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Statistical Uncertainty Analysis Methodology (References 3 and 4). The setpoint methods are
intended for the determination of the Overpower-AT (OPAT) and Overtemperature-AT (OTAT)
setpoints which provide 95/95 protection for the fuel meit and DNBR limits, respectively. The
methodology will also be used for analyzing transient events and determining or verifying the
reactor protective system trips.

The review of the Topical Report focused on the conservatism included in the
determination of the OPAT and OTAT setpoint parameters and th# statistical method used for
determining the 95/95 uncerainty limits. The SNPC methodology is summanzed in the
following Section-2, and the technical evaluation of the important issues raised dunng this

review is presented in Section-3. The technical position is given in Section-4.

2.0 SUMMARY OF THE TOPICAL REPORT

S Verpower-

The Overpower-AT reactor trip provides 95/95 protection from fuel melt during
operational transients and Anticipated Operational Occurrences (AOQs). The form of the OPAT
trip is the same as used by Westinghouse (Reference-5). The trip includes a constant term with
coefficient K4, and a term proportional to the core-average temperature with coefficient Kg to
account for the effects of coolant density and heat capacity on the relationship between AT and
the core-average temperature. An additional core-average temperature term with coefficient K¢
is included to account for transient effects such as piping and thermal delays. Compensation for

the time dependence of the measured AT and core-average temperature is accounted for in the
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OTAT limit using the predetermined sets of time constants (7, 7,,73) and (74,75,7,), respe.avely.
The OTAT steady-state coefficients K, K, and K, are determined to provide DNB and hot-leg
saturation protection at the 95/95 probability/confidence-level. The DNB uncertainty marg:n is
calculated using a response surface for AT. A similar analysis is performed for the hot-leg
saturation AT setpoint. The response surfaces are determined using the SNP approved GSUAM
procedures. The statistical uncertainty penalty is determined using a Monte Carlo approach,
rather than the SOERP method, and includes the response surface parameter uncertainty as well
as the trip input temperature and pressure measurement uncertainties.

In order to provide DNB protection for axial power shapes more severe than the design
axial distn: ution, an F(AI) reset trip adjustment is included in the OTAT trip function. The first
step in determining the reset function is to identify the DNB limiting axial power distribution
for each Al interval. A AT response surface is then generated for this axial distnbution at the
conditions determined 1o be most sensitive to the uncertaintics. The resulting AT distribution
is then used to determine the joint probability distnbution. The F(Al) adjustment is calculated

from this joint probability function.

2.3 Neutronics Analysis

Both the OPAT limit for fuel melt and the OTAT limit for DNB protection depend on the
core axial power distribution. This dependence is included in the trip functions via the F(al)
reset function. The relationship between the local peaking (Fq and F ,y) and Al are determined
using a three-dimensional neutronics model. The axial flux difference and power distribution are

calculated as a function of core operating conditions.
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it will verify the adequacy of this term and the protection of the fuel centerline temperature from
fuel melt by performing event specific transient analyses.

The time-dependent processing and compensation of the OPAT and OTAT trip input
signals is performed using the seven time constants 7, - 7. These plant-specific equipment-
related constants will be provided from information supplied by the reactor vendor. These ume
constants will not be recalculated as part of the SNPC u@int methodology, however, the
adequacy of the values will be confirmed by SNPC in plant-specific transient analyses
(Response-19, Reference-7).

3.1.2 Response Surface Methods

The statistical uncertainty analyses for the DNB and hot-leg saturation limit lines and the
statistical transient analyses are performed using response surfaces generated with the SNPC
GSUAM methodology. The response surfaces are typically low order polynomials in the
independent variables and the specific functional forms are selected to provide the required
accuracy. Specifically, the selection is based on the fitting staustics, residual plots and the
overall goodness of the fit. In Response-9, SNPC has indicated that the response surface fitting
error is determined and included in the Monte Carlo uncertainty analysis.

The methods used to construct the response surface are generally conservative. However,
the SNPC methodology response surface selection criteria does not in general result in the base-
point having the maximum statistical uncertainty. In Response-8 of Reference-7 and Response- |
of Reference-9, however, SNPC demonstrates that for the case of the DNB and hot-leg
saturation lines and the Chapter-4 DNB transients this selection criteria does result in the

maximum statistical uncertainty and is therefore acceptable for these applications. However, the
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be the case for other DNB correlations. However, SNPC has indicated in Responsc-f
(Reference-7) that the XCOBRA-IIIC code used to calculate the DNB OTAT limit line provides
a specific edit to insure that the DNB correlation is within the applicable quality limut.
3.1.5 Steam Generator Safety Valve Limit Line

The Steam Generator Safety Valve (SGSV) limit line provides the lower limit on the DNB
AT setpoint at high core average temperatures. If the steam generator tube plugging ieveis are
unchanged SNPC will use the vendor SGSV limit line. However, if tube plugging levels

increase, SNPC should adjust the SGSV line as described in Response-16 of Reference-7.

3.2 Application of the Methodology
3.2.1 Euel and Plant Designs

The setpoint methocology makes specific assumptions concerning the plant conriguration
and core design. The proposed methods are applicable to Westinghouse plants which have
OPAT and OTAT protective system trips of the form given in Sections 2.1 and 3.1, respectively,
of the tupical report. The methodology is applicable to fuel designs for which SPNC has NRC-
approved methods for evaluating DNB and fuel meit.

In Response-1 of Reference-7, SNPC notes three potential simplifications of the
application of the statistical methodology. First, in plant-specific applications cerain vanables
may be treated conservatively by taking them at their deterministic limits rather than treatng
them statistically. Second, certain licensing applications will only require the verification of a
prior vendors setpoints. In this case, the setpoint coefficients K will not be recalculated but

rather an independent verification of the setpoints will be performed. Finally, for certain plants
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The steam generator safety valve line provides the lower limit on the DNB aT
setpoint at high core average temperatures. If steam generator tube plugging levels

increase the SGSV line should be adjusted (Section-3.1.5).

HTP DNB Correlation

The HTP DNB correlation is presently under review and it must receive NRC

approval before it may be used with the statsucal setpoint methodology (Secuon-

3.2.3).
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INTRODUCTION

This report describes Siemens Nuclear Power Corporation’s (SNP) odology for statistical

transient analyses, including the statistical development of the trip protective systems, utilized in

Waestinghouse type pressurized water reactors (PWRs) 1ethods described in this report are

conceptually the same as those in SNP's roved statist setpoint methodclogy for
T\
Combustion Engineering plants
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OVERPOWER AT REACTOR TRIP SETPOINT

The OPAT is designed to protect the Specified Acceptable Fuel Design Limit (SAFDL) on fuel

centerline meit during normal operation, operational transients and AOOs, such that with 95%
probability and 95% confidence no location in the core experiences fuel centerline melting
AQOOs which may challenge the SAFDL are thos¢ which result in an uncontrolled power

ascension or a drastic core power redistributio!

Uncontrolled RCCA Withdrawa
Uncontrolled Boron Dilution
Increased Feedwater Flow
Decreased Feedwater Heating

Excessive Load Increase
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2.1 Description of the Overpower AT Trip Function
The general format of the OPAT utpoint'ir
where:

AT - measurec AT, F-degrees;

ATO = indicated AT at rated thermal power, F-degrees;

T = indicated average reactor coolant temperature, °F

T = indicated average reactor coolant temperature at rated
thermal power, °F

K 4 = a preset, manually adjustabie bias

K5 = a constant that compensates for piping and thermal delays,
]

Ke = a constant that accounts for the effects of coolant density
and heat capacity on the relationship between AT and
thermal power, 1/°F;

S = Laplace transform operator, 1/sec;

(1+2,*S)/(1 +12'S) = Lead-lag compensator on measured AT

1/(1 +13'S) = Lag compensator on measured AT

1/(1 +t8'5) = Lag compensator on measured average coolant
temperature

r7S/(1 +17'S) = the function generated by the rate-lag controller for average
coolant temperature dynamic compensation

F(al) = a function of the indicated flux difference between the top

and bottom detectors of the power range nuclear ion
chambers (Al)

The excore neutron flux detectors measure the relative powers in the top th) and bottom '.PD)

of the core such that Al is defined as (F’t . Pb) The relative powers also define the axial offset

(AQ):

P.-p,
Pe+2y

AD=

(2.2)

The axial offset is a relative measure of the skewness of the axial power distribution.




2.2 Overpower AT Setp

The calculational procedure for generating the OPAT setpoint equation ~onsists of three steps:

1) A fuel centerline melt limit is determined which accounts for the dynamic effects

not compensated for by the K. transient term or the lead-lag compensator on
-

measured AT. A discussion of the criterion and methods used in determining this

~

limit is presented in Section 2
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he OPAT K, and K., trip coefficients are determined which prevent the plant from
~

violating the determined fuel centerline melt limit with 95% probability and 95%

confidence. A specified design F. is used in the determination of these
ot

coefficients. Section 2.4 presents the method with which these coefficients are

determined

ine F(Al) reset tr unction is deterr J function addresses the

impact on the core protectic
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There are two transient components in the OPAT setpoint. There is the lead-lag compensator
which adjusts the measured AT and there is the Ks rate-lag contreller term, which adjusts for the
dynamic variation of the average coolant temperature. The Kg coefficient and the time constant
values are plant specific and must be chosen to reduce sensor noise and to provide protection
to the centerline melt SAFDL during transients. In general, the Ks trip coefficient and the time
constants will not change due to changes in fuel design or changes in fuel operating limits. This
is because these terms depend primarily upon sensor, signal processir 3 and loop transport
delays which are system and not core related.

The K5 transient compensator is designed to acjust the OPAT trip for transient events in which
the average cooiant temperature is increasing. That is, events in which power is increasing. The
adequacy of the compensator is dependent on the range of power ascension rates that can
occur in a given plant. To determine the transient over-shoot, a series of power excursion events
are modeled using an approved transient simulation code. A temperature adjustment is
determined which bounds that of any AOQ which could result in the occurrence of fuel melt. A
transient compensated fuel melt temperature is determined by adjusting an approved fuel melt
temperature curve by a bounding transient compensation adjustment.

To determine the temperature of the various fuel rods contained in the core, each of the limiting
fuel rod types are analyzed with an approved fuel rod model. These analyses determine the
temperature of a given rod as a function of burnup and power level. The resultant temperatures
are then compared with a transient compensated fuel melt temperature to determine the
respective fuel melt power level as a function of burnup for each of the various fuel types.

Over the cycle of consideration, the determined fuel meit power levels and respective assembly
peaking factors are compared to determine an LHGR limit for the peak FO location in the core
This limit is set so that when the peak FO iocation in the core is at or below this power level, no
location in the core will undergo fuel melt. The assembly peaking factors for the cycle of concern

are generated with an approved three-dimensional neutronics code
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The which need to be accounted for have been incorporated into the
fuel centerline melt limit. By removing the transient terms and the F(Al) reset trip function, which

§

is addressed in Section 2.5, the OPAT setpoint equation can be simplified to

AT<sAT,(Kd~K6

Using this equation, a setol K, and '(g trip coeffic
the core power level at which centerline melt may
agjusted

Specification setpoint equation
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Part A in equation 2.5 represents the nominal results while part B represents the uncertainties. ~

The resultant factor is multiplied
onto (A) to get the core protection limit which the OPAT trip will be shown to protect.

The steady-state form of the OPAT setpoint with the F(Al) reset trip function removed was
presented in equation 2.3. This can be rearranged to be:

AT e P
—A——T—OSKd K6(T-T) (26)

The aliowabie K4 constant is closely related to the core protection limit power for centerline melt,
equalling the ratio of the vessel AT at the protection limit to the vessel AT at the nominal rated

power operating point. This ratio has a small pressure dependence Because a smaller value
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To assure that the OPAT setpoint is equation is conservative, the K6 coefficient must be
maximized.

These gonoratoa K4 and K6 coefficients result in the QOPAT trip equation. The
uncertainty adjusted trip, which goes into the plant Technical Specifications, is determined by

A list of typical uncertainty parameters included
in the OPAT setpoint analysis is presented in Table 2.1. All of these uncertainties, with the
exception of

To determine the statistical adjustment, a Monte Cario analysis is performed in which the
assumed distribution of each parameter is modeled explicitly. The 95/95 bounding value

is the resultant Technical Specifications value for the plant. The distributions assumed for each
parameter are From the central limit theorem the resultant

distribution should be approximately normal, whether the individual distributions are assumed to
be normal or not.

25 Overpower AT F(Al) Trip Reset Function

The OPAT were developed so as to prevent fuel centerline meit from

occurring with 85% probability and 95% confidence with the power peaking at the cesign FO



The OPAT F(Al) trip reset function is designed to

distributions which result in Fds more adverse than th

The value of Al for a given core configuration is calculated from

=AQ* P

where

a conservatively low power fraction at wh

a respective axial distripution and associatec

-

The value of the AO employed is that calculated from the core average axia

F(Z) and thus represents the core average axial offset
minimum ingicated Al at which fuel melt can take place

p— -~

generate the axial distributions

1@ SIeps INvoly n the statistical devel

core power

AL Aiatril e
power gistnoution

represents the
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For each of the generated axial distributions, the fuel centerline melt power level is determined
A great number of the generated axial distributions
have approximately the same Al. For a given small Al range, the axial distribution producing the
lowest fuel melt power level is determined and retained.
The nominal power leve! at which fuel melt is preciuded for a given Al
range is specified by:

Accounting for uncertainties, the ccre power level at which fuel melt is preciuded occur is
specified by the equation:

This equation and the fuel meit equation for the design FO' equation 2.4, are effectively the same.



The core power level of fuel melt is determr
accounting for uncertainties. These
identified as PDF‘T values. The same uncertainties considered in the generation of
assumed here. Those axial distributions having p:E‘.’ values g

than the design F . core power limit

Q

Around the

enerated 1 INe statistcal calcuiaton of the uncenainty agjusied a wed PC ) evel, equatior

g
2.11, the paramet 0 determine

the probability density of the multiplicative factor on P, ~,, and t factors, a Monte Carlo

simulation is performed. In this calculation the distribution of each of the respective uncertainty

parameters is explicitly modeled

A joint probability curve is then gene

uncertainty distr Mathemat

where J 1s the joint probability distribution

at which fuel melt is prevented with a 95% p
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The static form of the OPAT setpoint equation (Eq. 2 1) is:

AT<AT,(K4-K6 (T-T) -F(AI)) (2.13)

For the purposes of determining the required F(Al) reset trip function this equation can be
reduced to:

ATSATQ(K"‘AL.‘\AI>\‘ (2.14)

In operation, the core AT must remain below the right hand side of the side of the equation.
Translating this into the prevention of fuel meit, the AT of fuel meft, ATFM' must remain above
this right hand side, or:

ATp2AT,(Ké-F(AI)) (2.15)
rearranging this equation results
AT,

The required F(Al) correction is calculated for each of the ATFM values. A bounding F(Al)

correction is determined to prevent centerline melt for FQ‘s more severe than the design FQA

A sample piot of a bounding OPAT F(Al) function is presented in Figure 2.1.
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OVERTEMPERATURE AT REACTOR TRIP SETPOINT

The OTAT trip is designed to protect the SAFDL on DNB and to prevent boiling in the vessel hot

legs during normal operation, operational transients and AQCQs. The trip is set such that with
95% probability and 95% confidence, neither DNB nor hot le¢ turatic Il occur. Th
prevention of boiling in the hot legs permits the measured temperature differences across the
vessel 10 be

chalienge the

Core power red

\controlled
{ atid o
wvnheontroliec
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Description of the Overtemperature AT Trip Function

The general format of the OTAT trip setpoint is:

AT

(1+1,8)

where:

AT
AT

_1

T O

e

v
3

S

(1 +1, *S)/(1 +12‘S)
1/(1 +13'S)

(1 -H"S)/(‘l +15'S) .
/(1 +16'S)

F(al)

1 -
oes (Toes) 8T (KoK

1+1,8

1 -t . _ &
) (Tlggyg) =T +K (P=P) -F(3D)) (3.1)

1+¢,S8 1,5

measured AT, F-degrees

indicated AT at rated thermal power, F-degrees

indicated average reactor coclant temperature, °F
indicated average reactor coclant temperature at rated
thermal power, °F

pressurizer pressure, psig

nominal pressurizer pressure at rated conditions, psig

a preset, manually adjustable bias

a constant that compensates for piping and thermal delays
and for changes in design limits with temperature, 1/°F

a constant that compensates for changes in design limits
with pressure, 1/psi

Laplace transform operator, 1/sec

Lead-lag compensatur on measured AT

Lag compensator on measured AT

Lead-lag compensator on average coolant temperature
Lag compensator on measured average coolant
temperature

a function of the indicated flux difference between the top
and bottom detectors of the power range nuclear ion

chambers (Al)



There are two main parts to the statistical development of the OTAT setpoint equation. There
is the generation of the OTAT trip coefficients, K1, K2 and K3, and there is the determination of
the F(Al) reset trip function. The OTAT setpoint fulfills many of the same protective functions as
does the theiina margin/low pressure (TM/LP) trip setpo n Combustion Engineering
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setpoint procedure’
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ATSAT, (K ~K (T-T) +K, (P-P') ) (3.3)
The calculational process for the OTAT setpoint is:
B Determine average coolant temperature and core AT's resulting In the target
MDNBR and/or hot leg saturation assuming nominal parameter values
(NOMSCAN)
. Caiculate acceptable OTAT trip coefficients for statistically adjusted conditions

A more detailed description of these calculational processes follows.

in the NOMSCAN portion of the OTAT statistical setpoint development procedure the average
coolant temperature and core AT are varied

The range of average coolant temperatures and core AT's o be considered is set
by the plant's CPAT setpoint equation line and by a limit line representing the Steam Generator
Safety Valve (SGSV

Those parameters which
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In this series of Monte Carlo calculations, the parameters of the response surface,

The 95/95

minimum value of $ is the objective statistical DNB AT adjustment

The hot leg saturation DETSCAN calculation

To determine the statistical hot leg saturation cc

-

performed about the hot leg saturation conditions

re AT penaity, a Monte Carlo calculation is



response surface

calcuiation is performed on the equation
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3.4 Overtemperature AT F(Al) Verification

The OTAT setpoint equation (Eq. 3.1) is developed sc as to prevent the occurrence of DNB in
the core with 95% probability and 95% confidence. The purpese of the F(Al) reset trip function
is to compensate for axial distributions which are more limiting than the design axial distribution
ussd I ihs dsvelepment of the OTAT K,. K2 and K3 trip coefficients. As in the statistical
devsiopmaent of the OTAT trip coefficients, the statistical OTAT F(Al) process is very similar to
SNP's approved Combustion Engineering statistical TM/LP setpoint analyms(”

The process for evaluating the OTAT F(Al) reset trip function has many of the same components
as the DNB portions of the OTAT base calculation. The steps are:

v Identify the axial distributions most limiting with respect 1o DNB as a function of
Al (AXSCAN)

B Convert the required trip AT adjustments into trip units 1o estah'ish the F(Al) reset
trip func ion




The axial distributions which are uséd in the evaluation of the O1 - reset trip function are

those axials which result in

the generation of the ax

/AR

" T
in the NOMSCAN 4
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aresponse surface of core AT is determined. The process used to generate this
response surface is very similar to that used in the generation of the base OTAT DNB response
surface.

The
Jncertainty variation methods for the generation of the response surface are given in SNP's
approved GSUAM methodology(z‘a) A list of typical uncertainty parameters considered in the

OTAT F(al) verification is presented in Table 3.1.

H so desired, and justifiable,

The purpese of this
would be t0 apply more representative yet conservative uncenainty adjustments

To determine the core AT uncertainty probability distribution, a Monte Carlo caiculation is
performed



The result of the Monte
this calculation the distr
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ne joint probab
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Table 3.1. Typical Uncertainties Applied in OTAT Setpoint Analysis

Uncertainty Source Uncertainty Value
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Table 3.2
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40  STATISTICAL TRANSIENT ANALYSIS METHODOLOGY

The Westinghouse type plant statistical transient analyses will be performed in a manner which
rusults in the protective system setpoint required to prevent exceeding the respective limit with
95% probability and 95% confidence. For example, the uncontrolled rod withdrawal event is
protected by the OTAT and high flux trip setpoints. The value of one or both of these trips would
be determined which prevents the occurrence of the respective limit of concern (e.g.. CNBR).

The first step in the transient analysis process is

These transient simulations will be done
according to an approved methodology.

The statistical transient calculational process for Westinghouse type reactors is very similar to the
process outlined for the OTAT and OPAT trip setpoints. The calculational steps are listed below.

A more detailed description of the calculational process follows.
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in the etatistical transient DETSCAN analysis, all of the uncertainty parameters are set to their
reepective values. The trip setpoint is then determined which will produce the
limit (e.9. ONBR or RCS overpressure)

in the statiStical transient NOMSCAN analysis, the uncertainty parameters which are treated
statistically are set to their values. All of the parameters which are not treated
statistically are set in accordance with an approved deterministic transient analysis methodology.

The method of parameter variation is according to SNP's approved

GSUAM methodo:ogy(za]

To determine the 95% probability/S5% confidence uncertainty adjusted trip coefficient, a Monte
Carlo calculation is performed on the generated response surface. In addition to the uncenrtainty

parameters in the response surface, the trip speciic uncertainties are also included in the Monte
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Carlo calculation. The various parameter uncertainties and their respective distributions are
explicitly modeled in the Monte Carlo calculation. The values and distributions of the various
uncertainty plant parameters will be justified on a plant specific basis.

The 85/856 trip coefficient from the Monte Carlo calculation is
o determine the trip statistical uncertainty adjustment. This statistical
uncertainty adjustment is applied
The most limiting of the resultant trips is the setpoint which will prevent the
transient from viclating the respective limit with 95% probability and 95% confidence and will be
used in the setting of the Technical specification value. 'f the trip being considered is either the
OPAT or OTAT, the resuitant trip is compared with that which was generated in the statistical

setpoint analysis. The most limiting of the statistical trip values is used in the setting of the
Technical Specifications. )

A list of parameters typically treated statistically in the transient analyses is presented in Table

4.1. A sample statistical transient analysis utilizing the method described above is presented in
Section 6.

As an alternative 1o the abeve described method, the Rod Control Cluster Drop (RCCD) and Loss
of Coclant Flow transients may be performed with a method very similar to that described in
SNP's approved Combustion Engineering type plant statistical transient analysis mothodc:logy(1 )

The protective systems for the two plant designs are functionally equivalent for these panticular
events.

Postulated accidents are allowed to have a limited amount of fuel failures caused by the
penetration of DNE.







NEUTRONICS ANALYSIS

The purpose of this section is to describe the generation of the core power distributions utilized
in the determination of the F(A[) portion of the reactor trip functions. An F(Al) adjustment is use
in the overpower AT trip function to account for t ffect of variations in the core axial power
distribution on the margin to fuel cente : € adjustrnent is utilized in the
overtemperature

distribution on
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From the cases in Step 4 the core power and core maximum values of FA and F ., are
H Q

obtained
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60 SAMPLE CALCULATIONS
6.1 Sampie Caiculation Introduction

This section presents a sample implementation of the statistical setpoint and transient
methodology for Westinghouse type plants. In this demonstration, the OPAT and OTAT setpoints
will be develcped. In addition, a sample statistical uncentrolled rod withdrawal analysis will be
performed. The OPAT reactor trip setpoint provides protection of the SAFDL on fuel centerline
melt. The OTAT reactor trip setpoint provides protection of the SAFDL on DNB and preciudes
the occurrence of coolant saturation at the vessel exit. Final confirmation ofthe OPAT and OTAT
setpoint equations is provided Ly the plant transient analysis.

A summary of the OPAT and OTAT setpoints developed via this methodology is provided in
Section 6.2 of this document. In addition to the resultant trips, the respective plant conditions
assumed during the calculations are also provided in Section 6.2. The calculations and results
of the sample OPAT setpoint development are given in Section 6.3. In Section 6.4, the results

of a sample OTAT caiculation are provided. Section 6.5 presents a sample statistical analysis
of the uncontrolled rod withdrawal event.




P aln ilatianm € imnswm s
Sample Calculation Summary

OPAT and CTAT reactor trip setpoints have been developed for a typical 3-loop Westinghouse
plant operating at 2300 MWt. These setpoints are to respectively provide designed protection

of the SAFDLs on fuel centerline melt, coclant saturation at the vessel exit and DNB for

Anticipated Operational Occurrences (AQQO). The plant conditions assumed in the development

-

of these trips are presented in Table 8.2
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These analyses were performed in accordance with the SNP metr

o Tals
(ALY

ogy described in the
previous sections of this report. Important design inputs to the setpoint calculations are provided
in Sections 6.3 and 6.4. A statistical uncontrolled rod withdrawal transient analysis was also

performed that confirmed the O (, coefficient generated
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Core Thermal Power 2300 MWt
Rated Power Vessel Ave. Temp §75.4 °F
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Primary System Pressure 2250 psia
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Fuel Rod OD
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Table 6.2.2: Overpower AT Rcactor Trip Setpoint for a 3-Loop Westinghouse Flant

‘where:

(1+¢,5)

A

AT
AT

S

(e ) SAT, (K, =K (

1+x,8

iA

(1 +1, *S)/(1 +12'S) =

®10 %2

1/(1 +t3'S)

s

1/(1+1¢"S)

s
273/(1 .
*7

Flal)

-

S)

t,8 1 = 1 A o
1«,3) ( 1«,3” x,(r(m) ™ -P(AD))

measured AT, F-degrees

indicated AT at rated thermal power, F-degrees

indicated average reactor coolant temperature, °~

§75.4 °F, indicated average reactor coclant temperature at
rated thermal power

1.110

0.20/ °F for increasing average temperature and 0 for
decreasing average temperature, 1/°F;

0.0027 for T > T' and 0 for Tavg <T

Laplace transform operator, 1/sec;

Lead-lag compensator on measured AT

Time constants utilized in lead-lag compensator for AT,
t, = 0 sec, t,= 0 sec

Lag compensator on measured AT

Time constant utilized in lag compensator for AT, =.= 0

3
sec

Lag compensator on measured average coolant
temperature ;

Time constant utilized in lag compensator for measured
average coolant temperature g™ 0 sec .
the function generated by the rate-lag controller tor average
ceolant temperature dynamic compensation

Time constant utilized in rate-lag controller for average
coolant temperature dynamic compensation, t,= 10 sec
See description on next page and Figure 6.2.1
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Table 6.2.2 (Cont)

F(Al) is a function of the indicated difference between top and bottom detectors of the power-

range nuclear ion chambers, with gains to be selected based on measured instrument response
during plant startup tests such that:

(i)

(i)

(i)

for q‘-qb between +12 percent and -4 percent, F(Al) = 0, where Q, and q, are percent
RATED T=eRMAL POWER in the top and bottom halves of the core, respectively, and
Q,+qy, is total THERMAL POWER in percent of RATED THMERMAL POWER (2300 MWY),
F(al) = 0. For every 2.4% below the fated power (2300 MWY) level, the permissible
positive flux difference range is extended by +1 percent. For every 2.4% below the rated
power (230C “IWt) level, the permissible negative flux difference range is extended by -1
percent

for each percent that the magnitude of 99y exceeds +12 percent, the AT trip setpoint
shall be automatically reduced by 2.4 percent of its value at RATED THERMAL POWER
(2300 MWY).

for each percent that the magnitude of <:|t-c;b exceeds -4 percent, the AT trip setpoint shall

be automatically reduced by 2.4 percent of its value at RATED THERMAL POWER (2300
MWt)
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Table 6.2.3: Overtemperature AT Reactor Trip Setpoint for a 3-Loop Westinghouse Plant

AT ‘(::::3( 1.1‘3) SAT, (K,-K, ( ::::? (7( 1‘1“3) -T%) oK, (P-P)) -F(AD))
where:
AT = measured AT, F-degrees
ATO = indicated AT at rated thermal power, F-degrees
= indicated average reactor coolant temperature, °F
T - §75.4 °F, indicated average reactor coolant temperature at
rated thermal power
P = pressurizer pressure, psig
P = 2235 psig, nominal pressurizer pressure at rated conditions

2 1.189
0.01228 (1/F-degrees)
= 0.00089 (1/psi)

MJ“F_‘X
L

= Laplace transform operator, 1/sec;

(1 +r1'5)/(1 +12'S) = Lead-lag compensator on measured AT

Tyt = Time constant utilized in lead-lag compensater on
measured AT, t,= 0.0 sec

171 +13'S) = Lag compensator on measured AT

Ty = Time constaiit utilized in lag compensator on measured AT,
Ty 02 s

(1+2 4'8)/(1 +t5'5) = Lead-lag cumpensator on average coolant temperature

T, = Time constant utilized in lead-lag compensator on average
coolant temperature, ¢ 4" 20.0 sec

g = Time constant utilized in lead-lag compensator on average
coolant temperature Ty 3.0 sec

11 +:6'S) = Lag, compensator on measured average coolant
temperature

s = Time constant utilized in lag compensator on measured

average coolant temperature, Tg= 0.0 sec
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Table 6.2.3 (Cont))
F(al) = a function of the indicated flux difference between the top
and bottom detectors of the power range nuclear ion
chambers (Al). See discussion below and Figure 6.2.2.

' F(Al) is a function of the indicated difference between top and bottom detectors of the power-

range nuciear ion chambers, with gains to be selected based on measured instrument response
during plant startup tests such that:

iy for Q9 between +10 percent and -17 percent, F(Al) = 0, where 9, and q,, are percent
RATED THERMAL POWER in the top and bottom halves of the core, respectively, and
q+qy is total THERMAL POWER in percent of RATED THERMAL POWER (2300 MWY),
F(Al) = 0. For every 2.4% below the rated power (2300 Mwt) level, the permissible
positive flux difference range is extended by +1 percent. For every 2.4% below the rated

power (2300 MWY) level, the permissibie negative flux difference range is extended by -1 ‘
percent.

(i) for each percent that the magnitude of ;-9 exceeds +10 percent, the AT trip setpoint

shall be automatically reduced by 2.4 percent of its value at RATED THERMAL POWER
(2300 MW1).

(iii) for each percent that the magnitude of q,-q,, exceeds -17 percent, the AT trip setpoint

shall be automatically reduced by 2.4 percent of its value at RATED THERMAL POWER
(2300 MW).
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6.3 Overpower AT Setpoint Equation
6.3.1 Fuel Meit Limit Determination

The OPAT trip coefficients are set so as to prevent the occurrence of fuel centerline melt with
95% probability and 95% confidence. Before the trip coefficients can be determined, it is first
necessary 10 determine the LHGR at which fuel melt will take place. This is done by comparing
the fuel centerline temperatures, calculated by RODEX2(4). with the respective lemperatures at
which fuel melt will occur. Figure 6.3.1 depicts the LHGR fuel melt limit as a function of assembly
burnup. This LMGR limit curve is overlayed with a series of XTGPWR(S) assembly peaking and
exposure maps to determina the aliowed LHGR as a function of cycle depletion. The LHGR limit
as a function of the sample calculation cycle depletion is depicted in Figure 6.3.2.

632 OP4 Trip Coefficient Determination

The overpower AT setpoint function is ! sted in Table 6.2.2. A list of all of the uncertainties
assumed in the performance of the sample statistical OPAT analysis is provided in Table 6.3.1.
The setpoint function was developed to protect the core protection limit of 118% power
over the range of pressures delineated by the high and low pressurizer pressure trips. The
design FQ was set

The convolution

of the uncertainties was performed by a Monte Carlo
analysis.
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6.4 Overtemperature AT Setpoint Equation
6.4.1 Determination of Overtemperature AT Setpoint Coefficients

The OTAT setpoint coefficients are set so as to prevent the occurrence of DNB or hot leg
saturation with 95% probability and 95% confidence. The process usad to determine the
coefficients is provided in Section 3.3. The DNB calculations were all performed with SNP's
XCOBRA-IIC computer code(s).

The adequacy of the axial distribution is subsequently verified in Section

6.4.2 tffe OTAT F(Al) reset trip function analysis.

A response surface was generated according to SNP's approved
GSUAM me,thodology(z‘s) The parameters varied in the generation of the DNB AT response
surface are identified in Table 6.4.1. A comparison of the fitted versus actual DNB AT data points
is presented in Figure 6.4.1,

A Monte Carlo calculation was performed to determine the 95%/95% statistical DNB AT
adjustment. The Monte Cario calculation used equaticn 6.1, listed below
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represent the locations where the occurrence of DNB and hot leg saturation are prevented with
85% probability and 95% confidence. A set of OTAT trip coefficients was developed which
bounded these respective points. A comparison of the trip equation lines and the respective
conditions of DNB and hot leg saturation is presented in Figure 6.4.3. The trip coefficients were:

6.42 F(Al) Reset Trip Function for Overtemperature AT Setpoint

The OTAT F(Al) trip reset function is designed to account for the effects on MDNEBR of core
power distributions more adverse than the design values. The OTAT F(Al) trip reset function is
listed in Table 6.2.1. A plot of this function is presented in Figure 6.2.2.

The uncertainties used in the statistical OTAT F(Al) ahalys:s were
The
OTAT F(Al) tunction methodology is described in Section 3.4. The OTAT F(Al) analysis was

performed using the procedure described in
Section 5. A NOMSCAN/DETSCAN calculational sequence was performed

A response surface was generated about this point using the parameters identified in Table 6 4. 1
The parameters were varied in the generation of this response surface according to SNP's
approved GSUAM methodology(za’ A comparison of the fitted versus actual core AT data
points is presented in Figure 6 4.4
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I

Table 6.4.1; OTAT Statistical DNB Parameters
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Table 6.4.2: OTAT Statistical Hot Leg Saturation Parameters
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6.5 Sample Statistical Uncontrolled Rod Withdrawal Analysis

To demonstrate the statistical transient analysis methodology for Westinghouse type reactors,
a sample uncon‘rolled rod withdrawal analysis was performed. The result of this analysis was
an OTAT trip setpoint which prevents the occurrence of DNB with 95% probability and 95%
confidence. The methodeology employed by this calculation was that described in Section 4.0
of this report.

The statistical uncontrolled rod withdrawal event considered statistically those parameters listed
in Table 6.5.1.

The first step in the calculational process is to determine the reactivity insertion rate

A response surface was generated

n this response surface the parameters listed in
2.3
2

Table 6.5.1 were varied according to SNP's GSUAM methodology' A plot of the comparison

of the response surface fitted versus observed data points is presented in Figure 6.5.2
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To determine the statistical uncertainty adjustment to K, a Monte Cario analysis was performed

on equation 6.4

The statistical K, adjustment was applied
which prevent the occurrence of DNB with 95% probability
and 95% confidence




Table 6.5.1
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Statistical Uncertainty Parameters in Sample Uncontrolled

Rod Withdrawal Analysis Response Surface
J
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Figure 6.5.1: Statistical Uncontrolled Rod Withdrawal Analysis NOMSCAN/DETSCAN Results
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Figure 6.5.2: Statistical Uncontrolled Rod Withdrawal Analysis Response Surface Fit Comparison
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Question 1 - To what type of Westinghouse plants and fuel designs is the EMF-82-081 P)
methodology applicacle ? Besides the trip parameters (K. t) anc uncertainties, what piant
specific-methcdoicgy adjustments are required ?

Response - The SPC methodelcgy ' considered applicatie to W clants equicpec with OPAT
anc OTAT reacter trips of the form ziven in Sections 2.1 and 3.1 of Feference 1, raspeciively
The methocology is applicatie to fuel gesigns for which SPC nas or cbtains appreved
models and methodelogies for centeriine temperatura and ONB evaiuations. These fuel
cesigns will incluce all SPC fuel cesigns for W reacters.

The SPC methedclogy is written t¢ cover the compiete set of calculations required to cevelcp
new setpoints from scratch. In scme instances, plant applications wiil require the verificatien
of existing setpoints rather than the cevelopment cf new ones. In these instances, the trip
coefficients are aiready specifiec, anc it is necessary cnly to verify that the trip setpoint
acequately protects the SAFDLs. The computation of the trip coefficients is deletea frcm the
analysis. The remainder of the analyses are retained, if a deterministic uncertainty anaiysis
proves overly conservative. A conservative deterministic uncentainty may be appiied in the
F(Al) verificaticn analysis, for comgutational convenience.

Some plants are alreacdy proviced with a statistical trip channel uncertainty allowance Cy ihe
reactor vencor. The total trip channel statistical allowance, termed Total Allowance (TA), s
embedcec in the plant Technical Soecifications monitering and surveillance procedures. t1s
therefore desirabie that the precise vaiue of TA be retained in SPC setpoint analyses

Secause the TA encompasses a two-sided 85%
probability level, it 1s taken as a =20 uncertainty banc. It is assumed normal, per the
response to Question 6 below. Zscause the TA typically incluces all apghicable Al
uncertainties, jcint power-A| precacility curves need not be generated

Plant or application-specific metncceiogy adjustments are fcrmulated to retain the general
statistical approach detailed in the SPC methodelogy repert. The use of conservative
deterministic uncertainty treatments in the place of or in conjuncticn with statistical treatments
is an acceptable alternative to the ‘uil statistical treatment described in the repent. The cesign
bases of the OTAT and OPAT reacter trips and the functicnal bases of the SPC methccelegy
are preserved under any adjustments that prove necessary

Question 2 - Typical OTAT trips limit the cutlet quality to less than the limit of the CNB
orrelation (e.g., 15%). How is this imit incorporated in the SPC setpoint?

Response - The SPC setpcint methodology will utilize primarily the HTP DNB cerrelation
which has a quality limit well above the W-3 correlation limit of 15%. Typically, the
hot-leg saturation limit will be enccuntered before the HTP quality limit. The XCOBRA-IIC
code prints a warning message wnen the quality limit is exceedec, to alert the analyst to this
proplem if it cceurs
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Question 3 - Describe the power excursion ransient used 1o determine the transient-
coempensated fuel temperature acjusiment.

Response - The OPAT trip is cesigned e protect against sicwiy eveiving events in whicn
ransient fuel temperature oversncct '8 net a significant cencern. it is not designed o pretect
against the guickly evelving events wnich rasuit in signiticant power cversnoots. inclusicn ct a
rransient compensation bias is thus incensistent with the trnp cesign dasis

Transient fuel centerline temperature will be verified in the transient analyses on an avent by

event basis. Since the effect of power oversheot is evalvated on an event-Dy-event basis in

the transient analyses, a transient overshoot bias compensation s not required in the OFAT
Irip analysis.

Cuesticn 4 - Discuss how the selection of the high pressurizer and the hot-leg saturation
temperature results in a maximum value for Kg

Response - In general, vessel AT at a given power level varies reciprocally with the specific
neat of water. As temperature increases at given power, the specific heat of water increases.
and vessel AT decreases. The maximum temperature achievable at a given pressure 1s the
saturation temperature. Thus, for given power ievel and pressure, the saturation temperature
results in the maximum value of specific heat and the minimum vaiue of vessel AT

As pressure increases, the saturation temperature increases. The maximum temperature
permitted by the OTAT setpoint is the saturation temperature at the maximum cperating
cressure. Selection of the maximum operating gressure and correspending saturaticn
remperature maximizes the value 2f the specific heat, and minimizes the value cf the vessel
AT at given power level. By inspection of Equaticn 2.3, Page 8. of Reference 1, a minimum
/alue of AT yields a maximum vaiue of K,

2ecause the Inlet coclant density cecreases at higher pressures (assuming saturated
canditions at the hot leg) due 1o the higher saturation temperatures, the resulting decrease n
mass flow rate through the core will tend to increase the AT at a given pcwer level as
pressure increases. The effect of higher pressure on specific heat is the stronger
dependence, and dominates the effect of pressure on the computed AT. Hence, the effect of
the thermedynamic properties of water are such that selection of the highest pressure
achievable in the core (at saturated concitions) leads to the desired goal of maximizing the
value of K6

Guestion § - Maximizing K¢ apgears 1o provice a conservative trnip for T, . > T' and a non-

-

conservative trip for Téwg < T' How will a conservative OPAT trip be insured for ‘1’avg <T?

Response -

as noted in typical plant Technical Specifications

ensures that the trip function is conservative, because the tnp
circuitry ensures that AT/AT, is always equal to or less than K,
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Question 6 - How will the uncertainties and their districutions of Tables 2.1, 3.1, and 3.2, and
the trip processing and time delays ot Table 4.1 be verified in piant-specific applications”?

Siemens Pcwer Corporation Proprietary

Response -
are typically succlied by the

utility based on infermation proviced Cy the reactor vencer, in some plart applications, the
Technical Specificaticn total statistical allowance (TA) associated with a reacier irip channel
subsumes these uncertainties, ana s used in their stead. These uncenainties are
characteristic of the reactor measurement and instrumentation systems, and are not affected
by changes in the fuel design cr piant operating point. They continue to be applicavie
without the need for further verification

The power peaking measuremsant uncenainties are typically proviced in the plant Technical
Scecifications. SPC's adeption ¢f these uncertainties is justified on a generic basis as pan of
SFPC's approved neutrenics methecology

The DNE correlation uncertainty listed in Table 3.1 is justified by companiscn 10 ONB test
cata. The DONB correiation statistics resulting from this comparison are described in a tepical
report that is reviewed by the NRC

The trip processing and time delays listed in Table 4.1 may De treated ceterministically in the
statistical transient analyses. In this case, the bouncing values are typically taxken from
information suppliec by the reactcr venger or from the plant Technical Specifications. These
bounding values are characteristic of reactor systems. anc are nct expected 10 change with
tuel design or plant cperating pcint. They continue o be applicadie withcut the need for
further justificaticn

in other cases, the trip processing and celay times are treated statistically Statistical
analyses of plant systems data are pericrmed to justify the uncertainties that are 10 be used
in the statistical transient analyses. @ uncertainty gistrioution and its cescriptive stalistics
result from these analyses

In most cases, the uncertainties ‘or the reactor measurement ang instrumentation sysiems
have been reported only as a simple uncentainty band. The uncertainty cistrioutions and their
descriptive statistics are typicail’ ict provided by the reactor vendor SPC therefore makes
the following conservative assumcticns about the uncenainty distributicns and their
descriptive statistics
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Question 7 - Cescribe in detail the methcd used to calculate the ioint probability distribution
and the Al-dependent power limit for cetermining the OPAT and OTAT F(Al) reset functions?

Response -
Uncartainties i the Trip at Fixed Flux Difference

The OTAT trip calculates a hot leg-to-cold leg temperature difference at which the reacter
should be tripped to protect against ONB at a 95/95 level. The trip uses the average of the
hot leg and coia leg temperatures, the pressurizer pressure and the axial flux difference to
calculate the trip setpeint. .

8T = 8Tyslky - Koo Tave- Taveo) K= (P-Pp)-FdA),

where the subscript 0" denctes neminal conditions and F(31) Is the acjustment for the axial
flux difference.

The OPAT trip is quite similar, although somewhat simpler, and protects against
fuel centeriine melt. In general the cescription below, which is directed towaras the OTAT trip,
appies to this trip aiso.

A probability distribution is determined for 3T which utilizes all uncertainties except these
associated with the measurement of the axial flux giference.

A response surface-Monte Caric method is used for this
purpese

Statistical Cembination of 3T and 31 Uncertainties

in adcition to the probability gistnbution for 3T, a second probability distribution,
is created to
The appropriate measure of the
proximity of the OTAT trip 2 the MONER limit is determined by evaluating a combpinaticn of
these two probability distributions which resuits in protection at the 95/95 limit.

The jeint probability distributicn is written, in general, as an integral over the joint procability
density function.

FAATAN = [fixp dxdy

where the integration over x and y Is over the domain bounded by AT and Al. The
appropriate interpretation of the argument (variable greater or less than argument) depends
on which direction from the nominal peint the distribution ie being evaiuated. In this example,
it will be assumed that §T<AT and that 1< Al for simplicity. For the other three cases, the
domain of integration, as reflected in the limits used below, would need to be aitered
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8/8% limit is establishec by setting this jcint probability equal to .08

int for the (setpcint and transient analys!s)

Question 8 - In

stermining the referénca po

rERARMAAGE @&1irf
esgonse su

Response - The individual NOCMSCAN DETSCAN differences are combined
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Question 9 - Provice the form of the response surfaces for AT g Cf Equation-3.4, AT, of
Equatien-3.5, AT . of Equation-3.6, and the ATRIP for the Chapter 4 transient analysis

Respecnse - The form of the various response surfaces is selected at the discretion of the
analyst. The bases for the selection include the fitting statistics, the residual picts, anc a pict
of the response variable vs. the data points (0 which the resporise surface is fit. The
suoseguent Monte Carlo analyses include an allowance for response surface fitting errer
Care (s taken to ensure that the experimental design is sound, and that the response surface
s of sufficiently low orger in the independent variables 1o preciude overfit

Some of the terms in some instances have
been rejected because they do not substantially enhance the fit. The analyst is free to use
any response surface form that provides a fit of the requisite accuracy

Question 10 - Provide a comparison of the W and SNPC CPAT and OTAT setpoints and
discuss any significant differences.

Response - The methodology will be applied to verify an existing setpeint or to deveiop a
new setpoint. |n either case, the fundamental form of the setpoint eguations remains 'ntact
and the transient elements of the setpoint are unchanged. The values of the K, K,, and |

onstants in the OTAT setpoint and the values of the K, and Kg constants in the OPAT
setpoint may be revised in developing new setpoints In that case, the supporting analyses
will utilize the Reference 1 methods to ensure a conservative setpoint. in verification
applications, the value of the K,, K,, K,, K, and Kg constants will remain unchanged as well
Thus, SPC and W utilize the same ‘crm 1cr the setpoints and develop or evaluate them from
equivalent design bases.
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Questicn 11 - Are the DNB and fuel meit codes and methods used to determine the AT
setpoints apgroved for application to W plants?

Response - Yes the codes, correlaticns, and methodelogies utilized in the AT setpoint
analyses are Incivicually submittec to the NRC for approval. The RCCEX2 ccde is used o
setermine fuel melt limits. It is appreved for application tc SPC fuel cesigns. DNB
calculations ara performed using SPC approved thermal hydraulic methodologies, and will
primarily be pericrmec with the HTP ONB correlation. which is at present under NRC Staft
review. SPC's approved XNB correlation may be utilized in soma casss ONB cerrelations
approved in the future may be used as well.

Guestion 12 - How is it assured that the limiting operating conditions have teen includec in
the determination of the axial power shapes”?

Response - T¢ assure that the limiting operating conditions have been covered, the axial

power shapes are generatec
The axial xencn shapes are

ootained from xenon oscillaticn simulations The xenon osciilation

simulations are induced by insening rocs

then rapicly removing them. The change in the xencn distribution
during the fellowing hours produces axial xenon shapes
achievable during operation. These acverse xenon shapes are then applied to rodded and
unrodded ccre configurations This preduces axial power shapes
which are mcre limiting than those wnich are reasonably achievable.

The axial power shapes are highly depencent on the power level at wnich they are generated.
In the develocpment or verificaticn of the OPAT F(Al) function,

These are the axial distnbutions for which the
OPAT F(Al) tnp reset action is required

Question 13 - The shape of the F(Al) function typically depends on the power level. How IS
this dependence acccunted for in the NOMSCAN caiculation «f the OTAT F(Al) reset functien?

Response - Cf the seven W reactors that SPC has fueled, six have nc power dependence in
their F(Al) trip reset functions.

In one reactor, the F(Al) trip reset does permit a broadening of the deactand at power levels
below rated for steady-state operation. If a power excursion event occurs, the deadband will
automatically narrow 1o the rated power range as pcwer approaches ratec, causing an
appropriate reset of the trip setpeint. Limiting transient events tend to terminate at power
levels at or above rated. Consequently the troader deadband permittec at reduced power
levels is not expected to significantly affect the performance of the trip curing limiting transient
events that trip on OTAT
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in the event that a limiting event terminates on an OTAT trip at a power level below rated. the
ONBR may be evaluated

Siemens Power Corporation Proprietary

in this way, a conservative evaluation of the event
and the OTAT performance is assured. Should ONBR limits not be met, a revision to the F(al)
function weoulid te reguired.

The F(al) gain, G, establishes the required trip reset for a given excursion of Al ceyend the
deacbanc. For plants in which deadband relaxation at reduced power is permittec, the
relaxation is computed using the same gain, The same DNB safety margin is preserved with
the increased deacband at reduced power as s preserved for an equivalent Al increase at of
above rated pcwer.

For the W reactors with which SPC has experience. no additional treatment of the F(Al) reset
's required for reduced power cperation. This is tecause either the deadband is not relaxed
at reduced power, or because the deadband is relaxed at a rate wnich preserves the margin
te the ONB safety limit.

Guestion 14 - How will this methedelogy be applied tc mixed core loacings with fuel from
multiple venders?

Response - SPC setpoint analyses are structured o suppon SPC fuel cperating in @ mixed
core environment. These analyses employ SPC's approved mixed core thermal hydraulic
methodclogy. Usually, the previcus vendor's anaiyses are relied upon to suppor the non-
SPC tuel in the core. Existing Technical Specification power peaking limits are typically
retained for the non-SPC fuel in the mixed core, to ensure the continued applicability of the
previcus vendor's analyses. The CNB and fuel centerline temperature effects of diversion
cross flow between assemblies in the mixed core are explicitly considered in each appication,
1o ensure that the previous vender's fuel remains within the bounds of its suppening safety
analysis.

Question 15 - What is the typical power level implicit in the Al = 0 OPAT setpoint?

Respecnse - The power level at the OPAT setpoint with zero F(al) compensation is computed
for each apglication of the OPAT setpeint methodolegy. A recent application of the
methodclogy resuited in a power level of rated, corresponging to an uncertainty-
adjusted K, value

Question 16 - Is the equation presently used to determine the SGSV cpening employed in
the SNPC methodology? If net, justify any differences.

Response - If plant operating conditions and steam generater tuce plugging levels are
essentially unchanged, the SGSV limit line may be taken from previous vendor's analyses. I
tube plugging levels increase, the line is adjusted

Alternatively, the line may te
developed as described below.

The SGSV limit line provides an upper limit on the coclant average temperature based on the
power level and the secondary sice saturation temperature at the steam generator safety
valve relief setpeint. The SGSV limit on ng is fixed by the follewing equation:
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qQ=(UA)*a Ty g

where AT, g I8 the classical log mean temperature difference, (UA) is the overall primary to
secondary heat transfer coefficient, and g is the heat transferred per unit ime The
temperatuies employed in computing the AT, g are the primary hot and cold leg
temperatures, the secondary inlet temperature, and the seconcary steam temperature, The
secondary steam temperature is equal to the saturation temperature at the maximum
Jncertainty-acjustec steam generator safety vaive setpoint pressure

The primary average cooclant temperature is computed as the mean of the hot and coid leg
temperatures. The hot and cold leg temperatures are consistent with the power and flew
levels. The primary-secondary heat transfer coefficient (UA) is deduced ‘rom known plant
cperating conciticns. The average primary coolant temperature is determined at various
power levels, and mapped onto the Tavg - AT coordinate system.

Question 17 - Describe the transient calculations used to determine the OPAT trip dynamic
compensation facter Kg. Why is the incicated value of K a factor of about 10 larger than
typical values?

Response - In general, SPC does not intend to either cevelop or 0 medify the Kg constant.
The first two paragraphs of page 5 of the reference 1 document discuss the transient signal
compensation for the OPAT trip. The last sentence of the first paragraph is intenced t©
ndicate that SPC will not develop or medify these time constants or Kg under the present
methocology

Tre "1/°F" that appears in the setpcint descriptions 1s intended to incicate the proper units for
the particular constant, rather than a specific vaiue.

Question 18 - What transients will be analyzed with the statistical methcas of Chapter 47
What trips, other than the OPAT and OTAT trips, will be determined or verified using these
analyses?

Response - The methods of Chapter 4 are intended to apply to limiting DNB transients and
limiting pressurization (depressurization) events
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Question 1: FPlease provide assurance that ail combinations of axial power distribution and
power level are protected by the OTAT F(Al) trip reset function generated under the
statistical setpoint methedology.

Response

Question 2: Please support the conservatism of using
criterion in the statistical transient analyses for the pressurizer pressure trip and the

low flow trip.

Response

D S R B G T S G A G I O o & G S o
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Response to Question on EMF-92-081(P)

-

:,e°'lr‘n 1: In determining the reference peint for the OTAT trans 8

urfaces, are the indivicual '\\.”C AN, E‘S:A of "em'*es combined using an algekraic or
a s.ans ical root-mean-square (rms) methed? |f the statistical roct-mean-square methcc (s not
used, provide the basis for conciuding that the reference point yields a touncing
rms-statistical uncertainty fer all peints of interest.

~t
.

3 ®

Response: The individual NOMSCAN/DETSCAN differences are combined as

In typical applications, the arithmetic criterion and the RMS criterion yield essentially the
same resuit, as discussed beiow. The arithmetic criterion is consideréd 10 te an acceptable
alternate to the RMS criterion in applications

TFAK NO. ﬁ 5
PAGE . OF
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Table 1 Uncertainties and Sensitivities Considered in DNB Response Surfaces

A - € A 4 4
X . LYy

Table 2 Uncertainties and Sensitivities Considered in DNB Response Surfaces

Minimum Flow Sensitivity)







