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Changes to the Westinghouse ECCS Evaluation Medels

1.0 INTRODUCTION

Provisions in 10CFRS0.46 require the reporting of correcticns to or changis in
the ECCS Evaluation Model (EM) approved for use in performing safety ana yses
for the loss of coolant accident (LOCA). This report describes correctior- and
revisions to the Westinghouse ECCS EM in the period from August 1990 t'iru.gh
May 19%1. The current Westinghouse ECCS EM are named as listed in Tible 1.
and consist of several computer codes with specific functions.

Westinghouse has comploted the evaluation of several items related to the
Westinghouse ECCS Evaluation Models listed in Table 1. Each of these items is
discussed in the following sections, which include a description of the item,
the assessment which was performed, the resulting change to the Evaluation
Model, and the effect nf the change on the PCT.

Some of the subjects discussed represent changes to program coding or to
inputs directly related to the physical models or solution technique. These
are described in Section 2.0.

Some {items represent changes to the assumptions made when the Evaluation Mode)
is applied to a specific plant. These are discussed in Section 3. Also
included, for information, are items for which a technical assessment is
continuing, and items for which it was concluded that no change was necessary.
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TARI §
. JMMARY OF WESTINGHOUSE
C r A AT Y r
tCCS EVALUATION MODE
g a9 1
[ NAME: 1978 MODEL
APPL ICATION Analy of Large :v.:l L A
4
0 b PURPOSE
-5 .. RN AR SATAR L 4
ATAN-VI Blowdown b drau trar er
WREFLOOC Reflood hydrauli transient
LOCTA Fuel rod thermal transient
CO or LOTI ontainment pressure transient
NOTE The NR has determined that tt EM is nc nger a
New anaiyse MOWEVERY t erve a the BT ng da Tor
:
- ., -
NAME: 198, SONEL
APPL ICATION: Analy f Large RBreak LOCA
OES USEL PURPOSE
SATAN-V! Biowdown hydraulic transient
» WREFLOOI Reficod hydraulic transient
LOCTA Fuel rod thermal transient
C or LOTIC Containment pressure transient
- = P ol o a a7%0 - -
NQTE h mode superseded the 19/8 tM and *‘ncluded
' bloc 1, consistent with requirements in NUREG 0630
»
APPLICATION: Anaiysis of Large Break LOCA
CODES USED:
LA A ‘.‘\.-k
“ATA ‘ 01 s . vl 14p . o 13
SATAN-V] Blowdown hydraulic transient
e it i - S - e b
INTERIM-WREFLOOC Reflood nydraulic transient
S ane , b
BART Hot assembly thermohydraulics
R e ‘ P F
INTERIM-LOCTA Fuel rod thermal transient
CrHArn A 1T A - . ¥ " ,
COCO or LOTIC Containment pressure transient

NTE b % e - 1 p 1 o - -1 4 N
NOCTE: This model was developed to provide a more realist
transfer during the reflood portion of the transient




TABLE 1 (CONTINUED)

NAME: 1981 MODEL WITH BASH

APPLICATION: Analysis of Large Break LOCA

CODES USED: PURPOSE REFERENCE:

SATAN-VI Blowdown hydraulic transient 1.8,

BASH Reflood hydraulic transient 8.

LOCBART Hot assembly thermohydraulics 3.,7.,8.
and fuel rod thermal transient

WREFLOOD/COCO/LOTIC Containment pressure transient 2.,4.,5,,8.

NOTE: this model wcs developed to further improve the reflood portion of the
Evaluation Model.

NAME: UPI WCOBRA/TRAC

APPLICATION: Analysis of Large Break LOCA for plants with upper plenum safety
injection.

CODES USED: PURPOSE REFERENCE

COBRA/TRAC Combined thermal and hydraulic

transient 9.

NOTE: This model wuses a best estimate computer code, but includes required
features of Appendix K.

NAME: 1975 SBLOCA MODEL

APPLICATION: Analysis of Small Break LOCA

CODES USED: PURPOSE REFERENCE
WFLASH System hydraulic transient b A, |
SBLOCTA Fuelrod Thermal transient 3.

NOTE: This model 1is no longer used, but some plants are licensed under this
methodclogy.

NAME: 1985 SBLOCA MODEL

APPLICATION: Analysis of Small Break | 0CA

CODES USED: PURPOSE REFERENCE
NOTRUMP System Hydraulic transient 12., 13
SBLOCTA Fuel rod thermal transient 3.

NOTE: This mode] wac developed to provide more realistic SBLOCA simulations,

as required by NRC, following TMI.
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internal pressure and increases the gap after RCS pressure falls below the rod
internal pressure. Since the cladding typically demonstrates very little
creep toward | fuel pellet prior to core uncovery when the RCS pressure
exceeds the . internal pressure, implementation of the correlation for the
appropriate range has a negligible benefit on the peak cladding temperature
calculation during this portion of the transient. However, after the RCS
pressure falls below the rod internal pressure, implementation of an accurate
correlation for cladding creep in small break LOCA analyses would reduce the
expansion of the cladding away from the fuel compared to what was previously
calgulated and results in a PCT penalty because the cladding is closer to the
fuel.

Calculations were performed to assess the effect of the cladding strain
modifications for the limiting three-inch equivalent diameter cold leg break
in typical three-loop and four-loop plants. The results indicated that the
change to the calculated peak cladding : ~oerature resulting from the cladding
strain model change would be less than 20°F. The effect on the calculated
peak cladding temperature depended upon when the peak cladding temperature
occurs and whether the rod internal pressure was above or below the system
pressure when the peak cladding temperature occurs. For the range of fuel rod
internal pressure 1initial conditions, the combined effect of the fuel rod
internal pressure and the cladding strain model revision is typically bounded
by 40°F. However, 1in an extreme case the combined effect could be as
Targe as 60°F.

Status:

Modifications to the small break LOCA cladding strain model for application to
the appropriate range of conditions have been implemented and the effect of
the rod internal pressure initial condition assumption assessed. Since
changes to the strain model may also affect assumptions concerning the
limiting time in the core cycle due tc the propensity for cladding burst, the
small break LOCA 1limiting time in the core cycle assumptions are being
reviewed and a conclusion regarding their continued validity will be
determined by the end of 1991.

2.3 UPI MODEL REVISIONS
Change Description:
Revisions were made to the WCOBRA/TRAC large break LOCA Evaluat i on Model used

for plants equipped with upper plenum injection (UPI). These changes, and
their effects, were previously reported to the NRC (Reference 14).

Affected Evaluation Model
UP] WCOBRA/TRAC

Status:

Complete.
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EVALUATION MODEL APPLICATION CHANGES
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& review of the Westinghouse model wused to predict assembly blockage wa.
performed. This model was develoned from the Westinghouse Multi-Rod Burst
Tests (MRBY) and was the mode! used to determine assemb?y wide blockage unti)
replaced by the NUREG-N630 model starting in 1980. Thece models provide the
means for detcrminin? assembly wide blockage once the mean burst strain has
been established, mplementation of these burst models has relied upon the
average rod to provide the mean burst strain, The average rod 15 a low power
rod producing the power of the average of rods in the hot assembly and is
primarily wused to calculate the enthalpy rise in the hot assembly. Use of the
average rod in the model assumes that the time at which blockage is calculated
to occur 1s represented by the burst of the average rod. A review of current
hot assembly power distributions indicates that in general the average rod in
the hot assembly is also representative of the largest number of rods in the
assembly, so that burst of this rod adequately represents when most of the
rods will burst. With this representation, however, the true onset of blockage
would Tikely begin earlier, as the highest power rous reach their burst
temperature. This time is estimated to be a f>w seconds prior to the time when
the average rod bursts.

Large break 'OCA Evaluation Models which use BART or BASH simulate the hot
assembly rod with the actual average power, while older Evaluation Models use
an average rod power which is adjusted downward to account t r thimbles (this
is described in detail in Addendum 3 to reference (7)). If burst occurs after
the flooding rate has fallen below one inch per second, the time at which the

:loc:oqo penalty 1s calculated will be delayed for these older Evaluation
odels.

Change Description;

Ample experimental evidence currently exists which shows that flow blockage
does not result in a heat transfer penalty during a LOCA., In addition, newer
Evaluation Models have been developed and iicensed which demonstrate that the
older Evaluation Models contain a substantial amount of conservatism.
Westinghouse concluded that further artificial changes to the ECCS Evaluation
Models to force the calculation of an earlier burst time were not necessary.
In rare f{nstances where burst has not occured prior to the floodin? rate
falling below 1.0-inch/second, the results of the ECCS analysis calculation
are supplemented by a permanent assessment of margin. Typically this wil)
only occur 1in cases where the calculated PCT 1s low. Westinghouse concludes
that no model change 1: required to calculate an earlier burst time.

Affected Evaluation ~odels:

1978 ECCS Evaluation Model
1981 ECCS Evaluation Mode)
1981 ECCS Evaluation Model with BART
1981 ECCS Evaluation Model with BASH

Statys:
Complete.
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3.3 STEAM GENEWATOR FLOW ARE..
Background:

Licensees are normally required to provide assurance that there exists only gn
extremely low probability of abnormal leakage or gross rupture of any part of
the reactor coolant pressure boundary (General design criteria 14 and 31).
The NRC 1{ssued a regulatory guide (RG 1.121) whizh acddressed this requirement
specifically for steam generator tubes in pressurized water reactors. In that
guide, the staff required analytical and experimental evidence that steam
generator tube integrity will be maintained for the combinations of the loads
resulting from a LOCA with the loads from a safe shutdown earthquake (SSE),
These loads are combined for added conservatism in the calculation of
structural integrity. This analysis provides the basis for establishing
criteria for removing from service tubes which had experienced significant
degradation,

Analyses performed by Westinghouse 1in support of the above requirement for
various wutilities, combined the most severe LOCA Toads with the plant specific
SSE, as delineated 1in the design criteria and the Regulatory Guide.
Generally, these analyses showed that while tube integrity was maintained, the
combined loads led to some tube deformation. This deformation reduces the
flow area through the steam generator. The reduced flow area increases the
resistance through the sleam generator to the flow of steam from the core
during a LOCA, wnich potentially could increase the calculated PCT,

The effect of tube deformation and flcw area reduction in the steam generator
was analyzed and evaluated for some plants by Westinghouse in the late 1970's
and early 1980's. The combination of LOCA and SSE loads led to the following
~alculated phenomena:

1. LOCA and SSE loads cause the steam generator tube bundle to vibrate,

2. The tube support plates may be deformed as a result of lateral loads at the
wedge supports at the periphery of the plate. The tube support plate
deformation may cause tube deformation.

3. During a postulated large LOCA, the primary side depressurizes to
containment pressure. Applying the resulting pressure differzntial to the
deformed tubes causes some of these tubes to collapse, and reduces the
effective flow area through the steam generator.

4. The reduced flow area increases the resistance to venting of steam
generated 1in the core during the reflood phase of the LOCA, increasing the
calculated peak cladding temperature (PCT).

The ability of the steam generator to continue to perform its safety function
was established by evaluating the effect of the resulting flow area reduction
on the LOCA PCT, ¥ho postulated break examined was the steam yenerator outlet
break, because this break was judged to result in the greatest loads on the
steam generator, and thus the greatest flow area reduction., [t was concluded
that the steam generator would continue to meet its safety function because
the degree of flow area reduction was small, and the postulated break at the
steam generator outlet resulted in a low PCT.

E\ECCS-EM\EM-91-A5 - 19



In Apri)l or 1990, in considering the effect of the combination of LOCA + SSE
Toadings on the steam generator component, it was determined that the
potential for flow area reduction due to the contribution of 3SE loadings
should be included 1n other LOCA analyses. With SSE loadinys, flow area
reduction may occur in all steam generators (not just the faulted loop).
Therefore, 1t was concluded that the effects of flow area reduction during the
most Timiting primary pipe break affecting LOCA PCT, {.e., the reactor vesse)
inlet break (cold leg break LOCA), had to be evaluated to zonfirm that 10CFR
50.46 limits continue to be met and that the affected steam generators wil)
continue to perform their intended safety function,

Consequently, the action was taken to address the safety significance of steam
generator tube collapse during a cold 10? break LOCA., The effect of flow area
reduction from combined LOCA and SSE loids was estimated. The magnitude of
the flow area reduction was considered equivalent to an increased leve) of
steam generator tube plugging. Typically, the area reduction was estimated to
range from O to 7.5%, depending on thu magnitude of the seismic loads. Since
detailed non-linear seismic analyses are not available for Series 5! and
earlier design steam generators, some area reductions had to be estimated
based on availabie information. For most of these plants, 2 5 percent flow
area reduction was assumed to octur in each steam generator as a result of the
SSE. For these evaluations, the contribution of loadings at the tube support
plates from the LOCA cold leg break was assumed negligible, since the
additional area reduction, 'f it occurred, would occur only in the broken loop
steam generator,

wWestinghouse recognizes that, for most plants, as required by GDC 2, "Design
Basis for Protection wgainst Natural Phenomena", that steam generators must be
able to withstand the effects of combined LOCA + SSE loadings and continue to
perform their intended safety function. It is judged that this recuirement
applies to undegiraded as well as locally degraded steam generatur lubes.
Compliance with GOC 2 is addressed below for both conditions.

For tubes which have not experienced cracking at the tube support plate
elevations, it 1is Westinghouse's engineering judgment that the calculation of
steam gene¢rator tube deformation or collapse as a result of the combination of
LOCA loads with SSE loads does not confiict with the requirements of GDC 2.
During a large break LOCA, the intended safety functions of the steam
generator tubes are to provide a flow path for the venting of steam generated
in the core through the RCS pipe break and to provide a flow path such that
the other plant systems can perfom their intended safety functions in
mitigating the LOCA event.

Tube deformation has the same effect on the LOCA event as the plugging of
steam generator tubes. The effect of tube deformation and/or collapse can be
taken 1into account by assigning an approrriate PCT penalty, or accounting for
the area reduction directly 1in the analysis. Evaluations completed to date
show that tube deformation results in acceptable LOCA PCT. From a steam
generator structural integrity perspective, Section 1[Il of the ASME Code
recognizes that inelastic deformation can occur for fuulted condition
loadinos. There are no renuirements that equate steam generator tube
deformation, per se, with loss of safety function. Cross-sectional bending
stresses in the tubes at the tube support plate elevations are considered
secondary stresses within the definitions of the ASME Code and need not be
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considered 1in establishing the limits for allowable steam generator tube
wall degradation, Therefore, for uncegraded tubes, for the expected
degree of flow area reduction, and despite the calculation shewing
potential tube collapse for a limited number "¢ tubes, the steam
gererators continue to perform their required safety functions after the
combination of LOCA + SSE loads, meeting the requirements of GOC 2.

During a November 7, 1990 meeting with a utility and the NRC staff on this
subject, a concern was raised that tubes with purtial wal) cracks at the
tube suppoct plate elevations could progress to through-wall cracks during
tube deformation. This may result 1in the potential for significant
secondary to primary inleakage during a LOCA event; it was noted that
inleakage 1is not addressed in the existing ECCS analysis. Westinghouse
did not consider the potential for secondary to primary inleakage during
resolution of the steam generator tube collapse item. This 1s a
relatively new item, not previously addressed, since cracking at the tube
support plate elevations had been insignificant in the early 1980's when
the tube collapse item was evaluated in depth. There is ample data
available which demonstrates that undegraded tubes maintain their
integrity wunder collapse loads. There is also some data which shows that
cracked tubes do not behave significantly differently from uncracked tubes
when collapse loads are applied. However, cracked tube data is available
only for round or slightly ovalized tubes.

It 1s important to recognize that the core melt frequency resulting from a
combined LOCA + SSE event, subsequent tube collapse, and siqaificant steam
enerator tube inleakage 1is very low, on the order of 10°° /RY or less.
his estimate takes into account such facrors as the possibility of a
seismically induced LOCA, the expected occurrence of cracking in a tube as
a function of height in the steam generator tube bundle, the localized
effect of the tube support plate deformation, and the possibility that a
tube which 1is identified to deform during LOCA + SSE loadings would also
contain a partial through-wall crack which would result in significant
inleakage. To further reduce the likelihood that cracked tubes would be
subjected to collapse loads, eddy current inspection requirements can be
established. The inspection plan would reduce the potential for the
presence of cracking 1n the regions of the tube support plate elevations
near wedges that are most susceptible to collapse which may then lead to
penetration of the primary pressure boundary and significant inleakage
during a LOCA + SSE event.

Change Description

hs noted above, detailed analyses which provide an estimate of the degree
of flow area reduction due to both seismic and LOCA forces are not
available for all steam generators. The information that does exist
indicates that the flow area reduction may range from 0 to 7.5 percent,
cepending on the magnitude of the postulated forces, and accounting for
uncertainties. It is difficult to estimate the flow area reduction for a
particular steam generator design, based on the results of a different
design, due to the differences in the design and materials used for the
tube support plates.

EI\ECCT-EMEN-91-A5 - 29



While a specific flow area reduction has not been determined for some
earlier design steam generators, the risk associated with flow area
reduction and tube leakage from a combined seismic and LOCA event has been
shown to be exceedingly low. Based on this low risk, it is considered
adequate to assume, for those plants which do not have a detailed
analysis, that 5 percent of the tubes are susceptible to deformation.

The effect of potential steam generator area reduction on the cold leg
break LOCA peak cladding temperature has been either analyzed or estimated
for each Westinghouse plant. A value ¢° § percent area reduction has been
applied, wunless a detailed non-linear analysis is available. The effect
of tube deformation and/or collapse will be taken into account by
allocating the appropriate PCT margin, or by representing the area
reduction by assuming additional tube plugging in the analysis.

Affected Evaluation Models:

1978 Large Break ECCS Evaluation Mode)
1981 Large Break FCCS Evaluation Mode)
1981 Large Break ECCS Evaluation Model with BART
1981 Large Break ECCS Evaluation Model with BASH

status:
Complete.

3.4 BNOKEN LOOP SAFETY INJECTION FLOW IN SMALL BREAKS
Background:

In the Westinghouse NOTRUMP small break Evalustion Model, 1t 1s assumed
that the safety injection water which flows to the loop in which the break
is postulated to occur is entirely discharged to the containment. The
practice of not taking credit for safety injection into the broken loop
preceded the development of calculational models used to satisfy the
requirements of 10CFRS0.46 or the older Interim Acceptance Criteria (IAC).

It was assumed that no?locting safety injection flow to the broken loop
would reduce the capability for core cooling because the flow would not
contripute to the reactor coolant system inventory. It was also assumed
that the interactive effects on the break flow and the condensation of
steam would overall re:ult in better core cooling. The basis for these
assumptions was questioned.

The spatial representaticn of the reactor coolant system, the
representation of safety irnjection flow into the intact loops, and the
mcdel for the calculation of the amount of steam condensation as a result
of interaction with the safety injection water were selected for
conservatism in the Westinghouse 1985 small break LOCA Evaluation Model.
This model was reviewed in detail by the NRC and approved. This model,
however, is not appropriate for evaluating the effects of safety injection
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The existing model s Justified as adequately conservative under the
requirements of Appendix K to 10CFRS0 and will therefore net he revised,
This was discussed informally with representatives of the NRC staff at .
meeting on January 22, 1991,

Lhange Description:
Upon evaluation, it was determined that no change tc the FCCs
Evaluation Mode! was necessary.

Affected Evaluation Models:

1985 Smal) Break LOCA Evaluation Mode!

Status:

Complete
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