensxt1v1ty analyses (Section 5.3.2.5.2). . . s .

Ve
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The major conservatism in the initial conditions is the mabnitude
of the decrease in feedwater.temperature. The loss of feedwater
heating analysis “.methodology 'assumes. an Hlnstantaneous 100°F

feedwater - temperature’ decrease. Operating experlence 1nd1cates

that - the’ temperature change:in .the majority..of loss, of feedwater
heating events is significantly ‘less. The relatlvely few events
that have occurred and which have approached the magnltude assumed

A s
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in the licensing basis analysis have, been termlnated by operator
action or protection. system operation before any des1gn limits were
challenged. The maximum drop in -feedwater temperature due to any
single failure for WNP-2 has been evaluated to be about 34°F. Based
on the results of the sensitivity analyses (Section 5.3,2.5.5) for
a 60°F feedwater temperature drop, the analysis has 0.044 ACPR, and
0.069 AFDLRX conservatism relative to the assumed worst case (100°F)
feedwater heater’ failure. . The 60°F loss-of feedwater:heating is
considered to be a more reasonable- ma'ximu;n bound on the WNP-2

feedwater system design and operation. Therefore, the use of an
J.nstantaneous reduction of 100°F in feedwater temperature represents
a 51gn1f1cant conservatism in the event analysis. .

) e - .
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The ahalysis of the 1loss of feedwater heating event assumes
constant xenon concentration throughout the event. Based on the
results of the sensitivity analyses (Section 5.3.2.5.2) for an
equn.l:.brlum xenon concentration with respect to a 100°F feedwater
temperature drop, the analysis has 0.015 ACPR and 0.010 AFDLRX
conservatism. '

5.3.2.5.2 'Event Sensitivity Analysis Results

-

| Sensitivity analyses were performed to evaluate the magnitude of
|’ the effect of the -principal conservatisms and. uncertalnt:l.es
| assoc:.ated ‘with the loss- of feedwater heating event. The
| sens:.t:.v:.ty studies cover:. (1) the effect of time in cycle
| exposure and core reactivity;. (2) the effect of control rod
| patterns, (3) the effect.of core flow; (4) the effect of , the
I magm.tude of ‘the feedwater ‘temperature reduction; (5) the effect of
| constant Xenon “concehtration” assumption.. The results of, these
]mse;nsitivity studies are described in.more detail below. ... ,
|' T TR MR ER Tt -, : .

] Table 5.3.2-2 ‘provides a summary of the 20 cases run to support the
I ‘lJ.cens1ng analysis process for.the loss of feedwater. heat:.ng event
| ‘The " first 12 cases were 'run'using the control rod patterns

| developed at the rated power and rated flow. Cases 13-18 were run

5.3 052-10
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using the control ;od patterns developed at the rated power and 80%
rated flow. The remaining NSSS operating parameters are consistent
with normal plant operation. With the initial core power being at
the rated power, the final core power increases to about 114% rated
power and the final core pressure is about 15 psi higher than the
initial core pressure due to a 100°F feedwater temperature drop.
Case 19 was run to determine the effect of the magnitude of the
feedwater temperature reduction. Case 20 was run to study the
effect of initial xenon concentration. ‘ - . .

The effect of time in cycle exposure and core reactivity on AéPR
and AFDLRX is investigated.. With the cycle exposure varied from
0.0 to 2.0 GWD/MT, the same control rod pattern used for Cases 1-6
produced a negligible change in ACPR and a change of 0.036 in
AFDLRX. The same control rod pattern used for Cases 13-16 produced

a change of 0.005 in ACPR which is small and a change of 0.010 in

AFDLRX. The largest ACPR and AFDLRX for Cases 1-6 and for Cases
13-16 occurred at 0.0 GWD/MT which is the most reactive exposure
point where the hot excess reactivity with all rods out is maximum.
Therefore, the most reactive cycle exposure point is selected for
the Bounding Analysis to provide assurance that the calculated ACPR
and AFDLRX values are the largest. -

The effect of control rod patterns on ACPR is determined to be
insignificant. The control rod patterns used for Cases‘7-8“and
Cases 9-10 are not the same and are different from that used for
Cases 1-6. The largest difference in ACPR for these cases is 0.005
which is very small. The values of- AFDLRX for .these cases‘§apy

from 0.197 at the most reactive state (0.0 GWD/MT) to 0.135 at 4.0

GWD/MT where the amount of hot excess reactivity is small. The
significant changes in AFDLRX are due to the effect of cycle
exposure and core reactivity rather than the effect of control rod
patterns. All control 'rods. for Cases 11-12 and Cases 17-18 were
fully withdrawn to maintain.criticality. No fuel assemblies in the
core can be put near MCPR and maximum LHGR operating-limits due to
the lack of hot excess reactivity.., The values of AFDLRx.for these
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cases are ysignificantly less than that 'at the most - reactive
exposure (0.0 GWD/MT) Although ACPR at 5.1 GWD/MT (Cases 11-12)
is 0.012 larger than ACPR at 0.0 GWD/MT (Cases 1-2), the final MCPR
at 5.1 GWD/MT is larger than the final MCPR at 0.0 GWD/MT by 0.147
which is significaﬁtly larger than the increase of 0.012 in ACPR
due to the higher MCPR ‘initially (the difference in the initial
MCBR values is 0.173). Nevertheless, 'this.ACPR value is included
in the evaluation process to conservatively determine the largest
ACPR among those values calculated throughout the cycle of interest
&ﬁen the Specific Analysis is employed. ' T -,
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The effect of core flow is demonstrated by comparison of  the
results shown for Speczflc Ana1y31s (100% rated flow) with .the
results shown for Bounding Analysis (80% rated flow). As the core
flow 1s decreased, the values of ACPR and AFDLRX are effectively
increased. ACPR' incrdases by 0.028 and 0.023 at the most reactive
state (0.0 GWD/MT) and at 2.0 GWD/MT, respectively. AFDLRX
increases by 0.018 at 2.0 GWD/MT and is virtually unchanged at 0.0
GWD/MT. Consequently, the use of 80% rated flow at the most
reactlve exposure poxnt in the Bounding Analysis provides an
1ncrease of “0.016 in "ACPR when compared with the largest ACPR
obtained from the Speclflc Analysis. The use of-80% rated flow at
the most YTeactive 'exposure point in the Bounding Analysis also

;ﬁrevideslassufance that’ AFDLRX is at least as large as the largest

IS

AFDLRX obtalned from the Specific Analysis.. Therefore, the use of
1006 rated power “and 80% rated flow (110% rod line) at the exposure
p01nt where the cycle ‘hot " excess reactivity is maximum -.is

- s i .

conservatlve for ACPR and AFDLRX. . . S e e

L =
»

Case 19 'was run to quantlfy the effect 'of a‘ smaller drop. in

”feedwater temperature. Based on-the design of the Number 6. heaters

in the feedwater system, a drop’ 'of ‘60°F would be-expected if both
Number 6 heaters were lost. Due to feedback mechanisms associated
with the extraction system on the heaters, the actual drop in
feedwater is less than 60°F when both of these heaters are lost.
For the purpose of this analysis, a 60°F drop in feedwater
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temperature was analyzed. The 60°F change bounds the 34°F drop that
would result if both Number 6 heaters were lost or if an entire
string were to fail. Results for the case with a 60°F drop in
feedwater temperature:-show that ACPR and AFDLRX are reduced by
0.044 and 0.069 compared to the base case, respectively. This
demonstrates that the assumed change in feedwater _temperature
during the event adds.a significant amount of .conservatism to the
results. v e .o e m

Case 20 was run to quantify the effect. of the lnltlal xenon
concentration assumption. In this case, the steady state
equilibrium xenon concentration corresponding to a 100°F feedwater
temperature drop ‘'is calculated. . The results show that ACPR and
AFDLRX ‘are reduced by 0.015 and 0.010- compared to the base case,
respectively. This case. demonstrates .that. .the assumed initial
xenon concentration during the loss of .feedwater heatlng event adds
an additional amount'of conservatism to the results.

- s o

$5.3.2.6 Typical ‘Results

The licensing analysis process for evaluating the loss of feedwater
heating: event is described in Section -5. 3.2, 4. The Boundlng
Analysis is conservatively used for a 100°F feedwater temperature
drop. The Specific Analysis is applied when the Boundlng Analysms
results are-overly' conservative., These methods have been used to
analyze the loss ‘'of feedwater heating event for Cycle 8 Based on
this methodology, the ACPR. is. reported as _0.12, and AFDLRX lS
reported as 0.196, From the reload .report. supplled by sPC “for
Cycle 8, the bounding ACPR is 0.07. Therefore, it is concluded
that the Supply System licensing analysis process is reasonable yet

‘conservative based on the evaluation of ;the analys15 conservatlsms

and uncertainties and the’comparison with the SPC. results.

-
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Table 5.3.2-1 '

7Sequence of Events for Loss of Feedwater Heating

B

Maximum feedwater temperature reduction is assumed to occur
instantaneously.

Initial effect of reduced temperature feedwater starts to raise
core power level and steam flow. . s

»

-
4 ’

Turbine control valves open to control pressure.

.

APRM or thermal power alarm setpoint reached. : o

» - -
& = .

If the core power does not reach the scram setpoint, new steady
state operating condition is achieved.- .

If core power reaches scram setpoint, the APRMs will initiate a
reactor scram. The NSSS will follow the same sequence as for a
scram from normal power level.
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Ccases

Specific Analysis®

Table 5.3.2=2

Sensitivity Results of Loss of Feedwater Heating Analysis

Cycle Final core
Exposure Final core Power Pressure FW AT

4

GWD/MT . MWt % rated. psia , .__°F ACPR AFDLRX

-

1-2 0.0  3781.2 113.8 ; 1050.0, 100 0.088 - 03187
. 3-4 1.0  3775.0 113.6 1049.8 100 0.088  0.168
5-6 2.0 3779.0 113.7 1050.0 ' 100 0.086 0.161
7-8 3.0 | 3778:9 : 113.7 . .,1050.0. 100 0.083  0.164
9-10 4.0  3776.8  113.7 1049.9 100 0.084  0.135
11-12 5.1  3787.3  114.0.  1050.2 . 100 0100 " 0.112
Boﬁnding Analysis® (
13-14 0.0  3799.3  114.3 1046.8 100 0.116 0.196
15-16 2.0  3801.6 114.4 1046.9 100 0.111  0.186
17-18 4.0  3802.1 114.4 - 1046.9 100 0.096 0.154
19 0.0  3615.3  108.8 1040.8 60 0.072  0.127
200 0.0  3751.0 112.9 1045.2 100 0.101 0.186

(a) Initial conditions:

(b)

Specific Analysis Bounding Analysis

Core Power, MWt 3323 3323

Core Flow, Mlbm/hr 108.5 86.8
Percent rated flow 100.0 80.0
Core Pressure, psia 1035.0 1031.2

Equilibrium xenon concentration is used.

- ?5 ..3 0.2-15
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5.3.3 Generator Load Rejection Without Bypass

5.3.3.1 Event Description

The generator load rejection without bypass (LRNB) event is the
postulated complete loss of electrical 1load to the turbine
generator coupled with the assumed failure of the turbine bypass
system. Fast closure of the turbine control valves is initiated
whenever electrical grid disturbances occur which result in
significant loss of load on the generator. The turbine control
valves are required to closé rapidly to prevent overspeed of the
turbine generator rotor due to the loss of load. The rapid closure
of the turbine control valves causes a sudden reduction of steam
flow which results in a nuclear system pressure increase. Neutron
flux increases rapidly because of the core void reduction caused by
the pressure increase. Turbine control valve fast closure
initiates a scram trip signal and a prompt RPT, which results in a
rapid reactor shutdown. The reactor vessel pressure increase is
limited by the action of the relief valves. The neutron flux
increase is limited by the scram and the prompt RPT. The peak fuel
surface heat flux increases initially due to the neutron flux
increase then decreases following reactor shutdown. Long term
reactor water makeup is provided by the feedwater system or high
pressure makeup systems. Heat rejection is through the relief
valves to the suppression pool.

Table 5.3.3-1 shows the expected sequence of events for the
generator load rejection without bypass transient.

5.3.3.1.1 1Initial cConditions and Operationalfnssumptiéns

The following plant operational conditions and assumptions form the
principal bases for the analysis of the generator load rejection
without bypass event:

o The plant is operating at the safety analysis power level and
106% rated core flow.

5.3.3~1




o The remaining NSSS operating parameters are consistent with
normal plant operation. B

o A generator load rejection initiates the transient which
results in a control valve fast closure at the fastest design
rate.

o A reactor scram is initiated by the control valve fast
closure.

(o} The pressure relief function. is avallable to 1limit the
pressure increase.

o The bypass system is assumed to fail in the closed position.

o All of the remaining plant control systems function normally.

o . The system trips and initiation signals are consistent with

the technical specifications.
o The prompt RPT systenm is initiated by the control valve fast
closure and trips both recirculation pumps.

5.3.3.1.2 Operator Actions

No restart is assumed and the reactor is to be cooled down. The .
operator is expected to take the following actions as appropriate:

o0 . Control the re;gtor pressure.

© ' Ascertain that all control rods are in.

o Monitor and maintain reactor water ;eveL

o Cool down the reactor consistent w%th(plant procedures.

5.3.3.1.3 Event\AcceptanceFLiﬁifs

LI 2%

The acceptance limits for this event are MCPR > fuel cladding
integrity limit; LHGR < PAFF limits; and reactor pressure's the

|- ASME Code limit, for the reactor coolant pressure boundary.

| Compliance to the fuel cladding 1ntegr1ty linit is demonstrated by

| ensuring that the operating llmlt MCPR is greater than or equal to

| .the fuel cladding integrity MCPR limit (whlch ensures that greater

] than 99.9% of the fuel rods in the core are not expected to

| experience boiling transition) plus the E:hange in CPR, ACPR, during .
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the event. cCompliance to the PAFF-limit is ensured by meeting the
LHGR limit requirements for transient 'occurrences in the fuel
vendor mechanical design topical reports (e.g. Reference 16).
‘Compliance with the ASME Code llmlt for the reactor coolant
pressure boundary is demonstrated by ensuring that the peak reactor
vessel pressure is less than 1375 psig. . . Q‘

[

5.3.3.2 Analysis Considerations -, ‘ . i ’
s =N
This section describes the key analysis ‘considerations applicable
to the generator load rejection.without bypass event. It includes:
(1) a description of the phenomena occurring‘during the event that
have a significant impact on. thex event:‘eonsequepces; (2) a
discussion of the system performance characteristics that can
significantly affect the course.of the event; and (3) a gisEussion
of the performance characteristics of the importaht compenents as
they relate to the event consequences. ’

5.3.3.2.1 Key Phenomena

Described below are the key phenomena related to the generetor logd
rejection without bypass event. Consideration of these' phenomena
is necessary in the simulation of this event to accurately model
the plant response. --

A G » B
3 - - B
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The gene}ator load fejectien without bypass involves the reactor
core, the entire reactor coolant pressure boundary, and the main
steam system. The event is chardcterized' by rapldly changlng
cqndit%ons with complex interactions associated with the key

phenomena. h T S S .
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Steam Line Phenomena: The‘evehtdbeéins“&ith”ciosufe of the‘turbine
control valves which'causes a'pressufe:increase at’ the’ turbine
1n1et that 1s rapidly transmltted to’ the ‘reactor pressure vessel by
pressure wave phenomena in the steam lines. The relief valves open
. at pre-establlshed set301nts ellOW1ng a steam release path for

- »
¢ L
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[ pressure relief. Nodallzatlon of the steam lines is necessary to
| ensure accurate szmulatlon of the system pressure response.

Pressure Vessel Phenomena The propagation of the pressure wave

from the steam lines to the core is an important phenomenon.- The
attenuatlon of the pressure wave by the reactor vessel internal
components is a particularly important phenomenon in modellng the
tlmlng ‘of the core moderator void changes. ’

-

Recirculation Phenomena Following the ‘generator load rejection, a

turbine generator overspeed will occur which is limited by’the fast
closure of the turbine control valves. ’

|'Modei1hg\of the recirculation flow coastdown phenomena ' following
|.RPT is 1mportant to ensure that the changing recirculation flow is
|“correctly calculated.’ The rec1rcu1atlon system modeling includes
consideration of thé downcomer ‘phenomena, including the annular
flow region above and through the jet pumps. The changing
performance of the jet pumps at varying pressure and drive flow is
ﬂincluded.';The external recirculation loop flow is represented so
‘that flow into the vessel as a function 'of time is accurately
51mu1ated. ] ] Co " R T ) :

[ N Y - ro R . - " ' . .
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Core Phenomena The phenomena important in the core-region are .the
reactivity effects that contribute to changes in neutron flux level
and hence energy generation and power input to the coolant. :The
primary react1v1ty feedback effects are steam void reactivity, fuel
temperature Doppler reactmvxty, ‘and "control rod reactivity. The
‘steam void react1v1ty ‘contributes’ to the initial positive
react1v1ty as a result of steam”void collapse as the pressure

1ncrease from the steam system reaches the core.

The wa T s s & o fa,
A - - »_.1‘
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Durlng the generator load. rejectlon tran51ent the collapsing
moderator voids cause an ' increase ‘in power level which in turn
increases fuel temperature and moderator voids to the point that
power wou;d reach a “new” level. However, with steam flow
restricted, system pressure and core power continue to rise until
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a rapid scram of control rods and trip of recirculation pumps
initiated by the turbine control valve fast closure terminate the
power increase and result in reactor shutdown. ’

.8

-

5.3.3.2.2 Systems Considerations

For the generator load fejection transient, the initiating event is
the action that causes the generator load rejection to occur. All
other systems normally operating are assumed to function as
designed. Safety systems that are designed to actuate are assumed
to actuate at their pre-established setpoints. The steam bypass
system is assumed not to funcoion.

The important systems to be considered are: (1) the reactor
protection system including the turbine control valve fast closu}e
scram; (2) the control rod drive (scram)”system; (3) the steam
system including control valves and relief valves; (4) the
recirculation system, including the prompt RPT; (5) the steam
separation system inside the vessel; and (6) the fuel and core
system, including the nuclear and thermal hydraulic coupling.
Other systems called upon for long term operation are not required
to be part of this analysis because their action occurs @ﬁch later
in the transient, following the time of challenge or nearest
approach to the event acceptance limits.

5.3.3.2.3 cComponent Performance Characteristics

The generator load rejectlon trans;ent analys1s requlres detalled
modeling of the NSSS in order to ensure that all systems “that
influence reactor system pressure, steam flow,_core flow, and core
inlet enthalpy are propefly considered. ‘The selection of
conservative or licensing . basis component performance
characteristics is based .on a buildup of conservative assumptions
established by past practices and licensing requirements.

Turbine Control Valve Closure Characteristics The turbine control
valve closing characteristics are fundamental to the generator load

5335




refectien transient,“’ The turbine control' -valve ¢losure
characteristics are specified by the turbine manufacturer and are
designed to provide adequate protection to the turbine from
potential overspeed conditions. The c1051ng characteristics are
de51gned to ensure rapid closure and are verified during plant
startup testing. The fastest specified closure time is used in the
analy51s. The turbine control valve closure is simulated as linear
from 1ts actual operatlng p051t10n to fully closed. ‘
Relief Valve Charactéristics “The reliéf valves are used to protect
the reactor coolant pressure boundary against overpressure events.
Qhe technical or design specifications establish limiting
\condltlons for the rellef valve setpomnts. The maximum values are
used in the llcen51ng “ basis analysxs in order to- ensure a
conservatlve evaluatlon of the system pressure’ response.

Recircﬁlation Pﬁmg Coastdown Characteristics The recirculation
pumps receive a trip signal from the same source as the turbine
control valve fast closure scram signal which opens breakers to the
rec1rculatlon pumps power supply.’ This provides -additional
;negatlve moderator void react1v1ty insertion " to reduce- the
magnltude of the trans1ent neutron ‘flux rise. ' The rate of
reacthlty 1nsert10n is strongly influenced by the timing of pump
coastdown . whlqp dlrectly ‘'influences = the amount: of ~ core
recirculation flow driven through the jet pumps. The breaker time,
in terms of number of cycles to trip power, and the inertia of the
pumps are spec1f1ed 1n plant de51gn and confirmed durlng plant
startup testlng. The slowest pump coastdown consistent with desmgn
spec1f1catlons is used in the analysms. In addition, the maximum
lnstrumentatlon and smgnal process1ng delay times are used in the
analy51s.k ) e ] o Co ;

- .
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"Purbine Cpntrol“vglve Fast Clssure“Scram Signal" Scram on turbine
_control valve fast “closﬁre is’ assumed- in the generator load
rejectioh analysis. The turbine control valve fast closure scram
signal is generated froﬁ’hydréuli@ oil pfessﬁre associated with the
disc dump valve. The maximum design specification time between the

S ) -
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start of the turbine control valve fast closure and the hydraulic
oil pressure switch actuation is used in the analysis.

.Reactor Protectionw:System Signal Delays The reactor protection
system includes the collection of a number of analog and’ dlgltal
signals, conditioning of , these signals, comparlson to pre-—
established setpoint 1limits, and activation of nuclear system
trips. The signal processing and trlp lnltlatlon 1nvolves delay
times which impact transient response. ) The plant technlcal
specifications identify ,the allowable reactor protection system
response times and are used in the analysis. M n

A s P

L4
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Control Rod Drive Insertion Time The control rod drlve system
provides the prlmary mechanism, for negatlve react1v1ty lnsertlon

for terminating the trans1ent . The control rod drlves are 1nserted '

in the scram mode by the control rod hydraulic control system. The
control rod scram time is determined from surveillance test data.

Pressure Switches in the Hydraulic 0il Systen The pressure
switches in the hydraulic oil system are assumed to 1n1t1ate a
reactor. scram for this, event. The design spec1f1catlons that

maximize the scram initiation tlme are used in the ana1y51s. The
specific values for the parameters assoc1ated with the component
performance in the licensing, basis model are glven in Table 4.1 1n
Reference 9. The table also compares the values for the llcen51ng

PP

e st

and nomlnal conditions..

"
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5§.3.3.3 Methodology/Integratlon of COdes and Analysms

» 3
A BRI

. . ‘ \
The primary analysxs model in the sxmulatlon of the generator load

rejection without bypass event is the system thermal hydraullc
model, RETRAN-02. RETRAN-02 is used to calculate the changes in
system and core average nuclear and thermal hydraulic parameters
- throughout the course of the event. ‘The RETRAN-OZ analysis results

_are used in the assessment of the fuel thermal margln, the 1ncrease

. in nodal .power, and the peak reactor vessel pressure.

Al . »
I Wi = . “« v '
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The analysis ofsthe generator load rejection without bypass is
performed using the following codes in the sequence shown on Figure
2-1: (1) ESCORE; (2) MICBURN-E; (3) CASMO-2E; (4) NORGE-B; (5)
SIMULATE-E; (6) SIMTRAN-E; (7) STRODE; (8) RETRAN-02; (9) FICE;
(10) VIPRE-01l; and (11) STARS (when limitingj. ESCORE is used to

. provide the fuel rod temperature distribution used in CASMO-2E.

MICBURN-E provides the gadolinia cross sections used in CASMO-2E.
CASMO-2E is used to pefform the lattice physics analysis to
generate the cross sections for SIMULATE-E and the inverse neutron
Veloc1ty and total effective delayed neutron yield for SIMTRAN-E.
NORGE-B is used to transfer the CASMO-2E data to SIMULATE-E and
SIMTRAN-E. SIMULATE-E develops the three-dimensional macroscopic
cross sectlon ‘data to be- processed by SIMTRAN-E. SIMTRAN-E

‘collapses the three-dlmens;onal cross section data to one dimension

and transfers the other nuclear parameters to RETRAN-02. STRODE is

‘used to adjust the moderator density feedback behavior and delayed -

neutron fraction data for input to RETRAN-02. RETRAN-02 is used to
perform the transient analysis. VIPRE-01l is used to determine the
ACPR during the transient based on the local peaking factors
provided by FICE. STARS, if required, is used to perform the

‘statistical assessment to demonstrate compliance w1th the fuel
”clagdlng integrity or PAFF llmlts.'iFuel-pellet gap conductance
‘calculated by the vendor’s approved methods is ‘used in RETRAN-02

and VIPRE-01.

5.3.3.4 -Licensing Analysis Process

¢
N

" In the analysis of the generator load rejection without bypass, the

"following analysis assumptions are applied: .

(2) The scram times are based on plant surveillance data. A
statistical analysis is performed for this event, scram
time statistics are included in development of the
response surface as described in Appendix A.

(b) Scram initiation time aelay is the maximum technical
specification value,

5,3.3-8




(c)

(d)

(e)

(£)

(9)

(h)

+

RPT time delay is the maxzmum technical spec1f1cat10n
value. An analysis is also performed without RPT to
establish the ' appropriate operating 1limit for plant
operation with RPT out of service.

Relief vAlve opening setpoints are consistent with
technical specifications.

The analysis is performed at end of cycle conditions,
with all control rods fully withdrawn. The end-of-cycle
conditions maximize the void feedback. The all-rods-out
condition minimizes the negative insertion reactivity.
The analysis is performed at “the most limiting point on
the power/flow operatlng map, consistent .with .the
licensing basis assumption on maximum power level (1 e.,
safety analy51s power level, 106% core flow)

Feedwater temperature is determlned by . the RETRAN code,
consistent with the system heat balance at the licensing
power level. If the plant is allowed to.operate with

final feedwater temperature. reduction to extend the
_operating cycle, the 11m1t1ng feedwater temperature is

calculated using a consistent' set ,of nuclear. input
parameters.

The turbine control valves (TCV) operate in the partial
arc mode and have a full stroke closure time, from fully
open to fully closed, of 0.15 seconds. The closure time
from their normal operational p051tlon is assumed to be
proportional to the full stroke time. The normal
operational positions are two TCVs at 100% open, one TCV
at about 50% open, and one TCV at about 10%-12% open. A

composite stroke time for a single equivalent TCV 1s

conservatively calculated to be 0.10 seconds.

Lot ;
Ak Tt PN

System actuations caused by low reactor water level trip setpoints,

including main steam line isolation valve closure and.high pressure.
makeup initiation, are not included in the simulation.

These

trips, should they occur, will be after the ‘time of challenge or

nearest approach to the-event acceptance limits.: -

5.3.3.5

P

Sen31t1v1ty Studles/Justlflcatlon of -Process:

- » - . -
L e 8 s

RETRAN-02 and VIPRE*Ol;analyseS*were performedato determine the
. sensitivity- of the calculated , results to ,changes in input
assumptions. The parameters con51dered in the sen51t1v1ty analy51s

were:

. 5.3.3-9




(a) Nuclear Model Parameters

Void reactivity

Doppler reactivity
Prompt moderator heating
Scram reactlvety

Scram speed

(b) Core Thermal Hydraulics Parameters

Correlation parameters
| .. s+ . Core pressure drop
_ Core bypass flow fraction ‘ e
*Fuel- pin nodalization . :
- Initial core power

(¢) Recirculation System Parameters

Recirculation loop inertia
Recirculation pump head
Jet pump inertia
o ~ Steam separator inlet inertia
e " steam separator ‘outlet inertia
Jet pump pressure drop
Prompt RPT ’ oo

(d) Steam Line Model Parameters

Steam line inertia
Steam line pressure drop.

(e) Vessel and Loop Geometry Parameters

o Vessel steam dome volume
et . »- Steam line volume . .. o . o

I . .
‘ -
B . - " B
* .

There are several objectlves for sensitivity studies, including:.

supportlng verlflcatlon of the llcenSLng model, -

demonstrating conservatlsm in the llcen81ng model, and

=

———
L s
L
[ B B

‘quantifying the impact of uncertainties in model
parameters, input parameters, and modeling optlons.,

wnnmam—
.
w
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»
)

. RCPR,“defined as ACPR/ICPR (where fCPR is the initial cék)J is used
as the figure of merlt in the. sen51t1v1ty studles. The model
parameter values used in the sensitivity studles and the calculated

| changes in RCPR are shown in Table 5.3.3-2 and Table 5.3.3-3 for

| the 8x8 and 9x9-9X fuels respectively. All parameters, except
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those marked with an asterisk, are included in the model
uncertainty evaluation and are discussed in Appendix A.

The base case 1is. analyzed with the conservative technical
specification scram times. When normal scram time is used, the
calculated RCPR is reduced by 0.022 for both 8x8 and 9x9 fuels at
EoC8, the largest change found in the sensitivity study.
Therefore, scram time is used as a response surface independent
variable in the SCU analysis (See Appendix A). The RPT inoperable
case establishes the 1im{ts“for plant-pperation with RPT out of
service. Therefore, this parameter is not cdhsidered in the model
uncertainty evaluation. s

5.3.3.6 Typical Results

The base case analyzed is for technical specification scram time,
106% rated core flow and with RPT operable. Plots of core power in
terms of percent of nuclear boiler rated (%NBR), core average heat
flux, core inlet flow, reactor vessel steam dome pressure, vessel
steam flow, reactor vessel water level, and feedwater flow are
provided on Figures 5.3.3-1 through 5.3.3-7.

A comparison of the Supply System and fuel supplief (Siemens Power
Corporation) calculated results for WNP-2 Cycle 8 are provided in

Table 5.3.3-4. The Supply System calculated RCPRs are slightly"

higher than the SPC results. For the case with conservative
technical specification scram time at 106% core flow with RPT, the
Supply System calculates RCPRs of 0.186 for the'Sxé fuel and 0.193
for the 9x9-9X fuel, compared to 0.174 for the 8x8 fuel and 0.180
for the 9x9-9X fuel calculated by SPC. For the case with technical
specifiéation scram time at 106% core flow without RPT, ‘the Supply
System calculates RCPRs of 0.237 for the 8x8 fuel and 0.244 for the
9x%9-9X fuel, compared to 0.219 for the 8x8 fuel and 0.231 for the
9x9—9i:fuel calculated by SPC. Thus, the Supply System. results are
coﬁsistentlf more conservative than those of the vendor. :

-
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Sequence of Events for Generator Load Rejection Without Bypass

Events

Generator load rejection initiates fast closure of
the turbine control valves.

Fast turbine control ‘valve closure initiates
signals for reactor scram, bypass valve operation,
and RPT. ,

Turbine’bypass valvés fail to open.
Turbine control valves are fully closéd.

Recirculation pump motor circuit breakers open
causing decrease in core flow.

Control rods insertion starts.

E)

Group 1 relief valves open to mitigate systenm
pressure increase.

Group 5 relief valves open to mitigate system
pressure increase.

Relief valves cyclé closed/open to maintain system

pressure.

Reactor vessel water level reaches L8 setpoint and
feedwater pumps are tripped.

Low level (L2) reactor vessel water level is
reached.

High pressure coolant lnventory makeup systems are
1n1t1ated.

=
)

*%

RETRAN simulation results.

- These events are beyond the RETRAN simulation time.
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Table 5.3.3-2

Results of Generator Load Rejection Without Bypass
Sengitivity sStudies for 8x8 Fuel .

ARCPR
Nuclear Model Parameters
Void Coefficient (13%) +0.018
Doppler (-10%) +0.004
Prompt Moderator Heating (-25%) +0.010
Scram Reactivity (-10%) +0.003
Scram Speed (normal scram time) -0.022 (1)*+
Core Thermal Hydraulics Parameters (See Appendlx A)
Code Correlation (kappal+0.20)° - +0.007
Code Correlation (CGL+30%) +0.000
Code Correlation (CDB+20%) +0.000
Code Correlation (CHN+20%) +0.000
Core Pressure Loss Coefficients (-20%) -0.004
Initial Core Bypass Flow (=-20%) +0.005
Fuel Pin Radial Nodes (+50/) +0.002
Core power (+4%) +0.000
Recirculation System Parameters -
Recirculation Loop Inertia (+100%) +0.006
Recirculation Pump Head (-10%) +0.003
Jet Pump Inexrtia (+100%) +0.003
Separator Liquid Outlet Inertia (100%) +0.003
Separator Inlet Inertia (-30%) -0.003
Jet Pump Loss Coeff1c1ent (- 205) +0.003
No RPT +0.051 (2)*
Steam Line Model Parameters
Steam Line Inertia (+7%) -+0,005
Pressure Loss Coefficient (-20%) +0.006
Vessel and Loop Geometry Parameters -
Vessel Dome Volume (-5%) +0.004
Steam Line Volume (-5%) -0.004
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Scram time is a response surface indepéndent variable.
This case establishes the limits for plant operation with
RPT out of service.

Not considered in model uncertainty evaluation.

Normal scram times are rod lnsertlon times based on WNP-2
measured values (See Appendix-: A, Section A.2) and are
approximately 2 standard deviations above the mean measured
scram times. The normal scram times are listed in the Core
Operating Limits Report (COLR). All other cases were run with
the technical specification scram speed (listed in the plant
technical specifications) which provides a very conservative
upper bound.
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Table 5.3.3-3

Results of Generator Load Rejection Without Bypass
Ssensitivity Studies .for 9x9-9X Fuel

Nuclear Model Parameters

Void Coefficient (13%)

Doppler (-10%)

Prompt Moderator Heating (-25%)
Scram Reactivity (-10%)

Scram Speed (normal scram time)

Core Thermal Hydraulics Parameters (See Appendix A)

Code Correlation (kappal+0.20)

Code Correlation (CGL+30%)

Code Correlation (CDB+20%)

Code Correlation (CHN+20%)

Core Pressure Loss Coefficients (=20%)
Initial Core Bypass Flow (-20%)

Fuel Pin Radial Nodes (+50%)

Core power (+4%) -

+0.008
+0.003
+0.000
+0.000
-0.001
+0.006
+0.003
+0.000

Recirculation System Parameters

Recirculation Loop Inertia (+100%)
Recirculation Pump Head (-10%)

Jet Pump Inertia (+100%)

Separator Liquid Outlet Inertia (100%)
Separator Inlet Inertia (-30%)

Jet Pump Loss Coefficient (=-20%)

No RPT

+0.006
+0.004
+0.002
+0.001
-0.004
+0.004
+0.051
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Steam Line Model Parameters

Steam Line Inertia (+7%)
Pressure Loss Coefficient (-20%)

+0.005
+0.007
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Vessel and Loop Gedmetry Parameters

Vessel Dome Volume (-5%)
Steam Line Volume (-5%)

+0.005
-0.001

Scram time is a’ response surface independent variable.
This case establishes the limits for plant operation with

RPT out of service.

Not considered in model uncertainty evaluation.

Normal scram times are rod insertion times based on WNP-2
Section A.2)

approximately 2 standard deviations above the mean
scram times. The normal scram times are listed in
Operating Limits Report (COLR). All other cases were
the technical specification scram speed (listed in the plant
technical specifications) which provides a very conservative

measured values (See Appendix A,

upper bound.
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Table 5.3.3-4
Comparison of Supply System Results to SPC Results
for Generator Load Rejection Without Bypass

Technical Specification Scram Time, 106% Core Flow, RPT
Supply System Fuel Vendor

Result Result
Maximum Neutron Flux .
(% Rated) : 434 - - 352
Maximum Core Average
Heat Flux- (¥ Rated) 132 119
RCPR (for 8x8 fuel) 0.186 - 0.174
ACPR 0.229 0.211
RCPR (for 9x9 fuel) 0.193 0.180

ACPR 0.239 0.220

Technical Specification Scram Time, 106% Core Flow, no RPT
Supply System Fuel Vendor

Result Result
Maximum Neutron Flux
(% Rated) 654 544
Maximum Core Average
Heat Flux (% Rated) 151 128 |
RCPR (for 8x8 fuel) 0.237 0.219 i
ACPR 0.311 0.280
RCPR (for 9x9 fuel) 0.244 0.231

ACPR 0.323 . 0.300
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Q 5.3.4 Control Rod Withdrawal Error at Power
45¢3.4.1 Event Description

The control rod withdrawal error is initiated by an operator
erroneously selecting and continuously withdrawing a control rod.
Due to the positive reactivity %nsertion, both the core average
power and the local power in the vicinity of the erroneously
withdrawn control rod increase. The core average and local power
increase continues until the RBM acts to inhibit further
withdrawal, or the control rod reaches its fully withdrawn
position. The turbine control valves will open to compensate ‘for
the increased steam flow until a new steady-state operating
condition is reached. . .. . , .

5.3.4.1.1 Initial Conditions and Operational Assumptions :

The number of possible control rod withdrawal error events is
a extremely large due to the number of control rods in the core and
the wide range of exposures and power levels during an operating
cycle. ' In order to encompass all of the ‘possible control rod
withdrawal errors which could conceivably occur, a limiting
analysis is defined such that a conservative assessment of the
consequences is provided. The conservative assumptions are:

(a) The postulated error is a continuous withdrawal of the
rod which is expected to cause the maximum change in
ACPR. o

(b) The core is operating at rated conditions.

(c) The reactor is in its most reactive state and devoid of
all xenon. This insures that the amount of excess
reactivity which is controlled by the movable control
rods is maximum.

(d) Furthermore, the operator has selected the control rod

** "pattern in-such-a way as.to approach.thermal limits in

the 36 fuel assemblies (6x6 array) in the vicinity of the

control rod to be withdrawn.. It should be emphasized

& that this control rod configuration is not consistent

'5.,3.4-1




with normal operating control rod patterns and is highly
unlikely.

(e) The operator ignores all warnings during the transient,
including RBM system alarms which must be reset in order
to continue rod withdrawal.

(£f) Failures have occurred in the local power range monitor
(LPRM) strings that provide input to the RBM system
(i.e., the four LPRM strings nearest to the control rod
being withdrawn). =~ Three failure combinations are
included in the rod withdrawal error analysis: (1) the
limiting single LPRM instrument, (2) the llmltlng LPRM
strlng, and (3) the limiting set of two LPRM strings.

(9) One of the two RBM instrument channels is assumed to be
bypassed and out of service. .The A and C elevation LPRM
chambers input to one channel while the B and D elevation
LPRM chambers 1nput to the other. The channel with the
greatest response is assumed to be bypassed. '

These conservative assumptions provide-a high degree of assurance
that the transient, as analyzed, bounds all control rod withdrawal
error events that could reasonably be expected to occur.

5.3.4.1.2 Operator Actions
As indicated above, the operator is assumed to have set up a very
unlikely control rod pattern in which. the "error" rod is that rod
which could cause the most serious event consequences, and the
remaining rod pattern enhances the response to withdrawal of the
error rod. The operator proceeds to withdraw the error rod until
it is blocked by the RBM or is fully withdrawn. The operator fails
to s%op the withdrawal ‘on either high 'LPRM alarms or RBM alarms
which requfre‘acknowledgement and:.should result in no further rod
withdrawal.: The licensing analysis is based on highly abnormal
control rod patterns -and operating conditions and assumes that_the
operator ignores all alarms and warnings and continues to withdraw
the control rod.

H
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5.3.4.1.3 Event Acceptance Limits

The acceptance limits for this event are a MCPR > fuel cladding
integrity limit and‘the LHGR < PAFF limits. Compliance to the fuel
cladding integrity limit is demonstrated by ensuring that the
operating limit MCPR is greater than or equal to the fuel cladding
integrity limit MCPR (which ensures that greater than 99.9% of the
fuel rods in the core are not expected to experience boiling
transition) plus the ACPR during the event. Compliance to the PAFF
limits is demonstrated by ensuring that the change in fuel design
limit ratio (AFDLRX) is less than that assumed in the fuel vendor’s
mechanical design analysis (e.qg., Referenceé 15, 16).

5.3.4.1.4 Analysis Considerations

This section describes the key .analysis considerations applicable
to the control rod withdrawal error at power event. It‘inclﬁdgéz
(1) a description of the phenomena occurring during the event that
have a significant impact on the event consequences; (25 a
discussion of the system performance characteristics that can
significantly affect the course of the event; and (3) a discussion
of the performance characteristics of the important components as
they relate to the event consequences.

5.3.4.2.1 Key Phenomena

o

The event begins with the continuous withdrawal of a céntrol‘rod.
This action results in a significant change in local bower and
power distribution and a relatively mild change in core average
power and system conditions. Therefore, accurate simulatibn of the
core phenomena is the key to the analysis of the control rod
withdrawal error event. . . - o ‘

The phenomena important in the core region are the reactivity
effects that contribute to changes in the local neutron flux and
the fuel energy dgeneration for coolant heating. The primary
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reactivity effects are the reactivity insertion due.to control rod
withdrawal and the feedback effects of void and Doppler reactivity.

During the control rod withdrawal error event, the withdrawal of
the control rod is respon51ble for the initial positive reactivity
1nsertlon. This causes an increase in local power and core average
power 1eve1 which * increases fuel temperature and generates
additional steam voids. - The local and core average power lncrease
contlnues until® the control rod -movement is terminated by the
control rod reachlng its' full out'position or by action of the RBM
system. ‘The ‘increased steam voids and Doppler -reactivity. will
limit thé power increase ‘and, upon termination of the control rod
movement, a new equilibrium power-level-will .be established.

The control rod withdrawal error is simulated with the use of a
reactor physzcs . code - " (lattice physics- and . three—dlmen51onal
51mulator) by calculating the core response at a series of quasi-
Eteady state points. The amount of control rod movement is
dependentron the RBM signal and trip setpoints which is dependent
on the measurement of neutron flux by the 4 LPRM strings
surroundlng the control rodv-being withdrawn.  The analysis  is
generally performed at 6 'inch increments which.correspond to, two
control rod notch positions so that the location of the rod block

r t

p051t10n can be determined. L .

ny
. e . »
. . , =
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In ‘evaluating the core phenomena, the.reactor is initialized at
full power with zero xenon condition with the control rods adjusted
=to have a crltlcal core - condition. ©+ The error rod-is fully

» "

'1nserted. o ) . ~ N L .
e . " o

®

»
3 %

ﬁin the Viéinity:of the” error 'rod,” at least one fuel assembly is
close to the core wide MCPR and one fuel assembly is close to the
LHGR operating limits prior to the control rod withdrawal. During
the quasi-steady state evaluations, the critical eigenvalue is
meintained and core and local power are allowed to change due to
the reactivity insertion from the control.rod being,withdrawn. The
xefon concentration is maintained‘at its.zero condition. Because
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'5.3.4.2.2 - -8ystems’ Considerations , . . .

this "is a 1localized 'reactivity insertion event, the 36 fuel
assemblies surrounding the error rod are evaluated to establlsh the
limiting fuel assemblies from both an MCPR and LHGR standp01nt
during the event.

The quasi-steady state analyses are used to calculate changes in
MCPR and maximum LHGR. during the event. The results of the
analysis are then used to demonstrate a compllance to the SAFDLs
(fuel cladding integrity -and PAFF- limits). Because .this is a

- highly localized transient, fuel:.densification is con51dered in the

evaluation of the’ maximum' LHGR. A 2.2% power, splklng penalty is
applied to the control rod withdrawal error maximum LHGR, .to account
for the fuel densification effect. , . -

The evaluation of .this event employs . the use of the three-~
dimensional simulator code, and the external system effects are
treated as code inputs for the quasi-steady state evaluatlons. Use
of the quasi-steady-~state approach is justified on the basis of the
slow reactivity insertion rate.. The core has sufficient time to
equilibrate (both neutron flux and heat flux. are in phase).
Conservatism in the event-conditions is sufficient so that code
inputs that reflect external system operation can be simplifie&}m

3 “ . - .
. e .
LIRS -

1Y

The core power increase results in a sllght lncrease in steam flow
which slightly increases reactor pressure and core pressure drop.
Feedwater flow- increases~rto maintain reactor water level

considering the increased steam flow. In.the manual flow control
mode, recirculation pump speed is held constant therefore, the
increase in core pressure drop will result in a sllght decrease in
core flow. These effects are considered to be second order and do
not contribute significantly to the analysis.of the control rod
withdrawal error. SR N o o o

The control rod withdrawal.error event is initiated by an operator
error in-selecting and withdrawing a control rod from an abnormal
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control Hrod. pattern. * ‘All* systems are assumed to operate as
designed and continue to function throughout the event. The RBM
system is assumed to initiate at its pre-selected setpoints. The
RBM failures assumed in the analysis are described in Section
5.3.4.1.1(f) and (g).

5.3.4.2.3 Component Performance Characteristics

.- - v . ]
Ol

The 'RBM' system minimizes” the 'consequences of a control rod
thhdrawal error "by blocklng the motlon of the control rod before
the safety llmlts aré exceeded. -

LN -
-
-

The RBM”hes three trip levels that ‘remove the .rod withdrawal
permissionﬁ The trip levels may be  adjusted and are nominally
separated in increments of 8% of reactor power. The highest trip
level is set so”that ‘the fuel cladding integrity safety limit-is
not exceeded. The lower two trip levels are intended to provide a
warning to the operator.: Typical settings are 106%, 98%, and 90%
of initial steady-state operating power at 100% core flow. The
highest level trip is controlled by a technical specification. The
trip levéls&are’automatically'varied with reactor coolant flow for
protection at lower flows. The variation is set to ensure that
event acceptance limits are not exceeded at the indicated coolant
flow. The operator may encounter up to three trip points depending
.on the core power at the start of a given control rod withdrawal.
The two 1ower poxnts may be reset by manual operation of a push
button. ‘The reset perm1551ve is actuated (and.indicated by a light
"on the RBM panel) when the. RBM reaches 2% power less than the trip
setp01nt The operator should®‘then.assess the local power and
"either reset or select.a new rod for withdrawal. The highest power
trip setpoint may not' be‘ reset’ during.control® rod withdrawal
operations. R S . e . R

The “RBM processes"tPRMtsidnalsffrom the’ four ' LPRM ‘strings that
surround the rod selected for withdrawal. . There are two RBM
channels; an A.channel utilizing the 8. LPRM signals from the A and

- w .
A s [P «
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C elevations, and a B channel utilizing the 8 LPRM signals from the
B and D elevations.

5.3.4.3 Methodology/Integration of Codes and Analysis

Analysis of the control rod withdrawal error primarily utilizes the
steady~-state SIMULATE~E three-~dimensional simulator code for the
calculation of core response to the withdrawn rod. Lattice physics
input to SIMULATE-E is through the ESCORE, MICBURN-E, CASMO-2E, and
NORGE-B~ path. TLIM reads the SIMULATE-E restart file and
calculates MCPR and maximum LHGR.as a function of the notch
position of the withdrawn rod. CALTIP reads the SIMULATE-E restart
file and provides a calculation of the response of every LPRM in
the core. The RBLOCK code calculates the RBM output signal based
on the LPRM signals that are calculated by CALTIP. RBLOCK
calculates the MCPR and the maximum LHGR at the position of the rod
block for a large number of LPRM failure combinations. The maximum
change in these fuel parameters is utilized in determining the
adequacy of the operating limits relative to the event acceptance
limits. (See Section 2 and Figure 2-1 for an overview of the
overall WNP-2 reactor analysis methodology computexr code sequence.)

[

5.3.4.4 Licensing Analysis Process.

This section describes the licensing analysis process. Section
5.3.4.5 -provides a discussion of sensitivity analyses and other
factors that justify the appropriateness of this process. :

(a)‘ The WNP-2 reactor core for the cycle. of interest is
modeled with SIMULATE-E at rated, power and flow.

(b) " The cycle exposure point that has the maximum hot excess
© '+ reactivity with all rods out is found.

(c) The xenon concentration is set to zero.

(d) An error rod is selected based on the maximum average
power level of the four bundles which are associated with
that rod.

(e) A control rod pattern is developed to achieve criticality
which causes at least one fuel assembly in the vicinity
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of the error rod (within a 6 by 6 fuel assembly array), to,
be at or near MCPR and one fuel assembly to be near’
maximum LHGR operating limits. In some cases, it may be
the same fuel' assembly that satisfies these criteria.
The error rod is fully inserted.

(£) Quasi-steady state calculations are .made at several
control rod positions as the control rod is stepped out
of the core from the fully inserted position, and the
power is adjusted to achieve criticality. :

(g) . The response of each RBM channel-is calculated for each
‘control rod position. .Calculations-include results with
failure of any single_ LPRM strlng, any pair of LPRM

. strings, and all combinations of a'single LPRM failure in
each of the- two levels of the.RBM channels.,

(h) The limiting MCPR and maximum LHGR are determined for the
" worst mode of LPRM failures and the assumption that the
most . responsive RBM channel (typically channel B) is
1noperat1ve. The limiting values are associated with the

rod position where the RBM blocks the rod at the

ey . .technical specification trlp setp01nt (typically 1.06) or
, at the fully withdrawn p051tlon if' a block does not
occur. * - ‘ _

5.3.4.5 Sensitivity Studies/Justification of Process

“ «

The following sensitivity studies for Cycle 4 were- performed to
determine the sensitivity of the control rod withdrawal .error
ahaiyéig to various parameters and provide justification for the
licensing analysis process:- (1) effects.of control rod pattern,
whlch led to’ the selection of the limiting control rod pattern; (2)
the effect of “xenon" inventory, -which led to the selectlon of the

izero xenon state, (3) the effect of time in cycle exposure and core

react1v1ty, whlch led to the selection of most reactive state; . (4)
the effects of core’ power and flow, -which led to the selection of
the rated power and flow case; (5) the. effects of LPRM and RBM
failure modes, which “led to'the selection of limiting cases to be
donsideredf (6) effects' of- error rod location, which led.to the

seiection of rod location for the position ‘of maximum four bundle

average power, and (7) the effects’ of .core pressure and - inlet

subcooling increasing during the event. ‘The , results of. these
sensitivity studies are described in more detail below.

5.3.4-8
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As a result of the sensitivity studies, it was determined that the
most sensitive parameter with respect to the control rod withdrawal
error analysis is the selection of the control rod pattern. In the
licensing analysis process, it is required that at least one fuel
assembly in the 6x6 fuel assembly array surrounding the error rod
be on or near estimated MCPR limits, and one fuel assembly in the
6x6 fuel assembly array surrounding the error rod be on or near
LHGR limits. Control rod patterns that result in an ipcrease in
power in the vicinity of  the erroneously withdrawn control rod
create large control rod worths and increase the event
consequences. This results because the neutronic coupling is
increased as the limiting fuel assemblies are moved closer to the
control rod to be withdrawn. 1In addition, the core is required to
be in a xenon free condition while maintaining criticality. The
xenon free assumption results in the most reactive core conditions
and largest control rod inventory, which leads to a more
conservative power distribution in the vicinity of the fully
inserted control rod.

The requirements associated with the selection of the limiting
control rod pattern lead to unrealistic control rod patterns that
are not expected during normal operation because of the excessiﬁe
power peaking that would result. To demonstrate thesconservatish
of the selection of the limiting control rod pattern, two different
control rod patterns were  evaluated: . (1). using the 1icensing
analysis process and (2) using a.conservative control fod_ppttern
based on equilibrium xenon conditions.  For the first cégq,
complete withdrawal of the control rod led to a ACPR of 0.23. For
the second case, complete withdrawal of the control rod led to"F
ACPR of 0.15. In the second case, the qontrol rod pattein~was
developed based on the expected control rod pétperns ahticipated
during normal operation based on an equilibrium xenon coﬁﬁition;
however, they were made conservative by having a fully inserted
control rod that could.be erroneously withdrawn and adjusting the
remaining control rods to increase the fuel assembly powers in the
vicinity of the fully inserted control rod.

5.3.4-9




The xenon inventory assumption has a very strong influence on the
development of the control rod pattern because of the relatively
large amount of negative reactivity associated with equilibrium
xenon conditions. Once the control rod pattern has been
established, the effect of xenon is relatively insignificant. The
same rod patterns were used in the evaluation of the control rod
withdrawal error for both the xenon free and equilibrium xenon
dbnditions, ignoring the criticality’ requirements. For these two
cases,éa'difference in ACPR of less than 0.01 was seen over the
entire range of control rod withdrawal. Therefore, the selection
of the xenon free condition for analysis is conservative because
the rod pattern developed with a xenon free condition giveé.about
0.08 higher ACPR than the rod pattern developed with an equilibrium
xenon condition. This shows that the xenon condition is only
important in establishing the control rod pattern.

The cycle exposure that has the greatest hot excess reactivity is
used in the control rod withdrawal error analysis because it is
associated with the greatest fuel assembly power with all contral
rods out and the-largest control rod inventory during the operating

‘cycle; therefore, it provides the greatest amount of flexibility in

establishing the control rod pattern. To determine the effect of
the most reactive state assumption, sensitivity studies were
performed that demonstrated that exposure has a relatively large
effect on the event consequences. Two cases were ruﬁ using”tﬁe
same control rod patterns, for two different exposures: (1) at 0.2
GﬁD/MT, most reactive exposure and (2) 2 GWD/MT. For these cases,

the ACPR was within 0.10 for all control rod withdrawal positions,

with the most reactive core exposure being more limiting.

Core power and flow conditions were investigated to determine the
sensitivity -of -the initial.core operating state to the consequences
of the control rod withdrawal error event. ' Four separate cases
were analyzed to détermine the effects of. the -operating.state on
the event consequences: (1) rated power and core.flow; (2) 90%

" '5.3.4-10




power and 87% rated core flow; (3) 90% power and 100% rated core
flow; and (4) 105% steam flow (104.2% power) and rated core flow.
All of the cases were run with the same control rod pattern except
for the 90% power and :100% core flow case. For the 90% power and
100% core flow case, control rods were inserted to satisﬁy the
criticality constraints.

As the core flow is:reduced along the 100%. rod line, the RBM

setpoint at which the control rod block  will be ﬁn%tiateq is
decreased, because of the flow referencing circuitry. Foxr example,
a rod block setpoint of 106% at rated core flow.will have‘a rod
block 'setpoint of about’ 98% at 87% core flow. Comparison of the
control rod withdrawal error analysis at.the 90% power and 87% cere
flow case with the rated ‘power and flow case,. results in“an
increase of 0.002 in ACPR. Therefore, the change along.a_cehitant
rod line is insignificant.

As the core flow is increased, the, RBM setpoint at which the

control rod block will be initiated is effectively increased. For

‘a constant operating power, the increased core flow case will have
a higher ACPR.* This phenomenon is demonstrated by comparison of
the 90% power/87% flow case (100% rod line) w1th‘the 90/:poqeg/1906
flow case (90% rod line). The ACPR.for the higher flow caeeiis
0.09 greater than the low-flow case. However, the operatingwMCbR
for the higher flow case is 0.12 greater than the low floﬁ caee.
Therefore, the increase.in MCPR operating margin due to the, hiéher
flow more than compensates‘ for the increase in ACPR due to the
higher ‘RBM 'setpoint. - Consequently, the use of high rod llne is

v

appropriate. P I T o

As the power level is 'reduced while operating at a. constant, core
‘flo%, a' control rod withdrawn 'in error can be. W1thdrawn further
" before a control rod block will occur.' As.a- result, the control
rod ‘withdrawal error for a .reduced power .level at.the-same core
flow will have higher ACPR. This phenomenon is demonstrateéfby
comparison of the rated power and flow case with the 90% power ;nd
100% flow case. The ACPR for the lower power and flow case is
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abpht "0.09 greater tharn for the rated -power and . flow case.
However, the operating MCPR for the reduced  power case is 0.20
greater for the 90% power and rated core flow case than for the
rated power and flow case. Therefore, the operating MCPR increases
faster than the-change in ACPR, -and the use of higher power is
conservative.

~
- st

éompafison'of the' rated- power and flow case to the 104.2% power
case shows the ‘change 'in ACPR'for ‘all RBM setpoints is less than
+0.01. The rated power and flow case is 'used-.in-the licensing
analy51s process because it provides additional control, rod
1nventory that can be used-in’thé 'selection of the limiting control
rod pattern. *Therefore, the above sensitivity -studies show that
the use of rated ﬁower and f£1low case-for.licensing is appropriate.

. N
- id . - T 1

The "assumed availability of specific LPRM inputs to the RBM system

directly affects the results of the analysis of the control rod’

withdrawal error. There is a wide variability in the RBM response
for different failure potential combinations, and no single failure
combination within the constraints of the system design can, be
demonstrated to be the most <-limiting for all ' combinations -of
Ebntrol"rod'patterns and-potential LPRM failure combinations.. This
results 'because of ‘differences in.the RBM response to different

‘control rod errors and -‘a different. sensitivity to the. axial

location ' of * the - control rod being ‘withdrawn. - To ensure. a
conservative assessment of the possible’'LPRM failure combinafions,
the response of each RBM channel is calculated for each control rod
position. Calculations include results with failure of any single
LPRM string, any pair of LPRM strings, and all combinations of a

‘single LPRM failure in each of the two ‘levels of the RBM channels.
The limiting MCPR and LHGR are ‘determined for the worst mode- of
LPRM fiilures"and ‘the assumption .that the most . responsive:. RBM

channel (typically channel B)- is inoperative. The limiting values

‘are assoc1ated with the rod position where .the: RBM blocks the rod

at the technical specification trip setpoint (typically 1.06) or at
the’fully'withdrawn position if a‘block.does not occur. This

2 ¥ - o w ’” - -
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process ensures that there is only a very low probability that a

more limiting failure combination could occur. .

In -the 1licensing analysis process, the error rod location is
selected based on the maximum average power level ofzthe four
bundles which are associated with that rod. The maximum average
power level of the four bundle array is selected to ensure.tﬁat a
very reactive core cell.is used for the location of the control rod
to be erroneously withdrawn.  :'To assess the .conservatism. of this
assumption, the second highest -average. power. level of, the four
bundle array in the same sequence (Sequence A) was analyzed 1n a
manner - consistent with the remaining licensing analy51s process
requirements. The change ;in..ACPR-for the second highest average
power  level of the four bundle array was 0.07 less thanﬁfor the
maximum power level of the four bundle array near the expectea RBM
setpoint. Therefore, the highest average power level of the four
bundle array is used. - o S 7

As the control rod error progresses, there is a small increase in
reactor pressure and inlet subcooling. Analyses. were performed
both with the assumption of constant pressure and inlet subcoollng,
and- with. the calculated .change in pressure and inlet subcoollng
during. the event. It was-determined that there was a difference of
less than 0.01 change ‘in ACPR in these cases. Therefore, the
assumption of constant pressure.and.inlet subcooling 1s ‘used 1nnrhe
licensing analysis process., ° S e o a

et
;

5.3.4.6 'Typical Results =~ .. S
The ' licensing analysis processwfor evaluating rhel;ohrrol“rgé
withdrawal error. event is- described in. -Section 5.3.4.4. Tnie
process has been used to analyze the control .rod withdrawal eéror
for Cycle 8.  Table 5.3.4-1 provides the input parametere and
initial. conditions rused in -the. evaluatlon‘ of the . control rod

withdrawal error for Cycle 8. The specific control rod pattern
used in the analysis is shown on Figure,K 5.3.4- 1.l , The analy51s

results are provided in Table 5.3.4-2. A comparison of the results

.5.3.4-13




of the WNP-2 reactor analysis methodology to those of the fuel
supplier (SPC) for Cycle 8 is shown in Table 5.3.4-3. Therefore,
it is concluded that the Supply System licensing analysis process
is reasonable yet conservative based on the evaluation of the
analysis conservatisms and uncertainties and the comparison with

the SPC results.

aaaaa
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e .. Table 5.3.4-1

Input Parameters and Initial Conditions :
for the Cycle 8 Control Rod Withdrawal Error Analysis

Thermal Power (MWt) 3323°

Cycle Exposure (GWD/MT) | ) 0.0
Core Average Exposure at BOC8 (GWD/MT) 15.78
_Xenon Concentration ] None
Maximum Initial LHGR for 9x9 (kW/ft) 11.42
MCPR : . 1.23%*
Location of MCPR Assembly ' 35-30
Location of Maxiﬁum Worth Control Rod 30-27
Core Coolant Flow Rate (Mlbm/hr) 108.5
@ Reactor Coolant Pressure (psia) 1035
Core Coolant Inlet Enthalpy (Btu/lbm) 526.9
Control Rod Pattern Figure 5.3.4-1
RBM Trip Setpoint 106

* Value used for analysis purposes

3 .50304""15
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Table 5.3.4-2 .

| Results of the Cycle 8 Control Rod .Withdrawal Error Analysis
Supply System Methodology

3

Rod Block Monitor

Setpoint (%) ACPR AFDLRX
’ 103 ’ 4 0.10. | 0.108 |

.04 0.14 0.134

105 0.16 0.136

'+ 106 : 0.16 0.136

. 107 . . 0.18 0.138

.108 0.21" - 0.138

109 Y 0.27 0.138

I Results of the Cycle 8 Control Rod Withdrawal Error Analysis ’
Supply System Methodology Compared to Fuel Supplier Methodology
Rod Block Monitor Supply System Fuel. Supplier
Setpoint (%) ACPR ACPR
105 0.16 0.14
106 .. 0.16 0.16

107 L 0.18 0.18
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Control Rod Positions for the
Control Rod Withdrawal Error Analysis
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5.3.5 Fuel Loading Error--Mislocated Fuel Assembly

5.3.5.1 Event Description

The mislocated fuel assembly fuel loading error is the postulated
occurrence of the loading of a fuel assembly in an improper
- location. This causes a discrepancy between the design core
configuration and the actual core configuration. It is assumed
that the loading error is not detected during the core loading and
verification process and that the plant operates throughout the
cycle as constrained by the core operating limits for the design
core configuration. Three errors must take place for this event to
occur. First, a fuel assembly must be loaded into the wrong
location. Then, the fuel assembly intended for that location must
itself be placed in an improper location or not loaded in the core,
creating an accohnting discrepancy. Finally, the loading error
must be overlooked during the final <core configuration
verification.

The consequences of the fuel loading error - mislocated fuel
assembly are dependent upon the exposure and enrichment differences
between the fuel assembly that has been incorrectly loaded and the
fuel assembly that has been désigned to be in the location. The
event with the most severe consequences can occur at any exposure
at which an asseﬁbly is at its peak reactivity and has been
mislocated in an unmonitored location designed for a low reactivity
assembly. It is then assumed that the operator has the capability
for developing a control rod pattern that places fuel assemblies in
the core on the -.core operating limits.

Because of the low probability of this event, it is considered an
accident in the safety analysis process, and no other events or
equipment failures are assumed to occur while the plant is
operating with a fuel assembly loading error. However, the fuel
cladding integrity limit has been adopted as the figure of merit
for this event.

5.3.5~-1
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5.3.5.1.1 Initial Conditions' and Operational Assumptions.

The following plant operational conditions and assumptions form the
principal bases for the analysis of the fuel loading error -
mlslocated fuel assembly event:

(a) A mislocated fuel assembly fuel loading error with the worst
consequences has occurred and gone undetected. .

,,,,,,

(bl .The plant ls operatlng at’ rated condltlons.

L =

(c) The remaining NSSS operatlng parameters are cons;stent w1th
normal plant operation.

(4) All of the plant control systems functlon normally.

-

£ .
- L

5.3.5.1.2 Operator Actions

-
[} & - .,
. .

The operator is assumed to follow normal plant-operating procednres
because there is no information .to indicate the existence of a fuel

assembly loading error. o .

5.3.5.1.3 Event Acceptance Limits

- & . - =

The “acceptance . limit* for this .event is MCPR 2 fuel ciadding
integrity safety 'limit. Compliance w1th this limit is demonstrated

'by ensuring that the operating limit MCPR is greater than or equal

to the MCPR which ensures that greater, than 99. 9% of the fuel rods
in the core-:are not expected to experience bolllng tran51t10n plus
‘the ACPR.. . 1 ) g s .

-
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5.3.5.2 BAnalysis Considerations . . . _.

s

.

: > .

» - .

This section describes_the Key.analysis considerations’applicable
to the fuel loading error - mislocated fuel assembly event, Jlt
includes: (1) a description of the phenomena occurring during the
event that have a significant impact on the event consequences; (2)
a: discussion of the system performance characterlstlcs that can
significantly affect the course of the event; and (3) a dlscus510n

5.3.5=2
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of the performance characteristics of the important components as
they relate to the event consequences.

5.3.5.2.1 Xey Phenomena

The fuel assembly mislocation can result in a significant change in
the 1local power distribution. . Two potentially significant
situations exist: (1) misloading a fuel assembly into a monitored
location designed for a higher reactivity fuel assembly; ‘and (2)
misloading a fuel assembly into an unmonitored location.designed
for a lower reactivity fuel assembly. -

-
PRy

In the first case, the readings of the adjacent local power range
monitors (LPRMs) decrease. Because there-are 'no LPRMs °in - the
symmetrical locagions, the operator assumes that they have the sanme
characteristics aé the monitored locations. ~Should the operator
select a control rod pattern that increases power based on the
monitored LPRM readings, the assemblies 'in the corresponding
symmetrical locations could exceed design limits.

In the second case, the power in the mislocated fuel assembly is
‘inferred from ‘the 'LPRMs in the- correctly loaded symmetrical
locations. Therefore, the mislocated fuel assembly ‘is operating at
higher power than assumed in the core design.: -The core .operating .
limits for this assembly can’be exceeded if the operator .selects a
control rod pattern that increases power ' in’ the monitored: and -
symmetrical location to the core operating limits based..on “the
assumed core configuration. From analyses performed by the Supply
System, it has been shown that this will be the most limiting, case
because of the coupling effect of placing a highly reactive fuel
Agssé@binneér another 'highly reactive fuel assembly.. :: :

- S - EEN ' W e A
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5.3.5.2.2 Systems Considerations - e e ‘
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All s§stéms are assumed to be in normal power operational modes and
continue to operate thrdﬁghéut the operating:cycle. . . . ...

L
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5.3.5.2.3 Component Performance Characteristics-

Because the mislocated fuel assembly can be in an unmonitored
location, it is assumed that it will not be detected by the core
monitoring system. Therefore, control rod patterns may be selected
that would put the‘limiting fuel assemblies.in the core on thermal
limits. This causes the mislocated fuel--assembly to exceed normal
6§§ratin§'thefmal limits. *~ Coee e w : .o

* - a
- -
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5{3.5.3‘Jkethédology/lntegration of Codes and Analysis

@He f;el ioading error - mislocated fuel assembly utilizes the
SIMULATE-E three-dimensional BWR ‘simulator. code as the primary
analysis code. 'SIMULATE-E is used to calculate the reactor power,
power aiétribution,'fuel‘assembly flow rates for both the correctly
loaded core and the core containing the mislocated fuel assembly.
The lattice physics input to SIMULATE~E is provided by CASMO-2E
through NORGE-B. The MICBURN~E code is used to determine the
gadolinia cross sections used in CASMO-2E while ESCORE provides the
fﬁel témperature distribution. TLIM, based on SIMULATE-E input, is
used for the thermal limits evaluation. (See Section 2 and Figure
2-1 for an overview of the overall WNP-2 reactor analysis
methodology computer ' code sequence.)

.
v~ » B . .

5.3.5.4 Licensing Analysis Process

» . = v

The mislocated assembly analysis is performed on the basis of the
final design depletion through the cycle with control rods éresent.
Based on sensitivity.analysis,.it-has been shown that the worst
mislocated fuel assembly will occur when a high reactivity éséeﬁbly
is loaded in. an unmonitored location. Also, based on sensitivipy
studies,' it- has- been shown that the worst mislocated high
reactivity fuel assembly results occur in the early part of évcycle
with'control rods present. . . ‘ ’

P
-

| The selection of ' the-high reactivity assembly is made by seiéqting
| any assembly that may have a high reactivity at any time in the

$.3.5~4
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cycle. Then a cycle depletion is performed using the same control
rod patterns as the final design depletion for each assembly type
.Ehat will lead in react;v;ty (at any time in the cycle) in 1ts
mislocated p051t10n. The selection of the mlslocated pos1tlon is

chosen by two methods. The first method flnds the hlghest four‘
assembly average CPR in an unmonitored location based on’each

depletion step in the, final design (note: this location varies

throughout the cycle). The high react1v1ty assemblles are then

mislocated into the highest CPR position within the hlghest four
assembly average CPR. The second method is to find the lowest CPR
unmonitored location at each depletion step in the final design,
and the hlgh reactivity assemblies are loaded face adjacent to the
low CPR locations (note: this -location varies throughout the
cycle). The mislocated assemblies are then loaded 1nto each of the
identified locations and the cycle is depleted as noted above.

The ACPR 1is then determined at each depletion step for' each
mislocated assembly using the following equation: ' o

MCPR,,., - MCPR,,

A =
CPR = SL x MCFR,, _

503.5-1
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where SL is the fuel cladding integrity ‘limit MCPR, '‘MCPRy;, is the
core wide MCPR for the final design depletion_and MCPR,; 1s the
core wide MCPR for the mislocated case:’ The ‘largest ACPR from all
the mislocated assemblles at all depletlon steps is selected as the

mlslocated ACPR S o ' " oy -

- N
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'5.3.5.5 Sensitivity studies/Justification of. Process:

Lo

- E N s

The fgel‘;oadihg error — mislocated fuel assembly. analysis provides
the meximquconsequeﬁces“for any loading ‘error in the core. No
further uncertainties are considered.’ In establishing the process
used in Section 5.3.5.4, analysis was performed for a mislocateq
assembly in Cycle 4. In Table 5.3.5-1, the following cases are
identi?ied: case 1 has 'd once-burned high ‘reactivity assembly at

»
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a high CPR location. Case 2 has a-high reactivity assembly face
adjacent to a low CPR location. Case 3 has a fresh high reactivify
assembly at a high CPR 1location. Case 4 has a fresh high
reactivity assembly face adjacent to a low CPR position. Case 5
has a low reactivity- assembly at a low CPR position next to a LPRM
location. Case 6 has a once-burned high reactivity assembly next
to a low CPR position with all control rods out for both the base
¢dse and the mislocated .case. . Case. 7 has a fresh high reactivity
assembly at a high CPR.location with all control rods out for both
the base case and the mislocated case. ‘

As can be seen from Table 5.3.5-1, the worst mislocated asseﬁbly
for Cycle 4 using the Supply System codes and the SPC CPR
correlation ANFB gives a ‘'value of ACPR of 0.10. Since Case 5 gave
such low values compared to the other cases, it was concluded that
this case need not be considered each cycle. Also, since Cases 6
and 7 gave results no worse than Cases 1 through 4, it was
concluded that for future cycles only mislocated high reactivity
assemblies at a high CPR location and face adjacent to a low CPR
location would be investigated and these would only be investigated
with the target rod patterns.

5.3.5.6 Typical Results

Using the method described in Section 5.3.5.4, analysis was
performed for a mislocated assembly in Cycle 8. In Table 5.3.5-2,
the following Cases are identified. Case 1 has a fresh high
reactivity assembly at a high CPR location. Case 2 has ‘a fresh
high reactivity assembly face adjacent to a low CPR location. Case
3 has a once-burned high reactivity assembly with the lowest
exposure in Cycle 7 at a high CPR location in Cycle 8. Case 4 has
this same once burned high reactivity assembly face adjacent to a
low CPR location. Case 5 has a once-burned high reactivity
assembly with the highest exposure in Cycle 7 at a high CPR
location in Cycle 8. Case 6 has this same once burned high
reactivity assembly face adjacent to a low CPR location.

50305-6




As can be seen from Table '5.3.5-2, the worst mislocated assembly
for CcCycle 8 using the Supply System codes and the SPC CPR
‘Correlation ANFB gives :.a value of ACPR of 0.14. A comparison‘of
Supply System results to those of SPC is shown in Table 5.3.5-3.
The initial MCPR and MLHGR:are. the lowest and highest values,

respectively, that appear in the base case. - The final MCPR and.

MLHGR are the lowest and highest values, respectively, that could
be found for any of the mislocated cases run. As can be seen the
Supply:System results’ are very similar  to those of SPC. . .,
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Table 5.3.5-1
ACPR for Mislocated Fuel Assembly

in Cycle 4
— xposare | BCPR | ACPR ACBR | ACPR | GCPR ] ACPR(ARO) | ACPR(ARO) |
(GWD/MT) | Casel Casc2 - | Case3 Casc 4 Cae$ Case 6 Ciso 7
0.3 —0.10 03 0.02 0.0 0.0 008 000
03 0.10 003 005 e ((X7) 007 00T
12 0.0 007 0.09 00T | 002 0.3 0.09
I3 0.05 0.08 0.03 0.07 0.02 0.01 0.8 |
23 0.01 0.03 0.0¢ 0.03 0.01 0.00 0.9
3.0 0.00 0.0 0.07 0.9 0.00 0.00 0.10
3.8 0.00 (X1} 0.03 0.05 0.01 0.00 .10
%) 0.00 0.0 0.00 0.03° .01 0.00 0.10
a3 0.00 003 0.01 0.08 0.02 0.00 0.10
33 0.00 0.07 - () .10 0.02 0.00 0.10
Table 5.3.5-2
ACPR for Mislocated Fuel Assembly
in Cycle 8
Txposure ACPR | ACER | ACPR |  ACPR | &CPR | A4acrR_
(GWD/MT) Case 1 Cise 2 Casc 3 Casc 4 Case § Cass 6
0.0 -.0030 =.0031 0.0013 0.0363 0.0028 0,0362
02 0.0003 —0.0032 0.0033 0.0483 0.0032 0.0363
03 0.0006 0.0033 0.0037 0.0629 0.0033 0.0677
190 0.0014 0.0130 0.0030 0.0373 0.0052 0.0359
13 0.0030 0.0208 0.009% | 0.0330 0.0037 0.0542
2.0 0.0027 0.0320 0.0307 0.0603 0.0277 0.0366
73 0.0333 0.0373 0.0802 0.0350 0.0737 (X174 TO
2.3 0.0373 0.0373 0.0323 0.0370 0.0830 0.0333
3.0 0.0769 0.0381 0.0733 0.0547 0.0303 0.0307
33 0.1003 o.1133 0.0570 0.0623 — 0,0686 0.0953
3.0 0.1133 0.1228 0.0672 0.0364 0.6591 0.0322
3.0 0.1336 0.1202 0.0973 0.0377 0.0910 0.0330 |
. 0.1370 0.1243 0.0316 0.0733 0.0730 0.0703
L) 0.1323 0.1213 0.0823 0.0757 0.0763 0.0713
31 0.0573 0.1033 0.0527 "0.03%2 0.0368 0.0340
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Table 5.3.5-3

Comparison of MCPR and MLHGR Results

Initial MLHGR

Initial MCPR |Final MCPR Final MLHGR
SPC 1.342 1.212 11.64 14.47
Supply System 1.221 12.59 14.55

1.345
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5.3.6 Fuel Loading Error--~Rotated Fuel Assembly
5.3.6.1 Event Description

The rotated fuel 'assembly fuel loading error is the postulated
occurrence of the loading of a fuel assembly in an improper
orientation (rotated 90° or 180° from its intended orientation).
This causes a discrepancy between the design core configuration and
the actual core configuration. It is assumed that the loading
error is not detected and that the plant operates throughout the
cycle as constrained by the core operating limits for the design
core configuration. Two errors must take place for this event to
occur. A fuel assembly must be loaded in the wrong orientation and
the loading error must be overlooked during the final core
configuration verification.

The consequences of the rotated fuel assembly fuel loading error
are dependent upon the lattice design. WNP-2 is a C lattice core
design with uniform water gaps between fuel assemblies and
essentially symmetrical fuel rod enrichments adjacent to all water
gaps. Because of the channel fastener at the top of the channel,
a rotated fuel assembly will be slightly tilted. This causes the
water gap thickness outside of the channel, and therefore, the
local power distribution within the fuel assembly, to vary axially.
The power distribution change will affect the actual CPR of the
rotated fuel assembly. The core monitoring system assumes correct
assembly orientation so the calculated thermal margin will be
incorrect.

Because of the low probability of this event, it is considered an
accident in the safety analysis process, and no other events or
equipment failures are assumed to occur while the plant is
operating with a fuel assembly loading error. However, the fuel
cladding integrity limit has been adopted as the figure of merit
for this event.

5.3.6-1




5.3.6.1.1 Initial 'Conditions and Operational Assumptions . ‘

The following plant operational conditions and assumptions form the

principal bases for the analysis of the. fuel loading error -

rotated fuel assembly event:

(a) A rotated fuel assembly fuel loading error with the worst.
consequences has occurred and gone undetected.

(b): The plant is operating. at rated coqdltlons.

(c) The remaining NSSS operating parameters are consistent with-
" » normal plant operation. - | e

»

.
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() "All of the plant control systems function normally.

T p L e,
5§.3.6.1.2 Operatoxr Actions

Wty
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The operator is assumed to follow normal plant operating procedures
because there is no information to indicate the existence of "a fuel
assembly loading error.

5.3.6.1.3 Event Acceptance Limits . . ,

The acceptance limit for this event is MCPR 2> fuel ‘cladding
1ntegr1ty safety limit. Compliance with this limit is demonstrated
by ensurlng that the operating limit MCPR is greater than or: equal
to the MCPR whlch ensures" that greater than-'99.9% of the- fuel:-rods
1n the core are not expected"to experience boiling .transition plus

e .

the change in® CPR. = ' . e - ‘ .

-
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5.3.6.2 Analysis Considerations

This section describes the keyfanalysis considerations applicable
to the fuel loadlng error - rotated fuel assembly event. It
1ncludes. (1) a descrlptlon of the phenomena occurring during the
event that have a 51gn1f1cant 1mpact on the event consequences;* (2)
a dlscu531on of the" system performance characteristics that can
significantly affect the course of the event; and (3) a discussion

-
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of the performance characteristics of the important components as
they relate to the event consequences.

5.3.6.2.1 Key Phenomena

This event is the insertion of a fuel assembly in its correct
location but rotated 90° or 180° from its proper orientation. The
fuel assembly rotation can result in a significant change in the
local power distribution within the rotated assembly and a slight

increase in the fuel assembly powér. The water gap surrounding the

rotated fuel assembly minimizes its impact on neighboring fuel
assemblies. Therefore, only the phenomena associated with the
rotated assembly and the feedback effects from neighboring
assemblies are important for the analysis of the event.

5.3.6.2.2 Systems Considerations

All systems are assumed to be in normal power operational modes and
continue to operate throughout the operating cycle.

5.3.6.2.3 Component Performance Characteristics

Because of the possibility of a rotated fuel assembly in an
unmonitored location,-it is assumed that it will not be detected by
the core monitoring system. Therefore, control rod patterns may be
selected that would place a correctly loaded fuel assembly on
thermal limits which would result in the rotated fuel assembly
exceeding normal operating thermal limits.

$.3.6.3° Methodology/Integration of Codes and Analysis

The fuel loading error - rotated, fuel assembly utilizes the
CASMO—2E lattice physics code as the primary analysis code. CASMO-
2E is used to calculate the local peaking factors for both the
correctly loaded fuel assembly and the rotated fuel assembly. The
MICBURN-E code is used to determine the gadolinia cross

5.3.6=3



sections used 1in CASMO-2E while ESCORE provides the fuel
temperature distribution. FICE is used to determine the local
peaking functions for both the correctly load assembly and the
rotated assembly for the thermal limits evaluation. TLIM is used
for the thermal limits evaluation. (See Section 2 and Figure 2-1
for an overview of the overall WNP-2 reactor analysis methodology
computer code sequence.)

- = L&

5.3.6.4 Licensing Analysis Process-

The rotétgd assembly analysis is performed on the basis of .CASMO-2E
lattice physics calculations of the local peaking factors for the
correctly oriented and rotated assembly using the final design
depletion through the cycle with control.rods present. , . .,

The vrotated aséembly CASMO-2E calculation is based on the
displacement of the assembly due to the channel fastener at the top
of the channel. For conservatism, it is assumed that the whole
assembly is displaced by the same amount when in actuality the
assembly will be tilted with only the top of the assembly being
dlsplaced by the full amount.

The éPR calculétion for the rotated assembly is then performed for
the 1limiting assembly  types in -terms of 1local peaking, and
reactivity through the cycle. The ACPR is determined using the
following equation: . ¢

MCPRy, ., - MCPRg,,

ACPR = SL
X MCPRqy

5.3.6~1

where fuel cladding integrity limit MCPR, MCPR;,,, is the core wide
MCPR for the final design depletion and MCPRg, is the core wide MCPR
for the rotated assembly case.

The largest ACPR from the worst possible rotations at all exposures
in the cycle is selected as the rotated assembly ACPR.
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’ 5.3.6.5 Sensitivity studies/Justification of Process |

In the licensing analysis process, it is assumed that the maximum |
water gap exists over the full length of the rotated fuel assembly.
This is a very conservative assumption that dominates any
uncertainties in the analysis process. If it is determined that
the assumption of the maximum water gap leads to core operating
limits that are unnecessarily restrictive, analyses will be
performed using a variable water gap to reduce the conseryvatism in
the analysis process. If the variable water gap approach is taken,
appropriate uncertainty analyses will be performed to establish
their impact on the analysis results.

5.3.6.6 Typical Results

From the method described in Section 5.3.6.4, analysis was |

performed for a rotated assembly in Cycle 8. Table 5.3.6-1 shows |

the results for the highest ACPR at each exposure point in the
‘ cycle.

As can be seen from Table 5.3.6-1, the highest ACPR for a rotated |
assembly in Cycle 8 is 0.20. The Siemens Nuclear Power Corporation |
does not perform a rotated assembly analysis for WNP-2. As can be |
seen from results of .the other event analyses, .this event is not
limiting for the cycles evaluated. However,Fit will_continue to be
evaluated each cycle as necessary.
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Table 5.3.6-1"
Rotated Assembly ACPR

Exposure ACPR
(GWD/MT)
0.0 0.19
0.2 0.19
0.5 0.18
%.0 0.17
1.5 0.17
2.0 0.16
2.5 0.18
, 2.5 0.14
3.0 0.16
3.5 0,20
4.6 0.19
4.0 0.18
4.5 0.17
4.8 0.18
‘5.1 2 04017
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5.3.7 Feedwater Controller Failure--~Maximum Demand

’
N 1

5.3.7.1 Event Description

The feedwater controller failure . (FWCF) transient event is
initiated by the failure of a control device which results in the
feedwater. controller being=forced‘to.ite upper limit which creates
the maximum feedwater system- flow demand. The increased feedwater
flow mixes with the recxrculatlon flow.and results in a gradual
increase in core 1nlet subcoollng. The increased feedwater flow
also results in an lncrease in, reactor vessel water level. The
gradual increase in core 1nlet subcoollng causes a relatively slow
power increase and a shift in power dlstrlbutlon towards the bottom
of the core. As a result of the power 1ncrease, the vessel steam
flow increases which results in a sllght increase in systen
pressure due to the larger steam 11ne pressure drops as the
pressure regulator system controls the turblne inlet pressure. The
power increase continues untll the reactor vessel high water level
trip setpoint (L8) is reached

High reactor vessel water .level initiates closure of the main
turbine stop valves (turbine' trip) and a trip of the feedwater
system. Closure of the turbine stop valves initiates a reactor
scram, a bypass valve opening signal, and prompt RPT. Following
the turbine trip, the neutron flux increase is limited by the
reactor scram and the prompt RPT. The peak neutron flux and
surface heat flux are reached following the turbine trip. The
relief valves are opened in the pressure relief mode and close
sequentially as the pressure is reduced by the action of the relief
valves and the turbine bypass valves.

Tables 5.3.7-1 and 5.3.7-2 show the expected sequence of events for

the feedwater controller fai}ure - maximum demand transient at two
different power levels.
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5.3.7.1.1 Initial Conditions and Operational Assumptions.

The following plant operational conditions and assumptions form the
principal bases for the analysis of the feedwater controller

failure - maximum demand event:

(a)
(®)
@
@
(e)

(£)

(9)

:(ﬁ)-

The plant is operating at the safety analy51s power level and
106% rated core flow. .

The remalnlng NSSS operatlng parameters are con51stent with
normal plant operatlon. v . Co

The feedwater controller falls durlng maximum flow demand
resultlng in max1mum feedwater pump -runout.

The plant is operatlnq in the manual flow control mode. -
The system trips and initiation signale are coHsistent with
technical specifications.

High reactor pressure vessel water 1level trips the main
turbine stop valves and the feedwater pumps.

Position switches on the turbine stop valve initiate reactor
scram, and prompt RPT. The turbine bypass valves receive
their opening signal from the pressure regulator system upon
receipt " of the turbine trip signal.

%

‘All of the remaining plant control systems function normally.

Tx

5.3.7.1.2 bpérator Actions - = - . ]

s =
- “u 2y ~ as -

No restart is assumed and the reactor is to be cooled down. The

operator is expected to take the following actions as appropriate:

(a) ., .

(b))

(c)

«(d)

Observe that the high water level feedwater pump trlp and
scram has termlnated the’ event. - .. . .

Sw1tch the feedwater controller from automatic’ to manual
control in order to try to regain a correct output.signal.:

Identify causes of the failure and report all key plant
parameters during the event.

.Cool down the reactorécongietept with plant procedures. -

Bart
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5.3.7.1.3 * Event Acceptance Limits

The acceptance limits for this event are MCPR > fuel cladding
integrity 1limit; LHGR, < PAFF limits; and reactor pressure‘s the
ASME Code 1limit for the reactor  coolant. pressure boundary.

Compliance to the fuel cladding integrity llmlt is demonstrated by
ensuring that the operatlng limit MCPR is greater than or equal to
the fuel cladding integrity MCPR llmlt (whlch ensures that greater
than 99.9% of the fuel rods in the core are not expected to
experience boiling transition) plus the change in CPR during the
event. Compliance to the PAFF limit is. ensured by meetlng the LHGR
limit requirements for tran31ent occurrences in the fuel vendor
mechanical design toplcal reports (e.qg., Reference 16)

.

5.3.7.2 Analysis Considerations o : -
This section describes the key analysis considerations applicable
to the feedwater controller failure - maximum demand event. It
includes: (1) a description:of the phenomena occurring during the
event that have a significant impact on the event consequences; (2)
a-discussion of the system performance characteristics that can
significantly affect the course of the event;qand (3) a discussion
of the performance characteristics of the important components as
they relate to the event consequences. ' ”

" . [ - .
3 A . . . s . . N
» '

$5.3.7.2.1 Key Phenomena - -

Described below are the key .phenomena related to the feedwater
controller failure - max1mum demand event. Consideration of these
phenomena .is necessary in the sxmulatlon of thlS event ln order to

- accurately model the plant response. )

\\\\\ Lo

[
Y . b
» I -~ -

The feedwater controller fallure is a relatively complex event
because of its two dlstlnct phases.y The first phase is similar to
a core coolant temperature decrease transient where the change in
inlet subcooling due to the increased feedwater flow results in a
relatively slow change in the key operating parameters. &he*major

e 5.3.7-3




complexity during this phase is modeling of the core -power and the '
power distribution shifts. The second phase is very dynamic and is
characterized by rapidly changing conditions with complex
interactions similar to a turbine trip with bypass from a higher

power level. o '

Feedwater Phenomena The event begins with a rapid increase in
feedwater flow. As the additional feedwater is mixed with the
recirculation flow, the core inlet subcooling is increased which
inpr?ases'core power. Because the duration of this phase-is short
compared to the time constant of the feedwater system, changes in
feedwater heating are "neglected. Therefore, the feedwater
phenomena are modeléd as a step increase in feedwater flow to the
vessel until the high reactor vessel water level trip point is
reached. Following the feedwater system trip, the feedwater flow
coasts down to zero for the remainder of the event.

Steam Line Phenomena During the initial phase of the event, the
steam flow increases as the core power increases. The turbine .
inlet and bypass valves open to maintain turbine inlet pressure.
The steam line pressure slowly increases.

The final phase of the event is initiated by the reactor vessel

hiéh water level trip of the turbine stop valves and feedwater

flow. The turbine stop valve closure causes a pressure increase at

the turbine’ inlet that is rapidly transmitted to the reactor

uéressﬁre‘vessel by préssure wave phenomena in the steam lines.: The

geliéf'valves pﬁén at pre4éstabiished~setpoints allowing a steam
|.rélease path for pressure relief." Nodalization of the steam lines
| is necessary to ensure accurate simulation of the system pressure
| response.

Pressure Vessel Phenomena During the initial phase of the event,
the additional feedwater flow enters the reactor pressure vessel
and is mixed with the recirculation flow in the downcomer annulus.
In the final phase of the event, the propagation of the pressure
wave from the steam lines to the core is an important phenomenon. .

+ 5.3.7-4




The attenuation of the pressure wave by the reactor vessel internal
components is a particularly important phenomenon in modeling the
timing of the core moderator void changes. F
g

Recirculation Phenomena The flow control valve remains in a flxed
position. Following the turbine trip, the reduced core flow, due
to prompt RPT, will help-increase core steam voids which helps to
mitigate the reactivity insertion due to the pressure increase.
The recirculation 'system modeling lncludes conszderatlon .of the
downcomer phenomena, including .the annular flow reglon above and
through the jet pumps.- The changing performance of the jet pumps
at varying pressure and - drive flow is lncluded." The external
recirculation loop flow is represented so that flow 1nto the vessel
as a function of time is accurately 81mu1ated ;

-
A

Core Phenomena The important phenomena in the core.recion ége"éﬁé
reactivity effects that contribute to changes in the neutron flux
and fuel surface heat flux. -
During the initial phase of the transient, the primary phenomena
are the effects of the increase in. inlet subcoollng on "the
moderator temperature and void react1v1ty The change in moderator
temperature and -the reduction .in steam v01ds due to the colder

'water entering the core: is responsible for the 1n1t1al p051t1ve
reactivity insertion.  This causes an 1ncrease in power level and

fuel temperature which. increases the Doppler react1v1ty and
generates additional steam voids to mltlgate the effects of the
decrease in core inlet temperature. The net effect is a slow rlse
in. core power and a shift in the power dlstrlbutlon toward the
bottom of the core. - . "




During the second phase of the transient, following the turbine -

trip, the steam void reactivity, due to steam void collapse as the
pressure wave from the turbine inlet reaches the core, provides the

additional positive reactivity insertion. The reactivity increase -

causes a rapid increase in core power, which then increases fuel
temperature, core voids, and system pressure. However, with steam
flow restricted, system pressure’® and core power continue. to
1ncrease untll a rapid scram- of the control rods and trip of the
rec1rculatlon bump is initiated by -the turbine stop valve closure
(valve p051t10n switch). ‘During this portion of the event, the
time and’ spatlal ‘dependent scram reactivity effects are simulated.
5.3.7.2:g Ssystems Considerations

‘&, ) “ “ ‘ = B s 8 - »
For the feedwater controller failure transient, the:initiating
event is’a failure which results in the maximum demand signal to
the feedwater system. All other systems normally operating are
assumed to function as designed. Safety systems that are designed
to actuate are assumed to actuate at their pre-established
sEtpq}mts. The ‘'steam bypass is assumed to operate as designed,.

«
“hy M
T o . e e
PR

The important systems to be considered are: (1) the reactor
protectlon system including the turbine stop valve position scram;
(2) the control 'rod drive (scram) system; (3) the steam system
1nclud1ng stop valves, bypass- valves, and relief valves; (4) the
recxrculatlon system, "including the” prompt’ RPT; (5) . the. steam
separatlon system inside the vessel; (6) the fuel and core system,
lncludlng the,nuclear/therma1-hydrau11£:coupllng, and (7) feedwater
"control system. Other systems called.upon for long-term operation
‘are not requlred to be part-of this analysis because their,action
occurs much later in the transient following the time of challenge
or nearest approach to the event acceptance limits.

"5.3.7.2.3 Component Performance Characteristics o s

.

| The feedwater controller - failure ' transient analysis requires
| detailed modeling of the NSSS in order to ensure that all systems

©5.3.7%6
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that influence reactor system pressure, steam flow, core flow, and
core inlet enthalpy are properly considered. The selegtion of
licensing basis component performance characteristics is based on
a buildup of conservative asshmptions established by past practices
and licensing requirements. .

Feedwater System The characteristics of the feedwater system are
important for the feedwater- controller failure transient. The
largest increase (pump runout) in feedwater flow from“tﬁe operating
state produces the most severe event consequences. The maximum
feedwater flow rate has been compared to plant staftup test results
and current system performance.

Turbine Stop Valve Closure Characteristics The turbine stép valve
closure characteristics are important in the period following the

high reactor vessel level trip of the main turbine. The turbine
stop valve characteristics are specified by the turbine
manufacturer and confirmed during plant startup testing. The
technical specifications establish the value for closure time to
the trip setpoints for the reactor protection system. From that
position to full closure, a linear ramp change in valve position is
assumed.

Steam Bypass Valve Opening Characteristics The steam bypass valve
opening characteristics are important in determining the steam

system pressure and flow. The steam bypass valve opens on signals
from the pressure regulator system upon receipt of the turblne trip
signal. The opening time is specified in the design process and
confirmed during plant startup testing. a conservatlve time delay
for bypass valve opening  is .applied to the 11cen51ng basis
analysis. -

Relief Valve Characteristics The relief valves are used to'protéct
the reactor coolant pressure boundary against overpressure events.
The technical or design specifications establish 1limiting
conditions for the relief valve setpoints. The maximum values are

'
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| used "in the licensing basis analysis in ‘order' to ensure

| conservative evaluation of the system pressure response.

Recirculation Pump Coastdown Characteristics The recirculation
pumps receive a trip signal from the turbine stop valve closure

which trips a breaker to the recirculation pump power supply. The
slowest pump coastdown consistent with design specifications is
used in the’licensing basis analysis.

* <) [
o h " & “ “ u o
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Réactof Protection S&stem Signal Delays .The reactor protection

system includes the collection of a number of analog and digital .

s1gnals,‘ condltlonlng of these - signals, comparison. to :pre-
establlshed setpoint limits and activation of nuclear system trips.
The sxgnal proce551ng and trip initiation involves delay . tlmes
which 1mpact transxent response. . The °~ plant techn1cal
specifications identify the allowable reactor protection.system
response “times.’ '

COntfol Rod Drive Insertion Time The control rod drive system
prov1des the prlmary mechanism. for negative reactivity insertion
for termlnatlng the transient. The control rod drives are inserted
‘in the scram mode by'the scram hydraulic control system. The scram
timé for the control- rods is’ consistent with the technical
[;pédificétidnfsurvéillances: R L T

- : - -~ .
» .- . v L
. »

High Reactor Water Level (L8) Trip ?The‘High“réactor water level
trip initiates the closure of the turbine stop valves and the
feedwater system trip. The maximum-setpoint identified in :the
=tec;hnical specification is used to maximize the event dynamics.

-
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5.3.7.3 Methodology/Integration:-of Codes.and Analysis . -

The primary analysis model in the simulation of the feedwater
‘controller failure - maximum demand-is the system thermal hydraulic
model)'REkaN-oz. RETRAN-02 is used to-calculate the.changes in
systém and=coreiaveragennucléargand thermél hydraulic parameters

‘throughout thé course of the event. The RETRAN-02 analysis results

"5,3.7%8
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are used in the assessment of fuel thermal margin, the increase in
nodal power, and the peak reactor vessel pressure.

The analysis of the feedwater controller failure maximum demand is
performed using the following codes in the sequence shown on Figure
2-1: (1) ESCORE; (2) MICBURN-E; (3) CASMO-2E; (4) NORGE-B; (5)
SIMULATE-E; (6) SIMTRAN-E; (7) STRODE; (8) RETRAN-02; (9) FICE;
(10) VIPRE-01; and (11) STARS (when limiting). ESCORE is used to
provide the fuel rod temperature distribution used in CASMO-2E.
Gap conductances calculated by approved vendor methods are used in
RETRAN-02 and VIPRE-01. MICBURN-E provides the gadolinia cross
sections used in CASMO-2E. CASMO-2E is used to perform the lattice
physics analysis to generate the cross sections for SIMULATE-E and
the inverse neutron velocity and total effective delayed neutron
yield for SIMTRAN-E. NORGE-B is used to transfer the CASMO-2E data
to SIMULATE-E and-' SIMTRAN-E. SIMULATE-E develops the three-
dimensional macroscopic cross section data to be processed by
SIMTRAN-E. SIMTRAN-E collapses the three-dimensional cross section
data to one dimension and transfers the other nuclear parameters to
RETRAN-02. STRODE is used to adjust the moderator density feedback
behavior and delayed neutron fraction data for input to RETRAN-02.
RETRAN-02 is used to perform the transient analysis. VIPRE-01l is
used to determine the ACPR during the transient based on the local
peaking function provided by FICE. STARS, if required, is used to
perform the statistical assessment to demonstrate cémpliaﬁce with
the fuel cladding integrity or PAFF limits.

L]

5.3.7.4 Licensing Analysis Process
In the analysis of the feedwater controller failure - maximum
demand, the following conditions are applied:

(a) The rod insertion times are based on plant surveillance data
and technical specification requirements.

(b) Scram is initiated by the position switches on the turbine
stop valves. Should a high neutron flux or high thermal power
trip due to the power increase during the initial phase of the
event be predicted to occur, it is conservatively ignored.
Scram time delay is the maximum technical specification value.

. 5¢3.7~9



(e)

| (d)

(e)

)

(9)

(h)
(1)

(3)
(k)

RPT time delay is the maximum technical specification value.
An analysis is also performed without RPT to establish the
appropriate operating limit for plant operation with RPT out
of service.

Relief valve opening setpoints are maximum values consistent
with technical specifications.

The analysis is performed at end of cycle conditions, with all
control rods fully' withdrawn.

The analysis is performed at the most limiting point on the
power/flow operating map, consistent with the licensing basis
assumption on maximum power level. An analysis is also
performed at 47% power and 106% flow.

'Feedwatef temperature is determined by the RETRAN code

consistent with the system heat balance at the licensing power
level.

The turbine stop valves have a full stroke closure time, from
fully open to fully closed, of 0.10 seconds.

FA.‘bypass valve opening time delay is applied to provide

conservatism in the licensing basis analysis.
The plant is operating in the manual flow control mode.

The feedwater flow is increased to 146% maximum flow at
1n1t1atlon of the transient. .

" Events caused by low reactor water level trip setpoints, inc;udihg

main steam line isolation valve closure and ECCS initiatioh, are

- not included .in the simulation... These events, should they occur,

will be later than the time of challenge or nearest approach to the

event acceptance limits.

-
"

| 5.3.7.5 8Sensitivity Studies/Justification of Process

"RETRAN-02 and-VIPRE-01 analyses. were performed to determine the
-sensitivity of the calculated results to,6 changes in input

assumptions. The parameters considered in the sensitivity analysis

were:

(a)
(o)

Initial core power

High level (L8) setpoint for turbine and feedwater trip

'5.3.7=10




0 (c) Scram speed

(d) Prompt RPT

‘The parameter valueé used in the sensitivity studies and the
calculated ACPR are shown in Table 5.3.7-3. The results of these
studies are consistent. RPT mitigates the event consequences
because of the reduced core flow and higher core average void
fraction. Use of normal scram time also mitigates the, event
consequences because of earlier control blade negative reactivity
insertion. Earlier turbine trip time mitigates the event
consequences because the core power at the time of turbine trip is
lower than in the base ‘case. ' ”

5.3.7.6 Typical Reéults

This section shows the results of a WNP-2 Cycle 8 analysis of the
feedwater controller failure - maximum demand event using the

o Supply System licensing analysis process.

The base case analyzed is 47% power/106% core flow with technical
specification scram time and with RPT operable. Plots of core
poﬁer, core average heat flux, core inlet flow, reactor vessel
steam dome pressure, vessel steam flow, reactor vessel water level,
and feedwater flow’are;provided on Figures 5.3.7~1 through 5.3.7-7,

3
*5

respectively.
Results of a high power case (104% power/106% core flow with
technical specification scram time and with RPT operable) are also
provided. Plots of core power, core average heat flux, core inlet
flow, reactor vessel steam  dome pressure, vessel steam flow,

reactor vessel water level, and feedwater flow are shown on Figures
5.3.7-8 through 5.3.7-14, respectively.

A comparison of the Supply System and fuel supplier (SPC)
calculated results for WNP-2 Cycle 8 is provided in Tables 5.3.7-4

‘ and 5.3.7-5. For the 47%. initial core power base case with
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technical specification scram time and RPT, the Supply System
calcuiates ACPR of 0.292 for the 8x8 fuel and 0.329 for the 9x9
fuel compared to 0.32 calculated by SPC for the 8x8 fuel and 0.34
for the 9x9 fuel. Results are shown in Table 5.3.7-4. The Supply
System calculates a slightly lower ACPR than the fuel vendor for
this event. However, the difference is small and the agreement is
considered to be good, especially, for the }imiting 9x9 fuel type.
For the 104% initial core power .case with RPT, the Supply System
calculates ACPR of 0.16 for .the 8x8 fuel.and 0.169 for the 9x9 fuel
compared with 0.16 calculated by SPC for' both fuel types. Resuiﬁs
are shown in Table 5.3.7-5. As”inrghe low power case, the resu%ts

are in.good agreement. .
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10.98

10.99

11.08

11.18
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Feedwater Controller Failure - Maximum Demand
Sequence of Events for 47% Power/106% Flow

Sec Events
Feedwater pumps runout to maximum f£low

High vessel water level (L8) setpoint trips:
feedwater pumps ‘ . )

-

High vessel water level (L8):.setpoint-trips
main turbine ’ .

Turbine bypass operation is initiated

Reactor scram trip and RP?T -are actuated by
main turbine stop valve position switches

'Main turbine stop valves are fully closed

Recirculation pump motor circuit breakers open
causing a decrease in core coolant flow

Low level (L2) reactor vessel water level is
reached

Main steam line isolation valves close and
high pressure coolant inventory makeup systems
are initiated

%%

These events are beyond the RETRAN simulation time
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Table S5 o3“o 7=2

Feedwater Controller Failure - Maximum Demand
Sequence of Events for 104% Power/106% Flow

Time_ (Sec)
0.0

21.64
21.70

21.70 o

21.71

21.80

21.90
23.16 - 23.77

Events
Feedwater pumps runout to maximum flow

High vessel water level (L8) setpoint trips
feedwater pumps

High vessel water level (L8) setpoint trips
main turbine .- .

Turbine bypass operation is initiated

Reactor scram trip and RPT are actuated by
main turbine stop valve position switches -

Main turbine stop valves are fully closed

Recirculation pump motor circuit breakers open
causing a decrease in core coolant flow

Groups 1 through S5 relief valves open to
mitigate pressure increase

Groups 1 through 5 relief valves close (Group
5 closes- first,'Group 1 closes last)

*% Low level (L2) reactor vessel water level is
. reached- B
L Main steam line isolation valves close and
high pressure coolant inventory makeup systems
are initiated
* %k These events are beyond the RETRAN simulation time
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Table 5.3.7-3
Sensitivity studies for =
Feedwater Controller Failure, - Maximum Demand

ACPR
: 8x8 9x9

Full Power Cases . e CL

With RPT o 0.160 0.169

NO RPT - . Tt AR =L - 00224 00237

With RPT, normal scram time* R 0.135 0.142
47% Power Cases * '

With RPT e e 0.292 0.329

No RPT i 0.317 0.356

With RPT, normal scram time*.. _ e 0.274 0.308

S
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Normal scram times are rod insertion times based on WNP-2
measured values (See Appendix A, Section A.2) and are )
approximately 2 standard deviations above the mean measured
scram times. The normal scram times are listed in the Core
‘Operating Limits Report (COLR). All other cases were run
with the technical specification scram' speed (listed in the
plant technical specifications) which provides a very
conservative upper bound. - .

-
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Table 5.3, 7-4

Comparison of Supply System Results to SPC Results ‘
for Feedwater Controller Failure =~ Maximumlnemand‘

-~ Low Power Case =~-

Technical Specification Scram Time with RPT (47% power/106% flow)

Maximum -Neutron Flux
(% Rated)

Maximum Core Average
Heat Flux (% Rated)

ACPR (8x8)

ACPR (9x%9)

Normal Scram Time with RPT (47% power/106% flow) '

Maximum Neutron Flux
(% Rated)..

Maximum Core Average
Heat Flux (% Rated)

ACPR (8x8)

ACPR (9%9) . ..

Supply System
Result

£ -

21

63
0.292

0.329

Supply System
Result

63
0.274

,0.308

5’0‘370 7716

Fuel Vendor
Result

Fuel Vendor
Result




@ Table 5.3.7-5
Comparison of Supply System Results: to-SPC Results
for Feedwater Controller Failure - Maximum Demand
-~ High Power Case --

Technical Specification Scram Time; RPT (104% power/106% flow)

Supply System Fuel Vendor
Result Result
Maximum Neutron Flux '
(% Rated) 231 211
Maximum Core Average .
Heat Flux (% Rated) 128 116
ACPR (8x%8) . 0.160 0.16 |
ACPR (9x%9) 0.169 0.16

0 Normal Scram Time; no RPT (104% power/106% flow)

ESupply System . Fuel Vendor
Result Result. ;
Maximum Neutron Flux '
(% Rated) 289 280 -
Maximum Core Average
Heat Flux (% Rated) 132 121 "
ACPR (8x8) 0.189 0.18 « .
ACPR (9x%9) 0.198 0.19
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5.3.8 Recirculation Flow Controller Failure--Increasing Flow
5.3.8.1 Event Description

Failure of the master controller or the neutron flux controller can
result in opening of the flow control valves in both recirculation
loops. The valve opening speed is limited by system electronics.
Also, failure within an individual loop’s flow controller can open
the flow control valves for that loop. In this case, the valve
opening speed is limited by the system hydraulic characteristics.
In either of these cases, the increase in re01rcu1atlon flow causes
an increase in core flow, which in turn, results 1n an increase in
core power and shifts the power distribution toward the top of the
core. The rate and magnitude of the power increase is dependent on
the rate and magnitude of the recirculation flow increase. There
are two possible énalysis objectives: (1) demonstrate that the most
severe recirculation flow increase does not exceed transient
limits; and (2) identify reduced flow operating limits.

Based on the plant safety analysis, the first case has been shown
to be non-limiting with respect to the reload fuel analysis
process. Therefore, it is not discussed further with respect to
the event analyses required as a part of the reload fuel event

analysis process.

It is the second case that is evaluated as a part of the reload
analysis process. In this case, the initial conditions and
assumptions are chosen to maximize the change in CPR. This is
accomplished by the assumption of a gradual flow increase such that
the protective actions will not occur prior to the time of operator
actions to mitigate the event consequences. This 1is the case
described herein. The results of this analysis can establish the
MCPR operating limits at lower flow conditions.

Table 5.3.8-1 shows the expected sequence of events for the
recirculation flow controller failure -~ increasing flow transient.

v
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5.3.8.1.1 Initial Conditions and Operational Assumptions

The following plant operational conditions and. assumptmcns form the

principal bases for the analysis of the rec1rculatlon flow

controller failure:- - increasing flow event:

(a)

(o)
(c)
(a)

]
fl
at .

Ké)

.

"
'

‘The plant is operating on low power and flow operating llmlts
on the power/flow operatlng map.

' The NSSS- operating parameters:are con51stent with a plant heat
‘balance for the initial power and flow condltlons.

A failure in the recirculation flow controller system causes
the recirculation flow to slowly increase.

3

The system trips and initiation signals are consistent with

..technical specifications.

‘A1l of the plant control .systems function'normally;

LN

"
.

‘5.3.8.1.2 Operator Actions

Operator actions are aimed toward reducing power and controlling
rec1rculat10n flow. These actions include:

5.3.8.1.3 Event Acceptance Limits

LT e

. repairs.

Lo
»

‘Rebain”control of - the recirculation system flow control

valves.

Take' the 'necessary’ actions to return to a normal Operatlng
state. , . . : .

Identlfy cause of the failure and  ,take actlon to 1n1t1ate

o - r .
¢ - » | <

s ’ - ,
. - N u ", R
-

- The ' acceptance. limit for thls event ‘is that the MCPR ‘2" fuel
| cladding integrity 11m1t.¢ . COmpllance to the fuel claddlng

‘| integrity limit is demonstrated by ensur:.ng that the operat:.ng

| 1imit MCPR is greater than or equal to the .fuel claddlng 1ntegr1ty
| 1imit'MCPR (which ensures that greater than 99.9% of the fuel rods
in the core are-not expected to experlence b0111ng transxtlon) plus

| ‘the change in, CPR during the event.
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@ 5.3.8.2 Analysis Considerations . -:

This section descr:.bes the key analysis con51deratlons appllcable
ﬂto the rec:.rculatz.on flow controller failure - 1ncreas:|.ng £low
event. It includes: (1) a description of the phenomena occurring
during the event that have a significant impact on the event
consegquences; (2) © a -discussion of, the. system . performance
characteristics that can significantly affect the course of the
event; and (3) a d:.scuss:.on of the performance characterlstlcs of

the important components as they relate to the event consequences.

B oW R .
v

- 5.3.8.2.1 Key Phenomena =~ ERSP
Described below are the key phenomena related to -the recirculation
flow controller failure - .increasing flow:. event.. These phenomena
are considered in the simulation of this event in order to
accurately model the plant response.: The rec:.rculatlon flow
@ controller failure - increasing flow event is relatively s:.mple to

model because of the slow nature of the event.

Recirculation Phenomena Simulation of the recirculation onenomena
is iﬁbortant for the analysis of this event. The:event, begins with
a postulated failure that slowly increases recirculation flow,
which results* in an increased core: power and core. flow. For
analy51s purposes, the power and flow increases areaassumed to
'continue until the maximum.recirculation flow, as limited by the
system design, and maximum neutron flux that will not initiate a
scram, are reached.

A3
-
Y .

Core Phenomena Simulation of the core flow and power increase is
1mportant J.n the analys:.s of this event.~ The- ‘phenomena.-important
J.n the core reg:.on are “the react:w:.ty effects that contribute to
changes J.n the neutron flux and heat- transfer to the coolant.
Dur:.ng the rec:.rculatlon flow controller failure - increasing flow
transient, the reduct:.on of steam voids due to the increased core
‘ flow is responsible for the initial’ positive reactivity insertion.
This causes an increase in power which increases: fuel temperature.

“5¢3.8=3




Pressure Vessel Phenomena As the recirculation water enters the
vessel, it is used to drive the jet pumps which take suction flow
from the downcomer region between the core shroud and the vessel
wall and discharge to the lower plenum. The flow out of the jet
pumps represents the total core flow (except for some minor
contribution from the control rod drive cooling flow). The
increase in recirculation flow increases the core flow. The water
and steam mixture exits from the core to the upper plenum and then
through the steam separators and steam dryers: , .

Steam Line Phenomena As -the power.level increases, the steam flow
will ihcreaée and the pressure regulator system will open the
turbine control valves, and if necessary the turbine bypass valveé,
to control turbine inlet pressure.

Feeéwater Phenomena The feedwater system is not substantially
affected by this transient. Small changes in feedwater temperature
are neglected.

5.3.8.2.2 S8Systems Considerations

The recirculation flow controller failure - increasing flow
transient is initiated by an assumed failure in the recirculation
flow control system. All other systems are assumed to operate as
desiéned and continue to-:function throughout the event. No other
§§stem or compénent failures are assumed to occur. . .

‘For the limiting event, the important systems to be considered are:

(1) the core and fuel system, including the nuclear/thermal-
hydraulic coupling; (2) the recirculation system, which limits the
maximum flow increase; (3) the steam system, including control
valves and stop valves; (4) the feedwater system; and (5) the
reactor protection systems average power range monitor (APRM)
neutron flux and flow referenced thermal power scram setpoint. For
the limiting event, the maximum power level is based on the scram
setpoint, which effectively limits the power increase.

5.3.8-4




5.3.8.2.3 Component Performance Characteristics
Analysis of the slow - flow -increase associated with the
recirculation flow'‘controller failure - increasing flow ‘event
requires modeling of the core and fuel only.: The performance of
the other components is associated with the selection of the
initial and final operating-states. ﬂ '

» s s e *

5.3.8.3 Methodology/Integration of Codes and Analysis

The primary analysis model in. the simulation of the recirculation
flow controller - increasing ‘flow - event .is the core thermal
hydraulic model, VIPRE-01. .VIPRE-01 lS used to calculate the
changes in core thermal hydraulic parameters based on the assumed
changes in core flow and core power during the event. The VIPRE-01
analysis results are used to determine the ACPR from the operatlng
statepoints evaluated.

The analysis of the recirculation flow controller failure -
increasing flow is performed using the following codes in the
sequence shown on Figure 2-1: (1) ESCORE; (2) MICBURN-E; q(ﬁ)
CASMO—2E; (4) FICE; and (5) VIPRE-01. ESCORE is used to provxde
the  fuel rod temperature "distribution used in CASMO 2E. Gap
conductance calculated by the vendor’ s approved methods 1s used 1n
VIPRE-01. MICBURN-E provides the gadolinia cross sectlons used in
CASMO-2E. CASMO-2E is used to perform the lattice phy51cs analys;s
to generate the local peaking factors used by FICE. VIPRE-01l is
‘used to determine the ACPR during the transient based on the local
peaking functlon provided by FICE. . -

- .
EER Y %a -

‘51338347 Licensing Analysis Process . o
R P ' ) -

The - analysis of therecirculation flow controller fallure -
1ncrea51ng flow event follows  a six step process:

(1) Determlne the discrete power and flow- poxnts to be analyzed.
The calculations assume that the event is initiated from the

104% rod line at minimum flow and terminates at 120% power and -

5. 3". 8~5
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103% flow (flow control-valve wide-open). The power and flow
- discrete points along this line are then calculated. ’

(2) 'Determine core pressure as'a function of core power.

(3) Perform a heat balance calculation to determine steam ‘flow,
feedwater flow, and feedwater enthalpy for the range of power
and flow conditions. Include the recirculation pump power.

(4) Perform heat balance calculations to determine (core inlet
’ ,enthalpy for the range of power and flow conditions.

(5) ° Calculate'core bypass flow.. Determine active. core flow from
total core flow and bypass flow.

(6) ‘Choose"a-radial power distribution".that puts .the high. power
: fuel assembly on the safety limit MCPR at 120% power and 103%
flow. Calculate the MCPR along the power/flow line .determined
in Step 1.’ This calculation is performed by a steady-state
VIPRE-01 analysis. The VIPRE-01l boundary conditions "of
.. .pressure, inlet enthalpy, and inlet flow are determined "in
) V'“Steps (2), (4), 'and.. (5), respectively. S

L S

- .
1) LY >
o
4 27 . NS v

5.3.8.5, Sen31t1V1ty Studles/Justlflcatlon of Process

The recirculation flow controller - increasing flow event is based
on.a conservative determination of the ACPR between varlous reduced
power.and flow operating states and’ the max1mum core flow and power
level that can be attalned as a result of a slow 1ncrease in

recirculation flow. The analysis assumes that the event is
initiated from the control rod 1line on the power £flow map
associated with 105% steam flow (104.2% power). The event is

assumed to be terminated at 120% power and 103% core flow. The
core flow at the 120% power level is based on the maximum that can
be attained with the recirculation flow system design.

The power flow relationship is bounding for a slow increase in core
flow assuming no increase in xenon concentration in the fuel during
the event (constant xenon assumption). The constant xenon
assumption is more limiting than the assumption of xenon buildup
during the event. To determine the conservatism in the operating
states evaluated for the event, the analysis of changes in
operating state assuming constant xenon between the initial
operation state and the maximum (with flow control valve wide open)

*5,3.8=6
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core flow was made using the SIMULATE-E code. For this case, the
final power level obtained was 112.5%. This analysis demonstrates
the conservatism in the selection of the operating states used in
the analysis of this event.

5.3.8.6 Typical Results

The licensing analysis process for evaluating the recirculation
flow controller failure - increasing flow event is described in
Section 5.3.8.4. This process has been used to analyze the
recirculation flow controller failure - increasing flow event for
Cycle 8. The analysis results are provided in Table 5.3.8-2. The
results of the fuel supplier (SPC) are also shown in Table 5.3.8-2.
The operating limits determined by the Supply System agree well
with SPC’s results. (Except at the two lowest flow points, e.g.,
20% and 30% rated flow, where the discrepancies are greater due to
differences 1in the predicted flow distributions at 1low flow
conditions. There, SPC calculated higher hot channel flows and
thus higher MCPRs). Therefore, it is concluded that the Supply
System 1licensing analysis process 1is reasonable based on the
analysis conservatisms and the comparison to the SPC results.

5.3.8~7




T'able 5mo 3.8=-1"

' Sequence of Events for
Recirculation Flow Controller Failure - Increasing Flow

Recirculation flow controller fails and recirculation flow begins
to increase. - o .. '

Turbine control valves, and if necessary bypass valves, open to
control reactor pressure. Ve ,

*

New steady state power level is reached at maximum recirculation

flOW. ) v

P ,5‘ o"3‘. 8'-'8




Reduced Flow Operating Limit Based on
Recirculation Flow Controller - Increasing Flow

: Supply System Fuel Supplier,

Core Flow Reduced Flow MCPR Reduced Flow MCPR

(% Rated) Operating Limit Operating L;'.mit
103 o 1.071 1.070 |
90 1.6, S oiies LT |
"80 1.245 1.242 |
70 ' 1.329 - 1.322% |
60 ~ 1.412 1.405
50 ‘ 1.498 1.492
40 1.582 1.587
30 1.665 — 1.724

ﬁ 20 1.836 1.926

5.3.8-9
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5.3.9 Control Rod Drop Accident
5.3.9.1 Event Description

There are many ways of inserting reactivity into a BWR; however,
most result in a relatively slow rate of reactivity insertion and
do not pose a significant challenge to the fission product
barriers. It is possible that the rapid removal of a high worth
control rod could result in a potentially significant power
excursion. The accident that has been selected to bound the
consequences of the most rapid reactivity insertion events is the
control rod drop accident.

The control rod drop accident is the postulated separation of the
control rod blade from the control rod drive, with the blade
sticking in the fully inserted position while the drive is
withdrawn until a high worth control rod pattern is achieved,
followed by the dropping of the blade to the control rod drive
position. The dropping of a high worth control rod results in a
high local reactivity in a small region of the core and, for large,
loosely coupled BWR cores, significant shifts in spatial power
generation. The initial rapid power increase is limited by
Doppler, void, and moderator reactivity, and final shutdown is
achieved by a high neutron flux initiated scram.

For the limiting case assumed in the safety analysis process, fuel
failures are predicted to occur as a consequence of this accident.

Table 5.3.9~1 shows the expected sequence of events for the control
rod drop accident.

5.3.9.1.1 Initial Conditions and Operational Assumptions

The following plant operational conditions and assumptions form the
principal bases for the analysis of the control rod drop accident:

(a) The reactor is critical and the power level is less than
20%.

5.3.9-1



(b) A control rod blade is separated from its drive and stuck
in the fully inserted position.

(c) Control rods are withdrawn to establish a high worth
control rod pattern consistent with the constraints of
the rod sequence control system (RSCS).

(d) The drive separated from its blade is at a position
consistent with the other control rods assigned to its
group.

(e) The control rod blade becomes unstuck and drops at its
maximum velocity ‘to the position of the drive.

(£) Scranm is initiated on high neutron flux.

5.3.9.1.2 Operator Actions

The ;erﬁination 6% éﬁe éxcursion is accomplished by the inherent
design of the fuel and core and the:automatic initiation of a
scram. Following the scram, the operator would be expected to
confirm that the reactor is shut down and take the necessary
actions to regain control of the plant. Assuming the plant is
isolated, the operator should take the appropriate actions
identified in the plant emergency procedures, which include
monitoring reactor water level and pressure and suppression pool
temperature.

5.3.9.1.3 Event Acceptance Limits

The acceptance limit for this event is a peak fuel enﬁhalpy
deposition of 280 cal/gm. Compliance with the peak fuel enthalpy
limit is demonstrated:by enéuring that the key inputs_to the
generic analysis will result in a peak radially averaged fuel
enthalpy deposxtlon of less than 280 cal/gm ’

5.3.9.2 Analysis Considerations
This section describes the ké& analysis considerations applicable
to the control rod drop accident. It includes: (1) a description

of the phenomena occurring during the event that have a significant

5.3.9=2



impact on the event consequences; (2) a discussion of the system
performance characteristics that can significantly affect the
course of the event; and (3) a discussion of the performance
characteristics of the important components as they relate to the

event consequences.
5.3.9.2.1 Key Phenomena

Described below are the key phenomena-relé&ed to the control rod
drop accident. Consideration of these phenomena is necessary in
the simulation of this event to accurately model the plant
response. ‘

The major complexity in analyzing this event is in the simulation
of the core phenomena, including the changes in the core power and
power distribution during the initial power excursion.: From a
systems standpoint, the control rod drop accident is relatively
simple to model because the majority of the system actions occur
after the challenge to the accident acceptance 1limits is
terminated. The primary systems considerations are in the
simulation of the normal operating systems as they limit control
rod worth and the performance of the control rod drive syéteﬁ as it
inserts scram reactivity. These phenomena are considered as parf
of the core phenomena. Other system phenomena are assgciated with
evaluating the radiological consequences of caldﬁlated fuel
failures.

Core Phenomena The event begins with the dropping of a fully
inserted high worth control rod that had been previoﬁsly separated
from its drive. The control rod blade is then assumed to drop at
its maximum velocity to the position of its drive. The maximum
control rod worth is constrained by thg normgl operating systems as
they 1limit the allowable control rod patferns. The maximum
velocity of the falling control rod is limited by the design of the
control rod blade. '

-
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The postulated dropping of a control rod results in a high local
reactivity addition in a small region of the core, a substantial
local power increase, and a shift in power distribution during the
course_ of the event. The phenomena important in the core region
are the reactivity effects that contrihute.to the changes'in the
local neutron flux and the energy deposition in the fuel rods. The
primar§ effects are the reactivity changes due to the dropped
control rod, the feedback effects of Doppler, void and moderator

e

temperature, and control rod (scram)

The react1v1ty 1nsertlon due to ‘the dropped control® 'rod is
dependent on control rod wortl, drop veloc1ty, -and distance
dropped. The rapld change in local power causes a rapid increase
fn fuel temperature and, depending  ‘on the lnltlal reactor
condltlons generates’ addltlonal steam'v01ds or increases modérator
temperature. The local power increase 'is initially’ limited by the
Doppler and vold/moderator reactivity feedback and ‘is terminated by
reactor scram. ’ '

The selection of initial conditions is ~important in ' the
determination of the reactivity characteristics to be used during
the acc1dent. Because the presence of voids tends to mitigate the
consequences ‘of the event, zero power 'startup conditions are
llmltlng._ Control rod patterns are selected consistent ‘with these
condltlons to establlsh the approprlate accident react1v1ty
characterlstlcs to be  used durlng the postulated accmdent. The
1mportant acc1dent react1v1ty characterlstlcs are the total control
rod worth, acc1dent react1v1ty shape functlon, control rod drop
veloc1ty, interassembly local power peaklng factor, "and delayed
neutron fraction. The total dontrél rod worth establishes the
maximum amount of reactivity that can be inserted as a result of a
dropped control rod. The accident ‘reactivity ‘shape function
establlshes the react1v1ty inserted as a function of the distance
the rod has dropped The control rod drop veloc1ty establishes the
react1v1ty 1nsertlon as a‘ functlon of time. ' The maximum
lnterassembly local peaklng factor 'is used to allocate ‘the energy
depos1tlon 'in the fuel assemblles ‘surrounding the control rod." The

5.3.0=4
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delayed neutron fraction is an important parameter in establishing
the magnitude of the power increase. )

T 8
The important reactivity feedback parameters are the Doppler, void
and moderator temperature reactivity. | The 1ncrease in fuel
temperature that results from power lncrease due to the dropped
control rod causes the Doppler reactivity to become more negatlve,
which tends to mltlgate the event consequences. In addltlon, the
heat transfer to the moderator from the fuel rods and the dlrect
energy deposition into the coolant cause the moderator temperature
to increase or generate additional yoids,‘yhich also_provides

negative feedback.

12

The scram reactivity insertion is the ,mechanism for making the
reactor subcritical. The scram reactivity consists of the scram
reactivity function and the scram insertion tlme. The scram
reactivity function is the control rod reactivity as a function of
the distance that the control rods are inserted. The scran
reactivity insertion time is used to establish the scram reacEivity
as a function of time.

i

Systems Phenomena Because the evaluatlon of thls acczdent is
performed with a core dynamics code, theﬂexternal systenm phenomena
are treated through the use qfacodeéinputs. The prlmary systems
inputs are those which impact core reactivity. These 1nclude the
normal system operating constralnts on control rod patterns and the
control rod. drive (scram) system and are dlscussed above, The
remaining system inputs are treated as steady state because the
event is extremely rapld and the system controls do not respond in
a manner to 51gn1f1cant1y affect the course of the event. ‘
5.3.9.2.2 Systems Considerations ' o ’

-
-

The control .rod drop accident is the postulated separation of“a
control rod from its drlve, the stlcklng of the blade in the fully
inserted position, the w1thdrawa1 of control rods to, establlsh a
high worth pattern, and the subsequent dropplng of the blade to the

5.3 0‘9-.5




pesiticn of the drive. 'The important: systems to be considered in
the accident analysis are: (1) the core and-.fuel system; (2) the
RSCS; and (3) the reactor protection and control rod drive (scram)
systems, including the high neutron flux initiated scram and the
rapid insertion of the control rods. ' Other systems that may be
initiated as a result of an isolation or the decision to change the
operating state as part of the accident recovery process are not
required because their action occurs after the challenge to the
event acceptance limits has occurred. With the exception of the
RSCS, which ‘ places’ ‘constraints on ‘the allowable .control rod
pattern, the system components as discussed in Section 5.3.9.2.3
limit the system performance characteristics. S -

FOr WNP-2,” the RSCS coupled with the banked position withdrawal

sequence constrains the control rod pattern during plant startup
and low power operation. The RSCS 1is a system that constrains
control rod movements to predetermined patterns and consequences by
initiating control rod blocks to ensure that allowable control rod
withdrawal and insertion sequences are followed. The banked
pbsition withdrawal sequence ‘limits control rod movements to pre-~
assigned control rod groups and banked positions, such that the
maximum control rod worth is reasonably minimized. The RSCS
operates until~the power level reaches the setpoint that has- been
éstablished “such that constraints’' on- rod patterns are.no .longer
requlred for* protection against the consequences of the control rod

-

drop accident. = .

5.3.9.2.3 Component Performance Characteristics

n v ' . :
! - ® 0 . - « »
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The control rod drop accident requires modeling of the core and
fuel systems, of the systems that'place constraints -on control rod
patterns, ‘and- of the reactor protection .and control. rod drive
(scram) systems. These systems are modeled by treating then as
1nputs to the core analysis.  The Key: parameters with respect to
the ‘core and fuel systems are discussed.with respect to the core
bhénomeha and the constraints on control rod patterns are discussed
with‘reséeét to the overall systems consideration. This section

5.3.9~6




describes the analysis inputs that are based on the performanceiof
the key system components.

Y S a0
Y b "

Control d_Drop Velocit Each control rod is equipped with a

velocity limiter that limits the free fall velocity of the control

rod blade that is separated from its drive. The maximumldrop
velocity determined from experimental test data is used in the
analysis.

Neutron Flux Trip Level 'The average: power range monitors (APRM).

system high neutron flux level provides the signal that 1n1t1ates
reactor scram to achieve  reactor ,shutdown. . The technlcal
specification setpoint for high neutron f£lux in the power range is
used in’' the ‘analysis, 'even though  other flux .trips would occur
earlier.” .o R 3 R S _— .; . -

g "

»
-
N -

Reactor '’ Protection System Delays:- The reactor protection'systeﬁ
includes the devices to generate signals, conditioning of these
signals, and comparison to trip setpoints, and initiates reactor
scram. The technical specification response time for the reactor
protection system is used in the analysis. “ L F
control Rod Insertion Time - The control rod driveasystem proviaes
the necessary negative reactivity insertion to achieve reactor
shutdown. The technical specification for the average control rod
insertion time for all control rods at reduced presspre.}s!used in
the analysis. | h

»
LI L W - ’

5.3.9.3 Methodology/Integration of Codes and Analysis

> - - M B

L - 2 e i a -

The control rod drop accident analysis, .is performed by 1ntegrat1ng
the WNP-2 reactor analysis methodology.with the fuel suppller CRDA
analysis '‘methods. .In this approach, the cycle-spec1f1c CRDA
analysis input parameters for the reload are used in conjunctlon
with the fuel supplier’s generic CRDA analyses.f Minor details of
the.analysis could change in the future in response to a change ln
‘fuel supplier or a-change, in the, suppller's approved methodology

'5.3.9=7




| The Supply System will-continue 'to provide whatever .neutronics
| parameters are needed to interface with the vendor’s approved CRDA
| analysis. These are expected to remain the dropped rod worth, the
| four-assembly local peaking faétor,ﬂthe Doppler coefficient, and
| the effective delayed neutron fraction.

For each operating cycle, the Supply System evaluates the maximum
rod worths, four-assembly local power peaking factors, Doppler
coefficient, -and delayed neutron fraction. These values are used,

| along with- the results of the vendor’s-generic control rod drop

| accident analysis, to obtain a conservative bound for the fuel rod
enthalpy dep051tlon. The following codes are used in the sequence
shown on Flgure 2-1 to determine the input parameters for the
generlc ‘parametric- analysis: (1) MICBURN-E; (2) CASMO-2E; (3)
NORGE-B; (4) SIMULATE-E; and (5) SIMTRAN-E. MICBURN~E provides the
gadolinia cross sections used in CASMO-2E. CASMO-2E is used to
perform the lattice physics-analysis to generate the cross .sections
for SIMULATE-E, the total effective delayed neutron yield for
SIMTRAN~E, the' Doppler coefficient, and in conjunction with
‘§IMULATE-E, the four-assembly local power peaking factor. . NORGE-B
is‘used to transfer the CASMO-2E data to SIMULATE-E and SIMTRAN-E.
SIMULATE-E is used to determine the control rod worth and,. in
conjunction’ with CASMO-2E, the four-assembly local power peaking
“factor. ''SIMTRAN-E is used to develop a conservative value for the
delayed neutron fraction.- - e

. ‘ 2
= PR

| 5.3.9.4 Licensing Analysis Process

- . B . * -
. - . . . . . LA

In the analysis’ of the control-rod drop .accident, the following
‘analysis- assumptions- are made:: " .. .. .. . . .,

I3 M
2ms

(a) The plant ‘is at hot Zero power condltlons. R
(b) Moderator and fuel temperatures are equal.
~*(c)~ The‘' coolant void fraction-is 0%:~ .:. Con e

&

(d) The core is in a %enon freé state.’
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(e) The control rod patterns are consistent with the banked
position withdrawal sequence and the RSCS is operable.

(£) Eight control rods may be inoperable and are assumed to
be fully inserted, with the inoperable control rods
separated by at least two operable control rods in all
directions. .

(g) No more than three inoperable control rods exist in any
one RSCS rod group. ]

The evaluation of each of the four parameters needed for‘use in the
vendor’s generic parametric analysis is discussed in more detail
below.

The maximum worth control rods are identified by cofe analysis
calculations. Candidate high worth rods are identified consistent
with the rod withdrawal sequence for the operating cycleibeing
evaluated. 'The inoperable control rods all are assumed to lie in
one half of the core and rods in the other half are investigated as
high worth candidates. This assumption conservatively increases
the predicted worth of candidate rods. For each candidate rod, the
rod worth is determined by a pair of core calculations, one with
the candidate rod fully .inserted, the other with the rod fully
withdrawn. In this. way, the top few highest worth,roqs afe
identified and, after the remaining three parameters are evaluatéd,
the enthalpy deposition in the adjacent bundles is calculated  as
described below. This is done to ensure that the highest enthalpy
deposition, not just the highest rod worth, is obtained. '

The four-assembly local peaking factors are calculated for each of
the highest worth rods. The four-assembly local power peaking
factor is evaluated by combining the core predictions of assembly
power with the lattice physics analysis values of assembly local
peaking factors. E |

The Doppler coefficient is.evaluated as a function of void history

and exposure for each fuel type from pairs of lattice physics
calculations at different fuel temperatures. The Doppler
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coefficient for any particular 'node is then  obtained by
interpolation with respect to exposure and void history.

The delayed neutron fraction is evaluated ﬁy condensation of three-
dimensional core data to a core average value. The delayed neutron
fraction is based on the lattice physics data.

For each of the high control rod worth rods identified above, the
values of rod worth; four-assembly local power peaking factor,
Dbépler'coefficient, and ‘delayed neutron fraction are used along
with the vendor’s generic CRDA parametric results to evaluate the
associated maximum fuel rod enthalpy deposition. The results. for
each high worth rod are then examined to identify the largest value
and to verify that it does not exceed 280 cal/gm.

~
-

It is assumed that fuel clad failures may occur in all fuel rods in
which the CRDA radially averaged enthalpy deposition exceeds 170
cal/gm at any axial location. In all WNP-2 cycles to date the
predicted CRDA peak enthalpy deposition has been considerably less
than 170 cal/gm. To prepare for the eventuality that future
changes in cycle length or fuel désign might lead to predicted peak
CRDA enthalpy depositions exceeding 170 cal/gm, the Supply System
has developed a methodology to analyze that situation. The nodal
power shape predicted by the core -simulation code during the rod
worth calculation is combined with the pin local peaking factors
from the lattice physics code and the maximum enthalpy ‘deposition
from the vendor’s generic analysis to estimate the number of fuel
rods whose maximum enthalpy deposition exceeds 170 cal/gm. The
radiological consequences.of the failure of all such fuel rods are
compared to the radiological consequences of the scenario analyzed
in the WNP-2 FSAR (releases from the failure of 770 GE 8x8 fuel
rods) to show. that the-: FSAR scenario is bounding. If the FSaR
§cenario were not bounding, then new radiological releases would be

‘determined and evaluated. '~ - .

x
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5.3.9.5 CRDA Results for Cycle 8

The current fuel vendor, SPC, has performed generic parametric
evaluations of the consequences of the CRDA to determine the
maximum fuel rod enthalpy deposition for a range of values of the
control rod worth of the dropped control rod, four-assembly local
power peaking factors, . Doppler coefficient, and delayed neutron
fraction ([Reference. 21]. For conservatism, the SPC parametric
studies neglect the contributions of void reactivity, so the void
coefficient does not appear in their analysis. In addition, the
SPC generic parametric analysis utilizes a conservatively low scram
reactivity insertion rate and a conservatively high reactivity
insertion rate for the dropped control rod. '

The Supply System and SPC results for the Cycle 8 CRDA anaiysis are
compared below.

Supply System SPC
Rod Withdrawal B2 B2
Sequence . ,
) Dropped Rod . 8.4 mk . 7.0 mk
Worth
Doppler -10.5 x 10° -10.0 x 10°
Coefficient o :
(dk/kdT F1) : .
B-effective ' 0.0055 0.0050
Four-Bundle 1.26 ©1.37 )
Local Peaking '
Factor .
Maximum . 130 .. 120
Enthalpy '
Deposition e
cal/gm - ‘

In determining the CRDA maximum enthalpy deposition for Cycle 8,
both the Supply System and SPC used an extremely conservative
approach to bound the worths of the highest worth rods: Rather
than considering only the normal A2 control rod pull sequence used
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during WNP-2 startup other sequences were considered also. In
addition, it was assumed that any rod in a rod withdrawal group
could be the first withdrawn rod in that group. The resulting rod
worths are highly conservative for CRDA analysis.

As required, the maximum enthalpy dep051tlon is less than 280
cal/gm. (And less than 170 cal/gm, so no analysis of radioactive

releases is required).

- £
4 ) u . - .
' N . . P Y . = - « -

.

5.3.9.6 Sensitivity Studies/Justification'of Process

The control rod drop accident analysis' is based on ‘thé use of
approved fuel suppller methodology. The Supply System inputs to
the generlc parametrlc analy51s are conservatlvely determlned. No

further sensitivity studies are required.

* .
* *
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Table So3t9-1 . 1
Segquence of Events for Control Rod Drop Accident

L

Control rod blade becomes separated from its drive and sticks in
the fully-inserted position. - A L E

[
[

Operator withdraws control rods until the reactor becomes critical
with fully-inserted control rod having its maximum worth.

The control rod becomes unstuck and drops, at its maximum velocity.

Reactor becomes prompt critical and 1n1t1a1 power 1ncrease is
limited by the Doppler and vomd/moderator temperature feedback.

w N

. ® v
- L sk len

Scram occurs on high neutron flux.

Sufficient control rods are inserted to terminate the accident.
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5.3.10 Loss of Coolant Accident

5.3.10.1 Event Description

The LOCA is the postulated loss of coolant from the reactor coolant
pressure boundary at a rate in excess of the capability of the
reactor coolant makeup systems, from pipe breaks up to and
including a break equivalent to the double ended rupture of the
largest pipe in the reactor coolant systen. The analysis
requirements for the LOCA are established in 10CFR50.46 and 10CFR50
Appendix K. For BWRs, a LOCA may be postulated for a wide spectrum
of break locations and break sizes. Responses to the postulated
break may vary significantly over the break spectrum. The largest
break is the postulated double ended rupture of a recirculation
pipe; however, the largest break is not necessarily the most severe
challenge to the performance of the ECCS. This leads to the
requirements to evaluate the entire break spectrum and a number of
possible single failures.

Regardless of the initiating break characteristics, the response of
the plant to a LOCA can be separated into three phases: (1) the
blowdown phase; (2) the refill phase; and (3) the reflood phase.
During the blowdown phase, there is a net loss of coolant
inventory, an increase in fuel cladding temperature, and uncovery
of the core. -In the refill phase, the ECCS is functioning and
there is a net increase in coolant inventory, and the heat transfer
to the coolant is 1less than the decay heat rate of the fuel,
resulting in a continued increase in the fuel cladding temperature.
In the reflood phase, the coolant inventory has increased to the
point where the core recovers, and the fuel cladding temperature
decreases. The relative duration of each phase is dependent on the
break size, location, and available ECCS components.

The LOCA scenarios vary considerably over the spectrum of break
sizes, locations, and equipment failure combinations. For analysis
purposes, the limiting LOCA has been demonstrated in the safety
analysis to be a large break in the recirculation system suction
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| line with the assumed failure of the diesel generator that powers ‘
| the low pressure core spray. This is the event described below.

Following the postulated break, reactor vessel pressure and core
flow begin to decrease. The 1n1t1al pressure response is dependent
on the closure characterlstlcs ‘'of the main steam line isolation
valves and the relat:.ve values of the energy added to the system by
the decay heat and the energy removed from the system by the
1n1t1al blowdown of the fluid from thé downcomer region of the
reactor pressure vessel. The initial core flow decrease is rapid

. because the recmrculatlon pump 'in the broken loop loses suction
almost 1mmed1ately, and the pump in the intact loop beglns to coast
down. The pump coastdown controls the core flow for the.next
several seconds. When suff1c1ent fluid is reléased from the vessel
and the jet pumps uncover, the core flow decrease to near ‘zero.
Following recirculation pump suction uncovery, the energy release
from the break increases significantly, and the pressure begins to
decay more rapidly. During the rapid pressure reduction, the
initially subcooled liquid in the lower plenum flashes, increasing ‘
core flow for the next several seconds. Water level in the core
reglon remains hlgh durlng the early stages of blowdown because ‘of
the initial £fluid lnventory and the flashing of the water in the
core. After a short time, the level in the core decreases, and the
core becomes uncovered. Several seconds later,. the ECCS is
.actuated and the reactor vessel .water level begins to increase.
The core, is. rapldly recovered followxng fllllng of the 1lower
plenum. . C e e L "L

’Heat transfer rates on. the fuel claddlng durlng the early stages of
mthe blowdown are governed prlmarlly by the core flow response.
Nucleate bolllng contlnues in the high powered regions of' the core
until uncovery 6% the Jet pumps.’ B01llng transmtlon follows, and
,fllm bolllng heat transfer rates are applied. Heat transfer rates
increase durlng the perlod of lower plenum flashing, ” slowly
decreasing as the flashing progresses until the high power region
uncovers. Following uncovery, convective heat transfer is assumed .

to cease, leaving only radiation heat transfer between the fuel

e -
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rods and to the channel. Heat transfer following ECCS initiation
is based initially on the heat transfer to the core spray, followed
by a rapid increase in heat transfer due to core recovery.

The cladding temperature in the high powered region of the core
decreases initially because nucleate boiling is maintained and the
heat input and fluid temperature decreése. The reactor initially
becomes subcritical due to the large increase in core voids,
followed by reactor shutdown due to a scram of the control rods.
A rapid, short duration cladding heatup follows the time of boiling
transition, when film boiling occurs and the cladding temperature
approaches the fuel temperature. The éubsequent heatup is slower,
controlled by the decay heat and core spray heat transfer. Heatup
is terminated by core recovery due to the accumulation of ECCS
water. ’

Table 5.3.10~-1 shows the expected sequence of events for the LOCA.
5.3.10.1.1 Initial Conditions and Operational Assumptions

The following plant operating conditions and assumptions form the
principal basis for the analysis of the LOCA.

o The plant is operating at its maximum power level and at a
core flow consistent with the power level.

o A pipe break occurs at any location in the reactor coolant
pressure boundary, of a size greater than the capability of
the normal makeup system up to and including the double ended
break of a recirculation system pipe.

o The combination of ECCS components that are operable is the
most limiting considering a single failure and a concurrent
loss of power, consistent with the definitions in 10CFRSO
Appendix A. ‘ .

o Only safety related components are available to mitigate the
consequences of the LOCA.

o The ECCS is initiated by high'drywell pressure or low reactor
water level, whichever occurs first.:
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o The containment isolation valves are closed by the first
isolation setpoint reached. .

o The secondary containment is isolated and the standby gas
treatment system is initiated by the first setpoint reached.

o No credit is taken for the operation of the reactor core
isolation cooling system (RCIC). The RCIC is considered the
normal makeup system’ for the purposes of establishing the
minimum break.size.

-

5.3.10.1.2 Operator Actions.

Short term actions (scram, ECCS initiation, primary and,secohdary
containment isolation, standby gas treatment system initiation)
take place automatically. The operator should take the approprlate
actions identified in the plant emergency procedures, which include
monitoring reactor water level and pressure and suppre551on pool
temperature. The operator would be expected to confirm reactor
shutdown and appropriate system actuations and attempt to initiate
operation of any failed components. Upon successful completlon of
the initial core cooling phase, the operator would be expected to
initiate the long .term core and contalnment coollng and begln the

accident’ recovery process.. - .

~ -

5.3.10.1.3 Event Acceptance Limits

ve - . R . A . e ‘ .
The event acceptance ,limits for this accident are'contained in
| 1L0CFRS50.46. - They are: (1) a peak cladding temperature < 2200?,
*(2) maximum cladding.oxidation £ _17%; (3) core w1de metal water
‘reaction £ 1%; -(4) the.maintenance of a coolable geometry, and’ (5)
assurance of -long. term.cooling. - For the reload analy31s process,
‘compliance with the .peak cladding temperature and max1mum claddlng
oxidation limits are demonstrated by the ECCS performance analy51s
‘for® the. LOCA, consistent, with the 10CFRS50 Appendlx K model
requirements for the fuel operating at its MAPLHGR. . The ECCS
performance analysis also demonstrates compliance with the core
wide metal water reaction analysis. As described in Section

'5:313‘.0-4
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5.1.4.2 for the reload fuel analysis, compliance with the first
three criteria provides assurance that the remaining criteria are
satisfied.

DRRERE b

5.3.10.2 Analysis Considerations

This section describes the key analysis considerations applicable
to the LOCA. It incluaes: (1) a desqtiptionﬁof the phenomena
occurring during the event that have a significant‘imﬁact on the
event consequences; (2) a discussion of the system performance
characteristics that can significantly affect .the course, of the
event; and (3) a discussion of the performance characteristics of
the 1mportant components as they relate to the event consequences.

- .- * L
- + . . . w ‘“

503 «10.2.1 Key Phenomena ) ’ a w - * [P
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Descrlbed below are the key phenomena. related .to LOCA for - the
llmltlng break size, consistent with the requirement of 10CFRS50.46
and Appendix K. Consideration of these phenomena is necessary in
the simulation of this event to accurately model the plant
response. The LOCA is a very complex event to model.. The primary
phenomena to be considered include:. ...(1) ..blowdown; _ (2)
recirculation; (3) steamline; (4) feedwater; ~(5) pressure vessel;
(6) ECCS; (7) core; and (8) fuel.

i e
a

¥

Blowdown Phenomena The event is initiated by the assumed
instantaneous break in-a pipe in the reactor coolant pressure
boundary. The fluid at the-break entrance is initially subcooled
and flashes to a two phase mixture as ‘it passes through, the break.

‘Because of the initial pressure reduction,’ bulk flashing.will occur

1n the downcomer region’and two phase flow continues until the
decrease in’ water 1level in':the downcomer region of, the pressure
vessel leads to recirculation suction line uncovery._ -Following

.uncovery of the suction line, the blowdown flow is primarily steam

w1th entralned llquld - S . “ -
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Recirculation Phenomena The recirculation flow during the blgwdown

phase is important because of its effect on core flow. The
unbroken recirculation loop will experience a coastdown due to the
loss of power to the recirculation system pumps. The broken loop
will experience reverse flow through -the pump during coastdown.
The core flow is dependent on the recirculation pump and jet pump
characteristics, including consideration of the £fluid
characteristics during blowdown.

Steamline Phenomena The main steam lines will be isolated as a
result of the inventory loss during blowdown. Closure of the main
steam line isolation valves - (MSIVs) will reduce . the
depressurization rate.

Feedwater Phenomena Feedwater flow is assumed to coastdown rapidly
during the event.

Pressure Vessel Phenomena The most important pressure veséel
phenomena are those that influence the coolant inventory and its
distribution, including the effect on water level. Water level in
the downcomer region is important because it determines the time of
jet pump and recirculation- suction uncovery during the blowdown
phase. Jet pump uncovery significantly affects the core flow, and
recirculation system suction uncovery significantly affects the
‘reactor vessel depressurization rate. Because the structural
‘Stored energy is significant, heat transfer from the internals to
the coolant is included in the analysis.

ECCS Phenomena The ECCS are assumed to initiate at the appropriate
setpoints. The limiting single failure is the low pressure core
spray ‘diesel generator. The HPCS.is initiated consistent with the
"system startup’ time:." The low pressure coolant -injection begins.as
soon as the reactor vessel pressure reaches the pressure permissive
setpoint and the injection valves .open. . e

Core Phenomena The important core phenomena during the LOCA
include the core inlet flow, "flow -between the core bypass and the

503010"6




fuel assemblies, and counter current flow limitations at the top

and bottom of the core..

Initially, the core flow rapidly coasts down consistent with the
characteristics of the unbroken loop and essentially- stops at the
time of jet pump uncovery. - When the system pressure falls below
the saturation pressure of the lower plenum, lower plenum flashing
occurs and significant core flow rate is:reestablished._  Following
lower plenum flashing, the core flow stops until startup of the
HPCS system begins spraying water:into the .core region. The core
is reflooded by the combined .action .of the:core -spray system and
low pressure coolant injection pumps:- :

One of the most important phenomena during the refill phase of the
LOCA" is' counter current flow limitations. ‘' Counter current flow
limitations occur when the vapor flow through a restricted aféémég
sufficiently high to impede the liquid drainage. Counter current
flow 1limitations can' delay the reflooding of the core and
termination of the core heatup process. There are three aréasﬁof
interest with respect to .counter current flow limitations during a
'BWR LOCA: (1) -at the upper tie plate of the fuel assembly; (2) at
the top of the core bypass due to the top fuel guide; and (3)..at
‘the fuel assembly inlet orifice. .. e : .

4
»

During ‘the refill phase, the.bypass region will refill faster gﬁén
the fuel  assemblies. Flow.through the bypass, flow paths aids in
reflooding the vessel and fuel assemblies.. Also the water in the
bypass region ensures that the channel remains a primary heat sink
for the fuel rods. . N S

.
£
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‘Fuel Phenomena -The primary fuel phenomena :of -:interest- during a
LOCA include the internal heat generation, ‘conduction heat"tréqsfer
within the” fuel pellets; fuel rod pressure, and cladding swelling
and rupture, chemical reaction between the.:cladding,and-coolant,
and radiant heat transfer between the fuel rods and to the channel
. wall. ' Internal heat generation, along with:the stored energy in
' the fuel, -i$ the primary source. of.' energy .for increasingj?uel
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cladding temperature'during the LOCA.  Internal heat generation is
due to delayed neutron induced fissions, decay of the actinides,
and decay of the fission products. Conduction heat transfer both
within the fuel pellet and in the fuel pellet to cladding gap
limits the rate at which the stored energy and the decay heat is
transferred to the fuel cladding. During the core heatup phase,
the fuel cladding may swell and rupture as a result of the
inéreasing fuel rod internal pressure. At elevated temperature, a
significant exothermic 'hydrogen 'producing - reaction between the
cladding and the cdolant (metal water reaction) occurs.that can
significantly increase the predicted cladding temperature. Radiant
heat transfer between the fuel rods and to the fuel assenbly
chénﬁel is iﬁportant in 1limiting the peak cladding temperature of
the fuel assembly. ‘

'5.3.10.2.2  Systems' Considerations . , . .

» e

o

-

The LOCA is initiated by the postulated break of a pipe in the
| reactor coolant pressure boundary. The primary systems associated
| with the LOCA are the ECCS, which include the HPCS, -the -low

preésuré'coré‘spray} the low pressure coolant injection,  and.the

automatic depressurization systems. The limiting case is evaluated

:éséuﬁihg' only" the "availability of onsite power supplies. ..In

aﬁdition, it was determined that the limiting single failure is the
| ‘failure of the low pressure core spray diesel generator, and.it is
|'§ssumed to have failed' for analysis "purposes., Other systems

associated with the LOCA analysis are the main steam,: reactor
protection, and control rod drive (scram) systems. The system

“performance ‘characteristics are limited by the key components in

iéﬂé“sysﬁem as described in Section 5.3.10.2.3. .

L N
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" 5.3.10.2.3 Component Performance Characteristics - - . - .

»

For the LOCA, detailed modeling of the reactor vessel, core, and
fuel is required. The ECCS is required to provide core cooling;
the reactor protection system and control rod drive (scram) system

5473.10~-8




are required to achieve reactor shutdown;.and the main steay system
impacts the vessel blowdown. = The key components within these
systems limit their performance. The selection of the iicensing
basis component performance characteristics is based on a bqiidup
of conservative . assumptions established by past practices and
licensing requirements. . .

[
"

EcCS TInitiation Delays: ' The. systems initiating the ECCS are
comprised of a number of analog- and digital. components. Tlme
delays are based on the maximum values' contained 1n the technlcal

specifications. . R .

- E

PR
o o . . - . .

ECCS Flow Rates The minimum pump flow characteristics based;pn'the
technical specification flow rates are used.

»

ECCS Injection Valve Opening Times The slowest ECCS injection
valve opening times identified in the technical specifications are

used. ..
MSIV Closure Time The slow rate of MSIV closure identified in the
technical specification-is used to maximize the inventory loss.v

r = . . » e
' N e s

Reactor .Protection System Signal Delay - The reactor protection
system includes the devices to generate signals, to condztlon the

signals, to compare them to trip setpoints,.and to initiate reactor,

*scram. The technical specification response tlme for the reactor
protection system is used in the analysis, o -

(- .
v

Control Rod Insertion Time . The control rod drlve system orov1des
the necessary negative reactivity. 1nsertlon to achleve reactor
shutdown. The technical specification for the average control rod
insertion time for.all:control rods.at reduced,pressuremls use@ in
the analysis. 7 (
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matter which fuel vendor is involved.

5.3.10.3 Methodology/Integration ‘of Codes and Analysis

The LOCA analysis is performed by integrating the WNP-2 reactor
analysis methodology with' the fuel supplier LOCA analysis methods.
In this“approach,'certain'cycle-specific input parameters developed
by the Supply System are compared by the Supply System to
conservatlve values used in the vendor’s LOCA analysis to ensure
that the vendor’ s analysis is boundlng. Any cycle-specific data
requested by the fuel vendor are transmitted to the wvendor .for
their use to verify that their LOCA analysis is boundlng or, if
necessary, to rerun thelr LOCA analys;s. ) 1 L

1Y

The cycle-specific parameters evaluated by the Supply System are
the Doppler reaétivity,'the void‘reaotivitv, the time-dependent
scram react1v1ty, the assembly local peaking factors, and data
descrlblng the fuel rod stored energles.' The details of exactly
how the reactivities are expressed and exactly what data is needed
to describe the fuel rod stored energies, may vary between fuel
vendors (and in response to changes in a particular vendor’s LOCA
analy51s methods) However, the parameters listed above “are
expected to be ‘the relevant ones for use in the LOCA analysis no

L
- v 1 .
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The follow1ng codes’ are used in the sequence shown on Figure 2-1"to
determlne the lnput parameters for the LOCA analysis:- (1) MICBURN-

'E, (%) CASMO-ZE, (3) NORGE-B (4) SIMULATE-E; (5) “SIMTRAN-E; -and

(é) RETRAN-OZ. MICBURN-E prOV1des the gadolinia cross sections
used in casMo-2E. CASMO-2E is used to perform the lattice physics
analy51s “to generate the cross Sections’ for SIMULATE~-E, the ‘total
effectlve delayed neutron yleld for SIMTRAN—E, the "Doppler
coeff1c1ent "and the local’ peaklng factors. NORGE-B ‘is used ‘to
transfer the CASMO-2E data to SIMULATE—E anad’ SIMTRAN-E. SIMULATE-E
is used to determine the void reactivity and to provide the three-
dimensional core data to SIMTRAN-E. SIMTRAN-E is used to develop
_the delayed neutron fraction and prov1de 1nput to RETRAN-02 for the

determlnatlon of thé ‘scram react1v1ty " separate RETRAN-OZ cases

-

‘are run to determlne the scram react1v1ty .




5.3.10.4 Licensing Analysis Process

The evaluation of each of the five cycle-specific neutronics
guantities needed in the current LOCA analysis is discussed below.
Future changes in the vendor’s approved LOCA analysis methods, or
changes in fuel vendor, could require minor modifications. The
Supply System will continue to provide whatever neutronics
information is required to interface Wlth the vendor’s approved
analysis methods.

The local peaking factors are calculated as a function of exposure
and moderator void fraction using the lattice physics methods.’
The .fuel rod power" history data are.calculated dsindhthe:core
simulation code. The first step in determinind therrod power
histories is to do a}cycle‘step through based on the cross séctioh
libraries generated by the lattice physics codes. Followihqmthese
calculations, the fuel rod power histories are ,determined'“by
extracting two-dimensional nodal power and LHGR distributions, and
core average and specific assembly axial power shapes, from the
core simulation results at each exposure point of the stepthrough.

In evaluating the void reactivity the all rods odt end of“éYElé,
conditions are analyzed because the combination of scram, void, and
Doppler reactivities is most limiting under those conditions.> The
void reactivity is determined as a function of moderator density by
running a series of core 51mulation calculations in which the core
pressure and inlet subcooling are changed in combinations that
preserve the inlet enthalpy. ., The resulting reactiVities as a
function of moderator density. are examined to verify that the
Supply System void reactiv1ties are. more negative than those used
in the fuel vendor’s.LOCA analysis. Resultsﬁfor,pycle 8 are‘given

e

in the following section.

X ' - ' . " ' - M ‘ -

. The Doppler reactivity is obtained as a function of exposure ahd
fuel temperature from the results of pairs of lattice thSics
calculations at differeht 7,fuel.¢temperatures. The results are
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examined to verify that the Supply System Doppler reactivity is
less negative than that used in the fuel vendor’s LOCA analysis.
Results for Cycle 8 are given in the following section.

The scram reactivity is calculated by.first condensing the three-
dimensional core data for the end of cycle to one-dimensional data
by use of the core neutronic linkage code. The resulting one-
dimensional data -is used as input<to the transient analysis code.
In the transient analysis calculation, the void and Doppler
reactivities are set-to zero and .a control rod scram is modeled in
order ‘to determine’ the time -dependent scram reactivity.  The
réSuitinq scram rod ‘worths are compared to the wvalues used in the
fuel vendor’s LOCA analysis to verify that.the Supply System worths
are greater. Results for Cycle 8 are given in the following
section. J

A ~ -
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5.3.10.5 LOCA Neutronics Results for Cycle 8

The current fuel véndor, SPC, in their LOCA analysis (Reference
22), does not use best estimate values of Doppler reactivity, void
reactivity, and scram reactivity.: Rather, input values of .these

reactivities ‘are selected to. increase the severity of the LOCA and |,

Ehéréby“providé*bouﬁding results. for ' its'consequences., Thus, when

"these three cycle-specific 'reactivities are evaluated by the Supply

System, they are compared by the Supply System to those used by SPC
to 'ensure that SPC’s analysis remains bounding.

The Supply System and SPC void reactivities for Cycle 8 are
compared on Figure 5.3.10-1. For consistency with SPC, the void
reactivities are shown as a function of axial average moderator
density with the zero point corresponding to an axial average void
fraction of 40%. The Supply System EOC8 curve 1is seen to be
steeper than the curves for the SPC 8x8 and 9x9 assemblies. Figure
5.3.10-1 shows that the Supply System k-effective decreases with
decreasing density (increasing void fraction) more rapidly than
SPC’s. Thus, SPC’s analysis remains bounding with respect to void
reactivity.

- 5%3.10=-12




The Supply System and SPC Doppler reactivities for Cycle 8 are
compared on Figure 5.3.10-2. For consistency with SPC, k, is shown
as a function of the square root of the fuel temperature (in
degrees Rankine), with'the zero point at 1467 R. The Supply Systenm
curve is seen to be less steep than SPC’s. Thus, the.Supply System
K. increases less rapidly with decreasing fuel. temperature than
that assumed in SPC’s bounding LOCA analysis. Thus, SPC’s analysis
remains bounding with respect to.Doppler reactivity. e

The Supply System and SPC scram»reacti%ities fprLCyéle‘s are
compared on Figure 5.3.10-3. The Supply System rod worth is seen
to be more negative than that used in-SPC’s bounding LOCA analysis;
Thus, SPC’s analysis. remains . bounding . with respect to ;scram
reactivity. ) ) ‘

5.3.10.6 Sensitivity studies/Justification of Process

The LOCA analysis is‘based on the use of approvéd fu;l subplier
methodology, which satisfies the requirements of 10CFR50.46 and
10CFR50 Appendix K. The required conservatism in the LOCA analysis
process' is based on the .use of- the-10CFR50.46 event{accebpanqe

limits and the 10CFRS50 Appendix K.model requirements. The,Suppfy.
System inputs to the LOCA analysis are determined consistent with
the approved methodology. No. further sensitivity studies are

required. T e e e .
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Sequence of Events for the Loss of Coolant Accident

A large break in a recirculation pump suction 1line assumed to
occur.

Offsite power is lost.
High drywell pressure and reactor low water level reached.

Scram initiated.

All diesel generators signaled to start. Low pressure core spray
diesel generator assumed to fail to start.

ECCSs signaled to start.

Reactor low-low water level reached.

MSIVs signaled to close

Reactor low-low-low water level reached.

MSIVs closed.

Diesel generators ready to load and load sequencing begins.
HPCS injection valve open and system reaches design flow.
ECCS iow pressure permissive satisfied.

LPCI injection valves open and system reaches design flow.

+5.3.10-15
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5.3.11 Shutdown Margin
5.3.11.1 Event Description

A shutdown margin calculation is performed to demonstrate that the
core 1is capable of being made subcritical at all moderator
temperatures with adequate margin throughout the operating cycle to
account for uncertainties and the effects of a stuck.control rod.
Shutdown margin is a measure of the degree to which the core is
subcritical under the analyzed conditions. The shutdown margin in
the cold condition is analyzed for the reference loading pattern
and recalculated for the final loading‘patéérn. These analyses
provide assurance that..the. shutdown mangiﬂ demodstragion test
required by the plant technical specifications will be accep;éble.
There is no initiating event associated with the shutdown margin
analysis. B -
* . o
5.3.11.1.1‘ Initial Conditions and Operational Assumptions
The following plant operational conditions and assumptions fdrm the
principal bases for the shutdown margin demonstration analyéis:

2e

+

(a) The highest worth '‘control rod is. fully w1thdrawn and all
) other control rods are fully inserted.
“*(b) The core is in a xenon free condition.
. (¢) The moderator temperature is at its most reactive'state
associated with attaining cold shutdown conditions.

»
¥
»

..

5.3.11.1.2 Operator Actions »

There are no operator actions associated with this event because it
is an evaluation of plant capability and a demonstration that the

plant can attain a safe cold shutdown condition.




5.3.11.1.3 Event Acceptance Limits

The shutdown margin requirement is contained in the plant technical
specifications. The criteria used in the analysis process is to
ensure that there is sufficient margin incorporated to account for
analytical uncertainties and ensure that the shutdown margin
demonstration test will be satisfied. In the core design for the
reload fuel analysis to satisfy this criteria, the shutdown margin
Ak is required to be greater than 0.01 k,, (1% of the calculated
best estimate cold critical eigenvalue).

'
= 4

5.3.11.2 Analysis Considerations

This section describes the key analysis considerations applicable
to the shutdown margin demonstration analysis. It includes: (1) a
description of the phenomena occurring during the event that have
a significant impact on the event consequences; (2) a discussion of
the system” performance characteristics that can significantly
affect the course of the event; and (3) a discussion of the
performance characteristics of the important components as they
relate to the event consequences.

-

5.3.11.2.1 Key Phenomena . .

Cére Phenomena only - the core phenomena are .required in; the
shutdown margin analysis. The systems effects are treated as
boundary conditions to the core. The important core phenomena are
those that affect the core reactivity in the cold shutdown
condition. The reactivity components important in the shutdown
margin analysis are: (1) the core reactivity, including exposure
effects and reflector representation; (2) the control rod
reactivity; and (3) moderator temperature.--

5.3.11-2




5.3.11.2.2 Systems Considerations, . e

The shutdown margin analysis is based on the assumption that the
plant is in the cold shutdown condition. All systems are assumed
to operate as designed for the cold shutdown mode, with the
exception that the highest worth rod is stuck in the fully
withdrawn condition. .

.
- "

5.3.11.2.3 Component Performance -Characteristics

The shutdown margin analysis. requires modeling of the core and fuel
system, including control rods, to ensure that the_ reactivity
effects are properly accounted for. The remainder of the NSSS
provides. boundary conditions to the core. e

* x
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5.3.11.3 Methodology/Integration of Codes and Analysis

The shutdown margin analysis ., utilizes the SIMULATE-E three-
dimensional BWR simulator code as the primary analysis‘ code.
SIMULATE~E is used to directly calculate the shutdown margin.  The
lattice physics input to SIMULATE-E is provided by,CASMQ-ZE'th:ough
NORGE-B. The MICBURN-E code is used to determine the gadolina
cross sections used in CASMO-2E. The: RODDK-E code, based on
SIMULATE~E input, is used for preliminary identification Kof
candidate high worth control rods. . (See Section 2, and Figure 2-1
for an ‘overview of the overall WNP-2 reactdrqanalysis metpodalogy
computer code sequence.) . . L. ..
f « .

» s 7 - , :

5.3.11.4 Licensing Analysis Process

Calculation of "the..shutdown margin - (4Ak), requires the use of
SIMULATE~E and RODDK-E.and associated cold cross section libraries
developed using the lattice physics codes. The use of SIMULATE-E

and RODDK in the shutdown margin analysis is described below.

Calculation of the shutdown margin requires comparisons of
calculated and measured cold critical data to provide estimates of

P 5.3,11=3




| the computational bias and .uncertainty present. in. the  core
| simulation model. Based -on the results of these comparisons, two ‘
cold critical correlations have been determined. One of these
gives k,., a best estimate value of the cold critical eigenvalue
(k) as a function of exposure. The other gives a conservative

+ » v we value of -the cold critical k4 (X..); such that for calculated values

of k., below k., there is 95% confidence that the reactor is
suberitical.

- N P - £ s
-

During- the ‘development of a fuel ‘loading pattern- for. the core,
shutdown margin is generally calculated first. for a number of
preliminary designs and then for the final design. Most details of
the shutdown margin cdlculation. are ‘the-same for preliminary and
final designs. - The main steps. in. the shutdown. margin calculation
are described below. Figures 5.3.11-1 and 5.3.11-2 are proyiggd as
an aid in understanding the’shutdown margin 'calculation.’ ;

~ - -

¢ : . M

STEP 1: To begin, a SIMULATE-E hot restart file is-generated for
each exposure point in the cycle. This is the only step where the '

details differ for preliminary and final designs:

» .
- - *

® s

For'a preliminary design, a SIMULATE-E.Haling depletion is first
run’to the end of full power life (EOFPL) with the end of .cycle
'(EOC) exposure selected "by. the code so the final value of kg
‘matches a target eigenvalue.. The local peaking factors and thermal
limits ‘predil:ted by the’code are then 'checked, and, if they are
écdeptable, a SIMULATE-E ' reverse Haling' depletion is. run to
generat.ém a hot restart file at each cycle :exposure .point that is a
multiple of 1.0 GWA/MTU from EOC to zero exposure.

v . . . -
= B

"For the’ final design, a’set of SIMULATE-E rodded depletions is.run
J'stz.art'ing “at- tHe beginning of *cycle (BoC) and “progressing _in
exposure steps of 0.5 GWAd/MTU. At each exposure step-.the rod
pattei:'ns are Edjusted unitil’ the eigenvalue (k) matches a target
eigenvalue and the flux shape and thermal limits are acceptable.

When these criteria are satisfied the SIMULATE~E hot restart file ‘

5.3.11~-4




is saved and the depletion proceeds to the next exposure point.

The process continues until the -EOC is reached. By either of the

above methods a set of SIMULATE-E hot restart files is generated,.
one for each exposufe’point considered.

The remaining steps in the shutdown calculation are performéq for
each of these exposure points in turn. -

STEP 2: At each exposure point, two SIMULATE-E full core, éol&
calculations are run, one with 'the, control rods in the all rods ogt
(ARO) "position and one with the rods: in the -all rods %q;(ARIl
position.' These calculations use the cold cross sgction,l@bragy;
assume a temperature of 68 °F, and-set the xenon,concentr;t;gnmtq
zero. ' 'In addition, and for added conservatism, the sgmari&ﬁ
concentrations are set to ‘their hot equilibrium valueé, i, e.lhé
reactivity credit is taken for additional  samarium . produced by
promethium decay after shutdown. The two SIMULATE~E runs generate
the cold restart files for the' ARO and ARI cases.

STEP 3: An initial estimate of rod worths is. made to identify
likely candidates for highest worth rod (HWR). Because the
execution of separate SIMULATE-E runs for every rod .in the core
would require a larger amount of effort and would produce an
unwieldy amount of data, this preliminary rod worth. evaluatlon 1s
done with the RODDK—E code. RODDK-E reads the SIMULATE-E cold ARO
and ARI restart files, calculates an.estimate of the reactivity
worth of each control' rod, and -provides -a list of rods‘ (éhd
corresponding eigenvalues) :in order of decreasing rod wprtp:

" - -
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STEP _4: The RODDK-E results are examined and one or more candidate
HWR’s are selected for more accurate analysis with the, SIMULATE-E
code.  '-If- RODDK~-E identifies .a "single, high worth .rod witl;zf a
corresponding k., significantly greater than that of the next o
hlghest worth rods then.it may.be appropriate to select only that

o
A
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rod as the HWR.- :In most cases:though,, RODDK-E will identify .
several high worth rods having very similar values of k4. Then,,
all such rods are.selected' for further .study. :

a .

STEP 5: " A SIMULATE-E full core cold calculation is run for each of
the candidate rods selected in the previous step. In each of these
calculations,” all of the control rods are set to the ARI position

except for-the-associated candidate .rod which is fully withdrawn.

]
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STEP 6: -The values of' X,y obtained- by SIMULATE-E in the‘prevv”iouis, ‘5
step are examined.. The highest eigenvalue. is selected aﬁ_nd the
corresponding withdrawn rod is identified as the true HWR. Because
the location “of - the ‘HWR:- often’' changes with exposure this
identification of the HWR generally is applicable only tow’ tt{‘e
cirrent exposure point. = » --- - . - ..

- M

STEP 7: In this final step, the-value of the shutdown margin ,(Ak)

is determined. This quantity'is defined as the difference between

the eigenvalue giveri by Ky and the SIMULATE-E Kk, value (k) .
corresponding to the HWR found in the previous step, i.e.‘:

' L AR = Kyt = Koo : S L . N
This ‘completes the calculation of- shutdown margin for a”parti‘cuia‘xr

=R .

exposure point.” Steps 2 through 7 are repeated for any remaining
points. e e

Shutdown Margin Requirements in Supply System Core besigns

For conservatism, the Supply System requires that the shutdown
margin exceed an appropriate minimum value in all situations. The
minimum is defined by the simultaneous requirements that:

(a) Ak > (technical specification margin) * k.. and
(b) Ak > Ky, = Keo

The first inequality is a requirement contained in the plant
technical specifications. The second inequality is a statement . 1

[
"y
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that shutdown margin would remain greater than zero even if it were
defined as k. - Kkn. instead of as k. - Kun.- (This alternative
definition would provide a 95% confidence, rather than a best
estimate, that the reactor is subcritical). In the event that
inequality (b) is more demanding than (a), k.. is simply redefined
to have an appropriate lower (more conservative) value such that
(a) again holds. Thus, shutdown margin is required to exceed the

technical specification requirement times k., in all cases. In core,

design work, it is current Supply System practice to seek loading
patterns having an even more conservative 1% shutdown margin, and
in those cases Ak is required to exceed 0.01 times Ky..

5.3.11.5 Sensitivity sStudies/Justification of Process

The Supply System requirement that the shutdown margin satisfy (b)
above, has built in conservatism because it is equivalent to
defining shutdown margin in terms of k., (95% confidence) rather
than k. (best estimate). The use of this more conservative cold
critical correlation is believed to bound other uncertainties in
the shutdown margin analysis. The correlations k,, and k., are
based on comparisons of measured and calculated cold criticals from
several cycles at WNP-2. The Supply System will continue to update
these correlations as additional cold critical data becomes
available.

'5¢3.11~7
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5.3.12 Standby Liquid Control System Capability
5.3.12.1 Event Description

The standby liquid control system capability analysis is performed
to demonstrate the ability of the system to perform its design
function. The standby liquid control system is designed to insert
sufficient negative reactivity to enable the reactor to reach a
xenon free shutdown condition from full power operation without
movement of the control rods. In the standby liquid control system
capability analysis, it is assumed that the control rods remain
withdrawn in their full power pattern, and the standby 1liquid
control system is manually initiated to provide the negative
reactivity, by injection of soditfm pentaborate into the core,
necessary to enable the cold shutdown condition to be attained.
Following the manual initiation of the standby 1liquid control
system with the plant initially at full power, the power level will
begin to decrease as the sodium pentaborate enters the core. The
operator is assumed to follow procedures and control the remaining
NSSS parameters such that no automatic system trips or system
initiations occur. The event is terminated when the cold shutdown
condition is reached. For the purposes of this analysis, shutdown
" is considered to be accomplished when the reactor is subcritical at
the most reactive temperature with no xenon present.

5.3.12.1.1 Initial Conditions and Operational Assumptions

The following plant operational conditions and assumptions form the
principal bases for the shutdown margin demonstration analysis:

(a) The plant is at its rated power level and minimum core
flow at the most reactive point in the operating cycle.

(b) The control rods remain in a pattern consistent with the
operating condition.

(c) The core is in an equilibrium xenon condition.

§.3.12-1




(d) The standby liquid control system is manually initiated
and functions as designed.

(e) The reactor shutdown and subsequent cooldown is
controlled by operator actions consistent with plant
. procedures.

$.3.12.1.2 Operator Actions

once the operatorkdetermines that shutdown is to be accomplished by
the standby llquld control system, the system is,initiated from the
main control room. Follow1ng system 1n1t1atlon, systen operatlon
and 1solatlon of the reactor cleanup system are conflrmed. Durlng
‘the shutdown process, the operator monltors power "level and the
NSSS. operatlng parameters and follows the procedures ‘for attaining

a, cold shutdown condltlon.‘ i .
5.3.12.1.3 Event Acceptance Limits

| The criteria used in the standby liquid control system capability
| analys:.s process is to ensure that the reactor can attain a cold .
| . shutdown condition w1thout movement of the control rods. " In the

core design for the reload fuel analy51s to Satisfy this’ crlterla,

the shutdown margin 1s requlred “to be greater than 0.01°Ak at the

most reactlve temperature w1th a boron concentratlon of 660 ppm in

the core. : e e
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.5.3.12.2 BAnalysis Considerations ' - ' )
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. This sectlon descrlbes the key analysxs con51deratlons applicable
- to, the shutdown margln demonstratlon analy51s. It lncludes. (1) a
a s1gn1f1cant 1mpact on the event consequences, (2) ‘a dlscus31on of
the system. performance characterlstlcs that ‘can SLgnlflcantly
, affect the course of the event, and (3) a discussion of the

. performance characterlstlcs of the lmportant components as they
relate to the event consequences. § '
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@ $.3.12.2.1 Key Phenomena . . - . . ,

The standby liquid control system capability is a relatlvely simple
"event to analyze beéause the only conditions of 1mportance ‘are the
full power operating condition and the shutdown condition at the
temperature of maximum reactivity. The major complexity is in the
simulation of the core phenomena and the standbi liguid < control
system phenomena as it.impacts the oore phenomena.

-

Core Phenomena , The core phenomena are” the only ‘phenomena that
require simulation for the standby lquld control system capablllty
analysis. The phenomena that ere of 1mportance in the core region
are those that affect the change 1& reactivity from the full power
operating state to the shutdown conddtion, using sodium pentaborate
mixed with. .the moderator instead of control rods as the mechanism
for attaining shutdown.
The negative reactivity insertion by the standby liquid control
@ system must compensate for the reactivity gains in the transition
from the full power to the shutdown condition. The positive
AreaCtivity effects to be considered include the elimination 'of
steam voids, the reduction in the Doppler reactivity, the-reduced
neutron leakage from hot to cold, the decrease in control rod worth
as the moderator cools, and the decay of the xenon inventory.
The selection of the operating states is important in the analysis.
In selecting the full power operating state, the core exﬁosure,
control, rod pattern, and core flow are selected to maximize the
void reactivity and mlnlmlze the control ~rod inventory. In
~addition, the control rod lnventory is’ established With the maximum
.xenon 1nventory (equlllbrlum xenon) The shutdown condition'is
established at the most reactlve temperature J.n “the ‘range of
possible operating condltlons between hot shutdown and the minimum
temperature within the capablllty of the shutdown coollng system.
The sodium pentaborate solutlon is 31mulated as unlformly ‘mixed
0 with a concentration of 660 ppm. :
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System Phenomena The system effects are:treated as .steady state
inputs to the specific operating state being evaluated. Theamixed
sodium pentaborate concentration is used to simulate the operation
of the standby liquid control, system.

A

5.3.12.2.2 Systems Considerations

Thé'standby‘liquid control system capability analysis is based on
the assumption that the control rods: remain in position until the
cold shutdown condition is reached. All other systems are assumed

to operate as designed.

’y - . - .
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5.3.12.2.3 Component Performance Characteristics
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The standby liquid control -system capability. analysis requires
modeling of the core and fuel system to ensure that the reactivity
effects are properly taken into account. The remainder of the NSss
including the standby liquid control system is modeled as'steédy
statewinputs. The mixed sodium pentaborate concentration is based
on an assumed allowance for imperfect mixing, leakage, and the
volume of the"recirculation system and shutdown cooling sysfem. ;
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5.3.12.3 " Methodology/Integration of Codes and Analysis . ..
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‘The standby liquid-control system capability analysis utilize; thé
'SIMULATE-E three-dimensional BWR ‘simulator code.  as the prkméry
analysis code. SIMULATE-E is used to. establish the control rod
pattern associated with the 1limiting full power opefating
condition. This control rod pattern is used at the limiting
temperature with the mixed boron concentration to determine the
shutdown margin in the xenon free condition. The lattice physics
input to SIMULATE-E is provided by CASMO-2E through NORGE-B. The
 MICBURN-E code is used to determine the gadolinia cross sections
used in CASMO-2E and ESCORE provides the fuel temperature
distribution in the hot condition. (See Section 2 and Figure 2-1
for an overview of the overall WNP-2 reactor analysis methodology

computer code sequence).
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5.3.12.4 Licensing Analysis Process

Calculation of the. shutdown margin ' (4k) requires the use of
SIMULATE-E associated hot and cold cross section libraries
developed using the lattice physics codes, including the boron
libraries for the shutdown analysis. In the analysis, a unifornm
mixture of 660 ppm of boron is assumed in the reactor coolant.
Analyses are performed for both the full power at the most reactivgﬂ
eprsure point and -shutdown condition  at the mosﬁ ‘reactive,
temperature. ' : .

)

5.3.12.5 Sensitivity Studies/Justification of Process

- .
s, * Y . ¢ - .
.

The use of 660 ppm of boron in the core provides the required
conservatism in the- analysis. - The ‘mixing allowance..and the
allowance for-dilution provide adequate assurance that the standby

liquid control system satisfies its design objective. . .

Table 5.3.12-1 shows various sensitivity studies perfo?med
throughout Cycle 4 and the corresponding margin to criticality for
" 660 ppm boron in terms of AK,,ua+ The most reactive exposure is
at the beginning of Cycle 4. The hot operating rod patterns are
the control rod patterns at hot ‘full power critical conditions.
The rod patterns on the 104% rod line are the control rod patterns
developed for the lowest recirculation pump speed .allowed at full
ﬁower‘which was ‘the 104% rod line. As can be seen the minimum
Ak;uﬁg occurs at 560°K at the most reactive exposure in Cycle-4.

-
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%
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5.3.12.6 Cycle 8 Results

fable 5.3.12-2 shows analysis results for Cycle 8. There is no
direct comparison to vendor results since the vendor does this
analysis at 68°F, with all control rods out and a requirement of 3%
Ak margin to criticality. However in the Cycle 4 sensitivity
studies it was found with the Supply System methodology and
criteria that the minimum shutdown margin was 1.6% which is only
0.6% above the requirement of 1% Ak margin to criticality. In the
same seﬁsitivity studies it was determined that if the vendor
criteria was ﬁsed with the Supply System methods that there was a
shutdown margin'of 6.1% which is 3.1% above the requirement of 3%
Ak margin to criticality. Thus the Supply System methodology and
criteria is more stringent than if the Supply System used 68°F and
all control rods out with a 3% margin to criticality.

5.3.12-6




Table 5.3.12-1
Sensitivity Studies

Case Case Cycle AK guperiticat
Description Exposure
S ' (GWD/MT)
1 Hot Operating Rod Patern at 293°K . 4 0.2 0.065
2 Hot Opersting Rod Paiem st 425K 0.2  0.038
3 Hot Operating Ro;iPmcm at 560K .;).2 0.017
4 Rod Pattern (104% Rod Ling) at 295K’ 0.2 0.064."
5 Rod Patterm (104% Rod Lige) at 425K . 0.2 0.037
6 Rod Pattern (10455 Rod Liac) at 560K 0.2 0.016
7 * All Control Rods Out at 293K 0.2 ‘ ;0.061“
8 Hot Operating Rod Patem at S60K 1.3 0.016
9 Rod Patter (1045% Rod Line) at 203K 1.3 0.067
10 Rod Patiern (104% Rod Line) at 428K 1.3 0.038
11 Rod Patiern (104% Rod Linc) st S60K 1.3 0.016
12 All Control Rods out at 293°K 1.3 0.065
13 Hot Operating Rod Patiera at 293°K 2.8 0.073
14 Hot Operating Rod Patern at 425°K 2.8 0.042
15 Hot Operting Rod Pattem at S60K 2.8 0.018
16 All Control Rods out at 293°K 2.8 0.069
17 All Coatrol Rods out at 293°K 6.0 0.086
18 All Coutrol Rods out at 560K 6.0 0.027

“*5.,3.12-7




Table -5.3.12-2 .
Cycle 8 Results

Depl. AK yperitiea
(GWD/MT)
0.0 0.020
1.0 0.018
5.1 0.023

- 5.3.12-8




5.3.13 ASME Code Overpressure Protection Analysis

5.3.13.1 Event Description

The pressure relief system iswwdesigned to prevent over-
pressurization of the primary reactor coolant pressure boundary.
The Code overpressure protection analysis is performed to
demonstrate compliance with the ASME Code [Reference 18). Pressure
relief 1is accomplished by the opening of ASME Code qualified
safety/relief valves. e

The vessel overpressure protection system for.WNP-2 is designed to
satisfy the requirement of Section III, "Nuclear Vessels," of the
ASME Code. The ASME Code, Section III, permits the reactor
pressure vessel and reactor coolant pressure boundary to exceed
their design pressures in a pressurization event based on the
frequency of occurrence. The code requires that the 1lowest
qualified safety/relief valve setpoint be at or below the vessel
design pressure. Section III also allows credit to be taken for
the reactor protection system and reactor scram as a pressure
protection device when determining the required safety valve
capacities for nuclear vessels. The following pressure limits are
applied consistent with the ASME Code requirements:

(a) Under upset conditions, the reactor pressure is not to
exceed 110% of design pressure.

(b) Under emergency conditions, the reactor pressure is not
to exceed 120% of design pressure.

(c) Under faulted conditions, the reactor pressure is not to
exceed 150% of design pressure.

Based upon the ASME Code requirements, NRC regulations, and WNP-2
licensing commitments, a conservative approach to the overpressure
protection analysis has been adopted. In this approach, the most
severe pressurization event is analyzed and the results are
compared to the ASME Code upset limits. The event definitioﬁ
includes the failure of any direct scram signal associated with the
event initiator. Based on the current safety analysis, the most

& 5;0‘3 . 13:-1



severe pressurization event.is.the closure.of all main steam line
isolation valves (MSIV) with a high neutron flux scram (i.e., MSIV
position switch scram disabled). This. conservative approach is
used for the WNP-2 analysis. Event occurrence probabilities
suggest that' it would be more' appropriate to compare the ASME
emergency or faulted limits to the pressurization consequences of
a closure of all MSIVs with a failure of the direct MSIV pos1tlon

- e I 5
‘ T -

switch scram.
Closure of all MSIVs causes a rapid reduction in steam flow which
results in a’ system pressure ‘increase. -Neutron flux increases
rapldly because of the core moderator void reduction caused by the
pressure increase. 'The pressure increase is-limited by opening of
the safety/relief valves ‘and the reactor scram that is initiated by
the average power range monitor (APRM) high neutron- flux signal.

Table 5.3.13- 1 shows the expected sequence of events for.the .Code
overpressure protectlon analysis tran51ent initiated by MSIV

closure. ‘ o o s .

* - -

5.3.13.1.1 Initial Conditions and Operational Assumptions'. ....

The following plant operational conditions and assumptions form the
principal bases for the Code overpressure protection analysis:

5 v A

3 (a). The plant is operatlng at the safety analy51s power level
L and 106« rated core flow.” - .

(b) The remaining NSSS operatlng parameters are con51stent
w1th normal plant operation. * T :

- v 1

.. (e) All MSIVs close at the fastest rate ldentlfled 1n the
technlcal spec1f1catlons. ) . »

= LIS

= b
-

(d) A reactor scram is 1n1t1ated only by hlgh neutron flux.
No credit is taken for the-scram'signal generated by MSIV
position switches.

(e) Safety relief valves are availdble to limit the.pressure

increase. However, the six safety/relief valves with the

o .lowest safety setpoints are assumed to be out of service;
' . . - S B

+ - .
. . )
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only the safety mode is:available for opening of the
remaining valves.

(£f) All of the remaining plant control systems function
normally.

(g) The system trips and initiation signals are cons1stent
" with the technical spec1f1catlons.

5.3.13.1.2 Operator Actions

-

- I
This event is analyzed to demonstrate compliance to the

overpressure protection requlrements of the ASME Code. The peak
pressure conditions are llmlted only by systems that 1n1t1ate

A

automatically. Operator‘act;ons are not consxdered
5.3.13.1.3 Event Acceptance Limits

The acceptance limits for this event are based on the ASME Pressure
Vessel Code, Section III. As dlscussed above 1n “section 5. 3 13-1,
the Supply System applies the more conservative upset condition
limit (110% of design pressure, or 1375 psig) to the peak reactor

vessel pressure. . . , ,
LI \ 5 LA ' * ;rnrl»“‘ ¢ s o

.-

5.3.13.2° Analysis Considerations
. : C w Lokl e o
This section describes the key analysis considerations applicable
to the Code overprotection analysis event. It incl@des: (1) a
description of the phehomena occurring during the event that have
a significant impact on the event consequences, (2) a discussion of
the system performance characterlstlcs that can significantly
affect the course of the event, ‘and (3) a dlscuss:n.on of the
performance characterlstlcs of the 1mportant components as they
relate.to the event consequences.: g )

= ! 1, »

'
Bow en

5.3.13.2.1 _Key Phenomena . .

:

Described below are the Key phenomena related to the ASME Code
overpressure protection analysis event. Consideration of these

"~ 5.3.13-3




phenomena is -necessary- in. the simulation., of this event to
accurately model the plant response. '

The Code overpressure protection event involves the reactor core,
the .entire reactor coolant pressure boundary, and the associated
valves .and discharge piping. The event is characterized by rapidly
changing conditions with complex interactions. Because scram is
delayed, this is one of the most dynamic events éoasidered in the
safety analysis. '

. . g ’e -
S N - . 14 e [ L

Steam Line_ Phenomena” The event begins .with the iapid‘closure of
all MSIVs which causes -a pressure increase. in the steam system that
is"rapidly transmitted teo the reactor. pressure vessel .by pressura
wave phenomena in the steam lines. , The relief valves open at,pra¥
established setpoints 'allowing.a steam release path for pressure
relief.” Nodalization of the steam lines, up to and including the
MSIVs,.is sufficient to .ensure simulation of the system pressure
response. . The .nodalization of the downstream piping ahd the
turbine control valves is adequate to simulate the control valve
and MSIV interactions. Extensive nodalization studies. for the
steam:lines are performed and shown in.the attachment to.Reference
97 .- Wit N S .. » '
Pressure_ Vessel Phenomena The propagation of the pressure wave
from the steam lines to the core is an important phenomenon.. The
attenuation of the pressure wave by the steanm separators 1s a
particularly important -phenomenon- in modeling -the t;mlng‘of the
‘core moderator void changes. : . . . o e e

. N LR B R
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Recirculation Phenomena During the:initial phase of the event, the
recirculation ’‘phenomena -are.-dominated by- the rapidly. changing
conditions in the core and reactor pressure.vessel. .In,thé.manuai
flow control mode, the recirculation valve position is held
‘constant. *.The-increase .in vessel, pressure during the.event.may .be
sufficient to .initiate a high pressure trip of the recirculation
punps (RPT). Following the RPT, the recxrculatlon pumps will coast
down reducing the recirculation flow and core inlet flow.

’,5 - 3 .,13-4




Modeling of the recirculation flow phenomena is important to ensure
that the changing recirculation flow is correctly calculated. The
.recirculation system modeling includes consideration of the
downcomer phenomenay including the annular flow region above and
through the jet pumps. The changing performance of the jet pumps
at varying pressure and drive flow is included. The external
recirculation loop flow is represented so that flow into the vessel
as a ‘function of time is accurately simulated..

Core Phenomena The phenomena important in the core region are the
reactivity effects that contribute to changes in neutron flux level
and hence energy generation and power input to.the-coolant. The
primary reactivity feedback effects are steam void reactivity, fuel
temperature Doppler" reactivity, and control rod reactivity. The
steam void reactivity contributes to the initial ‘positive
reactivity as a result of steam void collapse as the pressure
increase from the steam system reaches the core. The collapsing
moderator voids cause an increase in power level which in turn
increases fuel temperature and moderator voids to the point that
power would reach a new level. With steam flow restricted (unless
scram is initiated) pressure and core power level would continue to
rise. A rapid scram of control rods limits the magnitude of the
transient pressure and power levels.

5.3.13.2.2 Systems Considerations

For the ASME Code Overpressure Protection analysis, the initiating
event is the action that causes full .closure of all MSIVs. MSIV
position scram is not assumed to occur and ASME Code qualified
setpoints are used for the safety/relief valves. All other safety
systems that respond are assumed' to function as .designed and to
actuate at their pre-established setpoints.
The important systems to be considered are:. (1) the reactor
protection system including the APRM high neutron flux scram; (2)
the control rod drive (scram) system; (3) the steam system

®
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including MSIVs, control valves and-safety/relief valves; (4) the .
recirculation system, including the RPT; (5) the steam separation

system inside the vessel; (6) the feedwater system; and (7) the

fuel and core system, including the nuclear/thermal hydraulic
coupling: Because this analysis is directed toward establishing

peak vessel pressure, no other systems are assumed to operate.

"

5.3.13.2.3 Component Performance Characteristics

| The . Code  overpressure protection analysis requires detailed
| modeling. of the NSSS in order to ensure that all systems‘that
| influence reactor system pressure, steam flow, core flow, and core
inlet enthalpy are properly considered. The selection of licensing
basis component performance characteristics is based on a buildup
of conservative assumptions .established by .past .practices and
1icensing requirements. - . .

MSIV_Closure Characteristics The main steam isolaéion valve
closing characteristics are fundamental to the analysis because the .
MSIVs initiate the event by rapidly stopping steam flow from the
vessel.., The MSIVs are designed to have an adjustable closure time
within specified limits and the allowable range is controlled by
the. technical specifications.. Because. this event is a

| pressurization event, the fastest closure time in the technical

| specifications is used in the analysis to ensure a conservative

| result. ;

safety/Relief Valve Setpoints The safety/relief valves are used to
protect the reactor coolant pressure boundary against overpressure
events.. The technical specifications for the ASME Code qualified
mode establish-: limiting conditioqs.ﬁor the safety/relief valve

| 'setpoints. The maximum yaiues,are used in the‘analysis in érdef to

| ‘ensure conservative evaluation of the system pressure response.
only the self-actuated (spring) function. of the safety/relief
‘valves is provided for in the analysis. The pressure drop on both
the inlet and discharge sides of the valves is accounted for. .

55.‘301.3.-'6



Further conservatism is obtained by assuming- the .six-SRVs with
lowest setpoints are out of service.:

f\r«; .
Recirculation Pump Coastdown Characteristics - The RPT on high
reactor pressure is simulated. The slowest pump coastdown

consistent with design specifications is used in the analysis. 1In
addition, the maximum instrumentation and signal processing delay
times are used in the analysis. - " ST . e s

Feediwater Controls The nominal feedwater control.response.time:is
used in the analysis: WNP-2 has steam turbine driven. feedwater
pumps "and closure of the MSIVs isolates their steam-supply..'The
coastdown of the’ feedwater system is simulated-following- isolation.

APRM Neutron Flux Trip It is assumed that the APRM highxneutron
flux trip provides the signal to the reactor protection system
which, in turn, initiates a reactor scram. This setpoint is
controlled by the plant technical specifications and the maximum
allowable value is used in the‘analysis.

*

eactor Protection System Signal Delays The reactor protection
system includes the'collection of a number of analog- and digital
:51gnals, condltlonlng of* these signals, -comparison ‘to pre-
éstablished setpoint limits and activation of nuclear system trips:
The 'signal processing and - trip initiation involves delay’ times
which impact transient response. The plant technical
spec1f1catlons identify the allowable reactor protection system

response times. I Co , . ;

S
- - g ¢
- e

Control Rod Drive Insertion Time ‘The -control: rod drive system

p}ovides the primary mechanism fof'neQative-reactivity insertion
for terminating the transient.* The control rod drives are inserted
in the scram mode by the scram hydraulic control system. .The scram
"£ime for the control rods is based:on-the'scram time specified’in
the technlcal spec1f1catlons, ‘(e.g., technical spec1flcatlon scram

g
" -
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5.3.13.3 Methodology/Integration of Codes and Analysis

The primary model used in the simulation of the event is RETRAN=-02.
RETRAN-02 is used to calculate the changes in system and core
average nuclear and thermal hydraulic parameters throughout the
event. The RETRAN-02 analysis results are used in the assessment
of peak reactor vessel pressure. |

The analysis of the Code overpressure protection analysis is
performed using the following codes in the sequence shown on Figure
2-1: (1) - ESCORE; (2) MICBURN-E; (3) CASMO-2E; (4) NORGE-B, (5)
SIMULATE-E; (6) SIMTRAN-E; (7) STRODE; and (8) RETRAN-02. ESCORE
is used to provide -the fuel rod temperature distribution used in
CASMO~2E . MICBURN-E provides the gadolinia cross sections used
in CASMO-2E. CASMO-2E is used to perform the lattice physics
analysis to generate‘the cross sections for SIMULATE-E and the
inverse neutron velocity and total effective delayed neutron yield
for SIMTRAN-E. NORGE-B is used to transfer the CASMO-2E data to
SIMULATE-E and SIMTRAN-E. SIMULATE-E develops the three-
dimensional macroscopic cross section data to be processed by
SIMTRAN~-E. SIMTRAN-E collapses the three-dimensional cross section
data to one dimension and transfers the other nuclear parameters to
RETRAN~02. STRODE is used to adjust the moderator density feedback
behavior and delayed neutron fraction data for input to RETRAN—OZ

RETRAN-02 is used to perform the transient analysis.

5$.3.13.4 Licensing Analysis Process

In the Code overpressure protection analysis, the following

condmtlons are applied. . . .

(a) The analy31s is"performed at ‘the most llmltlng point on

N the r power/flow operating map, consistent with the
licensing basis assumption on maximum power level (i.e.,
safety analysis power level, 106% core flow).

»

. _(b) The Technical Specification scram times are ‘used.

- (¢) “Scram time delay is the max1mum technlcal spec1flcatlon
value.

'5.3.13-8
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(d) RPT time delay'is the maximum, -technical specxflcatlon
value.

‘(e) The six safety/relief valves with the lowest opening
setpomnts are, assumed to be inoperable. Safety/relief
valve openlng setpoints are consistent with the self-
actuated (spring) operation mode.

(fj The analysis is performed at end of cycle conditions

(g) The fastest MSIV closing time identified in the technical‘

specifications is used in the analysis.
Events caused by low reactor water level trip setpoints, including
ECCS initiation: are not included in the simulation. These events,-
should they occur, w1ll be later than the time of ‘challenge’or the
tlme of nearest approach to the event acceptance- limits. *~ - - -

5.3:15;5 Sensitivity Studies/Justification of Process ' -

« d

The QVEnt definition, which assumes that the first scram initiation
signal encountered is inoperable, provides a substantial amount of
conservatism in the analysis process. Further, the ASME ‘Code
incorporates additional margin in establishing the limits used in
the analysisﬁprccess. Even further conservatism is incorporated by
the use of upset events llmlts, ‘rather than the more appropriate
emergency or faulted ’ 11m1ts, for  an' event: of .the probability
analyzed. No further sensitivity studles are-required.. * . v

4

-
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5.3.13.6 Typical Results

[ - . «
* Tt e g . . .
y - «

From the method described in Section 5.3.13. 4, an analysis of the
main steam isolation valve closure (MSIVC) ‘transient was performed
for Cycle 8 for Technical Specification scram "speed- with: RPT.
Plots of core power; core average .heat flux, core inlet flow,
reactor vessel steam dome pressure, vessel 'steam 'flow, reactor

vessel water level, and. feedwater flow are prov1ded on Figures .

5.3.13-1 through 5.3.13-7. - For this event, the figure of merit for
the analysis is peak reactor vessel pressure. The peak calculated
' pressure is 1313 psig, which is below the limit of 1375 psig.

*5.3,13-9




| A comparison of the Supply System- and fuel supplier
| overpressure protection. analysis results is provided in Table
The Supply ‘System result is more conservative with

l 5.3.13-2.
| respect to the event limit.
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Sequence of Events for the
Code Overpressure Protection Analysis

Time_ Secs Events
0.0 Closure of all MSIVs.Begin.
1.84 Scram Initiated on High Neutron Flux.
2.71 Group 3 safety/relief valves actuated.
2.83 Group 4 safety/relief valves actuated.
2.89 Group 5 safety/relief valves actuated.
3.00 ‘ All MSIVs-are fully closed.
3.30 Recirculation pumps trip on high reactor vessel
’ pressure.
4.30 Peak reactor vessel pressure is reached.

» 5.3.13-11




Results of Code Overpressure Protection Analysis

Supply System Fuel Supplier

. Results Results
Peak Neutron F}ux (% rated) 426 295
Peak ﬁ?at Flux (% rated) 138 129
.~ Peak Reactor Vessel Pressure (psia) 1328 1303
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5.3.14 Stability

»

5.3.14.1 Event Description

Three general types of stability are considered in the design and
analysis of BWR systems:

o Stability of the entire reactor system in response to changes
in system pressure, flow, and water level as determined by the
coupled response of the overall plant dynamics and the turbine
and reactor control systems (total plant stability).

o Stability of the reactor core in response to changes in core
flow, subcooling or pressure, including nuclear feedback
effects from changes in core voids and fuel temperature (core
stability).

o Thermo~hydrodynamic stability of individual fuel channels at
various power and flow conditions due to perturbations in flow
or channel boundary conditions, independent of reactor system
controls or nuclear feedback (channel hydrodynamic stability).

Of these three typés of stability, only the core and channel
stability evaluations are of importance in the reload fuel analysis
process. The total plant stability was demonstrated during the
plant startup test program, and the introduction of reload fuel
does not significantly change the overall plant dynamics and
control system performance.

The potential for encountering instabilities in a BWR varies with
the plant operating condition. Acceptable plant performance with
respect to plant stability is to be demonstrated over the allowable
operational regions of the power/flow map. Stability margin
decreases in the low flow and high power regions of the power/flow
map. This is the operating region of the power/flow map that is
the subject of stability evaluations in the reload fuel analysis

5.3014-1




process. Because stability - is associated with perturbations

(noise) encountered during normal plant operation, no particular

initiating event is associated with the stability evaluations.
5.3.14.1.1 Initial conditions and Operational Assumptions

The following operational conditions and assumptions form the
prinéipai” bases for: core'--and channel. hydrodynamic stability

evaluations. . . . ., Lo )

-

(a) The reactor is operating at a high power level and low core
' flow 'rate withih the allowable power/flow operating map.

-
- -
» 0 .

(b) A perturbation in the operating state occurs.

A = P ' v -
” P . . P

4 2
s -

'5.3;14.1.2 Operator Actions - , .

There are no operator actions associated with the evaluation ;f
this event because it is a demonstration of the acceptability of
the allowable regions - in the power/flow map. Should the plant
encounter- an ‘instability,- the -operator would be expected to take

'the actions identified in -the plant technical specifications .and

operating procedures. * - o . ; .

- s i ., . ' .
- = " . . - ! i . . ! o

5.3.14.1.3 ‘Event. Acceptance Limits

) - .
e . s , ok, .
- v

Thé ‘acceptance 1limit- for ‘this .evaluation is that, within the
allowable region of the power/flow map identified in -the plant
technical specifications, no power oscillations that could result

"in SAFDLs being exceeded are predicted to occur, or that any such

-

oscillations could 'be detected readily and suppressed, , .

- .
- Y- - . ey \ .
. . 1 v s s R . | P

5.3.14.2 Evaluation Considerations

ERY

Fe
»

‘This section describes the key evaluation considerations applicable
to the stability. It includes: (1) a description of the phenomena
occurring during the event that have a significant impact on the

“543.14=2
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event consequences; (2) a discussion of the system performance

characteristics that can significantly affect the course of the
event; and (3) a discussion of the performance chqracteristics of
the important componéehts as they relate to the event consequences.

»

5.3.14.2.1 Xey Phenonena

Only the core and channel hydrodynamic phenomena are‘impof;ént in
the evaluation of the stability phenomena. This-section describes
these phenomena as they relate to stability evaluations.

i’
o= - ® [
v

Core Phenomena The .important core phenomena associated with
stability are the fuel time constant, the rate at which voi&s are
removed from the core: (void sweep . time),. reactor kinetics
parameters, core inlet subcooling, radial and axial power profiles
and peaking factors. The closed loop neutron flux ﬁgquengy
response exhibits a resonance whose frequency is related to fhe
void-sweep~time/fuel-time-constant relationship and the 'void
reactivity. The core thermal power exhibits a resonance. at the
same frequency, but the magnitude is much less due .tg tﬁg
attenuation from the fuel time constant. For‘a.giygnwfuel‘dggigp,

‘the most significant effects on the core stability.are due to the

change in void sweep time with the state of the core and .a more
negative void reactivity with fuel exposure. Fuel design changes
that increase the gap conductance and heat transfer area can also
have a significant effect on core stability. These changes cause
a decrease in -phase and gain margins, - and ;consequently, tend to
destabilize the system. L . Co e L ;

“ .
e X R N R
. B .
[

- Channel Hydrodynamic Phenomena:; - -The predominant . type Bfa

hydrodynamic‘instabiiity.that can. occur. in a .BWR channel is oﬁe
which arises from a dependency of the vapor volume production rate
upon the flow rate as a result of momentum,-mass, and energy
conservation. Void volume depends on mass flow rate because of
energy - and - mass conservation; . however, mass flow rate
simultaneously depends on void volume because .of momeq?um

» . 5, de = " - " . .
oo - . u N - 3 e »
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conservation. Channel stability is sensitive to the axial power
distribution and channel pressure drop characteristics.

5.3.14.2.2 8Systems cConsiderations

The plant system performance characteristics are not included in
the core and channel stability evaluation for each reload. These

-

parameters do not change from cycle-to cycle.

5.3.14.2.3 Component Performance Characteristics

The only component performance characteristic of importance in the
stability evaluation is the fuel design and its relationship to the
core design and rod-patterns. Changes in.the fuel design as they

‘impact the key ‘phenomena can have a significant effect on the core

stability evaluation.

¢ v

5.3.14.3 Methodology/Integration of Codes and Analysis

The plant technical specifications contain requirements that
restrict plant operation to certain regions within the power/flow
map. The restrictions are consistent with the General Electrlc
Company recommendations contained in Service Informatlon Letter
(SIL) 380, with the NRC recommendations contained in NRC Bulletin
88-~07 and Bulletin 88-07, Supplement 1, and with current
recommendations of the BWR Owner’s Group.

The fuel vendor’s NRC-approved analysis methods are used to
evaluate decay ratios at selected operational points on the
power/flow map. Recommendations of the BWR Owners Group Committees
on Stability and Reactivity Control, and subsequent NRC guidelines,
will be followed in updating the exclusion regions within the
power-£flow map.

5. 3,.L14-4




5.3.14.4 Licensing Evaluation Procedure

For each new reload design, decay ratios are evaluated by the fuel
vendor’s approved anaiYéis methods at selected operational points
on the power/flow map. The requirement that the calculated decay
ratios be sufficiently "low is intended to ensure that the
boundaries of the allowable operating region ‘are .defined so that
core wide or regional ‘oscillations either cannot .occur during
operation in the allowable part of the power/flow map, or that any
such oscillations can be detected‘readily and suppressed..

5.3.14.5 Sensitivity Studies/Justification of Procedure .- -- .-

» o~
- . -
» *

Each cycle, sensiti@ity studies will be performed to ensure that
the allowable operating region of the power-flow map, has: been
conservatively defined. | = o

5.3.14.6 Typical Results

.

1Analysis results and sensitivity studies results for each,6 new

reload will be documented to demonstrate' compliance -with, the

technical specifications. = Y

- W . . Lt o
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SECTION 6.0
DOCUMENTATION REQUIREMENTS

The Supply System must appropriately document operating limits and
other technical specifications that may change during the lifetime
of the reactor. This section describes that documentation.

6.1 RELOAD SUMMARY REPORT

The . reload summary report documents the results of the analyses of
the potentially limiting events. These events are summarized in
Table 5.2-1. Table 6-1 provides an outline for reload summary
reports. This outline may be updated as required to reflect
changes in NRC requirements.

6,2 CORE OPERATING LIMITS REPORT

The NRC has granted the Supply System approval to use a core
operating limits report (COLR) to specify most cycle-specific fuel
and core operating limits for plant operation. (See NRC Generic

Letter 88-16, "Removal of Cycle-Specific Parameter Limits from
Technical Specifications.") The NRC has established three
requirements:

o thé addition of a named report, the COLR, that lists the
values of the cycle-specific parameter limits that have been
established using an NRC-approved methodology; these values
must be consistent with all applicable safety analysis limits

o the addition of an administrative reporting requirement to
submit the COLR to the NRC
o) the modification of individual technical specifications to

note that cycle-specific parameters are to be maintained
within the limits specified in the COLR, and that the COLR
must identify approved reports that describe the development
of the cycle-specific limits.




| The Supply System COLR spec1f1es operatlng limits for the MAPLHGR,
MCPR, and LHGR. )

6.3 TECHNICAL SPECIFICATIONS

The safety,limié minimum critical power ratio (SLMCPR) and many
instrument setpoints remain in-the technical specifications. The
SLMCPR may change from one operatlng cycle to the next. Setpoints
in_ the techn1cal spec1flcatlons could also change. The "reload
summary . report w1ll 1d°ntlfy any changes made to the SLMCPR or to
instrument’ setpoints,dlt w1ll also document the analyses that

provide the bases for these changes. The Supply System will then
seek any necessary amendments to technical specifications.




"Table 6-1 . 4 .
outline of the Relocad Summary Report

Introduction

Describes the cycle this reload analysis is for, the types of
fuel assembly designs in this core 1loading, and any
distinguishing characteristics of the cycle.
Fuel Mechanical Designm Analysis =~ ' == ¢ '+ . ..
References applicable fuel veﬁéor design‘reﬁbrtéﬂfor fuels
resident in the core in this cycle. Compares expected power
histories for the fuel designs .with power histories in the
vendor fuel mechanical design.analyses.
» ' o .= . « ‘ . e [N . :

Thermal-Hydraulic Analysis .. . . oo e
3.1 Fuel Centerline Temperature

Lists all fuel vendor references for the LHGR associated
with the fuel centerline melting point. Provides
evidence of the margin to centerline melting.

3.2 Bypass Flow

Provides the bypass flow for the maximum rod line at
maximum flow.

»

3.3 MCPR Fuel Cladding Integrity Safety Limit
Lists the core power, core inlet enthalpy, steam dome

pressure, feedwater temperature, and design basis radial
and local power distributions.

¢ 6=3




5.0 Anticipated Operational Occurrence Analyses

Table 6-1. (Continued)
outline of the Reload Summary Report

Nuclear Design Analysis

4.1

5.1

Fuel Assembly Nuclear Design

Lists the average enrichment, radial and axial enrichment
distributions, burnable absorber rods, non-fueled rods,
and neutronic design parameters for each new assembly
design in the cycle.

Core Nuclear De51gn “ .
Descrlbes the core loadlng pattern. Lists the core
exposure at the end of the previous cycle, the core
exposure -at the beginning of this cycle, and the core
exposure at the end of this cycle. Also 1lists the
following core reactivity characteristics:

»

o beginning-of-cycle cold target K. .

o beginning-of-cycle cold K With all control rods
- [1 out =

o beginning-of-cycle cold kg .w. With the strongest

control rod out

o reactivity defect (R-value) in terms of Ak

o Ak for the standby liquid control system at 660 ppm
boron

o _ decay ratio (to define regions of decreased
Stability)o ‘- ar ‘<

. Anticipated Operational Occurrences at Increased Core
Flow Conditions

Lists the 1limiting transients at increased core flow
conditions and indicates where on the power flow map the
transients are initiated. Evaluates transients at
increased flow conditions relative to design conditions.
Discusses assumptions made for specific transients (i.e.
RPT in service or out of service, scram speed, exposure
conditions, and final feedwater temperature reduction ).
Tabulates events, power and flow conditions, maximum heat
flux, maximum power, maximum pressure, and ACPR for the
various fuel types.

& 6=4




ASME Overpressurization Evaluation

Table 6-~1 (Continued)
Outline of the Reload Summary Report

Reduced Flow Q‘Operation . .

Lists the limiting transients ,at reduced flow conditions
and indicates where on the power flow map the transients
are initiated unless transients ,listed under 5.1 are
bounding. Tabulates the results for these transients as

'in 5.1. Provides the reduced, flow MCPR operatlng limit.

Reduced Power and Single Loop Operat:.on

Lists and tabulates any transients ‘that are more severe
at reduced power than at full power. Prov::.des a reduced
power MCPR operating 1limit. : Lists "and  tabulates
transients. for single. loop operation and gives the
corresponding MCPR operating limits and MAPLHGR limits.

= s A - sk P
N R

Discusses the limiting event, the worst single failure,
maximum vessel pressure, and steam dome pressure.

Control Rod Withdrawal Error

Illustrates the initial control rod pattern for the
control rod .withdrawal error analysa.s‘.‘ Tabulates the RBM
setting, the distance the rod is withdrawn, and the
correspond:.ng llmltlnq ACPR.

Determ:.nata.on of Thermal Marg:.ns
Presents a summary of MCPR operat:.ng lJ.mJ.ts for each fuel
type over varlous exposure ranges of the cycle.

P

4
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Table 6-1. (Continued)
outline of the Reload Summary Report

6.0 Postulated Accidents

6.1

Loss-of-Coolant Accident

‘Presents: the results of vendor analyses of peak clad
temperature and peak local metal-water reaction for each
fuel type given the Supply System local peaking factors,
fuel rod power- histories, void coefficient, Doppler
coeff1c1ent and time~dependent scram reactivity.

%

cOntrol Rod Drop Acc1dent

Presents the results of vendor analyses of maximum

'deposmted fuel- rod enthalpy given Supply System results
. for maximum control rod worths, four-assembly 1local

peaking factors, Doppler coeff1c1ent and delayed neutron
fraction,.

Fuel-Loading Error

Lists the ACPR for the worst errors in locatlng and/oxr
rotating fuel assemblies.

Fuel Handling Accident

Lists the radiological consequences of a fuel handling
accident (FHA) in terms of whole body dose and thyroid
dose for every fuel design in the core. This data will
come from fuel design analyses performed by the fuel
vendor.

. .6=6




Table 6~1 (Continued)
outline of the Reload Summary Report

7.0 Technical Specifications
7.1 Limits

Presents the SLMCPR and the- steam dome pressure safety
limit. . , , ’MY

e
H ” ¥
' . s

7.2- Limiting Condltlons for Operatlon

Lists the following limiting condltlons for operatlon°

o APLHGR limits versus exposure-for each fuel type

o MCPR limits for, each fuel type for glven exposure
, ranges and ‘off-normal’ ‘conditions..

o LHGR" limits- versus exposure for’ each fuel type

o  Surveillance requ1rements,~1f requlred for scram
insertion time ‘and 'stability. - k ’

POEEEN

8.0 References

Lists all items referenced in the: summary report.
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SECTION 7.0
LOADING PATTERNS

The reload analysis must be completed long enough before fuel
reloading begins to allow time for manufacturing fuel and meeting
safety analysis requirements. The analysis schedule requires
making some assumptions about what the core characteristics will be
at the end of the current cycle so that work can begin on a
reference loading pattern for the new cycle. The core
characteristics at the end of the cycle may differ, however, from
the characteristics postulated during the reload analysis. If the
difference is large enough, some parameters in the safety analysis
will need to be rechecked. If the differences require deviation
from the reference loading pattern, additional parameters will also
need to be checked.

7.1 CHANGES IN REFERENCE LOADING PATTERN

The following parameters must be checked if the core
characteristics at the end of cycle differ significantly from the
postulated characteristics and/or if the actual loading pattern
deviates from the reference loading pattern.

7.1.1 End-of-Cycle Exposure and Axial Exposure Distribution

The reference loading pattern assumes a certain core average
exposure and axial exposure distribution at the end of the current
operating cycle. Either of the following requires evaluation to
determine the impact on the event analyses:

o any deviation beyond specified maximum and minimum core
average exposure values assumed for the reference loading

pattern
o any significant deviation from the assumed axial exposure
distributions used in these evaluations.




7.1.2 Number and Location of .Reload Fuel Assgmbligs;v

The reference loading pattern specifies the number and location of
fresh fuel. assemblies in each reload. Any change in numbéf or
change in location requires re-examination of the reload analyses.
If the number of fresh assemblies is decreased, the reductions may
be made only in peripheral, control-rod-centered, four-fuel-
assembly cells. Furthermore, the number of fresh fuel assemblies
eliminated may not exceed 10% of the reload batch or 2% of the
total core, whichever is smaller. Failing to meet this criterion
requires a re—examination of the reload analyses.

7.1.3 Type, Number, and Location of Eéposed Fuel Assemblies

The reference loading pattern specifies the tyﬁe, number, and
location of exposed assemblies in the reload. Fuel assemblies of
a different type may be substituted as long as they are less
reactive. Any changes in the placement of fuel assemblies should
be in the regions of least importance, and replacements should
match as closely as possible the exposure and exposure history of
the assemblies they are replacing.

7.2 RE-~-EXAMINATION OF A RELOAD ANALYSIS

Re~examination of a reload analysis requires re-evaluating the

following:

o scram reactivity

o) void reactivity

o shutdown margin

o generic parameters for a rod drop accident

o misloaded fuel assembly ACPR “

o} RBM response for a control rod withdrawal error
o limiting parameters for core-wide transients

These parameters are of primary importance in establishing a core

operating limit or in determining the consequences of an analyzed . :




event. Other parameterswaffected by the core loading pattern are
less significant and are covered by conservatism in the analysis

process. .
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SECTION 8.0
CONCLUSIONS -

This applications topical report describes the Supply System reload
analysis methodology. This methodology, when integrated with the
reload fuel supplier methodology, can perform all tasks and
evaluations required for the reload analysis. The reload summary
report submitted at the end of each reload analysis will ensure
that all requirements have been met.

This report specifically documents the following:

1.

The Supply System reload analysis methodology |uses
conservative methods that ensure successful reload fuel
designs and core configurations.

The spectrum of events considered in the reload analysis will
be consistent with current regulatory requirements and with
current industry practice.

The event 1limits used in the reload analysis will be
conservative.

Each of the codes used in the reload analysis can perform the
required function; the integrated set of codes can perform the
event analyses and provide the data required by the fuel
supplier.

The Supply System methodology will ensure thermal-hydraulic
and nuclear compatibility between the resident fuel and reload
fuel assemblies.

The Supply System input to the fuel vendor critical heat flux
methodology will establish a conservative MCPR that ensures
fuel cladding integrity 'in the event of an anticipated
operational occurrence or a fuel loading error.

8-1



7. The Supply System evalu;tion of PAFF limits provided by the
fuel supplier will ensure fuel integrity.

8. The reload analyses will identify any necessary changes in
core operating limits .and technical specifications. :

9. Startup physics testing will confirm the suitability of the
fuel loading- pattern.” * ..

10. .The ‘reload- summary reports will satisfy all documentation
requirements .specified.in iOCFR$0;59.

This report documents that the ' Supply "System reioad analysis
methodology will provide conservative reload fuel designs and core
conflguratlons that ensure the safety of. the facility and the
surroundlng communlty.
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- APPENDIX A
STATISTICAL COMBINATION OF UNCERTAINTIES ' METHODOLOGY APPLICATION

In the plant safetfmaﬁalysis process, it is necessary to account
for uncertainties in the model and model inputs, operating state,
and instrumentation systems. These uncertainties in the -safety
analys1s process are typically treated through a conservatlve or
determlnlstlc approach. The deterministic approach to the
treatment of uncertainties’ involves. taking the-wprincipal
uncertainty components at’'an arnitrarily defined adverse bound, and
no attempt is made to estimate the overall uncertainty
distribution. = 'This _approach essentially assumes - that all
significant’ uncertalntles are'simultaneously atsthelr most adverse
values within the possmble range of. conditions, whlcnmresults in
very conservative predictlonsiof event consequences:

In most cases, the plant has suff1c1ent margln to accommodate this
approach and no further analyses are requlred. However, the use of
the deterministic approach can lead to core operating“limits or
technical specification setpoints that result in undesmrable plant
restrictions. For those" cases, the WNP-2 reactor analy51s
methodology incorporates the use of a’ statistical combination of
&ncertainties (SCU) methodology “to: -define a set ,of more
operationally acceptable ‘setpoints while retaining-an appropriate

level of conservatism.

.
- - 2 - - o .
- = .o B
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The statistical simulation of’an .event requires a large number of
cases to be run to obtain the desired accuracy. Responseé surface
methodology provides an efficient way of -reducing the number of
system. and core thermal hydraulic analyses required to’ ‘make an
accurate statistical statement about the event analysis results.

»

A response surface is»an‘algorithm’thatJapprofiﬁates the event
analysis codes. There are five'basic stéeps associated with the
response surface methodology: (1) the determination of the model
uncertainty; (2) the quantification and selection of the parameters

to be used in the response surface; (3) the development of the
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response surface; (4) the simulation of the event using the
response surface; and (5) the convolution of the response surface
for the event with the model uncertainty. Each of these steps is
described below.

A.1 - DETERMINATION OF MODEL UNCERTAINTY

To determine the model .uncertainty, studies are performed to
establish ‘the effect of *key modeling and model . input , parameter
uncertainties on the event analysis results. In these studies, the
analysis model.is.run with perturbed inputs to quantify the effect
of changes in the model and model inputs. The results of the model

uncertainty: studies are statistically combined to determlne the,

overall -model. uncertainty.- The model .uncertainty establlshed
through this process is then. combined with .the results of the
response surface analysis to provide the overall probablllstlc
statement- for>the event analysis. », .

-

The Supply System model uncertainty procedure has been applied to
the generator load rejection without bypass event (See Section
5.3.3) which is the limiting transient with respect to minimnﬂ
critical power.:ratios (MCPR). . The- base case in the model
uncertainty evaluation uses technical spec1f1catlon scram, tlme and
recirculation pump ‘trip. (RPT). at licensing. basis power level and
100% core flow. The parameters considered in the model uncertalnty
évaluation-analysis: fall into- five groups: . (a) Nuclear, Model
Parameters; ° (b) - Core Thermal—Hydraulics Parameters;‘: (c)
Recirculation System Parameters; (d) Steam Line Model Parameters;
and (e) Vessel and Loop Geometry Parameters. 7 H h
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The effect of the.uncertainties.in each.of, these parameters on_ the
calculated consequences. of the generator .load rejection w1thout
bypass 'event is shown in Table A-1.- RCPR,.defined.as ACPR/(lnltlal

CPR); 'is’ used “as the figure of merit for the. uncertalnty

evaluation.' The change in RCPR in: each uncertalnty evaluatlon is
used ‘ to quantlfy the model  uncertainty effect on the tran51ent
thermal margin. .. The overall -model uncertainty is determlned by

A=-2




taking the square root of the sum of the squares of the ARCPR due
to the individual model and input parameter uncertainties.

A.1.1 Nuclear Model Parameter Uncertainties

Nuclear model uncertainties affect the coupling of the core power
generation to the moderator conditions and include: moderator void
reactivity feedback; fuel temperature feedback (Doppler); scram
reactivity; and fraction of prompt energy deposited directly in the
coolant. The magnitude of the parameter uncertainties and their
effects on the calculated ARCPR is shown in Table A-1.

Increasing the moderator void reactivity feedback increases the
severity of the event because the power generation will increase,
relative to the base case, for an equivalent core void fraction
reduction. The sensitivity evaluation case uses a void reactivity
feedback 13% more negative than the base case. This conservatively
bounds the uncertainty in void reactivity (Reference Al). As seen
from Tables A-1 and A~-2, this is the largest single source of
overall model uncertainty.

Decreasing the Doppler fuel temperature - reactivity feedback
increases the severity of the event because it reduces the
mitigation of power generation due to.increased fuel temperature.
The sensitivity evaluation case reduced the Doppler reactivity
feedback by 10%, consistent with the NRC staff recommendation
(Reference A2, Page II-32). The contribution to overall model
uncertainty is small.

The prompt moderator heating fraction is the portion of the total
fission energy that is deposited directly into ther core coolant by
gamma heating. Reducing ' the prompt moderator heating fraction
increases the severity of -the event because it increases the rod
heat flux for the same fission power. From Reference A2, for
typical BWR fuel the 95% confidence lower limit is about 20% lower
than the nominal wvalue. For additional conservatism, a 25%
reduction was used in the Supply System analysis. As seen from
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| Tables A-1 and A-2, this. is a significant contribution to the
overall model uncertainty. . .

Decreasing the control rod scram reactivity feedback increases the
severity of the event because it reduces the mitigation of power
generation” due to control rod insertion. The sensitivity
evaluation case reduces the scram reactivity feedback by 10%,
consistent with the NRC staff recommendation (Reference A2, Page
II-32). The contribution to overall model uncertainty is small.
A.1.2 Core Thermal-Hydraulic Parameter Uncertainties _— .
COfé thermal-hydraulic model uncertainties include: drift flux
model correlation parametérs; core pressure drop loss coefficients;
bypass ‘flow fraction; fuel pin conduction heat transfer; and coré
power. These parameters directly . affect the. core moderator
| conditions during the transient. The magnitude of the parameter
| uncertainties and their effects on the calculated ARCPR is shown in
| Tables A-1 and A-2. ’ |
The drift flux model parameters of interest are the conceﬁtration
parameter, C,, and the drift velocity, V. For uncqﬁtain}&
evaluation, the NRC staff recommends using a limiting value of 1.0
I’for C,, and a 30%-variation in V,;. These cases were analyzed in the
| "RETRAN-02 sensitivity studies by variation of the parameters KA?PAl
| "and’ €GL, respectively. -The contribution of drift flux parameter
’hﬁbertainty to‘overall model uncertainty. is small. Lo “

- .
: - Y = . v
. H

The Dittus-Boetler heat transfer correlation is used in the profile
fit model to calculate the subcooled voids for the neutronic
feedback. To study<the .impact -of. uncertainty on the. calculated
ARCPR, the 1leading coefficient in the correlation, CDB, is
| increased by 20% as recommended in Reference A3. The contribution
|" of correlation uncertainty ‘to overall model uncertainty.is very

»
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The Hancox-Nicoll heat transfer correlation is also used in the
profile fit model to calculate the subcooled voids for the
neutronic feedback. To study the impact of uncertainty on the
calculated ARCPR, the leading coefficient in the correlation, CHN,
is increased by 20% as ' recommended in Reference A3. The
contribution of correlation uncertainty to overall model
uncertainty is very small.

-

The core dynamic pressure drop loss coefficients were reducedsby
20% as recommended by the NRC staff (Reference A2, Page II-32).
The contribution to overall model uncertainty is small.

From Reference A4, the uncertainty 'in initial core bypass flow
fraction is less than 20%. The initial bypass flow fraction in
this study was reduced 20% from the base case. The contribution to
overall model uncertainty is small.

Uncertainties in the overall fuel rod thermal time constant
contribute to the overall model uncertainty. To investigate the
sensitivity, the fuel pellet and cladding radial noding was
increased by a factor of two. The contribution to overall model
uncertéinty is small.

General Electric has made extensive studies.of the core .power
uncertainties (Reference A2) based on analysis of the uncertainties
of components in the plant energy balance. They concluded tpatqthe
one standard deviation uncertainty is 2%. The Supply System has
used an uncertainty of 4% in the model uncertainty evaluation. The
contribution to overall model uncertainty is negligible.

A.1.3 Recirculation System Parameter Uncertainties

Recirculation system model uncertainties affect the timing and
attenuation of the pressure wave from the vessel steam dome to the.
reactor core and the rate of change of core flow following
recirculation pump trip (RPT). The parameters of interest include:
recirculation loop inertia; recirculation loop head; jet pump
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inertia; steam separator inertia; and the Jjet pump 1loss
coefficients. The magnitude of the parameter uncertainties and
their effects on the calculated ARCPR is shown in Tables A-1 and
A-2. “

The recirculation pump dynamic characteristics affect the core flow
followingiRPT. Based on the analyses performed by General Electric
and acceptéd by the NRC'staff (Reference AS) the recirculation loop
inertia is increased 100% in the model uncertainty evaluation. As
Seen in Tables A-1 and A-2, recirculation loop inertia uncertainty
has a moderate contribution to overall model uncertainty. ..

The recirculation pump head is reduced by 10% in the model
uncertainty evaluation. = The pump head contribution to overall
model uncertainty'is small.: )
Jet pump fluid inertia affects the core flow following RPT as well
as the timing and attenuation of the pressure wave from the steam
lines to the reactor core via the lower plenum region. From
Reference A4, there is a significant uncertainty in jet pump fluid
inertia. In the model uncertainty evaluation, the -inertia was
increased by 100%. The contribution to overall model uncertainty

© @ - »

is small.

Steam separatér inertia affects the timing of the pressure wave

from the steam lines” to the core via the upper plenum xregion.
Sensitivity evaluations were performed for the separator liquid
outlet'(éarrYunder) junction inertia and for the separator inlet
junction inertia’ "~ In accordance with Reference A4, the 1liquid
outlet inertia was increased by 100%. In accordance with Reference
A2 (Page Q15-2), 'the "inlet inertia -was reduced by :'30%.. . The
cont?ibution to overall model uncertainty is small.: - o

L4 « v L 23

‘The jet pump presédfe drop loss coefficients were reduced by 20% as

recommended by the NRC staff (Reference A2, Page -II-32). The
contribution to overall model uncertainty is small.




A.1.4 Steam Line Model parameter Uncertainties

Steam line model uncertainties affect the timing and attenuation of
the pressure wave from the turbine control valve to the vessel
steam dome and include steam line inertia and steam line pressure
drop. Increasing the magnitude of the core pressurlzatlon causes
greater void collapse and greater positive reactxvxty 1nsertlon due
to void reactivity feedback. Reducing the steam llne pressure wave
transit time reduces the consequences of the event . The magnltude
of the parameter uncertainties and their effects on the calculated
ARCPR is 'shown in Table A-1. . ,. - . .... . e

Based on a study performed-by.TVA and, documented, in Reference A4,

an‘ uncertainty of 7%-was-used for the main , steam Lline fldid

inertia. The impact is a moderate increase.in ARCPR. .
The' pressure loss coefficients in the main steam lines directly
affect the attenuation of the pressure wave. The main steam line
pressure drop loss coefficients were reduced by 20% as recommended
by the NRC staff (Reference A2, Page II-32). The, contribution to
overall ‘'model uncertainty is moderate.... ' ' S

trg .o
.
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A.1.5 Vessel and Loop Geometry Parameter Uncertainties ,W

Vessel and 'loop geometry -uncertainties affect the timing and
attenuation of the pressure wave ,to the reactor core and include
the reactor vessel steam 'dome and the steam. llne volumes. The
magnitude of the parameter uncertainties and their, effects on the
calculated ARCPR is shown in Tables-A-1. and A-2. .

. i
» , . . . «", N . .
( Pl% ’; > * » -

Decreasing the .reactor vessel. steam dome. volume w1ll lncrease the

severity of a pressurization-.event because thelpressuqe wave will -

reach the reactor core sooner. Based on a study perfdrmed by TVA
"and documented in Reference ‘A4, an uncertainty of 5% was used for
the steam dome volume.. Steam dome volume uncertainty is a modeiate
contribution to overall model uncertainty. l -
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Decreasing the main steam line volume will also affect the severity .
of a pressurization event because the pressure wave will reach the
reactor core sooner. Based on Reference A4, an uncertainty of 5%

was used for the main steam line .volume. Main steam line volume
ﬁncertainty is a small contribution to overall model uncertainty.
Reducing the steam line volume slightly decreases the calculated

ARCPR bécause, although the pressure wave reaches the core sooner,

it has a reduced magnitude because of .its more rapid transit time
through the steam lines.

P -z

A.2 QUANTIFICATION AND SELECTION OF RESPONSE SURFACE PARAMETERS

A screening process aids in the selection of the parameters to be
used in the development of the response surface. In this screening
process, the uncertainties in the key analysis input parameters are
characterlzed and sen51t1v1ty studies are performed to determine
their relative impact on the analysis results. Generally, the

parameter(s) that can provide the greatest relative improvement in \
figure of merit for the event being analyzed are included in the .

response surface.

For the generator 1load rejection without bypass event, the
parameter with the greatest potential improvement in calculated
thermal margin is control rod scram speed. Control rod'insertiqp
timing is affected by timing of .the reactor protection system trip
’sigﬁél (e.g., turbine control valve closure), reactor protection
system loglc response time, the solenoid de-energlzlng time, and
the control rod drlve scram insertion time.

& L

‘Current  safety analysis is performed using scram insertion times
‘contained’ in the ‘plant technical specifications. The technical
spec1f1catlon 'scram times are quite conservative compared to scram

| 'times based on plant data. All actual plant control rod scram

| times measured since October 1985 are retained in a data base. The
‘data base includes all unplanned full core scrams as well as the
"scrams that are performed to satisfy plant surveillance test
requirements. The plant scram time data base is sufficient to .
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justify the use of more realistic scram times in WNP-2 plant safety

analysis.

A computer program was written to perform a statistical evaluation
of the scram times contained in the data base. The program reads
the measured times for insertion from fully withdrawn to each of
four control rod notch positions (0.75 ft, 2.25 ft, 5.75 ft, and
10.75 ft). The scram insertion time mean and standard deviation is
then calculated for each notch position. A range of dates  is
specified for each calculation so that statistical information may
be obtained for a subset of the entire-data base.

The data for full scrams is considered to be more.relevant to
system transient analysis than single rod data. All of the full
scram ‘data, from the earliest times in the data base to the
present, were used to develop a realistic scram time table. This
included 4858 scram time measurements for each of the four notch
positions. Table A-3 shows the scram times used in the Supply
System analysis of the generator load rejection without bypass.

A.3 RESPONSE SURFACE DEVELOPMENT

The statistical simulation of an event requires a large number of
cases to be run to obtain the desired, accuracy. @Response surface
methodology ‘provides an efficient way of reducing the number of
system and core thermal hydraulic analyses. required to make an
accurate statistical statement about the. event analysis results.
A response surface is developed based on experimental design
considerations. The experimental design defines the specific
system and core thermal hydraulic cases that must be run to develop
the  response surface algorithm. The response. surface is a
polynomial fit to the experimental -design cases, that approximates
the system and core thermal hydraulic analysis methodology for a
specific analysis output parameter over the limited range of
interest. To define the response surface, a least squares fitting
technique is used to determine the polynomial fitting coefficients.
As a part of this-process, the fitting error, which represents the
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uncertainty introduced in the analysis process by the use.'of the .

response surface, is determined. .

The Supply System fesponse'surface is of the general form (Ref.
A6): ' ”

.Y = B, +EB17|+EB (n,-C) +EB,,11,11, T (A-1)

1#3
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Where: ° . Y . . .; “
B,; B;, Bi, and. B; are the response surgace‘cggffiéients;

7; are the independent variables -

C is a known normalization coefficient

¥ is the response surface dependent variable

For the generator  load rejection-without bypass event, only the
control rod scram-time is used as an independent variable and the
response surface assumes the simple form:

RCPR =B, + B, T + B, T¢ 7 (A-2)
As shown in Tables A-4 and A-5, five diffprent»scraﬁ timg$ wepé
analyzed for each fuel type for the construction of the %eheratdf
load rejection-.without bypass response surface. The results of the
RCPR evaluations for thesé cases were input to the STARS code (See
Section 2.1.4.7). STARS then calculated the fittiné coefficients

B,, B,, and By - The coefficients for; the RCPR in Tables A-4 and A-5

for the ‘two' fuel types are: . . .. . e Gt
- <. - . 8xX8 .. . 9x9-9X .. . . &
B, =+« = .0,1383 .’ ;.. - .,0.1480 Y .
B, = 0.0110 0.0104
- : *By += - =0.0005714 °  +=0.001000 e

‘The response surface provides an excellent .fit to the calculated

RCPR’S W1th an RMS fitting 'error of 0.0023.for the 8x8 hot channel
and 0. 0004 for the 9x%9-hot channel. ..
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A.4 EVENT SIMULATION,K USING THE RESPONSE SURFACE

Once the response surface "has been defined, the event can be

simulated using MonteTCarlo,techniques. In this process, STARS
randomly samples the independent parameters and the response
surface fitting error, based on their statistical characteristics,
and then calculates the dependent variable (RCPR). Each set of
random samples forms one "history" for the statistical evaluation
of the response surface. 100,000 histories were run to accurately
quantify the probability of a given analysis result for .the
response surface, considering the fitting .error. .The model
unicertainty has not been considered ‘in ‘this evaluation. ' ”

. . -
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A.5 CONVOLUTION OF THE RESPONSE SURFACE AND THE MODEL UNCERTAINTY

The final task is to convolve.the response surface analytically.

with the model uncertainty to establish the overall probability .of
the event analysis results. - This probability distribution is then
used to demonstrate compliance with the event acceptance limits.
This analysis considers the response surface fitting error as well
as the model uncertainty discussed in Sectlon A-1. The calculated
RCPR at a 95% confidence level is shown below: .

"t [P

- ® . « | - s ) s
. .. [ el . LI

8x8 .. -, . ,9x9-9X ..

kCPR at 95% confidence level. 0.166.- ~ .., . 0.176 . Mi

P

»
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Y or

In thé STARS analysis,* the ‘response surface development,ythe event
simulation using the response surface, and the convolution of the

response surface with the overall model uncertalntyware performed

in a single ccmputer run. The steps have been described separately
to clarify the statistical analysis .process. . .

.~ »
o P d -

A.6 APPLICATION OF -THE SCU METHODOLOGY TO OPERATING LIMIT MCPR

LI

The WNP-2 plant measured scram speed must: be consistent with the
scram spéed used in the statistical approach. The WNP-2 technlcal

specifications contain surveillance requirements.that all controlE

- A=11
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| rods must be scram tested after each refueling outage and that 10%

| of the control rods must be tested at 120-day intervals. The
surveillance testing data is utilized to compute 7,,, the average
scram time to control rod ndféh position 39 (the position closest

| to 20% insertion, which is the portion of the scram that affects a

| limiting pressurization transient the most). The average scram

| time to notch 39, 7, is updated after each surveillance test.
The average scram time, 7,, is then tested against the analysis
mean using

- e
» B - v
| T - " - . » - -

Ty S Tpe v . : C T S , (A-3)
where
.

- " .

Ty = p.+ Ao
A ='1.65 (N/n)*

[ Y s
a

(A-4)

=

The parameters g and o are the mean and standard‘deviation of the
‘distribution for the scram insertion time to control rod notch
| position 39 used in the WNP-2 SCU analysis. As shown in Table A-3,
| 0 = 0.6000 and o = 0.0259. Rgrameéer A provides the 5%
| 'significance coefficient (i.e., 95% probability) that the measured
| average scram time will not exceed 7;. The parameter N is the
number of control ‘rods tested at :the-beginning of the cycle and
parameter n is the total number of control rods tested to date for
| the current cycle. If the cycle average scram time satisfies the
I ﬁquation A-3"‘ criteria, continued . plant operation using the
;operatiﬁb’limit'established with the SCU methodology. is permitted.
If not, the-operating limit for -the generator load rejection event
must be re-established based on a linear inﬁerpolation‘bétﬁeen_the

. o

:SCU“approach’and‘the-deterministic;approagh as,follows:

- ¥
o ta .
-

K

OLMCPR,, = OLMCPRyy + T; AOLMCPR . . ... (a-5)

where
Te = (T = Tp)/(T5 = Tp)

- A=12




T, = The present technical specification limit on scram
time to control rod notch position 39 (0.868
seconds as shown in Table A-2)

AOLMCPR is the difference between the operating limit MCPRs
using the deterministic and the SCU approaches

This approach is consistent with the NRC requirements described in

Reference A2,

A.7

Al.
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Table A=-1.

Generator Load Rejection Without Bypass,
Model Uncertainty.,Evaluation for 8x8 Fuel

‘Supply’ System analysis traceablllty case numbers.

<« " ARCPR "is the difference - in RCPR for the two cases

identified.

IS

. A=14
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Case* ARCPR
Nuclear Model Uncertainties . s
Void Coefficient (13%) 109/110  +0.018
Doppler (-10%) . 101/104 +0.004 -
Prompt Moderator Heatlng (-25%) 001/105 +0.010
Scram Reactivity (-10%) X 001/108 +0.003 "
Core Thermal Hydraulics Parameters. R N .
Code Correlation .(kappal+0.20) " ,001/202  +0.007°
Code Correlation .(CGL+30%) - . 001/204 " +0.000
Code Correlation (CDB+20%) : 001/206 . +0.000" -
Code Correlation (CHN+20%) 001/208. +0.000
Core Pressure Loss Coefficients, (-206) 001/212 _ -0.004
Initial Core Bypass Flow (-20%) ¥ 001/213 +0.005 .
Fuel Pin Radial Nodes (+50%) '001/214  +0.002
Core Power (+4%)' 001/216  +0.000
Recirculation System Parameters l :
Recirculation Loop Inertia (+100%) 001/301 " +0.006
Recirculation Pump Head (-10%) . 001/302 +0.003
Jet Pump Inertia:  (+100%) 001/303., +0.003
Separator Liquid Outlet Inertia (+100%) 001/304 +0.002
Jet Pump Loss Coefficient (-20%) 001/305. +0.003
Separator Inlet Inertia (-30%) ‘ 001/307 —0 003,
Steam Line Model Parameters T
Steam ‘Line’-Inexrtia (+7%) ‘ 001/401 +0.00S5 - -
Pressure Loss Coefficient (-20%) - 001/402  +0.006
Vessel and Loop Geometry Parameters .- . . U
Vessel Dome  Volume (-5%) ’ 001/501 4+0.004 )
Steam’ Line Volume (-5%) 001/502 -0.004
. Ooverall Model Uncertainty (ARCPR) = '0.0267"

e e,
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Table A~2

Generator Load Rejection Without' Bypass
Model Uncertainty Evaluation for 9x9-9X Fuel

v Case* ARCPR
Nuclear Model Uncertainties : .o
Void Coefficient (13%) 109/110 +0.019
Doppler (-10%) 101/104 +0.005,
Prompt Moderator Heating (~25%) -~ = . 001/105 -, *+0.012
.Scram Reactivity (-10%) : 001/108 +0.003
Core Thermal.Hydraulics Parameters S C e
Code Correlation (kappal+0.20) **"'001/202 - -+0.008
Code Correlation (CGL+30%) « . . 001/204 _ +0.003.
Code Correlation (CDB+20%) , 001/206 +0,000
Code Correlation (CHN+20%) A 001/208. -  +0,.000-
Core Pressure Loss Coefficients (‘206) 001/212 ,-0.001:
Initial Core Bypass Flow (-20%) - 001/213 -~ +0.006
Fuel Pin Radial Nodes (+50%) - 001/214 ;+0.003.

. .Core, Power (+4%) ] 001/216 +0.000 |,
Recirculation System Parameters ) S
Recirculation Loop Inertia (+100%) - - - 001/301 - ,+0.006.
Recirculation Pump Head (-10%) - ©001/302 +0.004
Jet Pump Inertia (+100%) - 001/303. +0.002
Separator Liquid oOutlet Inertia (+1006) 001/304 +0.001
Jet Pump Loss Coefficient (-20%) . 001/305 +0.004
Separator Inlet Inertla (-30f) 001/307 _ -0. 004,
Steam_ Line Model Parameters ) : ' s
Steam Line Inertia (+7%) .001/401 .+o.oos
Pressure Loss Coefficient (-20%) . .7 001/402 ' , +0.007
Vessel and Loop Geometry Parameters' N Lo e e
Vessel Dome Volume (-5%) ' -001/501 :: +0.005
Steam Line Volume (-5%) - 001/502 ~0.001,

-———————————-——-————-—-———-—-——-—-—.——---.————-—-——-———————————-————--

Overall Model Uncertainty (ARCPR) = 0.0291

ff'j Supply System analysis traceablllty case . numbers.
o ARCPR is the difference in RCPR for the two cases
identified. SAFIR
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Table A-3

Scram Times Used in the WNP-2 Safety Analysis

Control Tech Spec | Normal Mean Standard | Mean
Rod Scram Scram Scram Dev. (o) Scram
Position | Time Time Time Time+20
(£t) (sec) - (sec) (sec) * (sec) * (sec) *
0.0 0.00 0.00 0.00 ——— 0.00
0.0 0.20%% 0.20%* 0.20%% m— 0.20%% |
0.75 0.43 0.404 053048 0.0161 0.3370
2.25 0.868 0.660 0.6000 0.0259 0.6518
5.75 1.936 1.504 1.3040 0.0633 1.4306
10.75 3.497 2.624 2.3912 0.1354 2.6620
12.00 3.889 2.904 2.6630%%% ——— 2.9698%%%
* Obtained from WNP-2 scram time surveillance data
%k Accounts for 0.20 sec time from de-energization of scram
solenoid to the beginning of control rod insertion
*%% Extrapolated from scram time surveillance data.

Surveillance data is for control rod positions 45 @ 0.75
ft, 39 @ 2.25 ft, 25 @ 5.75 ft, and 05 @ 10.75 ft.
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Table A-4

Generator Load Rejection Without Bypass
RCPR As a Function of Scram Time for 8x8 Fuel
(Used in Construction of Response Surface)

ACPR RCPR
Mean Scram Time - . } . 0.160 0.138
Mean Scram Time Plus One Standard Deviation 0.173 °  0.147
Mean Scram Time Minus One Standard Deviation 0.148 ,0.129
Mean Scram Time Plus Two Standard Deviations 0.188 0.157
Mean Scram Time Minus Two Standard Deviations ©0.127 0.113

Table A~-5

Generator Load Rejection Without Bypass
RCPR As a Function of Scram Time for 9x9~9X Fuel
(Used in Construction of Response Surface)

ACPR RCPR
Mean Scram Time 0.174 0.148
Mean Scram Time Plus One Standard Deviation 0.186 0.157
Mean Scram Time Minus One Standard Deviation 0.159 0.137
Mean Scram Time Plus Two Standard Deviations 0.197 0.165
Mean Scram Time Minus Two Standard Deviations 0.140 0.123

SO T e YD D = D N G T D GAS TED G GEU G G\ GED W S G S S GNE MG T A VT S D b GED Gt GAD Sup G St YEP U D A P AP W S S M ST mup S S S VES S =P e G S S S G et S G

A-17




ww

L

(3

e

*

.y

e

N
S

3]



APPENDIX B

HOT  CHANNEL METHODOLOGY

The change in Critical Power Ratio (ACPR) during the 1limiting
transient is to be determined in order to establish the minimum CPR
operating limit for each reload cycle. The Hot Channel Methodology
used by the Supply System for evaluatioﬁ of ACPR is described in
Section B.l1. This methodology is based on a NRC reviewed core
thermal hydraulic code VIPRE-01 MOD02B! ("VIPRE-01"). Benchmark
studies performed to verify the capability of VIPRE-01 with the
ANFB critical power correlation® for ACPR calculations are
presented in Sections B.2 through B.4.

B.1 VIPRE-01 METHODOLOGY FOR EVALUATION OF ACPR

The following discussions describe how VIPRE-01 is used to evaluate
the limiting bundle ACPR for BWR transients that are analyzed with
the RETRAN-02 code. The RETRAN-02 code is used to determine core-
wide system response for the limiting transients. The WNP-2
transient analysis model developed with RETRAN-02 is described and
qualified in the topical report WPPSS-FTS-1299, In the WNP-2
RETRAN-02 model, the core is modeled with t&o hydraulic channels:
the core average active channel and the bypass channel. These are
parallel flow path channels that share common lower plenum and
upper plenum boundary . conditions on pressure and enthalpy.
Modeling of individual fuel bundles is not needed for the purpose
of determining core-wide system response. However, because of
power level and fuel design differences, a hot channel model is
necessary for an accurate evaluation of limiting bundle thermal
hydraulic response during a transient. In the hot channel model,
the limiting bundle is modeled as a single channel as shown in
Figure B-1. This hot channel model developed with VIPRE-01 is used
to evaluate ACPR.




The Hot Channel Methodology involves four major steps:

1) After the core-wide transient analysis, +the boundary
- conditions for VIPRE-01, namely, the time his?ories of core
power, inlet enthalpy, upper plenum pressure, core pressure
drop and the axial power distribution, are saved on a computer
file by a RETRAN-02 REEDIT run. This file, after reformatting

“* is read by VIPRE-01. | “

. - ' . y -

| 2)3 Because the bypass flow is not modeled in VIPRE-01, the inlet
| loss coefficient’ is ‘adjusted  to. give .active flow and core
| - pressure drop results identical. to RETRQN.zwh full core VIPRE-
| © °° 01 model with five channels' in:the active.core region is used
| * ¥ in this process. Thé five channel full.core nodalization is
| shown in Figure B-2." The axial nodalization remains unchanged
| from the hot channel model (See Figure B-1). | m

. * . s

3) VIPRE-01 (hot channel model) is run with a successivelyihigher
‘bundle radial peaking factor until the minimum critical heat
flux ratio (MCHFR) equals 1.0 at some time during the
transient.

- , , .k
- - " . L - " o» “

L Ty

4)"'‘ The buindle power that’ caused MCHFR = 1.0 is then used to
evaluate thé’initial;britical power ratio (ICPR) for the
transient.' * The' ACPR'is equal-to (ICPR - 1.0). T

“a
3

| Input data for VIPRE-01 are obtained not only from RETRAN-02, but
| also from’ SIMULATE-E® and CASMO-2E®. . \ o

ry
L} .
-

P

SIMULATE~E is a three dimensional steady-state nodal anal&sis
code which yields the power distributions.

CASMO-2E through FICE yields the local peaking function
"FEFF"., FEFF is needed in the ANFB critical power correlation
to account for planar local effects.

< B=2
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B.2 CODE BENCHMARKING

The ANFB critical power correlation developed: by Advanced Nuclear
Fuels Corporation (ANF, now SPC) is implemented in, K the VIPRE-01
code for the thermal margin evaluation. Calculations are.performed
to benchmark the VIPRE-01 code with' steady-state and transient
critical heat flux -(CHF) test data. . Specifically, these
calculations provide i) a comparison between critical power results
computed with the VIPRE-01 code and steady state critical power
test dééé, ii) VIPRE~01l predictions of transient boiling trapsition
pgr%ormance versus transient data. This benchmarking therefore

>

provides an’ overall -assessment of how the combination of

thermal/hydraulic modeling and ' CHF.- modeling in VIPRE-01 performs
relative to data for BWR fuel bundle CHF performance. . It also
verifies the: proper implementation of the, ANFB correlation.,

[N »
' ‘

B.3 BENCHMARKING DATA

The CHF test data to which VIPRE-01 is benchmarked are summarized
as folibws:

1) Steady-~state cases: 96 cases were selected ffom the ANFB
éorrglaéion data baseP. They are selected from 11 test sections
which’ differ from one ahother either in-terms of geometry (4X4, 5X5
and 9X9 rod configurations) or power distribution (cosihe, upskew
?pd uniform axial power distributions)

. [ ,
L3 ” v

2) Transient cases: 14 transient tests (7 power ramp tests and 7
flow decay tests®) on a 4x4 rod configuration.

-
LY
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B.4 RESULTS T
B.4.1 8Steady-state CHF Analysis

A summary of the steady-state CHF analysis results is given in
Table B.4-1. Examination of the results shows that VIPRE-01
predicted ECPRs are the same as those reported for the ANFB
correlation, with the exception of .some small variations between
test sections. The overall average difference in ECPR between the
VIPRE-01 and ANF’s results is 0.0001. It is therefore concluded
that the overall mean and standard deviation for the VIPRE-01
predicted ECPR distribution remain essentially unchanged ffom those
reported for the ANFB correlation® (mean = 1.003, standard
deviation = 0.025). -

B.4.2 Transient CHF Analysis

A summary of the transient CHF analysis results is given in Table

B.4~-2. For each test case, the initial power was iterated until-

the predicted time to boiling transition (BT) equaled the measured
time to BT. Since the power forcing function (transient bundle
power normalized to the initial value versus time) remained
unchanged during the iterations, ECPR can be determined as the
ratio of predicted initial power to measured initial power fi.e.,
ECPR predicted critical power / measured critical power =
predicted initial power / measured initial power). The values of
ECPR show that the differences between the predicted and measured
critical powers are within the uncertainty of ANFB correlation.

The uncertainty is incorporated into plant safety 1limit
methodology. These results therefore indicate that the application
of the steady-state ANFB correlation in a transient analysis yields
CHF results bounding the data (within the uncertainty of ANFB
correlation) during the transient. This is consistent with NRC
staff’s conclusion in the Safety Evaluation Report for VIPRE-01%,
The NRC found "... except for very rapid depressurization, the use
of CHF correlations developed with steady state CHF data can

T B=4




correctly or conservatively predict the transient CHF when the
instantaneous local fluid conditions are used."

On the basis of the steady-state and transient benchmarks presented
here, it is concluded‘that VIPRE-01 predictions of BWR fuel bundle
CHF behavior using ANFB correlation are acceptable for BWR
licensing analysis.

. B=5
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TABLE B.4~1

Summary of Steady-state CHF Analysis

1.006
1.000
1.007
1.013
1.009
0.996
1.050
1.011
0.942
0.967
0.890

1.031
1.003
1.020
0.991
1.009
1.034
1.011
0.968
1.000

1.049
0.963
1.000
0.991
1.026
1.028
0.927
1.014

1.017
1.030
0.996
1.040
1.032
1.022
1.020
0.988
0.983
0.979
0.942

1.045
1.025
1.003

1.008
1.002
1.008
1.014
1.010
0.998
1.051
1.013
0.943
0.969
0.892

1.029
1.003
1.017

0.989 .

1.008
1.033
1.011
0.969
0.999

1.048
0.961
0.998
0.989
1.025
1.025
0.926
1.018

1.020
1.033
0.999
1.043
1.034
1.024
1.023
0.991
0.985

0.981

0.945

1.047

1.025
1.005




ANFV,

ATAG62A

KWU1A

ATA714A

-

TABLE B.4-1 (CONT.)

Summary of Steady-state CHF Analysis

56

107
108

18
28
38
48
58

12
17
23
25
26

48
58
68
203
213
223

10
11
20
21
30
31
40

- B=7

ECPR

(1)

1.029
1.016
0.994
1.027

. 1.032

0.976°

Al 0.989
. 10034

1.020
1.016
1.022
1.010
0.954
0.984
0.936
0.951

1.002
0.984
0.987
0.979
1.029
1.004

1.039
1.037
0.969
0.966
0.961
0.951

1.001
0.991
0.986
0.993
1.031
1.056

0.987
0.984
1.020
1.016
1.010

1.013

0.997

(2)
1.029
1.017 .
0.994
1.029
1.032
0.977
0.990
1.033

1.021
1.016
1.020
1.007
0.953
0.983
0.936
0.949

1.002
0.984
0.986
0.979
1.029
1.004

1.039
1.038
0.970
0.966
0.961
0.951

1.000
0.993
0.987
0.994
1.031
1.057

0.987
0.983
1.020
1.016
1.010
1.013
0.997
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TABLE B.4-1 (CONT.)
Summary of Steady-state CHF, Analysis

Test . 3
Section Run - ’ ECPR
(1) (2)
ATA714A 41 0.995 0.985
48 . 0.992 0.991
. 49 - : 0.990 . 0.990
ATA714F ' - 807 .. : o 0.998 0.997
) 808 . . 0.994 0.993
. 817 " .. 1.025 1.026
. 818 .. 1.023 1.023
827 1.012 1.013
828 -~ [ vl o» o 1.022 1.021
837 . 0.997 0.997
846 T : 1.017 .- 1.016
912" ‘ T — 0.963 0.960
. 927 . . . 0.975 0.975
NOTE: e —

o

(1) Predicted by ANF (Ref. 2)
(2) Predicted by VIPRE-01
(3) ECPR = Experimental Critical Power Ratio
= Predicted Critical Power / Measured Critical Power

* B~8
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TABLE B.4-2

Summary of Transient CHF Analysis

4X4 Bundle Power Ramp Test

Run Initial Power (KW) ECPR!
Measured? Predicted?
PROO1 2010.0 2021.0 1.004
PRO02 2008.0 1991.0 0.992
PROO3 1888.0 1855.0 0.983
PROO4 1891.0 1931.3 1.021
PROOS 1659.0 1669.0 N 1.006
PROO6 1658.0 1653.0 . 0.997
PROO7 2011.0 2011.0 1.000
4X4 Bundle Flow Decay Tests
FDOOlA- 1449.0 1406.0 0.970
FDOO1B 1452.0 1527.0 1.052
FD0O02 1449.0 1439.0 . 0.993
FDOO3 1455.0 1350.0 0.928
. FD0OO4 1476.0 1430.0 0.969
FDOOS 1730.0 1700.0 0.983
FDOO6 1735.0 1765.0 1.017
Mean = 0.993
Standard-deviation = 0.026
NOTE:
(1) ECPR = Experimental Critical Power ratio

= Predicted Critical Power / Measured
Critical Power

(2) Measured Value (Ref. 6)
(3) Predicted by VIPRE-01

" B~9
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UTP - Upper Tie Plate |
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Figure B-1. WNP-2 VIPRE Hot Channel Model
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Lty Rod 3 models 62 fuelrods
. Rod 4 models 483 X62 = 29946 fuel rods

Channel 1 modéls the hqﬂeét central 9x9 bundile
Channel 2 models 187 central 9x9 bundles

" Channel'3 models the hotest central 8x8 bundle

Channel 4 models 483 central 8x8 bundles

Channel 5 models 92 peripheral 8x8 bundles
Rod 1 models 72 fuel rods \
Rod 2 models.187 x 72 = 18464 fuelrods .

v

Rod 5 models 92x 62 = 5704 fuelrods © ~ * °

Figure B-2, Five Channel Full Core Nodalization
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APPENDIX C
GENERATION OF KINETICS DATA

The one-dimensional kinetics data for RETRAN-02 described herein
uses nuclear “cross-s;étions information prepared by the core
analysis methodology described in Reference Cl. Files containing
kinetics data for the varlous fuel types present in the reactor
core are produced by CASMO-ZE and the three-dimensional nodal
characteristics of the core are determined by SIMULATE-E.
SIMTRAN-E collapses corewide cross-sections from the three-
dimensional form to one-dimensional form as required by RETRAN-02.
SIMULATE-E and RETRAN-02 calculate the:. moderator density
differently. Because of this, the SIMTRAN-E cross-sections are
adjusted to account- for the difference. To do this adjustment,
there are additional steps required in the SIMTRAN-E. to RETRAN-02
one-dimensional kinetics file transfer. These steps, which involve
completion of additional SIMULATE-E and RETRAN-02 cases and the
execution of the STRODE code, are required to adjust the moderator
density coefficients. STRODE also performs an adjustment of the
delayed neutron fraction.

C.1 GENERAL DESCRIPTION OF THE GENERATION OF ONE-DIMENSIONAL DATA

The generation of the initial one—dlmen51onal _data file for
RETRAN-02 uses the EPRI codes SIMULATE-E and SIMTRAN E. SIMULATE-E
predicts core power and burqup .distributions during detailed
depletion analyses of the: reactor core.. .Qualification of the
Supply System’s SIMULATE-E methodology is provided in Reference Cl1.
SIMTRAN-E was developed under EPRI - sponsorship for 1linking
SIMULATE-E and RETRAN-02. SIMTRAN-E reads restart files written by
SIMULATE-E, extracts the approdpriate iﬂformqtioﬁ'for determining
the kinetics parameters, and generaées the direct RETRAN-02 input
for transient analysis.



SIMTRAN-E produces a one-dimensional k%netics data file in the form
of polynomials which describe the effects of relative changes in
water density and fuel temperature on calculated two-group cross-
sections, diffusion coefficients, - .inverse velocities, radial
bucklings, and delayed neutron fractions. This data file could be
used directly by RETRAN-02. However, without the adjustments
described below and the use.of the STRODE code, this approach would
lead “‘to very conservative -RETRAN-02 predictions for severe
ppessurization*events. .ot - .

=,
" e =~ . . -

s '

STRODE ,uses the .results of a -set- of several SIMULATE-E- and
RETRAN-02. cases to quantify the effects of the difference in axial
moderator density distributions between the two codes for identical
variations in core pressure. The differences between the axial
arrays produced by SIMULATE-E and RETRAN-02 are used by, STRODE to
adjust the moderator density coefficients from SIMTRAN-E to obtain
conisistent moderator density reactivity feedback between SIMULATE-E
and 'RETRAN-02. The-STRODE output data is in.the same form'as that
produced by SIMTRAN-E and is directly used as RETRAN-02 input.

STRODE is also used to correct the delayed neutron fractions in the
cross-section~- libraries ‘used ' by CASMO-2E .and processed:-through
NORGE-B. “The CASMO-2E cross-section library (ENDF/B-III): delayed
neutron fractions are lower.than that provided in the -more recent
cross-section library (ENDF/B-V). 'STRODE is used to adjust .the
delayed neutron.fraction input to ‘RETRAN-02 to be consistent with
the more recent :‘data:.-». « - - -, ST 2 P T .

N "“ F vy Py - -y . o - .- ' ) . = v, . « »g ' .
i ! E " . ke :

C.2 ' CALCULATION OF THE INITIAL ONE-DIMENSIONAL DATA w o,

2 - N - - < . M var « . . o L [
i

To generate-the.:initial one-dimensional data,’ a base SIMULATE-E
case ‘(shown as‘(l)'in Figure-C-1]:is run,.at a -core configuration
consistent with the initial conditions for-the given. transient.
This base SIMULATE-E case.uses power and void feedback:to determine

the three-dimensional core power and flux distributions and the

Cc-2




critical eigenvalue. The base SIMULATE-E case uses cross-sections
which have not been adjusted to match k-infinities of the lattice

physics code (i.e. unadjusted 3,), but it is run from a SIMULATE-E
restart file generated with cross-sections which were adjusted to
match k-infinities of the lattice physics code (i.e. adjusted %,;).

For transients in which it is necessary to model the effects of
control rod insertion resulting. from . a scram, an additional
SIMULATE-E case is required [shown as (2) in Figure C-1]. This
case is based on the nominal case and is run with power feedback
disabled. The only difference between this case and the nominal
case is the control rod position array, which has all rods fully

-

insexrted.

As noted above, SIMTRAN-E [shown as (3) in Figure C-1] reads the
restart files generated by the SIMULATE-E cases. It then collapses
the three-dimensional SIMULATE-E data to one-dimensional data for
RETRAN-02 and determines the dependence of the kinetics parameters
on relative water density, square root of fuel temperature, and
control state.

L3

SIMTRAN-E generates all kinetics parameters except «Z; and «Z, by
radial collapse with adjoint flux weighting: kZq and kI, are
radially collapsed with volume weighting. The dependence of the
kinetics parameters on water density and fuel. temperature is
determined by making perturbations in these quantities. All
relative water density and square root of average fuel temperature
perturbations are done in three dimensions and are then radially
collapsed. The one-dimensional nominal and perturbed kinetics
variables are then analyzed to produce polynomials that are
functions of the relative change in water density’and the change in
the square root-of the average fuel temperature at each axial node.
This calculation is performed for both the nominal case and for the
controlled case. : B



C.3 ADJUSTMENT OF KINETICS DATA

To begin the second step in the generation of the one-dimensional
data, the SIMTRAN-E output-from Step (3) of Figure C-1 (called the
Unmodified 1-D File) is used and parallel SIMULATE-E and RETRAN-02
cases are run to quantify the difference in axial moderator density
distributions between the two models for identical variations in
core pressure. These runs are shown as Steps (4), (5) and (6) in
Figure C-1. - : 2

The extra SIMULATE-E delta pressure cases in Step (6) are used as
moderator density perturbation sets for each axial node of the one-
dimensional core model for the final SIMTRAN-E run shown in Step
(8) of Figure C-1. An extra calculation is performed at 10% higher
power than the base case [shown in Step (7) of Figure C—1]. From

this a calculation is performed to determine the one-dimensional.

temperature distribution for this increased power, case.,  The
differences in temperature between the Step (3) case and -the Step
(7) case are used as a fuel temperature perturbation set -for each
axial node of the one-dimensional core model in the final SIMTRAN-~E
run (Step (8)]. A final SIMTRAN-E run is then performed with these
density and fuel temperature perturbation sets to generate a one-
dimensional data file for STRODE.

The coefficients in the kinetics parameter polynomials that are
associated with the changes.in relative moderator density are then
modified by STRODE [Step (9) of Figure C-1] so the change in each
kinetics variable in RETRAN-02 for a given pressure change is the
same as that pressure change would give in the one-dimensional
SIMTRAN-E model. Thus reactivity changes at each axial node
generated by - a pressure change are preserved-between: SIMTRAN-E and
RETRAN-02. . The constant term in each kinetics parameter polynomial
determines the initial steady state eigenvalue in the RETRAN-02

unperturbed state. The constant terms are not modified when new




polynomial fits are developed; consequently, the SIMULATE-E
eigenvalue is preserved in the RETRAN-02 unperturbed state.

The cross-section llbrarles used in.the core physics analysis are
based on ENDF/B—III. EﬁbF/B -III includes delayed neutron fractions
which are artificially low. Preliminary ENDF/B-V data shows an
increase in delayed neutron fraction ranging upwards from 5.4% in
all fissile isotopes. To bring -the delayed neutron fractions
closer to those specified in ENDF/B-V, a +5% adjustment is applied
in the STRODE code to all delayed neutron fractions before final

data is put into the RETRAN-02 input file.. | .

¥ . W - [ » [P » .
- '

C.4 VERIFICATION OF THE.SUPPLY SYSTEM’S METHODOLOGY | .o

o o *

Verification of the Supply System methodology is documented in

Reference C2. There, a comparison in made between the axial power

distributions produced by SIMTRAN-E and the initial, states of the
three Peach Bottom turbine trip tests. Also in Reference C2 is a
comparison of results calculated using the Supply System’s
methodology to the measured results of the Peach Bottom turbine
trip tests. In these results the calculated response'of the Supply

System’s .model closely matches the measured results.* . | . . ..

. 5
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