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MMMISSION DISCLAIMER

IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS
DOCUMENT

PLEASE READ CAREFULLY

This technical report was dedved through research and devoicoment programs
sponsored by Siemens Power Corporacon, it is being submrtted by Siemens
Power Corporadon to the U.S. Nuctear Pegulatory Commission as part of a
tecnnical contnbution to facilitate safety analyses by licensees of the U.S. Nuctear
Regulatory Commission whicn utlize Siemens Pcwor Corporat en-faencated reload
fuse or other technical serwcas provided by Siemens Power Corporacon for light
water power reactors and it is true and correct to the best of Siemens Power
Corporation's knowtedge, informacon, and belief. The information contained
hereen may be used by the U.S. Nudear Regulatory Commission in its review of
this report, and under the terms of the respeceve agreements, by licensees or
applicants before the U.S. Nuclear Regu! story Commission which are customers
of Siemens Power Corporadon in their comonstration of compliance with the U S.
Nucteer Regulatory Commission's regulacons.

Siemens Power Corporation's weiranties and representauens concerning the
subject matter of this document are those set forth in the agreement between
Siemens Power Corporation anc the customer to whicn this document is issued.
Accordingfy, except as otherwise expressed prowded in such agreement neither
Siemens Power Corporaton nor any person actng on its benat

A Makes any warranty, or representation, express
or implied, with respect to the accuracy.
completeness, or usefulness of the information
contained in this document, of that the use of
any informacon, apparatus, method or process,

disdosed in this document wdl not infringe
pnvately owned rights, or

B. Assurnes any liaballties with respect to the use g
of, or for damages resulting from the use of, any

.k |information, apparatus, method or process
disclosed in this document.
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UNITED STATES

f i(1[/ |/ NUCLEAR REGULATORY COMMISSION
g../ WASHINGTON. D.C. 20555-0001

E " December 23, 1993.....
Up Mr. R. A. Copeland, Manager
l' Product Licensing
3 Siemens Power Corporation

2101 Horn Rapids Corporation
' P. O. Box 130
I Richland, WA. 99352-0130

Dear Mr. Copeland:

SUBJECT: ACCEPTANCE FOR REFERENCING OF SIEMENS POWER CORPORATION TOPICAL

I REPORT EMF-92-153(P), "HTP: DEPARTURE.FROM NUCLEATE BOILING
CORRELATION FOR HIGH THERMAL PERFORMANCE FUEL"[

i
The staff has reviewed topical report EMF-92-153(P) submitted by Siemens Power

, Corporation (SPC) in a letter of September 28, 1992. This' report describes
I the bases for the SPC departure from nucleate boiling correlation for the PWR

high thermal performance fuel design. It extends the currently approved ANFP
designs to other fuel types.

f

The report is acceptable for referencing in license applications to the extent
specified and under the limitations delineated in the report and the NRC's
associated technical evaluation. The evaluation defines the basis for,

l accepting the request.

The staff will not repeat its review of matters described in the SPC request.

I and will find those acceptable when they are referenced in license ,

gl applications, except to ensure that the material presented applies to the
g plant involved. Staff acceptance applies only to the matters described in the
c SPC recunst.
L

In accordance with procedures established in NUREG-0390,'the staff requests
that SPC publish accepted versions of this submittal, proprietary and non-q

.

proprietary, within 3 months of receiving this letter. The versions will
incorporate this letter and the enclosed evaluation between the title page and
the abstract. The accepted versions shall incluce an "A" (designating'

accepted) after the report identification symbol.
.

If our criteria or regulations change, so that our conclusions as to the i
acceptability of the report are invalidated, SPC and the applicants

'

L referencing the topical report should revise and resubmit their respective
documentation, or submit justification for the continued effective |
applicability of the topical report without a revision of their respectivey
documentation. I

i

Sincerely,

M9M'

Ashok C. Thadani, Director
Division of Systems Safety and Analysis
Office of Nuclear Reactor Regulation

Enclosure: .

'
'

'
SPC Repart EMF-92-153(P) Evaluation

_ _ __ - ___________ ___ _ _
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I
SAFETY EVALUATION OF SIEMENS POWER CORPORATION'S (SPC's) REPORT

*HTP: DEPARTURE FROM HUCLEATE BOILING CORRELATION

FOR HIGH THERMAL PERFORMANCE FUEL"

1.0 INTRODUCTION
.

'

In'a letter (Reference 1) from R. A. Copeland (SPC) to USNRC dated September

28, 1992, Siemens Power Corporation requested an NRC review of SPC Topical

Report EMF-92-153(P), "HTP: Departure From Nucleate Boiling Correlation for
High Thermal Performance Fuel." This new ONB correlation is an extension of
tne previously approved ANF ONB correlation (Reference 2), which was developed
from test sections 12 feet in heated length and representative of HTP designs
for Westinghouse plants. The HTP correlation reflects the results of
additional departure from nucleate boiling (DNB) testing of high thermal
performance (HTP) fuel designs for Pressurized-Water reactors (PWRs).

.

The NRC staff was assisted in this review by its consultant, International
Technical Services, Inc. (ITS). The staff reviewed the SPC submittal
(Reference 1) and the response by SPC to the s,aff's August 5, 1993, lettert

requesting additional information' on SPC Topical Report EMF-92-153(P)
(Reference 3). The staff adopted the findings recommended in its consultant's

(
technical evaluation report (Enclosure 2).

1
'

2.0 EVALVAT M

L The evaluation is given in Enclosure 2 which includes HTP test database
description, HTP DNB correlation development, and comparison to neasurement.

3.0 CONCLUSION

On the basis of the staff's review in conjunction with our consultant's
evaluation (Enclosure 2), the NRC concludes that the HTP correlation is
acceptable subject to the following restrictions: ,

'

[,

^
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(1) The HTP CHF correlation is applicable to fuels whose design

characteristics fall within the correlation database in Table 2.

(2) The application of the HTP correlation for DNB analysis is restricted to
the operating conditions given in Table 1.

Table 1: Range of Coolant Conditions Spanned by the HTP Correlation
.

Pressure (psia) 1775 to 2425
2

Local Mass Flux (Mlb/hr/ft ) 0.936 to 3.573

Inlet Enthalpy (Btu /lb) 382.3 to 649.9

Local Quality -0.125 to 0.358

Table 2: Normal Range of Fuel Design Parameters in HTP Correlation Data Base

Fuel Rod Diameter (in.) 0.360 to 0.440

Fuel Rod Pitch (in.) 0.496 to 0.580

Axial Spacer Span (in.) 10.5 to 26.2
Hydraulic Diamet'er (in.) 0.4571 to 0.5334

Heated Length (ft.) 8.0 to 14.0

4.0 REFERENCES

1. SPC Letter LB/RAC:115:92 from R. A. Copeland to USNRC submitting SPC

ReportEMF-92-153(P),"HTP: Departure From Nucleate Boiling Correlation ,

for High Ther",al Performance Fuel," September 28, 1992.

2. ANF-1224(P)(A),andSupplement1,"DepartureFromNucleateBoiling g
,

Correlation for High Thermal Performance Fuel," April 1990. g
.

3. SPC Letter, from R. A. Copeland to R. C. Jones (USNRC), " Response to NRC

Questions on EMF-92-153(P)," RAC:93:131, August 20, 1993.
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ENCLOSURE 2

,

/ ITS/NRC/93-7

TECHNICAL EVALUATION
HTP: DEPARTURE FROM NUCLEATE B0llTNG CORRELATION

FOR HIGH THERMAL PERFORMAl(E FUEL
EMF-92-153(P)

'
. EQB

SIEMENS POWER CORPORATION

'

(
,

1.0 INTRODUCTION

/ EMF-92-153(P), dated September 1992 (Ref.1), was submitted by Siemens Power
Corporation (SPC) for NRC review and approval. Additional information was'

submitted on August 20, 1993 (Ref. 2). This topical report documents the
development of the High Thermal Performance (HTP) departure from nucleate
boiling (DNB) correlation for use in DNB analysis of high thermal performance
fuels for PWRs.

h The s@ ject topical report extends the Siemens' previously submitted and
approved ANFP CHF correlation (Ref. 3) for applications in DNB analysis of
Westinghouse fuels to other fuel designs including HTP fuel for CE plants.,

j. The use of ANFP was limited to the more typical Westinghouse fuels because -

. the data base o'n which ANFP was b. sed. consisted only of test sections 12 feet
in heated length and represented high thermal performance designs ' for

L Westinghouse plants. Siemens, in developing the HTP correlation, |

f incorporated additional data by including test sections with heated lengths
'

varying' from 7.9 feet to 14 feet. It is the intent of Siemens to use the HTP
(Ref. 1) and ANFP (Ref. 3) correlatio, s for HTP fuel in PWRs covering,

|- different ranges of conditions and fuel designs.

The purpose of this review, based upon a review of the submitted materials
(Refs. I and 2), is to determine acceptability of the HTP correlation for use
with the fuel characteristics in the range proposed by SPC (Tables 1 and 2).

2.0 SUMMARY OF TOPICAL REPORT !

The topical report EMF-92-153(P) documents, development of SPC's HTP DNB. !
'

correlation for use in DNB analysis of high performance fuels in PWRs. HTP.
represents an extension of the previously approved ANFP correlation in that
the test data base for ANFP included typical Westinghouse design fuel
characteristics, whereas in development of HTP, SPC included representative
HTP designs for non-Westinghouse HTP fuels.-

,

|

The data from a high pressure test loop at Columbia University's Heat:

I Transfer Research Facility were used as a data' base for the HTP correlation
I development. The HTP data base consists of data from 16 test sections: 6

1

.

,

i
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test sections representing the typical' Westinghouse HTP designs used for ANFP
development and the other 10 test sections including sections representing
other vendors' HTP designs in heated lengths, power shapes, presence of
spacers and, in some cases, containing intermediate flow mixers (IFMs).

A complete summary of the measured data and the predicted values of relevant
variables to the development of the correlation are provided in the topical

.

report.

Dependence of tne HTP correlation on fuel design parameters is also described
in the topical report. Comparison of correlation predictions to experimental
measurements are provided as qualification of its adequacy. The w
determination of the 95/95 safety limit for HTP is discussed in the subject
topical report (Ref.1).

3.0 EVALUATION

3.1 HTP Test Data Base Descriotion
'

The HTP Correlation data base consists of 1479 data points from 16 tests
performed in a high pressure test loop at the Columbia University Heat h
Transfer Research Facility. Six of these test sections were those used in 5
the development of the ANFP correlation.

These test section characteristics were varied to represent fuel array design
for 14x14 through 17x17 rod arrays using both uniform and non-uniform axial
power shapes. The radial' power distribution was non-uniform for all test

Iassemblies. Rod positions were maintained by HTP spacers. The tests were
conducted with assemblies with and without intermediate flow mixers (IFMs). 5
The heated lengths of test assemblies varied from 7.9 to 14 feet.

Tabl e's 1 and 2 summarize the flow conditions used for the HTP correlation.

data base and the range of fuel parameters in the data base, respectively.
The pressure range covered the higher end of the spectrum when compared to
that in the ANFP data base. Similarly the inlet enthalpy remained higher |
than that in the ANFP data base. Therefore, the range of applicability of W
the HTP correlation is different from that of the ANFP correlation.

The maximum cosine axial power peaking factoi considered in the tests is
1.474. This value is slightly higher than the Ct.1 correlation, however, it
is lower than the WRB-1 or BWC correlation.

Thermocouples are employed to detect the occurrence of DNB in the tests.

A complete summary of the measured data is provided in the topical report.

3.2 HTP ONB Correlation Develooment

The correlation is an empirically derived function of the local coolant
thermodynamic state and mass flux at which DNB is observed to occur in the
experiment. The base correlation is developed based upon local coolant ..

conditions at the point of DNB predicted from test data for the uniform axial

2

4
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.

power distribution. The local coolant conditions are calculated with the
approved XCOBRA-IIIC computer code.

The predicted DNB heat flux is modified by factors which account for the
effects of non-uniform axial power distribution and fuel assembly design
parameters. This aspect is a departure from the formulation of the ANFP
correlation. The detailed descriptions and dependence of different
parameters in the equation for the predicted DNB heat flux are presented in
Chapter 2.0 of the subject topical report.

t

A three-step procedure for the use of the HTP correlation is outlined in
Section 2.4 of Reference 1.

3.3 Comoarison to Measurement

The approved XCOBRA-IIIC computer code was used to predict CNB heat fluxes to
be compared against the measured heat fluxes. The key variables measured at
the point of DNB such as inlet temperature, inlet mass flux, exit pressure
and bundle power were used as boundary conditions in the XCOBRA-IIIC
calculations.

Comparison between the predicted location of DNB and the heated rod andl

thermocouple number at which the primary DNB indication was recorded
| indicated the adequacy of the model.
1

The subject topical report summarizes the predicted variables relevant to the
development of the correlation.

The predicted over measured (P/M) heat fluxes were plotted for all 16 tests
to indicate the degree of agreement between the prediction using the HTP
correlation and the measured data. The plots showed good agreement in 13
tests and for the other three cases nearly all the data fell within the 95/95
tolerance limit lines.

In Reference 2, SPC compared the predictive capability of the HTP and ANFP
correlations using mean P/M ratios for 6 test sections common to these
correlations. Table 8 in Reference 2 indicates that in four out of 6 cases
larger DNB heat fluxes were predicted by the use of the HTP correlation than
by the ANFP correlation; however, all were within a standard deviation of
each other.

| The frequency distribution of the P/M ratios for the entire data base was
used to determine the 95/95 safety limit for the HTP correlation using a
distribution free method, the same method which had been used to determine

~

the ANFP correlation limit.

4.0 Conclujicns

We reviewed the subject topical report, together with Siemens' responses, to
determine acceptability of the HTP correlation for use in DNB analysis of the

| High Thermal Performance fuels with the following conclusions:

|
| 3

|
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(a) The HTP CHF correlation is applicable ta fuel s whose design
characteristics fall within the correlation data base in Table 2.

(b) The application of the HTP correlation for DNB analysis is
restricted to the operating conditions given in Table 1.

(c) The HTP correlation limit was determined to be as stated in .the
topical report (Ref.1).

5.0 REFERENCES

1. "HTP: Departure from Nucleate Boiling Correlation for High Thermal
Performance Fuel," EMF-92-153(P), September 1992.

2. Letter from R.A. Copeland (SPC) to R.C. Jones (USNRC), Attachment,
" Responses,to NRC Questions on EMF-92-153(P)," August 20, 1993.

3. " Departure from Nucleate Boiling Correlation for High Performance Fuel,"
ANF-1224(P)(A) Supplement 1, April 1990.
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1
TABLE 1 RANGE OF COOLANT CONDmONS SPANNED BY THE HTP CORRELATICN

I
t

Variable Minimum Value Maximum Value'

|
Pressure (psia) 1775 2425

Local Mass Flux (Mlb/hr/ft ) 0.936 3.5732

Inlet Enthalpy (Blu/lb) 382.3 649.9

Local Quality -0.125 0.358
j

I
I

,

NOMINAL RANGE'OF FUEL DESIGN PARAMETERSTABLE 2i IN HTP CORRELAT10N DATA BASE

I ValueParameter

O.360 0.440'

Fuel Rod Diameter, in. ,

0.496 0.580Fuel Rod Pitch, in.

10.5 26.2Axial Spacer Span, in.

0.4571 0.5334Hydraulle Diameter, in.

8.0-14.0
-

Heated Length, ft.x
,

@

u

5
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NUCt. EAR REQUt ATORY COMMISSION DISCt.Aj,M,tg.S

IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS
DOCUMENT

PtfASE READ CAREFULLY

This tectmk::al report was derived through research and development programs
sponsored by Siemens Power Corporsoon. It is being submitted by Siemens
Power Corporation to the U.S. Nuclear Regulatory Commission as part of a
techncal contnbucon to facihtate safety analyses by licensees of the U.S. Nuclear
Regulatory Commission which ut!!ze Siemens Power Corporaton f aoncated reload
fuel or other technmal serwces prowded by S;emens Power Corpora: ion for light
water power reactors and it is true and correct to the best of Siemens Power
Caw.&,ys know6 edge, ' Jsin.6,( and behef. The informacon contamed.

herein may be used by the U.S. Nuclear Regulatory Commisson in its review of
this report, and under the terms of the respecove agreements, by licensees or
appecents before the U.S. Nuclear Regulatory Commission which are customers
of Semens Power Corporadon in their demonstracon of compliance with the U.S.
Nudeer Reguietory Commisso1's regulacons.

Siemens Power Corporadon's warrantles and representauona concoming the
subject matter of this document are those set forth in the agreement between
Siernens Power Corporsoon and the customer to which this document is issued.
Accordingly, except as otherwise expressed provided in such agreement. neither
Siemens Power Corporadon nor any person acting on its behalf:

A. Makes any warranty, or representauen, express
or implied, with respect to the accuracy,
completeness, or usefulness of the information
contaaned in this document, of that the use of
anyinformadon, apparatus, method or process
diodosed in this document wiu not infringe
privatefy owned rights, or

B. Assumes any llabinties with respect to the ese
,

of, or for damages resulting from the use of, any l

information, apparatus, method or process |
diodosed in this document. |
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1.0 INTRODUCTION AND SUMMARY '

This document describes Siemens Power Corporation's Departure from Nucleate Bolling

(DNB) correlation, HTP. This new DNB correlation is an extension of the previously approved

ANFP DNB correlation (s) which was developed from test sections twelve feet in heated length,

Iand representative of HTP designs for Westinghouse plants. The HTP correlation reflects the
!results of additional DNB testing of High Thermal Performance (HTP) fuel designs for PWRs. The

extended HTP data base includes test sections having heated lengths other than twelve feet and

characteristic of HTP designs for CE plants. The HTP and ANFP correlations will be used for the I

HTP fuels as the approved XNB correlationN s used for standard fu'el designs.i

(
The improvement in DNB performance which characterizes HTP fuel designs is achieved

by the use of HTP spacers and, in some cases, Intermediate Flow Mixers (IFMs). The HTP
,

Ispacers incorporate flow mixing nozzles designed to impart a swirling component to the flow

downstream of the spacer, an effect known to improve DNB performance.M IFMs are minimal
*

grids placed at the midpoint of the span.between HTP spacers to further promote effective

thermal mixing of the coolant. IFMs also incorporate flow mixing nozzles. An HTP spacer and

an IFM are depicted in Figures 1.1 and 1.2, respectively,

i

The data base fo'r the HTP correlat%n was obtained in a high pressure test loop at j
Columbia University's Heat Transfer Research Facility. The data base includes

The HTP correlation is an empirically derived function of the local coolant thermodynamic

state and mass flux at which DNB is observed to occur in experiment. The fluid conditions form*

of the correlation is the same as that of ANFP. The coefficients have been re-optimized to

encompass the extended data base. The heat flux at which DNB occurs is predicted using local

.

M

.

b -

_ _ ___m ________ _ . _ _ _ _ _ _ _ .__
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coolant quality and mass flux calculated with the XCOBRA-IllC subchannel codeW, and

pressure. A minor dependence is also present. The form of the HTP

correlation's dependence on the fuel design parameters differs from that of ANFP in order to

describe the performance of the fuel designs not present in the ANFP data , base. The HTP g
correlation contains factors to account for the effects of M

i
The fuel also enter the correlation through

terms.

The HTP correlation data base and the correlation prediction of the measured data are

summarized in the following sub sections. The HTP correlation is described in detali in Section

2 of this document. The experimental data base supporting the HTP correlation is discussed in

Section 3. A geometric description of the individual test assemblies and a tabulation of key
"

variables derived from the test data are also provided in Section 3 of this document. The

statistical characterization of the correlation is presented in Section 4. ;

1.1 The HTP Correlation Data Base

The data base is comprised of

at the Columbia University Heat Transfer Research Facility. The number of data points

substantially exceeds supporting the ANFP correlation. The test assemblies are

5x5 or 6x6 rod arrays All test =

assemblies incorporate the HTP spacer.

I
The range of coolant conditions represented in the HTP correlation data base is shown

in Table 1.1. The HTP. correlation is applicable in this region. The coolant conditions commonly

I'
Bi-

=
!
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encountered during steady-state operation and Anticipated Operational Occurrences (AOO) in

PWRs are also within this range. f.

The range of fuel design parameters represented in the data base is shown in Table 1.2.i

The geometric features of the test sections are described in Table 1.3. The following variables
,

are systematically varied in the data base:

The data base includes test assemblies with a variety of

Also varied in the data base are the The HTP correlation*

|

thus represents the effects of these parameters on the DNB heat flux.

1 *

1.2 Comoarison of HTP Correlation Predictions to Excerimental Measurements

The HTP correlation is used to predict the DNB heat flux for each test point in the data

base. The ratio of predicted DNB heat flux to the measured heat flux (P/M ratlo) is then known
'

for each test point.' Statistics describing the distribution of P/M ratios are employed as a measure

of the ability of the correlation to predict the DNB heat flux. The overall mean and standardi

) deviction of the distribution of P/M ratios is computed using methods described in Section 4.

I The distribution is characterized A

statistical summary of the P/M ratios for the individual test sections is provided in Table 1.4.

!
L A comparison of predicted DNB heat flux to measured DNB heat flux for the entire data

- base is given in Figure 1.3. Upper and lower solid lines on this plot enclose a band

L about the measured value. Two additional solid lines lie interior to the upper and lower limit

lines. One represents the ideal case in which the predicted DNB heat flux is equal to the
i measured DNB heat flux. The second interior line represents a least squares fit of the predicted

DNB heat flux as a function of the measured DNB heat flux. Because these interior lines differ

unty insignificantly, the correlation displays no significant residual bias.

|

.

O
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The frequency distribution of the P/M ratios for the entire data base is depicted in Figure

1.4. The 95/95 safety limit for the HTP correlation derived using a

as discussed in Section 4.0.

l
.

I

I i
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-

I
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1

TABLE 1.1 RANGE OF COOLANT CONDmONS SPANNED BY THE HTP CORRELATION

1

Variable Minimum Value Maximum Value |
|

Pressure (psla) 1775 2425 I

|
2

Local Mass Flux (Mlb/hr/ft ) 0.936 3.573 |
|

Inlet Enthalpy (8tu/lb) 382.3 649.9
s

'

Local Quality 0.125 O.358

|

|

L

TABLE 1.2 NOMINAL RANGE OF FUEL DESIGN PARAMETERS
IN HTP CORRELATION DATA BASE

Parameter Value

Fuel Rod Diameter, In. 0.360 - 0.440

Fuel Rod Pitch, in. 0.496 - 0.580

Axial Spacer Span, in. 10.5 - 26.2

Hydraulic Diameter, in. 0.4571 0.5334

Heated Length, ft. 9.8-14.0

_ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - . _
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2.0 CHARACTERISTICS OF THE HTP DNS CORRELATION
,

The Departure from Nucleate Boiling (DNB) is characterized by an abrupt decrease in the

heat transfer due to steam blanketing at the rod surface. The heat flux at which DNB occurs is

termed the DNB heat flux, and is a function of coolant conditions, axial power distribution, and

fuel design parameters. in tests, the DNB heat flux is indicated by a rapid rod surface

temperature excursion. |
-

|
'

|
The HTP correlation is used to predict the DNB heat flux for High Thermal Performance

1

(HTP) fuel designs. The correlation is a !

The correlation is modified by |
i

factors which account for the effects of

The correlation is described in greater detail in the following section, j
|

*

2.1 HTP Correlation

The HTP correlation is a functio'n of

(2.1)
. )

Obase is the predicted DNB heat flux (MBtu/hr-sq. ft.) prior to application of the - . ,

factors and the factor.

.

4

6

m
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I
_

I

1

I
I
I
.I

I
The XCOBRA-l!!C test section simulation models are described

'

in Section 3.2

2.2 Fuel Desian Factor

The predicted DNB heat flux obtained from Equation 2.1 is modified by terms which

account for the effects of the

The factor FDF is found to effectively correlate these influences:

I

I
E.

*
_ . . . - _

_ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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?
1

|
,

t 4

|

'

l

.

I

|

)

i

|

.

[ The DNB heat flux including effects, O ,,e, is obtained from Equation 2.1 and thep

! factor FDF defined above:

(2.2)
'

,

i,,

, __

_ _ _ _ _ . _ _ _ _ _ ________ _ _ ._____.__ _ __.________ _ _ _ _ _ _ _



I

CI'

G l

EMF-92-153(NP)(A)
Revision 0

Page 17 . .

2.3 N'on-Uniform Axial Power Distribution Correction Factor
-

The predicted DNB heat flux obtained from the base correlation is modified as follows for

!

I<2.e>

I

I
1

e

I
'
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2.4 Procedure for Use of the HTP Correlation

The HTP DNB correlation is used as described in the following steps.

1) are calculated as a

The HTP fuelis characterized by

a parameter The parameter is

developed in

2) The DNB heat flux is calculated at each position within the assembly using

determined in Step 1. The DNB heat flux is calculated using Equation

2.3.
_

3) The DNB ratio is calculated as the ratio of predicted DNB heat flux to operating heat flux

at each position within the assembly. The predicted DNS heat flux is that calculated in

Step 2, and the operating heat flux is assumed known for the application of interest. The

Minimum DNB Ratio (MDNBA) is selected as the least value of the DNB ratio to occur in

the assembly. The MDNBR is then used as a measure of the margin to DNB for the

operating assembly.
,

.

)

.

m

- - . . .. _ . _ .
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|
3.0 EXPERIMENTAL DATA SUPPORTING THE HTP DNB CORRELATION

The data points supporting the HTP DNB correlation are obtained from )i

programs performed at the Columbia University Heat Transfer Research Facility. |

The design features of the test assemblies and the models employed in the

XCOBRA IllC@ simulations of the tests are presented in this Section. The resuns of the

calculations are also given in the following sections. j

i

3.1 Desian Features of Tost Assemblies

The test assemblies are square 5x5 or 6x6 rod arrays.

j

k
,

I
|

|

|
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The type of axial power distribution employed in each test is noted in Table 3.2. Non-

uniform axial power distributions are tabulated as a function of axial position in Table 3.4 by test 5
section. Axial position is given as fraction of h,eated length measured from the bottom of the W
b.eated length. The power factors represent the ratio of the heat flux at the given position to the

average heat flux for the rod. The test series includes

I
Thermocouples are employed to detect the occurrence of DNB in the tests. They are

located at the axial positions listed in Table 3.5. Thermocouples 1 and 2 for

are located on opposite sides of the rod.

3.2 Thermal Hydraulic Models of Test Assemblies ,

'

The local coolant conditions at the point of DNS are computed from the test assembly

coolant conditions with the approved XCOBRA IllC computer codeW. The XCOBRA-IllC model

includes a specification of the test assembly geometry and power peaking, singJe phase friction

and component loss coefficient correlations, two-phase flow correlations, a turbulent mixing

correlation, and appropriate calculationcontrol parameters. The components of the models are

discussed below.

The XCOBRA-IllC model for each test employs a geometric description of the test ;

assembly derived from the design parameters given in Tables 3.1 and 3.2 and Figures 3.1

through 3.3. Power peaking factors used in the models are those listed in Tables 3.3 and 3.4.

The entire test assembly cross-section is modeled so that minor asymmetries in the radial power

peaking distributions may be accurately represented. ,

The correlation and the coefficients for the )
HTP spacers and IFMs are listed in Table 3.6 by test section. The HTP spacer and IFM

are developed from measurements taken in the Columbia

University Heat Transfer Research Facility
.

I
a
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-
.

The for the HTP spacers and IFMs

~

t

multiplier is employed. multiplier provides an

accurate prediction of Use of multiplier is justified in

an approved document.

.

The other correlations employed in

|
|

The parameter used in the calculations is expressed as

The value is obtained from

data for the HTP fuel designs. The development of this value is described in of

Calculation control parameters and other standard calculation inputs are given in Table

3.7. The. values used are in accord with standard practice for licensing calculations.

'

3.3 Calculation Results and Analysis of Residuals

The results of the XCOBPA-IllC simulations of the test sections are presented in this

section. Table 3.8 provides the key simulation results for each data point in each test campaign.

.

- - -- - _ - - - - - - - _ - _ - - - . _ . _ . _ - - _ _ _ _ _ _ - _ .
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in this table are listed the run number, the computed value of the the

( computed value of the the measured the

the measured and predicted DNB heat fluxes, the predicted elevation of DNB, and the
,

computed value of the factor. The ratio of predicted DNB heat flux

to measured DNB heat flux is listed in a column headed P/M (for Predicted over Measured), The

is the of the at the measured

The and are taken from the point of DNB as

All test data points employed in the developme'nt of

the correlation statistics are recorded in Table '3.8.

The key variables measured at the point of DNB are employed as boundary conditions

in the These variables are listed in Table 3.9. In the table are listed

the run nuri1ber, the the the

and the measured at DNB. The heater rod and thermocouple j

number at which the primary DNB indication occurred are also listed. The tables do not include

runs'in which the primary DNB indication occurred runs for which key

variable values were or measured under conditions.

8
The residuals for all data are depicted in Figures 3.4 through 3.7. These figures are plots

of the ratio as a function of the the the

and the respectively. The overall residuals display no significant

Figures 3.8 through 3.23 depict the DNB heat flux predicted with the HTP correlation

versus the measured heat flux for each test in the data base. Good agreement is obtained. A

plot of predicted DNB heat flux versus mc n _ JNB heat flux for all data is shown in Figure

1.3. Upper and lower solid lines in these pt .., enclose a band of about the measured

value,

I
- a,

_ - - _ . _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ - . _ _ _ _ -
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in Figures 3.0 through 3.23, two additional solid lines lie interior to the upper and lower

limit !!nes. One represents the ideal case in which the predicted DNB heat flux is equal to

ine rna.'sured DNB heat flux. The second interior !!ne represents a least squares fit of the-

predicted DNB heat flux as a function of the measured DNB heat flux. Because these interior

lines differ only insignificantly, the correlation displays no significant residual bias.

A review of the residual plots for the individual tests reveals no significant depende eu

of the residuals on the correlation variables.

.
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4.0 STATISTICAL CHARACTERIZATION OF THE HTP DNB CORRELATION

The HTP DNB correlation safety limit is derived using the ratio of the DNB heat

I ,

flux to the DNB heat flux The correlation safety limit is the value of the

ratio which, with 95% confidence,95% of the population of P/M values fall. The correlation

safety limit is derived using the same that was used for the

correlation. criterion is applied to identify outilers.

To evaluate the safety limit, the data sample is sorted in descending order of ratio.

defines the degree of confidence, g,

associated with the fractional probability, P, that values chosen

This degree of confidence, g, is defined in

terms of

I
B

8 With 95% confidence, at least 95% of the population of

ratios will be than this value.

.

I

.
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| August 20,1993 |
RAC:93:131

| \
Mr. R. C. Jones, ChiefI Reactor Systems Branch

I Division of Engineering and System Technology j
Office of Nuc! ear Reactor Regulation !

Mail S:ation P1-137
U. S. Nuclear Regulatory Commission ;

Washingten. D.C. 20555 1

- I
Dear Mr. Jones:

,

Response to NRC Questions on EMF 92-153(P)

Reference: Letter, R. C. Jones (USNRC) to R. A. Copeland (SPC), ' Request for Additional
Information for Siemens Tcpical Report, EMF-92153(P) (TAC NO. M84646)," 1

August 5,1993. |
|

Attached are the responses to your request for more information en Siemens Power i
Corporatien's tcpical report, EMF-92-153(P), "HTP: Departure from Nucleate Sciling
Correlation for High Thermal Performance Fuel." These questions were transmitted in the
referenced letter.

.

Siemens Pcwer Corporation considers the information contained in these responses to be i

proprietary. The affidavit supplied with the original submittal of the tcpical report is intended
to satisfy the requirements of 2.790(b) for the withholding of'these responses from public !

disc!csure.
I

If you have any questiont,, or if additional information is needed, please centact me at
p (509) 375-8290.

Very truly yours,

L
R. A. Copeland, Manager

bec: F. T. AdamsProduct Ucensingy
| R. E. Collingham

R. C. GcttulaAttachment L E. Hansen
J. S. Holmec: Dr. T. L Huang, USNRC
T. H. KeheleyDr. H. Kcmcriya, ITS ;

L D. O'DeHMr. L E. Phillips, USNRC
F. 8. Skogen j

File '

Siemens Power Corporation 'J

,

Nuctear Divtsion Engineenng and Manufactunng Fac:lity

2101 Hom Ramds Acad. PO Scx 130 Richland. WA 99352 0100 Tet (509) 375-8100 Fax: (509) 375-8402 ;

l .-
. . . . . _. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ __
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Cuestion 1: test sections simulated a unifccm axial power profile while
had a ccsine shape and had a skew 0d shape.

a) Since these data wculd nc' "cpert a determination fer a non symmetric
shape, explain th0t a uniform power shape a 'cpilcable to the actual cr expected pcwer
shape in the fuel.

b) Justify, using statistic.* anaiv- the use of this ccrrelation fer all of the relevant
'

fuel lengths and power st apes.
.

c) Explain hcw the c :etficients and the constant in the Equatien for P, are
determined.

d) Explain 'why P/M comparison for tests 52,53, and 59 shcw peer agreement.

Response:.

a) A fundamental assumption underlying all malcr DNB ccrrelations is that the
DNB heat flux may be precicted frcm !ccal ccclant conditions. It fellcws that the DNB heat
flux is (to the first crder) independent of axial hpat flux prcfile effects. The maximum
correction for non-uniferm axial power distnbutlen (NUAPD) effects in the HTP correlatien is

well within the ccrrelation's 95/95 tclerance limit for fitting and measurement
accuracy. The small size of the NUAPD correction tends to confirm the validity of the local
cenditions assumption. The use of uniform axial power cistributions in the HTP DNB

,

correlation data base is considered appropriate, since the key iccal conditicns dependencies
may be captured equaily well with uniform er non-uniform axial prcfiles. In this light, the j
axial power distributiens censidered in the HTP ccrrelatien data base are adequate to i

establish the NUAPD effects,

axial power distributions are included in the hTP data base. The data
base supporting the BWC ccrrelation contains three axial power distributions. ' b CE-1

,

correlation is based upon four axial power distributions. The data base for the WRB-1 gI
correlation includes five axial power distributions. The number of axial power distributions W I
centained in the HTP data base is thus typical of the industry.

Over the years, the PWR fuel vendors have collected !arge amounts cf DNB
data characterizing varicus NUAPDs for different fuel designs. Most of this cata is available in
the public demain. Prom this data,it has been recognized that the NUAPD effect is fully
separable from fuel design parameter effects, such as hydraulic diameter, spacer pitch, and
assembly heated length. This has been demonstrated by the universally successful '

acpiication of integral NUAPD factor formulations that are independent of fuel design
parameters to large bcdies of NUAPD data. (Some examples are the Westinghouse W-3,
WRB-1 and WRB-2 ccrrelations, the CE-1 correlation, the BWC correlation, the XNB
correlation, and the EPRI correlation). The HTP correlation experimental design was '

-
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developed in the lignt of this kncwledge, and cces not therefere place uncue emphasis en
'

the NUAPD effects.

b) Statistics describing the HTP ccrrelatien performance on the varicus heated '

lengths in the data base are listed in Table 1(b)a. Fcr each heated length, the average cf the
P/M ratics for the test secticns having that heated !ength is given. Also given fcr each heatec
'ength is the cifference between that average value and the everall mean P/M ratio fcr all cf
the data in the cata base. Tne deviaticn is at mcst At best, the allcwance for test
repeatability and measurement accuracy is The deviaticns listed in Tacle 1(b)a are
therefore within test accuracy. Tnere is no significant variaticn in the HTP accuracy between
the different heated lengths included in the data base.

Table 1(b)a: Accuracy of HTP Predictions By Heated Length

!
l

.

Tne number of heated lengths included in the HTP ccrrelation is ccmpared in Table
1(b)b with that of other accepted DNB ccrrelaticns. Also inc!uced in the Table is the ratio cf
the numcer of heated lengths represented in the data base to the number of heated lengths
to wnich the ccrrelations are applied. This statistic indicates the relative density cf the
ccrrelation data bases in regard to the heated length parameter. The HTP correlation is well
suppcrted in regard to the heated length parameter when compared to other approved DNB
ccrrelations fcr application to fuel designs between 8 and 14 feet in heated length.

Table 1(b)b: Heated Length Statistics for Varicus DNB Correlations

DNB Cctrelation Number of Heated NHLDB/ Number of Heated |
Lengths in the Data Base Lengths to Which Applied

(NHLDB)
!

.

|,

. WRB 1 | 2 0.7 |
CE-1 1 1 f
BWC | 1 1 |

_ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -S
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I
Justification fer the separation of fuel design parameter effects from the NUAPD

effect in the experimental design is provided in the response to Cuestion la, above.

c) The develcpment of the F, ccefficients is described in the fcilew: 1g. A
correlation is developed based en the availacle unifcrm axial shape data (see response to
Cuestien 4). The ncn-uniform axial shapes are precicted using this correlation. The recuired
adjustments for NUAPD effects are ccrrelated in terms cf the FP8Z parameter defined en
page 17 cf the topical repcrt. An adcitional constraint is found in the recuirement that the
NUAPD factor go to a value of cne fer the uniform axial shape. -

The result is a NUAPD factor that effectively ccrrelates the HTP data, and that
behaves in a reasonable and censervative manner for all NUAPDs. The value of F, lies

across the range cf possible FPBZ values. The factor provides a maximum
credit of

^

Fcr additicnal g
information, please see the respcnse to Cuestion Ia. E

a) The key statistics for the HTP correlation predictions of Tests gi
are given in Table 1(d)a. The mean values listed in Table 1(c)a indicate that fcr these test g
sections, the DNB heat flux predicted by the HTP ccrrelaticn is on average less than the
measured values. The HTP precicdens for the fuel designs represented by Tests

are therefore conservative.

The difference between predicted and measured values fer these tests is
slightly larger than for other tests in the HTP data base. The accuracy is acceptable fer a

,

CNB ccrrelation applicable to more than one fuel design. Perfect fits of all test sections are
typically not achieved in practice. The standard deviations for Tests are well

|

within expectation. The accuracy of the HTP correlation in predicting the Test cata is -

actually quite good, in that the mean P/M value for that test is within 1% of the overall I

correlation mean P/M. Tests and are underpredicted in the mean by amounts that are |
also well within expectation for a DNB correlation.

To provide a basis for comparison, the key statistics for the 5 most ,

conservatively biased test secticns incfuded in the WRB-1 -data base are listed in Table 1(d)b. gi

5||
lt may be seen that the FfrP predictions for the three tests of concern lie within the range of
the WRB-1 predictions, confirming the adequacy of the HTP correlation fit of Tests

I
|
,

g

a
_
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-

L Tabie 1(d)b Key Statistics For Selected WRB-1 Test Sections

f Test Section | Mean P/M Ratio Standard Deviaticn |'-
,

j A 0.931 0.07 I

,

[ | 8 0.945 0.08 |
f C | 0.952 0.10 !

.

| D | 0.956 0.08 |

f E 0.977 | 0.07 |

Cuestien 2: Since DNS analysis is eften performed using axial power factors greater than
'

was used with the cosine power shapes.
-

Response: The HTP data base contains cesine axial power profiles,
This range represents a significant' variation in the value of the

cosine axial peaking facter. The range includes the DNB-fimiting axial profiles typically
-

encountered in practico. Wnile higher axial peaking factors may occur at significantly
reduced power levels, the reduction in power that accompanies the increase in peaking
renders these cases nondimiting with respect to DNB. The range of axial peaking facters
included in the FfTP data base is thus considered sufficient.

The correlation predicts the DN8 performance of the ecsine axial power profiles
with acceptable accuracy. This confirms the adequacy of the correlation to handle ecsine
axial peaking effects. No direct dependence on the axial peaking facter manifested in the
correlating process, so the correlation does not contain a direct dependence on the axial
peaking facter. This is typical of other SPC ONS ccrrelations and of the correlations of

,

utilities and other venders. The magnitude of the axial peaking factor has th as been found in-
the present development and historically across the iridustry to be a negligibic effect.

f

I' There are experimentallimitations en the value of axial peaking factor that may -

be achieved in test. Axial power distributions are accomplished by thinning the heater red

1

.

_ _ _ _ _ _ _ _ _ _ . -
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wall in the axial region where higher peaking is desired. Due to structural integrity
censideraticns, the red wall can be thinned cnly down to abcut 15 mils. The range cf axial
peaking facters included in the HTP data base are c!cse to these design limits.

The ecsine axial peaking factors included in the HTP data base are similar to
these included in the data base of the WRS 1, CE-1, and EWC correlations developed by
Westinghouse, Cembustien Engineering, and Sabcock & Wilecx, respectively. The cesine
axial peaking facters utilized in these fcur DN8 correlations are listed in Table 2. The
maximum HTP value exceeds that of the CE-1 ccrrelaticn, and is within 5% cf the WR8-1
values. The cifferences are net significant. The BWC correlation has a somewhat larger
facter. The ecsine axial peaking facters represented in the HTP data base are censistent with
industry standard practice.

Table 2 Cesine Axial Peaking Factors

DNS Correlation Ccsine Axial Peaking Facters
j

Represented in the Data Base
{

| |
'

W R 8-1 1.5, 1.55 |1

| CE1 1.45 f
; a

| BWC 1.66 | {

I
Question 3: All test sections with the non-12' heated lengths are 5x5 and do not include !
6x6. Similarly only one test section of all sections having 12' heated lengths is configured g!
6x6. Discuss the statistical significance and applicability of a correlation developed based .g I

I upon this data sample to varicus fuel bundle configurations. I,

Response: The HTP correlation data base employs chiefly the industry standard 5x5 test I
array. The approved XCCBRA-illC subchannel code provides an adequate accounting for the |

flow and enthalpy distribution effects of array size, and permits the Ex5 test results to be )
applied to full arrays in core. The data base wculd be adecuate if it contained no 6x6 arrays.
There is thus no statistical significance to SPC's having used one Ex6 test array in the HTP
correlation data base. '

Cne 6x6 array is included in the HTP data base..The HTP correlation
provides an accurate fit cf this 6x6 DNB data. This fit is achieved wdhout use of an array size
effect parameter in the correlation. Had a significant array size effect beeripresent, the HTP g
correlation would have to contain an array size effect in order to fit the data. Since there is E
no array size effect in HTP, there is no cbservable array size effect in the data.

,

s
.

-
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DNS test array sizes have increased ever the years to the present industry
.

-

| standard Ex5. In earlier years,3x3 and 4x4 arrays were used. The power demands of DNS
*

testing, whien may apprcach 10 MWe, preciude the use of tco large an array. The 5x5 array
size keeps the power demand to an achievable level.

,

'

All vendors rely heavily en the 5x5 array. !n Table 3, array sizes represented in
the data bases of the HTP, WRB-1, CE-1, and EWC ccrrelations are listed. CE have used'
only 5x5 arrays. A!! but one S&W test secticns utilized a 5x5 array. The Westinghcuse data
base incfudes a large number of bcth 4x4 and Ex5 arrays, alcng with a single 3x3 array. The
array size is nct a significant effect in the ccrrelaticn cf CNB cata. -

Table 3 Ccmparison of Test Array Sizes fer
Varicus DNB Cerrelations

-

f Cerrelation Test Section Array Sizes [

| HTP | 6x6 (1), 5x5 |
.

| EWC 3x3 (1), 5x5 |
i

-

i CE1 5x5 |

,

W R B-1 | 3x3 (1), 4x4, 5x5 |

Cuestien 4: The equatica for FCF cn page 15 has two variables based upon heated length
cf assembly, LEN and LEN2. On page 16, Siemens defined these variables. Explain how
their ccefficients (b13 and bl4) and other fuel design facters were determined. Co these f vo.

ccef)icients require re-determinaticn when the heated length is less

Response: Cevelopment of the fuel design factor is described in the following. A
correlation (saference correlation)is developed for one reference test section of data. The
reference correlation establishes the fundamental fluid cenditions dependencies. A second
test section.of data which differs from the reference section in cnly one fuel design parameter
is predicted via the reference ccrrelation. This result establishes the effect of the varied fuel
design parameter on DNB for the reference geometry, from which a factor modifying the
reference ccrrelation may be defined. Additional separate effects test sections are added one
at a time to the reference ccrrelation in this manner, until a preliminary (uniform axial)
correlation is defined. From this exercise, a knowledge of the magnitude of the different fuel

| design parameter effects is obtained, aiong with information about how the Individual fuel
design parameters interact. The resulting correlaticn will be termed the exploratory
ccrrelation in the remair, der of this respense.

b -

_

A ccrrelation form reflecting this information is proposed, and fitted to the entire
uniform axial data set via regression. The resulting correlation is then reviewed on an overail

j and individual test basis for predictive capability in the mean, for ccceptably smail standard

O

.

_,_____ __ - - - - - - -"- ~ -'-- - - - -'



; . .|- ... .. . .... :.=: . . - : :; g
g> .

EMF-92-153(NP)(A) 1

Supplement 1
August 20,1993 Page 196
Page 8

deviation, fcr acceptably small dependence cf residuals en the ccrrelating variables, and for
whether the resulting correlation provides a .easonable magnitude for tne varicus fuel design
parameter effects when ecmpared to the exploratory ccrrelation. This process is repeated
until a satisfactory ccrrelation of the uniform axial data base is obtained. Non-uniform axial
effects are handled as discussed in the respenses to Question 1.

The length effect imclementec via the LEN and LEN2 parameters is limited to
that characterizing the range between For heated lengths belcw the
value at is used. Since a reduction in heated length generally produces an
improvement in DNB perfcrmance, this is a censervative apprcach. The Test data

heated length) was successfully predicted using this apercach. SPC does net anticipate
applying the HTP correlatien to any reacters having a heated length greater than

(Contrary to Table 1.2 cf the HTP tcpical report, the Icwer limit on the
application censistent with the limits of the data base).

Question 5: Explain and just!fy the meaning of negative Iccal quality on Figure 3 5.

Response: The thermcdynamic quality, x, is defined: i

7.=[h - h,,J/h.,
'

w

where h is the subchannel cross-secticnal average enthaipy, h is the licuidm
saturation enthalpy, and h., is the latent heat of vaporization. x is defined for values of h w
greater than h. cr less than h , and may take values either greater er less than zero. x
values less than zero ccrrespond to the subeccled veid regime, in which ecolant at the red
surface is two-phase, but the ceclant on average acrcss the subchannelis subcooled. Fcr
values of x greater than zero, the coclant on average across the subchannel is two phase.
Some DNB data do occur in the subcooled void regime.

Question 6: Define and justify the applicable range of physical conditions for the HTP
correlation,

,

. 1

Response: The ranges'of conditions within which the HTP correlation is to be used are '

listed in Tables 1.1 and 1.2 of the HTP topical report. These ranges are the ranges of the
variables represented in the HTP ccrrelation data base. The correlation is not applied cutside -E|
these limits. The XCOBRA-lllC code in'which the HTP correlation is implemented prints El
warning messages should a pafticular application calculation result in conditions which
exceed these limits, to alert the analyst to the problem. 3<

||
The icwer limit on assembly heated length listed in Table 1.2 of t% MTP topical |

Ireport is incorrect. The correct Icwer limit is ccrresponding to the limits c' HTP data
base. SPC intends to apply the HTP correlation as described in Section 2 of the report for
fuel designs between

-

.

.

b
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Cuestien 7: Cf the tests repcrted, two shcw that the least square line is higher than the

( ideal line in the remainder cf the tests, for these tests where there is a relatively large
cifferenca between these two lines, the least Square line is below. Explain in depth the
significance of the ideal vs. fitted lines within the band and ciscuss the conservative

[ nature of the fit. Further, discuss the crigin of the limit lines and its significance en fitted
data.+

I Respense: The ideal line represents the ideal case in which the predicted DN8 heat flux is
L equal to that measured. The fitted line is a least scuares fit of the CNB heat flux (precicted

by HTP) as a functicn of the measured CNB heat flux. If the HTP correlaticn providec a

[ perfect fit fer all test secticns, the ideal line and the least-squares fit wculd be identical. Fcr
'

the practical case where a perfect fit is not cbtained, the difference between ideal and fitted
lines indicates hcw c!csely the HTP fit approximates the ideal fit fer each test section.

.
' .

( The line represents the ene sided upper 95/95 teleranca limit for the
distnbution of ratics of predicted CNB heat flux to measured CNB heat flux. At a 95%
confidence level, there is a 95% probability that the predicted CNB heat flux is !!mes,

l the measured DNB heat flux. The line simply provides a symmetric bcund en the lower
'

side cf ideal. The lines are included to permit a visual evaluaticn of how goed the HTP
fi+ is relative to the 95/95 allcwance for measurement and fitting error that enatacterizes-

| the correlaticn.

Tests show insignificant
deviations from ideal, and require no funher discussion. Tests show varying
degrees of bias in the fit, but the bias lies well within the 95/95 limit for nearly all the data in
these tests.

Question 8r Ccmpare the performance of the HTP correlation against that of the ANFP
correlation and demonstrate that the predictions by the use of the HTP carrelation are as or
more conservative than those obtained with the ANFP correlaticn over me range of
applicability of ANFP. Further, compare the performance of the HTP correlatien for the HTP
designs cf the ABS-CE fuels with that predicted by the comparable ABB-CE ONB correlaticn.

Response: The comparative performance of the HTP and ANFP correlations on the data
sets common to both is given in Table 8 below. The predictive capability of the ccrrelations
is essentially the same, with minct variations on particular data sets confined within the limits
of measurement and typical fitting accuracy. The 95/95 limits established for the two

I correlations are similar in value, a bit above The 95/95 limits are upper one-sided
tolerance limits that are set to enccmpass the effects of measurement and fitting accuracy.
Use of the 95/95 limit as a minimum in practice ensures that the correlation is applied
conservatively, with the proper accounting for measurement and fitting accuracy.

The HTP correlation is not uniformly more censervative than the ANFP
correlation. Some tests are predicted to have slightly greater DN8 heat flux with ANFP than
with HTP. Fcr other' tests, the HTP correlation may give slightly greater DNB h. eat fluxes.

1
-

,

|
..

_ _ _ _ _ _ _ _
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Within the limits of measurement and fitting accuracy, the correlations acceptably reproduce
their respective data bases. It was expected in the development cf the HTP correlation that it
would produce results that are similar those of the ANFP correlation, as is demonstrated in
Table 8.

SPC dces not have access to the ABS-CE"DN8 correlation, and so cannot
provide the requested comparisen '

Table 8 Comparison of Key Statistics for Test g
Sections Common to HTP and ANFP 3-

I

I
I

Cuestion 9: Demonstrate the applicability of the used
with XCCBRA-lllC to the wider range of fuel design parameters which constitute the
correlation data base.

Response: DN8 correlations typically include fuel design parameter terms. These terms
'incfude the spacer pitch and/or the distance from the next upstream mixing grid, the heated
length of the assembly, and the hydraufio diameter. Correlations representing more than one

,

type of mixing grid design may describe this effect by using different values of the turbulent
mixing parameter to represent each different , mixing design. The HTP correlation is applicable g
only to the HTP fuel design, and thus requires only one value of the turbulent mixing W
coefficient. Ccrrelating in terms of these fuel design parameters captures the effects of fuel
desfgri parameters on turbulent mixing as it affects DN8 performance. The effects of 3
turbulent mixing on the DNS performance are implicitly included in the fuel design parameter g
dependencies cf the DNB correlation. An explicit, accurate formulation of the turbulent mixing
parameter is thus not regulred for the accurate correlation of the DN8 performance. The

is thus equally applicable to all HTP fuel designs represented in
~

the HTP correlation data base.

-

~
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