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MEMORANDUM TO: Allen L. Hiser, Jr., Chief 

Steam Generator Tube Integrity and 
    Chemical Engineering Branch 
Division of Component Integrity 
Office of Nuclear Reactor Regulation 

 
FROM:   Andrew B. Johnson     /RA/ 

Steam Generator Tube Integrity and 
    Chemical Engineering Branch 
Division of Component Integrity 
Office of Nuclear Reactor Regulation 

 
SUBJECT: SUMMARY OF THE OCTOBER 29 AND 30, 2008 CATEGORY 2 

PUBLIC MEETING WITH THE NUCLEAR ENERGY INSTITUTE (NEI) 
AND INDUSTRY TO DISCUSS MODELING ISSUES PERTAINING TO 
THE STEAM GENERATOR TUBE-TO-TUBESHEET JOINTS 

 
 
The Nuclear Regulatory Commission’s (NRC) staff met with the Nuclear Energy Institute, 
Westinghouse, and licensees on October 29 and 30, 2008, at Argonne National Laboratory 
(ANL) in Argonne, Illinois.  The purpose of the meeting was to discuss the different approaches 
taken by Westinghouse and ANL to model the structural and leakage behavior of steam 
generator (SG) tube-to-tubesheet joints, to assess the consistency of the models predictions for 
design basis conditions, and to reconcile any differences.  The Enclosure provides a list of 
those in attendance.  This meeting was noticed as a public meeting and the meeting agenda is 
available in the NRC Agencywide Documents Access and Management System (ADAMS) 
under Accession Number ML082880298.  Other than industry representatives, no members of 
the public were present.  
 
Information presented by the industry during the meeting is available in ADAMS under 
Accession Numbers ML083100212, ML083100213, and ML083100216.  Information presented 
by ANL is available in ADAMS under Accession Numbers ML083100214, ML083100215, and 
ML083100217. 
 
Background:  The Westinghouse models are being developed to support future license 
applications for an alternate repair criterion (ARC) applicable to the tube-to-tubesheet joints.  
This ARC is termed “H*.”  The ANL models are being developed under contract to the NRC to 
evaluate the behavior of the joints under severe accident conditions; however, the ANL models 
can also be used to evaluate the joint behavior under design basis conditions. 
 
 
 
CONTACT:  Andrew B. Johnson, DCI/CSGB 
  (301) 415-1475
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The following summarizes the information presented during the meeting and the accompanying 
comments, observations, and action items that resulted. 
 
Industry presented an overview of the H* program that included defining H* and reviewing the 
H* technical basis.  Industry also reviewed the challenges that had been resolved and those 
that remained in proving the technical justification for H*.  Finally, industry presented an H* 
program schedule that outlined remaining actions to be taken in the H* program.  Industry then 
presented the results of a 3-dimensional (3D) tubesheet finite element analysis study performed 
for the H* program.  The presentation included a review of the 2-dimensional (2D) axisymmetric 
model initially proposed by industry and the contact pressure theory of Goodier, to which the 
model displacements from the finite element model are applied.  A review of crevice pressure 
distribution and testing performed by industry was also included in the presentation.  There was 
significant discussion by ANL members on the specifics of the crevice pressure model used by 
industry as compared to the model developed at ANL. 
 
Industry presented an overview of the displacements and rotations that are seen by the 
tubesheet as a result of pressure and thermal loads on a SG.  Significant changes were noted 
in the calculated H* distance in moving from the 2D axisymmetric model to the 3D non-
axisymmetric model, mostly because the non-symmetric 3D model incorporates more 
representative boundary conditions and different tubesheet displacement calculations.  Another 
model difference that contributes to the change in calculated H* distance is the modeling of the 
tube-to-tubesheet interface.  The modeling of radially dependent stiffness variations had only a 
minor effect on the H* distance, but a significant effect on uncertainties that are applicable to 
the 2D axisymmetric model. 
 
Industry also performed a residual contact pressure sensitivity study to assess which 
parameters in the model have the greatest effect on the residual contact pressure between the 
tube and the tubesheet after hydraulic expansion.  The preliminary results show that tube yield 
stress has the greatest contribution to variability of the residual contact pressure.  
 
The industry presented an assessment of leakage during normal operation (NOP) and design 
basis accidents (DBA).  The assessment assumes that the leakage loss coefficient is the same 
for normal operation and design basis accidents and predicts linear variations of flow with 
driving potential (Δp) based on available test data.  The presentation also reviewed the basis for 
developing leakage uncertainty factors.  The NRC expressed a concern that any loosening of 
the joint when going from NOP to DBA conditions could undermine the basis for this analysis. 
 
Argonne personnel presented on overview of the severe accident modeling and testing they 
have performed on the SG tube-to-tubesheet interface.  The overview started with a review of 
high temperature testing performed to gain an improved understanding of creep and how it 
influences leakage of the SG tube-to-tubesheet joint.  The data was used to develop a model of 
the leak rate as a function of leak supply pressure, tube pressure, temperature, the 
hydraulically expanded zone interface contact pressure, the leak path length, the materials 
used, and the tube diameter. 
 
The analytical leakage model developed by ANL included terms for surface roughness of the 
materials in contact (tube outside diameter and tubesheet inside diameter), which was not 
considered to be a necessary control variable in the industry models.  The ANL model 
measured leak rate of a gas instead of the liquid, because the tests were for modeling a severe 
accident as opposed to a design basis accident.  The NRC noted that significant differences 
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between the ANL and industry models require further review to understand the differences in 
the two models. 
 
The leak rate tests conducted by ANL revealed that the leak rate remained low until the 
temperature approached 700°C, beyond which it increased rapidly.  Tube outside diameter had 
little to no effect on leak rate and there was little heat-to-heat variability. 
 
The action items that came out of the meeting were as follows: 

 
1. The NRC staff raised a question on whether the loss coefficient is constant with contact 

pressure.  The industry is currently assuming that the loss coefficient is constant with 
contact pressure; however, analysis performed by ANL indicates that the loss coefficient 
increases with increasing contact pressure.  The staff questioned whether the industry 
would come to a different conclusion if they assessed the data from each specimen 
separately (rather than as one group) and whether they assessed the data using the 
difference in primary pressure and the secondary side saturation pressure (rather than 
the difference in primary pressure and the secondary side pressure).  The staff indicated 
that if the loss coefficient increases with increasing contact pressure, this may have an 
impact on the leakage model (e.g., a more complicated model may be needed and it 
may be more difficult to assess which accident is more limiting).  Industry will provide a 
tabulation of the available leak rate / loss coefficient versus contact pressure data 
(including test conditions, available material properties, hydraulic expansion pressures, 
etc.) supporting the figures presented.  Industry will review the leak rate/loss coefficient 
versus contact pressure data on a specimen-by-specimen basis, to determine if there is 
a measureable correlation between loss coefficient and contact pressure.  In addition, 
the NRC asked the industry to consider whether it is appropriate to assess this data on 
the basis of the differences between primary pressure and secondary side saturation 
pressure. 
 

2. The NRC staff indicated that it appeared reasonable to discard the coefficient of thermal 
expansion data generated in air by Precision Measurements and Instruments 
Corporation (PMIC) since that data was collected after the specimen had already been 
heated to 700°C.  However, the NRC staff indicated that the PMIC data generated in 
vacuum (e.g., prior to heating to 700°C) should be used unless a rationale is developed 
and this rationale is documented in the technical basis report that would warrant not 
including the data. 
 

3. The industry will develop tables containing the axial variation of the contact pressure at 
specific radial locations within the tubesheet for both normal operating and steam line 
break conditions.  This information will be useful in assessing the trends in the data 
throughout the tubesheet and may also permit comparison to the ANL results.  Industry 
will assess the relative tightness of joints between normal operation and both main 
steam line break (MSLB) and feed line break (FLB) conditions.  Should the tubes be 
loosening above the H* distance when going from normal operating to either MSLB or 
FLB conditions, and if loss coefficient is determined to be a significant function of 
contact pressure, industry will need to reassess the conservatism of the assumption that 
the ratio of the leak rates is equal to the ratio of the differential pressure between normal 
operating and either MSLB or FLB conditions. 
 

4.   The results from the structural models of the tube-to-tubesheet joint developed by 
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Argonne National Laboratory and the industry do not match.  The ANL model predicts 
loss of contact near the top of the tubesheet during a steam line break and some 
tightening of the joint at various locations along the length of the tube (when compared 
to normal operating conditions).  The reasons for these differences are not known and 
will be the subject of further discussions.  One difference in the models is that ANL did 
not account for the tubesheet material between the hot- and cold-leg of the row 1 tubes 
(i.e., the no-tube lane).  Another difference is that ANL used a higher temperature for 
assessing the performance of the joint during a steam line break than the industry did.  
The industry used 450°F.  The industry indicated that these values are from accident 
analysis performed for plants with Model F, Model 51F, and Model 44F steam 
generators.  The staff also indicated that intuitively it would have expected more bending 
(and a tighter joint below the mid-plane of the tubesheet) during a steam line break.  
The NRC staff and industry agreed that it would be useful to compare model inputs and 
results at various locations within the tubesheet to understand the differences in the 
model.  In addition, the staff indicated that one way to address these differences is to 
take the displacements from the finite element model at various axial elevations along 
the length of the tube within the tubesheet and then externally combine these results 
with the effects of pressure, temperature, and residual contact pressure to determine 
the contact pressure by comparing it to the results of a finite element model where all of 
these factors are included in the model (rather than externally combining them).  ANL 
and industry will both provide a list of the boundary conditions and assumptions used in 
their finite element models (both 2D and 3D), tubesheet deflection plots, and tubesheet 
stiffness information. 
 

4. Additional discussions are needed to understand what the appropriate axial distributions 
of crevice pressure should be.  The calculated crevice pressure distribution developed 
by ANL appears similar to two of the three sets of industry data; however, it differs from 
the average test value the industry is using as their crevice pressure distribution.  The 
industry argued that using an average of the test data was conservative for the limiting 
aspect of the analysis (i.e., inspection depth rather than leakage depth); however, it was 
not clear to the staff that it was conservative for all aspects of this evaluation (leakage 
and structural integrity).  The NRC requested the industry to investigate the effects of 
using different crevice pressure distributions on the results from their structural model as 
this may lend some insights on the importance of this issue.  Industry agreed to perform 
the investigation but, given that the industry approach is based on adding conservatism 
to the limiting parameter of the analysis, industry was unclear as to the benefit. 
 

5. The industry indicated that there may be some additional data in a report developed for 
Three Mile Island in the late 1990s (Framatome report 51-1264463-00 dated August 15, 
1997). 

 
The next public meeting regarding the steam generator H*/B* issues is scheduled for 
November 19, 2008 and has been noticed on the NRC public website.  The agenda is available 
in ADAMS under Accession Number ML083060005. 
 
 
Project No. 689 
 
Enclosure: 
As stated 
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ENCLOSURE 

 
 

ATTENDANCE LIST 
October 29 and 30, 2008 Meeting with NEI, SGTF, and Industry to Discuss H*/B* Issues 

 
 
SGTF/Industry 
Jay Smith, Exelon 
Rich Hall, Exelon 
Steve Leshnoff, Exelon 
Lisa Schofield, Exelon 
Dave Czufin, Exelon 
Richard Mullins, Southern Nuclear 
Daniel Mayes, Duke Energy Corp. 
Gary Boyers, Florida Power & Light 
Mike Melton, NEI 
Herm Lagally, Westinghouse 
Chris Cassino, Westinghouse 
Gary Whiteman, Westinghouse 
Russ Cipolla, APTECH Engineering 
Jim Begley, AREVA (via phone) 

 
 
ANL/NRC 
Ken Kasza, ANL 
Bill Shack, ANL 
Saurin Majumdar, ANL 
Chi Bum Bahn, ANL 
Chris Grandz, ANL (Oct 29 only) 
Ken Natesan, ANL (Oct 30 only) 
Allen Hiser, NRC 
Kenneth Karwoski, NRC 
Emmett Murphy, NRC 
Andrew Johnson, NRC 
Margaret Stambaugh, NRC 
Charles Harris, NRC
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