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+# UNITED STATES

85- h NUCLEAR REGULATORY. COMMISSION!
W A$HINGTON, D. C. 20555

\+.. . }j November 18, 1992

i
R. A. Copeland, Manager
Reload Licensing .

Siemens Nuclear Power Corporation"
P.O. Box 130
Richland, Washington 99352-0130

Dear Mr. Copeland:

SUBJECT: ACCEPTANCE FOR REFERENCING 0F TOPICAL REPORT ANF 91-048(P;,
" ADVANCED NUCLEAR FUELS METHODOLOGY FOR BOILING WATER REACTORS EXEM
BWR ECCS EVALUATION MODEL"

i 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 (ECCG). The
revisions and improvements 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

d the aggregate of the calculkted peak cladding differences caused by error
y corrections and modifications exceeds 50 F. Siemens benchmarked the revised

code model against the two loo) test apparatus (TLTA) test 6406/Run 1, also-
-

testeo the modified Deugall-Roisenow correlation against independentI experiments, and found them to be conservative.

The staff finds the application of ANF 91-048(P) to be acceptable for

I referencing in license applications to the ' extend--specified, and under the
limitations delineated, in ANF 91-048 P) and the associated 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(P), when the report appears as a reference in license

I applications, except to ensure that the material presented applies' to the
-

specific plant involved. Our acceptance applies only to the matters described
in the application of ANF 91-048(P).. '

In accordance with procedures established in NUREG-0390, the staff requests
that the Siemens Nuclear Power Corporation publish accepted versions of this-
topical report, proprietary and non-proprietary, within 3 months of receivingI this letter. The accepted version shall include an "A" (designating accepted)

| following the report identification symbol,
p
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R. A. Copeland -2- November 18, 1992 W

If the staff's criteria or regulations change so that its conclusions about
the acceptability of the report are invalidated, Siemens Nuclear Power
Corporation and/or the applicants referencing the topical report should revise
and resubmit their respective documentation or submit justification for the
continued effective applicability of the topical report without revision of
their respective documentation.

"
Sincerel ,

W'k

,, , ~

Ashok C. Thad:ni, Director
Divis oa of Syrtems Safety and Analysis
Office of Nuclear Ra;ctor Regulation.

I
Enclosure:
ANF 91-048(P) Evaluation
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ENCLOSURE

SAFETY EVALUATION FOR ANF 91-048(P). " ADVANCED NUCLEAR FUELS CORPORATION
METHODOLOGY FOR B0ILI?IG WALER REACf0RS EXEM BWR ECCS EVALVATION MODEL"

I
1.0 INTRODUCTION

In a lette.r of July 25, 1991, the Advanced Nuclear Fuels Corporation (ANF;
since renamed to Sien. ens Power Corporation) submitted the topical report ANF-
91-048(P), " Advanced Nuclear Fuels Corporation Methodology for Boiling Water
Reactors EXEM BWR ECCS Evaluation Model," for the staff to review (Refs.1,>

2). Siemens submitted additional information on January 28, 1992 '(Ref. 3),
May 27,1992 (Ref. 4), and July 6,1992 (Ref. 5). The report describes

4 reactor (BWR) emergency core cooling-system (ECCS). These modifications are
modifications to the existing ANF evaluation model (EM) for the boiling water

required by Section 50.46(a)(3)(ii) of Title 10 of the Code of Federal
Reaulations (10 CFR 50.46 (a)(3)(ii)) because the calculated aggregate of the

I' peak cladding temperaturp (PCT) differences due to error corrections and
modifications exceeds 50 F (Ref. 6). The currently approved EM (EXEM) uses
four codes: RODEX2, RELAX, FLEX, and HUXY. This topical report describes
proposed changes to the FLEX and RELAX codes.

The RELAX code calculates the system blowdcwn and the response of the hot

i channel. The proposed changes in RELAX include modifying the time step
control, adding an iterative s N tion method;. eliminating discontinuous
transitions, replacing the Dougall-Rohsenow heat transfer correlation with the
modified Doucall-Rohsenow heat transfer correlation.

_

The FLEX code calculates the hydraulic transient for the reflood phase of the
loss of coolant accident (LOCA). The applicant proposes making changes in
code numerics to reduce computational flow oscillations.

The applicant validated the revised ECCS EM by comparing its results to data
from the two loop test apparatus (TLTA) test 6406/Run 1.

2.0 SUMMARY OF THE T0r'ICAL rep 0RT

In the topical report the applicant discusses the EM, the proposed revisions,
and conformance to Appendix K to 10 CFR part 50, and assesses the proposed EM.s

2.1 Evaluation Model

in this section the applicant describes each of the codes that comprise the EM
and their function in modeling each phase of the transient. The EM begins

I with the RODEX2 code calculating the parameter specifications. The RELAX code
then calculates the blowdown until the low pressure core spray reaches its
rated value. RELAX then performs another calculation that defines the hot

I
_
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channel conditions including the conditions determining the_ heat transfer-
coefficients. The FLEX : ode calculates the hydraulic characteristics of the t

reflooo phase, and the HUXY code calculates the increase in temperature for '

the entire LOCA.

2.2 Procosed Revisions to EXEM BWR ECCS EM

The applicant proposed modifying only the RELAX and the FLEX codos of the EM.
$.The applicant modified the RELAX code to improve convergence, eliminate

discontinuities, and replace the Dougall-Rohsenow heat transfer corrnlation P
with the modified Dougall-Rohsemw correlation. The numerical modifications
were based on an iterative hydraulics solution method aroposed by Porshing
(Ref. 7) and based on finite-difference solutions of tie linear differential
equations representing conservation of energy, mass, and momentum; The

applicant added logic to measure the degree of convergenciand determine an
optimal time step. The applicant also improved the following: (1) the |
critical flow model to prevent calculated flow from Laing reversed at critical F
flow junctions; (2) the bubble mass integration model, by iolving a quadratic
equation instead of two linear approximations to determinq mass and density; $
and (3) the drift flux model to provide a smoother transition between g
differing flow regimes. The RELAX drift flux model was proposed by Ishii
(Ref. 8) and was used to replace the existing model. However, Onkawa and a
Lahey (Ref. 9) noted that the Ishii relations were inconsistent with the- g
Kutateladze flooding correlation and proposed the Onkawa-Lahey modification
for the drift velocity formulation in the post-CHF region which is consistent
with the Kutateladze flooding correlation. The liquid fraction model in the |
annular-mist region of the drift flux inhibited conversion, thus, an alternate Rf
model (also suggested by Ishii, Ref.10) was used; the pump model was changed
to represent the pump head and pump flow by two linear approximations solved - a
simultaneously; the jet pump model was changed to correct a discontinuity and @
finally the Dougall-Rohsenow heat transfer correlation was substituted by the

-

modified Dougall-Rohsenow correlation (Ref.11). The modified form.has been
found to provide agreement or slightly conservative predictions relative to
pertinent experimental data.

The applicant modified the FLEX code to alleviate numerical calculational
difficulties that arose from the semi-explicit solution technique used-in the
code. The specific changes include: correcting the criteria for the core by-
pass flow balance convergence modifying the core inlet pressure drop .a
calculation to properly account for two-phase core inlet conditions, improving .g
the low pressure coding logic and editing code to smooth the transition in

' u

core inlet density as the lower plenum mixture reaches the core.

The applicant made other changes to FLEX to address calculated negative
pressure values during pressure drops caused by a break and by smoothing in
the density at the ' lower plenum outlet. The drift flux model_ changes at the a.
beginning of the reflood stage, which cause rapid (computed) oscillations in 5
the plenum mixture level and the midplane entrainment. The applicant made

~

other minor changes in FLEX to correct known discrepancies and made minor
changes in the format for the input to the code. :

I_
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The applicant modified the HUXY code to correct an overconservative
h coefficient in the decay heat model. The corrected decay heat meets the
g requirements of Appendix K. The applicant made no other changes to HUXY which
^ is an approvtd code.

2.3 Conformance to Part 10 CFR 50. Annendix K

The only changes that could affect the applicability of Appendix K are the

I replacement of Dougall-Rohsenow heat-transfer correlation and the-correction
of the decay heat model. The applicant claims that these changes are
conservative and result in slightly higher peak clad temperature at the end of'

the blowdown. Although the changes in the FLEX do not affect the entire EM,

Ii they do affect the portions that have been changed. This approach is
consistent with the validation procedure for the current versions of RELAX and
FLEX. The TLTA nodalization for the RELAX code (blowdown) and the FLEX code

j (refill) are shown. The applicant ran the TLTA test 6406/Run 1 with the
j revised model and compared the calculated results to the experimental data.

2.4 Assessment of the Procosed EM

The applicant described the effects of the revised ECCS methodology,
discussing separately the effects of the RELAX and FLEX and describing the

E overall effects. The applicant assessed these effects by comparing the
V numerical results to the corresponding results from the same problem from the

.

existing ECCS model.

3.0 EVALUATION

3.1 RELAX Simulation of TLTA Test 6406/Run 1

The applicant validated the revised EM by comparing it with the results of the
TLTA test 6406/Run 1 to verify the peak cladding temperature (PCT) predicted

.1
by the revised EM. The TLTA is a singie bundle experiment; thus, the hot .
channel PCT is calculated without the need to run HVXY. The EM is used in the
RELAX and FLEX in a manner identical to the use in licensing applications.
This included the effect of the modified Dougall-Rohsenow correlation and a

4 suitable value of a flow multiplier. In the TLTA simulaticn the applicant
- added a node in the intact loop centrifugal pump suction line to eliminate

- flow oscillations at the recirculation line uncovery. These oscillations are
one of the reasons for revising the EM. For consistency, the applicant
performed the FLEX calculation using the RELAX values calculated at the end ,of
the blowdown phase.

The calculated PCT value is significantly more conservative than that measured
in the TLTA.

3.2 FLEX Simulation of TLTA Test 6406/Run 1

After the blowdown phase, simulated by RELAX to 136 seconds, the
refill /reflood portion of the TLTA test runs to 200 seconds. The applicant

I
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compared the lower plenum mass measured in TLTA with the value calculated by
the revised FLEX and found that the revised FLEX predicted the reflood -level
well at the mid-level and underpredicted it toward the end of the
refill /reflood period. The revised FLEX predicts fairly accurately the steam
dome pressure, which is an integral response of many thermodynanic parametsrs
such as critical flow, bypass finw, and phase separation. The key events such
as filling of the bypass region, the filling of the lower plenum, and the
bundle reflood are timed in a manner consistent with the experimental data.

3.3 Modified Doucall-Rohsenow Ccrrelation

The heat transfer coefficient of the proposed modified Dougall-Rohsenew
correlation has been compared to a number of other correlations (Polonik, 4

Groeneveld, Quinn and Dougall-Rohsenow) as a function of pressure 1(0-2500
psia), temperature (0-2500 F), Quality (0-100 percent) ed a mass flow off
0-3.0x10 lbm/hr-ft . In each of these comparisons, the moo;fied Dougall-6

Rohsenow correlation has been shown to be reasonably conservative. The
applicant compared values calculated using the proposed correlation with data
from heat transfer experiments at the Oak Ridge National Laboratory (ORNL) and
the Columbia University facility for Combustion Engineering Incorporated. In
these applications, an appropriate multiplier was used for the heat transfer
coefficient was then applied to the modified Dougall-Rohsenow correlation.
The applicant applied this correlation to a set of ORNL data and obtained
conservative predictions of the surface peak temperature.

3.4 Acolicability of TLTA to a Laroe BWR

The TLTA facility was designed to 1/624 scale based on a large BWR/6, which
contains 624 assemblies. Thus, the TLTA core consists of a single full-scale
fuel assembly that is an electrically heated simulation of an 8x8 BWR hEassembly. The system is scaled by power to volume, and the break is scaled by
break area to system volume. Linear dimensions are maintained as close to the-
prototype as possible. The time scale, the fluid mass and energy
distribution, velocities, accelerations and lengths in this facility are
essentially the same in the test f acility as in the prototype plant (Refs 5
and 12). For the blowdown portion of a large break LOCA, tests on facilities
of various scales show the same controlling phenomena. Thus, scale is of. no
concern for the full scale reactors. However, in the refill /reflood phase,
the effects of scale have been observed because component length is preserved
but component diameters are significantly reduced. The effects of multiple
assemblies in a BWR plant is not preserved in the TLTA experiment. Large
scale tests simulating the upper plenum and parallel channels of a
multidimensional reactor vessel permit ECC fluid to flow readily to the lower
plenum through low power assemblies. Accordingly, the observed TLTA reflood
time will likely be longer than the expected reflood time for an actual BhR
(Ref. 13). Therefore, when the TLTA phenomena are the controlling phenomena
and are applied to a BWR, they are expected to predict delayed reflood and
thus increase the calculated PCT, which is a conservative result.

I
a.

_ _ _ _ _ _ _ - _ _ _ _ _ -



.

1
-5-

3.5 Assessment of the Revise'i EXEM BWR ECCS EM

The applicant compared the overall performance of the revised EM to the
results of the existing EM. However, the existing model incorporates the
Dougall-Rohsenow correlation, which does not satisfy Appendix K requiremergs, *

Having established that the changes are conservative, the applicant compared
the revised and existing models for phenomenological trends, numerical
stability, and solution convergence rather than for absol_ute values.

The solution for core inlet flow exhibits the sams trendi as does-the solution '

in 'he ex sting version. The same is true for the blowdown break flow and'
i

clad temperature. The revisior, yields the greatest improvements in theI relative midplane entrainment for all BWR types for which this code is
intended, that is, for BWR/3 to BWR/6. The applicant demor,strated that
numerical solution convergence and stability have considerably improved.

4.0 SUMMARY. CONCLUSIONS. AND LIMITATIONS

I 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 porrections and modifications result in a value of Delta-T
greater than 50 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

I measurements. The applicant used a suitable multiplier in the comparison ^
calculations. Licensees will use this multiplier in licensing applications.
The staff finds the proposed-EXEM BWR ECCS EM, as documented in References-1

t' to 5, to be 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. ,

8
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 into a single report, for ease of reference.

I
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1.0 lifl900UCTION AND SUMMARY

ANF originally submitted the EXEM BWR Emergency Core Cooling System (ECCS)

Evaluation Model (EM)' in 1980 for jet pump BWR loss <f<colant 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 required by the NRC

as a consequence of revising the EXEM ECCS EM when a 450"F or greater change results from>

error correc+Jons or modifications to the constituent codes.'

The currently approved EXEM BWR ECCS EM methodology employs four major codes.
' These codes are RCDEX2, RELAX, FLEX, and HUXY. This report describes the upgrades made .

to the FLEX and the RELAX codes. The HUXY and RODEX2 codes were left unchanged by thisI revision of the ECCS EM. Changes to the RELAX and the FLEX codes are summarized belew,

r

RELAX calculates the sygem blowdown and het channel response. This code was

modified to replace the current time step control with an automatic time step contrel based upcn -

numeric code convergence for each time step. This required that code numerics be improved

to avoid Interference of any discontinuous transitions with the time step contrciter. Also, the- y

improvement in code numerics assures code convergence and reduces spurious ficw ]
cscillations. ,

i >

I
I ;

)

5.. The FLEX code computes the system hydraulic transient for the refill /reflood phase in the .
'

i

LOCA. The code robustness was improved to reduce flow oscillations and convergence

difficulties in the coupling of core, core bypass, and system iegions. These numerical difficulties -

in plant analyses had forced FLEX users to sometimes urs limiting conservative piant

g
.

sb
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i
descriptions to bound approved base-lino FLEX models.

I
Validation of the revised ECCS EM was accomplished by-benchmarking the EM to'

'

experimental data (TLTA test 6406/Run 1). The samt benchmark was previously performed in

support of the currently approved ECCS EM licensing submrttal.

I

I
I
I.
.
3.

l
I.

I

I

I
3.

I.
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I
2.0 EVALUATION MODEL DESCRIPTION

The function and interfacing of the component codes of the revised EXEM BWR ECCS

I EM are unchanged from the currently approved EXEM ECCS EM'. Both rely on fcor major

analys!s codes. These codes are RELAX, FUEX, HUXY, and RODEX2. 'Ihe revision of the EXEM

.
BWR EM consists of minor changes to the RELAX and the FLEX codes and a very minor change

to the methodology used for computing the blowdown core decay heat. The revised decay heat

calculation is consistent with the requirements of Appendix K, and it makes the ANF docay heat

..

calculation during the blowdown consistent with the. approved decay heat calculatica following

blowdown. The methodology for interfacing the codes within the model is illustrated in Figure

2.1.

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 generatien, in~ ctder to

determ!ne the elapsed time from time of rated spray to time of reflood for the heatup code, in

contrast, the HUXY heatup model is used for the calculaticn of the PCT and includes the

I Appendix K citeria applicable to heatup. Approval for the HUXY code can be traced from the

earlier ANF NJP.BWR ECCS EM2 as well as the currently approved ECCS EM. Subsequent to

I the release of the currently approved BWR ECCS EM, the GAPEX fuel red thermal-mechanical-

response code was replaced by the RODEX2* code. This change was approved * for both LOCA

and non-LOCA licensing applications for both SWRs and PWRs.

A complete analysis for a given break size starts with the specification of fuel parameters
~

using RODEX2. RODEX21s used to verify the initial stored energy in both the blowdown and the

hot channel code, RELAX', and the heatup code, HUXY".

I:
Next, the blowdown calculation is performed using RELAX. The one-dimensicnal core isg

p represented by an average core channel. This calculation gives the system thermal-hydraulic
i

response during blowdown. RELAX is run from break initiation to the time the ECCS Low

I.
.

.
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I
Pressure Qore Spray (LPCS) flow reaches its rated value. The RELAX blowdown calculation

provides two major sets of output. First, the blowdown calculation provides the upper and lower

plenum transient boundary conditions for the hot channel analys'is. Second, the blowdown
calculation fumishes the transient cere power and the system thermal-hydraulic conditions

(including average core conditions) at the time the LPCS reaches rated spray.

Fo!!owing the blowdown calculation, another RELAX run is made to analyze just the

maximum power assembly (hot channel) of the core, using infcrmation from the blowdown run
-

,

to supply the core power and the system boundary conditions at the core inlet and exit. The

results from this RELAX calculation are heat transfer coefficients and fluid temperature conditions

!n the hot channel at the plane of interest for input to HUXY. |
The FLEX refill /reficed code * is used to perform a liquid inventory calculation during

the ECC Injection pericd. A!!owing for countercurrent flow through the core and the bypass,

FLEX determines the refill rate of the lower plenum due to ECCS water and the subsequent

reflood times for the core and the core bypass, initial conditiens for the FLEX calculatien are

supplied by the RELAX blowdown calculation. The FLEX calculation provides HUXY the time

interval from the time of rated LPCS spray injection to the time the two-phase f!uid has risen by_

entrainment in the core to the axial plane of interest (time of het node reficod).

The HUXY code is used to perform heatup calculations for the entire LCCA transient and

Theseyields peak clad temperature and local clad oxidation at the axial plane of interest.

calculations consider thermal-mechanicalinteractions within the fuel rod. The clad swelling and

rupture models from NUREGG30 have been implemented in the heatup model as described in
urReferences 1, 2, 5 and 8. HUXY requires the time of rated core spray from the RELAX

blowdown calculation and the time of core bypass reticed and the time of core reficed at the

level of interest from the FLEX refill /rettood calculation.

I

I
a
**

'
.

_ . _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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I
HUXY requires two event times from FLEX, These are the

time of renooding of the corr ;ypass and the time of hot node reflood ir side the canister.

Following the time of bypa's reflood, the heat transfer coefficient en the bypass sido cf theW
canister beneath the bypus mixture levelis set to a conservative value based upon the modified

.

Bromley pool film boiling ccrrelation'. Subsequent to the canister quench, the canister heat

transfer coefficient is set to 14,000 BTU /hr-ft''F in conformance to the Appendix K approved

modified Yamanouchi correlation, Results from the HUXY calculation are the peak clad

temperature (FCD and maximum fracticn of local cladding oxidatien (tecal metal-water reaction).

I

,

I

I

I
I

il
'

,

,

9
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1

4 3.0 REVISED EXEM BWR ECCS EM

The revised EXEM BWR ECCS EM includes the modification of the RELAX and the FLEX

codes. The principal change to these codes was to incraaw robustness and reduce rtn time.

These changes, plus the previously documented changes to the ccdes that ecmprise the

currently approved ECCS EM model, will after the EM results beyond the defined A50*F reporting
>

limit'. As a consequence of exceeding the reporting limit, the NRC requires that the Dougall-

Rchsenow heat transfer correlation be replaced in the ECCS EM The changes to the EXEM

BWR ECCS EM retain the existing Appendix K Evaluation Model approach currently in use at

ANF and previously approved by the NRC.

3.1 RELAX Uccrade

RELAX was modified to replace the current automatic time step centrol with a better

autcmatic time step control based upon numeric code convergence for each time step. This

(. required that code numerics be improved to avoid interference between cede models-

(discentinucus transitions) and the automatic time step controller.

k

4

8
|t

|
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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3.1.1 tterative Solution Method

Tiw numerical solution method used in the currently approved version of RELAX is based '
'

on a method proposed by Porsching, et al.". .

1

I
I-

I
I

I
.
5

I

I
I

I-

I
l
B
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3.1.2 Convercence Measure

[ Logic has been added to RELAX to measure the degree of convergence at the end of

each time step. The term " convergence"Is used here in the sense that for the given time, step

| size the nodal pressure, mass and energy terms in the finite difference form of the mass, energy '_
t

I .

I.
.



- - - -- - .- - .. . . .. . - .-. ~ . - . - . .

I
.

ANF 91048(NP)(A)
Page 10

I~

and momentum equations satisfy these equations to within a specified maximum error,

I
I
I-

I
I
I

I
I
I
3:

I
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I

B

I

I .

I

I

I

g
-

I

!! convergence is not obtained after a fixed number of iterations, the time stop is halved

and the calculation is repeated with the new time step.

'

I .

I .

I
.
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I
3.1.3 Automatic Timo Steo Control

The measured level cf convergence is used to determine an optimal time step.

I
I
I

I

I
I
I
I
I

The REl.AX upgrade contains logic to be able to recover from previously fatal occurrences |
of exceeding the bounds of the water property tables, as well as failure to corsverge in a given

number of iterations. This involves trapping these occurrences and resetting variables to values

that existed at the beginning of the time step, including the restcrat!on of the special Evaluation

Model heat transfer flags to their condition at the beginning of the time step. The calculation

then proceeds with a smaller time step. A lower bound of 0.000005 seconds is applied to the

time step in this process.
-

I
g,.

.-

.
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.

- 3.1.4 Critical Flow Medel
The solution scheme in REl.AX foquires that flow in junctions with ' critical flow" be

determined separately by use of the critical flow modelInstead (;f the inertial equations. This

requires that an estimate of the now flow be made before the flew matrix is solved in order to

know when to apply the critical ficw model. Under cortain circumstances this estimated flow will

predict a flow reversal against the prer.sure gradlont. This may in turn result in a failure of the

critical flow model since the new upstream fluid state probably will net be covered by the critical

' f!cw tables. To correct this problem, a test was included to prevent a reversalin the direction .

of the estirrated ficw against the pressure gradient.

3.1.5 Bubble Mass Intecration Medo]

8 The RELAX Bubble Mass Integration Model was modified to selve a quadratic equation

,

instead of two linear approximations for the determinat!cn of the bubble mass and the bubble

density at the mixture level.

*

* .
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I

I

I

I

I

I

I

3.1.6 Drift Flux Model

The drift flux model was modified to provice smoother transitions between the different

flow regimes. Logic paths in the coding that would result in default selection of homogeneous

flow were eliminated.

|

.

$

-- - - - - . -. --~__.._.__.___.m.m_______ . . _ ______m______.__________ __



- . . . . . - . - . - . _ _ . - . . - . . ... _ - .- - - - - -.--...-. - - -- - - .- - - .. - .-.

'

ANF 91-048(NP)(A)
Page 16

I
I.'

I
3:

I
; I
;

I
1:

3:

I<

I.

I;~
-

5
.

I

I
.

.

a; -
.,

.

.;~... - . . . . , . . _



. . _ _ _ _ _ _ _ _ _ . _

ANF 91048(NP)(A)
- Page17

.

I

I

I

I

I

I !

E

I

B

\

e

-

.



. _ . - . .. _ - - . . . - - _ - . _ _ . . - _ _ -

E

ANF-91048(NP)(A)
Page 18

I
I
E

E

I

I
,

I
u

| 1
l

3.1,7 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 modelinhibited convergence. An alternate model presented by Ishil, et
'

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

'

E, = tanh 7.25x10 7(/,*[O')"Ref
*

I
dimensionless gas flux given by:where: j', =

I'
1,* , q-

,

22Ae.E ' '

p's api
;

I
I

,

.

-
-

. - . _
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I
total !! quid Reynolds nurnbor given by:Re, =

Re, = '' '
Pr

I dlmonsionless diamator given by:D* =

O* . O S 02.
S o

in the above equations:

D = flow diameter

vapor volumetric flux( =;

| .
1, liquid volumetric fluxI =

| liquid viscosity=p,

I
implementation of the Ishilliquid entrainment modelinto RELAX required the simultanocus

solution of the entrainment fraction with the slip velocity in the slug annular and annular mist flow

regions, sinco each is a strong function of the other,

3.1.8 Pumo Model

The pump model calculatos the now time step pump head based on the previous volume
^

average flow. However, the pump volume average flow is strongly dependent on the pump head,

and the explicit coupling of a two may result in diverging values for pump head and pump

volume flow. This behavior was ollminated by deriving linear approximations of the rno functional

relationships betwoon pump head and pump volume flow which are then solved simultaneously.

3.1.9 Jet Pumo Model

The jet pump modelis coupled to the RELAX sclution scheme via pressure drop terms

that are added to the total pressure drops for the drive-exit and suction-exit flow paths, However,

9

- _-__ _ _-________ ________ __._____ _ _ _ __ _______ _ _ _ _ .
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I
|

thase modifications of the pressure drop need to be included in the Jaceblan matrix in crder to

be able to implicitly approximate the precsure drop at the new time,

E,\

I
I
I

I
I

I
E

I

I

3.1,10 Medmed Doucall Achsenow Heat Transfer Correlation

The Dougall Rohsenow heat transfer flow fJm boiling correlation was replaced

t I
-

c

h

a.
'

[ .
_ _ . . .
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I
I
I
I

I

I
I
I
I

,

I

I

3.1.11 RELAX locut Chances

The onif change to the RELAX codo input involves the Time Step Cata Cards. To accessi

the revised RELAX coding, a flag (variable NCHK)!s set. This flag initiates an iterativo solution

process with automatic time step selecticn. User control of time steps in the new methodclogy.

*
..

.
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I|

Is limited to specificatlon of the maximum increment value (variable DELTM). The mhimum time

step is a code default selected to preclude useless iteration. This numerical scheme assures

mess and energy convergence. The primary control en the code iteration is provided by the ,

normalized percent error tolerance (variable EPSW) in the energy and the mass conservatlon

equations. j

Il
3.2 ELEX Ucaredg

FLEX code logic was revised to improve code rebustness. Applicat!cn of FLEX to .

Increasingly more ecmplex plant configurations through the years have led to numeric difficult!es.

These numerical difficuttles arise due to the seml4xplicit solution technique used, the -

conservative logic that couples some of the models, and the mapping of FLEX initial conditions
-

from RELAX results at time of tated spray. The difficuttles were manifested in either code failure g
due to iteration troubles or high frequency oscillatlons in the code precletions, As a "

! consequence, code users had to select more limiting and conservative plant description choices g
or had to apply conservatism directly to the code results, a

The code difficultles have been reduced by revising the core-bypass flow iteration ecding

| and by improving code login to avoid spurious non physical depressurizatien at Icw pressure and

assoc!ated disruption of the toflood process. As a resutt, high frequency oscillations previcusly

seen in resuits have also been graatly reduced. These changes to the code numerics give the

i: ode user the ability to use the appoved plant description choices and obtain more realistic

(earlier reflood) results.

5|

:

I
.

I
.
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I
3.2.6 FLEX fnout Chancej

'

Three changes have been made to the FLEX code input format. These changos are: (1)

Specification of the core bundle inlot and oxit pressure loss coefficients through input is posulble.

(2) The minct edit / plot variable specifications have been simplified. (3) Provision for free format

input has been added to both the FLEX code and to the FLXDATA restart option of the RELAX

ccde. If the above featuros are not desired and if minor edits are not requested, then these input

changes can be ignorod and prior input decks are backward compatible, it has been found that
'

the core infot and exit pressure losses are adequatcly described by the current methodology,

3.3 P,9 vised Procedures for imolementino the Evaluation Medel

Since the objective of the revised EXEM BWR ECCS Evaluation Model has been to correct

numerical difficuttles within the RELAX and the FLEX codos, the overall procedures and

methodology does not require significant alteration. The original sensitivity and case studies are g
Eunchanged by the new coding and code use procedures. This is demonstrated by the close

correspondence to production calculations in the absence of the replacement of the Dougall-

Rohsonow correlation (see Section 6.1) and by the good agreement of the TLTA 6406 simulation

to experim61tal data (see Section 5.0).

E
lt has been discovered that the docay heat modelin RELAX inadvertently applies a 1.2

mult! plier to both the fission product docay and the Actinide decay terms. Appendix K cnly

requires the 1.2 muttlplier be applied to the fission product decay component. The currently

a'pproved 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

predletod. For the refill /reficed period of the LOCA transient, the decay heat is deterrpined in a

mannor consistent with Appendix K. That is, the decay heat during refill /roticed period is

determined by interpolation of the 1971 draft ANS Standard Decay Heat table presented in the
-

WREM documentation''. The rnethodology fer Implomonting the Appendix K decay heat model .

In the revised EXEM BWR ECCS methodology is changed to be consistent throughout the LOCA. g
The ANS Standards Committee draft standard (October 1971) values t!mos 1.2 with Actinide heat 3

added will be used over the ontfre LOCA transient in the heatup calculation (HUXY code). The

.
.

s
=

.

.
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I
I

methodology for the system blowdown (RELAX code) and the refill /renood (FLEX code) phases

are left unchanged except as noted below. The resulting model remains in compliance with
~

Appendix K with a conservative bias. The not value of this methodology change has been

evaluated for BWR3 and SWR 6 plants. The range of reduc'Jon of PCT is between 11 and 27.

In addition, the input procedure for REl.AX has been changed to set both the cere bandle

I inlet and exit flow areas equal to the core ficw area. The resutt is consistent definitiens of

pressure loss for standard design (experimental tests), RELAX input, and FLEX input. The current

I procedure accomplishes the same end, but is not as apparent and more likely to create In'put

errors.

The objec'Jve for tovising the FLEX code was to reduce numerical problems. However.

| experience has shown that numerical difficuttles can sometimes be further reduced through code

input. To accomcIlsh this the system node phase separation model and the mixture levelin the

upper plenum efe important model specification (code input) p'arameters.
1

The standard application of the phase separation model to the system nodes (see Figure

5.2) using the currently approved evaluation modelis as follows:

I
'

I
-

5

I
,I

I
I

.
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I
4.0 CONFORMANCE TO 10 CFR 50, APPENDIX K

The models and codos in the current ANF BWR ECCS Evaluation Model have been

approved' as being in accordance with Appendix K. This upgrado to the Evaluation Model

censists of improvements in RELAX and FLEX codo numerics. The numericalimprovements do

not involve the modification of any Appendly K feature within these codes. Appendix K issues

arise only in the conservative replacement of the Dougall Rohsenow heat transfer coefficient in

RELAX and correction of the decay heat specification in the heatup calculation. Otherwise, the

Appendix K appilcation of the current ANF Model remains in place, as originally approved by the

NRC.

The current RELAX blowdown code, as part of the current ECCS EM, has been approved

to be in accordance with Appendix K in addition to being approved in its cwn right, its

development path includes the EXEM NJP-BWR ECCS EM which was also approvec' to be in

accordance with Appendix K The only changes to the curront version of RELAX are

m'dif! cations to improvo codo numerics and replacement of the Dougall Rohsenew heat transfer

I mocel

I
These numerics modifications do not affect the ecnicrmanco of the cede to Appendix

K critoria. Further, the uso of the heat transfer ccrrelation is a

conservativo change in response to new Appendix K requirements. As demonstrated in the

comparisons shown, the impact of these changes result in higher peak cladding temperatures

at the end of blowdown.

I The FLEX refill /reflood code does not contain Appendix K criteria in its core model'

because it is used to provide a prediction of fluid inventory during the ECC inject!cn period.

FLEX is not used as a heatup code for calculation of PCT. The required Appendix K criteria in

the currently approved EM and in the revised EM that are applicable to heatup predictions are

contained in HUXY and are unchanged. The changes to FLEX Involved code logic that reduced

purely numoric fluctuations about the mean solution and eliminated code failure when more

i .

.
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I
realistic core modeling was linked to ultra conservative approximatlens. These numerical

difficuttles have required codo users to select alternate and limiting conservative problem

description choices. The improvement is not obtained by less conssivative models added to the

code, but by reanab!!ng problem description choices which have previously been approved, but

were not used because of the numerical problems they causod. This lack of model change is

demonstrated by ccmparisons cf the currently approved and revised FLEX code versiens using

the same input.

The fuel stored energy as calculated in ROCEX2' and fuel deformation and thermal

analysis as calculated for the heatup phase by HUXF retain their Appendix K status since no

alteration of methodology or modification of the codes have been made in the upgrade.

However, it was dlscovered that the decay heat model in RELAX inadvertently applies a 1.2

multiplier. to both the fission product and the Act!nido terms. This applicatlen is more

conservative than that required by Appendix K. This is because Appendix K only r3 quires the

muttlplier be applied to the fission product decay component. The current EXEM BWR ECCS

heatup methodology uses this unnecessarily conservative decay heat model from the start of

blowdown until rated LPCI spray is predicted. This methodclogy is changed in the revised EXEM

BWR ECCS methodology to be censistont with the currently approved decay heat medel

following the time of rated LPCS The ANS Standards Committee (October 1971) fission product

decay heat values times 1.2 and the Actinide decay heat without a mult!piler will be used ever

the entire LOCA translent in the heatup calculation (HUXY code). The methodology for the

blowdown (RELAX code) and the refill /reflood (FLEX codo) phases are left unchanged.

I

I
I

.

I
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i

5.0 VALIDATION OF EVALUATION MODEL

This section presents the resutts of validatien tests of the revised EXEM BW9 ECCS EM.

I This validatlon builds on the results obtained in the validat!cn program presented in the submittal

for the currently approved EXEM BWR ECCS EM'. Validation of the revised model is

accomplished by comparison with experimental data and typical plant calculations made with the

approved and revised codes. Comparison with experimental data is acecmplished by using the

revised EM to predict the behavior cf Test 64c6" as performed in the Two Locp Test

Apparatus (TLTA). -

I
The TLTA experimental apparatus was used to cbtain basic experimental data for

hypothetical LOCA events in a BWR. These data were obtained behveen the middle 1970's and

the earty 1980's. Use of these data have been primanly to assess the bounding value of PCT

as predicted by Evaluation Model methodology. Data from these experiments were used as part

of the validation program for the currently approved EXEM BWR ECCS EM submittal. TLTA Test

6406/Run 1 was identified as a reference test"in the 7tTA experimental program with a full sized

I full power bundle undergoing blowdown heat transfer with emergency core cooling. For this

reason Test 6406 was selected as a key simu!ation for both the currently approved EXEM BWR

I ECCS submittalin 1980 and as support for this EM revision.

Test 6406 was run in Configure lon S cf TLTA. TLTA was a small integral f acility with an

electrically heated full sized bundle used to simulate the core. The facility was volumetrically

s"cated and included all major BWR component features important to a BWR LO'CA. TLTA could

sustain prctotypto pressures and temperatures during the system transient.

I
Use of the complete methodology that is summarized in Section 2.0 was not attempted

for the simulation of Test 6406. The RELAX and the FLEX codes were used to predict the system

blowdown, refill, and reflood periods. - Since the core in the TLTA experiment consisted of a

single bundle, then analysis of the ' hot channel of the core * does not require a separate RELAX

(hot charnel) run. Further, the EM heatun calculation performed by HUXY is not required

because the purpose of the simulation was agreement with experimental results. This fccus

I
e

*
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I
imp!!cs all features of the test be simulated including actual bundle power and a fully cporational

ECCS. However, to assure that the remaining conservative features of the revised EM were g
evaluated, the simulation was performed in the Evaluation Model mode, in addition, the 5

application of RELAX and FLEX, the nodallzation cf the TLTA experiment, and the code input

preparaticn procedures are censistent with licensing use unless otherwlso ncted. In total, the

results that are reported are expected to be ecnservative. This approach is consistent with the
,

validation calculations performed in suppcrt of the currently approved SWR ECCS EM submittal.

Consistent with the submittal for the currently approved EXEM BWR ECCS EM, the actual

electrically heated bundle power and a best-estimate 4ike break flow multiplier to the Mccdy

saturated critical flow model were used. Use of the actualTLTA power value removes cne of the

major conservatisms in prodleting cladding temperature during blowdown (the 20% additlen to

the ANS decay power). However, the cladding temperatures will still be affected by the full EM
heat transfer correlation.heat transfer model wMeh includes the

The earlier submittal for the currently approved EM used a saturated critical flow multipiler of 0.8.

This value was originally chosen to provide agreement between analytical and experimental

results. However,' Slater ' states that "a discharge ccelficient of 0.6 gave best agreement wHh2

experimental data for the 100% breaks .. whereas a value of 0.8 gave the best agreement for the

2% breaks'. Though TLTA is a small facility,it is believed that the break is better described by

the 100% designatien.

Figure 5.1 shows the REl.AX nodalization diagram for TLTA for blowdown calculations.

This nodalization is the same as is being used on plant analyses except for geometric features

unique to TLTA; i.e., nedalization associated with the shortened jet pumps, the guide tubes, the

break, and the intact icop centrifugal pump suction line. The simulated break is in the pump

discharge piping of the recirculation loop which is the right hand loop of the figure,

The reason for adding an additional node in the intact loop centrifugal pump sucilon line

was to eliminate a damped flow escillation that originated at the point of recirculation line

uncovery. De oscillation resulted from the combination of: (1) rapid drop of the downcomer

|

|. m

'
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I
liquid lovel defeating the junction smocthing modol, (2) liquid lovel moving back and forth acrcss

the entrance to the rocirculation line, and (3) liquid surging into the downcomer during the

recirculation line uncovery period. Either a phaso separated nodo in the recirculation line er an

added nodo could have cured the difficulty. This phonomenon is not expected in a typical plant

appilcation tocause the downcomer level dreps more slowty and the natural damping forces are

largot,

in order to be consistent with plant EM analysos, the FLEX calculati.on was initialized

using the conditions calculated by RELAX at the end of the blowdown period (LPCS at rated

spray). Sinco the ECCS spray never reached a steady rated spray condition, the refili/refleed

porlod was initiated when the LPCS reached a near asymptotic value (80% at 106 seconds). This

time was charactorized by a significant change in the slepo of the LPCS delivery curve. The

submittal for the currently approved ECCS EM began the FLEX calculation when only the HPCS

reachod a near asymptotic value (95% with LPCS at 65%) Nodal masses, pressures, passive

heat conductor temperatures and heator rod temperatures woro initialized by autcmatic data

I transfer from the RELM results. The dats transfer precats employed tho same methodelegy

used in actualliconsing analysis. The FLEX system nodalization used in the simulation of Test

I 6406 la shown schematicalb in Figure 5.2. This is the standard FLEX nodalization used in ANFf

EM analyses.

5.1 RELAX Simulatien of TLTA Test 6f,Q,,Q

The calculated and the measured system pressure responses in the steam dome are
'

shown in Figure 5,3. In addition, the results reported in the submittal for the currently approved

EXEM BWR ECCS EM' are included in this and subsequent TLTA RELAX figuros with the

designation ' Approved RELAX' code.

I
I
I
I

.
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I
I 6.0 ASSESSMENT OF EXEM BWR ECCS EM

Section 3.0 described the changes made to the codes and procedures that mako up the

I revised EXEM BWR ECCS Evaluation Model. This section describes the impact of those changes

on both Individual code results and overall evaluation model results. Section 6.1 litustrates the -

separato effects of the major components of the RELAX upgrado and the sensitivity improvement

inheront in the now code version. Section 6.2 describes tho lmpact of the FLEX upgrado on each

plant type that ANF has licensod. Section 6.3 assesses the impact of the revised evaluaticti

model on the peak clad temperature for each of the plant types that ANF has licensed.

I
6.1 Revised PELAX Code Aesults

To assess the effect of the codo revision three comparisons woro made: (1) the currently

approved codo versus the upgradod code, (2) the upgraded code with and without the-

convergence critoria.

I A comparison of the currently approved RELAX code and the revised RELAX codo is

- provided in the Figuros 6.1 through 6.4 for the blowdown phase of a typical EWR4 plant. The

- upgraded version of RELAX includes the mcdified heat transfer correlatlen.

1

g ,

I
I

;-

A comparison of the upgraded REl.AX code with the currently approved Dougall.

Rohsonow correlation and with the modified correlation is provided in the Figures 6.5 and 6.6.

Again, the comparison involves a typical BWR4 plant.

g
.

-h
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I
I
I
I
I
I

The sensitivity of the upgraded PELAX code to the convqence criteria is shown in

Figures 6.7 through 6.9.

I
I.

I
6.2 Pevised FLEX Code ResuRs

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 BWR plant types.

The input and input preparation procedures for the FLEX calculations are consistent with the
-

revised evaluation model unless otherwise noted.

I
I
I
I
a
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6,3 Assessment Acclications to BWR Plant Tvees

I. This section provides the assessment of the overall offects of applying the revised EXEM

BWR EM to typleal BWR plant types.I
I
I
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I
6.3.1 Purpose of Assessment

Changes have been made to the EXEM BWR ECCS evaluation model. The purpose of

this assessment is to determine the overall effects of the combined changes on LOCA analysis -

applications for the various BWR piant types for which ANF provides reload fuel. Questions to

be answered include: (1) What are the approximate peak cladding temper-tures and extent of-

metal. water reaction that will be predicted using the new EXEM BWR models? (2) Will the

revised EXEM BWR evaluation model predict a driferent break size or location to be limiting .

relative to current analyses of rrcord? (3) Will a different assumed worst single failure be more

limiting using the revised models?
'-

As noted in Section 3.1, a number of changes have been made to the RELAX code used
_

|[
to calculate the blowdown portion of the LOCA event. Many of these changes are numericalin

nature, and while they signrficantly improve the efficiency and reliability of the code, calculated

results are not significantly altered by these changes. Replacement of the Dougall.Rohsenow
'

film boiling heat transfer correlation

will result in roduced heat transfer coefficients and higher temperatures during the
'

blowdown pertion of the LOCA. ,

5
Following b?owdown, the conservative refill or spray coeling period is calculated using the :

FLEX system code. The principal resutt of the FLEX code is the time of core reficod. The-
'

version of ino FLEX code used in current licensing analyses has frequently predicted oscillatory

core reflood behavice when using the NRC approved options.

I
I
I
I

.

a.
.
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I
'

Changes to the FLEX code are expected to eliminate the artificial oscillatory reflood

behavior and to allow calculation of a sustained reflood prior to system depressurization.

I
I
I 6.3.2 Assessment Calculations Perfermed

To assess the effects of revisions to the EXEM BWR evaluation model, large break LOCA

calculations were performed for thrce different jet pump BWR systems: a BWR3, a BWR4, and

a BWR6. LOCA behavior and ECC systems in a BWR5 are similar to ths BWR6, and the effects

I of the EXEM BWR models when applied to a BWR5 are expected to be similar to those

calculated for the BWR6. These reactor systems encompass the BWR systems using ANF reload

-I fuel.

-

E Current licensing analyses and limits are based on the limiting or worst case LOCA

calculation with regard to break size, break configuration, and break location. The limiting break

LOCAis determined in part by the duration of the refill time pened. Since the revised FLEX cede

can give different reflood times, the worst or most limiting LOCA break size, location, and

configuration could change due to the model revisions. To examino this possibility,.a parflal

break spectrum analysis was performed. The BWR4 plant model which currently has long refill

times was chosen for the break specttum calculations.

:

It is required that LOCA analysis include a single failure of the ECCS component having

the most severe effect on LOCA results. Generally this is the ECCS single failure whth yields

the lowest ECCS injection rate into the primary system and has been identified by the NSSS

vender. BWR5 and BWR6 reactors have a high pressure core spray (HPCS) ECCS wriich injects

significant ECC water into the system during the blowdown while the system is depressurizing.

|
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I
Other ECC systems op6.ne later at lower pressure but have higher injection rates. Fct thece

systems, the worst single failure may depend on the cooling calculated by the ECCS evaluation

modei due to the functioning of the HPCS system . To determine whether the worst single failure
-

might change due to the revised EXEM BWR models, an additional single failure calculation was

performed for the BWR6 reactor type.

S.3.3 Pesatts for P! ant Tvoes Usino Revised EXEM BWR ECCS EM

To assess the effects of iovisions to the. EXEM BWR medets on LOCA analysis
.

applications for the BWR3 reactor type, ANF calculated a previously identified limiting large break
'

LCCA for 100% power and 100% flow using the revised EXEM BWR ccde versiens. The LOCA

was calculated for the double-ended guillotine break of the recirculation suction line with a

discharge coefficient of 1.0 (1.0 DEG/RS). The calculated event times, FCT, and extent of local

metal-water reaction using the revised EXEM BWR codes are shown in Table 1. Event times

during blowdown pf.or to the calculated time of rated low pressure core spray change littfe from

the analysis performed with the currently approved model.

I
I

I
q- Similarly, a typical large break LCCA calculation was performed for the BWR4 reactor

system. Results presentud for the BWR4 reacht are for the most limiting LOCA break as

determined from a partial analysis of the LOCA break spectrum using the revised EXEM BWR

ccdes. The most limiting break from the putial LOCA break spectrum is the large double-ended

guillotine break of the recirculation pump discharge line (1.0 DEG/RD). The results of the LOCA

calculation fe.: 1.0 DEG/RO break are shown in Table 1 for the GE > reac:or.
d

.

.
.



- _ - _ _ _ _ _ - _ _ _ _ _ _ _ - _

IL
4

ANF 91048(NP)(A)
Page 60

,

I
I
I

| Decreased calculated PCTs result from the shorter

refill or spray cooling time period.

I Typical result:: are also shown in Table 1 for the BWR6 system. As with the BWR3 the

previously identified limiting break LOCA (1.C OEG/RO) was recalculatea using tne revised EXEM

BWR evaluation modot codes. However, as discussed below using the revised EXEM BWR

models, the worst single failuto is calculated to change, The results shown in Table 1 for the

BWR6 are for the most limiting worst single failure caso calculated by ANF which assumes loss
4

.

of the high pressure core spray (HPCS) system..

I
The effects of the use of the revised EXEM BWR models on LOCA break spectrum

.

calculations were exam!ned by performing a partial recalculation of the break spec'Jum Icr the

BWR4 system. Refill time is affected by the EXEM BWR phase separation model selected and

the relative refill time for the LOCA breaks can effect the limit!ng break LOCA from the spectrum,

particularly for the BWR4 system. Therefore It is necessary to perform additional break spectrum

calculations for each reactor type to redefine the !!miting LOCA break appropriate for defining

limits using the revised EXEM BWR models. To demonstrate' this sensitivity, typical LOCA
.

calculations were performed for six assumed break conditions using the revised EXEM BWR

- models. The six recirculation discharge line breaks calculated were: 1.0 DEG,0.6 DEG,0.4'OEGi

0,4 DES,0.3 DES, and 0.1 DES.

I .

1

.
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Applicability of the assumed worst single failure using the revised EXEM BWR evaluation -

model was assessed by calculations for the SWR 6 plant type, These calculations showed that

the worst single failure could change from that detennined for previous analyses. Thus, the worst

single failure assumption may differ with the revised evaluation model. Consequently, the worst

single failure assumption s'iould also be addressed for the initial application of the revised EXEM . ..

BWR model to a BWR plant type,

6.3.4 Conclusiens From Assessments -

Conclusions from the assessment calculations can be summarized as fellcws:

Application of the revised EXEM BWR ovaluttien model allows the use of different
'

*-

approved phase separation models- E
W-

LOCA break spectrum results can change due to the shortened LOCA ref!!! time.
-

* .

New break' spectrum calculations using the revised EXEM BWR evaluation model -

are necessary to determine the worst or limiting break LOCA when the revised- -

evaluation model is initially applied to each plant type.

|:

I!
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The assumed worst single failure can change using the revised EXEM BWRo

modol. Intilal application of the rowsod EXEM BWR to a plant type must identify

the worst single failure to be assumod in LOCA analysos for the plant type.

I

I

I

I

I

I

I
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July 6,1992
RAC:091:92

8
Dr. Lambros Lois
Reactor Systems Branch
Division of Engineering and System Technology

3 Office of Nuclear Reactor Regulation
g U. S. Nuclear Regulatory Commission

Washington, D. C. 20555

Dear Dr. Lois:

Reference: ANF 91-048(P),' Advanced Nuclear Fuels Corporation Methodology for Boiling Water

i Reactors EXEM BWR ECCS Evaluation Model," Siemens Nuctest Power Corp., July-

1991.

Enclosed are the responses to the two additional questions you had concerning the revised EXEM -
BWR large break LOCA model (Reference) that you are currently reviewing. You requested thisa
information in our telephone conversation in June 1992. Please consider the information contained
in these responses to be proprietary to S!emens Nuclear Power Corporation. The affidavit providedI with the original submittal of the topical report should satisfy the requirements of to CFR 2.790(b) ,

'

for withholding these responses from public disclosure.

If you need additional information, or if I can be of further help, please centact me at (509) 375-
8290.

'

Very truly yours,

| Au,aj ;

.

- R. A. Copeland
Manager, Reload Ucensing

I

.

.

.

m

Siemens Nuclear Power Corporation
;]

1

2101 Horn Races Road, PO Box 130 Rientand. WA 99352 4130 Tec (509) 3754100 Fax: (509) 3754402
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cot 1CERN: The SNP responses related to the modified Dougall-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 yicids
and the correlation was submitted -I on this basis, F'owever, at higher pressures and higher quality _ represented by the ORNL data,

the correlation predictions

To provide more conservativo predictions

I
I
l
a

i -

SNP repeated the previous comparison with the ORNL data (Reference 2 Figure 11)
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CONCERN: The TLTA test facility is 1/624 scale relative to a large BWR, provide
a basis for scaling TLTA results to a large BWR system.

RESPONSE: -The TLTA is an integral test facility designed with the objective of providing typical

I- BWR system behavior on a real time basis. The 1/624 scaling is based on a large BWR/6 which
contains 624 fuel assemblies With this scaling, the TLTA core is a single full-scale fuel assembly

g which is an electrically heated prototype of an 8x8 BWR assembly. The system is power-to-
g volume scaled, and the break is scaled on a break area-to-system volume basis. In so far as

possible, length dimensions are maintained prototypic of the large BWR system.

With this type of scaling, the time scale, fluid mass and energy oistributions, velocities
accelerations and lengths are essentially the same in the test facility as in the prototype plant.d!

This scaling is intended to provide accurate simulation of rate dependent phenomena in the test
facility which can be applied directly to the large scale system.

For the blowdown portion of the Large Break LOCA, tests performed with facilities of
varying scale for both PWRs and SWRs have confirmed the adequacy of power-to-volume
scating. That is, similar tests performed in systems of different scales indicate the same

|
controlling phenomena, and no significant differences due to scale have been observed which

,

need to be considered in calculating these phenomena for a full-scale reactor relative to small
:a scale test facility. Thus, phenomena observed for the TLTA blowdowns are representative of the

expected phenomena in large BWRs. Core boundary conditions in the tests are representative
of expected BWR conditions, and the full scale fuel assembly behavior will be prototypic of the

I. large BWRs. Thua, the TLTA provides a full-scale simulation of the hot channe! behavior during
blowdown. The EXEM/BWR benchmark demonstrates that EXEM/BWR conservatively predicts
TLTA behavior during blowdown.

Effects due to scale have been observed in the refill-reflood period of a BWR LOCA,W
With power-to-volume scaling, component length is preserved but component diamoters areI significantly reduced. As a result, multidimensional effects which could occur in the reactor
vessel plenum regions of a large BWR may not be observed in small scale tests such as TLTA.

- Effects resulting from multiple assembces in a BWR will also not be present in the single bundle
TLTA core. For example, the flow of ECC fluid from the upper plenum to the lower plenum in

: TLTA is via leakage paths and countercurrent flow in the heated bundle. Larger scale tests
simulating a multidimensianal reacter vessel upper plenum and parallel channels of varying
power have shown effects that permit ECC fluid to flow more readily to the lower plenum through
low ( awer assemblics than observed in the single channel TLTA. Thus, the time of reflood

!. observed in the TLTA tests will be delayed compared to the expected reflood time for an actual
j large BWR. The general conc!usion from larger scale refill-reflood tests as found on page 6.5-11
6 of Reference 4 is:

g "These tests showed significant multidimensional and multichannel effects, which
5 are in general, beneficial and result in more effective refill and reflood than that

observed in one dimensional tests.*

I
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The EXEM/BWR refill and reflood modelis based on the controlling phenomena of TLTA,
and predicts time of reflood consistent with TLTA results. When appiled to a large BWR,
EXEM/BWR will then predict a delayed reflood time relative to that expected. With the
EXEM/BWR model, delaying reflood results in an increase in calculated PCT. Thus, not including
the scaling effects benefita during refill and reflood results in a conservative LOCA analysis using
EXEM/BWR.

REFERENCES:
'

(1) " Advanced Nuclear Fuels Corporation Methodology for Boiling Water Reactors EXEM g.
BWR ECCS Evaluation Model," ANF-91-048(PL Siemens Nuclear Power Corporation, July 3,

_

1991.

(?) Letter, R. A. Copeland (SNP) to Dr, Lambros Lois (NRC), RAC:92:064. dated May 27,
1992.

(3) A. N. Nahavandi, F. S. Castellana, and E. N. Mordkhanian,." Scaling Laws for Modeling
Nuclear Reactor Systems," Nucleat Science and Enoineerino. Vol. 72, Pages 75-83,1979.

(4) "Compondium of ECCS Research for Realistic LOCA Analysis," NUREG-1230 Final Report,
Section 6.5, USNRC, Decomper 1988.
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May 27,1992

(- RAC:92:064

Dr. Lambros Lois
Reactor Systems Branch
Division of Engineering and System Technology
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Dr. Lois:

Reference: " Advanced Nuclear Fuels Corporation Methodology for
Belling Water Reactors EXEM BWR ECCS Evaluation Model,"
ANF-91-048(PL Siemens Nuclear Power Coro.. July 1981.

Attached is the additionalinformation that you requested to support your review of the referenced
topical report. This information was requested in a telephone conversation with Daryl
Hershberger in April 1992. Please consider the information contained in these responses to be
proprietary to Siemens Nuclear Power. The affidavit required by 10 CFR 2.790(b) to support
withholding the responses from public disclosure was provided witn the original submittal.

If there are questions, or if additionalinformation is needed, please ca!! Daryl Hershberger or me.

Very truly yours,

/u b |

R. A. Copeland
Manager, Reload Uconsing

ectnm

cc: Mr. R. C. Jones (NRC)
Mr. D. E. Hershberger (SNP) .

Siemens Nuclear Power Corporation

Engneenng and Manufat:urr.g Facety

2101 Horn Rapdc Raad. PO Box 130 Rcdand WA 993524130 Tel (509) 3754100 Fax: (509) 3754402
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Concern 1

in at least one response, SNP stated that a model had not been changed.
SNP should provide information to justify that Interaction with models that
have changed does not cause the unchanged models to produce non-
conservative results.

With regard to possible interactions such that model changes interact with unchanged portions
of the model in a non-conservative way, such interactions, if significant, would show up as a
difference between calculated results using the old methodology and similar results using the ,

revised models. SNP has not observed any indication of such interactions in the results obtained 3
to date.

' E

Comparisons of results using the changed model with results from the currently approved model g
are shown in Figures 6.1-6.4 and Figures 6.10-6.15 of ANF-91048(P). The results using the 5
revised EXEM BWR model are in close agreement with those of the approved model, and there
is a general reduction in the oscillations calculated for the flow results. Differences are evident
in Figure 6.4 and Figures 6.14-6.15, but these differences relate directly to specific model
changes. Thus, the overall comparison of revised model results with approved model results
indicates that interactions of the model changes with unchanged portions of the model are g
insignificant. Likewise, results of the BWR plant calculations using the revised EXEM BWR model 'g
are very similar to previous licensing calculations except where model changes have a direct
effect on results.

IRecirculation pump behavior is one area where the analytical models were not changed but NRC
questions indicated concern regarding possible interaction of model changes. Attached Figures
1-6 show calculated pump model results for a BWR-4 using the approved EXEM BWR model(old

,

methodology) and similar results obtained using the revised EXEM BWR model (new
methodology). Comparing the calculated results shows that pump parameter results are
essentially unchanged by the EXEM BWR model revisions. Thus, interactions of the EXEM BWR

-

model revisions with the recirculation pump models of the approved methodology are not
significant.

I
I
E
.
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Figure 2 - BWR4 Intact Loop Pump Head (Old Methodology)
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Figure 3 - BWR-4 Intact Loop Pump Flow (Old Methodology)
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Figure 5 - BWR-4 Intact Loop Pump Head (New Methodology)



..,_...u... .m_a.. m..._ ,,,_.. .a{#- a a _au,aA.x=.a,a.m _._uu ,as_.,wa. 4-_4.~.s. .Am,4....m.J%Ag-w x ..a p *Aa..uA p. m- a 2 , A- m

I
ANF-91-048(NP)(A)

CORRESPONDENCE g
Pago 20 g '

E

g.

I
.

I
I

,

i
E

I
,

,

I,

I,

,

.

I;
.

.

I
Figure 6 BWR 4 Intact Loop Pump Flow (New Methodology) -

|.

u 5m
. _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ _ _ . - _ _ _ _ _ .- - . _ ___-. . . . _ . . .- , . . . . . . - . . -. ., . , . . . . , . - . .. . --



_ _ _ _ _ _ _ _ _ _ _ _

-

ANF 91-040(NP)(A)
~

CORRESPONDENCE-

Pago 21
~

H
ADDITIONAL INFORMATIOf f

~ on

Advanced Nuclear Fuels Corporation Methodology for Bolling Water Reactoro
EXEM DWR ECCS Evaluation Model (ANF 91048(P))

Qo,ncernJ

SNP describes the application of the revised RELAX and FLEX codes to the

I TLTA results but does not provido a basis for transformation from
application to TLTA to application to a BWR. SNP should provide such a
batis.

Pesnonse

The Two Loop Test Apparatus (TLTA) is an integral expcimental facility designed to simu!atoI BWR behavior under LOCA conditions, particularly the DBA largo break LOCA. The volumo
scaling factor is 1/624 to a BWR 6 reactor.

The experimental facility includes many features representative of a largo BWR such as:

1. Two recirculation loops, each containing a jot pump which s!mulatos jet pump
phenomena during a LOCA in both intact and broken loops.

2. The pressure vessel and internals simulate the major fluid regions, Ilow paths, and
hardware of a large BWR.

3. The core is represented by a full length electt:cally heated bundio capable of
simulating decay heat power.

4. Various typical ECC systems can be simulated in TLTA.

5. TLTA simulates auxilary system behavior of a BWR including steam flow isolation,
feedwater flow isolation, pressure control, and automatic depressurization systems.

Because of these features, the TLTA experiments simulate the important LOCA phonomena for
a largo break in a BWR, including the following (from the Compendium of ECCS Roscarch for
Roalistic LOCA Analysis, NUREG 1230 Table 5-4):

1. Break Flow.

2. Channel and bypass axial flow and vold distribution.

3. CCFL at UCSP and channelinlot orificos.

4. Core heat transfer including DNB, dryout, RNB, surface to surfaco rad ation.
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AddiSonal Information on ANF-91-048(P)
Concern 2 (continued)

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

O. Separator behavior.

7. Recirculation pump behavio..
.

8. Phase separation and mixture level behavior.

9. Gulde tube and lower plenum flashing.

10. Mixture level in downcomer.

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 I.OCA phenomena, the capability to predict the important phenomena
in the TLTA indleates similar predictive capability for the large BWRs. Thus, SNP demonstrated
the capability of tne rovised EXEM BWR evaluation model to predict phenomena associated with
a BWR LOCA by comparison with TLTA measurea results for these phenomena.

I
I'

I
I
I
I-

I
I
a
..



. _ _ _ _ _ _ - - _ _ __ _ _ _ _

I
ANF 91040(NP)(A)

CORRESPONDENCEI Page 23

ADDITIONAL INFORMATION
on

Advanced Nuclear Fuels Corporation Methodology for Bolling Water Reactors
EXEM BWR ECCS Evaluation Model (ANF 91048(P))

Concern 3

SNP has provided a comparison of the modified Dougall Rohsenow

I 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
demonstrate that the modified Dougall Rohsenow correlation isI conservative or applicable when applied to reactor conditions. SNP should
provide a comparison of calculated results using SNP's code with
measured data.

* Responso

I
Justification of the correlation was dore by comparing calculated results against test data over
the appropriate range of BWR LOCA conditions. SNP has attached additionaljustification for this
correlation. The additional justification includes:

1. Comparisons of the base correlation against additional test data over the approariate
BWR LOCA range of conditions to strengthen the justification for the base correlation,

2. Code calculations against steady state bundle test data to provide justification for
'

application of the correlation with the RELAX code using calculated bundle conditions,
and

[ 3. Additionalinformation relative to the effects of using the correlation on the results of
5 the integral TLTA test predictions to demonstrate conservatism of the overall EXEM

BWR model in computing LOCA cladding temperatures.

g_ase 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:

1. The data comparisons from the ASME heat transfer paper 73-HT-50N,

2. Data from the Oak Ridge National Laboratory (ORNL) Thermal Hydraulic Test Facility

(THTF)(2) and-,

I
'

3. Combustion Engineering isst data from the Columbia University Heat Transfer Test
Facility (CE/ Columbia tests)(3) .

I
'

is:
.
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Additionaiinformation on ANF 91048(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 ternperature, fluid qua|ity, and mass flux. The
conclusion from these comparisons is that -

I
The ORNL data included 22 steady state testo, however, only tho tests with system pressures
applicable for BWR LCCA conditions were considered . Attached Figure 11 g
shows a summary of the MDR predicted heat transfer coeffielent versus the observed test values. E
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 is shown in Figure 12,
attached.

I
I

Justification of Correlation Acainst Seoarate Effects Data To assess the capability of the
modifiell 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 transfer tests. For these calculations, the test bundle was modeled
and to. t conditions were input at the bundle inlet. Heat transfer and fluid conditions within the 3
bundle were then calculated using the RELAX code. Calculations were performed for the ORNL 5
tests shown in Table 1, and the calcula'.ed temperature results compared to the measured .
temperatures are given in Figures 1318. The temperat es shown are limited to the bur.dle 3-'

region where post CHF heat transfer using the modified Dougall-Rohsenow was calculated with 3
r4ELAX.

I
I
I
I
a.

._



I
ANF 91-048(NP)(A)

CORRESPONDENCE i

Page 25

AdditionalInformation on ANF 91-04B(P) |
Concern 3 (continued) j

E
Justification of Correlation Aaainst intearal Test Data The final test of the LOCA evaluation

I model and associated correlations is the conservative prediction of peak cladding temperature.
Large integral system test data representative of BWR conditions are the best available data i

against which 17 evaluate the overall evaluation roodel results. Figure 5.8 cf ANF 91040(P) >

shows the RELAX prodleted peak tod temperature versus the measured TLTA integral test data.

'
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Peferencos:

1. D. C. Slaughterbeck, L J. Ybarrondo, and C. F. Obenchain, '' Flow Film Boiling Heat
Transfer Correlations Parametric Study and Data Comparisons," ASME Paper 73 HT-
50, August 1973.

2. G. L Yoder, et. al., * Dispersed Flow Film Boiling in Rod Bundle Geometry - Steady $
State Heat Transfer Data and Correlation Comparisons," NUREG/CR 2435 (ORNL- E
5822), Oak Ridge Tenn., March 1982.

3. D. M. Turner, " Blowdown Heat Transfer Program Film Bolling Heat Transfer
Coefficients (CE/ Columbia Tests)," CENPD 152 Rev.1, Windsor, Conn., October 1975.<
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Figuro 8 - Heat Transfer Coefficients as a Function of Wall Temperatiiro
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ADDITIONAL INFORMATION
on

I Advanced 11uclear Fuels Corporation Methodology for Boll!ng Water Reactors
EXEM BWR ECCS Evaluation Model (AtJF 91048(P))

Table 1 - ORNL Test Data for " '' AX Calcylations

Test Caso Pressure (psla) Mass Flow Bundle ORNL Reference

(ib/s) Power (Mw)
. _ . _

I K 634.8 3.05 2.89 NUREG/CR 2435,
ORNL 5822

_

O 866.7 4.15 3.51 NUREG/CR 2435,I ORNL 5822

P 874,3 7.03 5.37 NUREG/CR 2435,

g ORNL 5822

R 952.4 4.91 4.13 NURE3/CR 2435,
ORNL-5822

5 IF 584.1 2.32 2.21 NUREG/CR 3502,
ORNtJTM-8794

IG 564.6 3.49 2.91 NUREG/CR-3502,
ORNt/TM-8794

8
. _ _

I
I
I

I
I
I
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Figure 13 Calculated vs Measured Temperatures (ORNL Test K)
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Figure 14 - Calculated vs Monsured Temperatures (ORNL Test O)
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January 28,1992
LB/RAC:005;92

I
Mr. R. C. Jones, Chlef
Reactor Systems Branc4 3
Division of Engineering and System Technology 5
Office of Nuc! ear Reactor Regulation
Mail Station P1137 g
U. S. Nuclear Regulatory CommisrJon g
Washington, D. C. 20555

Dear Mr. Jones:

Ref6rence: Letter, R. C. Jones (USNRC) to R. A. Copeland (SNP), 'ANF-91048(P), Request
for Additional Information (TAC No. M81274)," Dec0mber 20,1991.

Attached are the responses to the questions transmitted 1.1 the referenced letter. This .

'

additionalinformation is in support of the updated EXEM BWR large break LOCA evaluation
model review. Please consider 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,

if there are additional questions or if I can be of further help, please contact me at (609) 375-
8290.

Very truly yours,

_

|
R. A. Coperand

; ' Manager, Reload Uconsing

cc: Dr. L Lois (USNRC)|

E

I
Sicinens Nuclear Power Corporation

2101 Hom Roads Road, PO Box 130 - Rotiand. WA 99352 4130 Tel (509) 3754100 Fax: (509) 375&O2
-

. ._ _.. _ _ _ _ - . _ _ _ . _
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i

I RESPCNSES TO NRC RECUEST FCR ACCITIONAL !NFCRMATICN
CN TCP' CAL CEDCRT ANF 91-OdefP)

Question 1

In the evaluation model (EM) description, it is stated that RODEX2
is used to ensure that the initial stored energy estimated in RELAXI and in HUXY is the same et higher than [that) estimated in
RODEX2.

What does the medel provide if the estimated RODEX2 energy is
smaller than the RELAX and HUXY estimates?

Rosconse

Appendix K to 10 CFR 50 requires thet a conservative initial stored energy be u.=ad 'n LOCA
analyses. NRC has reviewed and approved SNP's RODEX2 code for this purpot e.

,~o assureI that SNP's transient LOCA codes, RELAX and HUXY, use an Initial stored energy ansistent or
conservative with respect to the approved ROCEX2 results, SNP procedures * quire that the-

initial average fuel temperature (stored energy) calculated by RELAX and HUX( be equal to orI greater than that calculatcd by RODEX2 for identical conditions.

I
I This method for assuring a conservative initial stored energ/ a part of the currently approvedl

EXEM/BWR medel and is unchanged by the revisions described in ANF 91-048(P).

I
I

I
I

.

I -- .- ~~ -- - - -._ . :. -.
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Responses to NRC Cuestions
Tcpical Report ANF.91448 January 27,1992

Cuestion 2

Are there break sizes for which LFCS (due to high pressure) never
reaches rated now? If yes,what is the event sequence and how is
the water level determined?

Resconse
.

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 SNP the breaks are suffic!ently
large that depressurization and rated LFCS flow are calculated to occur 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
depwssurize the reactor system and permit the low pressure ECC systems (such'as LPCS) to
function.

I
I
I
I
I

,

I
I

I
|
5

!
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Respenses to NRC Cuestions
Topical Report ANF 91-048 January 27,1992

Cuestion 3

Following the time of bypass reflood, the heat transfer coefficient on the
bypass side of the canister beneath the bypas.s mixture levelis set at a
' conservative * value based upon the modified Bromley pool film boilingI correlation.

tt is not clear what constitutes a conservative value and whetherI such value can be found for all break sizes. Please comment.

P_etoonwI
I
I
I

This treatment of canister heat transfer is part of the currently approved EXEM/BWR model, and
is not changed by the revisions submitted in ANF 91-048(P).

I
I
I
e -
u

I
I-

I
I

- __
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Responses to NRC Cuestiens
Topical Report ANF 91-048 January 27,1992

Cuestlen 4 In the revised EXEM BWR ECCS EM, it is not stated whether the estimated DT
greater than 50*F is positive or negative. Please provide the sign,

f_esconse

The final calculated peak cladding temperature using the revised EXEM/BWR Evaluation Model
is expected to decreaso by more than 50"F when compared with calculations performed with the
current code versions. I

I
The statement on Page 1 of ANF 91048(P) regarding the estimated APCT of 50*F rela'es to the
accumulation of the effects of minor changes to the approved Evaluation Mndelwhich have been
periodically reported to NRC. These accumulated changes for the current SNP EXEM/BWR - g-

Evaluation Model are approaching a PCT decrease of 50*F. If the accumulated PCT decreas' 5
were to exceed 50*F, the revised ECCS rule requires that the Dougall Rohsenow heat transfer
correlation in the current Evaluation Model no lenger be used under conditions where it is non.
conservative. A major reason for submittal of the revised EXEM/BWR model at this time is to
address the issue of replacing the non-conservative Dougall Rohsenow correlation,

I
I

I
I
I
I
I
I
a
=
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Responses to NRC Cuestions

I Tcpical Report ANF 91-048 January 27,1992

Cuettien 5
.

In the measure of the convergence, the terms Uerr and Perr are calculated,
however, the dsfinition cf these terms requires the value from the solution
which at the time is not known. If the values are functions of time step,I then the definitions should be modified. Please comment.

Pesconse

The convergence test is performed at the end of the calculation for each time step, atwhich time
the latest iterate values for all terms at the end of that time step are known. Uerr and Perr are

I calculated for each iteration of each time step and must be less than the given convergence
value before starting the next time step.

I
'I

I
I
I
I
I
I
I
I
I
I
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Responses to NRC Cuestions
Topical Report ANF 91-048 January 27,1992

Cuestler 6

in the crttical flow model correction, it seems that the cbjective is
to prevent flow reversal against the pressure gradient. However,
neither how it is done or what is the physics of the model and its 3
Impact on the EM are discussed. Please elaborate. E

Pesponsq

The objec+Jve of the critical flow model correction is te prevent premature termination of the
calculation due to the use of the wrong donor volume fluid prcperties in the critical flow table
search.

I
.I

I
I
I

.

I
.

I
I
I
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Responses to NRC Cuestions
Topical Report ANF 91-048 January 27,1992

Cuestion 7

As in 6 above, there is no explanation of the logic added to
1

mitigate the bubble model degeneracies. Please discuss.

Pesconde
_

When a volume with a mixture level becomes completely full or completely empty of Ilquid, there
is a jump or step change in the corresponding junction properties for junctions at the top or
bottom of the volume. Such a discontinuity can introduce non-physical osci!!ations in the
simulation and provent convergence since the junction properties can alternate across the
discontinuity on successive iterations. To prevent such numerical oscillations,

-------- _ _ ____ _ _ _ _______ __ ____ __ ___ ____ __________ __
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Responses to NRC Cuestions ;

Topical Report ANF.91048 January 27,1992

Cuestion 8

On the drift flux mcdel: Why was the Ishil correlation used since it
was known to have a built 4n inconsistency with the Kutateladze
flooding correlation? What is the physical basis for the smoothing

"

a function?

Pescong

The Ishil correlation was chosen and implemented as part of the original EXEM/BWR model. - At
that time, SNP was not aware of an inconsistency with the Kutateladze ficoding correlation. and a
no problems have been observed in SNP analyses due to this inconsistency. The EXEV g~
revisions described in ANF-91048(P) do not change the basic drift flux model correlat!c r

address numerical problems whi :h can occur under specialized conditions; I
I.

I
I
.
5

I
I
I
:I-

I
I
.a.
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I-

Question 9:

Isn't the upper limit of 1800*F for the modified Dougall-Rohsenow
correlation low? What is the corresponding limit for the present
Dougall-Rohsenow correlation?

Responsa

I
I'
3

.

'

I
| I

.
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Ouestion 10

I in Section 3.0, the modifications include (1) changing the solutlen
method to an Iterative scheme and (2) eliminating significant
discontinuous transitions. However, the changes in paragraphs
3.1.4 on the critical flow,3.2.1 on the numerical convergence,3.2.3
on the small pressure model, and 3.2.4 on the lower plenum outlet

I density smoothing, there is no discussion (of the effect of] the
proposed changes on the EM. For example, :eroing the large off-
diagonal term in the Jacobian will affect the absolute value of the
solution in 3.2.1. Please discuss potential effects of the numericalI '

fixes.

Pesconse

$51fQ -To the degree that this question refers to the REl.AX code (Paragraph 3.1.4), please
refer to the response to Question 6.

(FLEX) - The bulk of the changes to the FLEX code either do not significantly change previous
results or allow the_ code _to_ continue running where it would not previcusly run.

|I
I
I

.

:
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Responses to NRC Ouestions

.I- Topical Report ANF 91-048 January 27,1992.

Cuestion 11 ,

-I On page 10, either choice of the critical flow multip!!er is based on
agreement of experimental and ana!ytical results, Please, justify the

:I-
proposed change of the critical flow coefficient in terms of the
requirements of the EM.

Resoonspq

There is no change in the EM choice of critical flow multiplier associated with the EXEM/BWR
revisions described in ANF 91048(P). The discussion on page 40 relates only to validation

.I- calculations made for comparison with the TLTA test. Conservatisms rnquirsd in EM licensing
calculations are removed from the test comparison analysis so that the desired phenomena can
be assessed directly against data without distortion due to these conservatisms. Therefore, the

.

SNP TLTA simulation was run with nicasured power input and a critical flow multiplier Intended
to give the most realistic calculation of the T1.TA blowdown. Calculated results can then be

.

compared directly against measured temperatures and event t(rnes.

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

.

conformance to 10 CFR $0.46 criteria.

I-
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Respontes to NRC Ovestien.
Tcpical Report ANF-91-048 January 27,'1992

Question 12

From the applicadon of the revised RELAX model on the TLTA -

results, it is concluded that it conservatively predicts the bundle
temperature [] (A]s shown in Figure S.S(,) consider the following
comments:

e Temperature data are given only 140 sec, i.e. the end of blowdown.

In the revised EXEM/BWR methodo;ogy, changes were made to the RELAX and FLEX ccdes. _

The validation calculation was focused on the effects of the RELAX and FLEX changes compared
to the TLTA data.

I
I
I
I
.
E

e P(t) in Figures 5.3 and 5.9; how can substantial over prediction of rod 3
temperature (Figure 5.8) resurt in undor prediction of dome pressure? 5

Resoonse

I
I

y

I
I
sa
-;

.
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Responses to NRC Cuestions
Topical Report ANF 91448 January 27.1S72

4 What is the rod ternperature measurement between 140 and 200 seconds?

.
Response

I
I
E

g Aren't figs. 5.S and 5.10 inconsistent?4
Response

This question is relatoa to an apparent thermodynamicinconsistency between saturated pressure
'

and temperature posed :bove. This issue has been addressed in part 2 of this question. ~

I
8 Considering similar behavior in an actual reactor [it} is not c! ear that fig.

5.8 represents a conservative result. Please discuss why $.8 is

I conservative. Include in the ciscussion any potential affect of pressure on
the refill rate.

- Pesocnso

I ~
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Responses to NRC Questions
: Topical Report ANF 91-048 January 27,1992

Question 13

in Section 5.2 which discusses the FLEX simulation of TLTA, a
conservative prediction is claimed, however, there is no
comparison to experimental data, there is no discussion ofg

_g. potential effects of the revised RELAX and it does not consider
<

TLTA in the perspective of an actual BWR, Please respond to
above comments,

.

Resconse

' The revised model as submitted in ANF 91-048(F) focuses on changes in results for 91e.
'

banchmark provided with the original EXEM/BWR model (XN NF40-19 (P)(A), Volume 2) and on
- the changes in resu!ts from sample calculations for BWRs due to the revisions. The ANF 91-

048(P) submittal provides essentially the same RELAX and FLEX comparisons with experimental
data as provided with tne original benchmark. The object was tt, view the composite of the 1980

.

and the 1991 submittals as the support documentation for the revised EXEM/BWR model.
.

The TLTA test was chosen for the criginal benchmstk as being tne test most representative of

=E large BWR LOCA phenomena available at the time, "Ihe test simulated LOCA blowdown

E phenomena, core heatup, and vessel reflood cenditions. Section 5.1 of- ANF 91-048(P)-

discusses the TLTA simulation using the revised RELAX code.
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Ouestion 14

In Section 6.0, the results of the presently licensed version of
EXEM are compared to the revised ve'slon. However, the staff has-
essentially disqualified the Dougall-Rohsenow correlation, th:..; g
comparison to these results dess - not prove the c!almed 3
conservatism of the preposed modmed - Dougall-Rohsenow
correlation. This combined with the limited comparison to the TLTA E
6406 makes the entire report to appear as very weakly justified. g
Please comment.

Eesconse

Siemens has evaluated the adequacy of the modified Dougall-Rohsenow correlation by
comparison with data available in the open literature. These data include test resuits from the
Oak Ridge National Laboratory Thesmal-Hyd.aulic Test Facility and results shown in ASME
papers by Slaughterbeck Et. Al.m in general, for BWR application the modified Dougall-
Rohsenow correlation conservatively under predicts the experimentally determined heat transfer
coefficient results.

The results shown in Figures 6.5 and 6.6 demonstrate the effects of use of the modified Dougall- g.
Rohsenow correlation in place of the disqualitied Dougall Rohsenow correlatien in the current EM N
model when applied to a BWR-4 system. The effect is to increase the calculated eladding
temperature both in the hot -hannai and average core blowdown calculations relative to the g
current EM model results. Thesa results confirm the additional conservatism of the modified _g.
Dougall-Rohsenow correlation when applied to a licensing analysk.
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(1) D. C. Slaughterbeck, L J. Ybarrondo, and C. F. Obenchain, " Flow Film Soiling Heat g

Transfer Correlations -Parametric Study with Data Comparisons |' ASME paper 73-hT-50,- _g
A5ME-AIChE Heat Transfer Conference, Atlanta, Ga., August 5-8,1973.
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