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Goldsim  ‐ introduction


•Goldsim is a software solution used for modeling 
dynamically complex systems.


• It includes Sampling‐Based modules allowing 
probabilistic calculations


• It has been successfully used as framework for HLW, 
intermediate and LLW repository disposal assessments


Yucca Mountain – U.S. DOE ‐ RW
Savannah River Tank Farm Sites – U.S. DOE‐EM
Proposed LLW and Spend Fuels Site Assessment – Republic of Taiwan
Proposed LLW Repository – Republic of Korea 
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Goldsim choice for pilot study
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• Easy to quickly develop a framework and couple external modules
using a standardized interface and dynamically linked libraries 
(DLLs)


• Implementation using a graphical user interface which results in a 
influence diagram representation of the model


• Includes native Monte Carlo with LHS option


• Ability to run on single PC using the windows operating system


• Possibility of using multi core/multi processors in order to run 
probabilistic calculations in parallel
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xLPR pilot – main page
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Uncertainty Structure Model


Inputs
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Uncertainty Structure
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Three loops: 
•One outer loop for epistemic 
uncertainty


• Two inner loops for aleatory 
uncertainty


• Inner loop size (aleatory 
sample size) conditional on a 
parameter (modeling case)
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Input data – epistemic uncertainty
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• Every element created (or moved) into this folder will 
be sampled according to epistemic sample size and 
structure
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Input data – aleatory uncertainty


• Similarly to epistemic set, every element created (or 
moved) into this folder will be sampled according to 
aleatory sample size and structure
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Main Model
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• For each epistemic and aleatory realization, the model is run 
deterministically
• At each time‐step, the model will 


1. Check for new cracks (and copy results from previous time‐step)
2. Grow each crack and update crack type
3. Check for coalescence 
4. Check for Criticality
5. Calculate leak rate for TWC 
6. Estimate probability and results of a potential inspection
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Crack Initiation
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• Transfer information of crack properties from previous 
time‐step


• Any potential new crack is added according to its 
failure time
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Crack Growth modules
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• 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


October 28th  2009 xLPR – Computational Group Meeting
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Surface Crack Growth module


• Conditional Container run only for Surface Crack


• run Ksurf DLL  used results to run Grower DLL 


• update properties if SC becomes TWC (i.e., if crack depth  = thickness)
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Through Wall Crack Growth module


12


• Similarly, run only for Through Wall Crack


• run Ktwc DLL  used results to run Grower DLL 
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Coalescence module
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• called for all cracks : NOT a conditional container


• Not implemented yet (wait for new version)


• Currently pass information to next module
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Criticality module
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• Conditional Container – called for each crack


• Cracks treated differently according to  their type (Surface Crack 
or Through wall crack) as for the Growth modules


• Not implemented yet: Currently pass information to next module
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Leakage Module
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• Conditional Container – called for each crack


• Only TWC considered (no leakage for SC)


• Results of properties saved for each crack
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Inspection
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• Conditional Container – called for each crack


• Will have the same structure as Growth and Criticality Container


• Not implemented yet: Currently pass information to next module 
(Initiation)
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Future 
Development
NOT in pilot


Crack Type: methodology
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No Crack
0


Surface Crack
‐1


Through Wall
Crack
‐2


Complex 
Crack
‐3


Coalesced
x>0


initiation


coalescence


coalescencecoalescence


coalescence


Grower
or criticality


Note: As Complex cracks are 
not implemented, coalescence 
of SC and TWC gives a TWC


coalescence
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Goldsim results (1/2)
results conditional on at least on crack per realization over 60 yrs operation
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Distribution of crack type through time 
for an aleatory sample of size 20


time (months)


0 200 400 600 800


C
ra


ck
 T


yp
e


-3


-2


-1


0


Average (over aleatory uncertainty)
Half Crack length for 7 epistemic realizations


Time (months)


0 200 400 600 800


H
al


f c
ra


ck
 le


ng
th


 (m
)


0.00


0.02


0.04


0.06


0.08


0.10


0.12


0.14


Properties of first crack. 
Left:  evolution of first crack type through time  for 20 futures
Right: expected (over aleatory) value of first half‐crack length for 7 LHS elements







Goldsim Results (2/2)
results conditional on at least on crack per realization over 60 yrs operation
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Conclusion
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• Not all modules are implemented but the code is running 


• Flexibility is preserved as it is easy to
1. Change an input from aleatory to epistemic and 


reciprocally, or to consider as a constant
2. Replace a DLL within a module or a module without 


changing the rest of the structure


• Next step is to finish implementation and analyze results 
for checking if modules perform as expected and if Monte 
Carlo techniques are appropriate to estimate xLPR








Richard Bass, Terry Dickson, Richard Bass, Terry Dickson, 
Hilda Klasky, Kalyan Perumalla,Hilda Klasky, Kalyan Perumalla,


Paul Williams, Sean YinPaul Williams, Sean Yin


SIAMSIAM--PFM: A Modular Computer PFM: A Modular Computer 
Code for Probabilistic Structural Code for Probabilistic Structural 
Assessments of Nuclear Pressure Assessments of Nuclear Pressure 
Boundary ComponentsBoundary Components
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SStructural tructural IIntegrity ntegrity AAssessments ssessments MModular odular –– 
PProbabilistic robabilistic FFracture racture MMechanicsechanics 


SIAMSIAM--PFMPFM


•Current Status and Schedule
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Background on SIAMBackground on SIAM--PFMPFM


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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SIAMSIAM--PFM PFM –– StatusStatus


Completed initial planning stage and identified the following:Completed initial planning stage and identified the following:
programming in the largeprogramming in the large: : PythonPython for platform developmentfor platform development
programming in the smallprogramming in the small: : Fortran, C, C++,Fortran, C, C++, etc. for modulesetc. for modules
tools needed for GUI building: tools needed for GUI building: PyQtPyQt
database management tools: database management tools: MySQLMySQL
numerical software libraries: numerical software libraries: numpy, SciPynumpy, SciPy
compiler libraries: GNU Compiler Collection (compiler libraries: GNU Compiler Collection (GCCGCC))
integrated development environment (IDE): integrated development environment (IDE): EclipseEclipse
Created demonstration application with Created demonstration application with GUI frontendGUI frontend
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SIAMSIAM--PFM PFM –– StatusStatus


Software Tracking System Software Tracking System –– Mercurial**Mercurial**
adopted Mercurial as our software version tracking system;
created a shared internal repository of the SIAM-PFM project 


code and technical documentation;
enabled notification emails upon each commit to the 


repository to enhance communication between developers.


*Software Quality Assurance Program and Guidelines, NUREG/BR-0167, U. S. NRC, 17 Feb 2000.


Implemented QA practices consistent with NUREG/BRImplemented QA practices consistent with NUREG/BR--0167*:0167*:


**Mercurial is an open-source (GNU GPL 2.0) cross-platform, distributed revision control tool for software 
developers. Written in Python and C, its major design goals include high performance and scalability, 
decentralized, fully-distributed collaborative development, robust handling of both plain text and binary files, and 
advanced branching and merging capabilities.
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SIAMSIAM--PFM PFM –– StatusStatus


Issue Tracking System Issue Tracking System –– Trac**Trac**
adopted Trac as our issue tracking system;
created a SIAM-PFM project in Trac to document and follow 


up on software change requests, improvements, and bug fixes;
Trac provides an interface to Mercurial to see the latest 


committed versions of the code and the history of all commits;
Trac also provides a wiki to document the project.


*Software Quality Assurance Program and Guidelines, NUREG/BR-0167, U. S. NRC, 17 Feb 2000.


Implemented QA practices consistent with NUREG/BRImplemented QA practices consistent with NUREG/BR--0167*:0167*:


**Trac is an open-source (GNU GPL 2.0 and BSD) cross-platform, web-based project management and bug- 
tracking tool. Written in Python, Trac allows hyperlinking information between a computer bug database, revision 
control, and wiki content. It serves as a web interface to the revision controls systems Mercurial, Subversion, Git, 
Bazaar, Perforce, and Darcs.
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SIAMSIAM--PFM PFM –– StatusStatus


Trac is an open-source (GNU GPL 2.0 and BSD) cross-platform, web-based project management and bug- 
tracking tool. Written in Python, Trac allows hyperlinking information between a computer bug database, revision 
control, and wiki content. It serves as a web interface to the revision controls systems Mercurial, Subversion, Git, 
Bazaar, Perforce, and Darcs.


SIAM-PFM wiki (currently available only on ORNL internal network)
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SIAMSIAM--PFM PFM –– StatusStatus


established the established the architectural layeringarchitectural layering of SIAMof SIAM--PFM andPFM and
adopted the Modeladopted the Model--ViewView--Controller (MVC*) architectural Controller (MVC*) architectural 


pattern which isolates problempattern which isolates problem--domain logic from input and domain logic from input and 
presentation, permitting independent development, testing, and presentation, permitting independent development, testing, and 
maintenance of each logical element,maintenance of each logical element,


identified the different layers of the code that will compose 
the xLPR module to facilitate separation of concerns, and


identified and defined the core classes and their properties 
that will constitute the Model Layer.


In developing the logical architecture of SIAM-PFM’s 
object-oriented design we have:


*Model – is the domain-specific representation of the data on which the application operates.
*View – renders the model into a form suitable for interaction, typically a user-interface element.
*Controller – receives input and initiates a response by making calls on model objects.
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SIAMSIAM--PFM PFM –– StatusStatus
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SIAMSIAM--PFM PFM –– StatusStatus


SIAMSIAM--PFM Code Implementation PracticesPFM Code Implementation Practices


Standard Heading Template: By using a universal template 
we will require that each file has the properties that document 
the project (organization, team, and project names) and 
properties that uniquely identify the file (created date, author, 
last changed by, date changed, and revision).


Code Documentation: We will encourage the usage of 
Python docstrings, which are conventions to document the 
code to generate an html version of the API. We will ensure that 
our comments are significantly meaningful to make the code 
more readable and maintainable


*Software Quality Assurance Program and Guidelines, NUREG/BR-0167, U. S. NRC, 17 Feb 2000.


Implemented QA practices consistent with NUREG/BRImplemented QA practices consistent with NUREG/BR--0167*:0167*:
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SIAMSIAM--PFM PFM –– StatusStatus


SIAMSIAM--PFM Code Implementation PracticesPFM Code Implementation Practices


Code Reviewing: We are meeting twice a week to review our 
progress and ensure that we are following our development 
conventions.


Prototyping: By dividing our work into smaller problems and 
creating simple and fast prototypes as proof of concept, we 
ensure that problems are analyzed and solved. We will continue 
this practice to understand new concepts and implement new 
ideas that will be included later in the revised versions or 
disregarded as needed.


Unit Testing Approach: Concurrent to our source code 
development, we will develop a testing suite using Python’s 
Unit-Testing framework to ensure that each function performs 
as required.


*Software Quality Assurance Program and Guidelines, NUREG/BR-0167, U. S. NRC, 17 Feb 2000.


Implemented QA practices consistent with NUREG/BRImplemented QA practices consistent with NUREG/BR--0167*:0167*:
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SIAMSIAM--PFM PFM –– StatusStatus


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


We shall be adding a new member to 
the team in November:
S. B. Yoginath – Computer Science
Modeling and Simulation Group
Computational Sciences and Eng. Div.
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SIAM-PFM Status - Schedule


We expect to have a 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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SIAM-PFM Status - Summary


Frontend 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 in place: Mercurial and Trac.


Layered software architecture (MVC) has been defined.


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


The object-oriented design and analysis phase has begun.


Algorithmic decomposition is proceeding.


Model layer classes are now being coded.
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SIAM-PFM Status - Schedule


Backup Slides
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Scipy.stats Library 
 
 
Statistical Functions 
===================== 
 
This module contains a large number of probability distributions as 
well as a growing library of statistical functions. 
 
Each included distribution is an instance of the class rv_continous. 
For each given name the following methods are available.  See docstring for 
rv_continuous for more information 
 
:rvs: 
   random variates with the distribution 
:pdf: 
   probability density function 
:cdf: 
   cumulative distribution function 
:sf: 
   survival function (1.0 - cdf) 
:ppf: 
   percent-point function (inverse of cdf) 
:isf: 
   inverse survival function 
:stats: 
   mean, variance, and optionally skew and kurtosis 
 
Calling the instance as a function returns a frozen pdf whose shape, 
location, and scale parameters are fixed. 
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Method Recommendations for 
Calculating Low Probabilities 
and the Associated Uncertainty


Robert E KurthRobert E Kurth
Research Leader, Probabilistic MechanicsResearch Leader, Probabilistic Mechanics


Equipment Development and Mechanical SystemsEquipment Development and Mechanical Systems
Cedric SallaberryCedric Sallaberry
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Probability and Uncertainty


• xLPR Framework addresses three overall structures
– Object Oriented Commercial (OOC) Framework
– Object Oriented Open Source (OOOS) Framework
– OOC/Legacy Framework


• The first and third approaches could have limitations imposed 
outside of the program if needed tools are not available in the OOC 
package


• All three approaches can be driven by a probabilistic driver or 
control program


• Therefore I will change to a functional representation in which he 
responses of interest are functions of the inputs
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Probability and Uncertainty


• There will not be a single response there will be many responses of 
interest (crack initiation time, crack depth, crack length, leakage, etc.) and 
most will be functions of time


• Thus there are M response of interest and N inputs to the response 
vector


• Each of the RK functions could be different or they could be a non-analytic 
function such as PRAISE or PROLOCA


• We are interested in calculating two things
– The probability that a response exceeds a specified level
– The uncertainty in this probability


( ) ( ) ( )[ ]NMNN xxxtRxxxtRxxxtRR ,,,,,,,,,,,,,, 21212211 KKKK=
⇒
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Probability and Uncertainty


• The calculation of the probability
– Many different methods are available, e.g. Monte Carlo
– The purpose here is not to describe each but to focus on three that are 


planned for examination
- Monte Carlo
- Latin Hypercube Sampling (LHS)
- Discrete Probability Method (DPD)


– All three methods are simulation methods and all three use the same basic 
structure for calculating the CDF of the response


- Obtain a value for each input variable based on its individual PDF
- Calculate the response(s) for these values
- Repeat for the number of simulations the method requires


– The key differences are in the method of obtaining the value for each input – 
but that is for later
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Continuous, Smooth, Differentiable 
Response: Continuous Response
• When continuous and 


smooth responses are 
expected then many 
different response surface 
estimation methods are 
available


• The calculation time will not 
be considered – yet – but 
rather the features of the 
proposed methods are 
examined


• The response is assumed to 
be as shown to the right
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Latin Hypercube Sampling
• The LHS is constructed by dividing the input response distribution into M 


equal probability intervals for each of the inputs.
– The first interval for the first variable is then randomly paired with an interval from the second 


variable, leading to a couplet of (x1,1 , x2,r(2,1) ) where r(2,1) is the selected random interval for variable 2
– If there is a third interval then this couplet is randomly paired with an interval from the third variable 


leading to a triplet, (x1,r(1) , x2,r(2) , x3,r(3) ) where r(3,1) is the random interval selected for the third 
variable.  


– If there are N random variables then this process is repeated N-1 times leading to an N-tuplet X1,1 , 
X2,r(2,1) , X3,r(3,1) … XN,r(M,1) where r(i,j) is an integer resulting from a permutation of numbers between 1 
and N .  


– To obtain the actual value of xL we would generate a random value according to the PDF of the 
variable selected from interval L.  


• This N-tuplet then is the input that generates a single response.
• To obtain the next set of inputs the same process is repeated except that 


if an interval has been previously selected it cannot be selected again.
– Thus a sampling without replacement scheme is used.  
– This implies that there will be exactly M responses generated.  
– Thus for N variables there are MN possible combinations of the inputs.
– Therefore the LHS design will sample M1-N fraction of the response space.
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Continuous Response
• There is much literature on 


LHS and this is simply the 
basics


• One purpose of the pilot study 
is to examine which advanced 
method should be employed


• This is not the focus here but 
rather to focus on the methods


• We can use the LHS design to 
examine the response and, as 
the figure to the left indicates, it 
performs reasonably well


• The specifics of the LHS 
method were well explained 
and documented previously 
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Continuous Response


• The previous slide 
showed a LHS with 20 
bins for the input PDF


• On this slide 100 bins 
are shown and it 
provides additional 
details about the 
shape of the 
distribution


• The number of bins 
becomes a function of 
the calculation time – 
not yet considered
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Continuous Response


• An alternative method is the 
DPD algorithm which is 
shown to the left


• This method, usually, 
requires more samples than 
LHS


• The advantage is in the 
importance sampling 
scheme which will be 
discussed later
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Continuous Response


LHS and DPD Sampling
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Fractured Response Space


• Unfortunately many physical models and engineered 
systems are not connected, smooth, and 
differentiable


• Piping systems are one such example
– Crack initiation
– Crack location
– Number of cracks


• I use the term fractured response space to describe 
a topologically unconnected surface


• To illustrate an artificial example is constructed
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Fractured Response Space


• This surface has 
regions of peak 
responses that are 
disconnected or 
“fractured”


• These can arise 
from several 
sources in piping 
rupture
– Crack location
– Water Chemistry
– Inspection changes
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Fractured Response Space


• The issue becomes 
how to sample from 
this space


• LHS while a “dense” 
sampling of the 
individual PDF is a 
“sparse” sampling 
of the response 
space


• Monte Carlo 
Analysis can be 
computationally 
prohibitive
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Fractured Sampling: Monte Carlo 
10,000 Samples
• Monte Carlo will find the 


responses
• It may take a long time to 


find these responses
• Many of the responses that 


are calculated are of little or 
no interest


• How can the efficiency of 
finding these responses be 
calculated?
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Fractured Sampling: LHS 50 


• LHS can be used to find 
general trends and shapes


• How does the “island” 
probability in a fractured 
response space get defined?


• Alternative methods may 
need to be employed


• DPD methods will be 
examined
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Fractured Sampling: LHS 50 
Projected


• Because the peaks and 
valleys hide some feature we 
project the response surface 
onto the X-Y plane


• For the low number of LHS 
bins we find that some areas 
of interest are missed


• Replicate designs can be 
used to address these issues
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Fractured Sampling: DPD 20 
Projected


• DPD 20 refers to the number 
of bins just as in LHS


• However, for a DPD 
calculation the number of 
runs is the number of bins 
squared (for two variables), 
202=400


• The RASCAL methodology 
allows smaller sample sizes 
to be used but this is not 
critical for this overview 
discussion
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Fractured Sampling: Replicate LHS 
50 (8 replicates) Projected
• Even in these cases we may 


not have sufficient samples 
to identify parts of the 
fractured response surface


• LHS does not provide 
tagging methods
– Tagging implies in the post 


processing phase we can 
identify sources of uncertainty


– This allows switching aleatory 
and epistemic (discussed later)


• LHS can be modified by 
using conditional means 
rather than sampling in the 
intervals allowing tagging


Red: LHS 20


Blue: DPD 20


Black LHS 20, 8 replicates
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Response Space Sampling 
Summary
• Three approaches are being investigated


– Object Oriented Commercial (OOC) Framework
– Object Oriented Open Source (OOOS) Framework
– OOC/Legacy Framework


• Each methodology must be adaptable to accommodate 
sampling by
– Monte Carlo using simple random sampling
– Latin Hypercube Sampling (LHS)
– Discrete Probability Distribution (DPD)


• As the pilot study develops trades will be made among run 
times, ability to QA, accuracy, and uncertainty handling
– All must be able to have QA and uncertainty handling
– Accuracy and run times will necessarily be trades







Computational Framework Options for xLPR, October 28th, 2009 NRCComputational Framework Options for xLPR, October 28th, 2009 NRC Rockville MDRockville MD


20


Sampling Uses in Probability 
Estimates and Uncertainty Analysis
• The term uncertainty analysis tends to be used to 


mean a variety of things
• In the xLPR program we are interested in two results


– The probability of an event occurring
– The confidence we have in this probability


• So far we have only addressed how we obtain 
responses given random inputs


• Now we discuss how the probability of the 
magnitude of response can be addressed


• We continue with the fractured response space
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Probability and Uncertainty


• The calculation of the 
probability that a response is 
less than a value is easily 
calculated using Monte Carlo


• There is a 50% chance that 
the response is less than 
0.818


• How confident are we in this 
number?
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Probability and Uncertainty


• Because of the fractured 
nature of the response 
surface our confidence is 
“low” except in the largest 
values


• While out best estimate of 
the probability that the 
response is less than or 
equal to 10 is 80% we do not 
have high confidence
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Probability and Uncertainty


• Since each individual CDF 
represents a 2 percentile 
response value we can 
estimate the 95% confidence 
interval


• At a value of 80% we are 
only confident that the 
response value is between 0 
and 40


• This is nearly the entireentire 
range of the responses
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Epistemic and Aleatory Uncertainty


• In current example of fractured response surfaces 
we have a large variability in the response


• This is due to the “islands” in the response surface
• We can examine the increased confidence in the 


response over the entire range
– It is important to investigate conditional confidence, or 


confidence over selected ranges
– The “island” uncertainty may not contribute significantly to 


the response CDF however these islands may be the most 
significant for the question posed


• Removal of the peak responses at low probabilities 
is of interest
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Reducing Epistemic Uncertainty


• If the epistemic uncertainty 
can be reduced then the 
overall response uncertainty 
can be reduced


• In the fractured response 
space example reducing the 
uncertainty narrows the band 
of potential responses


• This increases our 
confidence in the calculated 
response


• Impacts of additional 
analyses and/or testing can 
be made
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Epistemic Uncertainty Reduction


• Examination of the CDF 
alone is not always sufficient


• Examination of the sampled 
space can be beneficial


• Methods for response 
variance partitioning should 
be employed
– These methods are not 


excluded by the sampling 
procedure used (Monte Carlo, 
LHS and/or DPD)


– They may need to be modified
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Importance Sampling


• It is anticipated that all methods will need some form of 
importance sampling
– Sparse response surface sampling may miss ruptures
– Dense response surface sampling may not be computationally feasible


• Adaptive sampling may be useful
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Response surfaces (continued)


• In probabilistic analysis and risk assessment it is 
also often true that even though the mechanistic 
model ff


 
is known it is too complex to evaluate


• In either situation a strategy for developing the 
functional form of the response surface must be 
developed.


• While the function RR may be of any analytic and 
continuous form we will focus on
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Response surfaces (continued)


• To develop a response surface it is necessary to 
define the goal of the analysis
– Empirically developed based on testing
– Empirically developed based on analysis


• In the former case there will always be a “lack of 
knowledge” or epistemic uncertainty


• In the latter case the lack of knowledge uncertainty 
may exist but can be eliminated through analysis


• Response surfaces can be used for estimation via 
interpolation – extrapolation is almost always a bad 
idea
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Summary of Uncertainty and 
Probability Methods for xLPR
• Three methods will be examined for probability of rupture 


calculations
– Monte Carlo
– LHS
– DPD


• All are simulation methods we do not anticipate using semi- 
analytic methods (response surface)
– While faster than simulation in a fractured response space they may 


not be accurate 


• Regardless of which method is selected as a primary tool 
each will have to utilize some form of importance sampling
– Base methods are currently available 
– Advanced methods will be investigated in the next quarter
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• The program plan describes the logic, modules 
and framework architecture for the alpha xLPR 
code to be used as part of the pilot study


• Pilot Study to develop a simplified assessment 
tool for dissimilar metal pressurize surge nozzle 
welds


• Provisional input data and models have been 
selected to support the development of the 
framework architecture.


Overview
 Program Plan for Alpha xLPR Framework Development
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• 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


Program Plan -
 


Outline
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• 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


Program Plan -
 


Outline
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Section 1: Uncertainty Handling


• Section focuses on consistency in :


– uncertainty characterization of inputs 


– propagation of uncertainty in the analyses 


– parameter sensitivity studies 


5







Section 1.1.1: Uncertainty Characterization


• Recommend a systematic approach to 
uncertainty characterization


• Unified treatment of uncertainty over all modules


• Two categories of Uncertainty:
– Aleatory –


 
natural, unpredictable variation, or 


irreducible uncertainty (e.g., timing and magnitude 
of an earth quake)


– Epistemic
 


–
 


due to lack of knowledge or data, 
conceptually reducible
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Section 1.1.1: Uncertainty Characterization


• Separation of the uncertainty allows for the 
assessment of the impact of epistemic 
parameters on the uncertainty in the results


• Allows for the prioritization of data needs, 
additional testing, better models, etc.


• Initially, a Monte Carlo approach is recommended 
for the alpha model and pilot study problem
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Section 1.1.1: Uncertainty Characterization
 Summary


• Uncertainty Parameters defined by inputs and 
models groups 


• Using systematic approach
– Classify Parameters as Aleatory or Epistemic
– Identify Parameter Distributions (ranges and 


distribution type, e.g. normal, uniform, etc)
– Identify Parameter Correlation
– Unified uncertainty method for all modules 


(decouple the uncertainty sampling from the 
modules)
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Section 1.1.2 Propagation of Uncertainty


• Uncertainty will be propagated using sampling 
based methods and numerical integration
– Monte Carlo (random or LHS)
– Quadrature Method


• Other complementary methods will be 
investigated
– Importance sampling
– Use of model scenarios
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Section 1.1.3 Sensitivity Analysis Techniques


• Uncertainty Analysis refers to the determination of the 
uncertainty in the analysis result that derives from the 
uncertainty in analysis inputs.


• CCDFs with mean, standard deviation, quantiles


• Sensitivity Analyses refers to the determination of the 
contributions of individual uncertain analysis inputs 
to the uncertainty in analysis results (post 
processing)


Partial rank Correlation Coefficients (PRCCs)
Standardized Rank Regression Coefficient (SRRC)


• Other non-linear or nonparametric techniques if 
needed
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Section 1.1.3 Sensitivity Analysis Techniques


consequence


Likelihood
of occurrence


Possible
futures


Uncertainty in 
likelihood w/ respect to 


consequence Ci


consequence


Likelihood
of occurrence


Possible
futures


• CCDFs 
– Each represent a distribution of 


effects of aleatory uncertainty 
– Each set represents a 


distribution of the effect of 
epistemic uncertainty
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Section 1.1.3 Sensitivity Analysis Techniques
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• INFIL – Pointer variable for four alternative surface 
infiltration models


• Results in four alternative three dimensional flow 
fields


• Many effects including: seepage rates (m3/yr/WP) 
above CSNF WPs in percolation bin 3 under nominal 
conditions (TSPA AMR Figs K4.3-1, -2)
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• SRRC 
Example
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• IGRATE – Defining rate (yr-1) for Poisson model for occurrence of igneous events. 
Piecewise uniform on [0, 7.76×10-7 yr-1]


• Example: Expected dose (mrem/yr) to RMEI from igneous intrusion (TSPA AMR 
Figs K6.7.1-1,-2)


• PRCC Example







Section 1.2  Alpha xLPR Process


• Overall Flow
– Figure 3, Program Plan
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Section 1.2  Alpha xLPR Process (Figure 4)
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Section 2. Time History Development


For a single realization, a time history will be 
developed at time=0 (outside the time loop) for the 
following modules:


• Load History (excluding crack face pressure) –
 Section 4, including:


Transients
Earthquakes


• Initiation Times for PWSCC cracks –
 


Section 6.
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Section 3. Geometry and Material Properties


Alpha xLPR framework will focus on only a single 
weld, or section of pipe, that will be considered as 
one circumferential plane.


• Geometry and material properties will be limited to 
PWSCC of pressurize surge nozzle dissimilar metal 
weld


• Assume surge nozzle geometry is constant, from 
MRP 216 data, the alpha study will use:


15 inch outer diameter (NPS14, MRP 216)
1.58 inch wall thickness at the weld 
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• Surge Nozzle Geometry
– Figure 5, Program Plan


Section 3. Geometry and Material Properties


Butter Dissimilar Metal Weld


Fill-in WeldMaterial Properties will be specific 
to the  pressurizer surge nozzle
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Section 3. Geometry and Material Properties


Material Properties


• Material Properties will be specific to the  
pressurizer surge nozzle


• Strength
• Fracture toughness
• Yield and Ultimate Strength of base materials
• Elastic Modulus


• Materials’
 


constitutive response is assumed to 
follow the Ramberg-Osgood relationship (p. 13 in the 
Program Plan)
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Section 3. Geometry and Material Properties


• Material Properties
– Table 1, Program Plan
– Need upper and lower 


bounds (i.e., truncated)
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Section 4. Loads


All loads will be input at time=0 from the Load Module


• Load Module Inputs
• Load Components (Normal Thermal, SSE, NormalThermal 


Stratification)
• ID welding residual stress (σ0WRS


 


)


• Load Module Outputs
• Membrane and bending stress components


Pressure
Dead Weight
Normal Thermal (including stratification)
SSE


• Welding residual stress coefficients (Section 7.2.1)
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Section 4. Loads


Load Module


• Inputs
• Internal pipe pressure, P
• Outer Diameter, OD
• Weld Thickness, t
• Loads for Surge Nozzle, Fx


 


, Mx


 


, My


 


, Mz


 


(MRP-216) (Table 2, 
Program Plan from MRP 216)


• Through-thickness weld residual stresses (σ0WRS ) and 
Distance where WRS crosses axis (xc


 


) (Section 7.2.1)


• Outputs
• σ0P, σ0DW, σ0NTE, σ1WRS, σ2WRS, σ3WRS, σB 


• SSE Stresses
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Section 4. Loads –
 


Load Module


Axial Membrane Stress Components
– Equation 5, Program Plan
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Section 4. Loads –
 


Load Module


Effective Moment
– Equation 7, Program Plan
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Section 4. Loads –
 


Load Module


Global Bending Stress
– Equation 8, Program Plan
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Section 4. Loads –
 


Load Module


Welding Residual Stress
– Equation 12, Program Plan
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Section 4. Loads


Spatial Distribution of Stress
• Axial membrane stress constant around circumference
• Bending Stress calculated at maximum location and scaled to the 


azimuth location
• Equation 9, Program Plan
• Used in Crack Placement Module


ɸ is the azimuthal location (radians) of 
the crack center relative to the 
pipe’s top dead center.
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Section 4. Loads


Transient Loads
• Thermal Stratification


• Membrane and bending stress components (Table 2, Program 
Plan from MRP 216)


• Earthquakes
• Membrane and bending stress components (Table 2, Program 


Plan from MRP 216)
• Need frequency of occurrence


• Fatigue not considered in alpha model


• Linear superposition of loads is assumed
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Section 5. Time Looping


Simulation Time
• Duration


Design Life for the pilot study 60 years


• Start Time
T=0, corresponds to initial state


• Time Steps
1 month increments


• All values are set be the user and can be changed for 
each model run
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Section 6. Crack Initiation and 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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Section 6. Crack Initiation


Crack Initiation will be determined at T=0


• Inputs
• Arrival Rate, λ
• The arrival rate, λ, will be uncertain


• Outputs
• Time to initiation
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Section 6. Crack Placement
Crack Placement determined using the following criterion:
• First, three Regions are defined:


1.


 


Region 1 (Local ID stress > as-welded stress), entire region available for 
crack placement


2.


 


Region 2 (0 < Local ID stress < as welded stress), a fraction of


 


this region, 
contiguous with region 1 is available for crack placement 


3.


 


Region 3 (Local ID stress < 0 then), crack never placed in this region


ID > AWS


ID < 0


0< ID < AWS0< ID < AWS


1


2


3


2
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Section 6. Crack Placement


• A uniform distribution [0,1]  is sampled to determine the fraction of 
Region 2 where cracks may form


• The initial


 


available angular length for crack placement is Region 1 + 
(Region 2 * fraction of Region 2 available for crack placement)


• Each crack is randomly placed;  based on uniform distribution [0,1], to 
determine its location along the available angular length for crack 
placement


No Cracks Placed


1


2


3


2


Cracks Randomly Placed
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Section 6. Crack Placement
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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







Section 6. Crack Placement
• The available angular length is equal to the initial


 


available angular 
length minus 


the angular length of previously placed cracks
the coalescence distance between previously placed cracks and the crack to be 
placed
angular lengths between two cracks (including coalescence distances) that are 
shorter than the length of the crack to be placed
angular lengths between a previous crack and region 3 (including coalescence 
distance) that are shorter than the half-length of the crack to be placed


• If the available angular length is <=0, no new cracks will be 
placed


• Flaw is assumed surface breaking and semi-elliptical


• Size of defect is sampled (user defined). For the alpha model:
Length is 3 mm (COV=5%)
Depth is 1.5 mm (COV=5%)
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Section 6. Crack Placement
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available length for crack initiation


crack coalescence distance


existing crack


new crack (shown at boundaries)


Total Region 1 and fraction of Region 2 available for crack placement


new crack will not fit between 
these two existing cracks


new crack will not fit between 
this crack and region 3







Section 6. Crack Placement


Crack Placement Module


• Inputs
• σ0 and σB 


• Previous Crack Depths
• Previous Crack Lengths
• New Crack Depths
• New Crack Lengths
• Fraction of Region 2 available for crack placement
• Random Crack Location (one for each crack)


• Outputs
• New crack location
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Crack Grower Module


•
 


Inputs
–


 
PWSCC Equation Parameters


–
 


Pipe Inside Radius and Thickness
–


 
Crack depth (a) and Half-Length (c) for Surface Crack


–
 


Half Crack Length (c) for Through-Wall Crack
–


 
K at the Surface and the Deepest Point for Surface 
Crack


–
 


K at the ID for Through-Wall Crack
–


 
Operating Temperature


–
 


Time Interval for Growing the Crack
•


 
Output
–


 
Updated Crack depth (a) and Half-Length (c) 







PWSCC Equation
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Crack Coalescence


For through-wall cracks, Coalescence Occurs when s ≤0







Crack Transitioning


•
 


When a≥t, the Surface Crack (SC) becomes a Through-
 Wall Crack (TW)


•
 


The Area of the Through-Wall crack is assumed to be 
the same as of the Surface Crack


–
 


Co
 


= Half-Crack Length (SC)
–


 
C` = Half-Crack Length (TW)
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ISI Module


•
 


Provides Probability of Non-Detection (1 –
 


POD)
–


 
Inputs


–
 


a/t, Category, β1
 


,
 


β2


•
 


Output
–


 
Prob


 
-


 
Probability of Non-Detection







POD


Ref: Results of POD Assessment for Dissimilar Metal Welds in LBB
 Scope EPRI / MRP / NRC  Public meeting  September 29, 2009 
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Crack Stability


•
 


Module to be supplied by Battelle
•


 
Net section collapse criterion used for surface cracks


•
 


LBB.ENG2 criterion used for through-wall cracks (tearing 
instability)                     
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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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Crack Opening Displacement


• Many COD estimation schemes have been 
developed


• Analyses* were completed to show GE/EPRI gave 
best predictions of FE results 


• Experiments were conducted that demonstrate the 
GE/EPRI gave the best mean predictions of COD


*Rudland, D. Wang, Y. Y. and Wilkowski, G. M. “Comparison Of 
Estimation Schemes and FEM Analysis Predictions Of Crack- 
Opening Displacement For LBB Applications,” International Journal 
of Pressure Vessels and Piping, 79 (2002) pp. 209-217
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COD uncertainty


Experimental/Predicted COD 
Fracture Analysis 


Method Mean 
Coefficient of Variance (COV), 


percent 
Original GE/EPRI 1.01 72.8 
Battelle-modified 
GE/EPRI 


1.02 86.5 


Tada/Paris 2.96 146 
 


Rahman, S., Brust, F., Ghadiali, N., Choi, Y., Krishnaswamy, P., Moberg, 
F., Brickstad, B., and Wilkowski, G., “Refinement and Evaluation of Crack- 
Opening-Area Analyses for Circumferential Through-Wall Cracks in Pipes,” 
NUREG/CR-6300, March 1995.
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Crack Morphology


• The crack-face surface roughness (μ), the number 
of turns (n) along the flow path, and the actual crack 
path length (K) are the parameters needed to 
predict pressure drops along crack front


• The effects of these parameters on the pressure 
drops will be a function of the crack opening 
displacement


• This effect is ignored in 
the alpha version on the 
code
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Crack Morphology Inputs


• Published crack morphology parameters will be 
used in the alpha version


Rudland D., Wolterman, R. and Wilkowski, G., “ Impact of PWSCC and Current 
Leak Detection on Leak-Before-Break,” Emc2 final report to NRC, January 31, 
2003
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Leak Rate Model


• At PWR conditions, fluid flow through cracks may be
– Two phase, i.e., subcooled water transitions to 


two phase flow as it passes through tight cracks
– Single phase liquid, i.e., fluid remains liquid as it 


passes through crack
– Single phase steam, i.e., fluid starts as steam and 


remains steam as it passes through crack


• Dependent on size of the opening and the 
thermodynamic state of the fluid inside the pipe 
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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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SQUiRT Validation
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• SQUiRT has been validated 
by many leak rate 
experiments – some including 
IGSCC flaws


• Detailed PWSCC validation is 
still required
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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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Mitigation


• Two types of mitigation envisioned – Pre-emptive 
and inspection driven


• For alpha version, inspection driven mitigation 
option will be limited.  As discussed, if inspection 
finds a flaw, it will be fully removed from the 
simulation.


• Other inspection driven mitigation methods will be 
included in the beta version
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Pre-emptive Mitigation


• Two option 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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Outputs


• The outputs from xLPR are going to depend highly 
on the recommendations from the Acceptance 
Group 


• For alpha version, certain outputs are required to 
verify the code is working correctly 


• This list will change as the code is further developed 
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Outputs


• An echo file that replicates the input
• Probability of particular crack opening sizes 


(initiation, leakage, and other COA) as a function of 
time. 
– Without inspection, without SSE
– With inspection, without SSE
– With inspection, with SSE
– With and without mitigation


• All intermediate data, i.e., crack length and depth 
distributions as a function of time, are saved for post 
processing 
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CM vs. QA


• Configuration Management (CM) is the process that 
focuses on establishing and maintaining consistency 
of a system's or product's performance and its 
functional and physical attributes with its 
requirements, design, and operational information 
throughout its life.


• CM can be defined as the management of quality 
assurance (QA) requirements, e.g., control of changes 
made to hardware, software, models, documentation 
throughout the product life cycle
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CM not QA


• Many, if not all, of the physics models that will be 
implemented in the Pilot Project framework will eventually 
be modified or replaced based on the recommendations of 
the Models Group. 


• The software (e.g., DLLs) being developed for the Pilot 
Project to implement those physics models will eventually 
have to be modified or replaced based on those 
recommendations. 


• In light of this, it is a more efficient use of resources to 
develop the Pilot Project software under a Configuration 
Management (CM) program without full QA requirements.
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What is not being done and why.
• What is being given up by not implementing full 


software QA requirements?
– Requirements Document
– Design Document
– User Information Document
– Software Validation Report


• Little value in formal documentation for Pilot Project 
software modules.


• Validation can be addressed by a checking process. 
• Pilot Program will provide the foundation and basis for 


software QA Requirements and Design Documents.


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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What you get from a CM program.
• What will the CM program cover?


– Access control 
• software repository (on the Sharepoint site?)
• only CM lead can check-in software


– Version control (change control)
• software can only be changed via the management control 


process (equivalent to the process for directing changes to 
the xLPR framework model)


• Traceability and documentation of changes


– Checking
• software will be independently checked
• a record of the checking will be kept
• equivalent in function to the Software Validation Report
• foundation of QA requirements


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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Implementation of Proposed CM 
Plan for xLPR


• Use a systematic process for documentation and 
change control for all computational group activities


• Goals
for each module or model to be independently checked 
(without the need to contact originator)
ensures traceability e.g., documentation of corrections, 
changes, and enhancements during model or module 
development 
Ensures tractability and verification that the module or 
model is performing as intended


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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Implementation of Proposed CM 
Plan for xLPR


• Three key aspects of the CM Plan:
– Access control 


– Version control (and change control)


– Checking/Verification


• Executed using a set of desktop guidance and forms 
as outlined in a the general xLPR Configuration 
Management Plan (in draft form currently)
– For xLPR Pilot Program three main areas of CM


Model
Modules
Parameters and Inputs, including uncertain distributions


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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CM Steps for 
xLPR Model/Module Development 


• Establishment of a baseline version
– Initial Documentation Requirements


• Conceptual description (e.g., what does it do? Inputs and output 
arrays, units, etc.)


• Status (e.g., prototype, preliminary, qualified, etc.)
• Software required to execute the model (software version)
• OS and hardware requirements
• Initial model version number, developer’s name, date, and sign off 


from program CM Lead and checker


• Establish change control/versioning
– Any changes  are documented in a new conceptual 


description for the new version
– Change checklist is generated to document the changes
– Checking documented by a qualified individual


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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CM Steps for 
xLPR Model/Module Checking 


• Two checks:
1. Conceptual Model Checking


• Does the model or module execute the conceptual model 
and/or model changes as intended


2. Implementation Check (Calculation Check)
• Verify calculation/coding


– Recommend a hand calculation/Excel spreadsheet
• Verify Inputs are correct (need reference for input values 


and functions, e.g., program plan)
• Verify output are correct (compare to previous version)


– Checker signs off on a change checklist that they have 
reviewed the changes and agree that the conceptual 
model was implemented correctly.


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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CM Steps for 
xLPR Model/Module Checking 


– Checker signs off on a change checklist that they have 
reviewed the changes and agree that the conceptual 
model was implemented correctly.


– The conceptual description and change checklist (PDF 
with signatures) are stored with the model/module 
version in a controlled electronic storage device 
• Share Point?


These steps provide a traceable and defensible baseline


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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CM Steps for xLPR Parameters\Inputs


– Similar to the model/model development steps
• No conceptual description, rather each parameter (or set of 


inputs) is defined with the following information:
– Reference information to where the data originated
– Units
– Distribution type (uncertain inputs)
– Constraints/Applicability
– Status (e.g. surrogate, preliminary, qualified, etc.)


• Checked and documented by qualified individual


– The inputs/parameters and checking documentation are 
stored in an access controlled electronic storage system 
(Share Point)
• Could be in an Excel Spreadsheet (s) or Database (e.g., MS 


Access)


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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CM Steps for xLPR Access Controls


– Electronic Storage System Required
• Access Control List at top level
• Used for controlled versions, not development and testing


– Example:


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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CM in Practice


– Generally a minor additional burden with done in parallel 
with model development


– Allows for the synchronization of work across geographic 
regions and time zones 


– Reduces errors and re-work


– Makes QA requirements tractable 


NRC- RES: xLPR Program Meeting – October 28th , 2009 - Legacy Hotel Rockville, MD
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Time Topic Lead Presenter 
8:00a-8:15a Welcome, review agenda and 


meeting objectives 
Rudland, Harrington 


8:15a-8:30a Brief review of code flow Rudland 
8:30a-9:30a Computational framework 


options for xLPR 
Sallaberry – SNL 
Kurth - Battelle 


9:30a – 10:15a xLPR demos Sallaberry – SNL 
Williams - ORNL 


10:15a-10:30a Break  
10:30a-12:00p Program plan discussion 


• Overview  
• Time history 
• Geometry 
• Loads 
• Crack initiation 
• Crack placement 


Computational group – 
Mattie to lead 


12:00p-1:00p Lunch  
1:00p-2:15p Program plan discussion 


• Crack Growth 
• Crack Coalescence 
• Crack Transitions 
• Crack Stability 


Computational group – 
SIA (Dilip or D. Harris) to 
lead 


2:15p-3:00pm Program plan discussion 
• Leak Rate/detection 
• Inspection 


Computational group – 
Rudland to lead 


3:00p-3:15p Break  
3:15p-4:15p Program plan discussion 


• Mitigation 
• Outputs 


Computational group – 
Rudland to lead 


4:15p-5:00p Identify key action items from 
discussions and verify 
assignments 
 
Finalize scope / content of 
year-end status report on 
xLPR Project  
 


Rudland, Harrington 


5:00p Adjourn  
 








xLPR Public Meeting 
Legacy Hotel 
Rockville, MD 
Oct. 28, 2009 
 
Action Items Responsible Persons Due Date 
Needs to put together a list of things that are 
important to include in beta version and Version 
2.0 as well as a comprehensive list of things to 
include in the sensitivity study.   


Bruce Bishop (but 
everyone should do 
this) 


As they arise 


Models group will get beta modules to 
computational group 


Models Task Group End of January 
2010 


Models group needs to TELL computational 
group where cracks should be placed by 
incorporating stress into the initiation model.  


Models Group Dec. 2009 


Mark and Craig should poll the general assembly 
regarding candidate “experts” to include for 
consideration for the review board.  Should we 
forward the current list??  This was suggested.  


Mark Kirk, Craig 
Harrington 


 


Group – please forward formal comments on 
Program Plan to Dave (or thoughts on Version 
2.0) by November 23, 2009. 


Entire xLPR Group Nov. 23, 2009 


Computational Group will address all comments 
on Program Plan and update it. 


Computational TG Dec. 2009 


 
 
Parking Lot items POC 
Wall thickness is being assumed constant but there is some variability 
that may have a BIG effect on the result but without it being included in 
the code you cannot “test” that effect to know if it is important to 
include. 


Bruce Bishop 


We should consider fatigue crack initiation and fabrication flaws. Bruce Bishop 
 
General Items of Interest 
The Computational group is looking at two different architectures in the beta version as one of 
the goals for the pilot study is to assess the feasibility of various approaches and in the process 
of down-selecting options 
No show stoppers with alpha version were identified today so we’ve reached consensus on the 
Program Plan as written for alpha. 
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Objectives


• To present the program plan, as developed by the 
computational group, for the alpha version of the 
xLPR code


• To discuss the details of the plan as it pertains to 
the beta version of xLPR


• Identify key action items from discussions and verify 
assignments
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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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Agenda


Time Topic Lead Presenter


8:00a-8:15a Welcome, review agenda 
and meeting objectives


Rudland, Harrington


8:15a-8:30a Brief review of code flow Rudland


8:30a-9:30a Computational framework 
options for xLPR


Sallaberry – SNL
Kurth - Battelle


9:30a–10:15a xLPR demos and update Sallaberry – SNL
Williams - ORNL


10:15a-10:30a Break
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Agenda


Time Topic Lead Presenter
10:30a-12:00p Program plan discussion


•Overview 
•Time history
•Geometry and loads
•Crack initiation and 
placement


Computational group – 
Mattie to lead


12:00p-1:00p Lunch
1:00p-2:15p Program plan discussion


•Crack Growth
•Crack Coalescence
•Crack Transitions
•Crack Stability


Computational group – 
Harris to lead


2:15p-3:00p Program plan discussion
•Leak Rate/detection
•Inspection


Computational group – 
Rudland to lead
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Agenda


Time Topic Lead Presenter


3:00p-3:15p Break


3:15p-4:15p Program plan discussion
•Mitigation
•Outputs


Computational group – 
Rudland to lead


4:15p-5:00p Identify key action items from 
discussions and verify 
assignments
Finalize scope / content of year- 
end status report on xLPR 
Project 


Rudland, Harrington


5:00p Adjourn
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xLPR Flow


xL
PR


 Process


N
ested loops considered one option for 
handling uncertainty propagation
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Program Time Loop


Leak module


Crack stability 
module


Inspection 
module





		xLPR Program Plan (Version Alpha) and Update�

		Objectives

		Scope Statements

		Version 1.0 – Pilot Study

		Agenda

		Agenda

		Agenda

		xLPR Flow

		Program Time Loop



