Sep-24-03 07:04A Framatome ANP

EMF-92-153
Addendum 1, Revision 1

HTP: Departure from Nucleate

Boiling Correlation for High Thermal
Performance Fuel, Addendum 1:

Application at High Pressures or Low Qualities

May 2003



-

Sep-24-03 07 :04A Framatome ANP

Framatome ANP, inc. IS5UED IN FRA-ANP ONUNE _
oz, 057403 e 52153
‘ Addendum 1, Ravision 1

HTP: Departure from Nucloate Bolling Corralation
for High Thermal Performance Fuel, Addendum 1:
Application at High Pressures or Low Qualities

Prepared: {{m gw ‘!Lq § 2002

K. R. Greene, Principal Engineer Date
Systems Analysis Methods
Reviewed: _D?MLA:P__.-* _May 7, 2003
D. W. PrUitt, Manager Date
Systamns Analysis Methods
Concurred: ﬁ LJ:"?CMF"‘ Se-Y~-073
R. L. Hame. Team Leader Date
Thermal-Hydraullc Technology Team
oo @ Ll L. oot
D. M. Brown, Manap Date
PWR Engineering
Approved: ﬂé//fL&\ 617/05
m, Mafager Date/
Licansing
Approved: . v(// /0 e
R. E. Collingham, Mgifager Date

kah



T

Sep-24-03 07:05A Framatome ANP

Customer Disclaimer

Important Notice Regarding the Contents and Use of This Document

Please Read Carefully

Framatome ANP, Inc.'s warranties and representations conceming
the subject matter of this document are those set forth in the
agreement between Framatome ANP, Inc. and the Customer
pursuant to which this document is issued. Accordingly, except as
otherwise expressly provided in such agreement, neither Framatome
ANP, Inc. nor any person acting on its behalf:

8. makes any warranty or representation, express or implied,
with respect to the accuracy, completeness, or usefulness of
the information contained in this document, or that the use of
any information, apparatus, method, or process disclosed in
this document will not infringe privately owned rights;

or

b. assumes any liabilities with respect {o the use of, or for
damages resulting from the use of, any information,
apparatus, method, or process disclosed in this document.

The information contained herein is for the sole use of the Customer.

In order to avoid impairment of rights of Framatome ANP, Inc. in
patents or inventions which may be included in the information
contained in this document, the recipient, by its acceptance of this
document, agrees not 1o publish or make public use (in the patent use
of the term) of such information until so authorized in writing by
Framatome ANP, Inc. or until after six (6) months following
termination or expiration of the aforesaid Agreement and any
extension thereof, unless expressly provided in the Agreement. No
rights or licenses in or to any patents are implied by the furishing of
this document.
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Nature of Changes

tem ~ Page Description and Justification
1. All This document is a non-proprietary version of Revision 0.
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10 Introduction

The HTP DNB correlation (Reference 1) was approved for predicting the DNB performance of
SPC High Therma! Performance (HTP) fuel in December of 1993 (Reference 2). The SER
restricts the application of the correlation to the range of conditions listed in Table <.1.
Framatome ANP (FANP) desires to clarify the manner in which the lower limit on Iccal quality
and the upper limit on pressure are imposed for particular applications. FANP intends to
observe these limits as described in this report.

Computation of DNBR for qualities below the lower quality bound and for pressures above the
upper pressure bound is performed according to conservative methods, described 1erein. As
described, the proposed applications have no safety significance.

Applications involving computed quality values below the HTP correlation lower limt are
described in Section 2.0. Applications involving computed pressure values above the HTP
correlation upper limit are described in Section 3.0. References are listed in Section 4.0.

Table 1.1 Range of Coolant Conditions Spanned by the
HTP Correlation

Variable Minimum Value Maximum Value
Pressure (psia) 1775 2425
Local mass Flux (Mib/hr/f?) 0.936 3.572
Inlet Enthalpy (Btu/lb) 382.3 649.8
Local Quality -0.125 0.358

Framatome ANP, Inc.
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20 Lower Limit on Local Quality

FANP evaluates DNBR at every computational node in the assembly of interest, selecting the
least value as the MDNBR. The MDNBR is sometimes calculated to occur in the lower part of
the assembly for certain hypothetical, highly bottom-peaked axial power profiles. This result is
due to the increasing conservatism of the HTP correlation axial power distribution factor as
elevation decreases below mid-plane. The computed quality at the point of MDNBR may then
be below the lower quality limit of the HTP correlation, because PWR applications are
characterized by a highly subcooled inlet coolant state. FANP desires to clarify its aractice for
the computation of MDNBR in such cases.

The lower limit on local quality is now set at -0.125, the least value at which DNB was observed
tooccurinthe [ ] data points of the HTP database. DNB did not occur for local qqualities less
than this value, even though local qualities less than this value were experienced ir the lower
test section for each DNB data point. Thus, the existing database demonstrates that DNB does
not occur in the lower part of the assembly at local qualities less than -0.125 for the tested fuel
designs, axial power profiles, and global fluid conditions.

FANP uses the XCOBRA-IIIC (Reference 3) code to evaluate local fiuid conditions for input to
the HTP correlation. In cases where the MDNBR is computed to occur at a quality selow the
lower quality limit of the HTP correlation, the MDNBR will be recomputed via the HTP
correlation using the lower quality limit value. Thus, a quality higher than that computed by
XCOBRA-IIIC is used. Because higher quality yields a lower value of DNB heat flux, a
conservative MDNBR evaluation is obtained.

For clarity, the calculation process is outlined step-by-step:

¢ The MDNBR calculation is performed with the XCOBRA-IIC code, the HTP correlation, and
standard methodology.

¢ |fthe MDNBR is computed to occur at a quality within the quality limits of the HTP
correlation, the computed MDNBR is accepted.

¢ Ifthe MDNBR Is computed to occur at a quality below the lower quality limit of the HTP
correlation, then the MDNBR s re-evaluated using the same conditions of heat flux,
pressure, and mass flux, but with a greater local quality value equal to the correlation lower
limit on quality (-0.125).

Framatome ANP, Inc.
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The process ensures that the correlation is applied within its recognized range of applicability.
A conservative DNBR is also assured. A message will be written to XCOBRA-IIIC output

indicating that this process has been invoked.

Framatome ANP, Inc.
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3.0 UpperLimit on Pressure

The upper limit on pressure is 2425 psia, the maximum pressure at which DNB was observed to
occurinthe[ ] data points of the HTP database. In loss of load and other heatup event
evaluations, pressure might potentially rise above 2425 psia to values as great as 2525 psia.
FANP intends to implement the conservative application method described below to bound the
DNBR in the pressure range between 2425 and 2525 psia.

For pressures above 2425 psia, the DNBR will be evaluated via the HTP DNB correlation. The
computed transient statepoint will be conservatively biased for input to XCOBRA-IIC by setting
the pressure downward to 2425 psia, retaining the computed inlet coolant mass flux and
temperature, and rod surface heat fiux from the transient calculation. Thus, the present HTP
limits on fluid conditions will be observed.

This method forces use of a conservatively high-biased value of local quality in the HTP
correlation computation of the DNB heat flux, The effect of higher local quality is to reduce the
computed DNB heat flux. An MDNBR is obtained that is lower than that which would be
computed using the higher, computed statepoint pressure.

HTP DNB data show the DNB heat flux increasing with increasing pressure for the pressure
range between normal operating pressure and the pressurizer refief valve setpoint’. This is true
across the range of mass fluxes represented in the correlation, and accords with the observed
behavior of DNB in this pressure range.

For clarity, the calculation process is outlined step-by-step:

¢ The transient plant response simulation is performed using standard methodology.

s if the pressure at the time of MDNBR is computed to be within the pressure limits of the HTP
correlation, the MDNBR is computed using the XCOBRA-IIIC code with boundary conditions
of pressure, temperature, heat flux, and mass flux taken as usual from the transient
simulation.

At pressures of 1800 and 2000 psia, it is sometimes observed that the DNB heat flux for the lower
pressure will equal or exceed that of the higher pressure. This is attributed to a transition between
flow regimes at these low pressures. No such behavior is observed at the pressures of interest in this
application.

Framatome ANP, Inc.
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* Ifthe pressure at the time of MDNBR Is computed to be above the upper pressure limit of
the HTP correlation, then the temperature, heat flux and mass flux boundary conditions will
be taken as usual from the transient simulation. The pressure used in the XCOBRA-IIC
MDNER calculation is the HTP correlation upper limit on pressure (2425 psia).

The HTP correlation will be applied within its recognized range of applicability. The DNB
performance benefit of the higher pressure state over that at the correlation upper bound Is
conservatively neglected. Thus, a conservative MDNBR calculation s obtained.

Framatome ANP, Inc,
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