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UNITED STATES NRC/RCPL-08-012
.•, • NUCLEAR REGULATORY COMMISSION

f WASHINGTON, D.C. 20555-0001

February 14, 2008

Mr. James A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-0355

SUBJECT: FINAL SAFETY EVALUATION FOR WESTINGHOUSE ELECTRIC COMPANY
(WESTINGHOUSE) TOPICAL REPORT (TR) WCAP-14565-P, ADDENDUM 2,
REVISION 0, "ADDENDUM 2 TO WCAP-14565-P-A, EXTENDED APPLICATION
OF ABB-NV CORRELATION AND MODIFIED ABB-NV CORRELATION WLOP
[WESTINGHOUSE LOW PRESSURE] FOR PWR [PRESSURIZED WATER
REACTOR] LOW PRESSURE APPLICATIONS" (TAC NO. MD3184)

Dear Mr. Gresham:

By letter dated September 20, 2006, Westinghouse submitted TR WCAP-14565-P,
Addendum 2, Revision 0, "Addendum 2 to WCAP-1 4565-P-A, Extended Application of ABB-NV
Correlation and Modified ABB-NV Correlation WLOP for PWR Low Pressure Applications," to
the U.S. Nuclear Regulatory Commission (NRC) staff. By letter dated January 7, 2008, an NRC
draft safety evaluation (SE) regarding our approval of TR WCAP-1 4565-P, Addendum 2,
Revision 0, was provided for your review and comment. By letter dated January 21, 2008,
Westinghouse commented on the draft SE. The NRC staff s disposition of Westinghouse's
comments on the draft SE are discussed in the attachment to the final SE enclosed with this
letter.

The NRC staff has found that TR WCAP-14565-P, Addendum 2, Revision 0, is acceptable for
referencing in licensing applications for Westinghouse and Combustion Engineering pressurized
water reactors to the extent specified and under the limitations delineated in the TR and in the
enclosed final SE. The final SE defines the basis for our acceptance of the TR.

Our acceptance applies only to material provided in the subject TR. We do not intend to repeat
our review of the acceptable material described in the TR. When the TR appears as a reference
in license applications, our review will ensure that the material presented applies to the specific
plant involved. License amendment requests that deviate from this TR will be subject to a plant-
specific review in accordance with applicable review standards.

In accordance with the guidance provided on the NRC website, we request that Westinghouse
publish accepted proprietary and non-proprietary versions of this TR within three months of
receipt of this letter. The accepted versions shall incorporate this letter and the enclosed final
SE after the title page. Also, they must contain historical review information, including NRC
requests for additional information and your responses. The accepted versions shall include
an "-A" (designating accepted) following the TR identification symbol.
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J. Gresham -2-

If future changes to the NRC's regulatory requirements affect the acceptability of this TR,
Westinghouse and/or licensees referencing it will be expected to revise the TR appropriately or
justify its continued applicability for subsequent referencing.

if you have any questions, please contact Jon H. Thompson at (301)415-1119.

Sincerely,

Ho K. Nieh, Deputy Director
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 700

Enclosure: Final SE

cc w/encl:
Mr. Gordon Bischoff, Manager
Owners Group Program Management Office
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-0355
qordon.c.bischoff(,us.westinohouse.com
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

TOPICAL REPORT (TR) WCAP-1 4565, ADDENDUM 2, REVISION 0,

"ADDENDUM 2 TO WCAP-14565-P-A, EXTENDED APPLICATION OF

ABB-NV CORRELATION AND MODIFIED ABB-NV CORRELATION

WLOP [WESTINGHOUSE LOW PRESSURE] FOR PWR [PRESSURIZED WATER REACTOR]

LOW PRESSURE APPLICATIONS"

WESTINGHOUSE ELECTRIC COMPANY

PROJECT NO. 700

1.0 INTRODUCTION AND BACKGROUND

By letter dated September 20, 2006, Westinghouse Electric Company (Westinghouse)
submitted TR WCAP-14565-P, Addendum 2, Revision 0, "Addendum 2 to WCAP-14565-P-A,
Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for PWR
Low Pressure Applications" (Reference 1), to the U.S. Nuclear Regulatory Commission (NRC)
staff for review. The TR describes the extension of the ABB-NV Critical Heat Flux (CHF)
correlation (Reference 2) to the non-mixing vane (NMV) grid region of the Westinghouse
Pressurized Water Reactor (PWR) fuel designs, and also describes the modification of the
ABB-NV correlation based on low pressure rod bundle data. The modified correlation
accommodates low pressure applications and is designated as the WLOP correlation.

In a similar manner to the NRC staff-approved W-3 correlation (Reference 3), the ABB-NV
correlation will be used for predicting departure from nucleate boiling ratio (DNBR) margin in the
NMV grid region to supplement the primary departure from nucleate boiling (DNB) correlation for
Westinghouse PWR fuel designs with mixing vane (MV) grids. The WLOP correlation will be
used for predicting DNBR margin at low pressure conditions that is typically encountered in a
steam line break accident analysis, as an alternative to the NRC staff-approved W-3 or MacBeth
correlations (References 3 and 4 respectively) for Westinghouse PWR plants and Combustion
Engineering PWR (CE-PWR) plants.

The ABB-NV correlation has previously been approved for application for CE-PWR plants with
both the TORC code (Reference 5) and the Westinghouse version of the VIPRE-01 (VIPRE)
code (Reference 6) thermal hydraulic codes. Westinghouse provided additional supplemental
rod bundle data evaluation to confirm the current ABB-NV correlation at a 95 percent probability
and a 95 percent confidence level (95/95) DNBR limit of 1.13 with VIPRE for the NMV grid
region for Westinghouse PWR fuel designs. Westinghouse also provided supplemental data to
extend the applicable range of the ABB-NV correlation.

ENCLOSULRE
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Westinghouse formulated the WLOP correlation from a modified version of the ABB-NV
correlation specifically for low pressure conditions and extended the flow range to cover low flow
conditions. Modifications to the ABB-NV correlation form were made using existing CHF data
from rod bundles with NMV grids, incorporating many of the tests included in the ABB-NV
correlation. The WLOP coefficients were derived based on fluid conditions from VIPRE
calculations. The WLOP 95/95 DNBR limit is determined to be 1.18 with the VIPRE code for
both Westinghouse PWR and CE-PWR fuel designs. The WLOP 95/95 DNBR limit is also
qualified with test data from rod bundles containing MV grids simulating Westinghouse PWR
fuel designs.

2.0 REGULATORY EVALUATION

Section 50.34 of Title 10 of the Code of Federal Regulations (10 CFR), "Contents of construction
permit and operating license applications; technical Information," contains general requirements
for the safety assessment of structures, systems, and components important to safety. As part
of the core reload design process, licensees (or vendors) perform reload safety evaluations to
ensure that their safety analyses remain bounding for the design cycle. To confirm that the
analyses remain bounding, licensees confirm that key inputs to the safety analyses such as the
departure from nucleate boiling ratio (DNBR) are conservative with respect to the current design
cycle. If key safety analysis parameters are not bounded, a re-analysis or re-evaluation of the
affected transients and/or accidents is performed to ensure that the applicable acceptance
criteria are satisfied.

10 CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power Plants," Criterion 10,
"Reactor design," requires that: The reactor core and associated coolant, control, and protection
systems shall be designed with appropriate margin to assure that specified acceptable fuel
design limits [(SAFDLs)] are not exceeded during any condition of normal operation, including
the effects of anticipated occurrences."

Section 4.4, "Thermal and Hydraulic Design," of the Standard Review Plan for the Review of
Safety Analysis Reports for Nuclear Power Plants: LWR Edition, NUREG-0800, Revision 2,
provides DNB acceptance criteria.

NRC Generic Letter 83-11, Supplement 1, "Licensee Qualification for Performing Safety

Analyses" provides guidance for the technology transfer process for CHF correlations.

3.0 TECHNICAL EVALUATION

3.1 ABt-NV CHF Correlation

The ABB-NV correlation is based on a linear relationship between CHF and local quality. The
correlation includes the following variables: pressure, local mass velocity, local equilibrium
quality, distance from grid to CHF location, heated length from inlet to CHF location, and heated
hydraulic diameter of the subchannel_ Special geometry terms are used in the correlation to
correct CHF calculations for grid, heated length, heated diameter (cold wall effect), and guide
tube effects. The ABB-NV correlation has been used with the TORC code (Reference 5) and
the VIPRE code (Reference 6) for CE-PWR licensing applications. The NRC staff-approved
DNBR limit is 1.13 with both codes (References 5 and 6) at 95/95. A more detailed description
of the ABB-NV correlation can be found in Reference 2.
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Westinghouse provided a summary description of the CHF tests supporting the extended
application of the ABB-NV correlation for the NMV grid region of the Westinghouse PWR fuel in
Section 2 of TR WCAP-1 4565, Addendum 2,. Revision 0. Two rod bundle tests were used to
demonstrate the applicability of the ABB-NV correlation. One used a 5x5 array of electrically
heated rods with uniform axial power distribution with brazed Inconel NMV grids, which
simulated the geometry of a 17x1 7 fuel design. The second test was a hexagonal-lattice test
with seven rods in a triangular pitch. The test rod dimensions and pitch are similar to the
Westinghouse PWR fuel design. Validation of the application of the ABB-NV correlation to an
NMV grid test with a different geometry demonstrates that the correlation is robust and may be
applied to the NMV grid regions of different fuel configurations. Figures showing the geometry
for these qualification test sections are also shown in Section 2 of TR WCAP-1 4565,
Addendum 2, Revision 0, and a summary of the geometric characteristics for the supplemental
tests for the ABB-NV database is given in Table 2-1.

3.2 Modified ABB-NV Correlation for Low Mass Flow and Low Pressure Conditions

The WLOP correlation is a modified ABB-NV correlation specifically developed for low pressure
conditions. Modifications to the existing NRC staff-approved ABB-NV correlation form were
made using existing CHF data from rod bundles with NMV grids, incorporating many of the tests
included in the ABB-NV correlation. The correlation data for NMV grids were obtained for test
sections of heated lengths ranging from 48 in. to 150 in., grid spacings of 8.0 in. to 21.5 in., rod
diameters ranging from 0.374 in. to 0.440 in., flows above 0.15 Mlb/hr-ft 2, and pressures above
185 psia. The WLOP coefficients were derived based on fluid conditions from VIPRE
calculations.

The WLOP correlation was developed based on CHF test dpta obtained from the Heat Transfer
Research Facility of Columbia University. The tests were performed with simulated 5x5 arrays
of 14xl 4, 16x16, and 17xl 7 fuel assembly geometries for NMV grids. The correlation database
includes tests with uniform and non-uniform radial power distributions, with and without guide
thimbles, heated lengths from 48 in. to 150 in. and grid spacing from 8.0 in. to 21.5 in. To
provide overlap with the ABB-NV correlation, the upper pressure of the database is set at
1800 psia. The lower pressure is determined by the available test data. This upper pressure
limit was chosen since it was found that measured CHF varied with pressure in a more complex
manner when the pressure range is increased.

The functional form of the CHF correlation is empirical and is based solely on experimental
observations of the relationship between the measured CHF and the correlation variables. The
form of the correlation is based on a linear relationship between CHF and local quality similar to
the ABB-NV correlation documented in Reference 2. The WLOP correlation includes the same
variables as the ABB-NV correlation: pressure, local mass velocity, local quality, a grid spacing
term, heated length from inlet to CHF location, and the heated hydraulic diameter ratio of the
CHF channel. Special geometry terms are applied to the correlation to correct CHF for grid
spacing, heated length, and heated diameter effects.

32.1 Description of WLOP Test Sections

The data used for the development and validation of the WLOP correlation were obtained from
18 test bundles with a uniform axial power shape. The test sections, described in Table 2-2 of
TR WCAP-1 4565, Addendum 2, Revision 0, simulate a 5x5 array of fuel assembly geometries
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without MVs. Thirteen of these test sections are representative of a 14x14 fuel assembly
geometry (0.440 in. outer diameter (OD) heated rods and 0.580 in. rod pitch); four test sections
are representative of a 16x16 fuel assembly geometry (0.382 in. OD heated rods and 0.506 in.
rod pitch); and one test section is representative of a 1 7xl 7 fuel assembly geometry (0.374 in.
OD heated rods, 0.500 in. rod pitch) with brazed Inconel grids. It is noted that high pressure
data from several tests were used in the development of the ABB-NV correlation and that the
test-specific geometry has already been documented in Reference 2.

Twelve of the tests were conducted with a simulated guide thimble. Tests were run with the
simulated guide thimble placed either near the center of the test section surrounded by heated
rods or adjacent to the test shroud. Typical radial geometries for the fuel design tests, with and
without a guide thimble, are presented in several figures in Section 2.0 of TR WCAP-14565,
Addendum 2, Revision 0; the radial and axial geometries for these individual tests are provided
in Appendix E; and a summary of the test section geometry for the 18 tests is shown in
Table 2-2. The data from the "correlation formation" test sections were used to develop the
coefficients for the WLOP correlation form. The data from the "validation" test sections were
used in the evaluation of the correlation. Test sections were selected to provide data at the low
flow, low pressure conditions and to cover the range for the geometric parameters such as
heated length, grid spacing, and heated hydraulic diameter.

The test grids for all the tests are similar to the reactor fuel design. The standard grids were
manufactured with Zircaloy-4 material for the early tests. The stronger Inconel 625 material was
used in later tests to provide improved support for the heater rods. The grid material change
does not affect CHF performance of the grid design.

Special demonstration tests were run using available data for MV grid designs to demonstrate
that the WLOP correlation is applicable or conservative for application to MV grid designs. In
general, MV grids have shown substantial performance gains when compared to NMV grids.
especially at small grid spacing (Reference 2). Westinghouse has provided the results of the
application of the WLOP correlation application to MV fuel design in Table 4-4 of TR
WCAP-14565, Addendum 2, Revision 0. Westinghouse noted in this TR that many of these
tests that were used to demonstrate the applicability of the WLOP correlation to MV grid fuel, are
the same tests used to develop and support previous correlations, such as the ABB-X2, WRB-1,
WRB-2, and WRB-2M correlations (References 7 through 10, respectively).

In addition, Westinghouse also conducted calculations with the sub-channel computer code,
VIPRE, for each test section in the database based upon the bundle geometry and the axial and
radial power distributions.

A request for additional information (Reference 11) was sent to Westinghouse to justify the use
of WLOP down to the requested pressure range of the correlation for MV fuel designs.
Figure 4-4 of Reference 1 provides the WLOP ratio of measured to predicted (M/P) CHF versus
data for PWR tests for MV grids only down to approximately 700 psia. Figure 4-4 also shows
that there is a negative trend in the data, which may not hold true at lower pressures. In
response to this RAI from the NRC staff, Westinghouse provided additional evaluations and test
data conducted by the Electric Power Research Institute (EPRI) for PWRs with MV grids
(Reference 12) which still demonstrated a negative trend in the M/P versus data down to
approximately 800 psia, although the M/P values were significantly greater than the original data
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provided in Figure 4-4. Based upon further discussions with the NRC staff, Westinghouse
provided an additional WLOP M/P versus comparison with boiling water reactor (BWR) data for
an MV grid- (Reference 13) and NMV grid-designed fuel (Reference 14).

Enhancements in MV grid M/P values obtained from use of these data at approximately 800 psia
were similar to those obtained from the use of PWR data. The BWR data also demonstrated
that at lower pressures (as low at 360 psia) the M/P values for the MV grid designs are
significantly higher than 1.0 and that there was no significant trend in the plot of M/P versus
Pressure for the MV grid design. Based on Figure 4-1 of TR WCAP-14565-P-A, Addendum 2,
Revision 0, Westinghouse provided a plot of NMV CHF data that showed that at approximately
700-800 psia, there is a transition in the CHF data (an inflection point) and that at lower
pressures, the NMV CHF data behavior was consistent down to 185 psia (i.e., no inflection point
or discontinuity). Based on Figure 4-4, the additional PWR data, and the additional BWR
MV/NMV CHF comparison data, Westinghouse has substantiated that the CHF behavior for the
MV grid designs will remain conservative (i.e., M/P will remain greater than 1.0) in comparison to
the CHF behavior for the NMV grid design over the NMV CHF data range. Therefore,
Westinghouse has demonstrated that the WLOP correlation and the 95/95 DNBR limit are
applicable to both NMV and MV grid fuel designs for the pressure range requested in TR
WCAP-14565, Addendum 2, Revision 0.

3.3 Statistical Evaluation

This section evaluated all the statistical data that went into the development of the ABB-NV and
WLOP correlations. The following topics were considered: outliers, normality distribution,
comparison of the various data groups, the homogeneity of variance, and the 95/95 DNBR limit.
The means and standard deviations for the ratio of measured to ABB-NV-predicted CHFs were
given for the correlation database and the individual test sections and for the validation database
and the individual test sections. Similar means and standard deviations were presented for the
WLOP correlation. A statistical evaluation was performed with the ABB-NV and the WLOP
correlations for each test section and bundle array, the correlation database, the validation
database, and the combined correlation and validation database, to determine the one-sided
95/95 DNBR limit applicable to each correlation. Standard statistical tests (the W and D tests)
were used to evaluate normality at the 95 percent confidence level: the W test for groups with
less than 50 test points and the D test for all other groups.

Standard statistical tests were performed to determine if all or selected data groups belong to
the same population in order to be combined for the evaluation of the 95/95 DNBR tolerance
limit. In addition, scatter plots were generated for each variable in the correlation to examine the
correlation for trends or regions of non-conservatism. The measured to correlation predicted
CHF ratio was plotted as a function of pressure, local mass velocity, local quality, heated
hydraulic diameter, distance from bottom to adjacent upstream grid, and heated length from
beginning of heated length (BOHL) to location of CHF. The NRC staff examined these plots and
determined that although trends were evident in some of the plots, Westinghouse provided the
NRC staff with satisfactory explanations to justify the trends. The 95/95 DNBR limit was also
shown on these plots to show the number of points that fall below the limit and the location of
those points. The NRC staff examined all the plots and determined that the results were typical.
The NRC staff reviewed the elimination of the outliers and agreed that it was appropriate.
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3.4 Application of the ABB-NV and WLOP Correlations

The intended application of the ABB-NV and WLOP correlations for Westinghouse PWRs is
similar to the current application of the W-3 DNB correlation (Reference 3) to Westinghouse
PWRs. The intended application of the WLOP correlation for CE-PWRs is similar to the current
application of the MacBeth DNB correlation (Reference 4) to CE-PWRs. Westinghouse intends
to use the ABB-NV and WLOP correlations for evaluating safety margins with respect to CHF
and DNB acceptance criteria, but only at core conditions where the primary DNB correlations are
not applicable.

Section 4.4, "Thermal and Hydraulic Design," of the Standard Review Plan for the Review of
Safety Analysis Reports for Nuclear Power Plants: LWR Edition, NUREG-0800, Revision 2
(Reference 15), provides DNB acceptance criteria. One DNB acceptance criterion is met with
respect to the thermal-hydraulic design when the minimum DNBR of the hot rod in the hot
channel is above the 95/95 DNBR limit of the correlation. The ABB-NV and WLOP correlations
will be used only with a computer code that has been either used for the correlation development
or qualified with its 95/95 DNBR limit. The technology transfer process for the ABB-NV and
WLOP correlations will address the recommendations identified in NRC Generic Letter 83-11,
Supplement 1, "Licensee Qualification for Performing Safety Analyses" (Reference 16).

Selection of the appropriate DNB correlation, DNBR limit, engineering hot channel factors for
enthalpy rise, and other fuel-dependent parameters for a specific plant will still be justified for
each application of each correlation. These correlations, like other DNB correlations for PWR
safety analyses, were developed from steady-state test data. These correlations will be used
with appropriate codes (such as VIPRE) in calculating DNBRs for PWR power ramp and flow
coastdown transients, such as complete loss of flow, locked rotor, and control rod malfunctions.
The details of each correlation's application are discussed next.

3.4.1 Application of the Extended ABB-NV Correlation

The range of application for the extended ABB-NV correlation is summarized in this section.
The extended ABB-NV correlation will be used with the Westinghouse version of the VIPRE
code and is in full compliance with the limitations and conditions specified in the safety
evaluation (SE) for the TR documenting the VIPRE code and modeling (Reference 6).

ABB-NV will be used as a supplement to the primary DNB correlation for predicting DNBR
margin in the fuel region of Westinghouse fuel designs near core inlet. To ensure a continuity of
power shape correction in DNBR predictions between the NMV and the MV grid regions, the
same F, factor (F-Factor to make corrections for non-uniform axial power shapes) used with the
primary DNB correlation of the Westinghouse PWR MV grid fuel design will be used with ABB-
NV correlation. The 95/95 ABB-NV DNBR limit remains at a value of 1.13 for Westinghouse
PWR fuel design applications in the parameter range defined in Table 1.
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TABLE 1: Applicable Range of the ABB-NV Correlation

Pressure (psia) 1750 to 2415

Local mass velocity (Mlbm/hr-ft2) 0.8 to 3.16

Local quality <0.22

Heated length, inlet to CHF location (in) 48* to 150

Heated hydraulic diameter ratio 0.679 to 1.08

Grid Distance (in.) 7.3 to 24

*Although the heated length below the first MV grid is below 48 in., the minimum heated length

used in the correlation is conservatively maintained at 48 in.

3.4.2 Application of the WLOP Correlation

The range of application for the WLOP correlation is summarized in this section. The WLOP
correlation will be used with the Westinghouse version of the VIPRE code and is in full
compliance with the limitations and conditions specified in the SE for the TR documenting the
VIPRE code and modeling (Reference 6).

WLOP will be applied to all Westinghouse/CE PWR fuel designs, including the 14x14 fuel
products with rod ODs of 0.400 in., 0.422 in., or 0.440 in., the 15xl 5 fuel products with rod OD of
0.422 in., the 16x16 fuel products with rod ODs of 0.360 in., 0.374 in., or 0.382 in., and the
17x17 fuel products with rod ODs of 0.360 in. or 0.374 in.

The WLOP correlations will be used as a supplement to the primary DNB correlation for
predicting DNBR margin under low pressure conditions. To ensure a continuity of power shape
correction in DNBR predictions between the pressure regions, the same F' factor used with the
primary DNB correlation of the PWR fuel design will be used with the WLOP DNB correlation.
The 95/95 WLOP DNBR limit is 1.18 in the parameter range defined in Table 2.
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Table 2: Applicable Range of the WLOP Correlation

Pressure (psia) 185 to 1800

Local Coolant Quality < 0.75

Local Mass velocity (MIb/hr-ft2) 0.23 to 3.07

Heated Hydraulic Diameter Ratio 0.679 to 1.00

Heated Length, HL (in.) 48* to 168

Grid Spacing Term 27 to 115

*Set as minimum HL value, applied at all elevations below 48 inches

4.0 LIMITATIONS AND CONDITIONS

1. The applicable range of the ABB-NV and WLOP correlations are presented in Table 1 and
Table 2, respectively, of this SE.

2. The ABB-NV correlation and the WLOP correlation must use the same F, factor for power
shape correction as used in the primary DNB correlation for a specific fuel design.

3. Selection of the appropriate DNB correlation, DNBR limit, engineering hot channel factors
for enthalpy rise, and other fuel-dependent parameters will be justified for each application
of each correlation on a plant specific basis.

4. The ABB-NV correlation for Westinghouse PWR applications and the WLOP correlation
must be used in conjunction with the Westinghouse version of the VIPRE-01 (VIPRE) code
since the correlations were justified and developed based on VIPRE and the associated
VIPRE modeling specifications.

5.0 CONCLUSION

The extension of the ABB-NV correlation to the NMV grid region of Westinghouse fuel, and the
modification of this correlation to low flow and low pressure conditions, is based primarily on
data taken from 1971 to 1982 and supplemented by more recent data. The following
conclusions for the extension of the ABB-NV correlation to Westinghouse PWRs and the
application of the WLOP correlation to CE-PWRs apply:

1. Analysis of supplemental NMV grid data with rod diameters of 0.36 in. and 0.374 in.
demonstrate the applicability of the ABB-NV correlation to the Westinghouse PWR fuel
designs in the heated length below the first MV grid.

2. Analysis of the supplemental data indicates the data are poolable with the original data and
the approved DNBR limit of 1.13 for the ABB-NV correlation for CE-PWR applications is
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maintained for the Westinghouse PWR applications within the parameter range presented
in the abstract of TR WCAP-14565-P-A, Addendum 2, Revision 0, and the clarification
given in Reference 14.

3. Analysis of the WLOP correlation for low pressure and low flow conditions and the source
and validation data indicates that a minimum DNBR limit of 1,18 for the WLOP correlation
will provide a 95 percent probability with 95 percent confidence of not experiencing CHF on
a limiting rod.

4. The WLOP correlation with the 95/95 DNBR limit of 1.18 can be applied to the low
pressure conditions within the parameter range provided in the abstract of TR
WCAP-14565-P-A, Addendum 2, Revision 0, and the clarification given in Reference 14,
similar to the application of the W-3 correlation for Westinghouse PWRs and to the
application of the MacBeth correlation for CE-PWRs.

The correlation uses an approach employed by a previously-approved correlation, and the
statistics are performed in an acceptable manner. The NRC staff has performed a review of the
analyses in TR WCAP-1 4565-P-A, Addendum 2, Revision 0, and concludes that it is acceptable
for licensing applications, subject to the limitations and conditions identified in Section 4.0 of this
SE.
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RESOLUTION OF WESTINGHOUSE ELECTRIC COMPANY (WESTINGHOUSE)

COMMENTS ON DRAFT SAFETY EVALUATION FOR TOPICAL REPORT (TR)

WCAP-14565, ADDENDUM 2, REVISION 0,

"ADDENDUM 2 TO WCAP-14565-P-A, EXTENDED APPLICATION OF

ABB-NV CORRELATION AND MODIFIED ABB-NV CORRELATION

WLOP [WESTINGHOUSE LOW PRESSURE] FOR PWR [PRESSURIZED WATER REACTOR]

LOW PRESSURE APPLICATIONS"

(TAC NO. MD3184)

By letter dated January 21, 2008, Westinghouse provided 20 comments on the draft safety
evaluation (SE) for TR WCAP-14565-P-A, Addendum 2, Revision 0, "Addendum 2 to
WCAP-14565-P-A, Extended Application of ABB-NV Correlation and Modified ABB-NV
Correlation WLOP for PWR Low Pressure Applications." Some information in the draft SE for
this TR was identified as proprietary (see Comments 14, 15, and 17); therefore, the draft of this
SE will not be made publicly available. The following are the NRC staff s resolution of these
comments:

Draft SE comments for TR WCAP-14565, Addendum 2, Revision 0:

1. Change stray typographical symbols to quotation marks for a more grammatically correct
statement (Page 2, lines 13-14).

NRC Resolution for Comment 1 on Draft SE:

The final SE will not contain these typographical errors. These errors are not in the
official document, but resulted from data transmission.

2. Delete the words "critical power" and replace them with "departure from nucleate boiling,"
because these words are more accurate for PWR applications (Page 2, line 19).

NRC Resolution for Comment 2 on Draft SE:

Comment accepted. Change made.

3. Replace "correlations" with "correlation" because this is a single correlation (Page 2,
line 38).

NRC Resolution for Comment 3 on Draft SE:

Comment accepted. Change made.

4. Add the word "fuel" after the words "Westinghouse PWR" because the correlation is
related to the fuel (Page 3, line 2).

ATTACHMENT
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NRC Resolution for Comment 4 on Draft SE:

Comment accepted. Change made.

5. Replace the phrase "Two tests were conducted to demonstrate" with the phrase "Two
rod bundle tests were used to demonstrate" for a more technically accurate statement
(Page 3, lines 3-4).

NRC Resolution for Comment 5 on Draft SE:

Comment accepted. Change made.

6. Replace "18.25 in." with "21.5 in." to be consistent with Table 2-2 of TR WCAP-14565,

Addendum 2, Revision 0 (Page 3, line 30).

NRC Resolution for Comment 6 on Draft SE:

Comment accepted. Change made.

7. Replace the phrase "three specified fuels" with the phrase "fuel design tests" as this is a
more technically accurate statement (Page 4, line 12).

NRC Resolution for Comment 7 on Draft SE:

Comment accepted. Change made,

8. Change stray typographic symbols to quotation marks as this is more grammatically
correct (Page 4, line 16).

NRC Resolution for Comment 8 on Draft SE:

The final SE will not contain these typographical errors. These errors are not in the
official document, but resulted from data transmission.

9. Replace the phrase "reactor design" with the phrase "reactor fuel design" as this is a
more technically accurate statement (Page 4, line 22).

NRC Resolution for Comment 9 on Draft SE:.

Comment accepted. Change made.

10. Replace "WR13-2" with the correct name of the correlation: "WRB-2" (Page 4, line 35).

NRC Resolution for Comment 10 on Draft SE:

Comment accepted. Change made.
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11. Add the missing word "Pressure" before the phrase "for the MV grid design" (Page 5,
line 9).

NRC Resolution for Comment 11 on Draft SE:

Comment accepted. Change made.

12. Add the phrase "in some of the plots" after the phrase "although trends were evident" in
order to communicate a more technically accurate statement (Page 5, line 44).

NRC Resolution for Comment 12 on Draft SE:

Comment accepted. Change made.

13. Change "NV" to "NIMV" to be consistent with nomenclature used throughout the safety
evaluation (Page 6, line 38).

NRC Resolution for Comment 13 on Draft SE:

Comment accepted. Change made.

14. Delete proprietary statement identified in Comment 14 of the letter dated January 21,
2008, providing comments on the draft SE for TR WCAP-14565-P-A, Addendum 2,
Revision 0 (Page 6, lines 41-42).

NRC Resolution for Comment 14 on Draft SE:

Comment accepted. Proprietary information deleted from final SE.

15. Delete proprietary statement identified in Comment 15 of the letter dated January 21,
2008, providing comments on the draft SE for TR WCAP-1 4565-P-A, Addendum 2,
Revision 0, and make the correction to number that is identified in Table 1 of the draft SE
(Page 7, Table 1).

NRC Resolution for Comment 15 on Draft SE:

Comment accepted. Proprietary information deleted from final SE and the correction
identified in the draft SE has been made to Table 1.

16. Add the phrase "or 0.440 in.," to the phrase describing the 14xl 4 fuel products and add
tihe phrase "or 0.382 in.," to the phrase describing the 15x15 fuel products as the WLOP
correlation is valid for both the Westinghouse and CE fuel designs (Page 7, lines 10-12).

NRC Resolution for Comment 16 on Draft SE:

Comment accepted. Change made.
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17. Delete proprietary statements identified in Comment 17 of the letter dated January 21,
2008, providing comments on the draft SE for TR WCAP-14565-P-A, Addendum 2,
Revision 0, and make the correction to number that is identified in Table 2 of the draft SE
(Page 8, Table 2).

NRC Resolution for Comment 17 on Draft SE:

Comment accepted. Proprietary information deleted from final SE and the correction
identified in the draft SE has been made to Table 2.

18. Change the phrase "ABB-NV correlation to NMV Westinghouse fuel" to "ABB-NV
correlation to the NMV grid region of Westinghouse fuel" in order to make a more
technically accurate statement (Page 8, line 22).

NRC Resolution for Comment 18 on Draft SE:

Comment accepted. Change made.

19. Change the statement "presented in Table 6.1-1 ofTR WCAP-14565-P-A, Addendum 2,
Revision 0" to "presented in the abstract of TR WCAP-1 4565-P-A, Addendum 2,
Revision 0 and the clarification given in Reference 14" to be consistent with the
previously identified correction in RAI #2 in Reference 14 (Page 9, line 4).

NRC Resolution for Comment 19 on Draft SE:

Comment accepted. Change made.

20. Change the statement "provided in Table 6.2-1 of TR WCAP-14565-P-A, Addendum 2,
Revision 0" to "presented in the abstract of TR WCAP-14565-P-A, Addendum 2,
Revision 0. and the clarification given in Reference 14" to be consistent with the
previously identified correction in RAI #2 in Reference 14 (Page 9, lines 12-13).

NRC Resolution for Comment 20 on Draft SE:

Comment accepted. Change made.
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Westinghouse Electric Company
Nuclear Services
P-0. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20555-0001

Direct tel: (412) 374-4643
Direct fax: (412) 374-4011

e-mail: greshaja@westinghouse. coin

Our ref: IUTR-NRC-06-54

September 20, 2006

Subject: Submittal of WCAP-14565-P-A Addendum 2 "Addendumr 2 to WCAP-14565-P-A, Extended Application
of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for PWIR Low Pressure
Applications" (Proprietary)/WCAP-15306-NTP-A Addendum 2, "Addendum 2 to WCAP-15306-NP-A,
Extended Application of.ABB-'NV Correlation and Modified ABB-NV Correlation WLOP for PWR Low
Pressure Applications" (Non-Proprietary)

Enclosed are 5 Proprietary and 3 Non-Proprietary copies ofWCAP-14565-P-A Addendum 2 "Addendum 2 to
WCAP-14565-P-A, Extended Application of ABB-NV Correlation and Modified ABB-N-V Correlation WLOP for
PWR Low Pressure Applications" (Proprietary)AVCAP-l5306-NP-A Addendum 2, "Addendum 2 to
WCAP-15306-NP-A, Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for
PWR Low Pressure Applications" (Non-Proprietary), submitted to the NRC for review and approval. It is requested
that the above topical be approved by September 2007. It is also requested that the NRC provide an estimate on the
man-power resources required for the review and a tentative date for the acceptance meeting.

Also enclosed is:

I. One (1) copy of the Application for Withholding, AW-06-2201 (Non-proprietary) with Proprietary
Information Notice.

2. One (1) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CPR Section 2.390, as amended, of the Conunission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the information identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to this affidavit or Application ibr Withholding should reference AW-06-2201 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Ve/ y y/,

J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures

cc: R. Landry, NRR
E. Throm, NRR
J. H. Thompson, NRR

A BNFL Group company
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Westinghouse Electric Company
Nuclear Services
P.O. Box355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commnission
ATTN: Document Control Desk
Washington, DC 20555

Direct tel:
Direct fax:

e-mail:

412/374-4643
412/374-4011
•reshaj a@westinghouse~com

Our ref: AW-06-2201

September 20, 2006

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: Submittal of WCAP-i4565-P-A Addendum 2, "Addendum 2 to WCAP-14565-P-A, Extended
Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for PWR Low
Pressure Applications," (Proprietary)

Reference: Letter from J. A. Gresham to NRC, LTR-NRC-06-54, dated September 20, 2006

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(1) of Section 2.390 of the Commission's regulations. It contains commercial strategic

information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. in confonnance with 10 CFR Section 2.390, Affidavit AW-06-2201 accompanies this application for

withholding, setting forth the basis on which the identified proprietary information may be withheld from public
disclosure.

Accordingly, il is rctspecttblly requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-

06-2201 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing,
Westinghouse Electric Company LILC. P. 0. Box 355, Pittsburgh. Pennsylvania 15230-0355.

Very truly

/J. A. Gresham, Manager
Regulatory Compliance and Plant licensing

A BNFL Group company
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AW-06-220 1

AFFiDAVWT

COMMONWEA LT OF PENNS YLVANIA:

COUNTY OF ALLEGfkFLNY:

Refo" inc tihe unnersigned authorily personally appeared J1 A. Gresham, who, being bly mt duly sworn

according to law, deposes and says thatbhe is autho-z7ed to execute this Af idavit en behalfofWesngliouse Electric

Comiparny LLC (WestLighouse) aon that tie aveirents of fact set forth in this Affidavit are tri-e and carrect ta the best of his

knowledge, iftfbr.ation, and bebel,

A. Greshzim. Managnler

Retgulaturv Complianc- and ?lant Licensing

aVL ~ ud
be foire j t=i-- il " day

N olary -blic,

NctaTial Seal
S!tAic L4 For!. tNCtary PI-*r,

,nr,',Boir, Alleghe• Coug.y
My CCrnMi$<-0T) F)'Prjs Ja3IuaiY 29, 2007
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(1) I am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant

licensing and rulem aking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this

Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information

as a trade secret, privileged or as confidential commercial or financial information..

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following

is furnished for consideration by the Commission in determining whether the information sought to be

withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily

disclosed to the public. Westinghouse has a rational basis for determining the types of information

customarily held in confidence by it and, in that connection, utilizes a system to determine when and

whether to hold certain types of information in confidence. The application of that system and the

substance of that system constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the

release of which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure,

tool, m ethod, etc.) where prevention of its use by any of Westinghouse's competitors

without license from Westinghouse constitutes a competitive economic advantage over

other companies.

(b) It consists of supporting data, including test data, relative to a process (or component,

structure, tool, method, etc.), the application of which data secures a competitive

economic advantage, e.g., by optimization or inproved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial

strategies of Westinghouse, its custom ers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to protect the

Westinghouse competitive position.

b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

c) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

(d) Each component of proprietary informatidn pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If competitors

acquire components of proprietary information, any one component may be the key to the

entire puzzle, thereby depriving Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in

the world market, and thereby give a market advantage to the competition of those

countries.

(f) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of

10 CFR Section 2,390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has

not been previously employed in the same original manner or method to the best of our knowledge

and belief.



WCAP-15306-NP-A, Addendum 2-NP-A

(v) The proprietary information sought to be withheld in this submittal is that which is appropriately

marked in Subm ittal of WCAP- 14565-P-A Addendum 2,"Addendumn 2 to WCAP-14565-P-A,

Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for

PWR Low Pressure Applications," (Proprietary), for submittal to the Commission, being.

transmitted by Westinghouse letter (LTR-NRC-06-54) and Application for Withholding Proprietary

Information from Public Disclosure, to the Document Control Desk. The proprietary information as

submitted by Westinghouse Electric Company is for NRC review and approval.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for the Extended application of the ABB-NV

Correlation and Modified ABB-NV Correlation WLOP for Westinghouse fuel designs.

(b) Assist customers in implementing an improved fuel product.

Further this information has substantial commercial value as follows:

(a) Westinghouse can use this correlation to further enhance their licensing position over

their competitors.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary infornation is likely to cause substantial harm to the competitive

position of Westinghouse because it would enhance the ability of competitors to provide similar fuel

design and licensing defense services for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the information to

meet NRC requirements for licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs

would have to be perfonned and a significant manpower effort, having the requisite talent and

experience, would have to be expended for developing the enclosed improved core thermal

performance methodology.

Further the deponent sayeth not.

Page i of viii
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'PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in

connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection

of proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions

is contained within brackets, and where the proprietary information has been deleted in the non-proprietary versions,

only the brackets remain (the information that was contained within the brackets in the proprietary versions having

been deleted). The justification for claiming the information so designated as proprietary is indicated in both

versions by means of lower case letters (a) through (f) located as a superscript immediately following the brackets

enclosing each item of information being identified as proprietary or in the margin opposite such information.

These lower case letters refer to the types of information Westinghouse customarily holds in confidence identified in

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the

number of copies of the information contained in these reports which are necessary for its internal use in connection

with generic and plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal,

modification, suspension, revocation, or violation of a license, permit, order, or regulation subject to the

requirements of 10 CFR 2.390 regarding restrictions on public disclosure to the extent such information has been

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to the

non-proprietary versions of these reports, the NRC is permitted to make the number of copies beyond those

necessary for its internal use which are necessary in order to have one copy available for public viewing in the

appropriate docket files in the public document room in Washington, DC and in local public document rooms as

may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies made

by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified

as proprietary.

Page ii of viii
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Abstract

This report describes: 1) the extension of the ABB-NV Critical Heat Flux (CHF) correlation applications

to the non-mixing vane (NV) grid region of the Westinghouse Pressurized Water Reactor (PWR) fuel

designs, and 2) the modification of the ABB-NV correlation based on low pressure rod bundle data. The

modified correlation for low pressure applications is designated the WLOP correlation. Similar to the

W-3 CHF correlation, ABB-NV will be used for predicting DNBR margin in the NV grid region to

supplement the primary DNB correlation for Westinghouse PWR fuel designs with mixing vane (MV)

grids. The WLOP correlation will be used for predicting DNBR margin at low pressure conditions that is

typically encountered in a steamline break (SLB) accident analysis, as an alternative to W-3 or MacBeth

correlations for Westinghouse PWR plants and Combustion Engineering PWR (CE-PWR) plants.

The ABB-NV correlation has previously been approved for application for CE-PWR plants with both the

TORC code and Westinghouse version of the VIPRE-01 code (VIPRE) thermal hydraulic codes.

Supplemental rod bundle data evaluation confirms the current ABB-NV correlation 95/95 DNBR limit of

1.13 with VIPRE for the NV grid region for Westinghouse PWR fuel designs. The supplemental data

evaluation extends the applicable range of the ABB-NV correlation.

The WLOP correlation is a modified ABB-NV correlation specifically for low pressure conditions and

extended flow range to cover low flow conditions. Modifications to the ABB-NV correlation form were

made using existing C-F data from rod bundles with NV grids, incorporating many of the tests included

in the ABB-NV correlation. The WLOP coefficients were derived based on fluid conditions from VIPRE

calculations. The WLOP 95/59 DNBR limit is determined to be 1.18 with the VIPRE code for both

Westinghouse PWR and CE-PWR fuel designs. The WLOP 95/95 DNBR limit is also qualified with test

data from rod bundles containing MV grids simulating Westinghouse PWR fuel designs.

The range of applicability for each correlation:

Paranneter ABB-NV Extension WLOP

Pressure (psia) 1750 to 2415 185 to 1800

Local mass velocity (X,1bm/hr-ft 2) 0.8 to 3.16 0.23 to 3.07

Local quality < 0.22 < 0.75

Heated length, inlet to CHF location (in) 48* to 150 48* to 168

Grid distance, (in) 7.3 to 24

Grid spacing term, GST 27 to 115

Heated hydraulic diameter ratio, [ ] 0.679 to 1.08 0.679 to 1.00

Set as Minimum HL value, applied at all elevations below 48 inches

Page ii of viii
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1.0 Introduction

The ABB-NV correlation was developed based on CHF data of rod bundles obtained from the Heat

Transfer Research Facility of Columbia University for Pressurized Water Reactor (PWR) 14x14 and

16x16 fuel designs containing structural non-mixing vane grids. A CHF correlation is also commonly

referred to as a Departure from Nucleate Boiling (DNB) correlation in PWR safety analyses. The

ABB-NV correlation has been approved for application for fuel designs containing non-mixing vane

(NV) grids for Combustion Engineering PWR (CE-PWR) with both the Westinghouse TORC computer

codeM1 ) and the Westinghouse version of the VIPRE-01 (VIPRE) code(2)(3). The SER on the VIPRE

application(3) stated that VIPRE is equivalent to TORC for the ABB-NV correlation under the conditions

that DNBR calculations for CE-PWVR fuel designs are within the current applicable range.

Currently, the W-3 correlation is used for predicting DNBR margin in the NV grid region to supplement

the primary DNB correlation for Westinghouse PWR fuel designs with mixing vane (MV) grids. The

W-3 correlation is also used to supplement the primary DNB correlation for DNBR calculation at the low

pressure conditions from PWR post-trip steamline break (SLB) events (also referred to as Hot Zero Power

(HZP) SLB events) as well as low flow and low pressure conditions from a post-trip SLB without offsite

power event(5). The W-3 correlation was developed in the 1960's from single tube and annular geometry.

The W-3 correlation has been validated to be conservative for rod bundles for current design applications,

but its DNBR predictidns are not very accurate as reflected in the relatively high 95/95 DNBR limits(5).

For CE-PWR plants, the MacBeth correlation is conservatively used for DNBR calculation at the low

pressure conditions for post-trip (I-IZP) SLB accident analysis ¢6)

The ABB-NV correlation was developed exclusively from rod bundle data with PWR NV grids, and

therefore it provides more accurate DNBR predictions than W-3. A modification to the ABB-NV

correlation is made based on rod bundle data at low pressure and low flow conditions. The modified low

pressure ABB-NV con-elation is designated as the WLOP (Westinghouse Low Pressure) correlation in

this report. 'The WLOP correlation predicts more accurate DNBR than either W-3 or MacBeth correlation

at the low pressure and low flow conditions.

This addendum describes qualifications of the extended application of ABB-NV and the WLOP

correlation as an alternative to W-3 or MacBeth, in supplement to the primary DNB correlation for

Westinghouse PWR fuel designs with Westinghouse version of the VIPRE code'2)(3). It provides:

1. Justification on the use of the ABB-NV correlation for the non-mixing grid region of

Westinghouse PVRv with no change to the correlation form, its coefficients and the currently

licensed 95/95 DNBR limit,3 ) <.

2. Development and validation of the WVLOP correlation and the proposed 95/95 DNBR limit for

low pressure and low flow conditions.

The justification of extending the ABB-N-\ correlation to Westinghouse PWR fuel designs is based on

the demonstration of the applicability of the ABB-NV correlation to supplemental non-mixing vane data
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from CHF tests with rod diameters of 0.36 and 0.374 inches. The applicable range of pressure, flow and

the maximum quality limit approved in the SER(3)(4) is maintained.

The WLOP correlation is a modified ABB-NV correlation specifically for low pressure conditions.

Modifications to the ABB-NV correlation form were made using existing CHF data from rod bundles

with non-mixing vane grids, incorporating many of the tests included in the ABB-NV correlation. The

correlation data with non-mixing vane grids were obtained for test section heated lengths ranging from

48 inches to 150 inches, grid spacing of 8.0 inches to 21.5 inches, rod diameter ranging from 0.374 inches

to 0.440 inches, flows above 0.15 Mlb/hr-ft2 , and pressures above 185 psia. The WLOP coefficients were

derived based on fluid conditions from VIPRE calculations.

A description of the CHF tests used to demonstrate the applicability of the ABB-NV correlation for the

non-mixing grid region of Westinghouse PWR fuel designs is given in Section 2 of this addendum. A

description of the CHF tests supporting the modified ABB-NV correlation, WLOP, is also summarized in

Section 2. Available mixing grid CHF tests are also examined to demonstrate the applicability of the

WLOP correlation to mixing vane designs.

Section 3 provides a description of the VIPRE modeling of the CHF tests used to demonstrate the

applicability of ABB-NV correlation for the NV grid region for the Westinghouse PWR fuel designs and

the results compared to the correlation results for CE-PWR with VIPRE presented in Reference 3.

Section 4 describes the modification of the ABB-NV correlation form for application at low flow and low

pressure conditions and the optimization of the coefficients for the WLOP correlation and the validation

of the correlation. VIPRE was used to compute the local coolant conditions in the CHF test sections.

Section 5 summarizes the statistical evaluation for the ABB-NV correlation with the supplemental

qualification test data presented in this report and the statistical evaluation for the modified correlation,

WLOP. The evaluations confirmed the current 95/95 DNBR limit of the ABB-NV for the extended

application, and determined a 95/95 DNBR limit for the WLOP application.

Section 6 discusses how the ABB-NV and WLOP CIF-W correlations will be applied in plant safety or

reload analyses. Conclusions are presented in Section 7 and References are given in Section 8.

A detailed summary of the ABB-NV qualification database for the NV grid region of Westinghouse PWR

is given in Appendix A. The statistical output of the ABB-N-V correlation for the qualification database is

given in Appendix B. A detailed summary of the WLOP correlation and validation database for the low

flow and low pressure conditions is given in Appendix C. The statistical output of the WLOP correlation

is given in Appendix D. A detailed summary of the test section radial and axial power distributions for

the WLOP correlation is given in Appendix E.
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2.0 Description of CHF Test Programs and Test Section Geometry

A description of the original CHF experiments and test section geometry for the ABB-NV correlation is
given in Reference 4. Two supplemental tests were selected to demonstrate that the ABB-NV correlation
is applicable for the region of Westinghouse PWR fuel designs below mixing vane grids at the core inlet.

One rod bundle test, identified as Test 190, was performed on a brazed Inconel NV grid design with

21.5 inch grid spacing at Columbia University's Heat Transfer Research Facility in the 1980's. The

second test, identified as Test 175, was taken from the open literature(7 ). Test 175 was performed on a

NV grid design in a hexagonal rod bundle with similar rod and hydraulic diameter dimensions as the

Westinghouse PWR with 0.360-inch diameter rods and 0.496-inch rod pitch.

The CHF experiments for the modified ABB-NV correlation for low pressure conditions (WLOP) were
conducted at Columbia University's Heat Transfer Research Facility. The WLOP correlation is based

upon a re-evaluation of CHF data from rod bundle tests that spanned the period from 1971 to 1982. CHF
tests used to demonstrate applicability for 'mixing vane grids were performed up to the 1990's. A detailed

description of the facility for the WLOP tests can be found in Reference 8. A description of the test loop

and data acquisition system used for the supplemental tests is provided in Reference 4.

2.1 Description of Supplemental ABB-NV Test Sections

For the non-mixing grid region of Westinghouse PWR fuel designs below the first mixing vane grid, the

ABB-NV correlation is applicable, since most parameters are within the applicable ranges specified in the

SER(3). Although the NV grid region is less than 30 inches in a typical Westinghouse fuel design,
additional conservatism is added to the correlation application by maintaining the minimum heated length
to be 48 inches. The Westinghouse PWR designs with 0.422-inch diameter fuel rods fall within the tested

rod diameters in the ABB-NV correlation. The Westinghouse PWR fuel designs with 0.374-inch diameter
fuel rods and 0.360-inch diameter fuel rods are slightly outside the rod dimensions in the ABB-NV

database(3)(4) and the grid spacing is somewhat greater than the grid spacing in the original database. The

qualification database was selected for those rod diameters with different grid spacing to demonstrate that
the ABB-NV correlation with its existing grid spacing term was sufficiently robust to predict test data of

fuel geometry somewhat outside the original correlation range. A summary of the test section geometry

for the supplemental tests is shown in Table 2-1.

The Test 190 test section simulates a 5x5 array of a 17x17 fuel design with heated rods of 0.374 inch O.D.

in a 0.500 inch rod pitch with NV grids. The grid has straight strap design with 12-mil strap thickness

and the test was performed with 21.5 inch nominal grid spacing. The radial geometry for this test section
is shown in Figure 2-1. The power split between the cold rods and hot rods for this test was

approximately j j ti , The axial locations of the test grids and rod thermocouples for Test 190 are

given in Figure 2-2.
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Test 175 was taken from the open literature(7) and simulates a seven-rod bundle in a triangular array. This

test was selected since it provided data with heated rod diameter near 0.360 inches (0.358-inch rod

diameter) and a rod pitch of 0.496 inches. DNB tests previously performed by Westinghouse from

grid-spaced rod bundles show no significant difference in Cl-IF between a square array and a triangular

array with similar rod and hydraulic diameter dimensions(20 ). The radial geometry for this test section is

shown in Figure 2-3. The power split between the cold rods and hot rods for this test was 1.0. The axial

locations of the test grids and rod thermocouples for Test Section 175 are given in Figure 2-4. It is noted

that the distance from grid, DG, from the last grid to the end of heated length (EOHL) is 7.3 inches

although the nominal grid spacing is 9.45 inches. ABB-NV predictions in good agreement with the CHF

data from a rod bundle in a hexagonal lattice demonstrate that the correlation is sufficiently robust to

cover different geometries for non-mixing vane grids.

2.2 Description of WLOP Test Sections

The data used for the development and validation of the WLOP correlation were obtained from eighteen test

bundles with a uniform axial power shape. The test sections, described in Table 2-2, simulate a 5x5 array

of fuel assembly geometries without mixing vanes. Thirteen of these test sections are representative of a

14x14 fuel assembly geometry (0.440 inch O.D. heated rods and 0.580 inch rod pitch), four test sections are

representative of a 16x16 fuel assembly geometry (0.382 inch O.D. heated rods and 0.506 inch rod pitch)

and one test section is representative of a 17x17 fuel assembly geometry (0.374 inch O.D. heated rods,

0.500 inch rod pitch) with brazed Inconel grids. It is noted that high pressure data from seven tests,

Tests 18, 21, 36, 38, 43, 47 and 51, were used in the development of the ABB-N-V correlation and the test

specific geometry has already been documented in Reference 4.

Twelve of the tests were conducted with a simulated guide thimble. Tests were run with the simulated guide

tlhimble placed either near the center of the test section surrounded by heated rods or adjacent to the test

shroud. Typical radial geometries for the 14x14 test sections, with and without a guide thimble, are shown

in Figures 2-5 through 2-7, respectively. A typical radial geometry for the 16x16 test sections with a guide

thimble is shown in Figure 2-8. The radial geometry for the 17x17 geometry without a guide thimble is

shown in Figure 2-1. The power split between the cold rods and hot rods ranged from [ ] b, c

The radial power distributions for the individual tests not included in the ABB-NV correlation are given in

Appendix E. The axial geometries for these individual tests are also given in Appendix E. A summary of

the test section geometry for the eighteen tests is shown in Table 2-2. The data fiom the source or

"correlation" test sections were used to develop the coefficients for the WLOP correlation following the

ABB-NV con-elation form with modifications to the form as discussed in Section 4.0. The data from the
"validation" test sections were used in the evaluation of the correlation. Test sections were selected to

provide data at the low flow, low pressure conditions and to cover the range for the geometric parameters

such as heated length, grid spacing, and heated hydraulic diameter.
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The test grids for all the tests are similar to the reactor design. The standard grids were manufactured with

Zircaloy-4 material for the early tests. The stronger Inconel 625 material was used in later tests to provide

improved support for the heater rods. The grid material change does not affect CIF performance of the grid

design. To provide additional support for the 150" heated length tests, the test grid springs were reinforced.

The use of the reinforced spacer grids was justified in Appendix D of Reference 8. The test with the

0.374 inch diameter rods was performed with Inconel grids. By utilizing Inconel grids and reinforced grids,

the amount of rod deflection due to electromagnetic forces was minimized and simple support grids were

not used.
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Table 2-1

Geometric Characteristics of ABB-NV Supplemental Tests

Test No. Heated Grid Radial Shroud
Test Rod Diam. Rod itch Length Spacing Guide GT Dian. Axial Split Clearance

Array - in. - in. - in. - Thimble -in. Shape Cold/Hot - in.

I
a, b, c

Table 2-2

Geometric Characteristics of WLOP Correlation and Validation Tests

Rod Rod Heated Grid GT Radial Shroud Minimum MinimumTest Bundle . Guide Axial

No. Array Diam. Pitch Length Spacing Diam. Split Clearance Pressure Flow
in. - in. - in. - il. T - in. Cold/Hot - in. - psi - Mlb/hr-ft

2

Correlation Data

Validation Data

a, b, c

a, b, c

L
Grid Spacing xxE/yy indicates nominal grid spacing ofyy inches with xx inchcs betwcen last grid and

End of Heated Length, EOHL.
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Figure 2-1

Radial Geometry - CHF Test Section 190

a, b, c

-I
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Figure 2-2

Axial Geometry - CHF Test Section 190

a. b.c
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Figure 2-3

Radial Geometry - CHF Test Section 175

i~d
0LnRod No.

X Normalized Rod Power
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Figure 2-4

Axial Geometry - CHF Test Section 175
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Figure 2-5

Representative Radial Geometry - 14x14 Geometry

with "Centered" Thimble

[ ] a•,c

[

0

Legend

Rod No.

(D I~ Rod Type, I - Hot, II - Cold
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Figure 2-6

Representative Radial Geometry - 14x14 Geometry

with "Offset" Thimble

I I"'

II

0
Legend

X Rod No.
Q Rod Type, I - Hot, 1I - Cold
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Figure 2-7

Representative Radial Geometry - 14x14 Geometry

without Thimble

[

I .b.c

0
Legend

Rod No.

Rod Type, I - Hot, II - Cold
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Figure 2-8

Representative Radial Geometry - 16x16 Geometry

with "Offset" Thimble

] bxc

I

Legend 0

Rod No-

Rod Type, I - Hot, I - Cold
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3.0 Qualification of ABB-NV Correlation for Westinghouse PWR

The ABB-NV database used for correlation development and validation with the VIPRE code for

CE-PWR in Reference 3 consists of approximately 720 data points from fourteen test sections in 5x5

arrays simulating CE 14x14 and 16x16 fuel designs with NV grids. The qualification database for the

Westinghouse PWR fuel designs consists of approximately 150 additional data points from two new test

sections, or approximately 20% of the original database.

3.1 ABB-NV Correlation

The ABB-NV correlation is based on a linear relationship between CHF and local quality. The

correlation includes the following variables: pressure, local mass velocity, local equilibrium quality,

distance from grid to CHF location, heated length from inlet to ClIF location, and heated hydraulic

diameter of the subchannel. Special geometry terms are used in the correlation to correct Cl-IF

calculations for grid, heated length, heated diameter (cold wall effect) and guide tube effects. The

ABB-NV correlation has been used with the TORC code(1 ) and the VIPRE code(3) for CE-PWR licensing

applications. The NRC approved DNBR limit is 1.13 with both codes, from References 3 and 4, at a 95%

probability and a 95% confidence level (95/95). A more detailed description of the ABB-NV correlation

can be found in Reference 4.

A summary description of the CHF tests supporting the extended application of the ABB-NV correlation

for the non-mixing grid region of the Westinghouse PWR is provided in Section 2 of this report. Test 190

used a 5x5 array of electrically heated rods with uniform axial power distribution with brazed Inconel NV

grids, which simulated the geometry of a 17x17 fuel design in the reactor assembly. Test 175 was a
hexagonal-lattice test with seven rods in a triangular pitch. The test rod dimensions, diameter

(0.358 inches) and pitch (0.496 inches), are similar to the Westinghouse PWR fuel design with 0.360-inch

rod diameter and 0.496-inch rod pitch. Validation of the ABB-NV correlation to a NV grid test with a

different geometry demonstrates that the correlation is robust and is applicable to the NV grid regions of

different fuel configurations. Figures showing the geometry for these qualification test sections are also

shown in Section 2. The relative radial power split between cold and hot rods ranged from approximately

to 1/1. A summary' of the geometric characteristics for the supplemental tests for the
ABB-NV database is given in Table 2-1.

3.2 VIPRE Model

A VIPRE model was prepared for each supplemental test section based on the test section axial and radial
geometry and test section axial and radial power distributions. Following the VIPRE calculations on the

ABB-NV database documented in Reference 3, the VIPRE calculation used the measured values of

pressure, inlet temperature, bundle average mass velocity and bundle average heat flux at CHIF, as given
in Appendix A. The VIPRE turbulent mixing model used for the supplemental tests is the same as that

used for the current design applications (3:).
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w'I Ic

where a, c

The VIPRE turbulent mixing factor applied was equivalent to the

] "'C applied in the VIPRE models for the original ABB-NV original database. The local

conditions at the [ ] a', are used to evaluate the M/P

CHF ratio for the qualification database.

VIPRE channel numbering is illustrated in Figures 2-1, 2-3, 2-5 through 2-8. The VIPRE decks are set up

with [ I c. The grid elevation is specified based on the grid [
] ' location. The grid elevations are identified in Section 2. Following the development of

the ABB-NV correlation, Reference 4, the [ ] a, c is applied to all

channels. It is noted that when I
] c' used in the analysis. The use of

a "' is also consistent with the design calculations using the W-3 correlation.

The VIPRE two-phase flow and crossflow correlations are kept the same as that for Westinghouse PWR

applications in Reference 2. The input specifications for the VIPRE model are summarized in Table 3-1.

The VIPRE/ABB-NV local conditions for the qualification database are listed in Appendix A.

3.3 Data Evaluation and Statistics

The means and standard deviations of the M/P CEIF ratios for the qualification database and individual

test sections are presented in Table 3-2, along with the data for the original ABB-NV database from

Reference 3. The detailed statistical output for the individual test points in the ABB-NV qualification

database is provided in Appendix B. It is noted that the ABB-NV correlation predictions are in good

agreement with data from tests 190 and 175 even though the distance from grid term, DG, is extended

beyond the range of the original database. This demonstrates that the form of the distance from grid term

is sufficiently robust to be applicable for slightly larger DG outside the original range. From Appendix B,

the values of DG are 21.54 inches for Test 190 and 7.30 inches for test 175. From Reference 4, the form

is the distance from grid term is:

a, c
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where

DG = Distance from
inches

I "C to CHF axial location,

[[ aC

Further discussion of the statistical evaluation of the ABB-NV correlation, including the qualification

database, and the determination of the DNBR 95/95 limit for Westinghouse PWR application is given in

Section 5.
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Table 3-1

VIPRE Model Input Specifications for Supplemental NV Tests

1. Supplementary DNBRS output file selected: IDNBRS set to 2 or 3 in CONT.6.

2. Single phase friction factor: f = [ ] 2, b, c

3. Two-phase flow Friction multiplier: [
4. Two Phase Flow: [ 1]' C.

5. Axial nodes: [ I ,'C

6. Average grid loss coefficient used:

Test 190- [ ]Ibc

Test 175 - [ ]I,b,c

7. The crossflow resistance factor, K: ( ] • .b,

, b,,c

8. The turbulent momentum factor: [ ] •,b,

9. The traverse momentum parameter: [ a, b, c

10. The axial flow convergence for external iteration, FERROR.set to [ b,b,c

11. Turbulent Mixing: [ ]b, C.

This applies to both single and two-phase conditions.

12. Uniform mass velocity was used as the inlet flow option.

13. Radial nodes: Figures 2-1, 2-3, 2-5 through 2-8.
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Table 3-2

CHF Test Statistics for ABB-NV Correlation Database with VIPRE Code

Test Bundle Rod Diam. Rod Pitch Heated Grid Guide Sae NIP
No. Array ~ in. - in. Length Spacing Tube Axial Shape N M/P SNoin. A in. I T

a, b, c
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4.0 Development of Modified ABB-NV Correlation (WLOP) For Low Flow/Low Pressure

Conditions

The WLOP correlation was developed based on Critical Heat Flux (CHF) test data obtained from the Heat

Transfer Research Facility of Columbia University. The tests were performed with simulated 5x5 arrays
of 14x14, 16x16 and 17x17 fuel assembly geometries for non-mixing grids. The correlation database

includes tests with uniform and non-uniform radial power distributions, with and without guide thimbles,

heated lengths from 48 to 150 inches and grid spacing from 8 to 18.25 inches. To provide overlap with
the ABB-NV correlation, the upper pressure of the database is set to be 1800 psia. The lower pressure is

determined by the available test data. This limit was chosen since it was found that measured CHF varied

with pressure in a more complex manner when the pressure range is increased.

The functional form of the CHF correlation is empirical and is based solely on experimental observations

of the relationship between the measured CHF and the correlation variables. The form of the correlation
is based on'a linear relationship between ClI-F and local quality similar to the ABB-NV correlation,

documented in Reference 4. The WLOP correlation includes the same variables as the ABB-NV

correlation: pressure, local mass velocity, local quality, a grid spacing term, heated length from inlet to
CHF location and the heated hydraulic diameter ratio of the CHF channel. As discussed in Reference 11,

at ]a,C
For the NV grids used in this test, this

a, C To better account for the

C the grid spacing term, GST, is employed in the

WLOP correlation. The grid spacing term, GST, is defined as the

Sa.c It is noted that for fuel assemblies with [ ] a, c the grid spacing term,
DG, is equally effective as the grid spacing term. The heated hydraulic diameter ratio is defined as the
I

]. Special geometry terns are applied to the correlation to coirect CHF for grid spacing,
heated length, and heated diameter (cold wall) effects.

4.1 Description of Tests Supporting Correlation

A summary description of the CHF tests supporting the WLOP conrelation is provided in Section 2 of this

report. A number of the tests used in the development of the ABB-NV correlation in Reference 4 were

maintained since they contain data at low flow and low pressure conditions, as well as data to support the
geometry terms of the correlation. Included in this group are Tests 18, 21, 36, 38, 47 and 51. Several

tests were added to the ABB-NV grid database to provide additional data at the low flow and low pressure
conditions. Tests 9, 13, 30, 35 and 39 provided additional data at low flow and low pressure conditions.

Tests 10, 19 and 33 were selected to provide grid spacing data. Tests 37 and 42 were selected based upon
the amount of available data in the WLOP cotrelation parameter range for different fuel assembly

geometnies. Test 190 was selected since it provided the low flow data and simulated the 17x17 fuel

assembly geometr..
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Similar to the ABB-NV correlation, the WLOP correlation is based upon a series of tests that provide a

good representation of the thermal performance of NV grid fuel assemblies. As stated in Appendix C of

Reference 8, some early tests for the 14x14 fuel assembly geometry were performed with grids made of

Zircaloy-4 and a large clearance, [ I "' , between the test section shroud and the peripheral

heater rods. Later tests were performed with grids made with the stronger Inconel 625 material since

some the data obtained with rod bundles using the Zircaloy-4 grids suffered from the effects of larger rod

displacements due to electromagnetic attractive forces. The later tests were also run with a tighter shroud

clearance, [ I a', to reduce the enthalpy difference between the normally colder peripheral

subchannels and the hotter interior subchannels and to reduce the excessively large bypass flow. Both of

these changes provided a better representation of the thermal performance of fuel assembly in the reactor.

Therefore, when available, tests performed with Inconel 625 grids and tighter shroud clearances were

chosen for the WLOP and the ABB-NV databases. However, to obtain data at low flow and low pressure

conditions, a number of tests with the large clearance, [ ] ', c and Zircaloy grids were selected

for the WLOP correlation. The inclusion of the tests with the larger shroud clearance provides

conservative estimates of the CHF improvements due to the increased bypass flow in the peripheral

subchannels.

To develop a separate validation database for the WLOP correlation, data from three test bundles were

selected. These test bundles were similar to tests in the correlation database, and Test 190 provided data

for lower mass velocity at the relatively larger grid spacing, 21.46 inches. Test 39 provided low flow and

low pressure data for the validation. Test 43 provides validation data for the 16x16 design. The

validation data were more than 27% of the total correlation database.

4.2 Modification of ABB-NV Correlation Form

As described in Reference 4, the form of the ABB-NV correlation was initially developed with the

primary variables: pressure, local mass velocity, and local quality. Nine terms of the correlation use the

primary variables. This [ I a't expression is based on a partial expansion of pressure to the

second order and local mass velocity and local quality to the first order. Thiis expression can be used to

correlate the data from any test section. The correlation form is then adjusted for geometric effects. For

the ABB-NV correlation, the geometric parameters include the heated hydraulic diameters of the CHF

subchannel, the distance from grid to CHF location, DG, the heated length from beginning of heated

length (BOCHL) to Cl-IF location, and the proximnity of matrix subchamiels to large guide tubes in the ABB

fuel designs.

From Reference 4, the Iinal ABB-NV correlation form is:
a, c
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Guide thimble heated hydraulic diameter factor
Distance from grid factor
Heated length factor

I "C GT proximity factor

a, C

q"CH,U Critical Heat Flux based on uniform axial power shapes, MBtu/hr-ft2

Pr Pressure, psia
GL Local mass velocity at CHF, Mlbmi/ hr-ft2

XL Local coolant quality at CI-F, decimal fraction
Dh Heated diameter of subchannel, inches
Dhm Heated diameter of matrix subchannel, inches
DG Distance from [ I "' £ of grid to CHF location, inches
HL Heated length from beginning of heated length to CHF location, inches
CC I

Ia~c

Based upon an inspection of the low flow/low pressure data from the correlation database, there are four

changes to the ABB-NV correlation form. One change is the addition of a [ ] •' C to the
[ 2C expression to account for the [

] c. A second change is required to

]2 ' .The third change is the modification of the grid spacing term,

developed in Reference 11 to ] " •. The fourth change is the

elimination of the a, ' for matrix subchannels away from a thimble tube.

These changes are discussed below. The [ ] are

discussed first and then the geometric term multipliers.

4.2.1 Additional Term for Pressure

Following initial correlation efforts wi

were generated to understand the

produce f
consistently [

ith the ABB-NV form, plots of [ I a, c
a c The data were separated to

]. It was discovered that the curve

] c as shown in Figure 4-1. To best fit the data trend, a

] expression. The empirical fit to the term was a [

] -'. The terns within the

I S"C of the conrelation then becomes:

L
a, C

I
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4.2.2 Geometry Term Modification

Although both 14x14 and 16x16 data were fit to the ABB-NV correlation without a specific term to

account for the [ I " for low pressure data, there was a
a, c

This trend is shown in Figure 4-2. To eliminate the trend and to
ac above. This term is a

a, C Following this modification, the trend

was eliminated, Figure 4-3, and the [ " a' c in the correlation

database were equalized. The terms within the [ ] ' of the correlation then becomes:
a, c

4.2.3 Heated Length Term

Following the development of ABB-NV, Test 18 is included in the database along with multiple tests with

a heated length of 84 inches and two tests with heated length of 150 inches to determine the coefficients

for the [ ] a, c for the heated length term. Since the impact could be somewhat different

at low flows and low pressures, new coefficients, B(13) and B(14), are determined from the correlation

database. The heated length multiplier has the form:

[ jC

where:

HL = Distance from beginning of heated length (BOHL) to axial location of CHF.

Following the application of ABB-NV, the heated length multiplier is constrained to be constant, HL

equals 48 inches, when the heated length is less than 48 inches since there are no Cl-IF data available in

this region.

4.2.4 Grid Spacing Term Modification

An I ] 'c was used in the ABB-NV to Correct CHF for different grid spacing. This

is adequate when the [ C The purpose of this term is to account

for the presence of the grid on CIE. 'Ihis term results in lower Cl-IF just I I a, ,

which produces better agreement with test results. However, as described in Reference 11, test data with

[] a . This is also true for Tests 9, 10 and 33 in

the WLOP database. Test 9 has [ ] a,

to the end of heated length (EOHL). Test 10 has multiple spans with I c. Test 33

has a nominal grid spacing of [
] "a'. From these data, it is concluded that it is more appropriate to use the grid spacing
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term developed in Reference 11 to provide a more robust form to cover [

] ,. This is similar to the grid spacing term applied in the WRB-2 correlation, Reference 10.

To account for the effect of the [ ] a,, a grid spacing term was developed, defined as:[ ]a, c

where: ,c

Similar to the distance from grid term in ABB-NV and following Reference 11, the

] is shown below:

I I a, c

4.2.5 Heated Hydraulic Diameter of CHF Subchannel Term

For some fuel assembly designs, there can be a difference in performance for the matrix subchannels near

the guide thimble and the guide thimble subchannels. Channel 25 in Figure 2-5 is representative of a

matrix subchannel near the guide thimble, channel 26 is representative of the guide thimble side

subchannel and channel 12 is representative of the guide thimble comer subchannel. Following the

ABB-NV correlation, the heated hydraulic diameter term, or also referred to as the "cold wall" term, is:

I I '2C

where:

Dhm = Heated hydraulic diameter of a matrix subchannel with the same rod diameter and
pitch, inches.

Dh = Heated hydraulic diameter of the subchannel, inches

The range of the test data for the ratio of heated hydraulic diameters is 0.679 - 1.00, so the lower limit for

the ratio is set to 0.679.

4.2.6 Proximity of Matrix Subchannel to Guide Tube Multiplier - Modified Term

An examination of the ClIPF data for the matrix subchanmels from the ABB-NV database indicated an

improvement in performance in the matrix subchannels for tests without the guide tube compared to data

with the guide tube. For the low flow and low pressure conditions, while the same trend is present, the

difference in performance is sufficiently small that there is negligible impact on the correlation standard

deviation when these terms are dropped. Therefore, this set of terms is not included in the WLOP

correlation.
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The terms are then combined to produce the final WLOP correlation form:
a, cE]

and:

Fcw = [ c Guide tube heated hydraulic diameter factor
FHL = [ a ,c Heated length factor

FOR = [ j',C Grid Spacing Factor

where:

q"caF,u = Critical Heat Flux Based on Uniform Axial Power Shapes, MBtu/hr-ft2

Pr = Pressure, psia
GL = Local Mass Velocity at CHF, Mlb/ hr-ftl
XL = Local Coolant Quality at CHF, Decimal Fraction
Dh = Heated Diameter of Subehannel, inches
Dhm = Heated Diameter of Matrix Subchannel, inches
DG = Distance from [ a, to CHF Location, inches
GS = Grid Span [ ] "' of CI-F Location, inches
GST = Grid Spacing Term 3= [a'c
HL = Heated Length From Beginning of Heated Length to CHF Location, Inches

4.3 VIPRE Model

The test data from the Columbia University test facility were evaluated by using the Westinghouse

VIPRE thermal hydraulic code(2) in a similar manner used in Reference 3 and in Section 3 of this report

for the ABB-NV correlation. The VIPRE code was used to predict local coolant conditions in each

subchannel for the CHF test sections at multiple axial nodes based on bundle average data measurements.

VIPRE models were prepared for each test section in the database based upon the bundle geometry and
the axial and radial power distributions of the test sections, given in Reference 4 or Appendix E. The

VIPRE calculations used the measured values of pressure, inlet temperature, bundle average mass

velocity and bundle average heat flux, given in Appendix C. The VIPRE turbulent mixing correlation

used for the correlation and validation tests can be input as:

wja=c

or

where:

w' = Turbulent crossflow velocity, (lbml/sec-fi)
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[a,
The VIPRE turbulent mixing factor for the non-mixing grids in the correlation and validation database are

equivalent to the [ ] "' C applied in the VIPRE models for the

original ABB-NV original database, Reference 4.

VIPRE channel numbering is illustrated in Figures 2-1 and 2-5 through 2-8. The VIPRE decks are set up

with [ I "' nodes. The [ ] " C for the grid

locations. The grid elevations are identified in Reference 4 or Appendix E. Following the development

of the ABB-NV correlation, Reference 4, [
a ' It is noted that the code results for the local conditions are

a "'C used in the analysis. A summary table of the

] C for each test is provided in Table 4-1. The VIPRE two-phase flow and cross flow.

correlations are kept the same as that for Westinghouse PWR applications in Reference 2. The input

specifications for the VIPRE model are summarized in Table 4-2.

4.4 Data Evaluation and Statistics

Following the same basic process used to determine the optimum coefficients for ABB-NV in

Reference 4, the following steps were perfonned for the optimization of the WLOP CHF correlation

coefficients with the Cl-iF "correlation" database:

1) The data from all the tests in the correlation database are reduced with the VIPRE code to obtain
local mass flow and quality conditions for all subehannels and multiple axial nodes for each test
run. For the matrix tests, the local conditions from the [

] " ' from the VIPRE code. For tests with a simulated guide
thimble, the local conditions from the [ I a, C
were selected to determine the coefficient for the heated hydraulic diameter ratio term in the
correlation form. The [ a C coefficients for the final correlation form were then determined
from the [ a " using a non-linear regression analysis. Since these data
contained

2) The data from the con-elation database are then reduced with the correlation coefficients
determined at the [ ] ". The data from all the tests in the correlation database
are [ ] C with the VIPRE code to obtain local mass flow and quality conditions and
DNBR calculations for all subchannels and multiple axial nodes for each test run. The local
conditions were then [ I C' for each
lest run. Wh-ile maintaining the heated hydraulic diameter ratio term fixed, the remaining I

1 a. c coefficients of the correlation form were optimized using a non-linear regression
analysis.
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3) Step 2 was repeated with the WLOP correlation in VIPRE having the coefficients determined in
Step 2. The local conditions were then [

I C. The correlation statistics at the [ ] "' using
the coefficients determined in Step 2. The [ ] "' C coefficients were then re-fit using a
non-linear regression analysis and the correlation statistics were computed using the new
coefficients. Step 3 was repeated until the correlation statistics at the [ J 2 C

were unchanged and then the coefficients determined in Step 3 are considered to be final. It is
noted that the [ ] ' C coefficients determined from the [ ] "' • with
the final form were determined to be the final coefficients.

Following the same process described in Reference 4, a non-linear regression analysis code was also used

to sort and fit the test data. The optimization of the constants was performed on data within the following

parameter ranges:

System Pressure Pr = 180 to 1800 psia
Local Quality XL < 0.750
Local Mass Velocity GL = 0.2 to 3.2 Mlbm/ hr-ft2

For pressure and flow, the limits were set just outside the data range to ensure all data within the above

ranges were included. The code was also used to

] After the initial runs, the code was also used to separate out outliers,

following the procedure described in Section 5.

%s.C

The WLOP correlation for low flow and low pressure conditions with the final coefficients for application

with the VIPRE code is shown on the following page. The means and standard deviations of the M/P

CLHF ratios for the correlation database and individual test sections are presented in Table 4-3. As stated

earlier, the statistics for the correlation database are based upon the [

, " ' with the correlation application. The statistical output for the individual test points in the

WLOP correlation database are provided in Appendix D. Further discussion of the statistical evaluation

of the WLOP correlation is given in Section 5.
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Final Correlation Form and Coefficients for WLOP for VIPRE Code
a, b, c

The Departure from Nucleate Boiling Ratio (DNBR) is defined as:

DNBR = q "CHF, U / q"lo0 . * Fc

Nomenclature:

q"CHF,U

Pr
GL
XL
Dh
Dhm
DG
GS
GST
HL
q"local
F,

= Critical Heat Flux Based on Uniform Axial Power Shapes, IvfBtu/hr-ft2

= Pressure, psia
= Local Mass Velocity at CHF, Mlb/ hr-ft2

= Local Coolant Quality at CHF, Decimal Fraction
= Heated Diameter of Subchannel, inches
= Heated Diameter of Matrix Subchannel, inches
= Distance from [ ] ac to ClF Location, inches
= Grid Span I I "' of CHF Location, inches
= Grid Spacing Term [ ] '
= Heated Length From Beginning of Heated Length to CHU Location, inches
= Local Heat Flux, MBtu/lur-fl
= F-Factor To Correct q"cIIFu For Non-uniform Axial Power Shapes, specified in

Section 6 in description of applications

4.5 Validation of Correlation

An independent validation database was generated from data excluded from the database for correlation

development to verify performance of the WLOP correlation, as described in Section 4.1. The geometric

characteristics for these tests are summarized in Table 2-2. The validation database was generated in a

manner similar to the process used to generate the correlation database [ ] '.

A VIPRE model was prepared for each validation test section based on the bundle geometry and the axial

and radial power distributions. The VIPRE calculation used the measured values of pressure, inlet

temperature, bundle average mass velocity and bundle average heat flux at CHF, as given in Appendix C.
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The local conditions at the [ ] " ', are used to evaluate the

MIP CHF ratio.

The means and standard deviations for the M/P CIF ratio for the validation database and individual test

sections are presented in Table 4-3, along with the correlation database. The statistical output for the

individual test points in the WLOP validation database is provided in Appendix D. Further discussion of

the statistical evaluation of the WLOP correlation is given in Section 5.

4.6 Demonstration Test Results

Special demonstration tests were run using available data for MV grid designs to demonstrate that the

WLOP correlation is applicable or conservative for application with mixing vane grid designs. In

general, MV grids have shown substantial performance gains when compared to non-mixing vane grids,

especially at small grid spacing, Reference 4. Also, as identified in Reference 11, mixing vane grids have

demonstrated a

a, C as for WLOP. A summary

description of the Mixing Vane Cl-IF tests supporting the application of the WLOP correlation to mixing

vane grid designs is provided in Table 4-4. It is noted that many of these tests are the same tests used to

develop and support previous correlations, such as the ABB-X2, WRB-1, WRB-2 and WRB-2M

correlations, References 9 through 12.

VIPRE models were prepared for each test section in the database based upon the bundle geometry and

the axial and radial power distributions, References 9, 11 and 12. The [
1 'c. An[

, to be consistent with the development of the WLOP correlation. The local

conditions at the [ ] a, c, are used to evaluate the M/P CIF

ratio.

The results, given in Table 4-5, confirm that WLOP predictions are conservative when applied to the MV

grid data. It is noted that there is fairly large scatter due to the

, c',. Plots of the WLOP correlation X/MIP versus

pressure and flow, Figures 4-4 and 4-5 indicate that WLOP MNP values
, C Since the data with I

I a, C the data from Test 96 are not shown in

Figures 4-4 and 4-5. Thus, the mixing vane data for a

]a,c.
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Table 4-1

] , Loss Coefficients Input to VIPRE
8a,c

a, b, c
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Table 4-2

VIPRE Model Input Specifications for WLOP Tests

1. Supplementary DNBRS output file selected: IDNBRS set to 2 or 3 in CONT.6

2. Single phase friction factor f= [ I ab, c

3. Two-phase flow Friction multiplier: [ C

4. Two Phase Flow: [ 12'C

5. Radial nodes: Figures 2-1, 2-5 through 2-8

6. Loss coefficient used: See Table 4-1

7. The crossflow resistance factor, [ ] hb,

a, b,1

8. The turbulent momentum factor: [ ] b,

9. The traverse momentum parameter [ ] a c

10. The axial flow convergence for external iteration, FERROR set to [ j a, b, c

11. Turbulent Mixing:
1 a,b,c

For Demonstration Tests [ I a,

This applies to both single and two-phase conditions

12. Unifonn mass velocity was used as the inlet flow option

13. L a for non-uniform tests
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Table 4-3

CHF Test Statistics for WLOP Correlation/Validation Database with VIPRE Code

Heated Grid [ WLOP
Test Bundle Rod Diam. Rod Pitch Guide Axial

No. Array - in. ~ in. Length Spacing Thimble Shape N M/P SNoin. A in. TI

Correlation Data a, b, c

Notes:

N - Number of Data Points

I - Mean of Measured over WLOP Predicted CHF, M/P

S - Standard Deviation of M/P
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Table 4-4

Geometric Characteristics of the WLOP Mixing Vane Demonstration Tests

Test Bundle Rod Rod Heated Grid Guide GT Axial Radial Shroud Minimum Minimum
No. Array Diam. Pitch Length Spacing Thimble Diam. Shape Split Clearance Pressure Flow

-in. - in. - in. - in. - in. Cold/Hot - in. - psi - MIb/hr-ft 2

Demonstration Data
a, b, c

Grid Spacing xxE/yy indicates nominal grid spacing of yy inches with xx inches between last grid and

End of Heated Length, EOHL.
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Table 4-5

CHF Test Statistics for WLOP Correlation in VIPRE Code for Mixing Vane Tests

Rod Rod Heated Grid WLOPTetDhmn Heaedari Gid
Tes Diam. Pitch Length Spacing Axale Gie/P
No. - - i - in. - in. -in Shape Thimble N Me,jMean, ~

a, b, c
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Figure 4-1

Measured CHF Versus Pressure

a, b, c
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Figure 4-2

Trend of Initial M/P with Flow

a, b, c
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Figure 4-3

Trend of M/P with Flow

Based on Final Correlation Form

a, b, c
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Figure 4-4

Trend of M/P with Pressure for Demonstration Mixing Vane Data

a, b, c
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Figure 4-5

Trend of M/P with Flow for Demonstration Mixing Vane Data

a, b, c
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5.0 Statistical Evaluation

The mean and standard deviation for the ratio of measured to ABB-NV predicted CHF with the VIPRE

code are given in Table 3-2 for the original and Westinghouse PWR supplemental qualification database.

To deternine the one-sided 95/95 DNBR limit applicable to the application of the ABB-NV correlation to

the NV grid region of Westinghouse PWR fuel designs, a statistical evaluation is performed with the

ABB-NV correlation on the original and qualification databases to determine poolability. Statistical

evaluations are then performed on [ I •' C following Reference 4, to determine the

one-sided 95/95 DNBR limit for the application of the ABB-NV correlation for Westinghouse PWR fuel

designs. The statistical tests applied are the same tests applied in Reference 4 for the ABB-NV

correlation. It is noted that no points in the Westinghouse PWR qualification database were eliminated as

outliers per the procedure given in Chapter 17 of Reference 12, a rigorous outlier test applied in

Reference 4. Tests for normality at the 95% confidence level were performed on the above data sets to

determine the proper statistical methods to be used for the data. The W and D' tests(13) were used to

evaluate normality of each test in the supplemental database [ 1 S, C.

Normality tests for the original database are documented in Reference 4. The W test is applied to tests

with less than 50 test points and the D' test is applied to all other test groups.

For the modified ABB-NV correlation for low flow and low pressure conditions, WLOP, the mean and

standard deviation for the ratio of measured to WLOP predicted ClF are shown in Table 4-3 for the

correlation and validation databases and the individual test sections. Following the procedure used in

Reference 4, a statistical. evaluation is performed with the WLOP correlation for [

C ", the correlation database, the validation database and a combined correlation and
validation database to determine the applicable one-sided 95/95 DNBR limit. Based upon the results of

the outlier test, described in 5.1.1, [

I, c were eliminated as outliers per the procedure given in Chapter 17 of

Reference 12. These points had measured to predicted Cl-F ratios, M/P, [

] ". Tests for normality at the

95% confidence level were performed on the above data sets to determine the proper statistical methods

to be used for the data. Since some individual tests had less than 50 points, the W and D' tests,

Reference 13, were used to evaluate normality.

Statistical tests were then performed to determine if all or selected data groups belong to the same

population, in order to be combined for the evaluation of the 95/95 DNBR tolerance limit for the

ABB-NV correlation for Westinghouse PWR application and the WLOP for both CE-PWR and

Westinghouse PWR application. For normally distributed groups, homogeneity of variance was

examined using Bartlett's test, Reference 14. Homogeneity of the means was then examined with the

t-test or general F-test. The t-test with equal variances, Reference 15, was applied for testing the equality

of means of two groups that passed both the normality tests and the homogeneity of valiance test. Thle

t-test with unequal variances, Reference 16, was applied for testing the equality of means of two groups

that passed the normality tests but failed the homogeneity of variance test. The ANOVA F-test was

applied to multiple groups that passed the noninality tests. For groups that did not pass the normality test,
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the Wilcoxon-Mann-Whitney test or the Kruskal-Wallis One-Way Analysis of Variance by Ranks. test,

References 15 and 20, is used to test the null hypotheses that the medians, or averages, of the tests or

groups are the same. The Wilcoxon-Mann-Whitney test was applied for testing whether two groups could

have been drawn from the same population and the Kruskal-Wallis One-Way Analysis of Variance by

Ranks test was applied to multiple groups. Since the groups that failed the D' normality test passed other

normality tests, such as the Kolmogorov-Smimov test, the Bartlett and F-tests were initially applied to

check for poolability of these groups. Data that did not pass any of these tests were not combined.

Since it is proper to utilize all data in the evaluation of the correlation, as was done in Reference 4, the

one-sided 95/95 DNBR tolerance limit is calculated for a combined ABB-NV original database and the

ABB-NV supplemental qualification database for Westinghouse PWR fuel designs, if the data are

poolable, or for the [ ] 'C if not all of the tests are poolable. The same approach is

applied to the WLOP con-elation and validation databases. For normally distributed groups, Owen's

one-sided tolerance limit factor('") is used to compute the 95/95 DNBR limit. For groups that are not

normally distributed, a distributionzfree or non-parametric limit, from Chapter 2 of Reference 12, is

established. To cover all regions with the 95/95 limit, the most conservative limit for

is applied to the entire set of data.

Scatter plots were then generated for each of the variables in each correlation to examine the correlation

for trends or regions of non-conservatism. The measured to correlation predicted Cl-IF ratio is plotted as a

function of pressure, local mass velocity, local quality, heated hydraulic diameter ratio, [ J ,c, the

matrix hydraulic diameter, the heated length form BOHL to location of CHF and the grid spacing term.

For the extension of ABB-NV to Westinghouse PWR fuel designs, the qualification data were plotted

separately from the original data, although data could be pooled, for information. The DNBR limit is also

shown on these plots to show the number of test points that fall below the limit and the location of those

points. The total number of test points that fall below the limit is also identified.

5.1 Statistical Tests

5.1.1 Treatment of Outliers

Each database is examined for outliers by the following method:

The probability of rejecting an observation when all data belong to the same group, ax, was selected to be

0.05. The term a" = 1 - (1-a)f" is computed. The value of (1 - 6xý/2) is the normal cumulative

distribution value., P, and the value of zl-a,/2 is calculated or taken fiom cumulative normal distribution

tables. For a mean value of m, the values of a and b are computed where:

a n - a Z*-W/2

b = m+ * zi.,Z,/2
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Any observation that does not lie in the interval a to b is rejected. The method does assume a normal

distribution and the values of g, mean of the data, and s, standard deviation of the data, are reasonable

estimates of m and cy. Therefore, care must be taken to ensure the elimination of outliers is justifiable.

Based upon this evaluation, no points in the Westinghouse PWR qualification database in Section 3 were

eliminated for the ABB-NV correlation extension. Based upon this evaluation, [
], C in Section 4 were eliminated.

] C had measured to predicted CHF ratios, M/P,

2.C.

5.1.2 Normality Tests

The W and D' tests, Reference 13, were used to evaluate the assumption of a normal distribution. For

individual tests with less than 50 test points, the W test is applied. The test statistic W is computed as:

W = b2/S2

where:

S 2 = (Xi
1=1

k

b = Y (xa_. 1 - x,) x, in ascending order

a, from Table 1, Reference 13
k = n/2 ifn is even and k = (n-])/2 ifn is odd

The value of W is compared with percentage points of the distribution of W for P set to 0.05 from Table 2

of Reference 13. Small values of W indicate non-normality. For combined tests or individual tests with

n _> 50, the D' normality test is applied. The test statistic D' is computed as:

D' = T/S

where:

(,•. Xi _., 2 0.5

T - -(n + 1)/2}x-, xý in ascendinga order
i=1

The calculated value of D' is compared with the percentage points values of the distribution of D' from

Reference 13. The D' test indicates non-nonnality if the calculated value of D' falls outside of the range

established from Reference 13 for P set to 0.025 and 0.975. These tests were selected since they are

considered to be more rigorous compared to other normality tests such as the Kolmogorov-Smimov test.
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Furthermore, the D' and W tests are the ANSI standard tests that have been used in previous data analyses

reviewed and approved by the NRC.

5.1.3 Statistical Tests for Comparison of Data Groups

Statistical tests were performed to determine whether data groups could be considered to come from one

population. The Bartlett test for homogeneity of variances and the t-test, for 2 groups, or the F-test, for
multiple groups are applied to determine if data groups can be combined. If the data groups fail the

normality test or the homogeneity of variances test, the Mann-Whitney Rank Sum test or the

Kruskal-Wallis One-Way Analysis of Variance by Ranks test is used to check the null hypotheses that the
medians, or averages, of the tests or groups are the same. For the groups that pass the equality of means

tests or the non-parametric tests for the null hypothesis that the samples are from the same population, the

normality tests are applied to the combined groups to check the assumption of normality. If the combined

group passes the normality test, Owen's one-sided tolerance limit factorP') is used to compute the 95/95

DNBR limit. If the combined group fails the normality test, a distribution-free one-sided 95/95 limit is

determined, Chapter 2 of Reference 12. A brief description of the comparison tests is given below:

5.1.3.1 Homogeneity of Variances

One of the most used tests for examining the homogeneity of a set of variances is Bartlett's test' 4 ).

Bartlett showed that for a set of variances estimated from K independent samples from normal

distributions having a common variance cy2 , a quantity M/C would have a distribution satisfactorily

approximated by the X2 distribution. Specifically:

A/1 =Nln{N21 * i/ v in S t

C=I+ 3(K-1) vt, N

where:
2st Is an estimate of variance for test section t based on degrees of freedom vt,

K is the number of test sections,
K

t =1

and the quantity M/C is distributed approximately as x2• with K-i degrees of freedom.
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5.1.3.2 Test -for Equality of Means for Two Data Groups- Unpaired t-Test

When data from two groups passed the test for homogeneity of variances, the t-Test was employed to test

the hypothesis that [ti - [2 = 0.0 or that •t = g2, where 41 is the mean from data group 1 and [2 is the mean

from data group 2. The test statistic t is calculated with the expression:

where:

s = nl+n2-2 is a "pooled" estimate

The computed value oft is compared with the value t&,, 1 +4 z.2 in a table of percentiles of the t distribution

for a set to 0.05. The hypothesis that tl = [t is rejected, if the computed value oft is larger then the value

of t/ 2 , n1I+n2-2.

When data from two groups passed the test for normality, but not the test for homogeneity of variances, a

t-Test with unequal variances described below was employed to test the hypothesis that t -Jt2 = 0.0 or

that ýLl = [t2 where [t1 is the mean from data group 1 and [t2 is the mean from data group 2. From

Reference 16, the test statistic t is calculated with the expression:

S- /11 -/12

SL nt+ n2V .

where:
Si2 - Variance of sample i
ni - Number of Data, sample i

5.1.3.3 Test for Equality of Means for Multiple Data Groups- Analysis of Variance, F-Test

An analysis of variance test was performed to test the equality of means and determine whether the data

from multiple tests or groups could be pooled. One of the usual teclmiques for examining the equality of

means determined in an experimental study is a particular form of the F-test. In this techmique, two mean

squares are found, call them S1, the between test section mean square and S2, the witlhin test section mean
square. If K is the number of test sections, n, the number of data for test section t and n is the total

number of data,

=- ,and
K-1
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n-K

In these expressions Xb is an individual datum for test section t, X, is the mean value of X for test

section t and X is the grand mean for all data. Under the hypotheses of normality, homogeneity of

variance and equality of means, S and $2 are independent estimates of the variance, a2, due to random

deviation from the true grand mean. Therefore the ratio:

F = S / S, should follow the F distribution with degrees of freedom,

v, = K-i and v2 = n-K.

The calculated value of F is c.ompared with the value of Fl.((v1, v2 ) for a set to 0.05. Should the test

section means not be equal, S1 will contain additional components of variance. Therefore, large values of

F require the rejection of the hypothesis of equality among the means of the tests or groups.

5.1.3.4 Distribution Free Com parison of Average Performance

For combinations that have one or both tests fail the normality test, the Wilcoxon-Mann-Whitney

Test(12 )( 17
) is used to compare two groups. To apply this test when one of the samples has n > 10, all

groups considered, the data are combined. The number of points in the smaller sample is m; the number

from the larger group is n. The NI/P CHF values from the two groups are ranked from 1 to m+n = N with

tied ranks being assigned the average. The value of T is computed by summing the ranks in the smaller

group. The value of z is then computed with the expression:

T ± 0.5- m*(N+1)/2z m*= *( + 1)/ l2]

The significance of z is assessed from cumulative normal distribution table. The value of z must fall

between -1.645 to +1.645 for the two groups to pass the null hypotheses that the groups are drawn from

the same population for P equal 0.950 for the left and right tails of the distribution.

For comparison of tests or multiple groups that failed the Bartlett test for equal variance or the D' test for

normality, the Kruskal-Wallis One-Way Analysis of Variance by Ranks test(12 >'(7 ) is used. The level of

significance of the test, x, is selected to be 0.05. The 7 2 , value for K-1 = degrees of freedom is taken

from a table of the percentiles of the / 2 distribution. The data from all tests or groups are ranked from

lowest to highest. The H statistic is then calculated with the equation:

12 R"
H = - -3*(N-1
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where Ri is the sum of the ranks for the ith test, ni is the number of points in test i and N is the total

number of points. IfH > X21.a, one rejects the hypothesis that the averages are the same.

5.1.4 One-sided 95/95 DNBR Limit

All data from the correlation and validation databases could be considered in the establishment of the

one-sided 95/95 DNBR tolerance limit if the data can be pooled. Therefore, the comparison tests are
performed on the combined data sets prior to the determination of the 95/95 DNBR limit. If not all of the

data passed the analysis of variance tests, the data were grouped into

] ,, c and the 95/95 DNBR limit was established for the different groups of pooled data. The computed
95/95 DNBR limit for the class of data provides 95% probability at the 95% confidence level that a rod in

that class having that DNBR will not experience CHF. The most conservative limit determined for any

group of data examined is then applied to the entire correlation data set. For normally distributed groups,

Owen's one-sided tolerance limit factort 1 8) is used to compute the 95/95 DNBR limit. For groups that are

not normally distributed, a distribution-free or non-parametric limit, from Chapter 2 of Reference 12, is

established.

5.1.4.1 Normally Distributed 95/95 DNBR Limit

The mean and standard deviation of the ratio of measured to predicted CHF are computed for each data

group or class of data that pass the comparison tests and D' normality test. This group can include all data
from the correlation database and validation database or a subset of that data. A 95/95 DNBR limit is

evaluated for each group based on the following formulas:

DNBR-951 -X- XI KS

2. 706 ) V
1.645 + 1.645[1- (1 - 270 - - n 2

K=2'n]n
2. 706

2(n - 1)

where:

X- = mean of ratio of measured to predicted CHF
S = standard deviation of measured to predicted Ct-F
K = 95/95 confidence multiplier (Expression given in Reference 18, practically equivalent to

Owen's tables in Reference 21)
n = number of data points
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5.1.4.2 Distribution Free 95/95 Limit

For data groups that do not pass the D' normality test, a distribution free one-sided 95/95 limit is

established. Table A-31 of Reference 12 gives the largest value of m such that one can assert with 95%

confidence that 95% of the population lies above the mth smallest value of Xi where Xi is an individual

test run value of the ratio of measured to correlation predicted Cl-IF in the non-normally distributed group.

As stated earlier, if all of the data in the combined correlation and validation database could not be

pooled, the most conservative 95/95 limit for any subset of that data is the specified limit for the

correlation. As a check on the limit, the total number and percentage of test points that fall below the

specified limit are also identified. In addition, the limit computed for the entire database is computed

using the total variance approach applied in References 10 and 11. Also, the limit for the entire database

is computed using the distribution free method if the entire database is not normally distributed.

5.1.5 Graphical Verification

After the determination of the 95/95 DNBR limit for the correlation, scatter plots are then generated for

each of the variables in the correlation to examine the correlation for trends or regions of

non-conservatism. The measured to correlation predicted CHF ratio is plotted as a function of pressure,

local mass velocity, local quality, heated hydraulic diameter ratio, [ ] 2' C, the matrix hydraulic

diameter, the heated length form BOHL to location of CHF and the grid spacing term. The DNBR limit

is also shown on these plots to show the number of test points that fall below the limit and the location of

those points. The total number of test points that fall below the limit is also identified.

5.2 ABB-NV Correlation Statistical Evaluation and 95/95 DNBR Limit for Westinghouse PWR

Application

The D' normality tests and comparison tests were performed to determine if the ABB-NV original data

and qualification data were random samples from one or more populations and whether the data from

individual tests and the combination of tests were normally distributed. As stated in Section 5.0,

parametric comparison tests were performed to determine if data from the different test sections were

poolable, then normality tests were performed on the pooled data. If the pooled data failed the normality

test, non-parametric tests were performed to check the hypothesis that the averages for the pooled tests

are the same. The data were examined in the following order:

1.) I

a. The mean and standard deviation for the ratio of measured to
ABB-N•V predicted CT-IF are shown in Table 3-2 for the original database and the qualification
database. The original database has 718 points and the qualification database has 147 points or
17% of the total points within the range of applicability. The original database did not pass the D"
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normality test, so the Wilcoxon-Mann-Whitney test was applied for testing the poolability of the
two groups. It is noted that the qualification database did pass the D' normality test.

2, C The results from the tests are summarized in Table 5.2-1. Although the [
.2,C

are also given in Table 5.2-1. Based on these comparisons, the qualification database for the
17x17 designs can be pooled with the original database for the 14x14 and 16x16 fuel designs to
determine the 95/95 DNBR limit.

2.) Since no bias is observed between the original database and qualification database due to bundle
array geometry, a multiple data analysis was performed on all of the test section data following
Reference 4, [ ] ", . The results of the parametric
comparison tests are given in Table 5.2-2. Based upon these results, it is concluded that.[

C Following Reference 4,

are identified below:

I,-
Subset Tests Included No. Points Mean Std. Dev. a, b, c

L J
As stated in Reference 4, since [

I "' are given in Table 5.2-3.

3.) The W and D' normality tests were then applied to the data from each test section and each set of
data, as shown in Table 5.2-4. The data for the original database are taken from Reference 3.

4.) The one-sided 95195 DNBR tolerance limit for the limiting subsets is provided in Table 5.2-5.
Based upon the data presented in this table,

] , •, the DNBR limit
'is 1.1325.

I .,C using the Owen's one-sided tolerance factor.

Based on this evaluation, it is concluded that the DNBR limit of 1.13 is applicable for the entire database.

A plot of the measured CHF versus the ABB-NV predicted Cl-F for all the lest data is given in

Figure 5.2-1, along with the DNBR limit curve. The DNBR limit of 1.13 is equivalent to a value of 0.885

for the IVP CHF ratio. It is noted that for the entire database, twenty-six test points, or 2.6% of the data

fall below the M1P 95 /95 limit of 0.885.
a. .
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The data are then examined graphically in order to check for any deviation as a function of the correlation

variables. The plots of the MJP CIF ratio as a function of pressure, local mass velocity, local quality,

heated hydraulic diameter ratio, matrix heated hydraulic diameter, Dhm, heated length from BOHL to

location of CBF, IL, and distance from bottom of adjacent upstream grid, DQ are shown in Figures 5.2-2

through 5.2-8. The DNBR limit is also shown on these plots to show the number of test points that fall

below the limit and the location of those points. For information, the original data and qualification data

are identified in the plots even though the data were combined in the determination of the one-sided

DNBR limit. There are no significant observed adverse trends on any of the plots.

It is also noted that for the Westinghouse PWR geometry, the non-mixing vane region is well below the

minimum heated length of 48 inches. Therefore, there is conservatism in the application of the ABB-NV

correlation to this region. In addition, the test with a bottom peak non-uniform shape, Test 60, [

I, c(3). Based upon the results and the identified conservatism's, it is

felt that the 95/95 DNBR limit of 1.13 is conservative to this region for Westinghouse PWR fuel designs.

The parameter ranges for the combined database with the ABB-NV correlation are given in Table 5.2-6.
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Table 5.2-1

ABB-NV Original and Qualification Database Comparison Tests

Bartlett Test Results - ABB-NV Data

N Mean s K M
c_ M/_C Y2. Pass

TestDatabase

L
a, b, c

Wilcoxon-Mann-Whitney Rank Sum Test Results - ABB-NV Data

Database
N Median T m n

Passz i-9 Test

L
a, b, c

t-Test Results with Unequal Variances - ABB-NV Data

Databas N Mean s "I-P
Pa ss

i 1-97 Test

L
al b, c
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Table 5.2-2

Statistical Comparison Tests

Combined ABB-NV Original and Qualification Database

Test Rod Rod Heated Grid G ABB-NV
No. Array Diam. Pitch Length Spacing Guide Axial N M/P S

Array in. - in. - in. p in. Tube Shape

a, b, c

Bartlett Test Results - ABB-NV Data Individual Tests

Database N Mean, p s K M C M/C X,.95
Pass
Test

ALL 865 1.0115 0.0671 16 56.984 1.0071 56.584 25 No

Kruskal-Wallis Variance By Ranks Test Results - ABB-NV Data Individual Tests

Pass
Database N Mean, p s K H T?9 Taest

ALL 865 1.0115 0.0671 16 195.29 25.000 No
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Table 5.2-3

Comparison Tests for Pooled Subsets

Combined ABB-NV Original and Qualification Database

Bartlelt Test Results - ABB-NV Combined Original and Qualification Data

Database N Mean, p s K M C M/C j 2.9
Pass
Test

a, b, c

I
F-Test Results- ABB-NV Data

Database
nj u2 S, S2 S$ / S2 F.9 (n1 , n 2)

Pa ss
Test

a, b, c

Database

I

Kruskal-Wallis Variance By Ranks Test Results -

K H . Pass
Test

a~a,

a, b, c

Ia, c

[
I

Page 67 of 118



WCAP-15306-NP-A, Addendum 2-NP-A

Table 5.2-4

D' Normality Tests - ABB-NV Original and Qualification Data

Combined ABB-NV Original and Qualification Database

D' Normality Tests - ABB-NV Data Original and Qualification Database

D' D' D'
N Mean Calculated P=.025 P=.975

Pass

TestData
a, b, c

![ I .
a, C

* Original VIPRE Data taken from Reference 3
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Table 5.2-5

Determination of 95/95 DNBR Limit for Pooled Data

Combined ABB-NV Original and Qualification Database

Calculation of DNBR9s Limit Calculation for Parametric Data

Database Mean. p n K DNBR95

I
a, b, c-I

Calculation of DNBR95 Limit Calculation for Non-parametric Data

Database P 1n In Value

1/Value =

DNBR9s

I
a, b, c-I

Ii

Ranking of Data I
a, b, c
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Table 5.2-6

Parameter Range for Extension of ABB-NV Correlation

Combined ABB-NV Original and Qualification Database

Parameter Minimum Maximum

Pressure (psia) 1740 2415

Local Coolant Quality -0.16 0.22

Local Mass velocity (Mlbm/hr-ft2 ) 0.84 3.12

Heated Hydraulic Diameter Ratio, [ ] a, C 0.679 1.08

Heated Length, HL (inches) 48 150

Distance From Grid, DG (inches) 7.3 22
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Figure 5.2-1

Measured versus VIPRE/ABB-NV Predicted Critical Heat Fluxes
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Figure 5.2-2

Plot of VIPRE/ABB-NV M/P CHF Ratio versus Pressure
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Figure 5.2-3

Plot of VIPRE/ABB-NV M/P CHF Ratio versus Local Mass Velocity

1.5 -

1.4-

1.3 -

~41.2 -

t 1.1

o 0.9-

0

0.8-

0.7

0.6-

A ..
~

6
•k

41.# *t
#4

#*
09 0

oo*

* Data in WCAP-14565-P-A, Addendum I-A
n Qualification Test Data

One-Sided 95/95 DNBR Tolerance
Limit for DNBR 9 5 s of 1.13

0.5 I 1.5 2 2.5

Local Mass Velodty, GL, Mtlb/luhr-f

3 3.5

Page 75of 118



WCAP-15306-NP-A, Addendum 2-NP-A

Page Intentionally Left Blank

Paige 76 of 118



WCAP-15306-NP-A, Addendum 2-NP-A

Figure 5.2-4

Plot of VIPRE/ABB-NV M/P CHF Ratio versus Local Quality
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Figure 5.2-5

Plot of VIPREIABB-NV M/P CHF Ratio versus Heated Hydraulic Diameter Ratio
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Figure 5.2-6

Plot of VIPRE/ABB-NV M/P CHF Ratio versus Matrix Heated Hydraulic Diameter, Dhm
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Figure 5.2-7

Plot of VIPRE/ABB-NV M/P CHF Ratio versus Heated Length, HL
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Figure 5.2-8

Plot of VIPRE/ABB-NV M/P CHF Ratio versus Distance from Grid, DG
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5.3 WLOP Correlation Statistical Evaluation and 95/95 DNBR Limit

Following the methods applied to the ABB-NV correlation in Reference 4, W and D' normality tests and

comparison tests were performed to determine if the WLOP correlation and validation data were random

samples from one or more populations and whether the data from individual tests and the combination of

tests were normally distributed. As stated in Section 5.0, parametric comparison tests were performed to

determine if data from the different test sections were poolable, then normality tests were performed on

the pooled data. If the pooled data failed the normality test, non-parametric tests were performed to check

the hypothesis that the averages for the pooled tests are the same. The data were examined in the

following order:

1.) [

]ac The

mean and standard deviation for the ratio of measured to WLOP predicted CHF are shown in
Table 4-3 for the correlation database and the validation database. The correlation database has
441 points and the validation database has 167 points or 27.5% of the total points within the range
of applicability. The Bartlett test and t-Test was applied to the data in the correlation database
and validation database to verify that these data came from the same population(s). The results
from the tests are summarized in Table 5.3-1. Since the [ J "' c the
D' normality test, Table 5.3-4, the results of the non-parametric analysis are also given in
Table 5.3-1.

2.) The second comparison made on the data was performed to examine if there is a bias in the
correlation for [ a C The comparison is made with the data from the correlation
database I a "'. These results of the comparison
tests are summarized in Table 5.3-1. Since the [ a ,' ý the
D' normality test, Table 5.3-4, the results of the non-parametric analysis are also given in
Table 5.3-1.

3.) Since no bias is observed between the correlation database and verification database or due to
bundle array geometry, a multiple data analysis was performed on all of the lest section data. The
results of the parametric comparison tests are given in Table 5.3-2. Based upon these results, it is
concluded that not all test sections have the same variance or mean. This is not a surprising result
for a large, 18 test sections, and diverse database with tests that have a small standard deviation.
Following Reference 4,

are identified below: b, c
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It is noted that the mean M/P CHF ratio

are given in Table 5.3-3. Although the
tests

] ' so the data are combined.

4.) The W and D' normality tests were then applied to the data from each test section and each set of
data, as shown in Table 5.3-4. In general, even for the groups that failed the normality tests, the
distribution was close to normal, since many passed the Kolmogorov-Smimov test. This is
I

a C Examination of the probability plot of the data compared to the line
representing the area of the Gaussian distribution indicates variation at the minimum and
maximum values of the V/P CHF ratio. Based on examination of these plots, the DNBR 95/95
limit is computed based on a normal distribution and a distribution free limit and the most
conservative limit is selected.

5.) The one-sided 95/95 DNBR tolerance limit for [ ] ' is provided in Table 5.3-5.
Based upon the data presented in this table,

c , the DNBR limit

a, C is 1.17 and based upon the parametric technique, the limit is 1.18 using the Owen's
one-sided tolerance facto1 8 ). Based upon the [ I . c, the DNBR limit

I I "'c is 1.181 and based upon the parametric technique, the limit is 1.168 using the
Owen's one-sided tolerance factor. Based upon these evaluations, the DNBR limit of 1.18 is
applicable for the entire database. A plot of the measured CI-IF versus the WLOP predicted Cl-IF
for allithe test data is given in Figure 5.3-1, along with the DNBR limit curve.. The DNBR limit
of 1.18 is equivalent to a value of 0.8475 for the M!P ClIF ratio. It is noted that for the entire
database, twenty test points, or 3.3% of the data fall below the M/Pgg,/5 limit of 0.8475. In

a, C fall below the limit.

The data are then examined graphically in order to check for any deviation as a function of the correlation

variables. The plots of the MJP CHF ratio as a function of pressure, local mass velocity, local quality,

heated hydraulic diameter ratio, matrix heated hydraulic diameter, the heated length from BOI-IL to

location of CHF, HL and the grid spacing term, GST are shown in Figures 5.3-2 through 5.3-8. The

DNBR limit is also shown on these plots to show the number of test points that fall below the limit and

the location of those points.

Based upon the results of the statistical tests applied to the WNTLOP database and the scatter plot analysis,

the one-sided 95/95 DNBR limit is determined to be 1.18. The parameter ranges for the WLOP database,

including the MV grid database, are given in Table 5.3-6.
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Table 5.3-1

Com parison Tests

WLOP Correlation and Validation Database

Fuel Bundle Array for Correlation Data

Bartlett Test Results - WLOP Data

Database
N Mean s K M C M/C ~ Pa ss

4_ Test

LL
a, b, c

a, b, c

t-Test Results -unequal variances - WLOP Data

Database
N Mean s nl - m2 tPass

t77
3 Test

[L
a, b, c

a, b, c

Wilcoxon-Mann-Whitney Rank Sum Test Results - WLOP
Database

N Median im n T z zcrit Pass
Test

LL
a, b, c

a, b, c
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Table 5.3-2

Parametric Comparison Tests

Combined Correlation and Validation WLOP VIPRE Database

Test Rod Rod Heated Grid WLOPBundle Guide AxialNo. Array Diam. Pitch - Length Spacing N M/PAray . i. i. i. Thimble Shape
A in. in. -in. -in.

All 608 1.0009 0.0889

a, b, c

Bartlett Test Results - WLOP Data

Database

ALL

N

608

Mean

1.0009

s K

0.0889 18

Pass

N C NYC 4K Test

74.04 1.0145 72.98 27.585 No

F-Test Results - WLOP Data

Database

ALL

K N S1 Si S1/5S F.9(n 1 , n2)

1.64

Pa ss

Test

No18 608 0.0200 0.007S6 2.6451
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Table 5.3-3

Comparison Tests for Pooled Subsets

WLOP VIPRE Database

Bartlett Test Results - WLOP Data

Database

N Mean, p s K M C MIC
Pass
Test

L
a, b, c

F-Test Results-WLOP Data

Database K N S, S, SI/S2 F.9(n 1 , n2 )
Pass
Test

I
a, b, c.I

Kruskal-Wallis Variance By Ranks Test Results- [ ja, c

Database K H . PassTest

I
a, b, c

I
I
I

Ia, c
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Table 5.3-4

W and D' Normality Tests

WLOP VIPRE Database

Data

Data

D'

N Mean Calculated

w
N Mean Calculated

P=.025
D9

P=&975
Pass
Test

a, b, c

a, b, c

w

P=.05
Pass

Test

[[ I 0-c

I".c
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Table 5.3-5

Determination of DNBR95 Limit for Pooled Data

WLOP VIPRE Database

Calculation of DNBRS Limit Calculation for Parametric Data

Database Mean S N K DNBR.5

L
a, b, c

I
Calculation of DNBR95 Limit Calculation for Non-parametric Data

Database P n M Value DNBRQs

[
a, b, c

Partial Ranking of Data from [ I'll
a, b, c
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Table 5.3-6

Parameter Ranges for the WLOP VIPRE Correlation Database

Parameter Minimum Maximum

Pressure (psia) 185 1800

Local Coolant Quality -0.04 0.75

Local Mass velocity (Mlb/hr-ft2) 0.23 3.07

Matrix Heated Hydraulic Diameter, Dhm (inches) 0.4635 0.5334

Heated Hydraulic Diameter Ratio, [ ]C 0.680 1.00

Heated Length, HL (inches) 48* 168

Grid Spacing Term, [ alc 27 95

*Note: 48 inches is set as minimum HL value in the application of the correlation,
applied at all elevations below 48 inches
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Figure 5.3-1

Measured and Predicted Critical Heat Fluxes
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Figure 5.3-2

Plot of M/P CHF Ratio versus Pressure
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Figure 5.3-3

Plot of M/P CHF Ratio versus Local Mass Velocity
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Figure 5.34

Plot of MIP CHF Ratio versus Local Quality
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Figure 5.3-5

Plot of M/P CHF Ratio versus Heated Hydraulic Diameter Ratio
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Figure 5.3-6

Plot of M/P CHF Ratio versus Matrix Heated Hydraulic Diameter, Dhm
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Figure 5.3-7

Plot of M/P CHF Ratio versus Heated Length, HL
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Figure 5.3-8

Plot of M/P CHF Ratio versus Grid Spacing Term, GST
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6.0 Correlation Applications

The intended applications of ABB-NW and WLOP for Westinghouse PWR are similar to current

applications of the W-3 DNB correlationt 5
ý. The intended application of WLOP for CE-PWR is similar to

the current application of the MacBeth DNB correlation(6). Westinghouse intends to use the ABB-NV

correlation and the WLOP correlation for evaluating margin to the CHF or DNB acceptance criterion

defined in the Standard Review Plan (SRP) at the core conditions that the primary DNB correlation isnot

applicable. SRP Section 4.4(21) states that the DNB acceptance criterion provides assurance that there be

at least a 95% probability at a 95% confidence level that the hot fuel rod in the core does not experience a

DNB during nonnal operation or anticipated operational occurrence. The acceptance criterion is met in

thermal-hydraulic design when the minimum DNBR of the hot rod in the hot channel is above the 95/95

DNBR limit of the correlation. The correlations will be used only with a computer code that has been

either used for the correlation development or qualified with its 95/95 DNBR limit. Technology transfer

of the ABB-NV and WLOP correlation(s) will follow through a process that meets the requirements

specified in Generic Letter (GL) 83.11 Supplement 1(22), "Qualification for Performing Safety Analyses."

ABB-NV and WLOP applications will be similar to the W-3 correlation(i9 ) used as a supplement to the
primary DNB correlation for PWR fuel designs. Each correlation application is further discussed below.

6.1 ABB-NV Correlation Application to Westinghouse PWR

The ABB-NV DNB correlation with the current 95/95 DNBR limit of 1.13 and the VIPRE code will be

applied to the heated length of the Westinghouse PWR fuel designs below the first mixing vane grid. The

W-3 DNB correlation('9) is currently used for predicting DNBR margin in that region associated with

severely bottom skewed axial power shapes simulated under the control rod withdrawal from subcritical

accident for some Westinghouse PWR plants. W-3 is also used for confirming DNBR margin in that

region with severely bottom skewed axial shapes from simulated accident conditions that are protected by

the Thermal Over-Temperature AT (OTAT) reactor trip (23) setpoints of Westinghouse NSSS PWRs, in

conjunction with a revised axial offset (AO) control strategy that allows more flexible plant operation.

Similar to the current W-3 application, ABB-N-V will be applied to all Westinghouse PWR fuel designs,

including the 14x14 fuel products with rod outside diameters (ODs) of 0.400 or 0.422 inches, the 15x15

fuel products with rod OD of 0.422 inches, the 16x16 fuel products with rod ODs of 0.360 or

0.374 inches, and the 17xl7 fuel products with rod ODs of 0.360 or 0.374 inches.

The heated hydraulic diameter ratio values of the Westinghouse PWR fuel designs are within the range of

the extended ABB-NV correlation database in Table 5.2-6. The heated length below the first mixing vane

grid is typically less than 30 inches from the core inlet. The minimum HL of 48 inches supported by the

ABB-NTV database in Table 5.2-6 will be conservatively used whenever the heated length is less than

48 inches, without taking credit of any benefit from the reduced HL in the DNBR predictions.
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To ensure a continuity of power shape correction in DNBR predictions between the NV and the MV grid

regions, the same Fc factor used with the primary DNB correlation of the Westinghouse PWR MV grid

fuel design (e.g., the Tong factor for the WRB-1 correlation in Reference 9) will be used with ABB-NV

correlation. [

The current ABB-NV 95/95 DNBR limit of 1.13 has been confirmed with the qualification test data in

this report with grid spacing ranging from 7.3 inches to 22 inches in Table 5.2-6 that is beyond the

original correlation range for the distance from grid term (8 to 18.86 inches). This indicates that the

correlation form for DG is sufficiently robust that the correlation can be applied for the Westinghouse

PWR geometry, below the mixing vane grids. For some Westinghouse PWR fuel designs, the DG term

can reach 24 inches in the NV grid region. This is a slightly larger value than the ABB-NV database, but

the ABB-NV grid spacer term is nearly constant over the range from 18.86 inches to 24 inches, which is

consistent with experimental observations of NV grid DNB behavior with large grid spacing. Effect of

NV grid spacing change from 22 to 24 inches on DNB is less than the change from 18.86 to 22 inches.

Since the effect of NV grid spacing beyond 18.86 inches is relatively small, the ABB-NV correlation can

be applied at the slightly larger NV grid spacing up to 24 inches. The minimum grid spacing will be

maintained at 7.3 inches for this application.

ABB-NV will be applied for calculating DNBR from the beginning of the heated length to the axial

location of the first MV grid of the Westinghouse PWR fuels. The fuel region near the core or bundle

inlet is typically highly subcooled with local quality value lower than - 0.14 obtained from higher

elevations in the original ABB-NV database 4 . In the DNB data analysis, DNBR is calculated for the

entire heated length, including the highly subcooled region near the inlet. The ABB-NV DNBR

predictions are very conservative at low quality conditions less than - 0.14. The conservatism in the

ABB-NV predictions is demonstrated in the analysis of the DNB data from the rod bundle with a bottom

peaked axial power shape (CE-Test 60) in Reference 4. The ABB-NV MI/P mean for CE-Test 60 is

approximately a, b.c Therefore,

while maintaining the upper quality limit of the DNB correlation, a lower quality limit is not needed for

the con-elation application consistent with the correlation use in data analysis. Additional conservatism is

added to the ABB-NV application to Westinghouse PWR fuel designs by maintaining the minimum

heated length of the correlation to 48 inches in Table 5.2-6, regardless the actual length below the first

MXV grid.

The extended ABB-NV applicable range for design application is summarized in Table 6.1-1. The

correlation will be used with the Westinghouse version of the VIPRE code and is in full compliance with

the conditions of the Safety Evaluation Report (SER) on the VIPRE code and modeling'2 . Specifically,

1. The 95/95 ABB-NV DNBR limit remains to be 1.13 for Westinghouse PWR fuel design
applications in the parameter range defined in Table 6.1-1.
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2. Selection of the appropriate DNB correlation, DNBR limit, engineering hot channel factors for
enthalpy rise and other fuel-dependent parameters for a specific plant will still be justified for
each application.

3. ABB-NV will be used as a supplement to the primary DNB correlation for predicting DNBR
margin in the fuel region of Westinghouse fuel designs near core inlet.

Table 6.1-1

Applicable Range of ABB-NV Correlation Extension

ABB-NV Parameter Applicable Range

Pressure (psia) 1750 to 2415
Local mass velocity (Mlbm/hr-1t2) 0.8 to 3.16
Local quality < 0.22
Heated length, inlet to CHF location (in) 48* to 150
Heated hydraulic diameter ratio, [ ] aC 0.679** to 1.08
Grid Distance, (in) 7.3 to 24

* Although the heated length below the first mixing grid is below 48 inches, the minimum heated

length used in the correlation is conservatively maintained at 48 inches.
See justification in LTR-NRC-07-49 response to RAI 2.

6.2 WLOP Correlation Application

The WLOP correlation 95/95 DNBR limit with the Westinghouse version of the VIPRE-01 code (VIPRE)

is 1.18. The W-3 DNB correlation(5) or the MacBeth correlation(6) is currently used for predicting DNBR

margin at low pressure conditions encountered in a PWR post-trip steamline break (SLB) accident.

Similar to the current W-3 application, WL-OP will be applied to all Westinghouse PWR fuel designs,

including the 14x14 fuel products with rod outside diameters (ODs) of 0.400 or 0.422 inches, the 15xl5
fuel products with rod OD of 0.422 inches, the 16x16 fuel products with rod ODs of 0.360 or

0.374 inches, and the 17x17 fuel products with rod ODs of 0.360 or 0.374 inches. Similar to the current

MacBeth application, WLOP can be applied with the VIPRE code to all current CE PWR fuel designs.

The heated hydraulic diameter ratio and heated length values for the Westinghouse PWR and CE PWR

fuel designs are witlhin the range of the WLOP database in Table 5.3-6. The minimum -IL of 48 inches

will be conservatively used whenever the heated length is less than 48 inches, without taking credit of any

benefit from the reduced I-IL in the DNBR predictions.

To ensure a continuity of power shape correction in DNBR predictions between the pressure regions, the

same Fc factor used with the primary DNB correlation of the PWR fuel design will be used with the
WLOP DNB correlation. The original Tong factorW99' will be used for Westinghouse PWR fuel designs, as

it has been used with WRB-1(9), WRB-2T0 ° and WRB-2M2(4 ) (e.g., the Tong factor for the WRB-1

correlation in Reference 9) will be used with WLOP correlation. The optimized Fc factor from the

ABB-NV correlation(4) will continue to be used for CE PWR fuel designs, as it has been used with
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ABB-NV, ABB-TV(4) and WSSV().
a, C

The data range of the WLOP grid spacing term [ c ,' is between 27 and 95. For some

Westinghouse PWR fuel designs, the maximum grid spacing term can reach 114. This is a slightly larger

value than the WLOP database, but the WLOP grid spacer term is essentially 1.0 above the value of 70,

consistent with experimental observations of NMV grid performance with large grid spacing. Since

WLOP predictions show no trend with respect to grid spacing and are not affected by a change in the grid

spacing term from 95 to 115, the correlation can be applied to the maximum [ a, c less

than 115. The minimum grid spacing will be maintained to greater than 27.

Similar to the ABB-NV correlation, WLOP provides conservative DNBR predictions at low local quality

conditions. While maintaining the upper quality limit of the DNB correlation, a lower quality limit is not

needed for the correlation application consistent with the correlation use in data analysis. Additional

conservatism is added to the WLOP application by maintaining the minimum heated length of the

correlation to 48 inches in Table 5.3-6, regardless the actual length below the first MV grid.

The WLOP applicable range is summarized in Table 6.2-1. The correlation will be used with the

Westinghouse version of the VIPRE code and is in full compliance with the conditions of the Safety

Evaluation Report (SER) on the VIPRE code and modeling(2). Specifically,

1. The 95/95 WLOP DNBR limit is 1.18 in the parameter range defined in Table 6.2-1.

2. Selection of the appropriate DNB correlation, DNBR limit, engineering hot channel factors for
enthalpy rise and other fuel-dependent parameters for a specific plant will still be justified for
each application..

3. WLOP will be used as a supplement to the primary DNB correlation for predicting DNBR margin
under low pressure conditions.

Table 6.2-1

Applicable Range of WLOP CHF Correlation

Parameter Applicable Range

Pressure (psia) 185** to 1800
Local Coolant Quality < 0.75
Local Mass velocity (Mlb/hr-ft2 ) 0.23 to 3.07
Matrix Heated Hydraulic Diameter, Dhm (inches) 0.4635 to 0.5334
Heated Hydraulic Diameter Ratio, [ a'C 0.679 to 1.00
Heated Length, HL (inches) 48* to 168
Grid Spacing Term 27 to 115

* Set as minimum HL value, applied at all elevations below 48 inches

**" See justification in LTR-NRC-07-49 response to RAI 6.
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7.0 Conclusions

The following conclusions and restrictions apply for the application of ABB-NV to the heated length

below the first MV grid and the application of the WLOP correlation:

1. Analysis of supplemental non-mixing grid data with rod diameters of 0.36 and 0.374 inches

demonstrate the applicability of the ABB-NV correlation to the Westinghouse PWR fuel designs

in the heated length below the first mixing grid.

2. Analysis of the supplemental data indicate the data are poolable with the original data and the

approved DNBR limit of 1.13 for the ABB-NV correlation for CE-PWR applications is

maintained for the Westinghouse PWR applications within the parameter range in Table 6.1-1.

3. Analysis of the modified ABB-NV correlation (WLOP) for low pressure and low flow conditions

and the source and validation data indicates that a minimum DNBR limit of 1.18 for the WLOP

correlation will provide a 95% probability with 95% confidence of not experiencing CHF on a

rod showing the limiting value.

4. The WLOP correlation with the 95/95 DNBR limit of 1.18 can be applied to the low pressure

conditions within the parameter range in Table 6.2-1, similar to the W-3 application for

Westinghouse PWR and to the MacBeth application for CE PWR plants.

5. The ABB-NV correlation for Westinghouse PWR applications and the WLOP correlation must be

used in conjunction with the Westinghouse version of the VIPRE-01 (VIPRE) code since the

correlations were justified and developed based on VIPRE and the associated VIPRE modeling

specifications.

6. The ABB-NV correlation and the WLOP correlation must use the same Fc factor for power shape

correction as used in the primary DNB correlation for a specific fuel design.

7. Selection of the appropriate DNB correlation, DNBR limit, engineering hot channel factors for

enthalpy rise and other fuel-dependent parameters for a specific plant will be justified for each

application.
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Appendix A

ABB-NV Correlation Extension Qualification Database

A detailed summary of the supplemental qualification database for application of ABB-NV for the non-mixing

vane region in Westinghouse PWR is shown in Table A-1. The table in this appendix summarizes the raw data

from the C-IF tests, the test geometry information needed for the correlation application, the local coolant

conditions at the MDNBR location taken from the VIPRE runs. It is noted that the original VIPRE database used

in the analysis is documented in Reference 3. The tabulation presented here gives the data from all CHF

experiments identified as Tests 190 and 175 described in Table 2-1. Nomenclature for heading abbreviations in

Appendix A are defined below:

TS = Test Section Number
TD = Test Section Type (UM is Uniform Shape without Guide Thimble, UT is Uniform Shape with

Guide Tube)
Press = Test Section Pressure (psia)
Tin = Test Section Inlet Temperature (1F)
Gavg = Average Test Section Mass Velocity (Mlbm/hr-ft2 )
Qavg = Test Section Critical Bundle Average Heat Flux (MBtu/hr-ft2 )
DROD = Primary DNB Rod Thermocouple Number
DCH = VIPREW Subchannel Number Where Local Coolant Conditions are Selected
GL = Local Mass Velocity in CIF Channel (Mlbm/hr-ft2 )
XL = Local Quality in C-IF Channel
CI-Fm = Measured CHF (MBtu/hr-ft2 )
F, = Non-uniform Shape Factor = 1.00 for Uniform Axial Power Shape
GS = Nominal Ia, C Grid Spacing from I ] a c (in)
HL = Heated Length to CHF Site (in)
DG = Distance from [ ] 'C of Grid to Cl-IF Site (in)
De = Wetted Hydraulic Diameter of CHF Channel (in)
Dh = Heated Hydraulic Diameter of CHF Channel (in)
Dhm = Heated Hydraulic Diameter of Matrix Channel (in)
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Table A-1

ABB-NV Correlation Extension Qualification Database

TS ID Run Press. Tin Gavg Qavg DROD DCHI GL XL CHFm FC GS HL DG De Dh Dhim a b, c
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Table A-1 (Cont.)

ABB-NV Correlation Extension Qualification Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFni FC GS BIL DG De Dh Dhm a, b, c
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Table A-1 (Cont.)

ABB-NV Correlation Extension Qualification Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFin FC GS HIL DG De Dh Dhm a, b, c
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Table A-1 (Cont.)

ABB-NV Correlation Extension Qualification Database

Tin Gavg Qavg DROD DCH GL XL CHFni FC GSTS TD Run Press. HIL DG De Dh Dhm a, b, c
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Table A-1 (Cont.)

ABB-NV Correlation Extension Qualification Database

Qavg DROD DCH GL XL CHFm FC GSTS TD Run Press. Tin Gavg HI, DG De Dh Dhin a, b, c
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Table A-1 (Cont.)

ABB-NV Correlation Extension Qualification Database

Tin Gavg Qavg DROD DCH GL XL CHFm FC GSTS TD Run Press. BL DG De Dh Dhm
a, b, c
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Table A-1 (Cont.)

ABB-NV Correlation Extension Qualification Database

Qavg DROD DCH GL XL CHFm FC GSTS TD Run Press. Tin Gavg HIL DG De Dh Dhm a, b, c
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Table A-1 (Cont.)

ABB-NV Correlation Extension Qualification Database

Tin Gavg Qavg DROD DCH GL XL CHFm FC GSTS TD Run Press. HIL DG De Dh Dhmn a, b, c
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Appendix B

ABB-NV Correlation Extension Qualification Test VIPRE Statistical Output

A detailed summary of the statistical output of the ABB-NV correlation Qualification Tests is given in Table B-1.

The detailed statistical output for the original test data are given in Reference 3. For each test run in Table B-i,

the values for the correlation variables, the measured CHF and ABB-NV predicted CHF with the VIPRE code are

given, along with the value for the M/P CHF ratio. The individual test section, database, Subset, and overall

statistics are given at the end of the output in Table B-1 for all tests including the original test data documented in

Reference 3. Nomenclature for heading abbreviations in Appendix B are defined below:

TS = Test Section Number
TD = Test Section Type (UM is Uniform Shape without Guide Thimble, UT is Uniform Shape with

Guide Thimble)
Press = Test Section Pressure (psia)
GL = Local Mass Velocity in CHF Channel (Mlbm/hr-ft2 )
XL = Local Quality in CHF Channel
F, = Non-uniform Shape Factor = 1.00 for Uniform Axial Power Shape
GS = [ ] " c Nominal Grid Spacing, I ] 'C (in)
HL = Heated Length to CHF Site (in)
DG = Distance from [ ] "' of Grid to CHF Site (in)
De = Hydraulic Diameter of.CHF Channel (in)
Dh = Heated Hydraulic Diameter of Cl-IF Channel (in)
Dhm = Heated Hydraulic Diameter of Matrix Channel (in)
CHFm = Measured CHIF (MVIBtu/hr-ft)
CHFp = ABB-NV Predicted CHF divided by Fc, (MBtu/hr-ft 2)
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Table B-I

Statistical Output of ABB-NV Extension Qualification VIPRE Database

TS TD Run Press. GL XL FC GS HI, DG De Dh Dhm CHFln CHIFp M/P-1 M/P a, b, c
--- -- -- --- -- -- --- -- -- -- -- --. -. -. -. - -- --- -- --- -- -- -- --- -- -- -- -- -- -- -. - .- . --- --- --- -- -- -- --- -- -- -- ---. - . . . . . . ..-.---- - --.-. .-.-- -- -- -- -- -- -- - --- - -- --.- ..- .- -- --- -- -
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Table B-i (Cont.)

Statistical Output of ABB-NV Extension Qualification VIPRE Database

TS TD Run Press. GL XL FC GS HL DG Dh Dhn GST CHFmn CHFp M/P-i M/P a, b, c
- -- - -- -- --- -- -- - -- --- -- -- -- --- -- -- --- -- -- --- -- -- ---- ----. -. - .- .- --- -- -- -- -- --- -- --- --- -- -- -- --. - .- .- -- -- -- -- --- -- --- -- -- -- --- -- -- -- -- -- -- --- -- -- --- -- -- -- --- -- --- -- -- -- -- -- --- -- -- -
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Table B-1 (Cont.).

Statistical Output of ABB-NV Extension Qualification VIPRE Database

TS TD Run Press. GL XL FC GS HL DG Dh Dhm GST CHFm CHFp MUP-1 M/P a, b, c
-- -- -- --- -- -- -- -- --- -- --- -- --- -- -- -- --- -- --- -- -- --- -- ---- - --- -- -- --- -- -- -- -- -- ---- -- -- -- -- -- -- --- --- - -- --- ---.-.-. -. - .- .- -- - ---- - --- -- --- - --- -- -- --- -- -- -- -- -- --- -- --- - .-. . .- I
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Table B-i (Cont.)

Statistical Output of ABB-NV Extension Qualification VIPRE Database

TS TD Run Press. GL XL FC GS HL DG Dh Dhmi GST CHFm CHFp M/P-1 M/P a, b, c
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Table B-1 (Cont.)

Statistical Output of ABB-NV Extension Qualification VIPRE Database

TS ID Run Press. GL XL FC GS HL DG Dli Dhrn GST CLI-Fm CHFp M/P-1 M/P a, b, c
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Table B-1 (Cont.)

Statistical Output of ABB-NV Extension Qualification VIPRE Database

XL FC GS HL DG Dh DhMn GST CHFm CHFp M/P-1 M/P a, b, c
- - -- - --. -. - --- - - -- -- - -- - -- - -- - -- -- - -- - -- - - -- - -- - -- -- -- - -- - - -- - -- - -- - -- - - -- -- - -- - -- - -- - -- - -- - --- - --- --. --. - - --- - - -- -- -- - -- -- - -- -- - - ---.. . . .

TS TD Run Press. GL
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Table B-1 (Cont.)

Statistical Output of ABB-NV Extension Qualification VIPRE Database

XL FC GS HL DG Dh Dhin GST CHI-m CHFp M/P-1TS TD Run Press. GL M/P a, b, C
-------------- - - ------------------------------------------------------------------------------------------------ - - - - - ------------------------------------------------
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Table B-1 (Cont.)

Statistical Output of ABB-NV Extension Qualification VIPRE Database

Original Database Plus Qualification Database - Excludes Tests 60 and 66
a, b, c
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Table B-1 Continued

Statistical Output of ABB-NV Extension Qualification VIPRE Database

a, b, c
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WLOP VIPRE Database
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Appendix C

WLOP VIPRE Database

A detailed summary of the WLOP Correlation Database is shown in Table C-1 and the Validation Database is

shown in Table C-2. The tables in this appendix summarize the raw data from Columbia data files, the test

geometry information needed for the correlation development, the predicted local coolant conditions taken from

the VIPRE runs. The tabulation presented here gives the data from all CHF experiments with test sections

described in Table 2-2. Repeat runs in the correlation database, runs with only cold rods indicating DNB and

outlier points from Section 4, identified in bold Italics, were eliminated in the con-elation codes along with points

outside the correlation parameter limits. Nomenclature for heading abbreviations is defined below:

TS = Test Section Number
TD = Test Section Type (UM is Uniform Shape without Guide Thimble, UT is Uniform Shape with

Guide Tube)
Press = Test Section Pressure (psia)
Tin. = Test Section Inlet Temperature (OF)
Gavg = Average Test Section Mass Velocity (Mlbm/hr-9)
Qavg = Test Section Critical Bundle Average Heat Flux (MBtu/hr-ft2 )
DROD = Primary DNB Rod Thermocouple Number
DCH = VIPREW Subchannel Number Where Local Coolant Conditions are Selected
GL = Local Mass Velocity in CIF Channel (Mlbm/hr-ft2 )
XL = Local Quality in CHIF Channel
CHFm = Measured CHF (MBtu/hr-ft2)
F, = Non-uniform Shape Factor = 1.00 for Uniform Axial Power Shape
GS = I ] .' of Grid (in)
HL = Heated Length to CHF Site (in)
DG = Distance from [ ] "' to CHF Site (in)
De = Wetted Hydraulic Diameter of Cl-F Channel (in)
Dh = Heated Hydraulic Diameter of CHF Channel (in)
Dhm = Heated Hydraulic Diameter of Matrix Channel (in)
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Table C-1

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg. DROD DCH GL XL CHFm FC GS HL DG De Dh Dhm
--- -- --- -- -- -- --- -- --- -- -- -- -- --- --- -- --.-. -- --- -.I.- . -- -- --- - --- --- -- -- -- - .- .- .- - --- - --- --- - --- -- --- --- -- -- -- -- -- --- ----- - ---- -- -- -- -- --- -- --- -- -- -- -- ---- - -- -- ---

a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-

XL CHFin FC GS BIL
--. . -- -- -- ---.-.-. - -- -- --- -- -- --- - -. . .

DG De Dh Dhm a, b, c
.......................................
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS BL DG De Dh Dhm a,b,c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press.
-.-.---------------------------

Tin Gavg Qavg DROD DCH GL XL CHFni FC GS
-----------------------------------.

IlL DG De Dh Dhm ab,c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press.
-..----------------------------

lTin Gavg Qavg DROD DCH- GL XL CHFm FC GS H-L DG De Dh Dhrn a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-

*XL CHFm FC GS
--- -- --- -- -- -- --- -- ---. - .- .- - -- --

IL DG De Dh Dhm a,b,c
--------------.-. 

------------------------------.
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS 1FL DG De Dh
-- --- -- - -.I.- .- - -- --- - -- --- .- - .- - -- -- -- -- --- -- --

Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFrn FC GS HIL DG De Dh Dhni a, b, c

I7
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS
- -- -- --- -- -- --- -- --- -- -- --- -- ---. . -- -- -- ---

IHL DG De
-- -- -- --- -- --- -. - .- .- - -- -- -- -

Dh Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL
- -- --- --. - .- .- -- -- - -- -- --- -- -- -- --- -- --- -- -- -- --- -

XL CHFm FC GS
................................

HiL DG De
-- - --- - --- - --- -. - . - -- -- --

Dh Dhm a, b, c
------------------- 7---
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFmn FC GS HL DG De Dh Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFin FC GS BLL DG De Dh Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TSTD Run Press' Tin Gavg Qavg DROD DCH GL XL CHFrn FC GS HL DG De Dh Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFmn FC GS IlL DG De Dh Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS ILL DG De Dh Dihm a, b, c
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Table C-I (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS IHL DG De Dh Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

a, b, cTS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFin FC GS HIL DG De Dh Dhin
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFn FC GS HL DG De Dh Dhmn
a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

Tin Gavg Qavg DROD DCH GL XL CHFm FC GSTS TD Run Press. HL DG De Dh Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS HL DG De Dh Dhm a, b, c

I
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Table C-1 (Cont.)

WLOP Correlation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS HL DG De Dh Dhm a. b, c
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Table C-1 (Cont.)

WVLOP Correlation Database

Tin Gavg Qavg DROD DCH GL XL CHFm FC GSTSTD Run Press. HL DG De Dh Dhm a, b, c
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Table C-1 (Cont.)

WLOP Correlation Database

TS ID Run Press. Tin Gavg Qavg DROD DCH GL XL CHFni FC GS HL DG
. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . .. .-.. .- -- -- ---.. . . ... . --.. . .. . . . . . . . . . . . . . .

De Dh Dhm a, b, c
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Table C-2

WLOP Validation Database

Tin Gavg Qavg DROD DCH GL XL CHFm FC GSTS TD Run Press. HL DG De Dh Dhin a, b, c
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Table C-2 (Cont.)

WLOP Validation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS HL DG De Dh Dhm a, b, c
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Table C-2 (Cont.)

WLOP Validation Database

Tin Gavg Qavg DROD DCH GL XL CI-Hin FC GSTS TD Run Press. HL DG De Dli Dhni a, b, c
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Table C-2 (Cont)

WLOP Validation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFmn FC GS HL DG De Dh Dhm a, b, c
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Table C-2 (Cont.)

WLOP Validation Database

Tin Gavg Qav'g DROD DCH GL XL CFmni FCTS TD Run Press. GS FIL DG De Dh Dhni a, b, c

Page C-29 of C-33
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Table C-2 (Cont.)

WLOP Validation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFni FC GS HL DG De Dh Dhm a, b, c
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Table C-2 (Cont.)

WLOP Validation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFm FC GS HL DG De Dh Dhm a, b, c
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Table C-2 (Cont.)

WLOP Validation Database

TS TD Run Press. Tin Gavg Qavg DROD DCH GL XL CHFim FC GS HL DG De Dh Dhm a, b, c
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WLOP VIPRE Statistical Output
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Appendix D: WLOP VIIPRE Statistical Output

A detailed summary of the statistical output of the WLOP correlation is given in Table D-1. For each test run in

Table D-1, the values for the correlation variables, the measured CHF and WLOP predicted CHF with the VIPRE

code are given, along with the value for the M/P CHF ratio. The repeat test runs and any test runs with variables

outside the correlation parameter range are removed from Table D-1. The individual test section, database,

Subset, and overall statistics are given at the end of the output in Table D-1. Nomenclatures for table heading

abbreviations are given below:

TS = Test Section Number
TD = Test Section Type (UM is Uniform Shape without Guide Thimble, UT is Uniform Shape with

Guide Thimble)
Press = Test Section Pressure (psia)
GL = Local Mass Velocity in Cl-IF Channel (Mlbm/hr-ft)
XL = Local Quality in CHF Channel
F, = Non-uniform Shape Factor = 1.00 for Uniform Axial Power Shape
GS = of Grid (in)
HL = Heated Length to CHF Site (in)
DG = Distance from [ I "'c to CHF Site (in)
De = Hydraulic Diameter of CHF Channel (in)
Dh = Heated Hydraulic Diameter of CHF Channel (in)
Dhm = Heated Hydraulic Diameter of Matrix Channel (in)
CHIFm = Measured CHF (MBtu/hr-fi2)
CHIFp = WLOP Predicted CHIF divided by Fc, (MBtu/hr-fi2)
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Table D-1

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS HIL DG Dli Dhm GST CHFm CHIFp M/P-1 MJP a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

XL FC GS HIL DG Dh Diun GST CHFm CHFp MIP-1 MJP a, b, cTS TD Run Press. GL
------------------------------------------------ - - ------------------------------------------- - ---------------------------------------------- I -- - -------- -
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Table D-1 (Cont.)

Statistical Output of WLOP. Correlation VIPRE Database

GL XL FC GS IlL DG Dhi Dhm GST CHFrn CILFp M/P-1TS TD Run Press. M/P a, b, c
------------------------------------------------ -- -------------------------------------------------------------------------------------------- ------------
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

GL XL FC GS BL DG Dh Dhm GST CHFm CHIFp M/P-1TS TD Run Press. M/P a, b, c
---------------------------------------------- ------------------------------------------------------------------------------------------ ------------ m
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS ILL DG Dh Dhm GST CHFm CH-Fp MIP-1 M/P a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS BL DG Dli Dhm GST CHFin CHFp M/P-1 M/P a, b, c
- . .-- --- -- -- ---- -- -- -- -- --- -- -- -- -- --- -- -- - - ---- --.-.-.-.-. .--- -- -- -- --- -- -- - -- -- -- -- -- -- -- -- -- -- -- - --- -- -- -- - -- -- -- -- -- --- --- -- -- -- -- --- -- -- -- - -.-- - -- --. . . -- --- -. . .. .. .. .
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS UL DG Dh Dhm GST CHFm CHFp M/P-1 MJP a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press.
...............................

GL XL FC GS TIL
- -- - - -- -- - -- -. . . .--- -- -- - - -- - -- - -- - -- - - -- - -- - - -- -- - --

DG Dli Dhii GST CHFin CIIFp
-- - - -- - -- - -- - -- - -- - -- - --- -- - - -- - --.. . . I. - --- - -- -. . .

M/P-1 MJP a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

GL XL FC GS HI, DG Dh Dhm GST CHFrn CI-IFp M/P-1TS TD Run Press. M/P a, b, c
- -- -- --- -- --- -- --- -- -- -- -- --- -- -- --- -- -- -- -- -- -- - --- -- -- --- -- -- ---- - --- -- -- --- -- --- - --- -- -- - -- -- - - - - - --- -- -- --- -- -- -- --- -- -- --- -- -- --- -
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

GL XL FC GS HIL DG Dh Dhm GST CHFm CBFp M/P-lTS TD Run Press. M/P a, b,gc
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS IlL DG Dh Dhin GST CHFm CJFp M/P-1 MJP a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database'

TS TD Run Press. GL XL FC GS BL DG Dh Dlim GST CHFm CHFp M/P-1 M/P a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS HL DG Dh Dhm GST CHFm CHIFp M/P-1 M/P a, b, c
------------------------------------------------ - - - ---------------------------------------------------- ---------------------------------------- ---------------
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS BL DG Dh DhMin GST CHFni CHFp M/P-1 MJP a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS HL DG. Dh Dhmn GST CHFin CHFp MIP-1 M/P a, b, c
-- --- -- -- --- -- -- --- -- -- -- -- --- --- -- -- -- --- -- --- -- -- --- -- --- -- - - --- -- ---. . . ..-.-- - -- - - .-- -- -. .-.-- --- -- - -- --- -- --- --- --.-.-- - --- -.-. . ..-- - -- -- --. ..-- -- -- -- -. .-- - - ... . . . . ... . . .
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS HIL DG Dh Dhm GST CLI-lm CHFp M/P-1 M!P a, b, c
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .. ... ... . ... . . . . . . . . .. . . . . . . .. .. . . . . . . . .. .. . . . . . . . . . . . . . ..... . ... . . . . .
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS NIL DG Dli Dhin GST CHBm CHFp MIP-1 MP a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

XL FC GS IlL DG Dh Dhli GST CiFmn CHFp M/P-1 M/P a, b, cTS TD Run Press. GL
------------------------------------------------------------------------ - - --------------------------------------- I -------------------------------------- -



WCAP-15306-NP-A Addendum 2-NP-A

Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

GL XL FC GS HIL DG Dli Dhm GST CFIm CHFp M[P-1TS TD Run Press. M/P a, b, c
- --- -- --- -- --- -- -- --- -- -- --- -- --- -- - ----- - --- --- -- -- --- -- --- -- -- --- -- --- -- --- -- -- --- -- -- -- -- -- -- -- --- -- --- -- ----- ----- ---- -- -- -- --- -- -- -- -- -- --- -- -- --- -- -- -- -- --- -- -- -- -- -- ----- - --
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS NIL DG Dli Dhm GST CHFin CH-Fp M/P-i M/P a, b, c
-.. - - - - - - - - - - - - - - - - - - - - - ---- . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . .. . . . . . . . . . . . . .. . .. .. . .. ... .. . .. . .. . . . . ..--. . . . . . .. .. . .. .. . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . ..-.-- - -.
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

GL XL FC GS HIL DG Dl Dhmn GST CHFm CI-IFp MJP-1TS TD Run Press. M/P a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS IIL DG Dh DhMni GST CHFm CHFp M/P-1 MIP a, b, c
- ---- -- -- --- - --.- -.. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . .. . . . .. . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. .. . . . .. . . . . . . . . .
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS BIL DG Dh DlMn GST CHFin CHFp M/P-1 M/P a, b, c
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Table D-1 (Cont.)

Statistical Output of WNGF-SSV Correlation VIPRE Database

TS TD Run Press. GL XL FC GS HIL DG Dh Dhrn GST CHFm CHIFp M/P-1 M/P a, b, c
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Table D-1 (Cont.)

Statistical Output of WNGF-SSV Correlation VIIPRE Database

TS TD Run Press. GL XL FC GS IHL DG Dh Dhlin GST CHiFm CHFp MIP-l MJP a, b, c
-----------------------------------------------..................................------------------------------------------------------------------------------------------------.
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Table D-1 (Cont.)

Statistical Output of WNGF-SSV Correlation VIPRE Database

TS TD Run Press. GL XL FC GS TL DG Dh DhMn GST CHFm CHFp MJP-1 M/P a, b, c
--- -- -- --- -- -- --- -- -- --- -- -- --- -- -- --- -- -- --- -- -- --- -- -- --- -- -- -- -- --- . . . . . ..-.-.-- -- --- -- -- --- -- -- -- -- -- --- -- -- --- --- -- --- - -- --- -- -- ---- - -.-- -- -- -- -- -- --. . . . . . ... . ... . ... ...
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

TS TD Run Press. GL XL FC GS HL DG Dh Dhli GST CLIFm CHFp MIP-1 M/P a, b, c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------.
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

Correlation Database

a, b, c

Validation Database a, b, c
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Table D-1 (Cont.)

Statistical Output of WLOP Correlation VIPRE Database

Corn bined Database

I 11,11"

I ]a, c

I
I
I
I
V

a, b, c

a, b, c

Ia, b, c

Ia, b, c

I

I a, c

I j. c
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Appendix E

WLOP CHF Test Geometries
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Appendix E: WLOP CHF Test Geometries

The test section radial and axial geometries for the tests used in the development and validation of the WLOP
correlation not provided in Section 2.0 or Appendix E of Reference 4 are shown in Figures E-1 through E-20.

The geometry for the tests used in the ABB-NV correlation development are shown in Appendix E of Reference 4

and the geometry for Test 190 is shown in Section 2.0.
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Figure E-1

Radial Geometry - CHF Test Section 9

a, b, c
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Figure E-2

Axial Geometry - CHF Test Section 9

a, b, c
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Figure E-3

Radial Geometry - CHF Test Section 10

a, b, c
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Figure E-4

Axial Geometry - CHF Test Section 10

a, b, c
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Figure E-5

Radial Geometry - CHF Test Section 13

a, b, c



WCAP-1 5306-NP-A Addendum 2-NP-A

Page Intentionally Left Blank



WCAP-15306-NP-A Addendum 2-NP-A

Figure E-6

Axial Geometry - CHF Test Section 13

a, b, c
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Figure E-7

Radial Geometry - CHF Test Section 19

a, b, c
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Figure E-8

Axial Geometry - CHF Test Section 19

a, b, c
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Figure E-9

Radial Geometry - CHF Test Section 30

a, b, c
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Figure E-10

Axial Geometry - CHF Test Section 30

a, b, c
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Figure E-11

Radial Geometry - CHF Test Section 33

a, b, c
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Figure E-12

Axial Geometry - CHF Test Section 33

a, b, c
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Figure E-13

Radial Geometry - CHF Test Section 35

a, b, c
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Figure E-14

Axial Geometry - CHF Test Section 35

a b, c
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Figure E-15

Radial Geometry - CHF Test Section 37

a, b, c
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Figure E-16

Axial Geometry - CHF Test Section 37

a, b, c
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Figure E-17

Radial Geometry - CHF Test Section 39

a, b, c
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Figure E-18

Axial Geometry - CHF Test Section 39

a, b, c
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Figure E-19

Radial Geometry - CHF Test Section 42

a, b, c
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Figure E-20

Axial Geometry - CHF Test Section 42

a, b, c
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BW estinghouse Westinghouse Electric Company: . i :)::i : , .... Nuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-07-26
May 14,2007

Subject: Response to NRC's Request for Additional Inforimation by the Office Of Nuclear Reactor Regulation for
Topical Report (TR) WCAP-14565-P-A, Addendum 2, "Addendum 2 to WCAP-14565-P-A, Extended
Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for PWR Low
Pressure Applications" (TAC No. MD3184) (Proprietary/Non-proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary responses to NRC's Request for Additional Information for

"Addendum 2 to WCAP-14565-P-A, Extended Application of ABB-NV Correlation and Modified ABB-NV
Correlation WLOP for PWR Low Pressure Applications."

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-07-2280 (Non-proprietary) with Proprietary
Information Notice.

2. One (1) copy of Affidavit (Non-proprietary).

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In conformance with the
requirements of 10 CFR Section 2.390, as amended, of the Commission's regulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure and an affidavit. The affidavit sets forth the basis on
which the infornation identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-07-2280 and
should be addressed to B. F. Maurer, Acting Manager, Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very traly yours,

B. F. Maurer, Acting Manager
Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

A. Attard, NRR
J. Keiser, NRR
H. Cruz, NRR
J. Thompson, NRR
L. M. Feizollahi, NRR
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O~Westinghouse Westinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-4011
Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-07-2280
May 14, 2007

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-07-26 P-Enclosure, "Response to NRC's Request for Additional Information by the Office
Of Nuclear Reactor Regulation for Topical Report (TR) WCAP-14565-P-A, Addendum. 2,
'Addendum 2 to WCAP-14565-P-A, Extended Application of ABB-NV Correlation and Modified
ABB-NV Correlation WLOP for PWR Low Pressure Applications' " (TAC No. MD3184) (Proprietary)

Reference: Letter from B. F. Maurer to Document Control Desk, LTR-NRC-07-26, dated May 14, 2007

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (b)(1) of Section 2.390 of the Commission's regulations. It contains commercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-07-2280 accompanies this application for withholding,
setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-07-
2280 and should be addressed to B. F. Maurer, Acting Manager of Regulatory Compliance and Plant Licensing,
Westinghouse Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

B F Maurcr Actig Manager

Regulatory Compliance and Plant Licensing

Cc: A. Mendiola, NRR
A. Attard, NRR
P. Clifford, NRR
H. Cnuz, NRR
J. Thompson, NRR
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AW-07-2280

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared B. F. Maurer, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on behalf of Westinghouse Electric Company LLC

(Westinghouse) and that the averments of fact set forth in this Affidavit are true and correct to the best of his knowledge,

information, and belief.

B. F. Maurer, Acting Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribe

before me this _4,5 day

of r,2007.

Notary Public

COMMONWEALTH OF PENNSYLVANIA
Notarial Sea]

Sharon L. Markle,.Notary Public
Monroeville Boro, Allegheny County

My Commission Expires Jan. 29,2011
Member, Pennsylvania Association of Notaries
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(1) I am Acting Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the

proprietary information sought to be withheld from public disclosure in connection with nuclear power plant licensing

and rulemaking proceedings, and am authorized to apply for its withholding on behalf of Westinghouse.

(2) I am making this Affidavit in conformance with the provisions of 10 CFR Section 2-390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information as a

trade secret, privileged or as confidential commercial or financial informationr

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following is

furnished for consideration by the Commission in determining whether the information sought to be withheld from

public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in confidence by

Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily disclosed to

the public. Westinghouse has a rational basis for determining the types of information customarily held in

confidence by it and, in that connection, utilizes a system to determine when and whether to hold certain types

of information in confidence. The application of that system and the substance of that system constitutes

Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the release of

which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure, tool,

method, etc.) where prevention of its use by any of Westinghouse's competitors without license

from Westinghouse constitutes a competitive economic advantage over other companies.

(h) It consists of supporting data, including test data, relative to a process (or component, structure,

tool, method, etc.), the application of which data secures a competitive economic advantage, e.g.,

by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his competitive

position in the design manufacture, shipment, installation, assurance of quality, or licensing a

s1milar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial strategies

of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded development plans

and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system.which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive advantage over

its competitors. It is, therefore, withheld from disclosure to protect the Westinghouse competitive

position.

b) It is information which is marketable in many ways. The extent to which such information is

available to competitors diminishes the Westinghouse ability to sell products and services

involving the use of the information.

c) Use by our competitor would put Westinghouse at a competitive disadvantage by reducing his
expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive advantage is

potentially as valuable as the total competitive advantage. If competitors acquire components of

proprietary information, any one component may be the key to the entire puzzle, thereby depriving

Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in the world

market, and thereby give a market advantage to the competition of those countries.

(f) The Westinghouse capacity to invest corporate assets in research and development depends upon

the success in obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in confidence and, under the provisions of 10 CFR

Section 2.390, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available information has not been

previously employed in the same original manner or method to the best of our knowledge and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately marked

LTR-NRC-07-26 P-Enclosure, "Response to NRC's Request for Additional Information by the Office Of

Nuclear Reactor Regulation for Topical Report (TR) WCAP-1 4565-P-A, 'Addendum 2, Addendum 2 to

WCAP-1 4565-P-A, Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation

WLOP for PWR Low Pressure Applications' "(TAC No. MD3184) (Proprietary), for submittal to the

Commission, being transmitted by Westinghouse letter (LTR-NRC-07-26) and Application for Withholding

Proprietary Information from Public Disclosure, to the Document Control Desk. The proprietary information

as submitted by Westinghouse Electric Company is responses to NRC's Request for Additional Information.

This information is part of that which will enable Westinghouse to:

(a) Demonstrate the acceptability of the Correlation Extension and the new Low Pressure/Low Flow

Extension.

(b) Assist customers in implementing an improved fuel product.

Further this information has substantial commercial value as follows:

(a) Westinghouse can use correlation to further enhance their licensing position over their

competitors.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive position

of Westinghouse because it would enhance the ability of competitors to provide similar fuel design and

licensing defense services for commercial power reactors without commensurate expenses. Also, public

disclosure of the information would enable others to use the information to meet NRC requirements for

licensing documentation without purchasing the right to use the information.

The development of the technology described in part by the information is the result of applying the results of

many years of experience in an intensive Westinghouse effort and the expenditure of a considerable sun of

Ill oney.

In order for competitors of Westinghouse to duplicate this information, similar technical progams would have

to be perfonned and a significant manpower effort, having the requisite talent and experience, would have to

be expended for developing the enclosed improved core thermal performance methodology.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in connection with

requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection of

proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions is contained

within brackets, and where the proprietary information has been deleted in the non-proprietary versions, only the brackets

remain (the information that was, contained within the brackets in the proprietary versions having been deleted). The

justification for claiming the information so designated as proprietary is indicated in both versions by means of lower case

letters (a) through (f) located as a superscript immediately following the brackets enclosing each item of information being

identified as proprietary or in the margin opposite such information. These lower case letters refer to the types of information

Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit

accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the number of

copies of the infornation contained in these reports which are necessary for its internal use in connection with generic and

plant-specific reviews and approvals as well as the issuance, denial, amendment, transfer, renewal, modification, suspension,

revocation, or violation of a license, pennit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding

restrictions on public disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright

protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is pennitted to make the

number of copies beyond those necessary for its internal use which are necessary in order to have one copy available for

public viewing in the appropriate docket files in the public document room in Washington, DC and in local public document

rooms as may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies

made by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified as

proprietary.
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Response to NRC's Request for Additional Information by
the Office Of Nuclear Reactor Regulation for

Topical Report (TR) WCAP-14565-P-A, Addendum 2,
"Addendum 2 to WCAP-14565-P-A, Extended Application
of ABB-NV Correlation and Modified ABB-NV Correlation

WLOP for PWR Low Pressure Applications"
(TAC No. MD3184) (Non-Proprietary)

Westinghouse Electric Company
P.O. Box 355

Pittsburgh. Pennsylvania 15230-0355

© 2007 Westinghouse Electric Company LLC
All Rights Resen, ed
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Response to NRC's Request for Additional Information
by the Office Of Nuclear Reactor Regulation for

Topical Report (TR) WCAP-14565-P-A, Addendum 2,
"Addendum 2 to WCAP-14565-P-A, Extended Application of ABB-NV Correlation
and Modified ABB-NV Correlation WLOP for PWR Low Pressure Applications"

(TAC No. MD3184) (Non-Proprietary)

RAI #1: Please define the 're-evaluation' referred to in section 2.0 (page 3 of 118) of the WCAP. Specifically
what criteria were used to evaluate which CHF data would and would not be used for development of
the WLOP correlation?

Response:

To determine the database for the WLOP correlation, the

Reference:

1. CENPD-387-P-A, Rev.00, "ABB Critical Heat Flux CorTelations for PWR Fuel," May 2000.
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RAI #2: Tests 190 and 175 were examined to provide a data base for the ABB-NV with rods of diameters not
originally considered in the ABB-NV correlation. The database for WLOP (Table 2-2 on page 6 of
118) contains no test points with rod diameters of 0.360 inches. Will the WLOP correlation be used
for Westinghouse fuel of this size? If so please justify the use of the WLOP correlation.

Response:

The WLOP correlation was developed with a large geometric range. The primary geometric parameters that
determine applicability for a fuel design with different rod diameter are the matrix channel heated hydraulic
diameter, Dhm, and the heated hydraulic diameter ratio, [ ] C From Table 6.2-1, the correlation range
for these parameters is:

Parameter Applicable Range

Matrix Heated Hydraulic Diameter, Dhm (inches) 0.4635 to 0.5334

Heated Hydraulic Diameter Ratio, [ 2 2'C 0.679 to 1.00

The Westinghouse fuel with a rod diameter of 0.360 inches has heated hydraulic diameter geometry that falls
within the applicable range of the WLOP correlation. The matrix heated hydraulic diameter is 0.510 inches and
the heated hydraulic diameter ratio is [ ] , b, C. Since the fuel design falls within the applicable geometry
range, the WLOP correlation will be used for Westinghouse fuel of this size. The application of the ABB-NV
correlation to the CHF test data from Tests 190.and 175 demonstrates a correlation is applicable for fuel designs
that have a different rod diameter and have heated hydraulic diameter geometries within the correlation geometric
range.

RAI #3: Section 4.2 describes the ABB-NV correlation (page 31 of 118). Some of the inputs to this correlation
are based on the location of CHF, while it is the equation itself which outputs the CHF. How do you

know the location of C-IF before you solve for it?

Response:

The location of CHF or minimum DNB ratio (MDNBR) is not known without calculating DNBR for the entire
length of the bundle using a correlation and a thermal hydraulic subehannel code. For each test in the ABB-NV
correlation database, a subchannel code (TORC and/or VIPRE) model of the geometry is used to compute the
local flow conditions at each axial node in the bundle. At each axial node, ABB-NV DNBR is computed with the
input of the distance from the beginning of the heated length (IHL) and the distance from the leading edge of the
upstream grid (DG). The correlation database includes tests with different heated lengths and grid spacing to
provide a form and coefficients that computes the correct CHF over the range of the correlation parameters. The
location of Cl-IF or the location of the MDNBR is then determined by as the axial node having the lowest DNBR.

t-l 144: Please describe the phenomena behind figure 4-1. In other words. wiihy is pressure responding the
way it is?

Response:

I I a,,b,C shown in Figure 4-1 of the topical report is a well
known phenomenon and has been observed by others in the industry. Section 10.6.3.2 of Reference 1 provides a
summary of the previous investigations. It is generally understood that the pressure influence on CHF is related
to the fluid properties. In the low pressure tests, C-I-F as a function of pressure curve rises with increasing
pressure, passes through a maximum, and then drops off. Depending on the Prandtl number, the maximum point
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is between 500 and 1000 psia, consistent with [ ] shown in Figure
4-1 of the topical report.

Reference:

1. Y. Y. Hsu and R. W. Graham, "Transport Processes in Boiling and Two-Phase Systems Including Near-
Critical Fluids," American Nuclear Society, 1986, pp. 311-312.

RAI #5: Also, Figures 4-2 through 4-5, do not include M/P behavior for 1 7x1 7fuel. Does that mean that the
WLOP correlation will not be used for this fuel type?

Response:

Figures 4-2 and 4-3 are trend plots generated with the correlation database used to demonstrate the need for
additional terms, relative to the existing ABB-NV correlation form, to correctly predict CHF at the low pressure
conditions. These form changes are described in sections 4.2.1 and 4.2.2. The 17x17 data for the fuel geometry
with no vane (Test 190) is part of the validation database. These data are included in the final correlation trend
plots in Chapter 5 and are included in the evaluation of the DNBR 95 limit. Mixing vane data with 17x17 fuel
geometry with and without intermediate flow mixers (IFMs) are included in Table 4-5. The data without IFMs
are shown in Figures 4-4 and 4-5. Based on the data from Test 190 and the vI-V data shown in Table 4-5, the
WLOP correlation is applicable for the 17x17 fuel and WLOP will be used for this fuel design.

RAI #6: Figure 4-4 shows the effect of pressure on MiP ratio for MV data on the WLOP correlation. The
lowest pressure for which data has been taken is much higher than requested range of the
correlation. Also, there appears to be a trend which suggests that the AiP ratio will continue
dropping off at the lower pressures between the low end of the correlation and the lower pressure
data points (assuming this trend holds, which may not be). Please provide additional information
justifying the use of the WLOP correlation in this region.

Response:

Figure 4-4 shows that the WLOP correlation provides accurate predictions of the low pressure MV data from
different rod bundles, even though those data were not included into its database. The available data at the
pressure of 750 psia were obtained from the rod bundle test 164 in Reference 1 that simulated a Westinghouse
17x17 fuel design with mixing vane (MV) grids.

For further confirmation of the WLOP applicability, additional low pressure data with MV grids from Test 165 of
Reference 1 were evaluated with the WLOP correlation. Test 165 is another rod bundle test with MV grids for
the Westinghouse 17x17 fuel design. The M/P results are shown in the attached table and are added to the VU/P
versus pressure plot in Figure 4-4. The WLOP MP ratios are conservative for the low pressure MV data. The
MV data analysis shows that the WLOP 95/95 DNBR limit of 1.18 in Section 6.2 of the topical report bounds
both MIIV and NTMV test data.
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MV Test 165 (EPRI NP-2609)
Run Pressure Temperature Average Flow Ave. Power WLOP

(psia) (OF) (Mlbm/hr-ftf) (MBtu/hr-ft2 ) M/P -a, b. c

Reference:

1. C. F. Fighetti and D. G. Reddy, "Parametric Study of CHF Data," EPRI NP-2609, Volume 3 Part 1, 1982,
pp. 758-762.

Additional MV Data Added to Figure 4-4
-- a, b, c
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RAI 47: In table 5.2-5, the standard deviation from subset I does not agree with the standard deviation from
subset I given in section 5.2. Also using the equation given in 5.1.4.1 to calculate DNBR95 results in
a different answer than that given in table 5.2-5. Please provide an explanation.

Response:

The correct value for Table 5.2-5 is [
will be corrected in the final approved report.

a, b, c,the same as given in section 5.2. The value in Table 5.2-5
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Section D
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W estinghouse Westinghouse Electric Company
Nuclear Services
P.O. Box 35S
Pittsburgh, Pennsylvania 1 5230-0355
USA

U.S. Nuclear Regulatory Conmission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 c-mail: grcshai'@.westinghouse.com

Our ref: L'I R-NRC-07-49
September 14, 2007

Subject: Response to NRC's Request for Additional ]nfonuation By the Office Of.Nuclear Reactor Regulation for
Topical Report WCAP-14565-P-A Addendum 2, "Addendum 2 to WCAP-14565-P-A Extended
Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for PWPR Low
Pr-essurc Applications" (TAC No. M 1)3184) (Proprietary/Non-proprietary)

Enclosed are copies of the Proprietary and Non-Proprietary response to NRC's Request for Additional Intbnnation By
the Office Of Nuclear Reactor Regulation for Topical Report WCAP-14565-P-A Addendum 2. "Addendum 2 to
WCAP-14565-P-A Extended Application of ABB-NV Correlation and Modified A BB-NV Correlation WLOP for
PWR Low Pressure Applications."

Also enclosed is:

I. One (1) copy of the Application for Withholding, AW-07-2330 (Non-proprietary) wi th Proprietary
Intorniation Notice-

2_ One (1) copy of Affidavit (Non-proprietary).

This submittal, contains proprietary inf.nnation of Westinghouse Electric Company, LI..C. In conformance with the
requirements of 10 CFR Section 2.390, as amcndcd, of the Commission's rcgulations, we are enclosing with this
submittal an Application for Withholding from Public Disclosure arnd an affidavit. The affidavit sets forth the basis on
which the infonrmation identified as proprietary may be withheld from public disclosure by th-e Cormnission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-07-2330 and
should be addressed it) J. A. Gresbani, Manager, Recgulatory Compliance and Plant Licensing, Weestinighouse Electric
Company L..LC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very lruly ours,
; /j

"A. Gresham, NManager
Regulatory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

A. Attard, NRR
I. Thompson, .N RR
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W estinghouse Westinghouse Electric Company
Nuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-4011
Washington, DC 20555 e-mail; greshaja@westinghouse.com

Our ref: AW-07-2330
September 14, 2007

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-07-49 P-Attachment, "Response to NRC's Request for Additional Information By the Office Of
Nuclear Reactor Regulation for Topical Report WCAP-14565-P-A Addendum 2, 'Addendum 2 to WCAP-
14565-P-A Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP
for PWR Low Pressure Applications' (TAC No. MD3184) (Proprietary)"

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-07-49, dated September 14, 2007

The application for withholding is submitted by Westinghouse Electric Company LLC (Westinghouse) pursuant to the
provisions of paragraph (bXI) of Section 2.390 of the Commission's regulations. It contains commercial strategic

information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of the subject
report. In conformance with 10 CFR Section 2.390, Affidavit AW-07-2330 accompanies this application for withholding,
setting forth the basis on which the identified proprietary information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse be withheld
from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should reference AW-07-
2330 and should be addressed to J- A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,,

,-t ' 2•-'i•jiA4•

:J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Cc: A. Mendiola, NRR
A. Attard, NRR
J. Thompson, NRR
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AW-07-2330

AFFIDAVIT

COMMONWEALTIH OF PENNSYLVANIA:

55

C.OUNTY OF ALLEGHENY:

Befoire me, the undersigned authority, personally appeaned J. A. Gresham, who, being by me duly sworn according

to law, deposes and says that he is authorized to execute this Affidavit on bchalf of Westinghouse Electric Company LLC

(Westinghouse) and that the avermncls of fact set forth in this Affidavit are LI-ue and correct to the best of his knowledge,

information, and belief:

f'i A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed

before me this day

of , 2007.

"Notary Public

COMMONWEALTH OF PENNSYLVANIA

tNo~aral Seal
Margaret L GoninD, Notary Public

Monroeville ,oro, A•flgheny Courlnty
Mv Commission -Exs re5 Jai. 3, 2010

Member. Pennsylvania As-odtiatonr nf Notaries
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(1) I am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse Electric Company

LLC (Westinghouse) and as such, I have been specifically delegated the function of reviewing the proprietary

information sought to be withheld from public disclosure in connection with nuclear power plant licensing and

rulemaking proceedings, and am authorized to apply for its withholding on behalf of Westinghouse.

(2) I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the Commission's

regulations and in conjunction with the Westinghouse "Application for Withholding" accompanying this Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating information as a

trade secret privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the following is

furnished for consideration by the Commission in determining whether the information sought to be withheld from

public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held in confidence by

Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not customarily disclosed to

the public. Westinghouse has a rational basis for determining the types of information customarily held in

confidence by it and, in that connection, utilizes a system to determine when and whether to hold certain types

of information in confidence. The application of that system and the substance of that system constitutes

Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several types, the release of

which might result in the loss of an existing or potential competitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, structure, tool,

method, etc.) where prevention of its use by any of Westinghouse's competitors without license

from Westinghouse constitutes a competitive economic advantage over other companies.

(b) It consists of supporting data, including test data, relative to a process (or component, structure,

tool, method, etc.), the application of which data secures a competitive economic advantage, e.g.,

by optimization or improved marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his competitive

position in the design, manufacture, shipment, installation, assurance of quality, or licensing a

sunilar product.
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(d) It reveals cost or price information, production capacities, budget levels, or commercial strategies

of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded development plans

and programs of potential commercial value to Westinghouse.

() It contains patentable ideas, for whiich patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive advantage over

its competitors. It is, therefore, withheld from disclosure to protect the Westinghouse competitive

position.

(b) It is information which is marketable in many ways. The extent to which such informnation is

available to competitors diminishes the Westinghouse ability to sell products and services

involving the use of the 'information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by reducing his
expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive advantage is

potentially as valuable as the total competitive advantage. If competitors acquire components of

proprietary information, any one component may be the key to the entire puzzle, thereby depriving

Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of Westinghouse in the world

market, and thereby give a market advantage to the competition of those countries.

() The Westinghouse capacity to invest corporate assets in research and development depends upon

the success in obtaining and maintaining a competitive advantage.

(i) The information is being transmitted to the Commission in confidence and, under the provisions of 10 CFR

Section 2.390, it is to be received in confidence by the Commission.

(IV) The information sought to be protected is not available in public sources or available information has not been

previously eniployed in the same original manner or method to the best of our knowledge and belief
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(v) The proprietary information sought to be withheld in this submittal is that which is appropriately marked

LTR-NRC-07-49 P-Attachment, "Response to NRC's Request for Additional Information By the Office Of

Nuclear Reactor Regulation for Topical Report WCAP-14565-P-A Addendum 2, 'Addendum 2 to WCAP-

14565-P-A Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for

PWR Low Pressure Applications' (TAC No. MD3184) (Proprietary)," for submittal to the Commission,

being transmitted by Westinghouse letter (LTR-NRC-07-49) and Application for Withholding Proprietary'

Information from Public Disclosure, to the Document Control Desk The proprietary information as

submitted by Westinghouse Electric Company is that associated with response to NRC's Request for

Additional Information for WCAP- 14565-P-A Addendum 2.

This information is part of that which will enable Westinghouse to:

(a) Obtain generic NRC licensed approval for the ABB-NV Extension Correlation and WLOP

Correlation.

(b) Assist customers in improving their fuel performance (zero defects).

Further this information has substantial commercial value as follows:

(a) Westinghouse plans to continue to implement corrective actions to ensure the highest quality of

fuel in order to meet the customer needs.

(b) Assist customers to obtain license changes.

Public disclosure of this proprietary information is likely to cause substantial harm to the competitive position

of Westinghouse because it would enhance the ability of competitors to provide sim ilar technical evaluation

justifications and licensing defense services for commercial power reactors without commensurate expenses.

Also, public disclosure of the information would enable others to use the information to meet NRC

requirements for licensing documentation without purchasing the right to use the information.

The development of the technology described in part by the information is the.result of applying the results of

many years of experience in an intensive Westinghouse effort and the expenditure of a considerable sum of

money.

In order for competitors of Westinghouse to duplicate this information, similar technical programs would have

to be performed and a significant manpower effort, having the requisite talent and experience, would have to

be expended for developing the enclosed improved core thermal performance methodology.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC in connection with

requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the protection of

proprietary information so submitted to the NRC, the information which is proprietary in the proprietary versions is contained

within brackets, and where the proprietary information has been deleted in the non-proprietary versions, only the brackets

remain (the information that was contained within the brackets in the proprietary versions having been deleted). The

justification for claiming the information so designated as proprietary is indicated in both versions by means of lower case

letters (a) through (f) located as a superscript immediately following the brackets enclosing each item of information being

identified as proprietary or in the margin opposite such information. These lower case letters refer to the types of information

Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit

accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make the number of

copies of the information contained in these reports which are necessary for its internal use in connection with generic and

plant-specific reviews and approvals as well as the issuance, denial, amendmient, transfer, renewal, modification, suspension,

revocation, or violation of a license, permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding

restrictions on public disclosure to the extent such inform ation has been identified as proprietary by Westinghouse, copyright

protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is permitted to make the

nunuber of copies beyond those necessary for its internal use which are necessary in order to have one copy available for

public viewing in the appropriate docket files in the public document room in Washington, DC and in local public document

rooms as may be required by NRC regulations if the number of copies submitted is insufficient for this purpose. Copies

made by the NRC must include the copyright notice in all instances and the proprietary notice if the original was identified as

proprietary.
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Response to NRC's Request for Additional Information
By the Office Of Nuclear Reactor Regulation

For Topical Report WCAP-14565-P-A Addendum 2,
"Addendum 2 to WCAP-14565-P-A Extended Application of

ABB-NV Correlation and Modified ABB-NV Correlation WLOP
for PWR Low Pressure Applications"

(TAC No. MD3184) (Proprietary)

September 2007

Westinghouse Electric Company
P.0- Box 355

Pittsburgh, Pennsylvania 15230-0355

© 200(--7 Westinghouse Electric Company LLC
All Rights Reserved
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Response to NRC's Request for Additional Information
By the Office Of Nuclear Reactor Regulation

For Topical Report WCAP-14565-P-A Addendum 2,
"Addendum 2 to WCAP-14565-P-A Extended Application of

ABB-NV Correlation and Modified ABB-NV Correlation WLOP
for PWR Low Pressure Applications" (TAC No. MD3184) (Non-Proprietary)

RAI #1: Please define the 're-evaluation' referred to in section 2.0 (page 3 of 118) of the WCAP.

Specifically what criteria were used to evaluate which CHF data would and would not be used

for development ofthe WLOP correlation?

Response: To determine the database for the WLOP correlation, the

Reference:

1. CENPD-387-P-A, Rev.00, "ABB Critical Heat Flux Correlations for PWR Fuel," May, 2000.
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RAIl #2: Tests 190 and 175 were examined to provide a data base for the ABB-NV with rods of

diameters not originally considered in the ABB-NV correlation. The database for WLOP

(Table 2-2 on page 6 of 118) contains no test points with rod diameters of 0.360 inches. Will

the WLOP correlation be usedfor Westinghouse fuel of this size? If so pleasejustify the use of

the WLOP correlation.

Response: The WLOP correlation was developed with a large geometric range. The primary geometric
parameter that determines applicability for a fuel design with different rod diameter is the heated

hydraulic diameter ratio, [ ] C From Table 5.3-6, the correlation data range for this

parameter is:

Parameter Applicable Range

Heated Hydraulic Diameters Ration, [ ] C 0.679 to 1.00

The Westinghouse fuel with a rod diameter of 0.360 inches has heated hydraulic diameter

geometry that falls within the applicable range of the WLOP correlation. The heated hydraulic

diameter ratio is [ , ,b,". Since the fuel design falls within the applicable geometry range,

the WLOP correlation will be used for Westinghouse fuel of this size. The application of the
ABB-NV correlation, developed with the same geometric database, to the CHF test data from

Tests 190 and 175 demonstrates that the correlation is applicable -for fuel designs that have

different-rod diameters and heated hydraulic diameters. It is noted that Tables 4-5, 5.3-6, 6.2-1

and Figure 5.3-6 include values of the matrix channel heated hydraulic diameter, Dhm. The

appropriate range for this parameter, for WLOP applications, should be the same as that depicted

in Figure 5.2-6 for the ABB-NV Extension. Trend plots confirm that the correlations are not

sensitive to an extended range of Dhm that represents the current Westinghouse fuel designs.

Therefore, the WLOP correlation applicable geometric range is set by the Heated Hydraulic

Diameter ratio of 0.679 to 1, the similar to ABB-NV. The applicable ranges of WLOP and ABB-

NV are summarized in the abstract section of the topical report. In the final report, Table 6.2-1
will be modified to be consistent with the WLOP applicable range given in the abstract.

Rill #3: Section 4.2 describes the ABB-NV correlation (page 31 of 118). ,Some of the inputs to this

correlation are based on the location of CHF, while it is the equation itself which outputs the
CHT'1 How do you know the location of CHF before you solve for it?

Response: 'the location of CHF or minimum DNB ratio (MIDNBR) is not known without calculating DNBR

for the entire length of the bundle using a correlation and a thermal-hydraulic sub-channel code.

For each test in the ABB-NV correlation database, a sub-channel code (TORC and/or VIPRE)

model of the geometry is used to compute the local flow conditions at each axial node in the

bundle. At each axial node, ABB-NV DNBR is computed with the input of the distance from the

beginning of the heated length (HL) and the distance from the leading edge of the upstream grid

(DG). The correlation database includes tests with different heated lengths and grid spacing to

provide a form and coefficients that computes the correct Cl-IF over the range of the correlation
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parameters. The location of CHF or the location of the MDNBR is then determined as the axial

node having the lowest DNBR with the correlation.

RAI #4: Please describe the phenonena behind Figure 4-1. In other words, why is pressure responding

th e way it is?

Response: [ a, b, c shown in Figure 4-1 of the topical

report is a well known phenomenon and has been observed by others in the industry. Section

10.6.3.2 of Reference 1 provides a summary of the previous investigations. It is generally

understood that the pressure influence on CHF is related to the fluid properties. In the low

pressure tests, CHIF as a function of pressure curve rises with increasing pressure, passes through

a maximum, and then drops off. Depending on the Prandtl number, the maximum point is

between 500 and 1000 psia, consistent with [ ] a, b, c

shown in Figure 4-1 of the topical report.

Reference:

1. Y. Y. Hsu and R. W. Graham, "Transport Processes in Boiling and Two-Phase Systems Including Near-

Critical Fluids," American Nuclear Society, 1986, pp.3 1 1 -3 12 .

RAI #5: Also, Figures 4-2 through 4-5, do not include M/P behavior for 17xl 7 fueL Does that mean

that the WLOP correlation wrill not be used for this fuel type?

Response: Figures 4-2 and 4-3 are trend plots generated with the correlation database used to demonstrate

the need for additional terms, relative to the existing ABB-NV corTelation form, to correctly

predict CHIF at the low pressure conditions. These form changes are described in Sections 4.2.1

and 4.2.2. The 17x17 data for the fuel geometry with no vane (Test 190) is part of the validation

database. These data are included in the final correlation trend plots in Chapter 5 and are

included in the evaluation of the DNBR95 limit. Mixing vane data with 17x17 fuel geometry with

and without intermediate flow mixers (IFMs) are included in Table 4-5. The data without IFMs

are shown in Figures 4-4 and 4-5. Based on the data from Test 190 and the MV data shown in

Table 4-5, the WLOP correlation is applicable for the 17x17 fuel and WLOP will be used for this
fuel design.
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RAI #6: Figure 4-4 shows the effect of pressure on Al/P ratio for MV data on the W-LOP correlation.

The lowest pressure for which data has been taken is much higher titan requested range of the

correlation. Also, there appears to be a trend which suggests that the M/P ratio usill continue

dropping off at the lower pressures between the low end of the correlation and the lower

pressure data points (assuming this trend holds, which may not be). Please provide additional

information justifying the use of the WLOP correlation in this region.

Response: Figure 4-4 shows that the WLOP correlation provides accurate predictions of the low pressure

MIV data from different rod bundles, even though those data were not included into its database.

The available data at the pressure of 750 psia were obtained from the rod bundle Test 164 in

Reference 1 that simulated a Westinghouse 17x17 fuel design with mixing vane (MV) grids.

2, ,b,c.

Westinghouse has investigated available PWR DNB test data and BWR dryout data in order to

evaluate the impact of mixing vanes on low pressure performance. The evaluation based on

additional PWR DNB data is first discussed below.

For further confirmation of the WLOP applicability, additional low pressure data with MV grids

from Test 165 of Reference I were evaluated with the WLOP correlation. Test 165 is another rod

bundle test with MV grids for the Westinghouse 17x17 fuel design. The M/P results are shown in

the attached table and are added to the M/P versus pressure plot in Figure 4-4. The WLOP M/P

ratios are conservative for the low pressure MV data. The MV data analysis shows that the

WLOP 95/95 DNBR limit of 1.18 in Section 6.2 of the topical report bounds the MV test data.

MV Test 165 (EPRI NP-2609) a, b, c
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Additional MV Data Added to Figure 4-4

a, b, C

Westinghouse has no available PWR DNB data from rod bundles with MV grids below 700 psia.

Effects of mixing vanes at low pressure were further evaluated with the dryout ClIF data for

Westinghouse BWR fuel designs with MV and NMV grids. Westinghouse SVEA-96 Optima2

fuel design contains spacer grids with mixing vanes. The critical power data for the SVEA-96

Optima2 design are listed in WCAP-16081-P-A (Reference 2). The critical power data for the

SVEA-96 Optima2 design were compared to a similar fuel design containing spacer glids without

mixing vanes, the SVEA-96 Optima design. The dryout data for the two designs have been taken

at pressures as low as 365 psia. To provide a relative comparison for the two designs, the

comparisons were performed using data from tests with the same cosine axial power shape and [

., power distribution. Based on all the data, the design with the mixing vanes,

Optima2, had the higher critical power performance [ 2, c To examine
effects of mixing vanes at the lower pressure, the geometry of the test sections and the test

conditions at critical power were input into the VIPRE code and the Cl-IF differences between the

MV and NMV data were evaluated with the WLOP con-elation. The measured to WLOP

predicted Cl-F at the critical power test conditions were computed for the test data at pressures

below 900 psia. The results are shown in the figure below:

Page 6 of 8



WCAP-15306-NP-A Addendum 2-NP-A
a, b,c

As seen in the figure, the grid design with the mixing vanes had higher performance-at pressures
down to 360 psia, and the WLOP M/P values for the MV data are [ ] , C The M/P
comparison was made to demonstrate that the MV data had better Cl-IF performance than the
non-MV data, although WLOPwill not be used for any BWR fuel design application.

For the evaluation, only the data within the WLOP correlation parameter range were examined.
The parameter ranges for the BWR data examined are shown in the table below:

Parameter
Pressure (psia)
Local mass velocity (IMlbmr/hr-ft2)
Local quality
Heated length, inlet to ClF location (in)
Grid spacing term, GST
Heated hydraulic diameter ratio,

BWR Data Examined
360 to 880
0.3 to 1.35
0.3 to 0.745
48* to 1 50

59 to 74
"'c0.700 to 1.00

WLOP
185 to 1800
0.23 to 3.07

< 0.75
48* to 168
27 to 115

0.679 to 1.00

Evaluations of both PWR and BWR data from rod bundles containing MV grids confirm that the
WLOP DNB predictions are conservative at the low pressure. The WLOP correlation with a
95/95 DNBR limit of 1.18, developed based on non-mixing vane grid data, is applicable for
Westinghouse PWR fuel designs with mixing vane grids over the correlation pressure range.

Reference:

1. C. F. Fighetti and D. G. Reddy, "Parametric Study of CHF Data," EPRI NP-2609, Volume 3 Part 1, 1982,

pp. 758-762.
2. WCAP-16081-P-A, "1OxIl SVEA Fuel Critical Power Experiments and CPR Correlation: SVEA-96
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Optima2," March 2005.

RAI #7: In Table 5.2-5, the standard deviation from subset I does not agree with the standard deviation

from subset I given in Section 5.2. Also using the equation given in 5.1.4.1 to calculate

DNBR9, results in a different answer than that given in Table 5.2-5. Please provide an

explanation.

Response: The correct value for the standard deviation in Table 5.2-5 is [ ] ,, the same as given

in Section 5.2. The value in Table 5.2-5 will be corrected in the final approved version of the

report. Application of the equation given in Section 5.1.4.1 to calculate the DNBR95 limit with

the corrected value for the standard deviation results in the answer given in Table 5.2-5.
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