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* NUCLEAR REGULATORY COMMISSION
& 3 WASHINGTON, D, C. 20668
"’o.,.c"f November 18, 1992

R.A. Copeland, Manager

Reload Licensing

Siemens Nuclear Power Corporation
P.0.Box 130

Richland, Washingtcon 99352-0130

Dear Mr. Copeland:

SUBJECT: ACCEFTANCE FOR REvERENCING OF TOPI1CAL REPORT ANF 91-048(P;,
“ADVANCED NUCLEAR FUELS METHODOLOGY FOR BOILING WATER REACTORS EXEM
BWR ECCS EVALUATION MODEL"

The staff reviewed the Topical Report ANF 91-048(P), which describes the
Siemens Nuclear Power Corporation’s revised EXEM code, the evaluation model
for the boiling water reactor (BWR) emergency core cooling system (ECC3). The
revisions and improvemenis made to the code consist of (1) algorithmic changes
to improve the numerical stability of the code and (2) a new heat transfer
model (modified Dougall-Rohsenow correlation) to replace the existing Dougall-
Rohsenow correlation. This code revision is mandated by 10 CFR 50.46 because
the aggregate of the calculated peak c]agding differences caused by error
corrections and modifications exceeds 50°F. Siemens benchmarked the revised
code model against the two loop test apparatus (TLTA) test 6406/Run 1, also
testea the modified Dcugall-Rohsenow correlation against independent
experiments, and found them to be conservative.

The staff finds the application of ANF 91-048(P) to be acceptable for
referencing in licerse applications to the axtend specified, and under the
limitations delineated, in ANF 91-048(P) and the ascociated U.S. Nuclear
Regulatory Commission (NRC) technical evaluation. The evaluation defines the
basis for accepting this topical report.

The staff will not repeat its review of the matters found acceptable as
described in ANF 91-048(P3, when the report appears as a reference in license
applications, except to ensure that the material presented applies to the
specific plant involved. Our acceptance applies only tc the matters described
in the application of ANF 91-048(P) )

In accordance with procedures established in NUREG-0380, the staff requests
that the Siemens Nuclear Power Corporation publish accepted versions of this
topical report, proprietary and non-proprietary, within 3 months of receiving
this letter. The accepted version shall include an “A" (designating accepted)
following the report identification symbol.


















3.5 Assessment of the Revised EXEM BWR ECCS EM

The applicant compired the overall performance of the revised EM to the
results of the existin? EM. However, the existing model incorporutes the
Dougall-Rohsenow correlation, which does not satisfy Appendix K requiremer.s,
Having established that the changes are conservitive, the applicant compared
the revised and existing models for phenomenological trends, numerical
stability, and solution convergence racher than for absolute values.

The solution for core inlet flow exhibits the samc trends as does the solution
in “he ex‘sting version. The same is true for the blowdown break flow and
clad temperature. The revision yields the greatest improvements in the
relative midplane entrainment for all BWR types for which this code is
intended, that is, for BWR/3 to BWR/6. The applicant demorstrated that
numerical solution convergence and stability have considerably improved.

4.0 SUMMARY, CONCLUSTONS, AND LIMITATIONS

The staff reviewed a revised version of ANF-91-048(P) for the EXEM BWR ECCS
EM. The applicant revised the report to meet the requirements of 10 CFR 50.46
whenever error corrections ana modifications result in a value of Delta-T
greater than S0°F., The revision included two major parts: numerical
modifications to improve code numerical stability and a new heat transfer
correlation. The applicant benchmarked the ravised EM to the results of the

TLTA test 6406/Run 1.

Both revised pa=ts of the EM perform conservatively compared to the data
measured in the TLTA. The modified Dougall-Rohsenow heat transfer correlation
has been shown to yield conservative results for many experimental
measurements. The applicant used a suitable multiplier in the comparison
calculations. Licensees will use this multipiier in licensing applications.
The staf’ finds the propnsed EXEM BWR ECCS EM, as documented in References |
to 5, to he acceptable for referencing in BWR LOCA analyses, with the
following limitations:

1. The revised model is valid within the range of applicability of the
modified Dougall-Rohsenow heat transfer correlation.

2. The staff requires that the revised evaluation model be protected with
appropriate quality assurance procedures, subject to auditing by the
staff.

3, The phase separation models will be limited to the models used in the
topical report.

4. The revised EM will be limited to jet pump plant applications.

The staff recommends that the applicant incorporate the contents of
References 3-5 inta a single report, for ease of reference.
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1.0  INTRODUCTION AND SUMMARY

ANF originally submitted the EXEM BWR Emergency Core Cooling System (ECCS
Evaluation Model (EM)' in 1980 for jet pump BWR loss-of-coolant accident (LOCA) analysis. This
report documents improvements in the FLEX and the RELAX codes. ANF is also replacing the
Dougall-Rohsenow heat transfer correlation in tha ECCS EM. The latter is requirec by the NRC
as a consequence of revising the EXEM ECCS EM when a AS0°F or greater change results from
error corractions or modifications to the constituent codes.

The currently approved EXEM BWR ECCS EM methodeiogy empioys four major coces.
These codes are RODEX2, RELAX, FLEX, and HUXY. This report describes the upgrades mace
to the FLEX and the RELAX codes. The HUXY and RODEX2 codes were left unchanged by this
revision of the ECCS EM. Changes to the RELAX and the FLEX coces are summarized below,

RELAX calculates the sys:em biowdown and hot channel response. This code was
modified to replace the current time step control with an automatic time step contrel based ugen
numeric code convergence for each time step. This required that code numerics te improved
to avoid interfersnce of any discontinuous transitions with the time step contrciler, Aisc, the
improvement in code numerics assures code convergence and reduces spurious flow

oscillations.

The FLEX code computes the system hydraulic transient for the refill/reflocc phass in the
LOCA. The code robustness was improved to reduce flow oscillations and convergence
difficulties in the coupiing of core, core bypass, and system regions. These numerical difficulties
in plant anaiyses had forced FLEX users to sometimes us» limiting conservative piant
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20 EVALUATION MODEL DESCRIPTION

The function and interfacing of the component codes of the revised EXEM BWR ECCS
EM are unchanged from the currently approved EXEM ECCS EM'. Both rely on fuur major
analysis codes. These codes are RELAX, FLEX, HUXY, and RODEX2. The revision of the EXEM
BWR EM consists of minor changes to the RELAX and the FLEX codes and a very minor change
to the methodelogy used for computing the blowdewn core decay heat. The revisad decay heat
calculation is consistent with the requirements of Appendix K. and it makes the ANF decay heat
calculation during the blowdown consistent with the-approved decay Feat calc.iaticn following
blowdewn. The methodoiegy for interfacing the codes within the mecel is lliustatec in Figure

a1,

in the EXEM BWR ECCS EM, both approved and updated, the key role cf the FLEX core
heat transfer model is to accurately account for the rate of vapor generaticn, in crder 10
determine the slapsed time from time of rated spray to time cf reflood for the heatup code. In
contrast, the HUXY heatup medel is used for the caiculaticn of the PCT and includes the
Appendix K criteria agplicabie t© heatup. Approval for the =UXY code can be tracec from the
sariier ANF NJP-BWR ECCS EM® as well as the currently approved ECCS EM. Subsequent 10
the release of the currently anproved BWR ECCS EM, the GAPEX fuel rod thermal-mechanical
response code was replaced by the RODEX2’ code. This change was approved’ for peth LOCA
and non-LOCA licensin~ applications for both EWRs and PWRs.

A complete analysis for a given break size stans with the specification of fuel parameters
using RODEX2. RODEX2 is used to verify the initial stored energy in both the blewdown and the
hot channel code, RELAX', and the heatup code, HUXY™’,

Next. the blowdawn caiculation is performed using RELAX. The one-dimensional core is
represented by an average core channel. This caiculation gives the system thermal-hydraulic
response during blowdown, RELAX is run from break initiation 1o the time the ECCS Low
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2.0 REVISED EXEM BWR ECCS EM
The revised EXEM BWR ECCS EM includes the modification of the RELAX and the FLEX

codes. The principal change 1o these codes was 10 inctJase robustness and reduce n.n time
These changes, pius *he previously documented changes 10 the codes that comprise the
currently approved ECCS EM model, will alter the EM results beyond the defined ASC°F reponting
limit*. As a consequence of exceeding the reporting limit, the NRC requires that the Qougall-
Rohsenow heat transfer correlation be replaced in the ECCS EM. The changes 1o the EXEM
BWR ECCS EM retain the existing Appendix K Evaluation Model appreach currently in use at

ANF and previously approved by the NRC.

31 BELAX Upqrade

RELAX was modified to replace the current automatic time step control with a better
automatic time step control based upon numeric code convergence for each time step. This
required that code numerics be improved to avoid interference between code models

(discontinucus transitions) and the automatic time step controlier,

These numerical changes greatly reduce the time step sensitivity of the RELAX code since
convergence is assured for each individual time step.
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312 Convergence Measure

Logic has been added to RELAX to measure the degree of conv

each time step. The term "convergence” is used here in the sense that f

size the nodal pressure, mass and energy terms ir the finite difference for
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31.7 Entrainment Fraction
it was found that the model for the liquid fraction in drops (E,) used in the annular-mist
region of the drift flux model inhibited cenvargence. An alternate model presented by Ishil, et

al'* gives the entrainment fraction as a function of phasic flows as:

f | & prn 5 8 & b
E, = @nh(7.28x107 (/0" | Ae; ™

4

where: = dimensioniess gas flux given by:
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ihase modifications of the pressure drop need to be included in the Jacobian matrix in crder 10

be able to implicitly approximate the pressure drop at the new tme

3.1,10 Mogified Dougall-Rohsenow Heat Transfer Corelation

The Dougall-Rohsenow heat transfer flow film bailing correlation was replaced
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is limited to specification of the maximum increment vaiue (variable DELTM). The minimum time
step is a code default selected to preciude useless Reration. This numerical scheme assures
mass and energy convergence. The primary control on the code iteration is provided by the
normalized percent error tolerance (variable EPSW) in the energy and the mass conservation
equations.

32 ELEX Uparede

| FLEX code logic was revised to improve code robustness. Application of FLEX to
increasingly more complex plant configurations through the years have led to numeric difficuities.
These numerical difficulties arise due to the semi-explicit sciution technigue used, the
conservative logic that couples some of the models, and the mapping of FLEX Initial conditions
from RELAX results at time of rated spray. The difficuities were manifested in either code failure
due to Heration troubles or high frequency oscillations in the coce preciclions. As a
conseguence, code users had to select more limiting and conservative plant description choices
or had 10 apply conservatism directly 10 the code results.

The code difficulties have been reduced by revising the core-dbypass flow iteration coaing
and by improving code logil: 10 avoid spurious non-physical depressurization at Icw pressure and
associated disruption of the 1 Mood process. As 8 result, high frequency oscillations previcusly
seen in results have also been groatly reduced. Thesse changes to the code numerics give the
code user the ability to use the apyraved plam description choices and obtain more realistic
(earher reflood) results,
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326 ELEX Input Changes
Three changes have been made 1o the FLEX code input format. These changes are: (1)

Specification of the core bundle iniet and exit pressure loss coefficients through input is posuible.

2) The mincr edit/plot variable specifications have been simplified, (3) Provision for free format
input has been added to both the FLEX code and 10 the FLXDATA restart option of the RELAX
code. f the above features are not desired and if minor edits are not requestec, then thasa input
changes can be ignored and prior input decks are backward compatible. It has been found that
the core inlet and exit pressure losses are adequately described by the current methodology

33  Revised Procedures lor Implementing the Evalvation Model

Since the objective of the revised EXEM BWR ECCS Evaluation Model has been 1o correct
numerical difficulties within the RELAX and the FLEX codes, the overall procedures and
methodology does not require significant aiteration. The original sanaitivity and case studies are
unchanged by the new coding and code use procedures. This is demenstrated by the ciose
correspondence to production calculations in the absence of the replacement of the Dougall-
Rohsenow correlation (see Section 6.1) and by the good agreement of the TLTA 8406 simulation
o experimetal data (see Section 5.0).

it has been discoveied that the decay heat model in RELAX inacvertently applies a 1.2
multiplier to both the fission product decay and the Actinide cecay terms. Appendix K 2nly
requires the 1.2 multiplier be applied to the fission product decay component. The currently
approved EXEM BWR ECCS EM methodology transfers this unnecessarily conservative decay
heat into the HUXY heatup calculation from the start of blowdown until rated LPCS spray Is
predicted. For the refill/reflood period of the LOCA transient, the decay heat is determined in a
manner consistent with Appendix K. That is, the decay heat during refil/reflcod pericd is
determined by interpoiation of the 1871 draft ANS Standard Decay Heat table presented in the
WHEM documentation™. The methodology for implementing the Appendix K decay heat mocel
in the revised EXEM BWR ECCS methodciogy is changed to be consistent throughout the LOCA.
The ANS Standards Committee draft standard (Cctober 1871) values t'mes 1.2 with Actinide heat
added will be used over the antire LOCA transient 'n the heatup calculation (HUXY code). The
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methedology for the system blowdown (RELAX code) and the refill/reflood (FLEX code) phases
are left unchanged except as noted below. The resulting model remains in compliance with
Appendix K with a conservative bias. The net vaiue of this methodology change has been
evaluated for BWR3 and EWRE plants. The range of /ecduction of PCT is between 1°F and 2°F.

in addition, the input procedure for RELAX has been changed to set both the core bundle
inlet and exit flow areas equal 1o the core flow area. The result is consistent definitions of
pressure loss for standard design (experimental tests), RELAX Input, and FLEX input. T he current
procedure accomplishes the same end, but is not as apparent and more likely to create input

errors,

The objective for revising the FLEX code was to recuce numerical probiems. However,
experience has shown that numerical difficufties can sometimes be further reduced through code
input. To accomplish this the system node phase separation model and the mixture level in the
upper plenum are Important medel specification (code input) parameters.

The standard appiication of the phase separation model to the system noces (see Figure

§.2) using the currently approved evaluation model is as follows:
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realistic core modeling was linked to ultra conservative approximations. These numerical
difficulties have required code users to select alternate and limiting consarvativ® protlem
description choices. The improvement is not obtained by less conss vative models added to the
code, but by re-enabling problem description choices which havo' previously been approved, but
were not used because of the numerical problems they caused. This lack of model change is
demonstrated by comparisons of the currently approved and revised FLEX coce versions using
the same input.

The fuel stored energy as calculated in RODEX2' and fuel deformation ard thermal
analysis as calculated for the heatup phase by HUX " retain their Appendix K status since no
alteration of methodology or modification of the codes have been mace in the upgrace.
However, t was discovered that the decay heat model in RELAX inacvertently applies a 1.2
multiplier to both the fission product and the Actinice terms. This application is more
conservative than that required by Appendix K This is because Appencix K only raquires the
multiplier be applied to the fission product decay component. The current EXEM BWR ECC
heatup methodology uses this unnecessarily conservauve decay heat model from the start of
blowdown until rated LPC! spray is predicted. This methodolegy is changed in the revised EXEM
BWR ECCS methodelogy to be consistent with the currently approved decay heat mocel
following the time of rated LPCS. The ANS Standards Committee (October 1871) fission precuct
decay heat values times 1.2 and the Actinice decay heat without a muitiplier will be used over
the entire LOCA transient in the heatup calculation (HUXY code). The methodeiogy for the
blowdown (RELAX code) and tre refil/reflood (FLEX code) phases are left unchanged.
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6.0 ASSESSMENT OF EXEM BWR ECCS EM
Section 2.0 described the changes made to the codes and procedures that make up the

revised EXEM BWR ECCS Evaluation Model. This section describes the impact of these changes
on both individual code results and overall evaluation model resuits. Section 6.1 iilustrates the
separate eftects of the major components of the RELAX upgrade and the sensitivity improvement
inherent in the new code version. Section 6.2 describes the impact of the FLEX upgrade on each
plant type that ANF has licensed. Secticn 6.3 assesses the impact of the revised evaluation
model on the peak clad temparature for each of the plant types that ANF has licensed.

61  Hevised RELAX Code Results
To assess the effect of the coce revision three comparisons were made: (1) the currently
approved code versus the upgraded code, (2) the upgraded code with and without the
and (3) the upgraded code with a tightening of the

convergence criteria.

A comparison of the currently approved RELAX code and the revised RELAX ccde is
provided In the Figures 6.1 through 6.4 for the blowdown phase of a typical EWR4 plart. The
upgraded version of RELAX includes the mecified heat transfer correlation.

A comparison of the upgraded RELAX code with the currently approved Dougall-
Rohsenow correlation and with the modified correlation is provided in the Figures 6.5 and 8.6,
Again, the comparison involves a typical BWR4 plant.
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The sensitivity of the upgraded PELAX code 10 the conve jence criteria is shown in

Figures 6.7 through 6.9,

6.2 [Revised FLEX Code Results

To assess the effect of the code upgrade a comparisen of the currently approved FLEX
code and revised FLEX code results is provided for three different jet pump EWR plant types.
The input and input preparation procedures for the FLEX calculations are consistent with the
revised evaluation model uniess otherwise noted.
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83  Assessment Applications to BWR Plant Tvpes
This section provides the assessment of the overall effects of applying the revised EXEM

B'VR EM to typical BWR piant types.
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Applicability of the assumed worst single failure using the revised EXEM BWR evaluation
model was assessed by calculations for the BWRE plant type. These caiculations showed that
the worst singie failure could change from that deternined for previous analyses. Thus, the worst
single failure assumption may differ with the revised evaluation modal. Conseguantly, the worst
single failure assumption shouid also be addressed for the initial application of the revised EXEM
BWR model to a BWR plant type.

624 Conclusions From Agsessments

Conclusions from the assessment caiculations can be summarized as follows:

B Application of the revised EXEM BWR evaluation model allows the use of different
approved phase separation modeis

B LOCA break spectrum results can change due to the shortened L.OCA refill time.
New break spectrum calculations using the revised EXEM BWR evaluation model
are necessary to determine the worst or limiting break LOCA v;hen the revised
evaluation modal is initially applied 1o sach plant type.
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CONCERN: The SNP responses related to the mudified Dougali-Rohsenow heat
transfer correlation show that the correlation does not bound the

ORNL data. For an Appendix K LOCA-ECCS evaluatinn model, the
correlation must be conservative relative to the data.

RESPONSE; - Overall, the modified Dougall-Rohsenow correlation proposed by SNP yields
and the correlation was submitted

on this basis. Mowever, at higher pressures and higher quality represented by the ORNL data,
the correlation predictons

To provide more conservative predictions

SNP repeated the previous carmparison with the ORNL data (Reference 2 Figure 11)
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Additonal Information on ANF-81-048(P)

gencern 2 (continued)

L Entrainment and de-entrainment in core and upper plenum.

0. Separator behaviar

7 Recirculation pump behavio:

8 Phase separation and mixtuie level behavior,

Ed Guide tube and lower plenum flashing.

10 Mixture level in downcomet

The capability of analytical models to predict basic phenomena applies for both experimental
facilities and for large BWR systems where these phenomena occur. Since the TLTA was
designed to simulate BWR |.OCA phenomena, the capability to predict the important phenomena
in the TLTA indicates similar predictive capability for the large BWRs. Thus, SNP demonstrated
the capability of the ravised EXEM BWR evaluation model to predict phenomena associated with
a BWR LOCA by comparison with TLTA measurec results for these phenomena.
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ADDITIONAL INFORMATION
on

Advanced Nuclear Fuels Corporation Methodology for Boiling Water Reactors

goncern 3

Response

Justificatio

EXEM BWR ECCS Evaluation Model (ANF-91-048(P))

SNP has provided a comparison of the modified Dougall-Rohsenow
correlation with the Dougall-Rohsenow correlation to demonstrate that the
former is conservative, Since the NRC considers the Dougall-Rohsenow
correlation to be non-conservative, SNP's comparison does not
demorstrate that the modified Dougall-Rohsenow correlation s
conservative or applicable when applied to reactor conditions. SNP should
provide a comparison of calculated results using SNP's code with
measured data.

n of the correlation was dore by comparing calculated results against test data over

the anpropriate range of BWR LOCA conditions. SNP has attached additional justification for this

correlation

1.

N

The aaditional justification includes:

Comparisons of the base correlation against additional test data over the appro sriate
BWR LOCA range of conditions to strengthen the justification for the base ¢ arrelation,

Code calculations against steady-state bundie test data to provide justification for
application of the correlation with the RELAX code using calculated bundle conditions,
and

Additional information relative to the effects of using the correlation on the resuits of
the integral TLTA test predictions to demonstrate conservatism of the overall EXEM
BWR model in computing LOCA claading temperatures,

Lase Correlation Justification - in selecting the modified Dougall-Rohsenow (MDR) post CHF
correlation to replace the non-conservative Dougall-Rohsenow (DR) correlation, SNP evaluated

the MDR correlation against three major sources of data.

 F

The data comparisons from the ASME heat transfer paper 73-HT-50'"),

e Data from the Oak Ridge National Laboratory (ORNL) Thermal-Hydraulic Test Facllity
(THTF) @, and
3. Combustion Engineering tést data from the Columbia University Heat Transfer Test

Facility (CE/Columbia tests)®,
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Additional Information on ANF-91-048(P)
concern 3 (continued)

The ASME paper compared several correlations against test data, and showed comparisons for
the MDR correlation for ranges of pressure, wail temperature, fluid quaiity, and mass flux. The
conclusion from these comparisons is that

The ORNL data included 22 steady-state tests, however, oniy the tests with system pressures
applicable for BWR LCCA conditions were considered . Attached Figure 11
shows a summary of the MDR predicted heat transfor coefficient versus the observed test values.
Again, the correlation predicted the data fairly well for all the parameter ranges. Pressure data
were predicted well between 800-1000 psi.

The CE/Columbia tests cover a more extensive range of conditions than the ORNL THTF tests,
and the summary comparison of MDR predicted versus observed data s shown in Figure 12,
attached.

Justificaticn of Correlation Against Separate Effects Data - To assess the capability of the
modifie | Dougall-Rohsenow correlation in conjunction with the EXEM BWR RELAX code to
predict post CHF heat transfer, SNP performed additional calculations for several of the ORNL
steady state post CHF heat transter tests. For these calculations, the tesl bundle was modeied
and te. t conditions were input at the bundle inlet. Heat transfer and fluid conditions within the
bundie were then calculated using the RELAX code. Calculations were performed for the ORNL
tests shown in Table 1, and the calculated temperature results compared 1o the measured
temperatures are given in Figures 13-18. The temperat &s shown are limited to the bur.Jle
region where post CHF heat transfer using the modified Dougall-Rohsenow was caiculated with
RELAX.
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Additional Information on ANF-81-048(F

neem 3 continueq)

stification of Correlation Against Integral Test Data - The final test of the LOCA evaluation

2WS1 . ‘
model and associated correlations is the conservative prediction of peak cladding temperature
arge imegral system test data representative of BWR conditions are the Hest available data
against which 19 evaluate the overall evaluation model results. Figure 5.8 of ANF-81.048(P)
o V ' 1 TA

yraty \ -  E 4 ~ T " -~ ‘ . 4
shiows the RELAX predicted peak rod temparature versus the measured TLTA integral test data.






Figure 7

ANF -£1-048(NP)(A)
CORRESPONDENCE
Page 27

. Heat Transfer Coefficiems #s a Function of Pressure






Figure 8 -

Heat Transfer Coefficients
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Figure 11 - Calculated vs Measured Heat Transfer Coefficiont (ONRL Data Summary)




Figure 12 - Calculated vs Measured Heat Transfer Coefficient
(CE/Columbia Data Summary)
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ADDITIONAL INFORMATION
on

Advanced Nuclear Fuels Corporation Methodology for Bolling Water Reactors
EXEM BWR ECCS Evaluation Model (ANF-91-048(P))

Table 1 - OANL Test Data for = ' AX Calculations
Test Case Pressure (psia) Mass Flow Bundle ORNL Reference
(Ib/s) Power (Mw)
NUREG/CR-2438,
ORNL-6822
O 866.7 418 3.51 NUREG/CR-2435,
ORNL-8822
- 874.3 7.03 §.37 NUREG/CR-2438,
ORNL-6822
Z 082.4 4.9 413 NURE 3/CR-2438,
ORNL-5822
IF 5841 232 .21 NUREG/CR-3502,
ORNL/TM-8794
IG 564 6 3.49 2.91 NUREG/CR-3502,
ORNL/TM-6794
B R TSI R S S S SR SR e
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Figure 13 - Calculated vs Measured Temperatures (ORNL Test K)



Figure 14 - Calculated ve Measured Temperatures (ORNL Test O)



Figure 15 - Caiculated vs Measured Temperatures (ORNL Test P)
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Figure 16 - Calculated vy Moasured Temperature. (ORNL Test R)
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Figure 17 - Calculated vs Measured Temperatures (ORNL Test IF)




Figure 18 - Calculated ve Measured Temperatures (ORNL Test I1G)
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SIEMENS G

January 28, 1982
LB/RAC.008.92

Mr. R. C. Jones, Chief

Reactor Systems Branc"

Division of Engineering and System Technology
Office of Nuc'ear Reactor Regulation

Mail Station P1-137

U. 8. Nuclear Regulatory Commission
Washington, D. C. 208585

Dear Mr, Jones:

Reference:  Letter, B, C. Jones (USNRC) to R. A, Copeland (SNP), "ANF-81.048(P), Request
for Additional Information (TAC No. M81274),* December 20, 1861,

Attached are the responses to the questions transmitied i1 the referenced letter. This
additional information Is In support of the upJated EXEM BWR large break LOCA evaluation
model review. Please coansider the information in the responses to be proprietary to Siemens
Nuclear Power Company. The affidavit accompanying the original submittal should comply
with the 10 CFR 2.790(b) requirements to withhold this information from public disclosure.

It there are additional questions or if | can be of further help, please contact me at (509) 375-
8290

Very truly yours,

b byl /

R. A. Copeiand
Manager, Reload Licensing

ce! Dr. L Lois (USNRC)

Sie.mens Nuclear Power Corporation
2101 Hom Raps Road. PO Box 130  Rciand, WA 993620130  Tet (509) 3758100  Fax (5089) 375.8402

Thie Socument Comium Samerm Powe: Corporabon Drogreiry WOrMmapon e § Deo! 1o e estnchions o e (el o iile Dege
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Responses to NRC Questions
Tepical Report ANF-§1-048 January 27, 1882 l

GQuestion g
Are there break sizes ‘or which LFCS (due 10 high pressure) never
reaches rated flow? If yes, what is the event sequence and how s
the water level determined?

Fesponse

A break size for which LPCS (due to high pressure) never reaches rated flow has not been
calculated In SNP analyses. For large break LOCAs analyzed by ENP the breaks are sufficiently
large that depressurization and rated LPCS flow are calculated o ocour. For smaller break size
LOCAs calculated by SNP, actuation of the automatic depressurization system (ADS) has been
predicted. This system in effect converts a small break into a large break sufficient to
dep:vssurize the reactor system and permit the low pressure ECC systems (such as (PCS) to

function,
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Responses o NRC Questicns
Topical Report ANF-81-048 January 27, 1882

Question 4  In the revised EXEM BWR ECCS EM, it is not stated whether the estimated DT
greater than S0°F Is positive or negative Piease provide the sion,

Fesponge

The final calculated peak cladding temperature using the revised EXEM/EWR Evaluation Model
is expected to decrease by more than 80°F when compared with calculations performed with the

current code versions.

The statement on Page 1 of ANF-§1-048(PF) regarcing the estimated APCT of 50°F rela*es to the
accumulation of the effects of minor changes to the approved Cvaiyation Model which have been
pericdically reported to NRC. These accumulated changes for the current SNP EXEM/BWR
Evaluation Model are approaching a PCT decrease of 50°F. If the accumulated PCT decrease
were to exceed S0°F, the revised ECCS rule requires that the Dougall-Rohsenow heat transfer
correlation in the current Evaluation Model no lcnger be used under conditions where it is non-
conservative. A major reason for submittal of the revised EXEM/BWR model at this time is 10
address the issue of replacing the non-conservative Dougall-Rohsenow correlation.
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Responses 1o NRC Questions
Teoical Peport ANF-81-048 January 27, 1882
Questior §
in the critical flow medel correstion, it seems that the cojective Is
10 prevent flow reversal against the pressure gradient. However,
neither how it is done or what is the phiysics of the model and its
impact on the EM are discussed Please elaborate.
Besponse

The oblective of the critical low model correction is ! prevent premature termination of the
caleulation due o the use of the wrong doner voiume fluld properties in the critical fiow table
search,







ANF-91-048(NP)(A)

CORRESPONDENCE
Page 48
Resporses to NRC Questions
Topical Seport ANF-91-048 January 27, 1892
Question §
On the drift flux mcdel: Why was the Ishil correlation used since it
was known 1o have a built-in inconsistency with the Kutateladze
flooding correlation? What is the physical basis for the smocthing
a function?
Sesponse

The Ishii correlation was chosen and impiemented as part of the original EXEM/BWR model. At
that time, SNP was not aware of an inconsistency with the Kutateladze focoding correlation. »nd
no problems have been observed in NP analyses due 1o this inconsistency. The eXEM ™~
revisions described in ANF-81-048(P) do not change the basic drift flux model correlat’
address numerical problems whi i can occur unaer specialized conditions.

!
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Responses to NRC Questions Page §0
Topical Report ANF-91-048 January 27, 1892

Question 9:
isn't the upper limit of 1800°F for the modified Dougali-Rohsenow
correlation iow? What is the corresponding limit for the present

Dougall-Rohsenow corralation?

Response
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January 27, 1992
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Responses to NRC Questions

Topical Report ANF-91-048 January 27 1882

Question 11
On page 40, either choice of the critical flow multiplier i based on
sareemant of experimental and ana'ytical resuits. Please, justify the
proposed change of the critical fiow coefficient in terms of the
requirements of the EM.

Response

There is no change in the EM choice of critical flow multiplier associated with the EXEM/B\VR
revisions Jdesciibed in ANF-81-048(P). The discussion on page 40 reiates only to validation
calculations made for romparison with the 7. TA test, Conservatisms raguired in EM licensing
caleulations are removed from the test comparison analysis so that the desired phenomena can
be assessed directly against data without distortion due 10 these conservatisms. Therefore, the
SNP TLTA simulation was run with measured power input and a critical flow multiplier intended
to give the most realistic calculation of the TLTA blowdown. Caiculated rosuits can then be

comparad directly against measured temperatures and event tres.

For licensing analyses with the revised EXEM/BWR model, SNP will continue to perform the
required soectrum of LOCA breaks, and the worst of these breaks will be analyzed to show

conformance to 10 CFR 50.46 critena.
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Responses t© NRC Quastions
Topical Repoil ANF-§1-048 January 27, 1682
Question 13
In Section 5.2 which discusses the FLEX simulation of TLTA, a
conservative prediction is claimed, however, there is nc
comparison t3 experimental data, there is no discussion of
potential effects of the revised FELAX and it does not consicer
TLTA in the parspective of an actual EWR. Please respond 1o
above comments.
Response

The revisec¢ model as submitted in ANF-91-048(F) focuses on changes in resuits for the
banchmark provided with the criginal EXEM/BWR model (XN-NF-80-18 (P){(A), Velume 2) and on
the changes in resu'ts from sample caiculations for BWHRs due to the revisions. The ANF-81-
048(R) submittal provides essentially the same RELAX and FLEX comparisons with experimental
data as provided with the origiral benchmark. The object was i view the composite of the 1880
and the 1881 submittals as the support documentation for the revised EXEM/BWR model.

The TLTA test was chosen for the ~riginal benchmark as being tne test most representative of
large BWF LOCA phenome.a available at the tirne. The test simulated LOCA blowdown
phenomena, core heawup, ani vessel reflood sonditions. Section 5.1 of ANF-81-048(F)
discusses the TLTA simulation using the revised RELAX code.
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