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ROCKVILLE, MARYLAND
 

The ACRS Subcommittees on Materials and Metallurgy and on Reliability and Probabilistic Risk 
Assessment met on March 16, 2000, to hold discussions with representatives of the NRC staff 
concerning the Pressurized Thermal Shock Technical Basis Re-evaluation Project. The 
meeting included presentations concerning the pressurized thermal shock (PTS) analysis 
methodology, probabilistic fracture mechanics, the status of the flaw distribution expert elicitation 
process, and the potential revisions to the PTS risk acceptance criterion. The entire meeting 
was open to public attendance. Mr. Noel Dudley was the cognizant ACRS staff engineer for this 
meeting. The meeting was convened at 8:35 a.m. and was adjourned at 2:15 p.m. 

ATTENDEES 

ACRS 
W. Shack, Co-Chairman T. Kress, Member 
G. Apostolakis, Co-Chairman D. Powers, Member 
M. Bonaca, Member N. Dudley, ACRS Staff 

NRC REPRESENTATIVES 
M. Cunningham, RES L. Abramson, RES 
E. Hackett, RES H. Woods, RES 
S. Malik, RES N. Siu, RES 
D. Jackson, RES W. Galyean, INEEL 
D. Kalinousky, RES 

There were no written comments or requests for time to make oral statements received from 
members of the public. Nine members of the public attended the meeting. A list of meeting 
attendees is available in the ACRS office files. 

INTRODUCTION 

Dr. William Shack, Chairman of the Materials and Metallurgy Subcommittee, explained that the 
purpose of the meeting was to review activities related to the staff's PTS Technical Basis Re
evaluation Project. He called upon Mr. Edwin Hackett, Acting Chief of the Materials Engineering 
Branch in the Office of Nuclear Regulatory Research (RES), to begin. 
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PTS TECHNICAL BASIS RE-EVALUATION PRO..IECT - Mr. Edwin Hackett, RES 

Mr. Edwin Hackett, RES, provided background information concerning the PTS Technical Basis 
Re-evaluation Project and explained the planned approach for re-evaluating the PTS screening 
criterion. He described the progress made by three groups of staff and industry experts, who 
are working in the areas of probabilistic fracture mechanics (PFM), thermal hydraulics, and 
probabilistic risk assessment (PRA). He identified the licensees participating in the Re
evaluation Project. Mr. Hackett explained the flow chart and schedule for completing the Re
evaluation Project. 

The Subcommittee members and the staff discussed the following: 

• amount of reactor vessel plate available for testing and analysis; 
• characterizing the size, shape, and orientation of flaws; 
• how clusters of flaws are treated; 
• the use of feedback between the PFM and PRA groups; and 
• benefits derived from industry participation. 

PROGRESS IN PROBABILISTIC FRACTURE MECHANICS - Messrs. Shah Malik, Mark Kirk, 
and Doug Kalinousky, RES 

Mr. Shah Malik, RES, provided the status of the PFM group's activities. He presented a flow 
diagram of the different activities associated with the Re-evaluation Project and explained how 
the activities were interrelated. Mr. Malik noted which activities required quantification of 
uncertainties and identified the technical issues under consideration, which included: 

• fabrication flaw distributions in the reactor pressure vessel beltline, 
• statistical distribution of fracture toughness, 
• improved statistical distributions for material chemistry, 
• beltline fluence maps, and 
• revisions to the Fracture Analysis of Vessels - Oak Ridge (FAVOR) Code. 

.Mr. Malik described the objectives and status of the activities associated with~ fabrication flaw 
distributions. 

The Subcommittee members and the staff discussed planning peer reviews of the FAVOR code, 
treatment of uncertainties for variables that may be correlated, and the use of nominal values 
instead of the results of integrated analyses. 

Statistical Representation of Fracture Toughness: Mr. Mark Kirk, RES, explained how NRC 
contractors collected and assembled data for evaluating fracture toughness and how they 
developed interim fracture toughness curves. He described how uncertainties associated with 
the fracture toughness curves were established. Both the interim curves and the associated 
uncertainties will be inputs to the FAVOR Code. Mr. Kirk introduced root cause diagrams and 
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explained how they could be used to display a complex process in a logical format and help 
provide a more rigorous treatment of uncertainty. He demonstrated how the root cause 
diagrams were used to develop more robust procedures for selecting fracture toughness and 
uncertainty values for a specific reactor pressure vessel. He noted that the diagram could be 
entered at any level for which data was available or could be obtained. 

Mr. Kirk described the staffs activities related to developing a model to predict the shift in the 
reference transition temperature for a reactor pressure vessel due to irradiation embrittlement. 
He explained how additional data and modeling of the physical processes associated with 
embrittlement has resulted in an improved equation for calculating irradiation embrittlement. 

The Subcommittee members and the staff discussed the flaw distribution across the reactor 
pressure vessel wall and the long term effects of thermal-irradiation, the effect of not having an 
equation for copper saturation, and the rigor involved in the statistical analyses. 

Statistical Distributions for Material Chemistry: Mr. Douglas Kalinousky, RES, described 
how the staff used available data to determine the mean and standard distribution of critical 
composition variables in reactor pressure vessels. He provided examples of how distributions of 
copper and nickel were determined for welds and plates. He further explained how data was 
used to determine a distribution of initial reference transition temperatures for reactor pressure 
vessels. The Subcommittee members and the staff discussed the meaning of the distributions 
for a specific heat of material, the use of standard deviations versus minimum and maximum 
correlations, the need to account for uncertainty in the mean values and the standard deviations, 
and how to validate the derived distributions. 

Beltline Fluence Maps: Mr. Malik explained how the staff analyzed data from specific plants to 
estimate the uncertainties in end-of-life f1uence maps for the beltline region of reactor pressure 
vessels. He described how PFM applications can be used to determine at what time in a plant's 
operating life the frequency of reactor pressure vessel failures would exceed an acceptable 
value and how integration and application of advanced technology can affect calculated results. 

Revisions to the FAVOR Code: Mr. Malik stated that the staff initiated development of the 
FAVOR Code after the NRC's review of the Yankee Rowe reactor pressure vessel in the early 
1990s. The FAVOR Code was intended to combine the best features of two earlier PFM codes 
that had been used in the development of the original rule. He explained that the FAVOR Code 
is being revised to incorporate the technology advances presented above in order to support a 
possible revision to the PTS rule. He noted that the revision of the FAVOR Code is a 
cooperative effort among the NRC staff, NRC contractors, and the industry. He described the 
results of validating the FAVOR Code against the ABAQUS Code, which is a commercial multi
dimensional finite element code with fracture mechanics capabilities. The staff validated the 
FAVOR Code results for temperature and hoop stress, distributions of the stress intensity 
factors, surface-breaking flaws, and embedded flaws. Mr. Malik explained how initial results 
from using the FAVOR Code alternative flaw distribution models show the potential for extending 
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the operating life of a reactor pressure vessel. He concluded his presentation by describing the 
schedule for completing the PFM group's activities. 

The Subcommittee members and the staff discussed location of cracks, variation of hoop stress 
with pressure, and the consideration of fracture toughness. 

DEVELOPING A GENERALIZED FLAW DISTRIBUTION - Ms. Deborah Jackson and Mr. Lee 
Abrams, RES 

Ms. Deborah Jackson, RES, presented the expert elicitation process being used to determine 
the flaw distribution in reactor pressure vessels. She described the expert panel process the 
staff is using to resolve specific technical issues for which there is significant scientific 
uncertainty. Ms. Jackson described the flaw distribution data obtained from detailed 
examination of the Pressure Vessel Research User Facility (PVRUF) vessel and the Shoreham 
vessel, and the comparison of this data to the Marshall flaw data distribution used for previous 
studies of PTS. She noted that all the flaws found in the Shoreham and PVRUF examinations 
were embedded, i.e. subsurface, flaws. 

Ms. Jackson presented the schedule for completing the expert elicitation and some of the issues 
the panel is addressing. Mr. Lee Abrams, RES, described the elicitation sessions and the use of 
the interactive matrix to identify correlations between variables that are expected to affect the 
flaw distribution. The flaw distribution determined from examination of the PVRUF data is being 
used as a baseline, and the experts are being elicited for their views on how variations in a 
range of weld parameters will affect this distribution. The staff will then synthesize this 
information to develop flaw distributions. Ms. Jackson concluded that the expert elicitation 
process is complex and is expected to identify significant issues related to the development of a 
generalized flaw distribution. She noted that the flaw distribution may vary significantly among 
reactor pressure vessels because of differences in welding procedures. 

The Subcommittee members and the staff discussed the definition of the flaw distribution, the 
use of expert judgement, the reason for using the Shoreham data, the PRODIGAL approach, 
the purpose of a Technical Facilitator Integrator, and treatment of flaw orientation and clusters of 
flaws. They also discussed the interactive matrix and how it accounted for variations in welder 
skill, procedure quality, and inspector expertise and how correlations between these variations 
affect the uncertainty of the flaw distribution. 

POTENTIAL REVISIONS TO PTS ACCEPTANCE CRITERION: Mr. Mark Cunningham, RES 

Mr. Mark Cunningham, RES, explained that the PTS rule issued in 1983 is an adequate 
protection rule with a probabilistic risk assessment criterion of less than 5 X 10-6 through-wall 
cracks per reactor year. He noted that the rule assumes that a through-wall crack is equivalent 
to a large opening in a reactor vessel, which results in core damage, and that containment 
performance would not be impaired. Mr. Cunningham noted that more recent severe accident 
information provided a better understanding of accident phenomenology and identifies possible 

4
 



Materials and Metallurgy and Reliability and Probabilistic Risk Assessment Subcommittees 
March 16, 2000 

adverse impacts on containment performance during PTS events. He presented the different 
regulatory approaches and assumptions used in more recent Commission guidance provided in 
the following: 

• Safety Goal Policy Statement, 
• Station Blackout and ATWS Rules, 
• Back'fit Rule, and 
• Regulatory Guide 1.174. 

On the basis of the above Commission guidance, Mr. Cunningham outlined the different 
approaches that the staff could use for revising the PTS acceptance criterion. He stated that 
the staff plans to provide the Commission an options paper on revising the criterion in May 
2000. He added that the staff plans to discuss a draft of the paper with the ACRS in April or 
May 2000. 

The Subcommittee members and the staff discussed different reactor pressure vessel failure 
modes that have not been analyzed, the relationship between adequate protection and backfit 
requirements, plant-specific versus generic rules, implications for license extension, and the 
criterion in terms of mean values, lower mean values, uncertainties, and confidence levels. 

PRA FOR PTS RULE REVISION - Messrs. Hugh Woods, Nathan Siu, and Mark Cunningham, 
RES, and Mr. William Galyean, INEEL 

Mr. Hugh Woods, RES, presented the objective of the PRA group and its approach for 
estimating PTS induced through-wall crack frequencies. He noted that open questions exist 
concerning the following: 

• treatment of internal fires and floods, and external events; 
• relationship of through-wall crack frequency and core damage frequency (CDF); and 
• treatment of large early release frequency (LERF). 

Mr. William Galyean, INEEL, presented the status of the PTS PRA model being developed. He 
compared the results of the original Oconee Integrated PTS study to the present model. He 
explained how results from ATHEANA were integrated into the PRA analysis. Mr. Nathan Siu, 
RES, described how uncertainties in the PRA event sequence analysis would be propagated 
through the thermal-hydraulics, PFM, and PRA integration analyses. Mr. Cunningham 
concluded that the development of the Oconee PTS PRA model is progressing well and that the 
uncertainty analysis framework has been developed and is being implemented in the FAVOR 
Code. 
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The Subcommittee members and the staff discussed the following: 

• what information was gained from ATHEANA, 

• the plant-specific nature of the analyses, 

• whether the pilot plants are representative of all plants, 

• use of Individual Plant Evaluation External Events (IPEEE) insights report findings, 

• fire initiation of emergency core cooling system events, 

• need for screening event scenarios when using Monte Carlo methods, 

• lack of frequency uncertainties in time traces, and 

• whether the treatment of imbedded flaws is a fatal flaw in the Re-evaluation Project. 

SUBCOMMITTEE COMMENTS, CONCERNS, AND RECOMMENDATIONS 

Dr. Powers stated that the PTS Technical Basis Re-evaluation Project plan was fine. He noted 
that the staff must be careful when using judgement to screen out event scenarios. He 
observed that the staff's development of various distributions represented a careful job of 
engineering but was not a rigorous statistical analysis. He noted that the Re-evaluation Project 
was a nifty research programs because it brings together three disciplines and uses a focused 
attack. 

Dr. Mario Bonaca was favorably impressed with the coming together of the probabilistic and 
deterministic analyses. He expressed concerns regarding the criteria that would be used to 
modify the PTS rule. Dr. Apostolakis expected that difficulties would be encountered during the 
implementation of the Re-evaluation Project plan. Dr. William Shack stated that the Re
evaluation Project plan was comprehensive. 

Dr. Thomas Kress stated that the Re-evaluation Project represented a model program on how to 
risk-inform regulations. He questioned how the uncertainties would be used in the decision 
making process. Dr. Kress stated a concern about the expert elicitation process being the only 
way to determine uncertainties. He noted that the staff should look for correlations between the 
factors being evaluated by the expert elicitation panel. 

STAFF AND INDUSTRY COMMITMENTS 

The staff agreed to brief the Subcommittee on the proposed Commission paper related to 
revising the PTS screening criterion in April 2000. 

The staff agreed to brief the ACRS concerning the results of the flaw distribution expert 
elicitation when they become available. 
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SUBCOMMITTEE DECISIONS 

The Subcommittee requested that the staff brief the Committee on the proposed Commission 
paper related to revising the PTS screening criterion at the April 5-7, 2000 ACRS meeting after it 
briefs the Subcommittee. 

The Subcommittee requested that the staff brief the Committee on the results of the flaw 
distribution expert elicitation process at the June or July 2000 ACRS meeting. 

The Subcommittee recommended that the Committee prepare letters concerning the proposed 
Commission paper related to revising the PTS screening criterion and the results of the flaw 
distribution expert elicitation process. 

FOLLOW-LIP ACTIONS 

None 

PRESENTATION SLIDES AND HANDOUTS PROVIDED DURING THE MEETING 

The presentation slides and handouts used during the meeting are available in the ACRS office 
files or as attachments to the transcript. 

BACKGROUND MATERIAL PROVIDED TO THE SUBCOMMITTEE: 
1.	 Malik, S., et. ai, "Pressurized Thermal Shock -A Program to Revisit the Technical 

Basis," paper presented at the 27th Water Reactor Safety Meeting in Washington, DC, on 
October 25, 1999. 

2.	 Siu, N., "Uncertainty Analysis and Pressurized Thermal Shock: An Opinion," white paper 
revised September 3, 1999. 

3.	 Dickerson, T., et. aI., "Revisiting the Integrated pressurized Thermal Shock Studies of an 
Aging Pressurized Water Reactor," paper presented at the ASME Pressure Vessel and 
Piping Conference, August 1999. 

4.	 Jackson, D., "Summary of Information to be Presented to ACRS on Developing Generic 
Flaw Distributions for RPV Beltline Materials," received March 7, 2000. 

NOTE:	 Additional details of this meeting can be obtained from a transcript of this meeting 
available in the NRC Public Document Room, 2120 L Street, N.W., Washington, 
D.C. 20006, (202) 634-3274, or can be purchased from Ann Riley & Associates, 
LTD., 1025 Connecticut Ave., NW, Suite 1041, Washington, D.C. 20036, (202) 
842-0034. 
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April 11, 2000 

MEMORANDUM TO: ACRS Members 

FROM:	 Noel Dudley, Senior Staff Engineer 

SUBJECT:	 CERTIFICATION OF THE SUMMARY/MINUTES OF THE JOINT ACRS 
SUBCOMMITTEE MEETING ON MATERIALS AND METALLURGY AND 
ON RELIABILITY AND PROBABILISTIC RISK ASSESSMENT 
CONCERNING THE NRC PRESSURIZED THERMAL SHOCK 
TECHNICAL BASIS RE-EVALUATION PROJECT, MARCH 16, 2000
ROCKVILLE, MARYLAND 

The minutes of the subject meeting, issued on March 24, 2000, have been certified as 

the official record of the proceedings of that meeting. A copy of the certified minutes is attached. 

Attachment: As stated 

cc:	 Technical Support Branch 
Operations Support Branch (3 copies) 

cc via e-mail: 
J. Larkins 
H. Larson 
S. Duraiswamy
 
ACRS Fellows and Technical Staff
 
E. Barnard 



March 24, 2000 

MEMORANDUM TO: Dr. William J. Shack, Chairman 
Materials and Metallurgy Subcommittee 

Dr. George Apostolakis, Chairman 
Reliability and Probabilistic Risk Assessment Subcommittee 
~lJu/lA_w 

FROM:	 Noel Dudley:-ienior Staff Engineer 
ACRS 

SUBJECT:	 WORKING COPY OF THE MINUTES OF THE JOINT ACRS 
SUBCOMMITTEE MEETING ON MATERIALS AND METALLURGY 
AND ON RELIABILITY AND PROBABILISTIC RISK ASSESSMENT 
CONCERNING THE NRC PRESSURIZED THERMAL SHOCK 
SCREENING CRITERION RE-EVALUATION PROJECT, MARCH 16, 
2000 - ROCKVILLE, MARYLAND 

A working copy of the minutes for the subject meeting is attached for your review. 

would appreciate your review and comment as soon as possible. Copies are being sent to the 

Joint Subcommittee members for information and/or review. 

Attachment: As stated 

cc: M. Bonaca 
T. Kress 
D. Powers 

cc via E-Mail: 
J. Larkins 
H. Larson 
S. Duraiswamy 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
 
JOINT MEETING OF THE MATERIALS AND METALLURGY AND
 

RELIABILITY AND PROBABILISTIC RISK ASSESSMENT SUBCOMMITrEES
 
PTS SCREENING CRITERION REEVALUATION
 

MARCH 16, 2000
 

ROCKVILLE, MARYLAND
 

• PROPOSED AGENDA· 

TOPIC	 PRESENTER 

I.	 Opening Remarks W. Shack, ACRS 8:30-8:35 a.m. 

II.	 - Pressurized Thermal Shock Analysis Methodology E. Hackett, RES 8:35-9:00 a.m. 
Overview 

III.	 Probabilistic Fracture Mechanics Analysis S. Malik, RES 9:00-10:00 a.m. 

If. 1< IRk, R£5 
A.	 Methods 
B.	 Input O. kA LINou.sk r 
C.	 Issues 
D.	 Computer Code (FAVOR) 

• BREAK·	 10:00-10:15 a.m. 

IV.	 Probabilistic Fracture Mechanics Analysis S. Malik, RES 10:15-11:00 a.m. 
(Continued) 

V.	 Status of Flaw Distribution Expert D. Jackson and 11:00-12:00 noon 
Elicitation Process L. Abramson, RES 

/2: ItS 
• LUNCH·	 12:00-~.m. 

/2:lf5- 1l:,JrJ 
VI.	 Introduction G. Apostolakis 1-:-99-+:Qicp.m. 

ACRS 
'~:Jo-I:~O 

VII.	 PTS Risk Acceptance Criterion M. Cunningham, 1~9S 2: 1iep.m. 
RES 

•	 BREAK· 2:15 2:3Q p.m. CL

I.' ').0 - '-: /0 
VIII.	 Probabilistic Risk Assessment H. Woods, RES 2:39 3:3lt p.m. 

N. Siu, RES 
A.	 Identified Scenarios W. Galyean, INEEL 
B.	 PRA Analysis Efforts 
C.	 Uncertainty Analysis 



).:/0  'J.:IS 
IX. Discussion W. Shack, ACRS 3:a0-4:3Q:.p.m. 

2: IS 
X. Adjournment W. Shack, ACRS ~p.m. 

NOTE:
 

Presentation time should not exceed 50 percent of the total time allotted for specific item. The
 
remaining 50 percent of the time is reserved for discussion.
 

Number of copies of the presentation materials to be provided to the ACRS - 25.
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human environment. Accordingly, the 
NRC has determined not to prepare an 
environmental impact statement for the 
proposed action. 

For further details with respect to the 
proposed action, see the licensee's letter 
dated October 12, 1999, which is 
available for public inspection at the 
Commission's Public Document Room. 
The Gelman Building, 2120 L Street, 
NW., Washington, DC. Publicly 
available records will be accessible 
electronically from the ADAMS Public 
Library component on the NRC Web 
site, http:www.nrc.gov (the Electronic 
Reading Room). 

Dated at Rockville, Maryland, this 18th day 
of Febroary 2000. 

For the Nuclear Regulatory Commission. 
LA. Wiens, 
Senior Project Manager, Section 2, Project 
Directorate II. Division ofLicensing Project 
Management, Office ofNuclear Reactor 
Regulation. 
[FR Doc. DO-4460 Filed 2-24-00; 8:45 am] 
-.uNO CODE 7IIIO-01-f1 

NUCLEAR REGULATORY 
COMMISSION 

, r 
)1"......Advl.ory Committee on Reactor 

. \	 safeguard.; Meeting of the
 
Subcommittee on Human Factors;
 
Notice of Meeting
 

The ACRS SubcOmmittee on Human 
Factors will hold a meeting on March 
15,2000. in Room T-2B1, 11545 
Rockville Pike. Rockville, Maryland. 

The entire meeting will be open to 
public attendance. 

The agenda for the subject meeting 
shall be as follows: 

-Wednesday, March 15,2000-1:00 
p.m. until 4:30 p.m. 

The Subcommittee will review the 
proposed Commission paper concerning 
the NRC program on human 
performance in nuclear power plant 
safety, including staff activities 
associated with quantifying the risk of 
human performance, the effects of 
economic deregulation. and latent 
human errors. The purpose of this 
meeting is to gather information, 
analyze relevant issues and facts, and to 
formulate proposed positions and 
actions, as appropriate, for deliberation 
by the full Committee. 

Oral statements may be presented by 
members of the public with the 
concurrence of the Subcommittee 
Chairman; written statements will be 
accepted and made available to the 
Committee. Electronic recordings will 
be permitted only during those portions 
of the meeting that are open to the 
public, and questions may be asked only 

by members of the Subcommittee, its 
consultants. and staff. Persons desiring 
to make oral statements should notify 
the cognizant ACRS staff engineers 
named below five days prior to the 
meeting, ifpossible, so that appropriate 
arrangements can be made. 

During the initial portion of the 
meeting, the Subcommittee, along with 
any of its consultants who may be 

. present, may exchange preliminary 
views regarding matters to be 

.considered dming the balance of the 
meeting. 

The Subcommittee will then hear 
presentations by and hold discussions 
with representatives of the NRC staff 
and other interested persons regarding 
this review. 

.Further information regarding topics 
.to be discussed, whether the meeting 
has been canceled or rescheduled, and 
the Chairman's ruling on requests for 
the opportunity to 'Present oral 
statements and the time allotted 
therefor, can be obtained by contacting 
the cognizant ACRS staff engineer, Mr. 
Noel F. Dudley (telephone 301/415
6888) between 7:30 a.m. and 4:15 p.m. 
(EST). Persons planning to attend this 
meeting are urged to contact the above 
named individuals one or two working 
nays prior to the meeting to be advised 
of any potential changes to the agenda, 
etc.• that may have occurred. 

Dated: Febroary 18, 2000.
 
Howard J. lAnGn,
 
Acting Associate Directorfor Technical
 
Support, ACRSIACNW.
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NUCLEAR REGULATORY 
COMMISSION 

Advl.ory Committee on Reactor 
safeguard.; Subcommittee Meeting on 
Material. and Metallurgy; Notice of 
Meeting 

The ACRS Subcommittee on Materials 
and Metallurgy will hold a meeting on 
March 16, 2000, Room T-2B3, 11545 
Rockville Pike, Rockville. Maryland.. 

The entire meeting will be open to 
public attendance. 

The agenda for the subject meeting 
.hall be as follows: . 

Thursday, March 16,2000-8:30 a.m. 
until 4:30 p.m. . 

The SUDcommittee will review the 
status of the NRC 10 CFR 50.61 
pressurized thermal shock (PTS) 
screening criterion reevaluation project, 
including the probabilistic fracture 
mechanics analysis. the expert 

elicitation process for flaw distribution, 
and the associated propabilistic risk 
assessments. The purpose of this 
meeting is to gather information, . 
analyze relevant issues and facts, and to 
formulate proposed positions and 
actions, as appropriate, for deliberation 
by the full Committee. 

.Oral statements may be presented by 
members of the public with the 
concurrence of the Subcommittee 
Chairman; written statements will be 
accepted and made available to the 
Committee. Electronic recordings will 
be permitted only during those portions 
of the meeting that are open to the 
public, and questions may be asked only 
by members of the Subcommittee, its 
consultants, and staff. Persons desiring 
to make oral statements should notify 
the cognizant ACRS staff engineer 
Damed below five days prior to the . 
meeting, if possible, so that appropriate 
arrangements can be made. 

During the initial portion of the 
meeting, the Subcommittee, along with 
any of its consultants who may be . 
present, may exchange preliminary 
views regarding matters to be 
considered during the balance of the 
meeting. 

The Subcommittee will then hear 
presentations by and hold discussions 
with representatives of the NRC staH, 
the Nuclear Energy Institute, and other 
interested persons regarding this review. 

Further information regarding topics 
to be discussed, whether the meeting 
has been canceled or rescheduled. and 
the Chairman's ruling on requests for 
the opportunity to present oral 
statements and the time allotted 
therefor, can be obtained by contacting 
the cognizant ACRS staff engineer, Mr. 
Noel F. Dudley (telephone 301/415- 
6888) between 7:30 a.m. and 4:15 p.m. 
(EST). Persons planning to attend this 
meeting are urged to contact the above 
named individual one or two working 
days prior to the meeting to be advised 
of any potential changes to the agenda. 
etc.• that may have occurred. 

Dated: Febroary 18. 2000. 

Howard J. lAnGn, 
Acting Associate Directorfor Technical 
Support, ACRSIACNW. 
IFR Doc. 00-4467 Filed 2-24-00; 8:45 am] 
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PTS RE-EVALUATION PROJECT
 
BACKGROUND
 

o	 Recent technical developments indicated the 
potential for increasing the accuracy (reducing 
conservatisms) for PTS analyses: 

Improved estimates for weld flaw density and 
distribution 
Improved embrittlement correlations 
statistical bases for fracture toughness 

o	 The project was initiated in April, 1999 as a fUlly
participatory effort with the industry (MRP, EPRI, 
NEI) 

o	 ACRS briefings - 2/99, 7/99, 3/00 

o	 Project organized in three key technical areas: 

Probabilistic Fracture Mechanics (PFM)
 
Thermal-Hydraulics (T-H)
 
Probabilistic Risk Assessment (PRA)
 



PTS RE-EVALUATION PROJECT
 
CURRENT STATUS
 

o Significant progress in key technical areas: 

o	 PFM 
Expert elicitation for generic flaw distribution 
(5/00) 
Revised embrittlement correlations (4/00) 
Statistical bases for fracture toughness (4/00) 
Plant-specific flux maps being developed: 
* Palisades (1/00) 
* Oconee (3/00) 
* Calvert Cliffs (7/00) 
* Beaver Valley 1 (9/00) 

o	 T-H 
Determination of key transients to be 
analyzed (4/00) 
Verification from testing at Oregon State 
University APEX facility 

o	 PRA 
Consistency w/NRC risk-informed guidance 
RG 1.174, CDF, LERF 
Options presented for Policy Decision 
(Commission paper - 5/00) 



PTS RE-EVALUATION PROJECT
 
ISSUES
 

o	 H.B. Robinson declines participation (2100) 

o	 Beaver Valley Unit 1 agrees to participation 
(3/00) 
- Additional PRA and T-H work 

2 month schedule delay? 
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Use Public Meetings to Identify 
Areas in 10CFR 50.61 that need 
Re-assessment (RG 1.99 Rev.) 
--Embrittlement Correlations 
--Margin Terms, etc. 

Staff Develops Proposed Changes 
To 50.61 Areas. Potentially Use-
--Fully Participatory Rule Making with 

Public Involvement 

•Identifv & Bin Events (PRA\ 
--Use IPTS 3-plant study as basis 
--Update plant-specific PRAs, 

if available 
--Update Events Frequencies 

(AEOD, INPO, plant info, etc.)

• 

.... ... 

•
 

4/99
 

,Ir 

Collect Information, Develop Methods, 
Do Specific Analyses, Involve Public, to 
--Resolve Open Questions 
--Involve PRA in All Aspects

•
 

)0/01 Public Meetings to Gain Understanding onPublic Meetings to Resolve 5-6/00...--. Developed Methods and Input ParametersOutstanding Issues 

r ~ 12101 
PROPOSE TECHNICAL BASIS FOR
 
REVISION TO 10 CFR 50.61
 

-·Specific Regulatory Approach
 
--Risk Informed
 
--Can it be Performance Based?
 

Thermal Hydraulics 
--Use expert panel and 
--Limited TH analyses to estimate 
(1) Effect of TH improvements 
(2) Uncertainty bounds in TH results

• +
 

-. 11/99
 

Use Public Meetings to Identify 
Open Technical Questions in: 
--Identify and Bin PTS Events (PRA) 
--Thermal Hydraulics 
--Probabilistic Fracture Mechanics 
--Overall Uncertainty Analysis 

Probabilistic Fracture Mechanics 
--Revise Flaw Distributions 
--Revise Embrittlement Correlations 
--Revise Fracture Toughness Models 
--Material Property Variability 
--Develop Up-to-date Fluence Maps, etc.

• 

Ir 

Re-assess PTS Risk Acceptance 
Criterion [LP(FIE) s 5E-6/Reactor Year] 
--Base on Risk Informed Guidance 

(RG 1.174), CDF, LERF. 
--Policy Decision (Commission Review) 

6/00 

..,
 

I 9/01
 

Calculate L[PtFIEU Re-evaluate PTS Screening 
--Mean Value and Variance Criterion6/01 ... ...--Sensitivity &Uncertainty Analyses --Use LP(FIE) and 
--Evaluate IPTS and Other Plants _opTS Risk Acceptance Criterion 
--Evaluate SECY 82-465 Analyses --Generic Sensitivity Analyses Results 

Development of Technical Basis to Revise PTS Rule 50.61
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Overview
 
"~,,,po, .~':8~ /·'·"~:::;4:::-""K ~+:(§ ..;:; w~::::",,~::,' '··'~:W< .;,;,}:,"'j .;cwm ',t:o-,····,··, ~8."~',:·,,- >~!*¥ "":ZlrN'\" '?';:::WM;"~"""" ?:;ntmt;:;~'j ,",moo:;; w;q-,-,-". -"T,:, ~81:::?1;- _---m""':\1&/; 7N3f3Jff§i" MAW'" ~:,(."}"", ..<,.,,... , """"'·""'''Ai.&~ :#:',:"~::m'J..::?·"; ';::"'~' ·k, 

o	 Provide status of planned Commission paper on PTS 
acceptance criterion 

o PTS acceptance criterion 
o More recent Commission guidance 
o More recent severe accident information 
o Potential revisions to acceptance criterion 

o	 Plans to complete paper 

o	 No letter requested at this time 

2 
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OPTS Rule issued in 1983 as adequate protection rule 

o	 Established an acceptance criterion (embrittlement 
screening criterion), above which licensees are required 
to demonstrate pressure vessel safety 

o	 Acceptance criterion is a frequency of a through-wall 
crack in the pressure vessel 

o	 Acceptable crack frequency -- less than 5x10-6 per 
reactor year 

3 
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o Key underlying assumptions 

o	 Through-wall crack equivalent to: 
o large opening in reactor vessel
 
o core melt 

o	 Containment performance not substantially 
impaired by PTS event 

4 



More Recent Commission Guidance 
• (:-:C; dih?;·; ''':i:::::%:~:-' ":<;)%:.;'>'" '''fu~ di" Nb' ;:;"",.- '~P-';;< >\il(', ?::., .. :.::.:;."~/:.;,, ,,,,~ n,;::;"p" ">O":,o';'{ ",.:<',wf{<f!<",:,:,'ji;;';-; '~l" ~<@! ffi '··~m,,;>k+. ''';>:,'h:'' '_".;,'c ,:-:-,):::::~8":-;-

o Safety Goal Policy Statement 

o Station blackout and ATWS rules 

o Backfit rule 

o Regulatory Guide 1.174 

5 



More Recent Commission Guidance !cont.,} .
 

o Safety Goal Policy Statement 

o	 Defined qualitative and quantitative goals for 
acceptable risk 

o	 Subsequent Commission decisions established a 
subsidiary core damage frequency goal of 1x1 0-4 

per reactor year . 
o	 Intended for generic decisions using industry

average core damage frequency and risk 
estimates. 

6 



More Recent ComrTlis~i0r1 (3LJida.nce !cont.) 

o Station Blackout and ATWS Rules 

o	 Developed as cost-beneficial safety
 
enhancements
 

o	 Used probabilistic goals for the acceptable
 
frequency of core-damage accidents
 

o Goal was 1x1 0-5 per reactor year 

o	 Justified on averted offsite risk basis 

7 



More RecentCommissiofl Guidance ~cont.)
 

o Backfit Rule (and Regulatory Analysis Guidelines) 

o	 Includes initial screening on potential reductions in 
CDF and conditional probability of early 
containment failure 

o	 Uses screening criteria based on the Safety Goal 
QHOs and subsidiary CDF goal 

o	 Uses final decision criteria based on averted public 
risk 

8 
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o Regulatory Guide 1.174 

o	 Describes a set of general principles for risk
informed license changes 

o	 Provides probabilistic guidelines defining 
acceptable changes in CDF and LERF 

o	 Consistent with Safety Goals and Regulatory 
Analysis Guidelines 

9 



More Recent Severe Accident Information
 
"@i" -,co" ~~~- ':-'-'<"-.' ,+" >§ty.....> , AII(-o -"'-FF'" ,;;;X;"~,,,·,- >",,,,,,,,,,,~ \#", "",y,+?::,~"" iW'i' ';~W' +p '~'W-:····'· , ..,... ".;":,<::::::~.;.."",,.,.-,-- "1M ,-,.,¥>, ';"Hd:~~" &.ij& "''),'"$",,, 3.,>:<@w",,< -'-"N·;	 ~iq; NM" 

o	 Major improvements in understanding accident 
phenomenology since rule established 
o	 NUREG-1150 
o	 Direct containment heating analyses 

o	 Impact on containment performance issues in PTS 
accidents 
o	 Dynamic loadings on core and vessel internals 
o	 Dynamic loadings on reactor vessel and piping 
o	 Containment pressure loadings 
o	 Dispersal and coolability of core material 
o	 Availability of containment engineered safety 

features 

10 



Potential Revisions
 
r >">",~:~;,,, >~;,~~,,-,- 'y""; "",'>;0' :";"::":':"':':';;9W;~~ c:,:',:w,n -.. -';'»S:;':·'i }?:'f)'"' c'cc:?' ;;~"(.:_:C:':_:"T-· ·-'~t7'- ":~:"::::::~:",::~: ... T':':;";'::::::;:~;';;{::·.i-C'c~;' =,',m_ --- :7:c:::m>:;:,~,,,, ·:7"r~·%y'· --',,,,:,':m\\,,,,.,,,~;·:; f·- ;;,;-:~:.,<;;:) '~:,,~;:;:::li ;~t" 

Alternatives focusing on core damage frequency 

o Apply goals used for Station Blackout and ATWS Rules 

Alternatives focusing on core damage frequency and LERF 

o Develop and apply IIreversell backfit test 

o Apply RG 1.174 principles and acceptance guidelines 

11 



Potential Revisions (cont.) 
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o Apply goals used for Station Blackout and ATWS Rules 

o	 Goals: 
o CDF of 1x1 0-5 per reactor year 
o Offsite consequence risk 

o	 Establishes consistency among three principal 
risk-informed rules 

o	 Permits increase in acceptable PTS core damage 
frequency 

o	 Includes no explicit consideration of LERF/CCFP 

12 



Potential Revisions (cont.) 
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Develop and apply IIreversell backfit test 

o	 Provides most clear link between the present backfit 
process and a new IIreversell backfit process 

o	 Use or adapt Regulatory Analysis Guidelines to 
determine if burden reduction outweighs risk .
Increase 

o	 Development of reverse backfit analysis process would 
take significant effort 
o	 Adequate protection issue 
o	 Policy decision 

13 



Potential Revisions (cont.) 
')~'{{"""i"C ~".-,~, -l,,,i&v -"?:C:' ,-,W"",,--, ,'l~~:::':';.----' ':'i":}l':'C --7'1:' ";::"[$ "-'i" --,,:~,,;;,'/ :~::m~' .",~> F'S'%W":J:J::::,'.:,,:;,>Wf0,,:-; '",:,::(':;"i*;:'" ",;::(::,,~::, -,. 'i),?fB-IJI: ~-,.,..'1 ~::;->.:,,, ,·-..i,.I, n8\:::iilit:·, '-":'{;!"" " •..... >C-,-,,, ... _,- ""'>tt".:;O:"

Apply RG 1.174 princip-Ies and acceptance guidelines 

o Ensures consistency with current Commission policy 

o Requires consideration of LERF 

o	 Physical process uncertainties 
o	 Potential for containment-specific acceptance 

criteria 

14 



Future Plans
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o	 Develop draft Commission paper (March) 

o Basis for original acceptance criterion 
o More recent Commission guidance 
o More recent accident information 
o Potential revisions 

o	 Including discussion of containment 
performance issues 

o Recommendation 

o	 Discuss with ACRS/CRGR (April/May) 

o	 Transmit to Commission (May) 

15 
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PRA Objective 

Support development of technical basis for revised rule 

•	 Ensure overall process is coherent, risk-informed 
- Appropriate integration ofT/H, PFM, and PRA 
- Consistent treatment of uncertainties 

•	 Support development of screening criteria 
- Derivation of embrittlement criteria from risk figures of 

merit 
Criteria for risk figures of merit 

- Treatment of qualitative issues (e.g., defense in depth) 
•	 Update old PTSIPRA studies 

Reflect changes to study plants 
.	 \

Reflect changes to PRA state of the art, knowledge base 
Address other plants 

2 



Overall PTSIPRA Analysis A2Proach
 

• 

• 

Estimate PTS-induced through-wall crack frequencies (TWCFs) 
for 4 plants, including uncertainties 
- Develop PTSIPRA models for Oconee and Beaver Valley 
- Review PTSIPRAs for Calvert Cliffs and Palisades 
- Resolve inconsistencies, generalize results to at-risk 

population 
Develop TWCF vs. RTPTS relationship, e.g., 

TWCF* 

TWCF 

RTPTS RT~TS 
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Open Questions - PTSfPRA Analysis A.eProach 

• Treatment of internal fires and floods and external events 

• Relationship of TWCF and CDF 

• Treatment of LERF 

4 



PTS PRA Model Develo~~ent
 

• Build on the original IPTS PRA analyses 

• Improve by: 
- Utilizing the results and insights of the original PRA 
- More thorough review of potential initiating events and 

operating experience 
- Update to current plant design, procedures, and operational 

practices; use current reliability estimates (including 
initiating event frequencies) . 

-	 Generally update t~ current state-of-the-art; improve on 
state-of-the-art in HRA 

5 



Initiating Events
 

~ 

Initiating Event 
Oconee IPTS 

(events/yr) 
This Analysis 

(events/yr) Comments 

ReactorlTurbine Trip 6 0.9 

Excessive Main Feedwater (MFW) 
At power 
Hot standby, zero power (HZP) 

0.1 0.1 By itself, might be minor concern. 
(Likely high probability of 
recovery.) 

Large Steamline Break (at power) 
Small Steamline Break (at power) 

1E-3 
1E-2 

1.3E-2 Prototypical PTS concern 

Large Steamline Break (HZP) 
Small Steamline Break (HZP) 

N/A TBD Could be worse than at power 
case, but small exposure time. 

Loss of CCW/SW N/A 9E-4 Fails HPI and feedwater 

Loss of ACmC Bus N/A 6E-3/1E-3 Plant-specific 

Loss of Instrument Air N/A 5E-3 Could affect MFW and TBVs 

Failure of Integrated Control System N/A TBD Plant-specific 

Inadvertent Safety Injection 1E-2 3E-2 HPI 

SBLOCA 0.1 4E-3 May be dominant contributor 

MBLOCA 1E-2 4E-5 Need high RCS pressure for PTS 

SGTR 1E-2 5E-3 Motivates RCS depressurization 

Loss ofMFW 0.5 7E-2 Depends on operator response 

6 



• 

Human Reliability Analysis 

•	 HRA recognized to be an important source of uncertainty in 
previous studies 

•	 Issue: addressing the role of operator decision making in 
balancing need to keep the core covered and the need to avoid 
overcooling the core 

•	 Approach 

Integrate ATHEANA methodology into PTSIPRA analyses for 
the NRC analyses 
Support analysis with development of event database 

- Use results to focus reviews of utility analyses and to develop 
an integrated picture of TWCF 

7 



Uncertainty Analysis Framework
 

PRA Event Sequence Analysis· T/H Analysis· I. . ......•..PFM.·. Anaty.s. is .••.1
 

T/HIE, 
Scenarios: 

Definitions~ PTS 
Core

FrequenciesPRA 
Scenarios: 

DamageDefinitions, 
ScenarioFrequencies 

FrequenciesPTS Scenario 1 ~J~.-.,
(Definition,,-,) A., A.,<I>,-_._

~ PTS Scenario 2 A.2 A2"'2~ 
(Definition, A.~) 

A, A,"',IE2

Ail

"-, I~ \ AI'· _
~ 

A. n A.n<l>nA."1···.-'-[· A.j~ l\/\ -. '. . . PTS Scenario 3 

J~ 
)'n'. --CI~ =.:::, 
i'n2 

(Definition, ~) 

"~1 
I ;"T1H inpill needed for event sequence definition "PRA input needed for scenario 

frequency allocation 

Note: the quantification of epistemic uncertainties in all parameters is not shown explicitly, but is assumed. 

r-· 

PRA Integration
 
Analysis
 

CDF~~L 
~ 
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PFM Uncertainty Analysis Ap'proach
 

•	 Identify sources of uncertainty in all model elements and 
categorize as being aleatory or epistemic 

•	 Address aleatory uncertainties through TIH subscenario 
frequencies and conditional probability of vessel failure, given 
the subscenario 

•	 Address epistemic uncertainties using standard estimation and 
uncertainty propagation techniques (e.g., Monte Carlo 
simulation) 

•	 Assemble results using FAVOR 

9 
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Thermal Hydraulic Uncer_tainty 

•	 Objective: Characterize and quantify uncertainties in thermal 
hydraulic calculations used in PTS analysis 

•	 Expectation: Characterization will be compatible with FAVOR 
requirements 

T/H scenarios have uncertain frequencies 
-	 TIH scenarios have associated, deterministic pressure-time 

and temperature-time traces 
•	 Planning initiated at U. Maryland under cooperative research 

agreement 
•	 Approach is likely to involve considerable screening, efficient 

methods to propagate uncertainties 
•	 Follow-on to PTS work may lead to a more generalized 

approach 

10 
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Concluding Remarks 

• Development of Oconee PTS PRA model is progressing well 
- Integrated PRAlHRA team is developing plant model and has 

visited the plant 
- Screening level results expected shortly 

• Beaver Valley work is being initiated 

• NRC team has received excellent cooperation from participating 
utilities 

• Uncertainty analysis framework has been developed and is being 
implemented in FAVOR 
- T/H uncertainty work being initiated 
- Uncertainties in K 1c being analyzed 

11 



DEVELOPING
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Topics Presented 
~ Objective of presentation 

~ Background 

~ Approach 

~ Reactor Vessel Fabricators 

~ Reactor Vessel Material 

~ Expert Elicitation Process 

~ Concluding Remarks 
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Objective of Presentation
 

~ Discuss the need for a generalized flaw distribution 

~ Explain the process that is being used to develop the 
distribution 

~ Discuss the status of the expert elicitation process 

~ 3 

Itl'~o,. o.~ 
~ , : ~ c9

o t.' 
":-", . ~oo~***.

tl'" REGU<..t", 

1 _ ~~~~ 
I •

~:i~~~~l~~'~!!!!=~:===:=========~~~~~~~~~~~~~~~~~~~~~~~~==========:======
~ ~~~--I 



Background
 
~ us NRC is re-evaluating the guidance and criteria in 

the Code of Federal Regulations as it relates to 
reactor integrity, specifically Pressurized Thermal 
Shock (PTS) 

~ Fracture mechanics calculations are used to address 
the consequences of transients in a commercial 
nuclear power plant reactor vessel 

~ Reactor vessel flaw distribution is an important input 
to fracture mechanics calculations 

4 
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Background (con't) 

~ Fabrication process of reactor pressure vessels 
presents a number of variables that can have a 
significant effect on the flaw distribution 
- reactor vessel plate fabrication process 

- welding process 

5 



Approach Used to Develop
 
Generalized Flaw Distribution
 

~ Expert judgment is needed to review, interpret and 
supplement available information on reactor vessel 
fabrication processes and reactor vessel flaw 
distributions 

~ Structured expert elicitation process 

~ Expert panel to resolve specific technical issues for 
which there is significant scientific uncertainty 

~ Areas of expertise of experts will allow us to address 
all aspects of the reactor vessel fabrication process 

6 



·Approach Used to Develop
 
Generalized Flaw Distribution
 

(can't)
 

»- Reference documents for the expert elicitation
 
process
 

•	 NUREG 1150-Severe Accident Risks: An Assessment for 
Five U.S. Nuclear Power Plants -1990 

•	 NUREGjCR -5411 Elicitation and Use of Expert Judgment in 
Performance Assessment for High-Level Radioactive Waste 
Repositories - 1990 

• NUREG 1563 - Branch Technical Position on the Use of 
Expert Elicitation in High-Level Radioactive Waste 

Program -1996 
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Domestic Rea'ctor Vessel Fabricators
 

~ Combustion Engineering - 50 

~ Babcock and Wilcox - 21 

~ Chicago Bridge and Iron -19 

~ Rotterdam - 9 

~ Societe Creusot - 2 

~ New York Shipbuilding-1 
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RPV Material Selected for
 
Generalized Flaw Distribution
 

Midland PVRUF Shoreham River Bend 2 Hope Creek 
2 

Manufacturer B&W CE CE CB&I CB&I 

LWR Type PWR PWR BWR BWR BWR 

Meters of Weld 4 20 25.45 15 4 

Years of 
Construction 

1968
1974 

1976-1981 1968-1974 1974-? 1972

Fabrication 
Process 

Circ 
Welds 

Circ and 
Axial Welds 

Circ and 
Axial Welds 

Circ and Axial 
Welds 

Circ and 
Axial Welds 

Welds 
Inspected 

Circ 
Welds 

Circ Welds Circ and 
Axial Welds 

Circ and Axial 
Welds 

Circ and 
Axial Welds 

Base Metal 
Inspected 

N Y In progress In progress In progress 

NDE 
Inspection 
Completed 

Y Y Y In progress In progress 
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Categorization of Flaws 

~ Inner Region (25-mm of wall) versus outside inner region 

~ Volumetric versus planar 

~ Weld versus clad versus base metal 

~ Repair weld versus original weld 
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Comparison ofPVRUF and Marshall
 
Flaw Rates
 

o 10 20 30 40 50 60 70 80 90 100 

Through-wall extent (mm) 
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Pacific Northwest National Laboratory Data
 
PVRUF and Shoreham
 

Size Distribution all Flaws
 

1.0E+05 

'.
1.0E+04 '0
 

CD
cu
a::Cii 
~ ~ 1.0E+03 • 
U-u 
(1)'

o
••>.Q • Shoreham~ ~ 1.0E+02 - ••~ :::s (I) , 0 PVRUF 

o •E~ •:::s •o 
•o 1.0E+01 

o 

1.0E+00 

o 5 10 15 20 25 30 35 

Through-wall extent (mm) 
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Expert Elicitation Process 

~ Define the specific issues/ scope to be addressed 

~ Determine level of complexity 

~ Identify an expert panel 

~ Send strawman of issues to panel 

~ Panel meets to agree on scope, and issues 

~ Elicitation training 

13 
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Expert Elicitation Process (con't)
 
~ Identify elicitation team 

~ Elicitation of experts 

~ Technical facilitator integrator (TFI) processes results 

~ Expert panel meets to review responses and 
rationales' 

~ TFI aggregates panel responses and summarizes 
rationales 

~ Publish results and rationales 

14 
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Expert Panel 

~USNavy 

~ Academia 

~EPRI 

~ Independent Consultants 

~ Community of Retirees 

• Rolls Royce 
• Reactor vessel fabricators 

• Steel manufacturer 

• Supplier of welding materials 

15 
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Areas of Expertise 

~ ASME Construction Code
 

~ Failure Analysis
 

~ Fracture Mechanics
 

~ Metallurgy
 

~NDE
 

~ Reactor Vessel Fabrication
 

~ Reliability of Flawed Welded Structures
 

~ Welding
 

16 
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Schedule 
./ Send Issues to Panel-l0/99 

./ Identify Expert Panel-l1/99 

./ Panel meets to discuss issues - 1/00 

./ Elicitation Training -1/00 

./ Identify Elicitation Team -1/00 
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Schedule (con't) 
>- Elicitation of experts - 2/00 to 4/00 

>- Technical Facilitator Integrator processes elicitation 
results - 3/00 to 4/00 

>- Expert panel meets to review responses and 
rationales - 5/00 

>- Technical Facilitator Integrator aggregates panel's 
final responses and rationales - 5/00 

>- Publish results and rationales - 6/00 

18 
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Some of the Issues Presented to the
 
Expert Panel
 

~ Clarification of objective
 

~ Definition of a flaw
 

~ What is a generalized flaw distribution?
 

~ What must be done to create a surface breaking flaw?
 

~ Where has industry located surface breaking flaws?
 

~ What are the differences in steel used in domestic
 
nuclear power plants and naval vessels? 

19 



Some of the Issues Presented to the
 
Expert Panel (con't)
 

»- Are NDE results of pre-Hatch vessels less reliable 
than post-Hatch vessels? 

»- What are the limits of NDE in determining 
• the depth of a long surface flaw? 

• the length for a deep flaw? 

20 



First Meeting of Expert Panel
 
~ January 19-21, 2000; Atlanta, Georgia 

~ Completed elicitation training 

~ Developed definition of a flaw 

~ Determined characteristics which were important to 
the development of a fabrication flaw 

21 



Elicitation Sessions
 

~	 Each expert meets individually with the elicitation 
team (normative expert, subject matter expert, and 
recorder) 

~	 List of characteristics presented to each expert 

~	 Experts identify and discuss pairwise interactions 
between characteristics 

~	 For each characteristic, experts access relative effects 
of alternatives on the flaw distribution 

22 



Interaction Matrix
 

1 2 3 4 5 6 7 8 9 1 0 1 1 12 1 3 1 4 

1 . ProductForm (Forg, Plate, Clad,Weld) 

2. Weld Pro c e sse s (A u to m a tic & Man u a I) 

3. Flaw Mechanisms 

4. Field vs. Shop fabrication 

5. Rep a irs (Weld men t, Bas em eta I, 
C la d din g ) 

6. Weld P rocedu re 

7. Weld metal materials 

8. Weide r skill 

9. Inspection procedure 

10. Ins p e c to r skill 

11. Base metal properties (thickness, 
chem ,) 

12. Surface preparation parameters 
(geom etry) 

13. Flaw location 

14. F la w s iz e 

23 
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Relative Assessments of Alternatives
 

~	 For each characteristic, identify that alternative with 
the largest likelihood of leading to a flaw 

~	 Compare each alternative with the highest ranked 
alternative 

~	 Assess relative change in likelihood of a flaw 
•	 High value 

•	 Mid value 

•	 Low value 

24 



List of Characteristics
 

~ Product Form 

• forgings 

• plate 

• cladding 

• weldment 

~ Weld Processes 

• automatic 
- SMAW 

- SAW 

- ESAW 

• manual 
25 



List of Characteristics (con't) 

~	 Flaw Mechanisms 
• weldment 

•	 base Metal
 

- forging material
 

- plate material
 

~ Field vs. S~op fabrication 

~ Repairs 
• weldment 

• base metal 

• cladding 

26 r ". ,.. - ".i,(> .·,1 



List of Characteristics (con't) 

~ Weld Procedure
 
.' plate to ring
 

• ring to shell 
.

• repaIrs 

• cladding
 

~ Weld Materials
 
• plate to ring 

• ring to shell 
.

• repaIrs 

• cladding 

27 
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List of Characteristics (con't) 

~ Welder Skill 
• plate to ring 

• ring to shell 
.

• repaIrs 

• cladding 

~ Inspection Procedure 
• forgings 

• plate 
• weldment 

.
• repaIrs 
• cladding 

28 



List of Characteristics (con't) 

~ Inspector Skill 
• forgings 

• plate 
• weldment 

.
• repaIrs 

• cladding 

~ Base metal properties 

~ Surface preparation 

~ Flaw location 

29 
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Concluding Remarks
 

~ Expert elicitation process is complex 

~ This process is expected to identify significant issues 
in the development of a generalized flaw distribution 

~ Combination of the relative effects of the 
characteristics, and the PVRUF distribution will yield 
a flaw distribution for any pressure vessel 

~ The flaw distribution may vary significantly by 
pressure vessel 

30 
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I Probabilistic Fracture Mechanics 
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Presentation Outline 

• Overall status of PFM activities 

• Where it fits into PTS re-evaluation 

• Progress in major PFM technical areas
 

• Concluding remarks 
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PTS Re-Evaluation Project
 
Probabilistic Fracture Mechanics
 

Overall Status
 

• Held 6 public meetings (staff, contractors, 
industry representatives, and public) 

• 1999: May, July, Sept., Nov., Dec. 

• 2000: Feb. 

• Near and long term action plans developed 
• Tasks assigned to groups and individuals 

• Coordinated with PRA and TH activities 

• Interim version of PFM code, FAVOR, 
released in Oct. 1999 for comments and use 
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Where this Fits into PTS
 
Re-Evaluation
 

~ 

r- 

r-; 

~~~ 

~ 

Initiating
 
Event
 

Uncertainty
 

Conditional
 
Probability
 

of RPV Failure
 

Perform these analyses. Plant Specific 
· Oconee-l 
· Calvert Cliffs-l 
· Palisades 
· Beaver Valley-l .	 Generic (SECY 82

465 - Version II) 

+
 
Information 

Supporting Revision 
of PTS Screening 

Criteria 
... 

fl. Flaw Distributions
 
Uncertainty 

*	 Material Resistance Uncertainty 
(KIC ' KIA Fracture Toughness 

and Fluence Uncertainties) 
" .... '-l ... 

"" ~ ~"" 

j 

Vessel has 
n flaws 
(+/- ??) 

)f 

J 

~ 

Is	 Kapp/ied >KIC ? 

Crack Driving 
Force 

I..... ];l. 

Probabilistic
 
Risk Assessment
 

:f( 
Thermo-mech
 

Proerties
 
Uncertainty
 

(XCI, t CI, •.. 
~ ... 

Thermal 
Hydraulic

r--

Loading (a) 
Uncertainty 

'i\ 

Weld
 
Residual
 

~ 

Stress, ... 
Uncertainty 

of (J(/GE~7f1jl(, rr6-S 

4 

~ 

~ , 

Uncertainty 
~ 

~ 
~ Crack Size 

Kapp/ied = F(rlno 
Uncertainty 

[Lead-Groups 
Probabilistic Thermal 

Fracture Mechanics Hydraulics 
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Major Technical Areas 

1.	 Fabrication Flaw Distributions in RPV beltline 
2.	 Rigorous statistical representation of fracture 

toughness, K1 c and K1 a, data 

3.	 Improved irradiation embrittlement correlations 
to predict shift in RTNOT (dRTNOT) 

4.	 Improved statistical distributions for material 
chemistry and initial (unirradiated) RTNOTa 

5.	 Beltine neutron fluence maps 

6.	 PFM computer code, FAVOR, revision 
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Fabrication Flaw Distributions 

• Objective: Determine generalized flaw sizes, 
density (# of flaws/unit volume), and location 
distributions of fabrication flaws in welds, 
plates and forgings in RPV beltline region, 
using: 
• NDE/DE techniques and expert jUdgement 

process 

• RES Staff: Deborah Jackson 

• NRC Contractor: PNNL 

• a 
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1-" ~O
 Fabrication Flaw Distributions --Contd. 
" .. * .... 

•	 NDE/DE of welds in one RPV (PVRUF) 
completed, and continuing for others 
• NRC, Industry/EPRI working in parallel 
• PVRUF, Shoreham, River Bend-2, Hope Creek

2 vessels 

•	 Expert jUdgement process is continuing 

•	 NDE of limited plate material has begun 
• Data to be collected in March/April '00 

•	 Generalized distributions to be developed by 
May/June '00 
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0- Fracture Toughness (K,C and K,A) Curves 

., Qt?j~~tive: Revise toughness distribution curves
 
based on expanded LEFM-valid (ASTM E 399)
 
available data and rigorous statistical methods
 

Ia Current distributions were based on: 
>limited 1970's/80's data 

• 171 data points for K,C (LEFM-valid) 
• 50 data points for K'A (LEFM-valid) 

~In SECY-82-465 and IPTS studies, Ad-hoc 
distributions developed from lower-bound 
ASME toughness curves 

• RES Staff: Mark Kirk, Shah Malik, Nathan Siu 
• Contractors: ORNL, Univ. of Maryland 8 
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NewAssemble All Establish 
~ Description ofAvailable Valid Sources of~ 

KIc / KIAKIc and KIA Data Uncertainty 
for FAVOR 

~
 

ORNL 
• Purely statistical 

assessment 
• Interim curves 

•	 Use in FAVOR 
•	 Illustrate likely 

overall changes 
from current 
FAVOR model 

........
 

'- ---.j 

University of Maryland 
• Root cause analysis 
• Physical basis 
• Distinguish 

•	 Aleatory 
•	 Epistemic 

• Procedure to treat parameter and model
 
uncertainty
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" ,. .. * • ., ~ Fracture Toughness (KIC and KIA) Curves, Cont. 

•	 ORNL searched and collected additional data 
(database has now increased considerably) 
•	 83 additional LEFM-valid KIC (initiation) data (254 total) 

~ Increase of almost 50% 

•	 62 additional LEFM-valid KIA (arrest) data (112 total) 
~ Increase of over 1000/0 

•	 Weibull distributions developed based solely on data 

•	 Japanese K IC I KIA database was not available, but we 
may be able to obtain it now 

, 
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Fracture Toughness (K,C and K,A) Curves
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Old FAVOR scatter-bands too narrow 
Effect on Probability of Vessel Failure
 

Depends on Transient Considered
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Fracture Toughness (KIC and KIA) Curves 
-

Form of ORNL_Eguations J 

KIc (P, I1T) =al1T + bl1T ·{-In(l- p )J/(Cl1T) 

a = 10.8957 +23.4192· exp(0.0023· /1T)
 

b =14.7582+42.6312·exp(0.0124·/1T)
 

c = 2.03025+0.4983·exp(0.0135·/1T)
 

p = Cumulative probability of failure 
L1T = Temperature relative to RTNDT (in OF) 12 
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'? "" .. ,.	 * ... Fracture Toughness (KIC and KIA) Curves 

" /' NewAssemble All Establish 
I .1 Description ofAvailable Valid Sources of 

KIc / KIAKIc and KIA Data Uncertainty 
for FAVOR 

ORNL 
•	 Purely statistical 

assessment 
• Interim curves 

•	 Use in FAVOR 
•	 Illustrate likely 

overall changes 
from current 
FAVOR model 

University of Maryland 
• Root cause analysis ~ e ~fe 
•	 Physical basis ,. 

• Distinguish t\efe 
•	 Aleatory 
•	 Epistemic 

•	 Procedure to treat parameter and model
 
uncertainty
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I University of Maryland 
Root Cause Analysis 

~ 

~ Identify sources of uncertainties 
~ Physically based material's model for the toughness 

curves in ductile-to-brittle transition temperature 
range 

• Prof. Natishan (EPRI funding) 
PRA Framework 

~ Distinguish epistemic (state of knowledge) and 
aleatory (randomness) parts of uncertainties 

~ Mathematical model to auantifv uncertainties
 
Product: I~ Recommended program structure for FAVOR
 

• Profs. Modarres and Mosleh (NRC funding) 
14 
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Probabilistic Fracture Mechanics
 
Fracture Toughness (KIC and KIA) Curves
 

Ro~tCause Diagrams]
 
• Displays complex process in a 

logical format 
• Provides big picture view while 

preserving details 
• Builds consensus 

• Provides a common language for 
discussion 

• Allows participants to "see" their 
input 

• Visual hierarchy 
• Streamlines critique 
• Enables understanding by non

experts 

• Both parameter and model 
uncertainty treated 

• Process ensures use of 
technically correct models 

A 
B 

c
 
D 

Parameter 

Relationshi~ Tx~es ~ o Equation, Exact -I 
D Equation, Correlation I 

<> Choice l 
~ Comparison I 

E
 

F
 

G
 

H
 

......
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RTNDT 
Un-Irradiated 

- 60"F 

MTEB 
5.2 

(CVN Only) 

Linde 80 

I I Generic 
Limited RTNDT data 

I I Ias per NB-2331 TransverseLinde 0091 (-7 -56°F) 
SpecimensLinde 0124 

T45 Minimum 

SA533B Gr.A CI.1 

NDT' TCV (35,50) 

I Limited RTNDT data 
as per NB-2331 

(-7 -5°F) 

TNDT 

TestedLinde 1092 
ARCOS B-5 

I 

T{CV)35/50+ 20°F 

Calculate 45'Yo·CVE. 
then Determine T{CV)35/50 
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Un-Irradiated 
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Ii; ~ 
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~ 

EOLT30 Shift_l 
~T30 @ EOL Fluence 

Best 
Estimate n Pairs of 

(~T30' Fluence) 

I 

CF Heat 
Ratio Best Est. 

Adjustment 

I (9\)
Yes, and CF Surv. 
Credible 

Irradiation 
Temperature 

Other RPVAdjustment
~T30 (Ll TIrradiatio,J My RPV 

No, or Cu
Surveillance not credible
 

Ni
 

EOL Fluence 

Product Form 

rn 
[gJ 

~T1,O =9\. ~T.1,O IBeJ/-E.I'linulle +~Tlrmdill(i'JIl 

~I;o oc (f/J t r - 0,IIOg¢l')28 

rn I CF tables from lOCFR50.61 

141 I ~T.1,O = (CF)(f/Jt)(028-0,llogifw) & rn 18 
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•	 Data distributions can be entered at any level of 
the diagram (not JUST to the far right) 

•	 Appropriately incorporates all uncertainty 
sources 

•	 Diagrams more than schematic 
•	 Represent a mathematical model 
•	 Basis for simulation studies 

•	 Separates uncertainties at "choice" nodes 
•	 Eliminates double-counts 
•	 Impossible in a purely statistical assessment 

•	 Model uncertainties identified and treated 
•	 Eliminates double-counts 20 
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Probabilistic Fracture Mechanics
 
Irradiation EmbrittlementCorrelations
 

RTNDT 
Irradiated 

K1C 
Uncertainty 

ASME K1C 
(FAVOR) 

RTNDT 
Un-Irradiated I More ... 

I More ... 

~e~(e 

T30 Shift 
in RTNDT 

t\e(e 
More ... 
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•	 Obiective: -Develop a model to predict the shift in 
RTNOT due to irradiation embrittlement 
•	 More data
 

~ Better coverage of primary variables
 
~ Longer time exposures
 
~ Higher fluences
 

•	 Rigorous statistical methods 
•	 Physical understanding 

•	 Activity provides guidance to 
•	 Reg. Guide 1.99, Rev. 3 
•	 PTS re-evaluation 

•	 RES Staff: Mark Kirk, Carolyn Fairbanks, Shah Malik 
•	 NRC Contractors: ORNL, Modeling & Computing 

Services, Univ. of California/Santa Barbara 22 
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Vendor Submittals 

0 800 
~ 

I/)
t- el) 600....Om:::J

J.. > 400 
eI) ..
.0 .... 
E :E 200
:::Jen [Eason, Wright, Odette]z 

Ir - ~ -------, -.----,O 

1985 1990 1995 2000 2005
 

Year
 

[Long Irradiation Time, Linde 80] 

NUREG/CR-6551 

Reg. Guide 1.99 (Rev. 2) 
[Randall, Guthrie, Odette] 
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.. How Have the M~d~iS Changed? I 

1988 MT 
NDT 

=(CF)!(O.28-0.1l0g f) 
RG 1.99 Rev. 2 

1998 
NUREG/CR-6551 

MY: _ (2.207 X1Q 
4 
)( f Y4132 

NDT - A exp 
~. + 460 1019 

+B(Cu -0.072)0682 {1 + 2.35 Ni)1.381 {0.5 +0.5tanh pog 1O(f)-lS.271}
L 0.849 J 

• Physically motivated fits • Under consideration 
• Separate terms for • Phosphorus 

• Stable matrix defects (A) • Long time effects 

• Cu rich precipitates (B) • Use of surveillance as a check 

• Cu saturation 

24 
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•	 Status 
•	 Finalizing the model 

~ Database frozen 
~ Gating criteria for term admission 

established 
~ Mini-basis documents being written 

•	 Model for PTS re-evaluation 
~ Available in April/May 
~ Feeds into K,C / K'A uncertainty 

analysis 
• Regulatory Guide 1.99 Revision 3 

Physical 
Statistical Basis 

Basis Strong 
(>950/0) 

Weak 
(>700/0) 

Well 
Accepted 

Include Include 

Plausible Include Maybe 

Not 
Establ ished Probably Exclude 

~ 12/00: Technical basis document 
~ 6/01 : Draft for public comment 

•	 ASTM E-1 aevaluating the model 
for Egaa standard 
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RTNDT
 

Irradiated
 

More ... 

~e~(e 

t\e(e 

T30 Shift 
in RTNDTK1C 

Uncertainty 

1 

ASME K1C More ...(FAVOR) 

Yes, and 
Credible 
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n Irradiated 
Measurements 

T30 
Un-Irradiated 
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CF Heat 
Best Est. 

n Pairs of 
(t.T3D • Fluence) 

Product Form 

Ratio 
Adjustment 

(9\) 

Cu 

Ni 

EOL Fluence 

Irradiation 
Temperature 
Adjustment 
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t.T30 @ EOL 
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Estimate 
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• 

• 

Probabilistic Fracture Mechanics 
Chemistry, RTNOTa Distributions 

Obiective: Using NRC and industry data, 
determine -
• Heat specific distributions of: 

~Copper, Nickel, Initial RTNOT (RTNOTe)'
 

Phosphorous?
 

• Heat to heat variability of the mean 
• Local variability
 

~Within sub-region
 
~Through wall-thickness (coil-by-coil ?)
 

RES Staff: Doug Kalinousky, Tanny Santos, 
Lee Abramson 

27 
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~ * ~O ,. * • ~. Weld Chemistry Distributions 

• Considered all heats with 5 or more data 
• 24 heats for copper 

• 39 heats for nickel 

• Determine heat-specific mean values and 
standard deviations for Cu and Ni 

• Plot mean value vs. standard deviation 
• Determine best fit line by linear regression 

28 
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• Copper 

• Normal or Lognormal Distribution 

• Best estimate 

~ Mean of means from data 

• 

• CUSTD DEV = Cu (Mean) * 0.175 

Nickel 

• Distinct populations for low and high Ni 

• Treat nickel-addition welds separately 

• Further analysis ongoing 
31 
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•	 Local variability determined from a separate 
CE Report with measurements on 8 blocks of 
materials 
• 5 measurements at t/4 locations in each block 

•	 Copper & Nickel 
• Standard Deviation of 0.01 for Ni and Cu 
• Type of distribution needs to be determined
 

•	 Through-wall variability (coil-by-coil ?) 
• Still to be determined if needed 
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• Limited Amount of Data 
• 1 or 2 points per heat 

• Use heat best estimate from RVID2
 
• Cannot justify a distribution 
• Do not sample 

33 
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• Assumed Normal distribution
 
• Limited amount of data (3
 

groups of 6 data/group)
 

• Standard deviation 
• Copper: 0.002 

• Nickel: 0.005 
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•	 Data from RPVDATA 

•	 Grouped by heat 
• Used data for all heats with 3 or 

more measurements 

• 19 heats with 65 data 

•	 Sample Llwe1d (deviation from heat 
mean - heat - measured valuei)mean 

• Add ~weld to heatmean values 
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c: 
~ Normal (Mean=O, St Dev=16.60)
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:s 
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I 
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Deviation From Heat Mean, of 
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• Data from RPVDATA 

• 37 heats (3 or more measurements)
 

• 128 total data points 

• Same approach as Weld RTNOTa 
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" ,. * ....	 Beltline Neutron Fluence Cales. 

•	 Obiective: 
• Determine up-to-date EOl fluence maps for the 

plants using currently available cycle-by-cycle 
fuel loading histories 

• estimate 1a uncertainty in fluence calculations 
y Initial estimate of 1a fluence = 15% of the mean 

•	 Dosimetry Draft Guide-1053 (1999), and draft 
NUREG/CR-6115 methodology used 

•	 RES Staff: Wiliam R. Jones 
•	 NRC Contractor: Brookhaven National Lab. 
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•	 Plants analyzed: 
• Palisades and HB Robinson-2 (has now opted out) 

•	 Plants to be analyzed: 
• Oconee-1	 (3/00), Calvert Cliffs-1 (7/00), Beaver 

Valley-1 (schedule to be finalized) 

•	 Very refined axial, circumferential, radial 
grids used 
• 205 axial, 97 x 8 circum. grid for Palisades 
• 145 axial, 73 x 8 circum. grid for HB Robinson-2 

24x•	 Fluence decay thru-wall, e-O. , in RG-1.99 Rev. 2 
is a somewhat more conservative than the cales. 
(at about t/4 and greater distance from the inner 
surface of the vessel) 
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(~(.>.\ The Probabilistic Fracture Mechanics (PFM) 
\~) FAVOR Code is Being Updated 

1-" ~ 
* '* * ..... 

• FAVOR (fracture Analysis of ~essels - Qak Bidge)
 
• Implements refined PFM methodology and up-to

date materials data 
• Makes it consistent with current PRA and thermal

hydraulics output data and methods 
• Participants include 

- RES Staff: Shah Malik, Nathan Siu, Lee Abramson 
- NRC Contractors: ORNL (Terry Dickson), 

Univ. of Maryland
 
(PRA: Modarres, Mosleh)
 

, 
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~ .' .J. 

Iii ,,0(')
ca. .•. f 

Y" ': ", ,,' s,.~ ,1 ';",..,1 - l' Provide Answers to Two Questions ~,. ...0'" 
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At what time in operating life 
does frequency of RPV 
failure exceed acceptable 
value (currently 5 x 10e-06)? 

How does integration and 
application of advanced 
technology affect the 
calculated result? 

10 20 30 40 50 60 
Effective Full Power Years 

~EFPY 

Results with improved 
model or plant-specific 
mitigating action 

5.0 X 10-6 

10-7 l"" I"" Io II11 I I'II I I11,I",,!,J,,! , " I I" I, !, ",l, , , ,I I '" I 

10-6 

10-5 
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/~V'vf-r.R AEO(J(~..o~-, FAVOR Code Developed for Integration and 
\,~) Application of Updated PTS Assessment Technology
 

1-.., . ~o 

Of .. * ..... 

THERMAL-HYDRAULICS 

EMBRITTLEMENT 
CORRELATIONS 

FLAW 
CHARACTERIZATION 
(PLATES AND WELDS) 

DETAILED NEUTRON 
FLUENCE MAPS 

PRA 

APPLICATIONS USING 
GENERIC AND PLANT

SPECIFIC DATA 

TECHNICAL BASIS FOR 
REVISION OF PTS 

REGULATION 

RVID 

.... 

EXTENDED Klc AND K la 
DATABASE 

I FRACTURE MECHANICS 

DEVELOPMENT AND 
APPLICATIONS OF 
FAVOR CODE 
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;:w.P.R...<.>~\ Development of FAVOR Code Initiated After..·.i.C

~,~1 Yankee Rowe Review in Early 19905 
"/) ~ 

'**_k+c 1l 

•	 Objectives: - Combine best attributes of NRC funded 
OCA-P and VISA-II codes into a single, 
validated, user-friendly, fracture code 
that complies with regulatory criteria 

- Incorporate lessons learned from IPTS 
and Yankee Rowe 

•	 Status: - Code now in third generation 
(FAVOR 99.01) 

•	 Plan: - Continue development to incorporate 
advanced technology derived from 
NRC and industry R&D 
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f/l ° 
~ . I FAVOR to Support Possible Revision of PTS 
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,. * 1< '" Regulation 

•	 Flaw characterizations from NRC research 
(plates and welds) 

•	 Detailed fluence maps 

•	 Embrittlement correlations 

•	 RVID 

•	 Fracture toughness models 

•	 Surface-breaking and embedded flaws 

•	 Inclusion of through-wall weld residual 
stresses 

,	 ,
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Continued Development of FAVOR is a
 
Cooperative Effort Among NRC
 
Staff/Contractors and Industry
 

• Interim versions released to industry for application 
and evaluation 

- Version 9901 (October 1999) 
- Next version planned for May 2000 

• Evaluations are vigorously assessed via frequent 
combined NRC/industry public meetings 

• Goal is to gain understanding on PFM methodology 
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*ABAQUS is a Commercial Multi-dimensional Finite Element Code with Fracture
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'/) ~ Concluding Remarks * * *	 ..... 

•	 Work in various PFM technical areas continuing 
vigorous'ly 

•	 Major technical activities expected to be 
completed during April/May 

•	 FAVOR code planned for release in May 
•	 Technical enhancements to be implemented in 

FAVOR as they are completed 
•	 Coordination and interaction with PRA/Risk and 

TH Subgroups continuing 
•	 HB Robinson's opting-out and addi.tional 

developments have moved the schedule by 2 
months or so in PFM area. 
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