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ABSTRACT

This report describes the methods used to statistically combine uncertainties
J

for the C-E calculated Local Power Density (LPD) LSSS and Thermal }
Pressure (TM/LP) LSSS for St. Lucie Unit 1.
uncestainty probability

Yargin/Low
A detailed description of the
distributions and the stochastic simulation techniques
used is présented. The total uncertainties presented in thi
precspd

S report are ex-
€4 in porcent overpower

(Pfd”. pfdl) units, assigned to the Lin LSSS
and the TM/LP LSSS at the 95/95 probability/confidence Timit.
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DEFINITION OF ACROMVMS AND ABBREVIATIONS

"y

ACU Axial shape index calibration uncertainty
AOG Anticipated Operational Occurrence(s)
APULTPU  Processing uncertainty
ARD A1l rods out '
AS] _ Axial shape index after application of uncertainties |
: ASigue® Axial shape index aftee {nclusion of the ONB Lss uncertsinties ;
Aﬁltggs Axial shape index «fter inclusion of LHR LSSS Uncertainties
l @ Uniess specifically defined in context as represenling AT Power,
B is used interchangeably with O, core power,
BDNB pfdn after application of uncertainties
BLHR Pfdl after application of uncertainties
Blhﬂh LHR overpower including uncertainties |
LSS5 ] .
B Power limit for LHR LSSS
gopﬂ Available overpower margin
OpmMo Reference Bopm for calculating the constants in the TM/LP trip
equation
Bbggs Power level after inclusion of ONB LS55 uncertainties and allowances.
Btzés Power level after inclusion of linear heat rate LSSS uncertainties
and allowances,
B kth (hth) simulated value of overpower margin,
Opmk(h)
Aaopm kth (hth) value of samgled overpower uncertainty due to axial
k(h) shape index uncertainties
MY Power measurement uncertainty
aMUk(h) Value of the power measurement uncertainty sampled by SIGMA
- in teial k(h).
B3C Beginning of Cycle
- CEA Contral Element Assembly
CECOR Computer code used to monitor core power distributions
CETOP Computer code used te determine the overpower limits due to :
thermal-hydraulic conditions '
CL-1 DNBR DNB Ratio calculated by the 10RC/CE-) correlation
v |
/
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DEE
Di
OND
OHER
EGC

I (AWF)

lp(RSF)

fh
1

L
LCo
LS
LHR

LPD

Design Basis Event(s)

Value of simulation point i

Departure from Nucleate Boiling

Departure from Nucleate Boiling Ratio

End of Cycle

Primary coclant flow rate

Number of degreecs of freodom

Coolant flow used in the generation of (P

lp) ordered pairs
of data

fdn®
Engineering factor on local heat flux

Synthesized three~dimensional core power peak

Planar radial peaking factor
Integrated radial peaking factor
Height of core

Core average axial shape indax
External shape index

Axial shape index for the §UI assembly

Peripherail axial shape indox

QUIX-calculated core average axial shape index
QUuIx-caleculated Ip

QUIX calculated value of Ip using the rod shadowing factor method

ROCS-calculated core average axial shape index
ROCS-calculated Ip

ROCS power distribution based values of Ip using the assembly
weighting factor method

ROCS power distribution based values of Ip using the rod shadowing
factor method

Ip calculated by CECOR

i calculated by CECOR

Power in fower half of core
Limiting Cendition(s) for Operation
Latin Hypercube Sampling

Linear Heat Rate

Local Pawer density

vi




L.555 Limiting Sately Systen Selting(s) |
HONgR Minimum DNGR ;
MoC Middle of Cycle
Mwl Megawatt(s) thermal
Kic Moderator Tenmperatyre Coelficient
N Sample cize
N5S5S Nuclear Steam Supply System(s) ,
P Reactor cvoalant systen pressure |
5(J) Average. POwWEY in axia) nide J
P Axially integrated power of assembly i ,
P{d} Power Lo the fue) design limit on fue! centerline melt !
pfd)h Value of pfdl from siwulation n ;
PDHB Pressure used in calcuiating Lthe (Pfdn‘ Ip) ordered pairs of dats ;
Pfdn Fower to GNoR SAFDL ;
pidnk Overpower from CETOP for the sampled input péarameteors i
in simulation k
Pv&r Variable iow Pressure trip limit i
P?S? Variable Pressure Lo achieve Dng at the LSSS 1imit i
:gﬁs,ona ariable pressure te achieve pNB at the [5s§ timit including uncertainties |
POIL Power Dependent Cga Group Insertion Limit :
My Pressure Measurement Uncertainty |
Pu Unkertainly in bredicting local core power at the fuel design
Vimit
ﬁ(x) Norm: | zed Power level at Core height x
Q Core Power, auctioneered higher of flux power or AT power E
QUIX Computer code useq Lo solve the dimensioml neutron diffusion é
eGuation |
RCS Reactor Coolant Systea |
ROT Pressure equivalent of the total trip unit ang processing delay i
Lime for the DBE exhibiting the most rapid approach to the SAFDL i
on DNER i
ROCS Coarse mesh code for calculating power Fistributions
RPS Reactor Protection System ; : l
RSH Periphorg) shape index Uncertainty
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Rod shadowing factor at core height x

5 Sample standard deviation

SATDL Specified Acceptabile Fuel Cesign Limit(s)

SAU Shape annealing factor uncertainty

SC Approved credit in lieu of statistical coabination of uncertainties
SCU Statistical Combination of Uncertainties

SI6MA Stochastic Simutation Code

SMLS

Statisticaily coubined uncertainties applicable to the Local
Power density L5535

TAZ Azimuthal tilt allowance

YC, Tin Reactor coolant cold Teg, inlet temperature

1?: Inlet coolant temperalure used in the caleuwlation of (Pfdn’ lp)
orcered pairs of data

T%gSS'DNB Final inlet ceolant temperature for LSS5 calculation

Th Reactor coolant hot leg temperature

THLL Thermal Margin Limit Line(s)

TH/LP Thermal Margin/Low Pressure

Hy Temperature measurement uncertainty

TORC/CE-1 Thermal hydraulic calculational model including CE-1 critical
heat flux correlation

TPD Allowzice for Transient Power Decalibration

TP Trip processing uncertainty

U Pﬂ@cr in upper half of core

VHPT Variable High Power Trip
Core average linear heat rate

centerline melt

Weighting factor of assenbly i

Axial) position

Sample mean

i ! value of a normally distributed random variable with zero
mean and unit standard deviation

Shape annealirg factor

Peak generated linear heat rate Vimit correspondinn to the SAFOL on fuel
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(.0 INTROOUC 1 (0N

1.} PURPOSE

The purpose of this report is to describe a mets d far statistically combining
the uncertainties involved in the analeg protection and monitering system
setpointes, The following uncertainties are cons idered:

l. Uncertainty in predicting integrated radial pin power

N

Uncertainty in predicting local core power density

(N

Power measuremant uncertainty

4, Shape annealing factor uncertainty

wn

Shape index separability uncertainty
6. Axiul shape index calibration uncertainty
7. Pﬁocessing uncertainty

8.  Pressure equivalent of the total Lrip unit and processing delay

time for the DBE exhibiting the most rapid approach to the SAFOL
on DNBR

9. Flow measurement uncertainty
0.  Pressure measurement uncertainty

11, Temperature measurement uncertainty

-1



1.2 BACKGROUND
1.2.] Protection and Monitoring System

The analog protection and monitoring systems in operation on the Combustion
Engineering Nuclear Steam Supply Systems have been designed to assure safe

. operation of the reactor in accordance with the criteria established in 10
CFR 80, Appendix A. This ic demonstrated in the Finad Safety Analysis

. Peport (FSAR) and subseguent reload licensing amendments.
This is achieved by specifying;

I. Limiting Safety Systom Settinas (LSSS) in terms of paraneters
directly monitored by the Reactor Protection System (RPS); and

2. Limitina Conditions for Operation (LCO) for reactor systom parameters,

3. LCOs for equipment performance

The LSSS, combined with the LCO, establish the thresholds for automatic pro-
tection system action to assure that the specified acceptable fuel design

limits (SAFDL) are not exceeded for the design basis events categorized as
Anticipated Operatioral Occurrences (AGOs). The SAFDL's addressed by the RPS are:

1. The reactor fuel shall not experience centerline melt; and

2. The departure from nucleate boiling ratio shall have 2 minimum
allowable limit corresponding to a 95% probability at a 95%
confidence level that DHB will not occur,

The RPS trips Jointly provide protection for all ADDs. The RPS praviding
primary protection from centerline melt is the Local Power vensity (LPD) LSSS.

The RPS providing primary DNR protection is the Thermal Marqin/Low Pressure
(TM/LP) LSSS.

The design of the RPS requires that correlations including uncertainties be
applied to express the LSSS in terms of functions of monitored narameters.

1-2
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These functions are the Lrip limits which are then set into the RPS, A
Vist of parameters which affect the calculation of limits for linear heat
rate and DND protection is shown in Table 1-1. A more deta’led discussion
of C<F setpoint methodology may be found in Reference 1-1,

1.2.2 Previocus Uncertainty Fvaluation Procedure

The methods previously in use for the application of uncertaintics to the
sthject limits are presented in Reference I=1 and summarized in Appendix B,

As noted %n Reference 1-1 these methods assume that all applicable uncertainties
occur simultancously in the most adverse divection even though not all of

the uncertainties are systematic: some are random and some contain both
systematic and randem characteristics. This assumption is extremely conser-
vative. As described in References 1-2, partial credit has been

allowed in view of the existence of this conservatism., This report documents

the methodology used to statistically combine uncertainties explicitly in
lieu of the credit previously used.

1.3 REPORT sSCOPL
The scope of this report encompasses the following objectives:

1. To define the methods used to statistically combine uncertainties

applicable to the Thermal 'argin/Low Pressure (TM/LP) and Local
Power Density (LPD) LSSS;

~Ny

To evaluate the aggregate uncertainties as they are applied in
the d~termination of the TM/LP and LPD LSSS.

To achieve these objectives it is necessary to define the probability
distributions associated with the uncertainties defined in Section 1.1.
The acvelopment of these distributions is discussed in Appendix A.
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The methods presented in this report are applicable to the following C-E
reactor;

St. Lucie Unit I (Florida Powar & Light Company )

1.4 SUMMARY OF RESULTS

The analytica)l methods presented in Section 2.0 are used to show that a

stochastic simulation of uncertainties associated with the LPD L555 and
it

YLP L5SS results in dggregate uncertainiies of [ 1, respectively,
al a 95795 probability/confidence Timat,

The total uncertainties previously applied to the LPD LSSS and the TM/LP

LSSS are approximately [ ¥, respectively. Therefore the use
of the statistical combination of uncertainties provicdes a reduction in

Conservatism in the margin to SAFNI of approxinately [ 1,

respectively,
1.5 REFERENCES

=1 CENPD-199-p, “C-E Setpoint Methodology,” April, 1976.

1-2  Docket No. 50-335 "Safety Evaluation by the Office of

Nuclear Reactor Regulation," St. Lucie Unit I Cycle 3,
May 27, 1979.
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TABLE 1~

— -

- NSS5 PARAMETERS AFFECT NG FUEL DESIGR LIMITS

DNBR

CORE PUMER

. AXIAL POWLR DISTRIBUTION
RADIAL POWER DISTRIBUTION
AZIMUTHAL TILY MAGNITUDE

CORE COOLANT IMLET TEMPERATURE
PRIMARY COCLAMT PRESSURE
PRIMARY COCLANT MASS FLOW

NO‘U‘&&:N‘—-

LINCAR KHEAT RATE

CORE POWER

AXIAL POWER DISTRIBUTION
RADIAL POWER DISTRIBUTICN
- AZIMUTHAL TILT MAGNITUDE
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2.1 GENERAL

The following sections provide a description of the analyses

statistically combine uncertainties associated with the DNS LSSS and the

LPD LSS5, The technique involves use of the comp.iter code SIGMA (Reference
2-1) to select data for the stochastic simulation of the TM/LP and LPD

talculations, the individua! uncertainties are presented in
Appendix A.  The Stochastic simulation technig es are Gescribed below.

performed (o

the bases for

2.2 OBJECTIVES oF ANALYSIS

The objectives of the analyses presented in this section are:

( To document the slechastic simulation tech

niques for combining the
uncertainties associated with the TM/LP (585 and the LPD LSSS,
2.  To vetermine the 95/95 probabilit

y/confidence Timit uncertainty
factor to be applied ip

Calculaling the TM/LP LSSS and LPD LSSS,

and
3. Yo demonstrate that a simplified algorithm, derived from the
detailed stochastic simulation techniques, is valid for combination
of the uncertainties tefined in Section 1.
2.3 ANALYTICAL TECHNIQUES

General Strateqy

The stechastic simulation code used for the statistical combination of
uncertainties associ

LSSS and the LPD LSSS is the
computer code SIGMA.

ated with the 1M/Lp

B B




SIUMA produces the dependent variabie probability i«
independent variables. Efach of the independent vaoi
probability distribution assaciated with it. This

slogram Tor a number of
ables has a speciried

The thecretica) bases upon which this code depends are those involving the

Hente-Carlo and Stratified Sampling Technigues. The functional refationship

hetween the dependent variable and the indepondent variables deponds on the
sofety system under consideration. For each independent variabie a set of
data peints is generated cerrespending to the probability distritution
associated with that independent variabje. The resuiting data ses associated
with each independent variable is (hen randomized. Finally the first data
point in each data set s selected aid all are conbined according to the
appropriate functicnal relationship, Combining these randouized independent
variables in accordance with the appropriate functional relationship

results in a calculated value of & dependent variable. Thig process is
continued until &l data in each data set have been used and the resultiant
dependant variable probabiiity histogram has been generated. The ratio of
the mean value of the Cependent variable to Lhe lower 95/9% probability/

confidence limit value is the Quantity of interest for a lower limit,

The analyses considered in excess of two thousand (2008) power distributions
approximately equally distributed at three times in life (BOC, moC, toc)

for a typica) retoad cycle deplevicn. These power distributions were used
in the determination of the 95/95 Probability/confidence Hmit uncertainty
factors. Power distributions were generated using xenon distributions ang
CEA configurations that could occur during steady state operation, load

maneuvers and uncontrelled axial xeénon oscillations in 3 manner similar to
that used for determinalion of trip setpoints.

Is illustrated in Fiture 2.1,

I S —




R B TP Stochast ic Simulation

For the TH/LP LSSS, DAB overpower (Pegn) is the dependent variable of in-
terest, The core coolant inlet temperature, reactor coslant system pressure,
RCS coclant flow rate, peripheral axial shape index and integrated radial
peaking factor are the independont variable of interest. CETOP (Reference 2- 1),
which is based on TORC/CE-1 (References 2-2, 2-3), is the model used to deter-
mine the functicnal relationship between the dependent variable and the inde-
pendent variables. The prohabiility distributions of uncertainties associated
with the independent variable are discussed in Appendix A.

Figure 2-2 is a flow chart represcnting the stochastic sinulation of the DNB
limits, The independent variables and their uncertainties are 1nput to SIGMA,
Each data set generated by SIGMA is evaluated with CETOP until a Psan prob-
ability distritution is venerated. The ratio of the mean value of Pggy to
the lower 95/95 value of P

fdn is the guantity of interest for evaluating a
lower Timit,

The core coolant iniet temperature range of intercst for the DNB LSSS stochastic
simulation is bounded by the loci of the core pow

er and core coolant inlet temp-
eratures corresponding to:

1. the temperature at which the secondary safety valves open; and
2. the temperature at which the low secondary pressure trip occurs,

The reactor coolant system pressure rance of interest for the DNB LSSS
stochastic simulatica is bounded by

1. the value of the high pressurizer pressure trip setpoint; and
2. the lower pressure 1imit ¢f the thermal margin/low pressure trip,




Ihe details of the specific TM/LP
presented in Section 2.4,

[

stochastlic simulations performed are

2.3.3 Local Poway nensigy Stochastic Simulation

For the LpPD L555, the power to fuel design limit on linear heat rate (P
15 the depencent variable of interest.

and 3-D peak are the indepen

far’
The peripheral axial shape index

dent variables of interest.
relationship between the dependent vap
is (Reference 2=4):

The functional
iable and the independent variables

= (¥cIn) (106)

fd = (Fa) (Wavg) il
where:
welm - peak generated linear heat rate limit representing centerline
fuel melt
Wavg -  core average generated linear heal rate at rated power
Fq T synthesized core power peak.

The probability distributions of eac

h of the uncertainties aséociated with
the inde

pendent variables are discussed in Appendix A.

Figure 2-3 is a flow chart representin

LPD LSSS.  The independent variables and their uncertainties are input to

SIGMA.  Each data set Generaled by SIGMA is inpul to the functional relation=
ship defined above unti] g p

fg1 Probability distribution is generated. The
fg1 L0 the lower 95/95 value of pfdl is the

G the stochastic simulation of the

ratio of the mean value of p
quantity of interest.

The details of the specific LFD LS55 stochastic sim

ulatien performed are
presented in section 2.4,

P e



.4 ANALYSES PLRFORMED

2.4.1 Thermal Margin/Low Pros:

sure LSsS Uncertainty Ana]ysis

In order to combine the uncertainties as shown in Figure 2-2 the stochastic
shown in Figure 2-4 was usad,

foliowing porameter uncertainties

sinulation sequence Distributions of the
are input to the SIGEMA sampiing module:

g "
At each selected value of Peripheral axial shape index (I)) the repr
axial power distribution is read from the data file.
trials (500-1000) is rus at this‘]p.
value from each parame

A serigs of simulation

Each simulation trial uses one sampled
ler distribution

2.4.1.1 Sampling Module SIGMA

—i,

The values of input parameters 5¢

lected for simulation trials
tative of the dctual dis

tribution of paramater val
module performs this data selection
(Reference 2=5)

are represen-
ues. The SIGMA sampling
using latin Hypercube Sampling (LHS),

LHS is a stratified sampling scheme that cov

ers the ran
variables with a minim

um of simulation data points.
teristics are input to SIGMA (

de of the independent
Distributional charac-

Lo In LHS the range of paran
is divided into equal probability intervais.

selected at tandom from the distribution,

eler variation
In each interval a point is

esentative
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i~ The specific sampling procedurz used |

A in this analysis is discussed. |
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used 1in this analysis i1s discussed
The sampled values for each interval are stored in an array. To
. 3 ™ [ g 0y 1 : 4 ¥ ¢ { M C ] - 3 e TR - & - -
generale sets of input vaiues, S1GHMA selects intervals at random
p . -] X . T s - . ¥ } 5 ¢ 3 1y = smie] > Y £y
trom each variable using each interval Gy once 1n a simulation.

2-1




2.4.1.7  Axial Shape ludex Calculation

The axial shape seen by the excore detectors is related to the core daverage
axial shape previded by QUIX (Reference 2-6) by several factors. These
factors are obtaineg by caiculation gr measurement and are subject to some
uncertainty. A 20-node tore average axial shape is selected from [

J. The core average axial shape index, I

v is calculated
frem this shape.

i =L-U 50 .
Ly # Us “ B) (2-9)
v LR (2-10)
10
y i ?-
Le 3 F) (2-11)

le relate this to the peripheral sha
following relation is used:

—

pe index inferred by the excores, the

(2-12)
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l ] have uncertainties associated with them, These uncertainties

vere used in SIGMA to generate representative values of | ]. Using :
B - - - I

thése values, corresponding values of Ip are computed to obtain a distribution

ef Ip.

Uncertainties in Ip affect the margin calculation by affecting the trip
paint selected by the on-1ine calculators. To account for this, the

' standard deviation of the distribution of Ip is converted to overpower
Gnits using a conservative valuye of the sensitivity of overpower to Ip,

Thus the standard deviation in overpower, U(Bopq) is

i}
- _

(2-13)

This uncertainty in Overpower due to shape index uncertainties is combined
with ot

her factors as detailed under Combination of Uncertainlies (2.4.1.5).
2.4.1.3  Processing Uncertaintice

The Thermal Margin/Low Pressure (TH/LP) trip
hot ard cold leg temperatures and Ip.

calculator receives inputs of f
It uses these values and the precal-
culated setpoint relacion to produce a low pressure trip point. [

] metﬁodology is used to estimate the uricertainty due to electronic
processing in this result. This estimated standard deviation in the low

pressure trip point is calculated for mean values of hot and cold leg

temperatures and Ip. To produce the pressure equivalent ¢f the processing

uncertainty, pressure values are sampled from {

J the processing uncertainty for
the low pressure trip,

Ly e
P e e -

2.4.1.4  Overpower Calculation with Respect to DNER

Overpower limits due to reactor thermal-hydraulic conditions are determined

by the code CETOP (Reterence 2-7), which uses the TORC/Ct-1 correlation,

o R L R I S
[ L . K v
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CLICE accepts values of pressure, inlet Ltemperature,

axial shape, core coolant
flow, and radial peaking factor, and re

Luras an overpower limit. In the
simulation Sequence, the input array produced by

CETOP iuput parameters is modified by addin
value. [

SIGMA containing values of
g an adjustment to the pressure

J.  The madified pPressure value, along wilh the oLlher

parameter values, are input Lo CETOP, and the resultant overpower value is

available for Ccombination with other overpower modifiers.
2.4.1.5  Combinstion of Uncertainties

buring each simulaticn triai K, the value of DNB ove

Fpower produced by
CEI

is modified by adagitional uicertainly values to produce a final
overpower value. The final value is given by

-




2. 4.2 !ooﬂlwwm-mmuny!jllummrygnuvanuﬁs

The stechastic simulation precedure shown in Figure 2.5 was used Lo implement
the calculationa) sequence gutlined in Figure 2.3. The fellowing distributions
of parameler uncertainties are input to SIGMA:

= ==l
{

}

|
f
l
|
|
_

The SIGMA sampling module is described in Section 2.4.1.1,
2.4.2.1 Overpower Calculation with Respect to Linear Heal Rate

For this calculation, ordered pairs of Pqu and I values arzs input to the
code. These are obtsined from the lower bound of all the "flyepeck"
points of the QUIX calculation. {

] Thus the value of pfd‘ from a
simutation run, Pfdlh, is

—

(2-15)

The value of [ ] is cbtained from SIGHMA for each simulation trial.
2.4.2.2 ASI Calculational and Processing Uncertainties

The 1 used in Lthe linear heal rate simulation is converted Lo a peripheral
shape index Ip as oullined in section 2.4.1. If this Ip were generated

from the excore deteclor signals, it would be subject to electronic
processing uncertainties, The uncertainty in the simulated value of Ip is

2-1l1
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b

evalualed by a [ - ) methodelogr to estimate the uncertainly due

to processing. Values of Ip and mean hat and cold ieg temperalures are

evaluated to produce a one standard deviation value in Ip due to processing

uncertainties,

b

This caleulation from [ to A"u, is perforamed once for each simulation
SRS

trial.

2.4.2.3 Combination of Uncertainties

For each simulation trial, [

P

J the modified overpower valus ' fdi.. Thus, the LHR overpower

including uncertainties, CLHR“. is

-

ER

t

(2-16)

———

Over many simulation trials, the required distribution on overpower is
built up for each value of ASI inc

Crporating the uncertainties under consideration,

2-12 |
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3.0 RESUL TS ARD CONCLUS T TONS

3.1 RESULTS COF ANALYSES

The analytical methods presented in Section 2 have been used to

show that a stochastic simulation of uncertainties asseciated with the

Local Power Density LSSS and the TH/LP LSSS resulls in aggregate uncertainties
of [ ], respectively, at a 95/95 probability/confidence limit.

Table 3-1 shows the values of the individual uncertainties which were
statistically combined to yield the above aggregates, Appendix A contains
a further discussion of the bases for.these individual uncertainties.
The aggregate uncertainties are in units of percent 0verpower-(Pfd] and

Pfdn) and are appiied in the generation of the LPD and TM/LP LSSS as
discussed below.

3. 1.1 Local Power Density 1SSS

The fuel design limit on linear heat rate corresponding to fuel centerline
melting is represented by the ordered pairs (Pde' Ip). A lower bound is
drawn under the "flyspeck" data such that all the core power distributions
analyzed are accommodated. This lower bound is reduced by the applicable
uncertainties and allowances to generate the LSSS as follows:

(3-1)

(3-2)

b

whore:

55
Bt:m = Power 1imit for LHR LSS
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(3-8)

wheore!

@B,y Coefficients

BDNB - Core power, % of rated power
Ptiis'DHB-Variah1e pressure to achieve DNE at the LSS Limit including uncertaintie
ROT = Pressure Equivalent of the Total Trip Unit Processing Delay
Time for tha DBE Exhibiting the Most Rapid Approach te the
SAFOUL on DNBR.
LSSS Ot . i Se & = . . o
aDNB e Power level after inclusion of DNB LSS5 uncerteinties and
allowances.
TPD - Allowance for Transient Power Decalibraticon
5 " : : : :
TE‘SS‘GhB-Core inlet temperature associated with ?L§SS'DNB
in var
ONB ) X e ‘ '
rin - Inlet ceolant temperature used in the calculation of (Pfdn' Ip)
ordered pairs of data.
3.2 IMPACT ON MARGIN TO SAFRM

The motivation for using a statistical combination of uncertainties is to
improve NSSS performance through a reduction in the analytical conservatism
in the margin to the SAFDL. This section contains a discussion of the
margin obtdainable through a reduction in this counservatisa.

Tabie 3-2 lists the uncertainty values previously used on the plants included
in this analysis. The approximate vorth ¢f each of these uncertainties in
terms of percent overpower margin (Pfdl‘ Pfdn) is also shown.



fhe Lotal uncertainties previocusly appiied L« the Local Power Density LSSS

and the TM/LP LSSS ave approximately 1, respectively. The
uncertainties resulting from the application of the statistical combination

of uncertainties program are approximately [ 1. The use of

the statistical combination of uncertainties provides a reduction in conservatism
in the margin to SAIDL of approximately | ), respectively,

Although the conservatism in the margin to SAFDL has been reduced, a high
degree of assurance remains that the 5AFDUL will not be violated,

3.3 REFERENCES

3=1 "IORC Code: A Computer Code for betermining the Thermal Margin of a
Reactor Core™, CENPD-161-P, July, 19785,

3-2 MTORC Coede: Verification and Simplified Modeling Methods", CENPD-206~
v Py January, 19727,

3-3 CERPD-199-P, "C-E Setpoint Methodology," April, 1976,
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UNCERTAINTEES ASSOCIATID WITH THE 1DCAL POWER
DENSIYY 1585 AHD THE IM/LP 1555

Umef__tarin-t e LPD L555 DNB LSSS
Core power (¥ of rated power) r& . %
Primary coolant mass flow (% design) NA ‘ s
Primary coolant pressure {yuid) NA }*‘
Core coolant inlet temperature (°F) NA e il
Fower distritution {peaking factor) 1% 6%

Separability (asiu) See Table 1 of fppendix Al

Cativbration (asiv) ] |
Shape Annealing (asiu) :
Monitoring system processing ((asiu) L

*For compiete description of these uncertainties, see Appendix A.

** ] values

1




JABLL 3-2
IMPACT GF STATISTICAL COMBINATION OF
UNCERTAINTIES Cn *WRGIN TO SAFDL

Approximate Values of
Equivalent Operpower Margin (%)

DNB LPD
Uncertainty Valve L9Ss © asss .
Power 2% of rated =
Core coolant Inlet
Temperature 2 °F
Reactor coolant system
Pressure 22 psid
Arvial shape index:
Separability
Shape Annealing
Calibration
Reactor coolant system
Flow L i
Perking factors 6% DNB, 7% LPD
Equipment processing:
DRB LSSS [ ] 1
LPD LSS5 [ ] | 1
Total
Less credit for statistics
Total Uncertainty Applied Previcusly
Total Uncertainty Statistically Combined
L Het Margin Gain Lh. 15
.
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Statistical Combination of
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Al Objectives of this Analysis

The four peripheral shape index uncertainties which are incorporated into

the setpoint analyses are: 1} the Separability Uncertainty, 2) the Calibra-
tion Uncertainty, 3) the Shape Annealing Factor Uicertainty, and 4) the
Processing Uncertainty (uncertainties in the electronic processing of

eacore detector signals). Prior to the development of the methedelogy to
combine these uncertiainties statistically, they were,coubined additively

te yield a net uncertainly (Reference A1<1). The purpsse of this part of

the SCU program is to develop the dats base necessary to support a pro-
cedure for statistically comkining these four components of the axial shape

index uncertainty. Table 1 shows the values of the uncertainties developed
in this program.

Al.2 Genoral SLrangx

Each of the components of the arial shape index uncertainty is investigated
in this Appendix in order to Justify their statistical combination,

The Separability Uncertainly accounts for the difference between the core
average axial shape index and the peripheral axial shape index. This
uicertainty has four components:

L ]

&L )

3. [ ]
N | ]

The Caiibration Uncertainly accounts for errors introducted into the protection
system when the excore deteclor system is periodically adjusted to match
measured parameters of the core's power distributon.




— L
PR s L

the Shape Annealing Factor bUnecertaintly accounts foe
measurement of the shape annealing factur,

the error in the

The Processing Unicertainly accounts for the uncertaioty in Ip calculated by
the protection system,

This uncertainty is taken inte account by its
, explicit representation in the stochastic sim

statistically combine all the uncertainties.

ulation procedure used to

AY.3 specific Uncertainty Fvaluations
Al.3.1 Soparability Uncertainty

The Separability Uncertainty is a calculational uncertainty. It is the
uncertainty associated with inferring a periphera) shape index,

Ip, from a
given known core average shape index 1.

ihe one dimensional shape analysis
used in the development of setpoints correlates the power
melt (Pde) and the power to DNE

Lo centerline

g (pfdn) Lo the core average axial shape.
Since the excore detectors respond only to the power distribution nea» the
periphery of the core, a calculated relationship is needed between ] and
Ip. This relationship, represented in the setpoint deveiopment by
incorporation of the rod shadowing factors in QUIX (Reference Al-2), is

! currently calculated by means of the three dimensional code BOC5 (Reference
| Al=3), The uncertainty in this calculation is the Separability Uncertainty

‘ The Separabiliiy Uncerlainty consists of four components: [
l _
| -] The
components of the Separability Uncertainty are discussed in detail below.
TR A J
. X Definition of the first component of

the separability uncertainty.
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Rod Slm:}wuigm factor Mathod

he peripheral axia) shape index, Ip, is defined in the following manner:

L P
] =
p ) UU (Al-1)
H -
where DU = [ dx R(x) P (xn) (A1-2)
H/2
W/2 g
“L = [ dx R(x) P (x) (A1-3)
0
where DU' DL are Lhe powcrs at the periphery of the upper and lower

half of the core, respectively.
p (x) is the core average power distribution
R(x) is the rod shadowing factor for the rod configuration
inserted at position x.

H is the height of the core.

The rod shadowing factors are derived from the product of rodded and unrodded
20 power distributions and the assembly weighting factors, which account

for the contribution of each assembly to the excore detector response to a
given power distribution,

et 1 S S A M



\ Assenbly Weighting Factor Method

|
I The Assembly Weighting Facter (AWF) method consists of the following

* calculation of [p:

¥ Py 1y : (A1-4)
I = 3W P
P i

where Pi is the axially integrated pover ef fuel assembly f{

li is the axial shape index of assembly §

J wi is the weighting factor of assenbly i

The w values are computed for those core edge asse

mblies which are the
pr1n~apa1 source of the excore detector's response,

The result of this procedure is [

‘ g




Analyses have deterained this uecertaioly and have Shown it to Lo essentially

[ 1 This component of the separability uncertainty
is as shown in Table 1 along with the other companents.

£1.3.1.2 | ]

Definition of the second component of the
separability uncertainty,

{

} A review of previous cycles shows
that [ ] 1p is
dependent on rod bank insertion. The [

) is rod bank insertion dependent. A [ ] fit of

. the calculated data was performed Lo determine Lhe mean which is shown in
Table 2. An error analysis perforned on the difference between the calculated

data and the mean shows Lhat [
J (see Table 1),
A1.3.1.3 [ ]

The third component in the Separability Uncertainty consists of {

J. The AWF method is described in section Al.3.1.1.
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Definition of the third comnonent of the

- : N
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» neortainty 3 thoe ralep) s y o s drc byl Ve
] the uncertainty in the calculated pover distribution also results
component of the Separabilily Uncertainty.

Definition of the forth component of the
separability uncertainty.

A-9



] The result is as follows:

(A1-5)

Since the above result alse [

Al.3.2 Uncertainty on Ip

Calibration of the excore detectors relative to the axial shape index as
measured by [

J The components of this measurement uncertainty
consist of the uncertainty in [

] modeling the reactor power distribution.

The calibration is performed {

3 This calibration is done near an ASI of zero 50
that accuracy of the shape annealing factor has m!nxma] impact on the

calibration resuit,

o ] 1 i o ad I : .
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"he measurement uncertainty .on | is analyzed hereip by {

J Differences between | { ] were
studied to deteraine uncertainties statistically, The mean and standard
deviation of the respective differences for each cycle were calculated,
after which the Gata were gxamined Lo determine whether the'cyle by cycle
data could be peoled.

Description of data used,
Results of analysis,

e

Table 3 shows the slandard deviations of the [ ] comparison of 1.
The pooled Cycles which farmed the basis of the above uncertainty data is
also indicated in Table 3,

LI A Shape Aanealing Factor Uncertainty

The shape annealing factor, o, is an experimentally measured value which

relates the external axia) shape index Ie to the veripheral axial shape
index.

i

Ip ale (Al-6)

This factor accounts for the fact that the excore detectors respond to the
5owar in both the upper and the lower porlion of the core. This signal
mixing yields shape annealing factors which are larger for detecters which
are far from the periphery than for detectors which are near the periphery.
The theoretical Jower limit of a is unity,




The shape annealing factor is measured | ']by inducing a

xenon osaillation in the core and measuring the external shape index of the j-‘iB

-

excore channel(lej) along with the internal axia) shape 1ndex | as measured
by the CECOK system using incore instruments. The { ]
stope of 1 versus Iej is the shape annealing factor. AL the beginning of
life T is assumed to be equal to [

] as discussed ahove,

Measured values of the shape annealing factor ara shown in Table 4 for
varigus C-E operating reactors.,

An error analysis was performed on this data to determine the deviation of
each value of « from the average values for a given plaint and a given
channel. The error analysis was performed on [

] The data is presented in Table & for
all plants except for EGAE Unit 2. For BGAL Unit 2 only ene test has been
performed and therefore a specific deviation from an 2’erage cannot be
defined.

This dala was analyzed for pooling using the Bartiett test, and for nor-
mality usin§ the W test. It was found that the pooled standard deviation
{ ) and that the corresponding Partleti statistic {

1 This is to be compared with a theoretical Bartlett statistic at the
upper 5% significance level equal teof ]. This means thal the above data

is consistent with the assu'ption that all are samples from the same parent
population. [




-

Since the assumplion of pooling was been shown to be warvanted, [

3 ]

tolerance limil cun be evaluated. Results show that [

] This K factor times the above standard deviation yielas a 95795
tolerance limit

Al.3.4 Processing Uncertainty
The Processing Uncertainty is discussed in Appendix A2.

Al.4 | h ] of the Periphera) Shape Index Uscertainlies

The fullowing [ ] have been identified in the developnent of
periphéral shape index uncertainties,

Discussion of the components of the
‘ peripheral shape index uncertainties.







e L

ALY

Al=1

Al-2
Al-3
Al=4

Al=5

nefergnces
"C~E Setpoint Methodo logy," CENPD-1499-P, April, 1976,
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Uncertainty | ] Components

for £!  cvaluation of *‘he

Peripheral Shape Inaexts s

Ko 95/95 A(2)
(asiv) < KA L1

1. Separability Uncertainty

r~
11. Calibration Uncertain&y(“)
111 Shape Annealing Uncertainty("
,'miv. ProcessinggUn¢ertainty(") |

§
"

~ Motes On Table |

(1) A1l components of the paripheral shape index have been
L tested for normality, [
: ]

(2) f = degrees of freaéam |
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[Generic QUIX Eias, asiu]

A1l Rods Qut (ARG)

Heg Bank 1 (20%)

Reg Bank 1 (40%)

Reg Bank 1 (60%)

Reg Bank 1 (&0%), Reg Bank 2 (20%)

Reg Bank 1 (100%),Reg . ;. 2 (40%)

Reg Bank 1 (100%),Rey Bank 2 (€0%)

Reg Bank 1 (100%),Reg Bank 2 (B0%), Reg Bank 3 (20%)
Reg Bank 1 (100%),Reqg Bank 2 (100%), Reg Bank 3 (40%)
Reg Bank 1 (190%),Reg Bank 2 (100%), Reg Bank 3 (60%)
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St. Lucie I Cycle

St. Lucie | Cycle

Calvert Cliffs 1 Ly

Calvert Cliffs

-
-~

-—

Calvert Ciifis I}

Catvert Cliffs 11l

Milistone II Cycle

Millstone 11 Cycle

2

cie 2
~tm 2
ye18 -3
p b
f-t.lt

Table 3

Data Points

A= 18

Hean
Value,
asiu

Standard
Deviation,

asiy
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Lable 4

Measured Vaiues of Shape Annealing Factors

5t. tucie 1

Cycle Cycle 1A Cycle 2
June 1976 Jan 1277 June 1978
Channel 90%  Power 50%  Power BO% _Power
T g S e 1 Sap
P

e e s

Cycle 3*
June 20, 1979
80% Fower

A

*Hote thal a new streaming shield was placed in St. Lucie 1 at EOC2.

This new streaming shield changed the shape annealing factors.

Calvert Cliffs Unit 1

Cycle 1 Cycle 2
: Feb 1975 April 7, 1977
Chanuel 0% Power 50% Power
TR o ol




i Pt
Dec 27, 1976
4




Plant &
Channe)

5t. Lucie 1

Calvert Cliffs 1

Millstone Point 2|

lahtg_§

l ]
Standard Daviation of the Shape
Annealing Factor for Each Channe)

[ ]
Nunber of Standard Deviation
Degrees of freedon per Channel

: o




P

i

LIGanw dneng
C0C9l CCOoP1 00021 00001 0008 009 000p 0002 0 00 : m
i i i i : 1 =

i

Figure
Al-1

- 20°0-

H10°0-

] .S.O _

i

-120°0

Unit 1

FLORIDA
POWLR & LIGHT CO,

e 1 4 i i 1 i 1 MO.O

S, Lucie Plant




S W

!
2
|

URD

—— |

-0.01 ~
-0.02
-0.03

[ ~ FLORIDA L
FOWER & LIGHT CO,

.‘ Figuie

. Lucie Plant : :

« A L
Unil ] ll__ P1




e —

FOWER & LICHT CO,
o, Lucie Plant

Unit 1

5
DIT

’
v

it
v

BURNUP, G

0.02

0.01;







Appendix A2

AZ.1 Basis iqrvflnu Uﬁtﬂrtniniz

The flow rate was getermined by an evaluation of calorimetric data taken

from the Tilvert Cliffs Nuclear Pawer Plant at approximately 100% reactor

power. Uncertainty in that flow rate was evaluated by examining the

uncertainties in each input parameter used ia the flow determination. The

Inputs include hot and cold leg RTD temperatures, system pressure, and core

Lthermal power. The core thermal power is based on a stcondary side calorimetric
measurement. Each component uncertaint

Ly was Tirst evaluated and then the
net effect of al} instrument

ation inaccuracies on calculated flew rate was
delermined [

]. The resuiting overall [ ] uncertainty was found to be

[ ] of the design flow rate.
AR2.2 Honitnr-q_Tﬂ»rmwf-kidvakiic Parameter Uncertainty Distributions

The uncertainty distributions previously used to characterize the inputs to

Lhe safely analyses and setpoint thermal-hydraulics modules were based on

highly conservative assumplions. Table 1 outlines these distributions.

It is now possible to refine these distributions using more detailed system

analysis and observed plant data. Updated distributions representing more

detailed system analysis and measured dala from the Calvert Cliffs Nuclear

d to define specific contributors to the total
uncertainty and dependencies between parameters.

Power Plant have been examinpe

The uncertainty

distributions shown in Table 2 represent the results of this detailed

systems analysis,

S iy S S i 4 e

PO S W e L it



Measurement of these paramelers' uncertainlies show balh random and

honrandom cotiponents which are 50 small that their most adverse contrib-

utions are fully covered by the uncertainties of lable 2. [he degree of

dependency found is so small that, in conjunction with the size of the

evajuated uncertainties, the assumption of independence amoung the
raneters of Table 2 is justified. Therefore, for Lhe purposes of the

statistical contribution of uncertainties evaluation reported herein, the

uncertainties of Table 2 can be used in the stochastic simulation nodel,

A.2.3  Power Peaking Facter Uncertainties

the 30 Power Peaking Factor Uncertainty (FQ) and the Integrated Rg

dial Power
Feaking Factor Uncertainty (FR) are currently being re-evaluated in response
to NRC questions regarding C-E's uncertainty topical report (Reference A2-1).
Pend’'ng resolution of these guestions and approval of the topical report, C-E

will continue to use the values Tisted in Tabie 3. These values are used

in the stochastic simulator described in this report.

References

A2-1 "Evaluation of Uncertainty in the Nuclear Form Factor Measured by
Self-Powered Fixed In-Core Delector Systems" CENPD-153, August 1974,
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Appendix A3

Al Trip System Processing Uncertainties

Two types of instrument errors are considered in this analysis. First are
those errors that are random in nature. The basic accuracy of an instrument
or component falls into this category as it is dependent upon such factors
as manutacturing tolerances, etc. Second are those errors that are ‘eter-
rinistic and present in approximately the same degree in any equinment

bullt to a given design. Exampies of this type of errvor are chantts due to
temperature, changes under force loads ete.

The reason for consicering two types of errors is that the mathematical
techniques for combining errvors from several sources differs for each type

of error. The deterministic errors are combined using the governing equaiions
and the techniques of ordinary algebra, while the random errors are best
combined using probabilistic methods,

The method of determining the randem error of an instrumentation Toop is
bised upon two approximations. The first approximation is that the errors
of the various pieces of equipment are independent. The second approx=
imation that is used in the analysis is that the equations which define the
relationshibs between the variables in the instrumentation Yoap can be
approximated by the linear terms of a Taylor series expansion. This is &
good approximation because the errors are very small in relation to the
overall range of the guantities in question and cause only small perturba-
tions about the nominal value,

The procedure followed in calculating the variance consists of obtaining

. the partial derivatives of the system or instrument eguation with respect
to each of the variables and evaluating them at the nominal values. These
partial derivatives are then used to calculate the variance.
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Appendix 8

The methods previously used for the application of uncertainties to Lthe LSSS
are presented in Reference B-1 ard are summarized in this Appendix.

B.l Limiting Safety System Setting on Linear Heat Rate (LPD 1 555)

The fuel design limit on linear heat rate at fue) centerline melt is
represented by the ordered pairs (Pfd}' Ip). A lower bound is drawn under
this "flyspeck” data such that all the core power distributions annlyzed
are accommodated. Using the previous methadology this lower bounc was
reduced by the applicabile uncertainlies and allowances to jenerate the
Local Power Density LSSS as follows:

(8-1)

(6-2)

where;
TAZ = Azimuthal Tiit Allowance
Py
EMU
SAU = Shape annealing factor uncertainty

Uncertainty in predigting local core power at the fuel design limit
Power measurement uncertainty

]

RSU = Shape index separability uncertainty
ACU - Axial shape index calibration uncertainty
-APU - Pro-essing uncertainty

8.2 Limiting Safety System Setting on DNBR (TH/LP LSSS)

the fuel design Vimit for the TM/LP trip on DNER is represented by a

combination of the ordered pairs (Pfdn' lp) and the DRE THLL. A lower .

bound is drawn under the “Myspeck" data such that all the core power
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distributions analyzed are accommedated. Using the previous methodology
this lower bound was reduced by applicable uncertainties and allowances as
follows:
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where:

SC - approved partia’ credit for conservatism in uncertainty application.
Both components of the [NO LSSS were then represented by the following
equations:
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where:
| ROT -~ Pressure equivalent of the total trip unit and processing
delay time for the UBE exhibiting the most rapid approach to
N the SAFDL on DNBR
: PMU - Pressure measurement uncertainty
Py - Processing unceriainty
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- BMU - Power measurenent uncertainly
Temperature measuremen. uncertainty




