
  

 
January 31, 2011 

 
MEMORANDUM TO: Mark Tonacci, Chief 
 BWR Projects Branch  

Division of New Reactor Licensing 
Office of New Reactors 

 
FROM:   Stacy Joseph, Project Manager  /RA/ 
 BWR Projects Branch  

Division of New Reactor Licensing 
Office of New Reactors 

 
SUBJECT: REGULATORY AUDIT SUMMARY OF SOUTH TEXAS PROJECT, 

UNITS 3 AND 4 COMBINED LICENSE APPLICATION FUEL 
ASSEMBLY PRESSURE DROP CALCULATIONS 

 
 
 By letter dated September 24, 2008, STP Nuclear Operating Company (STPNOC) 

submitted South Texas Project (STP) Units 3 and 4 Combined License Application (COLA).  

The staff performed an audit of the fuel assembly pressure drop calculations performed to 

support the License Condition proposed for downstream fuel effects testing in the STP  

Combined License (COL).   The audit occurred at the Westinghouse Office in Rockville, 

Maryland on July 12, 2010 and continued on September 28, December 7, 15 and 20, 2010.  

The detailed results of the audit are provided in the attached Enclosure.   
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CONTACT: Stacy Joseph, NRO/DNRL 
  301-415-2849 
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SOUTH TEXAS PROJECT UNITS 3 AND 4 COLA  

 
FUEL ASSEMBLY PRESSURE DROP CALCULATIONS 

 
AUDIT SUMMARY 

 
 

1. Background  
 

To ensure that the Emergency Core Cooling Systems designed for the South Texas Project 
(STP) Units 3 and 4 plants meet the requirements of General Design Criterion 10 and 
guidance in Regulatory Guide (RG) 1.82 Revision 3, the applicant has agreed for a COL 
license condition to submit an evaluation as part of the license amendment confirming that 
the fuel for the initial fuel load satisfies the fuel design criteria considering the downstream 
effects of containment debris.  The applicant has prepared a calculation for determining the 
acceptance criterion for the proposed license condition.  In response to Request for 
Additional Information (RAI) 04.04-1, the applicant stated that the proposed acceptance 
criterion for the license condition will be that the pressure drop across the fuel assembly inlet 
is less than a value determined through analysis to provide adequate long term cooling.  
The applicant made the subject analysis available for audit by the staff.  The purpose of the 
audit was for the staff to review the supporting STP documentation for the fuel assembly 
pressure drop calculations in order to confirm that the downstream fuel effects license 
condition acceptance criterion is appropriate.   
 
The staff performed the audit at the Westinghouse offices in Rockville, Maryland on 
July 12, 2010.  The audit team consisted of the U. S. Nuclear Regulatory Commission 
(NRC) staff members identified in Table I.  The applicant’s staff members that participated in 
the audit discussions at Westinghouse offices are identified in Table II.  
 

 
Table I: NRC Staff 

NAME AFFILIATION
James Gilmer NRC Audit Team Lead 
George Thomas  NRC Reactor Systems 
Stacy Joseph NRC Licensing 

 
 

Table II: Applicant’s Staff
NAME AFFILIATION
Jim Tomkins STPNOC (via telephone) 
Brad Maurer Westinghouse 
Nirmal Jain Westinghouse 
Jason Perez Westinghouse 
Caroline Schlaseman MPR 
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For the reasons described in Section 4 below, the staff determined that multiple follow-up audits 
were necessary.  The audit continued on September 28 and December 7, 15, and 20, 2010 at 
the Westinghouse offices in Rockville, Maryland.  The NRC staff members and contractors and 
the applicant’s staff members present on some or all of the audit dates are identified in Table III 
and IV.   
 

Table III: NRC Staff 
NAME AFFILIATION
James Gilmer NRC Audit Team Lead 
George Thomas  NRC Reactor Systems 
Pravin Sawant Energy Research, Inc 
Stacy Joseph NRC Licensing 
Tekia Govan NRC Licensing 

Joseph Donoghue* 
NRO Reactor Systems 
Branch Chief 

John McKirgan* 

NRO Containment and 
Ventilation Branch 
Chief 

George Wunder 
NRO BWR Licensing 
Team Lead 

 
*Participation is limited to the closing meeting on September 29, 2010 
 

Table IV: Applicant’s Staff
NAME AFFILIATION
Jim Tomkins STPNOC  
Scott Head STPNOC 
Robert Quinn Westinghouse 
Nirmal Jain Westinghouse 
Martin Van Haltern Westinghouse 
Bronwyn Edwards Westinghouse 
Timothy Andreycheck Westinghouse 
Jeff Perez Westinghouse 
Brad Maurer Westinghouse 
Fred Hayes Westinghouse 
Al Gutterman Morgan Lewis 
Koichi Kondo  Toshiba America 

Nuclear Energy 
 
2.  Regulatory Basis  
 

This regulatory audit is based on Title 10 of the Code of Federal Regulations (10 CFR) 
Part 50, Appendix A, General Design Criterion 10 and supported by Regulatory Guide 1.82 
Revision 3.
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3. Documents Reviewed 
 

1. Westinghouse Electric Company Calculation # CN-LAM-10-3 Revision 2 “Downstream 
Effects of Fuel Filter Clogging in ABWR” 
 

2. Westinghouse Electric Company Calculation # CN-LAM-10-32 Revision 0 
“Downstream Effects of Fuel Filter Clogging in ABWR” 

 
3. Plots of GOBLIN Run Results from CN-LAM-10-32 

a. Heat Transfer Coefficient vs. Time 
b. Void Fraction vs. Time 
c. Core Flow vs. Time (hot and average bundle, blocked and unblocked cases) 
d. Bypass Flow vs. Time (hot and average bundle, blocked and unblocked cases) 
e. Total ECCS Flow vs. Time (blocked and unblocked cases) 
f. Break Flow vs. time (blocked and unblocked cases) 
g. Downcomer Level vs. Time (blocked and unblocked cases) 

 
4. STP Discussion on the break flow oscillations 

 
5. STP Discussion on the crud thickness and PCT 
 

4.  Audit Activities and Results 
 

At the beginning of the audit on July 12, 2010, Westinghouse provided a brief explanation 
of how they developed the fuel assembly pressure drop calculation.  The staff then 
reviewed the calculation package (calculation CN-LAM-10-3 Revision 2) provided by STP 
in more detail. After reviewing the calculation package, the staff asked several clarifying 
questions about the calculation which the applicant answered. The staff pointed out the 
calculation uses the GOBLIN code and references a Licensing Topical Report that is under 
staff review and not yet approved.  In addition, the calculations supporting the downstream 
fuel effects test acceptance criterion of 5.076 psid were based on SVEA-96 Optima II fuel 
rather than the GE-7 fuel approved in the ABWR DCD.   
 
As a result of the audit, the staff issued RAI 04.04-4 in which the staff asked the applicant 
to explain how the proposed acceptance criterion is suitable for the fuel design (GE-7) that 
is currently the basis for the Advanced Boiling Water Reactor (ABWR) design. 
 
After receiving RAI 04.04-4, the applicant revised the downstream fuel effects license 
condition acceptance criterion and the calculation supporting that acceptance criterion 
(calculation CN-LAM-10-32 Revision 0).  The applicant made the new calculation available 
for staff audit on September 28, 2010.  The applicant gave a presentation summarizing the 
proposed revised license condition acceptance criterion and the calculation supporting that 
license condition.  The Westinghouse presentation “Revision to STP 3/4 Analysis of 
Downstream Debris Effects on Fuel” can be found under ADAMS Accession number 
ML102870255. Following the presentation, the staff reviewed the proprietary Westinghouse 
Calculation package (calculation CN-LAM-10-32 Revision 0).   
 
The calculation was produced in order to establish the predicted behavior for pressure drop 
and flow resulting from the imposed fuel blockage.  The purpose of the calculation was to 
determine the maximum level of blockage that would allow the core to maintain a void 
faction of 0.95 or less.  The applicant also performed a calculation to determine the effect 
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that fouling thickness will have on the peak clad temperature.  In reviewing the calculation 
package, the staff examined the applicant’s key assumptions to determine the 
conservatism.  For example, the applicant assumes a constant decay heat rather than 
allowing heat to decay naturally.  The staff reviewed the selection of the limiting scenario 
and why the feedwater line break was assumed rather than the main steam line break.  The 
staff evaluated how GOBLIN modeled the Reactor Pressure Vessel and the ECCS flows.  
The staff reviewed the details of the GOBLIN output provided in the Westinghouse 
Calculation package (calculation CN-LAM-10-32 Revision 0).   

 
After reviewing the calculation package, the staff asked the applicant a number of 
questions which were adequately answered.  The staff requested that the applicant 
address the following questions in a formal letter to be placed on the STP COL Units 3 
and 4 docket.  
 
1. Explain the relationship of the analysis void fraction criterion (< 0.95) to MCPR 

 
2. Discuss the reasons why the fuel tests would use subcooled rather than saturated water. 

 
3. Provide more discussion on how the conservative reduction factor of 4 was selected and 

how this bounds the application to the fuel used in the certified design. 
 

4. Explain how references 4,6, and 11 are related and ensure that approved versions of the 
codes were used in the analysis. 
 

5. Describe whether reference 7 provides a benchmark of GE fuel to Optima II fuel. If not, 
provide references that include this comparison. 

 
STP provided a response to the aforementioned questions in a letter dated 
October, 25, 2010. The STP response letter can be found in ADAMS under ML103010274.   
After reviewing the official responses from the applicant, the staff raised additional 
questions about the Proprietary calculation package they had previously reviewed.  The 
staff held a telecon with the applicant on November 10, 2010, and requested that the 
applicant provide plots of the results of the GOBLIN run for void faction, heat transfer 
coefficient, core flow, bypass, flow, total ECCS flow and break flow vs. time.  The applicant 
posted the requested plots in their electronic reading room for the staff to review.  After 
reviewing the plots, the staff noted that in the blocked scenario, the break flow was 
exhibiting significant oscillations. In a telecon on November 17, 2010, the staff requested 
that STP explain why these oscillations are occurring.  The applicant explained that the 
oscillations were driven by the condensation oscillation and chugging.  The staff 
determined that additional review of the applicant’s document was necessary and a follow-
up audit of calculation CN-LAM-10-32 Revision 0 was planned.   
 
The staff and the applicant re-convened the audit on December 7, 2010.  In preparation for 
the audit, the staff prepared the following questions and provided those questions to the 
applicant.  Specific values have been removed from these questions in order to protect 
proprietary information.   

 
1. The text [in calculation CN-LAM-10-32 Revision 0] states that blockage begins at 850 

seconds, and is at maximum blockage at 910 seconds.  Figure 2 shows significant 
oscillations in both the hot and the average channel flow rates beginning at ~700 
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seconds.  Explain the cause of this oscillation, since blockage has not begun at that time 
and there is no apparent change in ECCS flow. 
 

2. The text [in calculation CN-LAM-10-32 Revision 0] refers to a specific [x] percent 
blockage of core inlet flow area.  Is this intended to mean [x] percent of the hot channel 
inlet flow area or [x] percent of all fuel bundles? If bypass flow area is credited, explain 
why different from the audit presentation slides. Also, provide justification for the 
assumption.  If [x] percent of the bundle flow area is blocked, it is likely that a significant 
portion of the bypass area will be blocked also. 
 

3. It is stated in the text that the significant parameter is downcomer level, because it 
provides driving head for flow through the core. Figures 4 and 5 show downcomer level 
well after maximum blockage is reached at 910 seconds.  What is the transient level 
prior to 1000 seconds? 
 

4. In Figure 5, Downcomer water level, what causes the oscillations to reduce in amplitude 
starting at ~ 1600 seconds? 
 

5. In Figure 2, the initial flow rate appears to be ~ [w] kg/sec.  In past audit discussions, a 
value of [y] kg/sec was mentioned.  Explain the reasons for the difference.  Also, WCAP-
17116-P lists a FW flow rate of [z] kg/sec, which, would be [y] kg/bundle, assuming all of 
the flow passes through the 872 bundles, and none bypasses the bundles.  If bypass 
flow is considered, the flow rate per bundle at time t = 0 seconds (Break initiation) would 
be considerably less than [y] kg/sec.  
 

6. The test plan [in the response to RAI 04.04-3] describes the partial-height mock fuel 
bundle and debris loading, etc., but there is no mention of a simulated core support 
plate.  Since the License Condition calculation apparently considers bypass flow, how 
would the tests demonstrate that the bypass paths would not be blocked by some 
percentage?   

 
The applicant provided adequate answers to the staff’s questions. The applicant clarified that 
the [x] percent blockage referred to in question 2 above is in fact intended to mean that the flow 
area of all fuel bundles are assumed to be blocked [x] percent.   In addition, the calculation also 
assumes that the bypass area is completely blocked.  In response to question 6 above, the 
applicant clarified that the License Condition does NOT consider any bypass flow, therefore, a 
simulated core plate for the downstream fuel effects test is not necessary.  The staff agreed with 
this conclusion.   
 
Following the December 7, 2010 audit with the applicant, the staff had two remaining concerns 
with the fuel calculation that required resolution.   
 

1. Since the GOBLIN code being used by STP had not been previously used for the 
ABWR, the staff was not convinced that the break flow oscillations represented 
reality.  To resolve this concern that the GOBLIN code was correctly modeling the 
ABWR, the staff requested that the applicant perform a benchmark of the ABWR 
feedwater break and compare the GOBLIN results to the ABWR DCD results 
provided in Figure 6.3-27.  
 

On December 20, 2010, the staff performed an audit of plots produced by STP and 
Westinghouse and compared the plots to the figures provided in Section 6.3 of the DCD.  The 
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staff concluded that GOBLIN was adequately modeling the ABWR and this issue has been 
resolved.   
 

2. What resistance value (k factor) is being used to represent [x] percent blockage of 
the fuel assembly.   

 
To resolve question 2, the staff went back to the Westinghouse office in Rockville on 
December 15, 2010, to review calculation CN-LAM-10-32 Revision 0 again to determine how 
the k factor was calculated by the applicant.  The applicant used the calculation for the ‘Flow of 
Fluids through Valves, Fittings and Pipe” by Crane Co. 1988.  While the staff agreed that use of 
the Crane calculation was appropriate, the staff did not agree that modeling flow through a 
single orifice [100-x] percent the size of the unblocked filter adequately represented reduced 
flow through Post-LOCA debris (which, in reality, should be modeled as a number of parallel 
paths).  In a telecon on December 16, 2010, the applicant clarified that the purpose of the 
calculation was not to model debris, but to come up with a conservative acceptance criterion in 
terms of flow and pressure drop for the downstream fuel effects test to be performed prior to fuel 
load.  The applicant stated that the maximum resistance factor that the core can withstand while 
maintaining a 0.95 void fraction is in fact the number calculated in CN-LAM-10-32 Revision 0.  
To show that GOBLIN is performing the calculations properly, STP proposed to perform two 
hand calculations.    
 

1. The first calculation will determine the natural circulation flow through the hot 
assembly with the specified inlet loss coefficient. 
 

2. The second calculation will use this flow rate to show that it is sufficient to remove 
decay heat at t = 5 minutes. 

 
The staff met with the applicant on December 20, 2010.  The applicant described the two 
calculations to show why the selected k factor is appropriate.  While the staff does not 
necessarily agree that the k factor used represents [x] percent blockage of the fuel channels 
with debris, in general, the staff concurred with the approach presented by the applicant to show 
that the k factor used will allow for adequate core cooling.  The staff concluded that the 
calculation, coupled with the multiple conservatisms that the applicant is taking with regards to 
the fuel test, demonstrate that the acceptance criterion proposed by the applicant in the 
response to RAI 04.04-4 (ML110100696) is conservative.   
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