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Evaluation of the Exxon Statistical Setpoint;

; Methodology for CE Reactors

>

|
1. Indroduction

,

'

i

Exxon Nuclear Company (ENC) has developed methods for statistically combining

the parameter and measurement uncertainties that are applicable to themal ,
,,

margin analysis for CE reactor reload cores. This ENC methodology as documented'

in Referencer 1, 2 and 3 is usedito replace or validate determir..stic reactor| .

| local power density (LPD) and thermal margin / low pressure (TM/LP) trip setpoints
^and limiting conditions for operation (LCO) with 95% probability bounds (withr .

95% confidence). ,
,

['
We have reviewed the ENC statistical thermal margin setpoint analysis method-
ology for CE reactors. The review was based on the ENC reports pertaining to

.their setpoint methodology (Refs. I to 5), and on the ENC responses (Ref. 8) to the.,
" review questions. The results of the review are discussed in this report as
f follows.

,

'
[ , .i

.2. The Evaluation of Methodology for the LPD Trip Setpoint and LCO
,

k .

The LPD trip setpoint is established to scram the reactor before the peak fuel ,

( centerline temperature reaches the melting temperature, while the LPD LCO is an ;

. operational limit on reactor power to assure that the calculated peak cladding'

temperature will not exceed the safety limit of 2200*F during a large break.

. loss-of-coolant-accident. ,

,. .

f

In the ENC LPD setpoint calculations, the radial power peaking factor with the worst

|
axial' power distribution which results in the highest peaking for LPD thermal.

margin is used for conservatism.

|
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As indicated in the topical report, the power measurement and power peaking.
;

uncertainties are related to the nominal power trip setpoint (calculated based
ontheinputparametersatbestestimatevalues)toobtainanallowablepower,

l trip setpoint. TheMonteCarloSimulation(MCS)isusedtostatistically
*

combine the power peaking and fuel rod engineering factor uncertainties. The
I convolution integral method is used to combine the uncertaintie's for the power

e measurement and the power trip signal process. We have reviewed the ENC u~se'

of MCS and the convolution integral method. We find that MCS is a valid;

technique for combining the probability densities of two random variables and
g

,
the equations used in the convolution method are correct. Since the highest'

'
peaking, which results in a lower LPD thermal margin, is used and the methods

; _ to combine the uncertainties involved in the LPD setpoint are correctly used,<

[ we conclude that the methods for determination of LPD trip setpoint and LCO are-

acceptable. (The results of review for MCS are further discussed in Section 6).-

3. The Evaluation of TM/LP Trip Setpoint Methodology
'

I

! The TM/LP trip is established to scram the reactor to prevent the DNBR in the
limiting coolant channel in the core from decreasing below that value

,

; corresponding to a 951 probability that DNB will not occur, at 95% confidence'

t level.

i 'An application technique common to both the TM/LP trip setpoint analysis and
~

| the DNB thermal margin allowable power LCO (discuss'ed in Section 4) is the use-

F of a "most sensitive" ASI point for the statistical analysis. The "most
'

sensitive" paint is the value of ASI, and its assocf ate'd power distributions) :

;- and operating conditions, where the largest difference between a deterministic-

'

setpoint (calculated with all key parameter uncertainties set to 95% probability7

, or the tolerance bounds) and a nominal setpoint (calcul'ated with all key
''' 'I

,

'

parameters set at nominal values) is calculated. The resulting 95% probability;

bound ~at a 951 confidence (the 95/95 bound) for the trip setpoint or LCOi

' ~ calculated at this "most sensitive" ASI point is th'en applied to the calculatedL
'

b nominal values for the setpoint at all other ASI points.
'

,
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We have reviewed the TM/LP trip setpoint methodology and found that the methodology
I for defining the 95/95 bound for the TM/LP setpoint'is an adequate approach; the

methodology for verification of the existing TM/LP setpoint algorithm'is ap

contervative application of the statistical methodology. Therefore, we conclude
that the TM/LP trip setpoint methodology is acceptable.

4. The Evaluation of DNB Allowable Power LCO Methodology
,

'i The DNB allowable power LCO (DNB LCO) is an operational limit on power as a

,. function of ASI, designed to protect the fuel against DNB (i.e., a 955 probability
with a 95% confidence that DNB will not occur on the hot fuel red) during any -

,

limiti~ng Anticipated Operational Occurrence (A00). The DNB LCO is based on the
'

k- --results of thermal-hydraulic analyses for limiting A00s. Potentially limiting

g A00s were considered to define which transients are limiting for the DNB LCO.
'

For CE reactors with an asymmetric steam generator protection' trip,'th'e
identified limiting A00s for the DNB LCO are the loss of flow'(due to loss of

L . pumping power) or the control element assembly drop' transients. Both of these
transients were analyzed to define which was most limiting for the DNB LCO.

f
Thermal-hydrualic calcualtions are done using the XCOBRA-IIIC computer code.

g

(Ref. 11) and the XNB DNB correlation (Ref. 10), which were previously approved

F .byNRC(Ref.6),todeterminethereactorpowerforwhich'thetransientminimum

[ DNBR reaches the limit for DNBR as a function of key statistical variables.:
,

,

A response surface analysis performed at the "most sensitive" ASI point (defined'
'

,

*

! inSection3)isusedtoformulate,fromXCOBRA-IIICcalcualtions,anequation
~

I (the response surface equation) for the power limit (for DNBR = DNBR safety

L limit),asafunctionofthestatisticalparameters. Monte Carlo Simulation'

(MCS) is used to propagate the uncertainties in the statistical parameters '
'

s-

'. through the response surface equation. The MCS results are then used to define-
,

! a 95/95 bound for the DNB allowable power LCO.
' ' ' '

I
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! We have reviewed the statistical methodology used for the DNB LCO analysis .

p and found that an approved computer code and DNB correlation are used and,

the response surface analysis and Monte Carlo Simulation are adequate methods
for calculating the uncertainties of the statistical parameters. We conclude ,

that the DNB LC0 methodology is acceptable. -

Y
,

5. The Evaluation of Application of the XNB DNB Correlation'

The ENC analyses for establishing the 95/95 bound for the TM/LP trip setpoint
I and the DNB LCO involve calculating the margin from an approach to DNB by use

of the XNB correlation (Ref. 10). The XNB correlation and its safety limit |
'

DNBRof1.17werepreviouslyapprovedbyNRC(Ref.6). However, the XNB correlation1

I was based on DNB data for many different PWR fuel bundle geometries, and is
thus a general PWR CHF correlation rather than a correlation defined for ap -.

}. specific fuel bundle design. As restricted by NRC in Reference 6, when the XNB

p correlation is applied for a specific type of fuel bundle which does not belong
to the data base on which the XNB correlation was based. ENC should submit;-
for NRC approval a compensating fact;r to account for the effect of the

f - different fuel type on the DNBR calculation. -

,

6. The Evaluation of Monte Carlo Simulation Methodology

i

F* In Monte Carlo Simulation, a random sampling routine is used to choose values - .

! for the input statistical variables according to their defined probability /

distributions, and then to exercise the relevant computer program. The MCS ;
' routine will continue this process for a specified number of trials, after '

fa which many output points are available for defining the probability distribution
k of the response variable by use of a histogram, and for defining the statistical'

! characteristics of the response variable.
ii ,

TheM0CARScomputercode(Ref.12)wasusedtoperformMonteCarloSimulation

('- for the ENC Statistical Setpoint analyses. In M0 CARS, values for each input

variable are randomly chosen from the uncertainty distribution of the respective !a

| variables.
.

i
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.We have reviewed the ENC use of MCS. We find that ENC sets the accuracy high i

enough(toinclude99.5%ofthepopulationwitha99.5% confidence)to' >.

adequately envelope the 95% probability bound. Based on the review of

1 . Reference 13, we find that 95/95 bound is conservatively defined using ,

distribution free order statistics, which bounds the true value for the desired
,

probability level. Therefore, we conclude that the ENC use of MCS_is adequate
'and acceptable.

'

7. The Evaluation of Responses Surface Analysis Methodology
.

In a response surface analysis (RSA), the computer models which are used to'
--

' calculate the value of the response variable, such as DNBR,'re exercised manya -a .

times with different values for the key input variables in order to define a
I response surface; that is, the values of the response variables as function of

the key input variables. The response surface is fitted by a response surface. .

equation (RSE), a polynomial, by using a regression analysis. The RSE can be
used as a substitute for the more complex algorithms or computer model.s for the !

- many calculation trials needed to define the probability distribution of the
response variable. ENC uses MCS approach to define the.95/95 probability bound
in the RSA application. '

.

The ENC use of RSA in their statistical setpoint methodology as described in,
b their generic statistical uncertainty analysis methodology report was previously ;

reviewedandapprovedbyNRC(Ref.7). We also find that all the limitationsp ,

!( ; (Ref. 7) imposed by NRC on the ENC RSA are adequately met. ;Therefore, we , . _. _

conclude that the ENC use of RSA methods is acceptable. !
,

t

I' 8. Review of Input Parameter Uncertainties 1

8.1 The Staff Evaluation of Parameters Uncertainties-

i. ,

b'4 . ENC generally assumes for non-data based parameter uncertainties a normal dis-
tribution.. However, numerous examples of non-normal distributions for parameter. -

'r uncertainties were found. Use of a normal distribution to represent a uniform
distribution was also found to be not neccessarily conservative (Ref. 9).

,
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L We find that the general ENC approach for the non-data based uncertainties is -

|. not adequately supported, since the distribution of the uncertainties for plant
' system parameters may be a function of how the measurements are taken and of

i- how the sigr.als are processed. The magnitudes of the measurement uncertainties
for system parameters as listed in References 2 and 8 appear to be conservative
when compared to data for measurement uncertainties. However, ENC has note

adequately supported the appropriateness (or conservativeness) of their assumption
of normal distribution for all measurement uncertainties. Therefore, we
require ENC to justify the measurement uncertainties and the assumed probability
distributions for specific CE reactor core reload application (once for each -CE

' reactor), or provide bounding values for all CE reactor reloads (once for all,

f CE reactors). The affected system parameters are. reactor power, ASI, pressure,
' inlet coolant temperature, coolant flow, and scram delay time.
!
,

r 8.2 The Staff Evaluation of Power Distribution Uncertainty

'

' ENC used the inferred power distribution and various PWR power distribution
data sources to determine the power distribution uncertainty. However, as is
discussed below, the PWR power distribution data used by ENC may not be

p applicable to CE reactor cores.

ENC indicates that the measurement data base for the inferred detector power' ;
uncertainty is derived from measurements of the detector signals taken during;

Cycles 4 and 5 at the St. Lucie Unit 1 plant. However, the measurement data.

base for axial power distribution were derived from the measurements performed
at two Westinghouse reactors. Also, the measurement data base for the uncertainty
in the assembly local peaking factor is composed of measurements performed by

Babcock & Wilcox and Battelle Pacific Northwest Laboratories.

{
The above data bases for Westinghouse and Babcock & Wilcox fuel may not be applica-
ble to CE reactors because of potential significant neutronic differences
between CE fuel bundles and cores ar.d the other PWR fuel bundles and cores.

f Therefore, we require that the data or analyses used to establish or, justify

! the power distribution specifically address the CE reactor core and CE fuel
bundle design,

i
I
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8.3 The Staff Review of Operating Point Uncertaintyi

"

In the statistical setpoint analysis, ENC uses deterministic (worst case)
assumptions to specify all operating state variables at the technical specifi-

.
cationboundingvalues(oroperationalbounds)whichminimizetheDNBthermal

f margin. We find that this approach is conservative and is acceptable.

,

9. Conclusions
-

!

Based on the review described above we conclude that the topical reports'

XN-NF-507 (Supplements 1 and 2) are acceptable for referencing in licensing
I actions by ENC with respect to the Exxon statistical setpoint methodology for
5 'CE reactors. The following restrictions apply to the use of the methodlogy:

>

1. The statistical setpoint methodology, as defined by References 1, 2, 8,
and in this report should not be altered or modified, except as approved

t herein, without additional NRC review.

b 2. ENC is required to justify the system parameter measurement uncertainties
E and their probability distributions for specific CE reactor core reload
I applications of the methodology. The affected system parameters are:

reactor power, ASI, pressure, inlet coolant temperature, coolant flow and
I ' scram delay time. The justification should include consideration of the

measurement system and signal processing when defining a'n appropriate:

probability density function for the measurement uncertainty.
k i

i

P .3. ENC is required to justify the power distribution uncertainty assumed for

;- specific applications of the methodology for CE reactor core reloads.
' The justification will need to demonstrate that the power distribution

4 < uncertainty is applicable and/or conservative based on analyses and/or
data applicable to CE fuel and cores.m

4. ENC should submit for NRC review and approval a CHF uncertainty compensating
,

'

|
factor to include an adequate allowance for the uncertainty in the CHF:

when applied to fuel bundle designs different from test bundles used for:

obtaining the DNB test data,
i

[ 7
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