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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555 

August 28, 1991 

Docket No. 50-261 

Mr. Lynn W. Eury 
Executive Vice President 
Power Supply 
Carolina Power & Light Company 
Post Office Box 1551 
Raleigh, North Carolina 27602 

Dear Mr. Eury: 

SUBJECT: PRESSURIZER SURGE LINE THERMAL STRATIFICATION, BULLETIN 88-11, 
H. B. ROBINSON STEAM ELECTRIC PLANT (TAC NO. 72160) 

The NRC staff and its consultant, Brookhaven National Laboratory, have 
completed their review of the Westinghouse Owners Group (WOG) report 
(WCAP-12639) on generic detailed analysis of pressurizer surge line 
stratification. The staff concluded that the methodology used to analyze and 
evaluate the stress fatigue effects due to thermal stratification and thermal 
striping was acceptable. However, for the 43 plants included in the WOG 
generic analysis, only 15 plants demonstrated acceptable stress fatigue in the 
surge line.  

Although the results of the WOG generic analysis cannot be used to satisfy 
Actions 1.c and 1.d of Bulletin 88-11 for your facility, a copy of our review 
of WCAP-12639 .that was sent to the WOG is being provided for your information and 
use. The Safety Evaluation provides some guidance for the 28 Westinghouse 
plants that could not be shown acceptable by the WOG generic analysis.  

In your July 3, 1991, letter, you stated that Carolina Power & Light Company 
has initiated plant specific analyses to demonstrate that thermal stratification 
and striping phenomena are accounted for in the design basis of the H. B.  
Robinson Steam Electric Plant, Unit No. 2. You further stated that the analyses, 
along with surge line confirmation data, will be completed by the end of the 
year, unless instrumentation is necessary, in which.case data confirmation will 
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- 2 - August 28, 1991 

take approximately two thermal cycles plus three months. We will expect your 
plant specific analysis by the end of 1991.  

Sincerely, 

Orignal signed by: 

Ronnie H. Lo, Senior Project Manager 
Project Directorate II-1 Division of 
Reactor Projects - I/II Office of 
Nuclear Reactor Regulation 

Enclosure: 
Safety Evaluation 

cc w/enclosure: 
See next page 
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Mr. L. W. Eury H. B. Robinson Steam Electric 
Carolina Power & Light Company Plant, Unit No. 2 

cc: 
Mr. H. Ray Starling Mr. Dayne H. Brown, Director 
Manager - Legal Department Department of Environmental, 
Carolina Power & Ligth Company Health and Natural Resources 
P. 0. Box 1551 Division .of Radiation Protection 
Raleigh, North Carolina 27602 P. 0. Box 27687 

Raleigh, North Carolina 27611-7687 
Mr. H. A. Cole 
Special Deputy Attorney General Mr. Robert P. Gruber 
State of North Carolina Executive Director 
P. 0. Box 629 Public Staff - NCUC 
Raleigh, North Carolina 27602 P. 0. Box 29520 

Raleigh, North Carolina 27626-0520 

U.S. Nuclear Regulatory Commission Mr. C. R. Dietz 
Resident Inspector's Office Manager, Robinson Nuclear Project 
H. B. Robinson Steam Electric Plant Department 
Route 5, Box 413 H. B. Robinson Steam Electric Plant 
Hartsville, South Carolina 29550 P. 0. Box 790 

Hartsville, South Carolina 29550 
Regional Administrator, Region II 
U.S. Nuclear Regulatory Commission Mr. Heyward G. Shealy, Chief 
101 Marietta Street Bureau of Radiological Health 
Suite 2900 South Carolina Department of Health 
Atlanta, Georgia 30323 and Environmental Control 

2600 Bull Street 
Mr. R. Morgan Columbia, South Carolina 29201 
General Manager 
H. B. Robinson Steam Electric Plant 
P. 0. Box 790 
Hartsville, South Carolina 29550
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-o ENCLOSURE 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 201 

August 6, 1991 

Mr. Lawrence A. Walsh, Chairman 
Westinghouse Owners Group 
New Hampshire Yankee 
P.O. Box 300 
Seabrook Station 
Seabrook, New Hampshire C3874 

Dear Mr. Walsh: 

SUBJECT: AUDIT OF WESTINGHOUSE ON GENERIC DETAILED ANALYSIS OF PRESSURIZER 
SURGE LINE THERMAL STRATIFICATION (NRC BULLETIN 88-11) 

The NRC staff and its consultant, Brookhaven National Laboratory, audited Westinghouse on November 8 and 9, 1990. The purpose was to review the Westinghouse Owners Group (WOG) report "Pressurizer Surge Line Thermal Stratification Generic Detailed Analysis" (WCAP-12369). The WOG report provided ASME stress and fatigue evaluations for participating Westinghouse plants to address NRC Bulletin 88-11 Action Item 1.d, which requires licensees to update their stress analyses to ensure code compliance.  

During the audit, representatives of Westinghouse and the WOG gave a presentation on the WOG program methods and results, and provided responses to the audit team's comments and questions. The audit team selected and reviewed 
a number of calculations and documents. A copy of the audit report is forwarded as an Enclosure.  

Based on the results of the audit, the staff's questions and concerns on the WOG report were resolved. The methodology used to analyze and evaluate the stress and fatigue effects due to thermal striping and thermal stratification was found to be acceptable. However, for the forty-three plants included in the WOG generic analysis, only fifteen plants demonstrated acceptability in stress and fatigue usage in the surge line. The remaining twenty-eight Westinghouse plants will require plant-specific analyses. In addition, all licensees must evaluate pipe supports and combined piping loads other than just the thermal stratification and striping loads to verify that their resultant stresses are in compliance with the ASME Section III Code.  
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Mr. Lawrence A. Walsh - 2 - August 6, 1991 

A copy of the staff's Safety Evaluation on WOG Report WCAP-12369 is forwarded as Attachment 3 to the Enclosure for your information.  

Sincerely, 

/Eo/ 

Joseph W. Shea, Lead Project Manager 
MPA X-811 
Project Directorate 1-2 
Division of Reactor Projects I/II 
Office of Nuclear Reactor Regulation 

Enclosure: 
Audit Trip Report 

cc w/enclosure: 
'Mr. Steven Tritch 
Manager of Engineering Technologies 
Westinghouse Electric Corporation 
P.O. Box 355 
Pittsburgh, Pennsylvania 15230 
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Mr. Lawrence A. Walsh - 2 - August 6, 1991 

A copy of the staff's Safety Evaluation on WOG Report WCAP-12369 is forwarded as Attachment 3 to the Enclosure for your information.  

Sinc ely, 

seph W. Shea, Lead Project Manager 
PA X-811 

Project Directorate 1-2 
Division of Reactor Projects I/II 
Office of Nuclear Reactor Regulation 

Enclosure: 
Audit Trip Report 

cc w/enclosure: 
Mr. Steven Tritch 
Manager of Engineering Technologies 
Westinghouse Electric Corporation 
P.O. Box 355 
Pittsburgh, Pennsylvania 15230



ENCLOSURE' 

AUDIT TRIP REPORT 

PURPOSE: Audit of Westinghouse Owner's Group (WOG) 
Pressurizer Surge Line Thermal Stratification Generic Detailed Analysis to Address NRC Bulletin 88-11 Issues 

LOCATION: Westinghouse Electric Corporation, Pittsburgh, PA 
DATES: November 8 & 9, 1990.  

NRC 
PERSONNEL: S. Hou (NRC), G. DeGrassi (BNL) 

WOG 
PERSONNEL: G. Kammerdeiner, D. Roarty, T.H. Liu, and 

others (See Attachment 1) 

The staff of the Mechanical Engineering Branch and its consultant from Brookhaven National Laboratory conducted an audit of Westinghouse. The purpose of this audit was to complete the review and evaluation of the Westinghouse Owner's Group (WOG) generic detailed analysis of pressurizer surge line thermal stratification. The WOG program for generic detailed analysis was implemented in June, 1989. The program provided ASME stress and fatigue evaluations for participating Westinghouse plants to address NRC Bulletin 88-11 Action l.d, which requires updating their stress and fatigue analyses to ensure code compliance. The methods and results of this program were summarized in WCAP-12639 dated June, 1990. This report was reviewed by the staff and its consultant and a list of comments and questions was prepared and submitted to WOG in advance for further discussion (see Attachment 
2).  

During the audit, representatives of WOG and Westinghouse gave a presentation on the WOG program methods and results and provided responses to all our questions on the report. In addition, the audit team selected and reviewed a number of calculations and reports. A list of audit participants is included in Attachment 1. Highlights of the audit are summarized below. A safety evaluation report on the WOG generic analysis was prepared and is included in Attachment 3.  

I. WOG PROGRAM METHODS AND RESULTS 

The WOG generic analysis was applicable to 43 of the 55 Westinghouse plants. The remaining 12 plants had performed plant specific analysis. In order to reduce the analytical efforts, the 43 plants were grouped based on their similarity of surge line 
response to thermal stratification. The most important parameters 
considered in the grouping process were piping layout and support 
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design configuration, axial temperature profile distribution and thermal transients from plant operation. As a result of this effort, the 43 plants were reduced to 17 analysis groups.  

The major elements of the WOG program included the following activities.  

o Collection and interpretation of surge line monitoring data from 21 plants.  

o Update of existing design transients to account for thermal stratification based on review of plant monitoring data, operating records, and operating procedures.  

o Development of thermal striping transients.  

o Global piping analysis of the 17 plant groups for thermal 
stratification.  

o Local stress analysis to account for the nonlinear stratification temperature gradients.  

o ASME Code stress and fatigue analysis to evaluate the effects of stratification and striping for the 17 plant groups.  

For the 43 plants analyzed by the WOG report, the results of the analysis demonstrated acceptable ASME equation 12 stress and fatigue usage for 15 plants. However, Licensees of these 15 plants must also. perform additional work to verify the applicability of the analysis and perform additional evaluations which were not part of the WOG program, such as evaluation of support loads, pipe displacements, integral welded attachments, pressurizer nozzle, 
etc. Plant specific analysis of the remaining 28 plants will be needed to demonstrate acceptability. It is anticipated that some of these plants will require modification.  

The WOG generic analysis results also support the technical basis for the existing JCO (justification for continued operation) 
which indicated acceptability of continued operation for an additional ten heatup and cooldown cycles for all but 4 of the 43 plants in the evaluation. For those 4 plants, additional technical 
basis of JCO was prepared.  

II. WOG RESPbNmES TO STAFF QUESTIONS ON WCAP-12639 AND 
DOCUMENTATION REVIEW 

Westinghouse provided written responses to the NRC questions 
on WCAP-12639 (Attachment 2). Since they were provided as a draft 
proprietary document, they are not included in this report.  
Westinghouse will formally transmit proprietary and non
proprietary versions of the responses to NRC shortly. The audit 
team reviewed the responses and found them acceptable. Some of the 
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responses -were discussed in depth and Westinghouse was asked to provide documentation for detailed review. The results of these discussions and document reviews are summarized below: 

II.1 Justification for Continued Overation: 

Westinghouse was asked to provide documentation describing the technical basis for the JCO's for the 4 plants whose original JCO was not supported by the generic analysis. In the new JCO's, Westinghouse identified conservatisms in the generic analysis such as system AT, earthquake cycles, and profile definition. Based on plant specific data, Westinghouse performed an assessment and concluded that all four plants should be acceptable for at least 10 additional heatup/cooldown cycles. The audit team found this approach acceptable to justify continued operation.  

11.2 Fatique Results: 

Westinghouse was asked to provide sample fatigue results for review. Westinghouse uses a computer program which automatically computes the fatigue usage for all pairs of load sets corresponding to the heatup/cooldown, normal and upset transients. The sample outputs gave the audit team information on the transient load sets which provide the greatest contribution to the cumulative fatigue usage factor.  

II.3 System AT Distribution: 

As part of the process to update design transients, Westinghouse used historical operating records from 10 plants to determine a distribution of maximum system AT for the design life.  The audit team questioned the adequacy of this approach since it is based on averaged versus bounded data. Westinghouse provided the system AT data from the 10 plants and the system AT distribution used in the calculation of the design transients. The audit team reviewed this information and found that the distribution was actually more conservative than the distribution shown in the table on page 4-5 of WCAP-12639. The distribution bounded most of the 10 plants in the group. A few plants had more severe distributions but data for these plants were limited.  Taking into consideration the various other conservatisms, the methodologywas judged to be acceptable.  

11.4 Film Cobfficient for Stratification: 

In order to perform local thermal stress analysis of surge line piping, Westinghouse first performed heat transfer analyses to determine temperature distributions. The audit team reviewed the calculations to define the heat transfer film coefficient used in the finite element analysis. The calculation used classical formulas for forced and free convection. Appropriate ranges of 
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temperatures and fluid velocities were considered. The audit team found the approach acceptable.  

11.5 Transfer Function Method: 

Westinghouse used the transfer function method to calculate thermal stress. The method was described in WCAP-12315, The author of that document provided a description of the theoretical basis and discussed the applicability of the method with the audit team. Benchmarking problems to verify the accuracy of the method were included in the report. The audit team found the methodology acceptable but asked Westinghouse to submit the WCAP report to the staff for further review.  

11.6 Thermal Striping Analysis Method: 

Various elements of the thermal striping analysis method were reviewed by the audit team. Westinghouse explained how both the striping finite element model and the STRFAT2 program were used to calculate the striping fatigue usage factor. Westinghouse also explained how the heat transfer film coefficient was calculated and pointed out the conservatisms in the calculation. The technical basis for Figure 9-2 -of WCAP-12639, "Attenuation of Thermal Striping Potential by Molecular Conduction" was reviewed in detail The curve was calculated from a classical conduction heat transfer formula. The assumptions and model were judged to be conservative for all anticipated flow conditions in the surge line. Overall, the audit team found the methodology used to evaluate fatigue usage due to striping to be acceptable.  

11.7 WOG Operator Interview Questionnaire: 

The audit team reviewed a copy of the WOG pressurizer surge line operator interview questionnaire. The purpose of the questionnaire was to obtain information that would assist Westinghouse in defining the operational characteristics of PWR plants. It was intended to determine such characteristics as maximum system AT allowed by administrative procedures, average system AT during normal heatups/cooldowns, frequency of plant operations such as RCP starts/stops, pressurizer operations and boron concentration equalizations. The audit team found the questionnaire to be comprehensive and detailed. Data collected from this effort provides additional confidence in the design transients used in the analysis.  

III. APPLICABILITY PROGRAM FOR EACH OF THE 15 PLANTS 

In order to satisfy the requirements of NRC Bulletin 88-11 action l.d, licensees of the 15 plants shown acceptable by the WOG generic analysis must individually perform a plant specific 
applicability program to update stress reports and verify 
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applicability of the generic analysis to the specific plant. Such additional evaluations were not included as part of the WOG program. Specific activities to be performed include the following: 

o Review past operating records to verify that system AT limits assumed in the analysis were not exceeded.  

o Verify operational methods to ensure that they are consistent with the methods assumed in the analysis.  

o Perform a plant specific global piping analysis to determine and evaluate the adequacy of support loads and pipe displacements.  

o Verify the applicability of the assumed seismic OBE bending moments and check the allowable resultant moments for combined deadweight and OBE at the hot leg nozzle safe end weld.  

o Evaluate the effects of stratification on stress and fatigue at integral welded attachments (lugs, plates, 
etc.).  

o Evaluate the effects of stratification on stress and fatigue of the pressurizer nozzle.  

IV. CONCLUSIONS 

As a result of this audit, all questions and concerns on WCAP12639 were resolved. The methodology used to analyze and evaluate the stress and fatigue effects due to thermal stratification and thermal striping was found acceptable. For the 43 plants included in the WOG analysis,. the results demonstrated acceptable ASME Section III equation 12 stress and fatigue usage in the surge line and reactor coolant-loop nozzle for 15 plants. However, additional analysis for these 15 plants are needed to verify applicability of the generic WOG analysis and update stress reports. for each individual plant (see III above).  

The remaining 28 Westinghouse plants that could not be shown acceptable by the generic detailed analysis will require plant specific analysis to demonstrate acceptability. It is anticipated that some of the plants can be shown acceptable by removing some of the conservatisms inherent in the generic approach. It is likely, however, that some plants will require modifications.  

Four of; the 28 plants which could not be shown acceptable by the generic detailed analysis were also unacceptable for continued 
operation for ten additional heatup/cooldown cycles. For those four plants, additional plant-specific information for justifying 
continued operation was presented by Westinghouse and, was found acceptable by the staff and its consultant.  
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ATTACHMENT 1 

Audit Meeting Attendees



WOG/NRC MEETING - 11/8/90 

Sam S. Palusamy W 

T.H. Liu W 

Brad Maurer W 

Jenifer Santander SCE 

Riyad Qashu SCE 

Rajni Patel W 

Giuliano DeGrassi BNL-NRC 

Shou-nien Hou NRC 

David Roarty W 

Greg Kammerdeiner DLC/WOG 

Mike Davis Duke Power 

Howard Sandner W



WOG/NRC Meeting - 11/09/90 

1. David H. Roarty W 

2. Shou-nien Hou NRC 

3. Giuliano DeGrassi BNL/NRC 

4. Jenifer Santander SCE 

5. Mike Davis Duke Power 

6. T.H. Liu W 

7. Sam S. Palusamy W 

8. Rajni Patel W 

9. Brad Maurer W 

10. C.Y. Yang W 

11. R.L. Brice-Nash W 

12. E.L. Crawford W 

13. R. Qashu SCE 

14. Howard Sandner W



Attachment 2 

NRC/BNL Questions on WCAP-12639



Commenits and Questions on Westinghouse Recort WCAP-12639 

Executive Summary 

1. The generic detailed analysis demonstrated acceptable ASME Section III Equation (12) stress and fatigue usage for 15 out of 43 plants. Please identify the 15 plants which were shown acceptable, the 28 plants which have not yet been shown acceptable, and the 12 plants which were qualified by plant specific analysis. For each plant, provide the calculated equation (12) stress and the fatigue usage factor based on the most current analysis. Explain why the previous justification for continued operation still applies to those plants which were not qualified by the generic analysis. Provide a description and schedule for completion of the plant specific analyses to be performed.  

2. The generic detailed analysis does not support the conclusions of the existing JCO for four plants. Identify these plants and provide additional justification for continued operation.  
3. What specific instructions (in addition to WCAP-12639) are being provided to individual Licensees to demonstrate applicability of the generic analysis to their plant, update their analysis and perform additional evaluations if needed.  Provide examples.  

4. Will all Licensees be required to update their analysis of record for the surge line? How will differences in the Code of Record be reconciled? 

3.0 Interpretation of Monitorina Data 

1. Provide additional information on the correlation of measured pipe' OD temperature to fluid temperature distribution. How closely does the measured AT at the pipe OD match the fluid AT inside the pipe? To what degree of accuracy can the measurements predict the vertical fluid temperature distribution including the hot-to-cold interface depth. How are the uncertainties accounted for in the stress analysis? Provide 
examples.  

2. Describe the basis for selection of the five hot-to-cold 
interface levels shown in Figure 3-4 to define axial stratifi
cation profiles along the length of a particular surge line.  
Were the selection criteria confirmed by measurements? 
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4.0 Update of Design Transients 

1. To what extent was plant monitoring data used to confirm the normal and upset stratification transient data presented in Table 4-1? 

2. Considering the relatively low ATs for the normal and upset transients listed in Table 4-1 (compared to the heatup/ cooldown transients in Table 4-2), did any of the events significantly contribute to fatigue usage? Could a AT cutoff be defined below which the thermal stresses are less than the endurance limit? 

3. The distribution of system AT ranges presented in Section 4.5 was based on a review of historical records from 10 plants.  While the data may be representative for the sample of ten plants, it may not be representative for a single plant within the.group. For example, certain plants within the sample may have had consistently higher AT ranges than others because of differences in operating practices. Provide additional justification to demonstrate that the system AT distribution is representative and conservative for any plant in the WOG program.  

4. Was the detailed data reduction described in Section 4.6 and summarized in Tables 4-3 through 4-6 performed for each of the ten plants? Did the bounding distribution use this type of information from all ten plants for each mode of operation? 

5. Please explain how data from different modes of operation was factored into the development of Table 4-2 data. Were different AT values used for each mode? 

6. Section 4.6 states that a cooldown contains less than half of the cycles of a heatup and therefore the number of cycles for heatups were multiplied by 1.5 to reflect both heatup and cooldown. Were the temperature ranges of the cooldown cycles shown to be bounded by the temperature ranges of the heatup cycles? 

7. Identify the plant which indicated significantly higher stratification cycles at the nozzle as stated in Section 4.6.  What geometric effect was judged to cause this? 

8. Identify the plants with significantly higher cycles associated with performing venting operations during heatup as stated in Section 4.6.  
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9. Table- 4-2 shows fewer total nozzle transients in the nozzle than in the pipe. This is attributed to turbulent mixing which occurs at the nozzle when the reactor coolant pump is operating. However, even when the pump is operating, 
stratification does occur in the pipe and the global bending will induce nozzle stresses. How are these stresses accounted for? 

10.. Are striping' transients associated only with heatup and cooldown? If so, explain why striping does not occur-during normal or upset transients.  

5.0 Plant Structural Grouping for Global Pipinpy System Ana-lysis 

1. Please identify each plant associated with the plant numbers in Table 5-1.  

2. Describe the criteria used to define the enveloping support/ restraint configuration within a subgroup. Provide examples to illustrate.  

6.0 Global Piping Analysis 

1. How will the potential for exceeding snubber and spring hanger travel ranges be checked? What specific information and instructions will WOG provide to the individual licensees? 
2. The analysis of a representative surge line with enveloped supports will not provide displacements and support loads that can be used for design purposes. How will the individual plants be able to verify support adequacy and potential interferences with whip restraints or other adjacent structures? 

3. Do the temperatures presented in Table 6-1 represent fluid or metal temperatures? Are fluid and metal temperatures assumed to be equal in this analysis? 

4. Identify the plants listed in Table 6-2.  

7.0 Local Thermal Stress and Unit Load.Analysis 

1. Provide a brief description of the heat transfer analysis performed to determine local thermal stresses in the piping and hot leg nozzles. Were only steady state conditions considered? Considering the variations in fluid velocities and temperatures, how were conservative values of film coefficients arrived at? 
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9.0 ASME Fatiaue Analysis 

1. The ASME Code, Section III, 1986 Edition was used in the analysis. Since all surge lines were originally designed to earlier Code editions or to other piping codes, will a code reconciliation be performed for each plant? 

2. Provide a description of the "transfer function method," an example of its application, and a copy of Reference 3.  
3. How will the assumed envelope of OBE moments be verified? 4. If the thermal striping stress intensity and peak stress range was calculated from a 2-D finite element analysis using the model shown in Figure 9-1, please clarify why and how 1-D heat transfer analysis stresses from the computer program "STRFAT2" were used.  

5. The paper by Fujimoto, et al., "Experimental Study of Striping at the Interface of Thermal Stratification" suggests that the surface film coefficient in the interface region may be as much as seven times the nominal value. What impact would this have on the results? 

6. Describe the methodology and significant assumptions used in developing Figure 9-2. Was a flow rate of 90 gpm assumed? Would the curve change significantly at different flow rates? 
7. Provide the basis for the assumed OBE moments summarized in the table in Section 9.3.1.  

8. Please clarify the requirements for equation 13 qualifications. It appears that the 15 plants which were shown acceptable for equation 12 and maximum usage factor must still be checked for meeting equation 13 as part of the plant specific evaluation. Moments of the hot leg nozzle must be compared to the allowable moments in Table 9-5. Are all other components of the surge line qualified to equation 13? 
9. Are the additional plant specific evaluations for the 28 plants that have not been qualified to equation 12 or fatigue usage being performed as part of the WOG program? How will these results be reported and what is the schedule for completion? 

10.0 Plant SDecific ADplicability Criteria 

1. Please explain how the permanent plant temperature sensor mounted-in the surge line (TE 450) can be used to determine maximum fluid AT.  
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2. Is each plant required to perform a plant specific global piping analysis? What specific instructions will WOG provide to each utility? 

3. Section 10.4 refers to moments tabulated in section 9.2.1.  Shouldn't it refer to the table in section 9.3.1? 
4. The pressurizer nozzle evaluation is outside of the scope of the WOG program. Have any preliminary evaluations been performed to ensure that the pressurizer nozzle is not a concern? 

5. Will the results of the plant specific detailed analyses for those plants not shown acceptable under the generic analysis be reported in a future WOG report? 
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ATTACHMENT 3 

Safety Evaluation Report



SAFETY EVALUATION REPORT 
ON THE 

WESTINGHOUSE OWNERS GROUP PRESSURIZER SURGE LINE 
THERMAL STRATIFICATION GENERIC DETAILED ANALYSIS 

WCAP-12639 

1.0 INTRODUCTION 

NRC Bulletin No. 88-11 requested all PWR licensees to establish and implement a program to confirm pressurizer surge line integrity in view of the occurrence of thermal stratification and inform the staff of the actions taken to resolve this issue.  Licensees of operating PWR's were requested to take the following actions: 

Action 1.a - Perform a visual inspection walkdown (ASME Section XI, VT-3) at the first available cold shutdown which exceeds seven days.  

Action 1.b - Perform a plant specific or generic bounding analysis to demonstrate that the surge line meets 
applicable design codes and other FSAR and regulatory commitments for the design life of the plant. The analysis is requested within four months 
for plants in operation over ten years and within 
one year for plants in operation less than ten 
years. If the analysis does not demonstrate 
compliance with these requirements, submit a 
justification for continued operation (JCO) and 
implement actions 1.c and l.d below.  

Action 1.c - Obtain data on thermal stratification, thermal 
striping, and line deflections either by plant 
specific monitoring or through collective efforts 
among plants with a similar surge line design. If 
through collective efforts, demonstrate-similarity 
in geometry and operation.  

Action 1.d - Perform detailed stress and fatigue analyses of the 
surge line to ensure compliance with applicable code 
requirements incorporating any observations from 
1.a. The analysis should be based on the applicable 
"plant specific or referenced data and should be 
completed within two years. If the detailed 
analysis is unable to show compliance, submit a JCO 
and a description of corrective actions for 
effecting long term resolution.  
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Although not required by -the Bulletin, licensees were encouraged to work collectively to address the technical concerns associated with this issue. In response, the Westinghouse Owners Group (WOG) implemented two programs to address the issue of surge line stratification in Westinghouse plants. In the first program, a generic bounding evaluation was performed to satisfy Bulletin Action 1.b. Since the results of this evaluation provided less than full design life verification, this report was used later by each of the WOG plants as technical basis for justifying continued operation (JCO). Based on the evaluation, it was deemed acceptable for all WOG plants to continue power operation for at least ten additional heatup/cooldown cycles. The bounding analysis methods and results were summarized in a Westinghouse topical report, WCAP12277, which was submitted to the staff in June 1989. The staff reviewed the report and concluded that the bounding evaluation provided a sound technical basis for justifying continued operation until completion of the Bulletin requested action l.d by the end of 1990. This report, combined with acceptable plant specific visual inspection results, satisfied Bulletin Actions 1.a and 1.b for all Westinghouse plants.  

The second WOG program was implemented to develop a detailed analysis of the surge line to demonstrate Code compliance for the design life of plants and satisfy Bulletin Actions 1.c and 1.d.  The program provided ASME stress and fatigue evaluations based on individual detailed analyses of groups of plants. The methodology and results of the generic detailed analysis were summarized in WCAP-12639 which was submitted to NRC in June 1990. The staff reviewed the WOG report and conducted an audit at Westinghouse offices in November 1990. The following section summarizes the staff evaluation of the program.  

2.0 STAFF EVALUATION 

The WOG generic detailed analysis was applicable to 43 of the 55 Westinghouse plants. Plant specific analyses had been previously performed for the other 12 plants. In order to reduce the analytical efforts, the 43 plants were categorized into 17 analysis groups based on their similarity of response to thermal stratification. The WOG program involved the development of updated design transients to account for stratification and striping, and the analysis of each structural group for global and local stresses 'far verifying ASME Code compliance in stress and fatigue. The individual licensees are responsible for demonstrating applicability of the WOG generic analysis to their specific plant. The major areas of staff review and evaluation are summarized below.  
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2.1 Update of Design Transients 

Westinghouse updated their design transients for the pressurizer surge line to reflect stratification effects. Two major categories of transients were considered: heatup and cooldown transients and normal and upset transients. For each design transient, the original uniform temperature distribution was modified to a stratified distribution with a corresponding number of cycles. In addition, Westinghouse developed a new set of transients for thermal striping.  

The development of updated transients used information from an operational study and results of several plant monitoring programs. In the operational study, Westinghouse reviewed heatup and cooldown procedures as well as historical records from several plants. Heatup and cooldown operation was of primary concern because the maximum ATs between the pressurizer and hot leg occur during these modes. In addition, Westinghouse conducted interviews with reactor operators and shift supervisors at a representative sample of plants to gain additional insight into the variation of operating methods.  

Based on a review of WOG plant geometries and earlier monitoring experience gained in .plant specific programs, Westinghouse provided recommendations regarding the need for additional monitoring data to cover all variations of WOG plants.  Westinghouse received surge line monitoring data from a total of 21 domestic plants. Typical monitoring programs involved the installation of temporary sensors on the surge line piping.  Externally mounted RTD's or thermocouples were attached to the outside surface of the pipe at various circumferential and axial locations. These sensors provided data on the top to bottom temperature distribution along the longitudinal axis of the pipe.  Several plants also installed sensors to detect vertical and horizontal movements at locations along the pipe axis. Data was typically collected at frequent intervals during heatups and cooldowns when system AT was high. Data was also collected during steady state operation but at a reduced frequency. In addition, existing plant instrumentation was used to record various system parameters for correlation of plant operation actions with stratification in the surge line. The data was typically provided to Westinghousein tabular form or in time history plots.  

In updating the heatup and cooldown transients, the total number of heatup-cooldown cycles remained unchanged (200).  However, sub-events and the associated number of occurrences were redefined based on historical records and monitoring data.  Westinghouse reviewed operating records from 10 plants to-determine a conservative distribution of maximum system AT ranges to be used over the design life. Monitoring data from 10 plants was analyzed to develop a bounding distribution of cycles at various ranges of 
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relative strength of stratification (ratio of pipe AT to system AT). The information was used to develop a table of numbers of cycles at various maximum stratification AT values for heatup/cooldown for the design life of the plant.  

In updating the normal and upset transients, Westinghouse redefined the thermal fluid conditions based on the existing design transient system parameters and the knowledge gained from the monitoring programs. The redefined thermal fluid conditions conservatively accounted for thermal stratification. The result of this effort was a table of maximum stratification AT values and corresponding cycles for all normal and upset transients.  Westinghouse reviewed the monitoring data to verify that all recorded normal or upset transient data was enveloped by the updated design transients.  

Westinghouse developed a new set of transients for thermal striping. The frequency of fluid oscillation was conservatively derived from various experimental studies referenced in WCAP-12639.  Westinghouse assumed that each stratification transient would initiate striping oscillations. The differential temperature was assumed to be the full AT which would decrease with time because of conduction between the hot and cold layers of fluid. The attenuation of thermal striping was factored into the amount of time that each level of AT was assumed. The end result was a table of striping transients shown as numbers of initiation cycles for several AT levels.  

The staff reviewed the methodology and raised several questions which were discussed during the November 1990 audit at Westinghouse offices. During the audit, the staff also reviewed some of the monitoring data and other related documentation. Based on the review of the information provided during the audit, all questions were adequately resolved. The staff found the methodology used by Westinghouse to update design transients acceptable. Westinghouse used conservative methods and assumptions to incorporate stratification into their normal and upset transients. To the extent possible, monitoring data was used to confirm the conservatism of the revised normal and upset transients. The definition of thermal striping transients was based on conservative application of experimental data and anticipated stratification conditions in the surge line. The development of, updated heatup and cooldown transients relied heavily on plant monitoring data, procedural limits and historical 
data. By considering distributions of maximum system AT and relative strengths of stratification observed in several plants, Westinghouse developed a reasonably conservative table of numbers of cycles at corresponding maximum stratification AT values for heatups and cooldowns during the life of a plant. To provide additional confidence, each licensee will be required to review their operating records and procedures to verify that the input and assumptions of the generic analysis are applicable to their specific plant.  
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2.2 Pipe-Stress Analysis 

In order to minimize the number of analyses, Westinghouse divided the 43 plants into 17 analysis groups based on similarity of design and response to stratification. The three major parameters considered in establishing the groups were structural layout and support design configuration, axial temperature profile distribution, and thermal transients from plant operation. During the audit, the staff reviewed the guidelines for defining enveloping design configurations and found them to be conservative.  

For thermal stratification loading, the piping analysis was divided into two parts. The global piping system analysis addressed the restraint effects from pipe supports on the piping system. The local stress analysis considered the effects of the non-linear temperature gradient in the pipe at several locations including structural discontinuities. In the global analysis, a piping model which typically included pipe, elbow, linear and nonlinear support elements was prepared for each of the 17 analysis groups. Bounding thermal stratification loadings were defined and applied. The results provided maximum pipe loads at critical locations for each group.  

The local stress analysis determined the local axial stresses which result from the step change in temperature that occurs at the hot-to-cold interface along the pipe including the structural discontinuity stresses in the nozzle transition region.  Westinghouse developed detailed finite element models of the surge line piping and hot leg nozzles to calculate these local thermal stresses. A number of stratification load cases were defined and analyzed to determine temperature and stress distribution. The results of the global and local stress analyses were combined as needed to perform the ASME Code evaluation.  

Stresses and fatigue usage due to thermal striping were evaluated separately. The fluid AT and corresponding number of cycles of striping initiation transients were developed from design transients and plant monitoring data. Initially, the striping differential temperature was assumed to be the full AT but decreasing with time because of conduction between the hot and cold layers of fluid. A striping attenuation curve was developed, and for each striping initiation cycle, the AT was assumed to follow this curve in five degree temperature steps. The total numbers of striping cycles *at each five degree step were determined by multiplying the number of striping initiation cycles which have a temperature step at that level, by the frequency of striping 
oscillation and amount of time that the AT was determined to be at that step. . The frequency of oscillation was based on values 
observed in water model flow tests performed for the Liquid Metal Fast Breeder Reactor and in experimental studies of thermal 
striping which were performed in Japan by Mitsubishi Heavy Industries. Thermal striping stresses were determined by finite 
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element analysis and by a Westinghouse computer program STRFAT2.  Stresses were intensified by the appropriate ASME Code stress indices for peak stress.  

During the Westinghouse audit, the staff reviewed sample calculations covering key analysis methods and assumptions. This included the methodology for heat transfer and stress analysis, calculations for determining film coefficients for stratification and. striping, models used in the striping analysis and the technical basis for the attenuation curve used in the striping analysis. The staff found the methodology and assumptions to be reasonably conservative and acceptable.  

2.3 ASME Code Evaluation and Results 

The stress and fatigue evaluation was based on ASME Code Section III, 1986 Edition. Westinghouse generally applied the methods of NB-3200 to evaluate the surge line components and reported the results in terms of the NB-3650 piping stress equations. Stresses were classified in accordance with Code guidelines using stress indices from NB-3680 where appropriate.  Stresses due to pressure, moments, and thermal loads were combined for checking against the limits of Code Equations 12 and 13, cumulative fatigue usage and thermal stress ratchet requirements.  

The results of the evaluation were presented in WCAP-12639.  Westinghouse concluded that all analysis groups met the thermal stress ratchet requirements. However, only 15 plants in five groups met the Equation 12 and cumulative fatigue usage factor limits. For Equation 13 qualification, Westinghouse determined limiting values for the resultant moments due to deadweight and OBE for the plant groups that met the other limits. Therefore, each of the 15 plants must demonstrate that their plant specific OBE and deadweight moments in the surge line are enveloped by values used by Westinghouse.  

The staff reviewed the Code evaluation results and agreed that they provide an acceptable basis for qualification of the surge lines for the 15 plants subject to plant specific verification of applicability of the generic analysis and completion of additional plant specific evaluations needed to address items not covered by the generic analysis.  

2.4 Applicability Demonstration 

For the 15 plants which were found acceptable by the WOG generic detailed analysis, Westinghouse provided guidelines regarding additional work that licensees should perform to verify applicability of the generic analysis for their specific plant and to complete additional evaluations which were outside of the scope 
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of the WOG generic analysis. These guidelines are summarized below.  

Licensees should review past operating records to verify that system AT values have not exceeded the maximum system AT used in the analysis. They should verify that the operational method used in the WOG generic analysis is applicable to their plant. It is expected that system AT will be controlled in the future by plant operations procedures to avoid the possibility of having to reconcile the effects of exceeding these values. WCAP-12639.  provided a list of operational recommendations to minimize the chances for exceeding these values in the future.  

Each plant must demonstrate adequacy of pipe supports and acceptability of piping displacements. Additional plant specific piping analysis may be needed to determine these loads and displacements. Licensees must verify that seismic OBE moments assumed in the fatigue analysis are applicable or conservative.  ,Allowable resultant moments values for combined deadweight and OBE at the hot leg nozzle safe end weld must be checked.  

The WOG generic detailed analysis did not address the effects of thermal stratification on stress and fatigue at integral welded attachments (lugs, plates, etc.) or on the pressurizer nozzle.  Plant specific evaluations of these areas are needed to complete the surge line qualification.  

Plant specific detailed analysis must be performed for all plants that were not shown acceptable under the generic analysis.  For some plants, modifications may be necessary.  

The staff reviewed the above plant specific applicability requirements and agreed with the Westinghouse recommendations.  

3.0 CONCLUSIONS 

Based on the review of the WCAP-12639 and additional information provided by Westinghouse during the November 1990 audit, the staff concludes that the WOG methodology for evaluation of stress and fatigue effects on the surge line due to thermal stratification and thermal striping is acceptable. The WOG generic detailed analysis demonstrated acceptable ASME Section III NB-3650 Equation 12 stress and fatigue usage in the surge line and reactor coolant loop nozzle for the following 15 plants: 

Zion 1 & 2 Haddam Neck 
Salem 1 & 2 Millstone 3 
McGuire 1 & 2 Ginna 
Catawba 1 & 2 San Onofre 1 
Prairie Island 2 Wolf Creek 
Callaway 
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For these plants, the WOG generic detailed analysis program 
results can be used to satisfy the requirements of NRC Bulletin 8811, Actions 1.c and 1.d, provided that plant specific applicability 
is demonstrated and additional evaluations which were not included as part of the WOG program are performed.  

Applicability requirements include: 

o Review of operating records to ensure that system &T limits assumed in the analysis were not exceeded 

o Verification of operational methods to ensure that they are 
consistent with the methods assumed in the analysis. Limits 
on system AT for future operation are recommended.  

o Verification of applicability of seismic OBE bending moments 
used in the fatigue analysis and combined deadweight and OBE moments at the hot leg nozzle.  

Additional plant specific evaluations to be performed include: 

o Evaluation of adequacy of pipe support loads and pipe 
displacements.  

o Evaluation of effects of stratification on stress and fatigue 
at integral welded attachments (lugs, plates, etc.) 

o Evaluation of effects of stratification on stress and fatigue 
of the pressurizer nozzle.  

A total of 28 Westinghouse plants could not be shown 
acceptable by the WOG generic analysis. They include the following 
plants: 

D.C. Cook 1 & 2 Indian Point 2 & 3 
Farley 1 & 2 Turkey Point 3 & 4 
H.B. Robinson 2 Kewaunee 
Shearon Harris Yankee Rowe 
Byron 1 & 2 V.C. Summer 
Braidwood 1 & 2 Sequoyah 1 & 2 
Watts Bar 1 & 2 North Anna 1 &2 
,Surry 1 & 2 Point Beach 1 & 2 
Prairie Island 1 

This group of plants will require plant specific analysis to 
demonstrate Code compliance. It is anticipated that some of these 
plants can. be shown acceptable by removing some of the 
conservatisms inherent in the generic approach. It is likely, 
however, that some of these plants will require modifications.  
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