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Computational Architecture


• We need to determine the required xLPR
code architecture within the program 
timeline and the following constraints:


• Comprehensive with respect to known 
challenges,


• Vetted with respect to scientific adequacy of 
models & inputs, 


• Flexible to permit analysis of a variety of in-
service situations


• Adaptable to accommodate evolving and 
improving knowledge
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Computational Architecture


• To meet this goal, we have decided to proceed 
down parallel paths to test two architectures
– Commercial Software
– Open Source software


• Each code will use the same “modules”, inputs, etc
• Each will be assessed based on the criteria in last 


slide
– Probably need assessment document – PIB 


developed??
• It is envisioned both NRC contractor and Industry 


contractor will perform evaluation
– Need to discuss
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Legacy Codes,


New code


O
R


N
L SIA


M
 –


O
pen Source


SN
L G


oldSim
–


C
om


m
ercial


Models


Computational


Inputs


MRP Documents
Industry support


DLL and Database


Acceptance Criteria


U
ncertainty


Flow


Whole process guided by Project Integration Board


Path Forward 
for xLPR


Regulations
ASME code


Expert Judgment







5
U.S. Nuclear Regulatory Commission


GoldSim


• GoldSim is a general-purpose simulation software program 
• Some of GoldSim’s key features include: 


– Quantitatively address the inherent variability and 
uncertainty 


– Superimpose the occurrence and consequences of discrete 
events 


– Build top-down models 
– Dynamically link external programs into GoldSim
– Directly exchange data with databases 
– Insert graphics, notes and hyperlinks  
– Create custom designed graphical interfaces 
– Carry out sensitivity analyses 
– Save your models as player files using GoldSim Player (a 


free download)
– Utilize powerful extension modules
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• GoldSim is a simulation software for modeling complex dynamic 
systems and supports decision and risk analysis by simulating future 
performance while quantitatively representing the uncertainty and risks 
inherent in all complex systems


• GoldSim software is an Object-oriented modeling environment with 
specialized functions, native Monte-Carlo capabilities and run 
controller features (manages all linked runtime software via DLL
interface)


• Use GoldSim for Alpha xLPR Model and Pilot Study to
– Develop a probabilistic framework
– Sample uncertain parameters
– Pass uncertain and constant parameters to modules (DLLs)
– Receive and process output from module, e.g., link modules 


together
– Compile, display and save model results


GoldSim for xLPR
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xLPR pilot - GoldSim


Uncertainty Structure Model


Inputs
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Crack Growth Modules


• Conditional Container – called for each crack


• Cracks treated differently according to  their type (Surface Crack 
or Through wall crack)


• Results of properties saved for each crack
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GoldSim Status


• Skeleton alpha version of xLPR complete and 
running 


• Still incorporating temporary modules
– COD 
– Inspection
– Critical flaw size


• Alpha version complete by year end
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Background on SIAM-PFM


Develop a general computational platform for NPP 
primary circuit components


Provide a systematic basis for risk-informed 
assessments 


Integrate advanced fracture mechanics techniques 
applicable to pressurized structures


Enable contributions by multiple organizations within 
a modular software architecture


Structural Integrity Assessments Modular -
Probabilistic Fracture Mechanics (SIAM-PFM)
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SIAM-PFM – Status


The SIAMThe SIAM--PFM Development Team for the xLPR Pilot Project consists of:PFM Development Team for the xLPR Pilot Project consists of:
Ms. Hilda Klasky Ms. Hilda Klasky –– software engineer researchersoftware engineer researcher
Dr. Kalyan Perumalla Dr. Kalyan Perumalla –– computer science researchercomputer science researcher
Dr. Paul Williams Dr. Paul Williams –– computational fracture mechanicscomputational fracture mechanics


ORNL will be adding a new member to 
the team in November:
Srikanth Yoginath – Computer Science
Modeling and Simulation Group
Computational Sciences and Eng. Div.
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SIAM-PFM Status - Summary


Front-end demonstration platform has been developed – available for 
review and comment.


Established international interest in collaboration. 


Two new staff members have joined the SIAM-PFM team.


Software QA tools have been put into place: Mercurial and Trac.


Layered software architecture (MVC) has been implemented.


QA-based coding practices for traceable documentation, code review,
prototyping, and incremental unit testing have been established.


The object-oriented design and analysis phase has begun.


Algorithmic decomposition for the xLPR pilot project is proceeding.


Model layer classes for the xLPR pilot project are now being coded.
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SIAM-PFM Status - Schedule


We expect to have an initial demonstrator by the end of January 
2010.


We expect to have an xLPR Pilot Project prototype ready for 
demonstration by the first of May 2010. 


The prototype will include some level of capability to also 
perform RPV beltline analysis.  
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Alpha Version of Program Plan


• Purpose and Scope
– Written by computational group to aid in 


development of framework and architecture
– Explanation of models/modules selected by 


computational group and used for framework 
development 


• These modules used as placeholders until 
models group finalizes modules


– The document is “living” and will be modified as 
we go from alpha to beta to version 1.0


– This document will also evolve into the technical 
basis for xLPR
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Alpha Version Module 
Development


• Modules were either extracted from legacy code, or 
written for this purpose


• Computational group took the liberty of selecting 
alpha version modules


• Framework being written so alpha modules can be 
easily replaced with beta modules
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Outline 


• Section 1. Overall Flow
• Section 2. Time History Development
• Section 3. Geometry and Material Properties
• Section 4. Loads
• Section 5. Time Loop
• Section 6. Crack Initiation and Placement 
• Section 7. Crack Growth
• Section 8. Crack Coalescence
• Section 9. Crack Stability
• Section 10. Leak Rate/Detection
• Section 11. Inspection
• Section 12. Mitigation and Remediation
• Section 13. Outputs 
• Section 14. Sample Problem
• Section 15. References


May cause biggest 
challenges 
going from 
alpha to beta
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Initiation and 
Crack Placement


• Crack Initiation (Section 6.2)
– Pre-existing defects not active in the alpha model
– PWSCC initiation includes for uncertainty by using 


Poisson’s arrival rate model
– Other initiation mechanisms will not be included in 


alpha model
• e.g., Fatigue, IGSCC, flow enhanced corrosion


• Crack Placement (Section 6.3)
– Calculations done using a Crack Placement Module


• Stress based criterion for crack placement 
(Amzallag, et al, 2001)


• Includes uncertainty in crack placement model
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PWSCC Initiation


• Crack Initiation will be determined at time=0
– Inputs


• Arrival Rate, λ
• The arrival rate, λ, will be uncertain
• Outputs - Time to initiation
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Where 
N(t + τ) − N(t) = number of events in time interval (t, t + τ).
τ = time interval
λ = arrival rate
k = number of cracks
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Crack Placement


TDC BDCBDC


[0] [π][‐π]


Region 1: local ID stress > yield strength


Region 2: 0 <= local ID stress <= yield strength


Region 3: local ID stress < 0


fraction of region 2 in which cracks can initiate


length in which cracks can initiate
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Leak Rate and Detection


• In order to calculate leak rate the following 
information is needed
– Crack size (length)
– Crack opening displacement (at loads) and 


shape
– Fluid conditions
– Crack morphology parameters
– A leak rate model
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Leak Rate Model


• SQUiRT - Seepage Quantification of Upsets In 
Reactor Tubes  has been developed to incorporate 
the Henry-Fauske two phase flow model and the 
single phase models.  


• Most recent versions of SQUiRT also include COD-
crack morphology models


• For the alpha version of xLPR, an older version of 
SQUiRT will be used that does not have single 
phase flow or COD-crack morphology models
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Leak Detection and Mitigation


• For the alpha version of xLPR, the leak detection limit will be 
an input (sampled).


• The calculated leak rate will be compared against sampled 
leak detection limit.


• If the leak rate exceeds the limit, the data is recorded, but the 
time loop is not exited.  


• The effect of leak detection will be calculated after the 
simulation is complete 


• It is assumed that a leaking flaw will be completely removed 
from the analyses
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Inspection


• Credit for in-service inspection will be included in 
alpha version of xLPR


• Probability of detection and inspection schedule will 
be input


• Probability of repair assumed equal to 1.  Flaw sizing 
uncertainty is ignored
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Inspection


• For the alpha version of the code, a simplified 
inspection scheme will be implemented
– The probability of non-detection (as sampled from the 


POD) will be assigned to each flaw present in the analyses 
at the inspection times


– The PND as a function of time is then used to modify the 
failure probabilities to credit for inspection


– This process assumes that all flaws found by inspection are 
fully mitigated and removed from the analyses


– Also, if one flaw is found, all flaws in the simulation are 
assumed repaired
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Pre-emptive Mitigation


• Two options for pre-emptive mitigation – Stress 
based mitigation and full PWSCC mitigation


• Mitigation time will be a user input – deterministic


• A probability of mitigation effectiveness may be 
added, which will evoke a random number to 
determine if the mitigation is effective
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Stress Mitigation


• Weld residual stress distribution for mitigated state 
would be input by user


• Using the “new” ID stress, the crack initiation arrival 
rate beyond the mitigation time would be


• The crack growth after mitigation would be driven 
by the operating loads and the sampled mitigated 
weld residual stress
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Full PWSCC Mitigation


• For this option, a mitigation time is input, and both 
crack initiation and growth will not occur in the future


• Probability of mitigation effectiveness will still apply
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Summary


• Alpha version of code underway
– Modules chosen by computational group, and 


used as placeholders until Models group 
modules complete


– What are the topics which may cause pain in 
moving from Alpha to Beta?


• Program plan written to describe alpha version and 
guide computational group in developing framework 
and architecture
– Detailed discussions tomorrow








xLPR Models Task Group xLPR Models Task Group 
Status UpdateStatus Update


Marjorie EricksonKirk, PEAIMarjorie EricksonKirk, PEAI
Howard J. Rathbun, NRCHoward J. Rathbun, NRC


Project Integration Board Meeting
October 27, 2009
Rockville, MD







Key Actions from June MeetingKey Actions from June Meeting







Activities UnderwayActivities Underway
Task SubTask Sub--groups set upgroups set up


Database & Questionnaire Format DevelopedDatabase & Questionnaire Format Developed


Model Reviews and Database Population UnderwayModel Reviews and Database Population Underway
–– PWSCC Initiation ModelsPWSCC Initiation Models
–– Crack Growth ModelsCrack Growth Models
–– Stability ModelsStability Models
–– LeakLeak--Rate ModelsRate Models
–– InspectionInspection
–– Mitigation ModelsMitigation Models
–– Additional ModelsAdditional Models


KK--solutions, Coalescence criteria, SC solutions, Coalescence criteria, SC –– TWC transition modelsTWC transition models
COA (separate from leakCOA (separate from leak--rate)rate)
Fabrication Flaws Fabrication Flaws 







Task Group Interface Action ItemsTask Group Interface Action Items
Plant propertiesPlant properties


–– Years in operationYears in operation
–– Years to EOL, EOLEYears to EOL, EOLE


Pipe and weld geometryPipe and weld geometry
Weld residual stressesWeld residual stresses
Static LoadsStatic Loads


–– Bending, axial, torqueBending, axial, torque
PressurePressure
Dead weightDead weight


–– HeatHeat--up & coolup & cool--downdown
–– Thermal expansion / stratificationThermal expansion / stratification
–– VibrationVibration


Transient loadsTransient loads
–– Earthquakes (postulated & actual)Earthquakes (postulated & actual)
–– VibrationsVibrations


Crack morphologyCrack morphology
–– Roughness, deviations & turnsRoughness, deviations & turns


Material propertiesMaterial properties
–– σσ//εε curves vs. tempcurves vs. temp
–– E, E, αα, n, n
–– JJ--R curves vs. temp.R curves vs. temp.
–– Alloy/heat chemistryAlloy/heat chemistry


Water chemistryWater chemistry
–– Conductivity, oxygen, sulfurConductivity, oxygen, sulfur


TemperatureTemperature
NDE InspectionNDE Inspection


–– Initial flaw distributionInitial flaw distribution
Location, orientation, sizeLocation, orientation, size


–– Probability of detection curvesProbability of detection curves
Piecewise linear, WeibullPiecewise linear, Weibull


Leak rate detection capabilityLeak rate detection capability
Weld repair optionsWeld repair options


–– Replace w/ similar materialReplace w/ similar material
–– Replace w/ nonReplace w/ non--susceptible materialsusceptible material
–– Overlay, inlayOverlay, inlay
–– Mechanical stress improvementMechanical stress improvement







TG Interface Items/IssuesTG Interface Items/Issues
Define process for crossDefine process for cross--communication between task communication between task 


groupsgroups
Via share site?Via share site?
Via Group leaders?Via Group leaders?


Define distinction between Inputs and Models Task Group Define distinction between Inputs and Models Task Group 
responsibilities (model parameters such as material responsibilities (model parameters such as material 
constants)constants)
Inputs: Everything Plant?Inputs: Everything Plant?
Models: Everything test facility?Models: Everything test facility?


How to keep track of How to keep track of ““parking lotparking lot”” items for full projectitems for full project







Participation and SupportParticipation and Support


Energy, enthusiasm and morale are excellentEnergy, enthusiasm and morale are excellent


Models reviews are progressing, but about 1 month Models reviews are progressing, but about 1 month 
behind schedulebehind schedule








Computational Group Progress 


The computational group has been working on the development of the alpha version of the 
xLPR code.  This work includes the development of a detailed program plan for the code 
structure as well as the selection of appropriate, yet temporary, modules to be used for the 
framework development.   As a reminder the code is being developed both with the 
commercial software GoldSim (SNL) and with open source software - SIAMPFM (ORNL).  
These versions will be use to determine which structure is appropriate for the development of 
xLPR in the required time period.  


1. Key actions from June mtg (what were your TG's action items?) 
a. SNL, ORNL, Battelle develop one page description of in-house software QA 


procedures. Include with this write-up how and why their procedures meet the 
minimum NRC requirements. In progress 


b. Rudland to update xLPR flow, pass it by the PIB, and then pass it to SNL and 
ORNL – Time  Rudland to send to PIB on Friday 6/12/09 – responses from 
PIB by 6/17/09 – Send to SNL/ORNL by 6/19/09 - Done 


c. Rudland (with the help of Kurth) to develop, from the NRC computational 
group perspective, a list of inputs, outputs and uncertainties for each model 
type.  This list will be passed to Bishop for comment and 
additions/subtractions.  The list will then be sent to SNL and ORNL. Time  
Rudland to send to Bishop in one week, Bishop to respond in one week, 
Rudland to send to SNL/ORNL within one month - Done 


d. Rudland, Kurth, Harris to talk next week on which modules from PRO-LOCA 
and PRAISE may be appropriate for this first phase of the code.  Once these 
routines are chosen, Rudland, Kurth and Harris to work with SNL to make 
sure they are in the correct format to be used with Goldsim. Time one-two 
months - Done 


2. Activities underway (what is your TG currently working on?) 
a. Finalizing alpha version program plan 
b. Finalizing alpha version modules 
c. Developing alpha version framework – Goldsim and Siam 
d. Configuration management structure (including QA) for beta version 


3. TG Interface action items (what interface issues has your TG identified where 
coordination or communication with another TG is needed?) 


a. No real problems.  We have had several computational group meetings and 
have participated in models group conference calls 


4. Participation & support (are you receiving the participation and support needed from 
your TG members?) 


a. Yes, both NRC and Industry contractors have been supporting the effort. 
b. From NRC side, SNL has been providing leadership in the development 


execution of the alpha code effort, while ORNL  is participating by not adding 
to the development 


c. From Industry side, SIA has been an active participant in both the 
development and execution of the alpha code development. 








Inputs Task Group Update – PIB Meeting 
October 27, 2009 


 
A. Meetings (telecons): 


June 11, 2009 
July 29, 2009 
August 20, 2009 


 
B. Actions: 


1. Developed list of inputs. 
2. TG members volunteered to provide input items. 
3. Input items uploaded to the SharePoint site. 


 
C. Input items uploaded to the SharePoint site to-date: 


- Plant info (EOL, years of service) 
- Material properties (tensile, fracture toughness) 
- PZR nozzle geometry 
- Loads  


- Normal thermal 
- Dead weight 
- SSE 
- Normal thermal stratification 
- Plant limiting thermal loads 


- Weld repair 
- Coolant chemistry (oxygen and hydrogen) 
- Plant cycle length 


 
D. Input Items Still Being Collected 


- Material chemistry 
- Earthquake probabilities 
- Definition of transients (heat-up and cool down) 
- Temperature - steady state, changes with time (due to up-rates, etc.)  
- Weld process information 
- Leak detection 


 
E. Issues 


- Funding (mostly resolved) 
 
F. Next Steps 


- Interface with Modeling TG 
- Treatment of uncertainty 


 
 
 
 
 
 








PIB Meeting Action Items – October 27, 2009 
 
 
Action Item Person Responsible Due Date 
Acceptance Task Group will collect information 
from each of the Task Group leaders (who will poll 
their participants) a list of assessment metrics and 
criteria, by end of the year.  A presentation should 
be ready for the next PIB meeting sometime in 
January 2010. 
 


Acceptance Task Group January 2010 


Modeling Task Group will provide lists of inputs and 
outputs for top models being considered in the 
areas of initiation and placement of cracks, leak 
models, mitigation and remediation models, and 
inspection models to the Computational Task 
Group 


Modeling Task Group Nov. 23, 2009 


Modeling Task Group will provide coded models to 
the Computational Task Group 


Modeling Task Group End of January 
2010 


Develop and propose Version 1.0 documentation 
and final report format 


Marjorie Erickson Nov. 23, 2009 


Develop list of experts to V&V the code Mark Kirk, Craig 
Harrington 


January 2010 


Recommend candidates and metrics and criteria 
for doing the version 1.0 project review. They will 
query group to see who is willing to act in this 
capacity and bring this information back to the PIB. 
 


Mark Kirk, Craig 
Harrington 


January 2010 


Prepare Gantt Chart for showing Modeling TG 
progress and how information is being handed off 
and when (and to whom).  Critical path 
documentation????  Howard will construct a simple 
method for keeping track of critical path items by 
11/6/09 
 


Howard Rathbun Nov. 6, 2009 


PIB meeting Minutes  
 


Marjorie Erickson Nov. 2, 2009 


 
 
Parking Lot Item Person 
Inputs need to collect information on snubber operability and models 
group needs to model effects of snubber inoperability on stress.   


Bruce Bishop 


We should consider uncertainty on pipe thickness Bruce Bishop 
The program needs appropriate documentation, including training 
documents, etc, and someone to maintain control over these to manage 
ongoing aspects of final version.  We need to find the “right way” to put 
this software out there. 


Craig Harrington 


Develop full parameter sensitivity study to avoid “getting into the position 
of people sitting around in a room arguing about the importance of 
various parameters and models without the ability to actually “test” these 


 Bruce Bishop 







in a sensitivity study” 
 
 
General Meeting Items 
Most funding out (except to Westinghouse and PNNL) 
The process for dealing with communication is the task group leaders with the questions or 
concerns, then email the task group leaders who they think will have the responsibility for 
developing an answer.   
We need to include the appropriate experts in each task group discussion to be available to 
quantify uncertainty – or to help the modeling/inputs experts to quantify uncertainties. 
Mohammed Modarres, etc. 
Need to keep track of milestones and goals and where we are at any given time relative to 
these for higher level briefings and marketing to execs. 
Consensus achieved on alpha version Program Plan 
Dave Rudland will maintain control of alpha program plan and continue to update it for the beta 
version as modifications are made (inputs and models). 
 
 
 








PIB Meeting Agenda – October 27, 2009 
 


Time Topic Lead Presenter 
8:00a-8:15a Welcome, review agenda and meeting objectives Csontos, Harrington 
8:15a-8:30a Review project status 


• MOU 
• Overall contracting status 
• Funding review 


NRC, Harrington 


8:30a-9:15a Review scope & schedule 
• Major milestones  


o Pilot Study (Alpha) 
o LBB - PWSCC (Beta) 
o General piping rupture (IGSCC, etc.) 


Csontos, Harrington 


9:15a – 10:30a Review project progress 
• General reports - each TG 


o Key actions from June mtg 
o Activities underway 
o TG Interface action items 
o Participation & support 


TG Co-leaders 


10:15a-10:30a Break  
10:30a-12:00p Computational framework  


• Sandia – GoldSIM ? 
• ORNL - SIAM 


Alpha version of Program plan - discussion 
• Purpose & Scope 
• Review structure & key sections 


Rudland 


12:00p-1:00p Lunch  
1:00p-2:15p xLPR Mapping 


• Companion to Program Plan 
Beta version of xLPR Program Plan  
• Concept discussion 
• How do we track scope addition, open items 


from Alpha version, simplifying assumptions?  
Alpha / Beta version Program Plan maintenance 
• Responsibility assignment 


Scope / content of year-end project report 


Marj EricksonKirk 
 
Harrington, Rudland 
 
Harrington, Rudland  
 
Harrington, Rudland  
 
Harrington, Rudland 


2:15p-3:00pm PIB staffing  
• Denny Weakland retires in Feb 2010 
• Other changes? 


Csontos, Harrington 


3:00p-3:15p Break  
3:15p-4:15p xLPR Review Board 


• # of positions & expertise required 
• Candidates 
• Arrangements to ensure independence 


Csontos, Harrington 


4:15p-5:00p Identify key action items & verify assignments 
 


Csontos, Harrington 


5:00p Adjourn  
 








xLPR PIB Meeting 


October 27, 2009
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Project Status


Memorandum of Understanding
– Develop a probabilistic assessment tool that can be


• Purpose
• Objectives
• Period of Performance
• Project Direction and Coordination
• Project Plan
• Independence
• Cost 
• Dispute
• Completion
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Project Status


Memorandum of Understanding
• Objectives


– This addendum addresses cooperative research on probabilistic 
evaluation methods and development of a computational software 
tool for nuclear plant primary piping systems.  The objectives of 
this effort are to: 
• Develop a robust analysis methodology for evaluating reactor coolant 


system piping rupture probabilities.
• Select appropriate, technically sound input data and models to 


produce best-estimate output results with quantified uncertainties.
• Develop a computational software tool that applies the input data and 


models and appropriately treats epistemic and aleatory uncertainties.
• Verify, validate, benchmark, and document the software tool to 


enable its use in support of licensing, rulemaking, design, and 
regulatory decisions by both industry and NRC.
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Project Status


Memorandum of Understanding
• Independence


– Throughout this project, appropriate independence 
between NRC and industry shall be maintained via the 
following means:
• Active participation and input by a diverse team of technical 


experts representing many points of view.
• A flexible computational framework allowing alternatives to be 


included when all parties may not agree.
• Periodic review by an outside board.
• Open access to the final product allowing vetting by the larger 


technical community.
• Independent determination by all parties in the user 


community (industry and NRC) of appropriate final acceptance 
criteria
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Project Status


NRC & MRP Support
• Overall contracting status


– MRP
– NRC


• Funding review 
– NRC
– MRP







6© 2009 Electric Power Research Institute, Inc. All rights reserved.


Project Goal – from January 2009 SOW document


Overall goal
– Develop a probabilistic assessment tool that can be 


used to directly demonstrate compliance with 
10CFR50 App-A GDC-4, and would properly model 
the effects of relevant active degradation mechanisms 
and the mitigation activities that are being undertaken 
to combat this degradation.  


General requirements
• Comprehensive with respect to known challenges,
• Vetted with respect to scientific adequacy of models & inputs, 
• Flexible to permit analysis of a variety of in-service situations
• Adaptable to accommodate evolving and improving knowledge
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Scope Statements


Short Term – Pilot Study scope
– Demonstrate the feasibility of the NRC/Industry cooperative 


process for developing a probabilistic code to address 
degradation mechanisms in piping system safety assessments


Medium Term – Full Piping scope
– Develop a probabilistic fracture mechanics tool to analytically 


demonstrate that the probability of pipe rupture remains 
extremely low 
• Initially for evaluating LBB for DM A82/182 buttwelds in the 


presence of PWSCC as well as common mitigating activities 
• Expand to a generic probabilistic fracture mechanics tool for 


evaluating degradation of RCS piping
Longer Term – Pressure Boundary Scope


– Develop a generic probabilistic fracture mechanics tool for 
evaluating degradation of pressure boundary components
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Version 1.0 – Pilot Study


Milestones
• Develop basic code framework reflecting the conceptual 


methodology
– Alpha version - Employ proxy model modules and inputs
– Beta version – Incorporate Models TG model selection input
– Version 1.0 – Tested, functional pilot code


• Exercise Version 1.0
– Preliminary probability-of-failure estimate
– Limited sensitivity study capability of key analytical 


drivers
• Define Version 2.0 scope and schedule
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Version 1.0 – Pilot Study


Objectives
• Exercise the proposed code development process


– Enlighten the open vs. closed source framework code decision
– Identify technical issues where research or information is required


• Exercise the technical & management organizational structure
– Identify and resolve interface & communication issues
– Populate the teams with needed expertise
– Gain team experience w/ decision processes


• Develop framework & exercise basic code on the sample problem
– Demonstrate consistent characterization and propagation of uncertainty
– Preliminary probability-of-failure estimate to compare with existing 


deterministic results
• xLPR functional viability demonstration
• xLPR credibility check


– Provide limited sensitivity study capability of key analytical drivers







10© 2009 Electric Power Research Institute, Inc. All rights reserved.


Version 2.0 – Piping scope


Milestone – Initial Scope: LBB - PWSCC
• Develop the probabilistic assessment capability to directly


demonstrate compliance with 10CFR50 App-A GDC-4 for A/82/182 
DM butt welds:
– Located in lines previously licensed for LBB
– Properly accounting for:


• Effects of relevant active degradation mechanisms (e.g., 
PWSCC)


• Mitigation activities being undertaken to combat this 
degradation


• Risk impact of inspections
• Verify and benchmark the computational tools to a sufficient degree 


to support NRC – Industry evaluation and resolution of LBB –
PWSCC licensing issue
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Version 2.0 – Piping scope


Milestone – Final Scope: Generic RCS Piping
• Develop the probabilistic assessment capability to directly


demonstrate compliance with 10CFR50 App-A GDC-4 for all RCS 
lines
– BWR
– PWR
– Relevant materials of construction
– Relevant degradation mechanisms
– Relevant pipe joint configurations


• Verify and benchmark the computational tools for release and use by 
competent technical experts in such analyses to support NRC and 
Industry in
– Regulatory issue resolution
– Flaw evaluation
– Mitigation method deployment
– Design analyses







12© 2009 Electric Power Research Institute, Inc. All rights reserved.


Version 3.0 – Pressure Boundary scope


Objectives – RCS Piping and Pressure Boundary Components
• Develop the probabilistic assessment capability to directly


demonstrate compliance with 10CFR50 App-A GDC-4 for RCS 
piping and pressure boundary components
– BWR
– PWR
– Relevant materials of construction
– Relevant degradation mechanisms
– Relevant pipe joint and component configurations


• Verify and benchmark the computational tools for release and use by 
competent technical experts in such analyses to support NRC and 
Industry in
– Regulatory issue resolution
– Flaw evaluation
– Mitigation method deployment
– Design analyses
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Program Plan


Separate presentation
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Development Process & Documentation


Version 1.0 of xLPR - definition of capabilities
– Program Plan & Process Mapping?


• Identify and document:
– Planned capabilities
– Key open items from V1.0 development
– Simplifying assumptions in V1.0


– Extent of additional documentation contemplated
• Rudimentary users manual?
• Project report (MRP or NRC?)


– Code description
– Result of sensitivity runs
– Lessons learned for V2.0
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Development Process & Documentation


xLPR Mapping
• Graphical presentation of the methodology & logic
• Companion to Program Plan
• Aid to technical development team and programmers
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Development Process & Documentation


Modeling Conf Call Action Items
• We need to set up a framework within the PIB for doing 


cross task group communication of information.
• We need to start a document to keep track of what we 


want in the beta version that we are not really working on 
now! This needs to be part of the PIB agenda and we 
need a process for keeping track of this information.


• Everyone (in all task groups) needs to start writing down 
concerns and issues and keep track of simplifying 
assumptions being used in the alpha version that need to 
be beefed out in the beta version. We need a process for 
collecting this information and formally documenting it as 
we move forward.
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Development Process & Documentation


Version 2.0 of xLPR definition of capabilities
– Establish process to identify and document:


• Planned capabilities beyond V1.0
• Open items from V1.0 development, 
• Simplifying assumptions in V1.0
• Users documentation & QA - V&V


– Parallel development of:
• Program Plans for V1.0 & 2.0?
• Process mapping for V1.0 & V2.0?
• Alternative?


– Program Plan maintenance
• Assign responsibility to someone(s)
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Development Process & Documentation


Periodic formal project reports


• Scope / content of year-end project report (soft MRP commitment)
– Project structure
– MOU
– Program Plan
– ?


• V1.0 Major milestone report
• V2.0 alpha Program Plan?
• V2.0 LBB – PWSCC resolution tool (if full-scope pipe analysis lags)?
• V2.0 Users Manual and Code Documentation package
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Organization Issues


PIB Staffing
• Managing turnover and continuity


– Denny Weakland retires in Feb 2010
– Other changes?
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xLPR Review Board


Why Should We have Our Own Review Board? 
– Helps keep us focused on our goals
– Ensures high technical quality
– Building review into project should streamline 


implementation of our recommendations at the end of 
the project
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xLPR Review Board


Review board organization
– # of positions (min / max, odd and not too many)
– Expertise required
– When should it be up an running?
– Need candidate nominations


Role Name Affiliation
NRC Management ??? NRC
EPRI Management ??? EPRI


Materials Expert ??? ???
Programming Expert ??? ???


Risk Assessment 
Expert ??? ???
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xLPR Review Board


Next Steps
• Someone must “own” the review board


– Must ensure independence
– Must allow us to pay them


• Finalize candidate list 
– Brainstorm candidates


• Develop statement of responsibilities
– Basic expectations
– Incorporate into contract documents


• Approach candidates to assess their willingness to serve
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Together…Shaping the Future of Electricity








xLPR Documentation


PIB Meeting


Oct. 27, 2009


Legacy Hotel, Rockville, MD







Documentation
• Model flow diagramming


– Provides framework for program and model discussions
– General model flow
– Individual model details
– Uncertainties


• Share Point Site
– Cross‐communication on working ideas/documents
– Sharing of Master Documents (databases, flow diagrams, 
etc)


• Reports
– Keep track of program status
– Version 2.0 program plan & open issues







PFM: Process Flow Diagram Approach


Social Features
Visual hierarchy
• Streamlines critique
• Enables understanding by non-


experts
Builds consensus
• Provides a common language for 


discussion
• Allows participants to “see”


their input
• Judgments regarding 


“important” effects made by the 
model, NOT the participants
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Diagramming: An Iterative Process


Develop initial process diagram


Decisions on model selection


Modify diagram, detail models


Code process


Parameter studies


Finalize diagram & code
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Diagramming Status


Updating of flow diagram, to incorporate 
detailed descriptions of individual models, 
will be done when pilot project models are 
confirmed and all inputs, model parameters, 


etc are known


Planned modification by end of 2009







Other Documentation
• Project Report (MRP/NUREG?)


– Task Group Status Reports
• Pilot Project status & challenges
• Parking Lot items for full project consideration
• Decision process (assumptions, metrics, etc)


– Management (PIB‐level) Status reports
• Funding & Contracts
• Review Board activities
• Process review


– Cross communication
– Participation & levels of cooperation


• Program Plan for Version 2.0
– Open items documentation
– Assumptions from Version 1.0 to be addressed


• Users Manual





