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Nuclear Safety
Advisory Letter

Westinghouse
Electric Company

 
This is a notification of a recently identified potential safety issue pertaining to basic components supplied by Westinghouse. 

This information is being provided so that you can conduct a review of this issue to determine if any action is required. 
P.O. Box 355, Pittsburgh, PA 15230 

Subject: LOCA Mass and Energy Release Analysis Number: NSAL-06-6 

Basic Component:  Containment Analysis Date: 06/06/2006 

Affected Plants:  See page 6 for Plants with Westinghouse Mass & Energy Analysis 
Substantial Safety Hazard or Failure to Comply Pursuant to 10 CFR 21.21(a) 
Transfer of Information Pursuant to 10 CFR 21.21(b) 
Advisory Information Pursuant to 10 CFR 21.21(d)(2) 

Yes   No   
Yes   
Yes   

References:  See page 6. 
 
SUMMARY 
 
Westinghouse has identified several procedural issues with past guidance provided for the performance of 
loss-of-coolant accident (LOCA) mass and energy (M&E) release analyses (References 1 & 2) by 
Westinghouse. 
 
Eight issues have been identified that could potentially affect the M&E results which are used to evaluate 
containment integrity.  Most plants are only affected by a subset of the issues and some are not affected 
by any issues.  The impact of each issue is determined by assessing an appropriate pressure increase for 
each plant as appropriate.  If a pressure increase is assessed, the limiting case may be unaffected because 
the increase occurs in the part of the transient that is well below the limiting result for a specific plant.  
For all affected plants, it has been determined that the maximum increase resulting from all of the issues 
combined would not cause the containment pressure to exceed the design limit.  The existence of these 
issues does not create a substantial safety hazard and is not reportable under 10 CFR 21. 
 
The purpose of this notification is to inform utilities of the M&E analysis issues and their potential 
impacts on peak containment pressures and temperatures.  These issues should also be reviewed with 
respect to containment conditions assumed for other components and containment conditions for 
equipment qualification.  While this NSAL provides a generic discussion of the issues, plant specific 
information has been provided by separate letter for most plants at this time.  Please contact your 
Customer Project Manager to obtain each individual plant notification of these issues and the impact on 
your plant.  Most of these letters were issued in the Fall of 2005.  Even though the plants impacted by the 
M&E analysis issues have been notified independently, it is prudent to document these issues in this 
NSAL. 
 

Additional information, if required, may be obtained from the originators.  Telephone (412) 374-5750 and 4079 
 
Originators: 

  
Approved: 

J. T. Crane 
Regulatory Compliance and Plant Licensing 

 B. F. Maurer, Acting Manager 
Regulatory Compliance and Plant Licensing 

L. C. Smith 
Containment and Radiological Analysis 
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ISSUE DESCRIPTION 
 
The LOCA results in M&E releases inside containment which cause an increase in the containment 
pressure during the accident.  These M&E releases are used to determine the maximum calculated 
containment pressure which is compared to the containment design limit.  Westinghouse has identified 
procedural issues with past guidance provided for performance of M&E release analyses.  One issue 
concerns the analytical methodology, while the remaining issues are concerned with the selection and 
application of input parameters. 
 
TECHNICAL EVALUATION 
 
Two approved M&E methods (References 1 & 2) have been used for the initial safety analysis and/or for 
evaluating plant changes such as upratings and steam generator (SG) replacement.  The earlier M&E 
analysis method, WCAP-8264-P-A, is considered a mass driven model since it does not allow for steam 
condensation in the reactor coolant system (RCS) loops.  Therefore, issues that would affect primary mass 
releases are most important to the WCAP-8264-P-A model and issues that affect SG secondary side 
energy transfer have a limited effect.  The WCAP-10325-P-A model is more energy driven as a result of 
RCS loop condensation. Therefore, the issues that affect the SG secondary side have more effect.  The 
estimated affect on the peak pressure for the following generic issues are bounding for both methods.   
 
1) Area of the Downcomer in the REFLOOD Code 
 
Westinghouse-designed reactors can be divided into downflow and upflow barrel baffle designs.  The 
original guidance for calculating the downcomer area for downflow plants was incorrect.  When the 
calculation was corrected, a larger downcomer area and thus a larger volume for downflow plants was 
calculated.  This resulted in a longer time required for the emergency core cooling system (ECCS) to 
completely fill the downcomer.  Sensitivity studies showed that the effect on LOCA M&E release, as 
determined by the effect on containment pressure, was about 1.2 psi. 
 
2) Area of the Upper Plenum in the FROTH Code 
 
The FROTH computer program is run in conjunction with the REFLOOD computer program and 
calculates the LOCA M&E releases for the post-reflood period until the SG secondary side pressure(s) is 
calculated to equilibrate at the containment design pressure.  During this time period, the two-phase 
mixture levels in the core, upper plenum, hot leg and SG inlet plenum are the principle parameters of 
interest.  Due to a misinterpretation of a database parameter, the cross-sectional area of the upper plenum 
(AUPP) was being over predicted, which resulted in a reduction in entrainment to the SGs and thus less 
steam production.  Correction of the upper plenum area results in increased M&E releases.  For plants for 
which Westinghouse calculated the containment pressure transient, the increase in peak pressure is 
approximately 0.8 psi.  This penalty would only apply to plants that calculated the peak pressure to occur 
during the post-reflood period.  However, if the double-ended hot leg (DEHL) break is currently the 
limiting break, the potential also exists to switch the most limiting break from the blowdown limited 
DEHL break to the double-ended pump suction (DEPS) break if the pressure difference between these 
breaks is less than 1 psi.  
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3) Review of Other FROTH Inputs 
 
A review of the FROTH code user controlled input variables showed that ASGP, the SG inlet plenum 
area, which is used to calculate the void fraction in the SG inlet plenum, was based on a value that was 
generally too small.  A value for ASGP that is smaller than can be justified based on the geometry of the 
SG is conservative with respect to calculation of the peak pressure.  This is because the void fraction sets 
the mixture height in the SG plenum which has an effect on the entrainment of liquid into the SG tubes.  
A lower void fraction is a benefit and occurs when the flow area is increased.  A review of SG geometry 
for the inlet plena determined a more appropriate method for calculating ASGP.  The result was a larger 
flow area and a reduction in entrained liquid.  The reduction in entrained liquid reduces the mass and 
energy released post-reflood and is a benefit for the calculated containment pressure.  
 
4) WCAP-10325-P-A Model Features 
 
The Westinghouse LOCA M&E release model (Reference 2) was approved in February 1987.  
Westinghouse identified the need to clarify two model features; the assumptions placed on the SG exit 
steam enthalpy during the post-reflood period and the assumed power level used in the LOCA M&E 
analysis.  This issue has been resolved through discussions with the NRC.  Their acceptance is 
documented in Reference 3.  The NRC staff found that the assumption used for the SG exit enthalpy 
during the post-reflood period is conservative.  The NRC staff also found that Westinghouse’s 
understanding of performing analyses at the licensed core power, regardless of power level, is an 
acceptable method, as long as the plant-specific calorimetric uncertainty is considered. 
 
5) Main Feedwater Addition Following a Reactor Trip 
 
The Westinghouse methods account for the addition of main feedwater (MFW) to the SG secondaries 
following a LOCA in the time frame from reactor trip until MFW isolation is calculated to occur.  Full 
MFW flow is assumed prior to the reactor trip.  The recent review called into question the current 
modeling of the isolation of the SG secondary side on a reactor trip signal.  The continued addition of 
MFW after reactor trip is adding energy to the secondary side above 212ºF and therefore in the long-term 
this additional energy will be released to the containment.  DEHL breaks are not affected and depending 
upon the time at which peak containment pressure is calculated, a penalty to peak pressure may occur for 
the DEPS minimum ECCS case.  Sensitivity studies have shown either a penalty or a benefit when MFW 
addition after reactor trip is modeled.  Generally, plants with a peak pressure result late in time (i.e., post-
FROTH) may show a small penalty. 
 
6) AFW System Purge and Unisolatable Volumes 
 
After isolation of the MFW, a volume of hot MFW will reside in the main feed lines between the 
auxiliary feedwater (AFW) injection point and the SG secondary side.  Once AFW flow is initiated, the 
hot MFW water will be pushed into the SG secondary side.  As the SGs are calculated to depressurize, 
there may be additional volume trapped between the AFW injection point and the MFW isolation valve 
that will flash and be pushed into the SG secondary.  These two concerns were not considered in the 
LOCA mass and energy release models.  Addition of these effects to the LOCA mass and energy release 
calculation has been shown to increase the SG secondary side energy above 212ºF by several million 
BTUs.  Thus, depending upon various plant design features and the time at which the containment peak 
pressure was calculated to occur, an effect on containment peak pressure of 1.3 psi is possible.  If the 
steam generator design for a particular plant has separate MFW and AFW piping, this issue would not 
apply. 
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7) AFW Flow for FROTH Code 
 
During work to support new LOCA M&E release analyses, information was requested on minimum AFW 
flow per SG, post-LOCA.  In some cases it was found that the actual flow used in the analysis was a 
pump flow and not flow per a SG.  This resulted in SG AFW flows that were high.  AFW flow is only 
modeled in the FROTH code which calculates the transient from end of reflood until the SG secondary 
side pressure has been calculated to have depressurized to the containment design pressure.  This is a time 
range of about 200 to 1000 seconds and varies depending upon plant type (i.e., 2, 3, or 4 loop), power 
level and containment design pressure.  The effect on analysis results for reductions in AFW flow during 
this short period is an approximate penalty of 0.1 psi in peak containment pressure. 
 
For plants that currently have a peak during the post-reflood phase and do credit some AFW flow, the 
overall peak pressure would be higher if the amount of AFW flow is reduced.  For plants that currently 
have the overall peak pressure during the blowdown period or the reflood period, and some amount of 
AFW flow credited, it is possible that the overall peak pressure could shift to the post-reflood period if the 
amount of AFW flow was reduced.  For plants that currently do not credit any AFW flow during the post-
reflood period, there is no impact on the analysis results. 
 
8) Possibility of Asymmetric AFW Flow 
 
LOCA analyses are performed assuming that off-site power is lost coincident with the event, and with the 
limiting single failure of one diesel generator to start.  If the plant design does not start the turbine-driven 
AFW pump on the loss-of-offsite power or a safety injection (SI) signal, the typical design will have one 
motor-driven AFW pump in operation which generally will not feed all SGs.  Thus, one or more SGs may 
not receive any AFW flow.  If the broken loop SG is the SG with no AFW flow, there will be an effect on 
the calculated LOCA M&E release.  The current LOCA M&E release models do not contain a provision 
to model asymmetric AFW flow.  Instead, this effect is bounded by the assumption of no AFW delivery.  
Modeling no AFW flow can result in a peak containment pressure penalty of up to 1.0 psi.  The 
magnitude of this effect on peak pressure and temperature is dependent upon the transient characteristic 
for any given plant.  Plants that are limited by a blowdown peak are generally unaffected.  Plants that 
calculate a peak pressure after reflood is over will calculate a penalty depending upon the AFW 
assumptions in the current analysis. 
 
Combined Effect of All Eight Issues 
 
In reviewing the plant specific M&E analyses performed by Westinghouse, no plant was affected by all 
the issues described above.  Additionally, some of the affected plants have no impact on the limiting case 
of the current analysis of record because the maximum calculated containment pressure is unaffected.   
 
For the affected plants, the time of the peak pressure from the current analysis of record was determined 
and the effects that occur during the time of the peak pressure were combined using the square root of the 
sum of the squares (SRSS) technique.  That is, each effect for specific analysis should be combined using 
the square root of the SRSS method to determine the overall increase in the DEPS minimum ECCS case.  
Once the new DEPS-limiting ECCS case peak pressure has been determined, this value is compared 
against the DEHL case to assure that the limiting break location has not changed.   
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SAFETY SIGNIFICANCE 
 
The M&E release models contain known conservatisms which could be used for operability 
determinations to offset any increase in containment pressure due to these issues.  WCAP-10325-P-A 
documents the conservatisms inherent in the methodology in Section 5.1, “Model Conservatisms”, which 
are on the order of 6 or more psi.  Conservatisms discussed are: 
 

1) Appendix K models used in reflood. 
2) Assumptions related to SG secondary mass (i.e., nominal level plus uncertainty). 
3) RCS pressure set to containment design pressure for ECCS flow determination. 
4) Uncertainty applied to decay heat and conservatism applied to the 1979 decay heat model. 
 

If a plant was analyzed with the full scope of changes as previously discussed, the sum of all effects is 
~5.8 psi increase in the calculated peak pressure.  The SRSS of 2.6 psi is closer to the total effect seen for 
plants already analyzed with all effects.  Further, the model benefits and conservatism associated with the 
WCAP-10325-P-A LOCA mass and energy release model can be applied to analyses performed with the 
WCAP-8264-P-A LOCA mass and energy release model. 
 
The issues were evaluated for ice condenser plants where the containment pressure is controlled by the 
melting of the ice inside containment.  Instead of applying the impact in a pressure increase, the penalty 
was converted into an energy value.  Benefits were found in the calculation of the SG secondary mass, 
and other analysis inputs, that were greater than the additional energy.  
 
Since the potential increase in the maximum calculated containment pressure does not exceed known 
model conservatisms, all containments would remain below their design pressure.  Therefore, reasonable 
assurance exists that containment integrity would be maintained and that a substantial safety hazard 
would not be created. 
 
NRC AWARENESS 
 
The NRC was not notified under the Part 21 process. 
 
There have been communications with the NRC on topics dealing with WCAP-10325-P-A model features 
(SG exit enthalpy, NSSS power level) described in issue number 4 of the Technical Evaluation section 
above.  The resolution of issue number 4 was found to be acceptable by the NRC (Reference 3). 
 
RECOMMENDED ACTIONS 
 
If available, each plant should review the plant specific information provided via Westinghouse project 
letter.  If Westinghouse performs the containment analysis, the maximum containment pressure may need 
to be revised.  In this case, it is recommended that the utility review its documentation which refers to the 
value of maximum containment pressure.  If Westinghouse provided the LOCA M&E results but did not 
perform the containment analysis, the utility should review their containment evaluation with respect to 
the issues identified in the project letter or alternatively this NSAL.  Furthermore, these issues should be 
reviewed with respect to containment conditions assumed for other components and containment 
conditions for equipment qualification. 
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Plants with Westinghouse Mass & Energy Analyses 
 

Almaraz 
Angra Unit 1 
Ascó 
Beaver Valley Units 1 & 2 
Beznau 
Byron Units 1 & 2 
Braidwood Units 1 & 2 
Callaway  
Comanche Peak Units 1 & 2 
D. C. Cook Units 1 & 2 
Diablo Canyon Units 1 & 2 
Farley Units 1 & 2 
Ginna 
Indian Point Unit 2 
Indian Point Unit 3 
Kewaunee 
Kori Units 1 & 2 
Kori Units 3 & 4 
Krsko 
Maanshan 

Millstone Unit 3 
North Anna Units 1 & 2 
Point Beach Units 1 & 2 
Prairie Island Units 1 & 2 
Ringhals Units 3 & 4 
Robinson Unit 2 
Salem Units 1 & 2 
Seabrook Unit 1  
Sequoyah Units 1 & 2 
Shearon Harris Unit 1 
South Texas Units 1 & 2 
Surry Units 1 & 2 
Turkey Point Units 3 & 4 
V.C. Summer 
Vandellós 
Vogtle Units 1 & 2 
Watts Bar 
Wolf Creek 
Yonggwang Units 1 & 2 
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