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ABSTRACT

This document provides an overview of the software structure and user instructions for the Structural Integrity
Assessments Modular — Extremely Low Probability of Rupture (SIAM-xLPR) software tool under development
at the Oak Ridge National Laboratory (ORNL), which supports the Nuclear Regulatory Commission’s initiative
for a new piping system assessment methodology. The new methodology will provide a tool for demonstrating
compliance with the regulatory requirement that primary power plants water piping systems exhibit an
extremely low probability of rupture (xLPR). STAM-xXLPR is a modular-based assessment tool that incorporates
a prototype XxLPR model assembled from new and existing fracture mechanics models and software. xLPR
represents one of the four subsystems currently installed in the ORNL-developed SIAM Problem-solving
Environment. The prototype SIAM-xLPR models and software modules are linked within a probabilistic

framework fully developed using open-source languages and software libraries.
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1. Introduction

As described in Ref. 1, the U.S. Nuclear Regulatory Commission (USNRC) is working cooperatively with the
nuclear industry to develop a new, modular-based, tool that incorporates a comprehensive assessment
methodology for demonstrating compliance with regulatory requirements regarding primary piping systems in
nuclear power plants. Specifically, that compliance is focused on the requirement of Title 10 Code of Federal
Regulations, Part 50 (10CFR50), Appendix A, GDC-4 [2], that primary system pressure piping must exhibit an
extremely low probability of rupture. The new tool, designated as xLPR (Extremely Low Probability of
Rupture), is being designed to numerically model the effects of the degradation mechanisms that are active in
the system, as well as the relevant mitigation activities and the inevitable uncertainties associated with complex
systems. The new initiative is a multi-year project, with an initial emphasis on methods and approaches for
addressing the degradation mechanism of Primary Water Stress Corrosion Cracking (PWSCC) in the context of

an assessment tool built on a modular-based framework.

To determine an appropriate architecture for such a modular-based system, the participants in this collaborative
project are pursuing a pilot case study [3] that utilizes a prototype XLPR model [4]. That model draws upon new
and existing fracture mechanics models and software modules that are linked within a probabilistic framework.
The specific application of the prototype model in the pilot study is to assess the mechanism of PWSCC that is
active in a pressurizer surge nozzle. Future development will extend the scope of XLPR to all primary piping

systems in pressurized and boiling water reactors.

An important feature of this pilot study is the construction, in parallel activities, of two prototype xLPR
assessment tools by two of the collaborating organizations. One of the prototype tools is based on a commercial
software (i.e., GoldSim) framework, while the second tool under development at the Oak Ridge National
Laboratory (ORNL) (i.e., Structural Integrity Assessments Modular- xLPR SIAM-xLPR) is strictly utilizing
open-source software. These dual developments (and applications) will permit the project to assess advantages

and disadvantages of each approach to the construction of a modular framework.

Below, the SIAM-PFM Problem-Solving Environment [5], in which SIAM-XLPR resides, is briefly described;
the remainder of the manual provides an overview of the structure/user instructions for the SIAM-xLPR

software tool.



1.1 The SIAM-PFM Problem-Solving Environment

The SIAM-PFM Framework [5] is a problem-solving environment being developed at Oak Ridge National
Laboratory (ORNL) for the NRC. The acronym SIAM-PFM (or just SIAM for short) stands for Structural
Integrity Assessments Modular — Probabilistic Fracture Mechanics. SIAM-PFM is intended to be an application
framework within which a wide range of nuclear power plant safety issues can be addressed in a systematic and
consistent way by using modern principles of probabilistic risk assessment. Probability techniques are applied
to problems in fracture mechanics in order to predict fracture behavior and thus to assess the structural integrity
of a variety of nuclear power-plant components that passively bear intense pressures over long periods of time.
This new platform is intended to be readily extensible to different problem classes with the level and methods of
user interaction to be determined by discussions with the U. S. Nuclear Regulatory Commission (NRC) and
potential stake holders. A common feature of the different applications within SIAM-PFM will be that they are

all the subjects of probabilistic risk assessment and will, therefore, represent “risk-informed” analyses.

At present, SIAM-PFM contains four applications; three have been developed at ORNL and one was developed
elsewhere, as noted below. All of the modules can be operated independently as stand-alone applications, or

they can be operated within the SIAM-PFM framework. The four modules include the following:

*  FAVOR - Fracture Analysis of Vessels Oak Ridge . FAVOR [6-7] is a safety assessment
tool for analyzing the effects of pressure and temperature loading due to normal and accident
conditions on commercial nuclear reactor pressure vessels (RPVs). The FAVOR code, developed
at ORNL for the U.S. Nuclear Regulatory Commission (NRC), addresses the potential for failure
by through-wall cracking of the RPV wall when the vessel beltline is exposed to thermal-
hydraulic transients, such as pressurized-thermal-shock (PTS) events, at specific points in time in
the plant’s operational history. Making use of finite element techniques and modern probabilistic
risk assessment (PRA) methodologies, FAVOR calculates estimates for the probability of
through-wall cracking of a nuclear reactor vessel due to pre-existing flaws in the wall of the

vessel.

* DISFRAC - Dislocation-Based Fracture Model with Extensions to Cleavage Initiation
in Ferritic Steels. DISFRAC is an implementation in code of a theoretical, multi-scale model
currently under development for the prediction of fracture toughness of ferritic steels in the
transition temperature region. The model accounts for temperature, irradiation, strain rate, and
material condition (chemistry and heat treatment) effects. DISFRAC permits fracture safety

assessments of ferritic structures with only tensile properties required as input.



* PRAISE - Piping Reliability Analysis Including Seismic Events. PRAISE, v04.2, [8,9]
evaluates the reliability of welds in nuclear power plant piping systems. The PRAISE code was
originally developed to provide a technical basis for the NRC to determine whether it could relax
its requirements on the combination of a safe shutdown earthquake (SSE) event and a large loss-
of-coolant accident (LOCA) for power plant piping components. In addition, PRAISE allows for
an estimation not only of the probability of the simultaneous occurrence of a large LOCA and an
earthquake, but also of the probability of a large LOCA caused by normal and abnormal loading
without an earthquake. The original development of PRAISE provided a probabilistic treatment
of the growth of crack-like weld defects in piping due to cyclic loading. This treatment of fatigue-
crack growth was later expanded to include the initiation and growth of stress corrosion cracks
(SCCs) found in boiling water reactors (BWRs). Additional development for PRAISE, v04.2 [9],
expanded the capabilities of the code to include a probabilistic treatment of fatigue-crack
initiation.

* xLPR - Extremely Low Probability of Rupture, the subject of this user’s guide, is the latest
addition to the SIAM-PFM suite. SIAM-XLPR will refer herein to the xLPR application as
implemented into SIAM-PFM.

1.2 The xLPR Model

xLPR is a methodology for assessing the integrity of nuclear power plant piping systems. xXLPR’s goal is to
demonstrate a system’s compliance with the NRC Standard Review Plan (SRP) 3.6.3 and Leak-Before-Break
(LBB) assessment procedure. Specifically, xLPR aims to demonstrate compliance with the I0CFR50 Appendix
A, GDC-4 [2] requirement, which states that primary pressure piping systems must exhibit an extremely low

probability of rupture.

xLPR is being implemented as a software tool that predicts how nuclear power plant piping systems degrade
over time; it also models the uncertainties or probabilities of degradation and predicts the probable effects of
mitigation efforts on the system. The implementation that ORNL presents in this manual corresponds to the
v1.0 version, which concentrates on the initiation and growth of primary water stress corrosion cracks
(PWSCC) in a dissimilar metal pressurizer surge nozzle weld (see Fig. 1). Hence, the degradation mechanism
and materials are fixed, but the operating conditions, pipe geometry, weld residual stress characterization,
mitigation effects, material properties, and uncertainty characterizations of the inputs to the model can be

modified by the user.



Fig. 2 presents the basic flow of XLPR. Both epistemic and aleatory trial records are sampled according to pre-
defined parameters related to load, leaks, and crack initiation. The term “epistemic” uncertainties refer to
uncertainties that reflect a lack of knowledge; i.e. the information is not present or available, but in principle
could be acquired with enough study or expert judgment. “Aleatory” uncertainties refer to uncertainties that
cannot be determined or resolved. The green block at the center of Fig. 2 represents the core of the execution:

the “Execute Time Loop” module. The Time Loop module executes the trials for each new set of variables.

The details of the Execute Time Loop flow are depicted in Fig. 3, which presents a sequence of modules that
model the crack progression in piping systems: crack initiation, crack growth, degree of crack stability, and
leakage. The figure also shows the progression of mitigation efforts: inspection, detection, and mitigation of
PWSCCs. During each time step the number of active cracks is determined, and the decision is made whether
inspection and/or mitigation will be performed. If any crack has initiated within a given time step, its location is
identified. If coalescence or merging with another crack or cracks is detected, the new combined crack’s size
and location are also determined. All new cracks initiate as internal surface cracks (SCs). Over time they may
grow through the wall of the pipe and transition to through-wall cracks (TWCs). In the case of TWCS, the
crack-opening displacement and the leakage rate are calculated. TWCs can be detected by this system when the
leakage rate is larger than a user-specified LOCA leakage rate; the system also records the predicted time of the
failure. For those cracks identified as surface cracks, the system calculates the Probability of Non-Detection

(POND), and completes the current time step.
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1.3 Scope — How This Manual Is Organized

This user’s manual is organized as follows: first, the hardware and software requirements to run the SIAM-PFM
xLPR application are presented. Second, the reader is introduced to the basics of using SIAM-PFM and the
creation of new projects and the opening of existing projects. Then, the graphical user interface (GUI) of STAM-
xLPR is explained to familiarize the reader with how to use and modify the input data to the XLPR model. After
that, instructions are given for running the application and analyzing the results. Finally, we present the
reference list, and two appendixes: one for the installation instructions and another one with the list of input

parameters, descriptions and references.



2. Getting Started

A few requirements need to be satisfied before the SIAM-XLPR stand-alone application can be installed and
run. In this section, SIAM-xLPR’s hardware and software requirements are presented and the steps for
installing and starting the program are outlined. Finally, we explain how to create new SIAM projects and open

existing ones.

2.1 Hardware Requirements

To install SIAM-XLPR, the target computer must have at least the following available memory and free hard-

drive space:

* 2 Gbytes of available RAM (above that used by the operating system) to run the probabilistic base case
in SIAM-xLPR. Additional RAM is required to run larger cases.

e 250 Mbytes of free hard-drive space for SIAM-xLPR
« 350 Mbytes of free hard-drive space for Python 2.6 and its 3" party packages

* 1.5 Gbytes of free hard-drive space for the SIAM-xLPR workspace to hold project data. This

requirement will depend on how many individual projects and cases have been created by the user.

* To be able to navigate through the GUI, the minimum resolution requirements of the display is

1200x800 pixels.

2.2 Software Requirements

To install SIAM-XLPR, the target computer must be running one of the following 32 or 64 bit Microsoft
Windows operating systems: Windows XP, Windows Vista, or Windows 7. Deployment packages are still

under development for executing STAM-PFM under Linux, Unix, and Mac OSX operating systems.

2.3  Installing SIAM-xLPR on Windows OS Computers

SIAM-xLPR follows standard Windows installation procedures:

1. Download the three binary Windows installer files: (1) SIAM_XLPR <version>.exe, (2)
SIAM_Dependenciesl.exe, and (3) SIAM_Dependencies2.exe.

2. Follow the detailed instructions given in Appendix A of this report.



3. An icon with the name SIAM_ XLPR <version> will appear on your desktop and in your “All Programs”

Menu.

2.4  Uninstalling SIAM-xLPR

In the Windows Operating System Start Menu, look for the folder called ‘Oak Ridge National Laboratory’.
There, you will find the sub-folder ‘SIAM_xLPR_<version>’. Within it, you will find shortcuts to ‘Uninstall’ as
well a shortcut to start the application. Users can go through this route as a shortcut and to avoid going to the

Control Panel to uninstall the application.

2.5 Starting STAM-xLPR from Your Desktop

To start SIAM-XLPR, click the SIAM_XLPR _<version> icon on your desktop. The window shown in Fig. 4

will appear.

Y- Workspace Launcher 7 |3

Select a workspace

SIAM-PFM stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

C:/SIAM_Workspace v

SIAM-PFM xLPR v1.01-rc3

Python 2.6 - Qt 4.5.2 - PyQt 4.5.4 on Windows

Oh Cancel

Fig. 4 Selecting a workspace.

2.6 Setting Your Workspace

SIAM-PFM stores your projects in a folder called a workspace. When starting STAM-PFM, the dialog in Fig. 4
will prompt you to specify where this workspace folder is located. On the initial startup of the program, this
selection will be blank. Click the “Browse...” button and navigate to the area where you wish to store your
projects for this session and either select an existing folder or create a new one. On subsequent sessions, the
selections that you have made in the past will be available for you to select an existing workspace or to again

create a new one. It is important that the user has write privileges for the newly created workspace folder. If in

10



doubt, check with your System Administrator about selecting an appropriate location on your file system. After
selecting or creating your workspace, the STAM-PFM main window will appear as shown in Fig. 5. The main
window consists of a menu bar, a tool bar, a Project Explorer window on the left side, a project window on the
center-right, and a Python console at the bottom. The Project Explorer (see Fig. 6) provides a view of all of the
existing projects currently in your workspace. At any time, you can right-click in the Project Explorer and either

refresh the current view or switch to a different workspace.

¥~ SIAM-PFM xLPR [ola =

Project Settings Tools Help

3 =
=) 8

Project Explorer

4 {9 E\SIAM_v1.01_Problems_Works...

3 SIAM_v1.01_52.1.00001 001 o=y W = ) WA
SIAM_v1.01_521.00001_001.... - < J s (
SIAM_v1.01_52.1.00001 001.... 5= s e A

= & ~7 e/

% SIAM_v1.01_52.1_00001 002
 SIAM_v1.01_52.25.05000_001

@9 SIAM_v1.01_52.2a_05000_002 " 3 S & :
9 SIAM 1015222 05000003 Battelle : P i S 4 <
) SIAM_v1.01_52.22_100000_006 Bt I .7 =z £ \

y SIAM_v1.01_S2.2a_10000_004 - 2 >

y SIAM_v1.01_52.2a_50000_005
) SIAM_v1.01_S4.1_50000_002

« T »

Console - SIAM-PFM & x

Welcome to SIAM-PFM xLPR v1.01-rc3
This window is a Python command line console.

>>>

Fig. 5 The SIAM-PFM problem solving environment.
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pr

- SIAM-PFM xLPR
Project Settings Tools Help

= \) B8
‘ Project Explorer

4 ¢ E\SIAM_v1.01_Problems_Works...
& SIAM_v1.01_S2.1_00001_001
SIAM_v1.01_52.1_00001_001....
SIAM_v1.01_52.1_00001_001....
# SIAM_v1.01_S2.1_00001_002
&9 SIAM_v1.01_S2.2a_05000_001
@ SIAM_v1.01_S2.2a_05000_002
& SIAM_v1.01_52.2a_05000_003
# SIAM_v1.01_S2.2a_100000_006
& SIAM_v1.01_S2.2a_10000_004
@ SIAM_v1.01_S2.2a_50000_005
# SIAM_v1.01_S54.1_50000_002

»

Fig. 6 The Project Explorer panel.

2.7 Creating a New Project

This action can be accomplished by any of the following three actions:
(1) Select “New”, from the Project menu,
(2) Click on the “Create a new project” icon in the tool bar, or
(3) Use the “Ctrl+N” keyboard shortcut.

When the “Create new SIAM project” dialog appears (Fig. 7), type in the name of the new project name and
click OK.
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Y Create new SIAM project III@

Project Title: |

Project Type: {xLPR v1.0 v J

N | ok || concel |

Fig. 7 Creating a new project.

Project | Settings Tools Windows Help

# New Ctrl+N
2 Open... Ctrl+0O
{7 CloseProject Ctrl+W

k. Switch Workspace...
kA Refresh Project Explorer

= Print Ctrl+P
Recent Projects... » 1 betal spj
Quit Ctrl+Q 2 betal.spj
V- SIAM-PFM xLPR [o)@ =

Project  Settings Tools Help

=A%) =

Hfolect Explorer
) E\SIAM_v1.01_Problems_Workspace
4 @ SIAM_v1.01_521 00001 001
i input

 output
i post

4 % SIAM_v1.01_52.1_00001_001
9 input
9 output

SIAM_v1.01 521 00001 001.zip
9 SIAM_v1.01_521.00001 002
9 SIAM_v1.01_52.22 05000 001
9 SIAM_v1.01_52.22 05000 002
9 SIAM_v1.01_52.22 05000 003
) SIAM_v1.01_52.23_100000_006

Open _
IR———erereree—il_00001_001.5pj;

: SIAM_v1.01_S2.1_00001_001.exe

9 SIAM_v1.01_52.22_10000_004
9 SIAM_v1.01_52.2a_50000_005
9 SIAM_v1.01_54.1_50000_002

H s l
ow:Rrobability.of Ruptui 2
wv oa ility/of Rupture 8”,[/(:

Console - SIAM-PFM

Welcome to SIAM-PFM xLPR v1.01-rc3

Thi v & P comnand e ol Right-click on the project file in the Project Explorer
and select open from the context menu.

Fig. 8 Opening existing projects.
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2.8 Opening an Existing Project
To open an existing project use one of the following methods:
(1) Select “Open...” from the Project menu,
(2) Click on the “Open an existing project” icon on the toolbar,
(3) Use the “Ctrl+O” keyboard shortcut,
(4) Right-click on the project file in the Project Explorer and select “Open” from the context menu (Fig. 8),
(5) Double-click on the project file in the Project Explorer, or

(6) Select a project from the “Recent Projects...” dropdown menu in the Project menu.

When using options 1-5 navigate to the desired project folder in the workspace folder, open the folder and select

the project file “<project name>.spj”.

Note that projects created on older versions of SIAM-xLPR may not be compatible with newer versions and
will not be able to function as expected. In this case, users need to create new projects in order to be able to

work on the deterministic and probabilistic base cases [10].
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3. How SIAM-xLPR Works

This section explains how to use SIAM-xLPR. It will familiarize the user with setting up a case definition,

modifying input values, running the application, and viewing the results.

The first task in using SIAM-xLPR is to define the case conditions. The SIAM-xLPR main graphical user

interface (GUI) frame has seven tabs (see Fig. 9). Input data can be entered in the first six tabs, in no particular

order. Default input values have been provided and can be modified as needed. The last tab displays the STAM-

xLPR Execute Utility window that presents a command line view of the run-through in which realizations are

created and executed according to the flows presented in Fig. 2 and Fig. 3. The tabs presented in the main GUI

frame include the following:

L.

Problem Setup tab (Fig. 10): In this tab, users can define values related to the number of
aleatory and epistemic realizations, respectively; initial seed values for the random generator
number utility [11]; properties related to the plant, such as the expected number of years of
operation, time increment for analysis and mitigation schedule; and, properties related to the

pipes, such as outer diameter and wall thickness.

Material Properties tab (Fig. 11): In this tab, users can specify input related to the dissimilar
metal weld materials; in this project the materials are: A516 Gr 70, TP 304, and Alloy 182 [3].

Crack Initiation and Growth tab (Fig. 12): In this tab, users can specify input related to crack-

dependent initiation and crack growth properties [12, 13].

Operating, Loading and Mitigation tab (Fig. 13): In this tab, users can define values related to
operating conditions, loading conditions, Normal WRS State and Mitigation WRS state [14].

In-service Inspection (ISI) tab (Fig. 14): In this tab, users can input data related to probabilities

of detection and inspection [15].

Post-processing Options tab: In this tab, users can define values of the Transformers and
Expectation modules [16, 17]. Basically, to post-process output variables to take into account
effects from leak rate detection and crack inspection, as well as averaging data for an uncertain

variable and estimate statistics (mean values).

Execution tab (Fig. 22): In this tab, users control the execution of the case as defined in the other

tabs, monitor the progress of execution, and view the resulting output files.
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|

Problem Setup Material Froperties Crack Initiation and Growth Operating, Loading, and Mitigation In-Service Inspection (ISI) | Post-Processing Options Execution

Project Settings Toels Help

Fig. 9 SIAM-xLPR user interface organization tabs.

3.1 Using and Modifying Input Values

This section explains the purpose of each of the tabs in Fig. 9. A complete list of parameter names,
descriptions and references related to each parameter can be found in Appendix B SIAM-xLPR input

parameters.

3.1.1 Problem Setup Tab

The Problem Setup tab is designed to allow the user to enter and modify the input data shown in Fig. 10. There
are seven main sections: Source of Flaws, Problem Specification- Monte Carlo Setup, Surface Crack Failure
Criteria, Through-Wall Crack Failure Criteria, Setup Plant Time Horizon, Time Increment for Analysis, and
Mitigation Schedule, Pipe/Weld Geometry and Setup Analysis Methods. Each of these sections’ input values

are outlined below.

Source of Flaws section: In this version of SIAM-XLLPR, PWSCC-initiated source flaws are assumed. Problem
Specification- Monte Carlo Setup section: Here, the user specifies how many times the system will run the two
nested loops shown in Fig. 2 by entering the number of desired aleatory and epistemic realizations. And the user

can specify the seeds for the Random Number Generator [11].

Surface Crack Failure Criteria section: The criterion of surface-crack failure used in this version of SIAM-xLPR
is net-section plastic collapse. Through-Wall Crack Failure Criteria section: the criterion applied for through-

wall crack failure is net-section collapse or LBB ENG2 elastic plastic fracture mechanics EPFM.

The methodology for net-section collapse of circumferential surface cracks is described in detail in [18]. The
LBB.ENG2 estimation method proposed by Brust and Gilles [19] for evaluating the J-integral of cracked
tubular members subjected to combined tensile and bending loads is used for assessing the stability of through-
wall cracks. In future versions of SIAM-XLPR, it is expected that other types of crack-initiation mechanisms as
well as other surface and through-wall crack failure criteria will be specifiable; for the present, however, those

sections are disabled.
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Setup Plant Time Horizon, Time Increment for Analysis, and Mitigation Schedule section: here the user

specifies the number of years that the power plant is expected to operate, i.e. the plant time horizon, and the

time at which mitigation actions for the weld under analysis are scheduled to occur; the time step used for time

integration, or the time interval used for analysis in each time step in Fig. 3. Pipe/Weld Geometry section: the

outer diameter and wall thickness can be specified here. Finally, Setup Analysis Methods section includes

entries to specify the COD, initiation and scfail methods.

A complete list of parameter names, descriptions and references related to each parameter can be found in

Appendix B SIAM-xLPR input parameters.

Project Settings Tools Help

@

Sef

Problem Setup

Material Properties Crack Initiation and Growth Operating, Loading, and Mitigation I In-Service Inspection (ISI) | Post-Processing Options I Execution

Source of Flaws

Pre-existing

PWSCC Initiated

Froblem Spedification - Monte Carlo Setup

Pre-existing + PWSCC 20 Number of aleatory realzations

Pre-existing + Fatigue Number of epistemic realizations

20
Pre-ssisting + PWSCC + Fstigue Tt M o el

Initial Random Number Generator Seeds

1234567830 123456739

Setup Plant Time Horizon, Time Increment for Analysis, and Mitigation Schedule

Surrface Crack Failure Criteria
(@ Metrsection plastic collzpse
Unstzble ductile tearing

Met-s=ction collapse or ductile tearing

Fipeield Geometry

Through-Wall Crack Failure Criteria

Nersection plastic collapse

LEB.ENG2 EPFM

(@ Net-section collzpse or LBB.ENG2 EPFM

Variable Name
1 pipe_outer_diameter

2 pipe_wall_thickness

Description

pipe/weld outer diameter

pipe/weld wall thickness

Value  Units

0381 m

004013 m

Variable Name Description Value Units It
1 tfinal plant time horizon 60 yr £
2 time_mts number of futures to simulate; =1 no mitigation 1 nondim
3 time_step time step interval used for time integration 008333 \yr ~

tup Analysis Methods

Solution Method Description Method
1 method_cod COD_methed = 0, blended GE/EPRL, »0 future methods 0
2 method_initiation IMethod = direct method 1 or 2 2
3 method_scfail Method = 0, constant depth SC NSC; = 1 semi-elliptical SC NSC 1

Fig. 10 Problem Setup tab.

3.1.2 Material Properties Tab

The Material Properties Tab (see Fig. 11) is designed to define the values related to materials used in the

specific model problem. For the pressurizer surge nozzle weld these materials are A516 Gr 70 ferritic steel, TP

304 stainless steel, and Alloy 182 weld [see Fig. 1]. As can be seen in Fig. 11, the selection of one of the

vertical tabs (A516 Gr 70, TP 304 and Alloy 18) displays the properties for the various varieties of that material

17



in a table format. Specified properties include yield strength, ultimate strength, elastic modulus, factor (F) and

the exponent (n) for the elastic-plastic Ramberg-Osgood constitutive model; ductile-tearing and PWSCC model

properties specifically for the Alloy 182 weld material. The given default values for each material property can

be changed by the user. There is a way to get the default values back if the user changes his/her mind after they

have been changed; by pressing the ‘Reset to defaults’ button underneath the tabs section (see Fig. 21).

A complete list of parameter names, descriptions and references related to each parameter can be found in

Appendix B.

"= SIAM-PEM xLPR Projec

Project  Settings Tools Help

Problem Setup Material Properties

Crack Initation and Growth Operating, Loading, and Mitigation

In-Service Inspection (ISI) | Post-Processing Options I Execution

Variate Name

AS516 Gr 70

1 A516Gr70 elasticModulus

2 A

3 A516Gr/0 n

TP 304

4 A516Gr70 ultimateStrength

5 AS516Gr70 yieldStrength

Alloy 182

3.1.3 Crack Initiation and Growth Properties Tab

Description

modulus of elasticity

F_A516_Gr_70: F factor for Ramberg-Osgood model
n_A516_Gr_70: n exponent for Ramberg-Osgood model
sigu_A516_Gr_70: ultimate strength

sigy_A516_Gr_70: yield strength

Fig. 11 Material Properties tab

Value

9115

4.289

5154

2215

Units

1.863e+05 MPa

MPa

nondim

MPa

MPa

Uncertainty Distribution Shape Location Scale Lower Upper

constant

constant

constant

constant

constant

constant

constant

constant

constant

constant

0

0

0

0

0

Correlated with

Mot Correlated
A516GI70 n

AS16Gr0 F

AS516Gr70 yieldStrength

A516Gr70 ultimateStrength

In the Crack Initiation and Growth Properties tab (see Fig. 12), the user can define parameter values that will be

sampled for each initiated crack, such as the initial crack depth and half-length of the initiated surface crack,

sampled values for the probability of detection, and random numbers required for the crack initiation and

inspection models. Moreover, values related to the grower module can also be entered.

A complete list of parameter names, descriptions and references related to each parameter can be found in

Appendix B.
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Project

Settings Tools  Help

Problem Setup | Material Properties |  Crack Initiation and Growth | Operating, Loading, and Mitigation | In-Service Inspection (1s1) | Post-Processing Options | Execution |

1

5]

w

-

v

o

~

©

o

11

12

13

14

15

16

Variate Name

grower_alpha
grower_beta
grower_ch2
grower_fweld
grower_h2

grower_kth

grower_p
grower_goverr
grower_tref
grower_zinc
initiation_A
initiation_AWH_Stdev
initiation_AWHO
initiation_B1
initiation_B1WH_Stdev

initiation_B1WHO

Description

reference alpha parameter for PWSCC growth model
reference beta parameter for PWSCC growth madel

o characteristic width of crack growth rate curve

f_weld: weld fabrication factor

concentration of hydrogen in primary water

reference k threshold parameter for PWSCC growth model
peak to valley ratio

reference Q/R for PWSCC growth model

reference temperature Tref far PWSCC growth model
concentration of zinc in primary water

A: Heat to heat - Method 1 median - within heat sampling
geometric stdev for within heat Method 1

Method 1 - quantile for median within heat (lognormal)
EB1: Heat to heat - Method 2 median - within heat sampling
geometric stdev for within heat Method 2

Method 2 - quantile for median within heat (lognormal)

Value

201e-12

15

225

0.9989

5

0

95

1.564e+04

5981

0

1152

2915

05

1.2e-09

1.742

05

Units

nondim
nondim
mV
nondim
cm**3/kg
nondim
nondim
K

K
cm™3/kg
nondim
nondim
nondim
nondim
nondim

nondim

Uncertainty Distribution

constant
constant
aleatory
epistemic
constant
constant
aleatory
aleatary
constant
constant
epistemic
constant
aleatory
epistemic
constant

aleatary

constant
constant
norm
lognorm
constant
constant
nom
norm
constant
constant
lognorm
constant
uniform
lognorm
constant

uniform

Shape
0

0

Location

0

0

225

1.564e+04

Scale

0

0

il

0.9989

136

601

Lower Upper

0

ATEL

<1

1

Correlated with

Mot Correlated

Mot Correlated

Mot Carrelated

Mot Correlated

Mot Correlated

Not Correlated

Mot Correlated

Mot Correlated

Mot Correlated

Mot Correlated

Mot Correlated

Not Correlated

Mot Correlated

Mot Correlated

Mot Correlated

Mot Correlated

Fig. 12 Crack Initiation and Growth Properties tab.

3.1.4 Operating, Loading and Mitigation Tab

The Operating, Loading, and Mitigation tab (see Fig. 13) allows the user to define parameter values related to:

Mitigation WRS State parameters.

Normal Weld Residual Stress (WRS) parameters, and

Loading Conditions: axial forces and moment components.

Operating Conditions: ambient pressure, internal pressure and metal temperature.

A complete list of parameter names, descriptions and references related to each parameter can be found in

Appendix B.
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Project Settings Tools Help

Problem Setup. Material Properties Crack Initiation and Growth Operating, Loading, and Mitigation | In-Service Inspection (ISI) | Post-Processing Options Execution

Variate Name Description Value Units Uncertainty Distribution Shape Location Scale Lower Upper Correlated with — Correl Coeff,
1 ambient_pressure ambient pressure 01014 MPa  constant constant 0 a 0 .« Mot Correlated  Not Correlated
2 pressure Pressure; internal pressure 1551 MPa  epistemic norm 0 1551 0.1551 0 w Mot Correlated  Not Correlated
3 temperature Temperature: metal temperature 3449 degC | episternic norm 0 3449 0.0882 [i] .. MotCorrelated  Not Correlated

[ Mtgation WRS State | Normal WRS State | Loading Conditions | Operating Coniions

Fig. 13 Operating, Loading and Mitigation Tab

3.1.5 In Service Inspection (ISI) Tab

The In-Service Inspection Tab (see Fig. 14) allows the user to input values related to the probability of detection
and to the detection used in SC inspection module. A complete list of parameter names, descriptions and

references related to each parameter can be found in Appendix B.

Project  Settings Tools  Help

Problem Setup Material Properties. Crack Initiation and Growth I Operating, Loading, and Mitigation In-Service Inspection (IS} | Post-Processing Options I Execution

Variate Name Description Value  Units  Uncertainty Distribution Shape Location Scale Lower Upper Correlated with Correl Coeff.
1 inspection_pod_betal POD_betal: probability of detection model betal parameter 2708 nondim | epistemic norm 0 2708 0.2085 0 inspection_pod_beta2 -0.859
2 inspection_pod_beta2 POD_beta2: probability of detection model beta2 parameter ~ 0.0031 nondim  epistemic  norm 0 | 00031 00045 0 inspection_pod_betal 0859
3 inspection_Urnd POD_detection: used in 5C inspection module 05 nondim | aleatory uniform 0 0 it Mot Correlated Mot Correlated

Fig. 14 In-Service Inspection (ISI) tab

3.1.6 How to Edit Input Parameters

SIAM-xLPR,as shown from Fig. 15 through Fig. 20, provides the user with the ability to change the displayed
units for individual inputs, the uncertainty type, statistical distributions and their parameters characterizing the
uncertainty, and correlation attributes between bivariate pairs. Throughout SIAM-XLPR, the user can modify
units of measurement by selecting (double click or hit F2 in the selected Units cell) a different unit in the Units
menu (see Fig. 15). The unit conversion is performed automatically when focus is moved outside of the selected
Units cell. Input data can be viewed in user-selected units systems including US Customary, SI, and mixed

units. Internally, the code uses SI units and the required conversions are performed transparently to the user.
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The following notes apply to the individual columns in the User-Interface tables on the Material
Properties, Crack Initiation and Growth, Operating, Loading, and Mitigation, In-Service Inspection
(IST), and Post-Processing Options tabs:

e The variable in the “Value” column is only used when the uncertainty type is set to constant.
When the uncertainty type is set to either aleatory or epistemic, the number in this column is
ignored.

e  When the uncertainty type is set to either aleatory or epistemic, then the numbers input in the
“Shape”, “Location”, and “Scale” columns represent the parameters required to fully define
the continuous distribution specified by the selection from the drop-down comboBox in the
“Distribution” column. The definitions of the shape, location, and scale parameters follow the
conventions accepted in the statistical literature (see for example ref. [20]) and applied in the
scipy.stats statistical library. These definitions depend on the selected distribution, where the
three distributions used in the XLPR Pilot Project are:

o Lognormal distribution (requires two parameters): shape parameter is the geometric
standard deviation, the location parameter is not used, and the scale parameter is
geometric mean which is equal to the median of the distribution.

o Normal distribution (requires two parameters): the shape parameter is not used, the
location parameter is the arithmetic mean, and the scale parameter is the square root
of the variance (commonly known as the standard deviation) of the normal
distribution.

o Uniform (or rectangular distribution) (requires two parameters): the shape parameter
is not used, the location parameter is the left boundary of the uniform distribution,
and the scale parameter is the value at the right boundary minus the left boundary (or
location parameter).

e The values input in the “Lower” and “Upper” columns are the lower and upper truncation
boundaries applied to the sampling protocol for this variate. An ellipsis “...” in either column
signifies that there is no prescribed truncation boundary. STAM-xLPR applies a rescaling
procedure to ensure that no values sampled from the distribution extend beyond these
truncation boundaries.

e The “Correlated with” and “Correl Coeff.” columns allow the user to specify bivariate
correlation relationships with two variates. Both pairs must be specified explicitly in the
“Correlated with” column using the dropdown comboBox. For example on the Material
Properties/TP 304 tab, the TP 304 yield strength is correlated with the TP 304 ultimate
strength as prescribed by the Pearson’s correlation coefficient of 0.6066 input in the “Correl
Coeft.” column. This bivariate relationship must be specified for both variates.
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Variate Name 9 nondim const Value Units  Uncertainty Distribution S

1 A516Gr70 elasticModulus ~ modulus of 1.863e+05 MPa constant constant

2 A516Gr70 F F_A516_Gr_7 odel 9115 MPa constant constant
3 A516Gr70 n n_A516_Gr_ 3 d model 4 constant
4 A516Gr70 ultimateStrength  sigu_A516_Gj 5p1 constant
5 A516Gr70 yieldStrength sigy_A516_G S5 constant

/Aoy 182 \ /TP 304 \/ AS16Gr 70 \

Fig. 15 Modifying units.

hodel 4,289 nondim

i

Variate Name Description Value Units . er Upper Correlated with
1 AS516Gr70 elasticModulus  modulus of elasticity 1.863e+05 MPa (|nPUt mean/r| w  Not Correlated

AS516Gr 70

2 AS16Gr70 F F_A516_Gr_70: F factor for Ramberg-Osgood model 911.5 MPa constant 0 0 0 w  A516Gr70 n
3 A516Gr70 n n_A516_Gr_70: n exponent for Ramberg-Osgood mog constant constant 0 0 0 w  A516Gr70 F

4 A516Gr70 ultimateStrength  sigu_A516_Gr_70: ultimate strength constant constant 0 0 0 w  A516Gr70 yieldStrength
% 5 A516Gr70 yieldStrength sigy_A516_Gr_70: yield strength constant constant 0 0 0 w  A516Gr70 ultimateStrength
2

Fig. 16 Modifying values including statistical distribution parameters shape, location, scale, and
lower/upper truncation boundaries.
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its  Uncertainty Distribution

constant constant

lognorm

aleatory
constant
epistemic

lognorm
lognorm

aleatory lognorm

(@)

asrem |

% Variate Name Descrij constant Value Units  Uncertainty Distribution Shape Location Scale Lower Upper Correlated with

§ 1 TP304 elasticModulus  modulus of elasticity dweibull 7716405 MPa  constant 0 0w . NotCorrelated

S 2 TP304F F_TP304: RO_F = F factor for R Iogistic MPa aleatory 0 5621 | .. . TP304n
3 TP304n n_TP304: RO_n = n exponent f |°9"°fm aleatory 0 4.261 . TP304F
4 TP304 ultimateStrength  sigu_TP304: ultimate strength = 4506 MPa 0 4506 . TP304 yieldStrength
5 TP304 yieldStrength  sigy_TP304: yield strength triang 1688  MPa  aleatory 0 1688 .. . TP304 ultimateStrength

uniform
(b)

Fig. 17 Modifying statistical distributions characterizing uncertainty (a) uncertainty type and
(b) statistical distribution.
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Each discrete distribution is an instance of the class rv_discrete:
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Fig. 19 Statistical distribution viewer/editor.
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A516Gr70 yieldStrength  ~
Not Correlated

Variate Name Description A516Gr70 F e Location Scale Lower Upper Correlated with
1 AS516Gr70 elasticModulus  modulus of elasticity A5166r70 eIasticModulus 0 0 .. Not Correlated

2 AS16Gr70 F F_AS516_Gr_70: F factor for Ramberg-Osgood model A516Gr70 n 0 AS16G70 n

3 AS16Gr70 n n_A516_Gr_70: n exponent for Ramberg-Osgood model AS516Gr70 uItimateStrength AS16Gr70 F

4 ASI6Gr0 ultimateStrength ~ sigu_AS16_Gr_70: ultimate strength A516Gr70 yieldStrength AS16Gi70 yieldStrength

0
0
0
0

5 A516Gr70 yieldStrength sigy_A516_Gr_70: yield strength 2215 MPa constant constant 0 r/0 ultimateStrength

[ Hlloy 182 \ /TP 304 \/ A516 Gr 70 \

Fig. 20 Specifying bivariate correlations.

3.1.7 Button Toolbar
A set of buttons and other widgets, which apply for all of the tab forms, is located in the main

window, below the tab forms are, as shown in Fig. 21. Each of these items is discussed below.

Progress Bar: When a task, such as saving the project to a file, is expected to take more than a
second, the bar to the left of the labeled buttons tracks the progress of the task with a moving green
highlight.

Customary Units button: Selection of this button toggles back and forth between displaying all
parameter values in US Customary or SI units. Please note that no matter what the units selection is,
SIAM-xLPR handles consistently the units in SI internally. Before the code executes and sends trials
to the timeloop (see Fig. 3), all input values are automatically converted to the units required by the
individual modules (in other words SI units). This conversion is transparent to the user, allowing the
user to enter input data in either US Customary or SI units. The correct conversion is then taken care

of internally.

View Distribution button: When the input focus is on any table row corresponding to an input
parameter which has a non-constant distribution, selection of this button displays a popup window
with a variate distrbution graph for that parameter.

Case Database textbox: The name of the current project database file is displayed in this textbox.
The user can change the name of the file, however, the file is not saved under the new name until the
Save, Browse, or Reset to Defaults button is selected.

Browse button: Selection of this button displays a dialog asking the user to select an existing input
database file to load into the project. The user can select a file in the current project input folder from
the list box or browse to the desired directory folder and file.

Save button: Selection of this button displays a dialog asking the user for confirmation before saving

the input data to the file named in the Case Database textbox.
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Reset to Default button: Selection of this button restores all of the parameter values to their default

values.

US Customary Units H View Distribution | Case Database:  Casel.dbm [ Browse... l l Save ] [ Reset to Defaults

Fig. 21 US Customary Units and Reset to Defaults Buttons.

3.1.8 Execution Tab

The Execution tab is shown on Fig. 22. The program can be executed in one of two ways: either a probabilistic
analysis or a deterministic calculation of a model problem used in verification and benchmarking studies [10].
The method of execution can be specified by the user; however, a probabilistic analysis will be the most

common mode of execution. More information about the execution is given in the following section.

Project  Settings Tools Help

Froblem Setup | Material Properties | Crack Initiation and Growth | Operating, Loading, and Mitigation | In-Service Inspection (ISI) | Post-Processing Options |  Execution L

Realizations

E

Qutput Files

View

Post Processing

i

Post-processing Files

Visualize Results

Fig. 22 The Execution tab.

26



3.2 Running the program

Click on the Execute button in the Execution tab (see Fig. 23) to start execution of the numerical calculations.
When the Execute button is clicked, the user is first asked if the project changes should be committed to the

input database file.

Realizations

Problem Setup | Material Properties [ Crack Initiat] Execute Execution

‘ Execute xLPR realizations - click Run button in new window |

Execute |

Output Files

- Save to Database

Post Processing

{o‘ Commit project to database file: Casel.dbm ?

Execute

Post-processing Fies Save ] [ Cancel
View
Visualize Results
[ open |
i )
(
| SI Units I View Distribution ‘ Case Database:  Casel.dbm Browse... | save Reset to Defaults

Fig. 23 Start the case execution.

When the SIAM-XLPR Execute Utility window comes up, click on the “Run” button (see Fig. 24) to
display the “Run SIAM-xLPR” window. Parameters on this window are displayed in five data group
boxes:

Epistemic Sampling Procedure: select either Random Sampling or Latin Hypercube Sampling
(LHS) radio button (for a probabilistic analysis) to specify the sampling procedure [4].

Execution Mode: select one of three execution modes: Monte Carlo with uncertainties, Deterministic
Baseline Case #1 or Deterministic Baseline Case #2 [10].

Output Options: Check “debug mode” if detailed debugging information should be included in the
execution output database file.

Number of Realization Trials: The numbers of trials are read only values presented only as a
reminder to the user. They can only be changed in the Problem Setup Tab.

Random Number Generator Initial Seeds: The random generator seeds are read only values

presented only as a reminder to the user. They can only be changed in the Problem Setup Tab [11].

27



#.] Run SIAM-PFM xLPR L2 [

Epistemic Sampling Procedure Mumber of Realization Trials

) Random Sampling

Aleatory 20
@
B Epistemic 20
Total Trials  4gp
Execution Mode Random Mumber Generator Initial Seeds
@ Monte Carlo with uncertainties Seed #1 1234597390

| Deterministic Baseline Case #1
Seed £2 123456739

| Deterministic Baseline Case #2

Qutput Options

[ debug mode DBM file: Casel.dbm

Fig. 24 Specify the Execution Mode and number of realization trials.

Click “OK” in “Run SIAM-xLPR” window to start the execution [Fig. 24]. During execution, run-
time information for each realization is displayed in the “SIAM-xLPR Execute Utility” window (see
Fig. 25), allowing the user to monitor progress of the calculations. For each epistemic and aleatory
realization trial executed, the CPU time, in milliseconds, for the trial and the number of cracks
initiated are displayed. When all the realizations have been completed, a summary of the execution
time will be presented (see Fig. 25), as well as the size of the binary output file generated by the
analysis. A summary popup window will also display the execution termination codes where

exitcode=0 and exitstatus=0 indicate a successful run.
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- SIAM-PFM xLPR Execute Utility =3 ECR (%)

Command: -uc:\SIAM_XLPR_v1.01\src\controller\xLPRController.py -c -e 100 -a 2 --seed1 1234567890 --seed2 123456789 -x -f Casel.dbm

Executed 196 trials out of 200 for epistemic: 98 ;aleatory: 2 ; seconds: 0.305000 ; initiated cracks: 6 -
Executed 197 trials out of 200 for epistemic: 99 ;aleatory: 1 ; seconds: 0.283000 ; initiated cracks: 1
Executed 198 trials out of 200 for epistemic: 99 ;aleatory: 2 ; seconds: 0.280000 ; initiated cracks: 1
Executed 199 trials out of 200 for epistemic: 100 ;aleatory: 1 ; seconds: 0.282000 ; initiated cracks: O

Executed 200 trials out of 200 for epistemic: 100 ;aleatory: 2 ; seconds: 0.280000 ; initiated cracks: O

Saving epistemic sampled inputs to database

 SIAM_XLPR Execute Utility X

saving aleatory sampled inputs to database

Execution completed successfully.
exitCode = 0 exitStatus = 0

Saving outputs to database (

syncing database

Total run time: 60.760000 seconds = 1.012667 minutes c|
Size of datastore file: 6.594560 Mbytes h ose

iseedl = 780669346 1iseed2 = 1666554627

Closing Caseil.dbm
Finished

m

terminated exitCode= 0 exitStatus = 0 -

Realizations

Fig. 25 Monitor the progress of the execution.

3.2.1 Output files

SIAM_xLPR generates several output files. The output files are located at <workspace>/<project name>/output
directory. The following output files are created during execution (e.g., the case database name is

“Casel.dbm”):

e Casel aleatory.log — a listing of all aleatory inputs with details on distributions

e C(Casel epistemic.log — a listing of all epistemic inputs with details on distributions

e Casel constants.log — a listing of all variates with uncertainties set to “constant”

e Casel aleatory inputs.log — a listing of sampled aleatory inputs for all trials

e Casel epistemic_inputs.log — a listing of sampled epistemic inputs for all trials

e Casel returnCodes.log — a listing of return codes from individual modules for all realizations

e Casel summary.log —a summary of selected results for all realizations (see from Fig. 26 to Fig. 31).

e C(Casel time.log — a listing of execution times (in seconds) for each module for all realizations

e (Casel TL input.log— a descriptive file of sampled input data for each realization

e (Casel TL output.log— a descriptive file of results from the execution of the timeloop module for each
realization

e Casel variables.log — a listing of all input variables (they have no uncertainty type assigned)
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e Casel variables calculated.log — a listing of input variables showing calculated values after the

execution of the timeloop.

3.3  Post-Processing custom plots

Fig. 26 through Fig. 31depict the current process for post-processing of the computational results and creation

of custom plots using Microsoft Excel. The steps to create custom plots follow:

1. After completion of the run, click on the “Output Files — View” button (Fig. 26) to open the “Open
File” dialog (Fig. 27), and select the “Casel summary.log”. Click “Open” and the contents of this file

will be displayed in the output files Browser window.

2. Right-click in the Browser (Fig. 28) and pick “Select All” from the popup context menu.

3. Right-click again and copy the file’s contents to the computer’s clipboard (Fig. 29).

4. Copy the provided Excel workbook (Fig. 30) (“SIAM xLPR beta template.xlsx” or
“SIAM_xLPR beta template.xls”), from the \SIAM_XLPR_v1.0\docs folder into the project folder.
Open this copy, click on the “Summary Template” worksheet tab, select cell Al (contains “itrial”’), and

paste the contents of the clipboard to the template (Fig. 31).

5. If necessary, convert the data from “Text to Columns” using the “delimited” option with a “space” as

the delimiter.

6. Select the data in Columns A through P and carry out a “custom sort” using the column of interest (for

example the “time_at rupture[yr]” Column K) as the sorting key.

7. The total number of trials should then be entered in cell S1.

8. Finally, plot the required results as shown in Fig. 31.

Note: The other worksheets will not be automatically updated as they do not point to this data.
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| ProblemSetup | Material Properties | Crack Initiation and Growth | Operating, Loading, and Mitigation | In-Service Inspection (ISI) | Post-Processing Options |  Execution

Realizations

E

Output Files

/

]

Post Processing

]

Post-processing Files

]

Visualize Results

] [ View Distribution ] Case Database: Casel.dbm

Fig.

26 Viewing output files.

==

lookin: | | C:\SIAM_Workspacetest1\output

Name

‘ My Compu...
E ptw Casel_aleatory.log

’ Casel_aleatory_inputs.log
Casel_blwh.log
Casel_constants.log
Casel _epistemic.log

Casel_epistemic_inputs.log

0B EF e

Casel _TL_input.log
Casel _TL_output.log

=
=
=
__ Casel _variables.log
=

Casel _variables_calculated.log

Size Type Date

oo ouEBE

| Casel_sum

mary.log

<

= W s L7474
60 KB log File 11/1/2
7KB log File 11/1/2
18 KB log File 1172
10KB log File 1172
23 MB log File 1172
631 KB log File 11/1/2
14 KB log File 11/1/2|
15KB log File 11/1/2|
m ] »

File name: | Casel_summary.log

L_oeen |

Files of type: [Files (*Jog =.txt %.%)

2) (o)

Fig. 27 Select the “Casel_summary.log” file for a summary of selected results.
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Welcome to SIAM-PFM Version xLPR beta
This window is a Python command line console.

>>>
Text brower to view/print output log files

Fig. 29 Copy the selected results to the computer’s clipboard.

32

=l
V- SAM-PFM xLPR beta Project: testL == |
Project Settings Tools Help N
- =
=0 E
Project Explorer e I ol == l Crack Inkiation and Growth , Operating, Loading, and Mitigation | Inspection Execution
9 C\SAM_ Works
syspath Trial initiation Bl  URSRand mitigate  SOURS  inspection pod beta?  temperature XcURS  URSRand grover_fweld  inspection_
1 6.07272211e-10 0.973593685 167.28829 0.00379853059 344.983851 0.266539744 0.755757098 0.744494506 2.83467807 15.2918377
Realizati
o 2 6.98730029e-09 0.979546665 218.130473 0.00497478775 34 928502
[—] 3 1.28772062e-09 0.638522324 211.428002 0.0115076953 34 440849
Exsoite 4 7.7 -11 0.751145725 299.172788 0.00599228371 34 Co 751487
5 5.0913986e-10 0.909944807 280.046861 0.00710263664 34 py 519557
6 1.78771867e-09 0.863298055 261.203508 0.00241461718 34 54151
7 8.10123285e-10 0.666674668 240.30885 0.000160218384 34 129463
Output File
e bl 8 7.21011251e-10 0.805203035 394.717765 0.00151754529 34 Select all 255476
9 3.82290441e-10 0.608229165 349.707262 0.00429717105 34 911532
10 1.62565713e-08 0.828962731 447.851554 0.0011571536 34 564876
11 1.33378534e-10 0.882222649 550.030623 0.00234472848 34 Deselect aII 001318
12 5.53643508e-09 0.698769331 248.947108 0.00695786772 34 225223
13 1.75362186e-10 0.784034649 331.538968 0.00896326268 34 68311
Post Processing 14 2.3106681e-09 0.5650062 377.235762 0.00991400594 34 337652
15 2.58455853e-10 0.540881664 186.76015 0.00342484923 34 - - 800302
16 3.34846275e-09 0.93675865 416.721295 0.00840935241 34 prlnt prev'ew 529404
17 1.88048828e-09 0.501092302 408.100508 0.00581818642 34 312118
18 3.83051223e-09 0.59256196 294.222289 0.00308538125 34 . 037608
19 1.0770706e-09 0.726995893 314.909817 0.00100409762 34 prlnt' = Ctrl +p 066243
Post-processing Files 20 2.1228564e-08 0.70115103 340.283562 0.00460867976 34 351076
« " ] »
[ US Customary Units ] l View Distribution | Case Database: Casel.dbm Browse... l [ Save ] [ Reset to Defaults.
< y
Console - SIAM-PFM & x
‘Welcome to SIAM-PFM Version xLPR beta . . . . .
Ths wivdon . Pihon conmond necosde. Right click in Browser window and pick
“ ”
Select All” from the context menu.
>>>
. . . . P
Fig. 28 Select all in the browser window or copy individual records.
L . . p . . B - .
V- SAM-PFM xLPR beta Project: testL =n = |
Project Settings Tools Help
- =
=0 E
Fsject brplotes [ Problem setup | Materia roperties | Crack Intiaton and Growth | _Operating, Loading, and Miigation | Inspection and Rttt ittt
9 C\SAM_ Works
sys.path Trial initiation Bl  URSRand mitigate  SOWRS  inspection) C opy Ctrl + C hspection_
Sl 1 6.0727221le-10 0.973593685 167.28829  0.00379853059 34 5.2918377
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9 3.82290441e-10 0.608229165 349.707262 0.00429717105 34 5.3911532
10 1.62565713e-08 0.828962731 447.851554 0.0011571536 34 .4564876
11 1.33378534e-10 0.882222649 550.030623 0.00234472848 34l o i, - - .6001318
12 5.536435082-09 0.698769331 246.947108 0.00695786772 3afl = Print Preview 53225223
13 1.75362186e-10 0.784034649 331.538968 0.00896326268 34 5.368311
Post Processing 14 2.3106681e-09 0.5650062 377.235762 0.00991400594 34 - .6337652
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18 3.83051223e-09 0.59256196 294.222289 0.00308538125 34 .7037608
19 1.0770706e-09  0.726995893 314.909817 0.00100409762 34 Close 5. 5066243
Post-processing Files 20 2.1228564e-08 0.70115103 340.283562 0.00460867976 34 .4351076
Text brower to vi
« i ] »
[ US Customary Units ] l View Distribution | Case Database: Casel.dbm Browse... l [ Save ] [ Reset to Defaults.
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Console - SIAM-PFM & x



|'/DT§:! = R, R I} SIAM_xLPR_beta_templatexlsx - Microsoft Excel =
i3 Home Page Layout Formulas Data Review View Developer ':@ - g x
‘i""j & = -la -S| |= S General - Fﬁ Conditional Formatting = | 5*=Insert ~ b I % [ﬁ
- ExY Ev | e S =2 ;gFormatasTablev 2% Delete ~ IE'
Paste B : I | ~| Sy A - ——— 2 ; o Sort & Find &
- | | [0 &0 L Cell Styles ~ {2 Format - T Filter~ Select~
Clipboard Font || Alignment || Number Styles Cells Editing
| C29 Jx | initiation time of first crack
A B C D
2
3 Columns Column Headers Description
4 A trial realization number in order of execution
5 B epistemic trial number of epistemic trial
6 C aleatory trial number of aleatory trial
7 D first_leak[m**3/sec] leak rate of first crack to become a TWC
8 E leak_at_rupture[m**3/sec]  total leakage rate of all TWCs at time of rupture
9 F leak_at_60yr[m**3/sec] total leakage rate of all TWCs if cracks undetected at 60 yrs with no failure
10 G average_coa[m**2] crack-opening area of first initiating crack
11 H crack_id id of crack associated with first initiating crack
12 1 time_first_initiation[yr] initiation time of first crack
13 J time_first_leak[yr] time of first crack to become a TWC
14 K time_at_rupture[yr] time at failure of weld
15 L: ctype crack type flag [-1 =surface crack] [-2=TwC]
16 M twefail_code return code from twc failure module [0,1,2]
il N initiated_cracks number of initiated cracks for this trial
18 o] time_of_SC_detection time that first surface crack is detected
19 P time_of_TWC_detection time that first through-wall crack is detected
20
2] S number of trials= the user should enter the total number of trialsin cell S1
22 T trial trial number in sorted order 1
23 u probability cumulative probability of occurrence using Kaplan-Meir estimator 1
24 v first_leak[gpm] leak rate of first crack to become a TWC
25 W leak_at_rupture[gpm] total leakage rate of all TWCs at time of rupture
26 X leak_at_60yr[gpm] total leakage rate of all TWCs if cracks undetected at 60 yrs with no failure
27 Y average COA (in**2) crack-opening area of first initiating crack
28 7 crack_id id of crack associated with first initiating crack
29| AA time_first_initiation[mon] |initiation time of first crack |
30 AB time_first_leak[mon] time of first crack to become a TWC
31 AC time_at_rupture[mon] time at failure of weld
32 AD ctype crack type flag [-1 = surface crack] [-2=TWC]
33 AE twefail_code return code from twc failure module [0,1,2]
34 AF initiated_cracks number of initiated cracks for this trial
35 AG time_of_SC_detection[mon]  time that first surface crack is detected
36 AH time_of_TWC_detection[mon] time that first through-wall crack is detected
37
38
39
40 Note: columns T-AH are calculated by the template
a1 all data taken from Case?_summary.log file after completion of run with SIAM
42 copy all from Case?_summary.log and paste to cell Al of template.
43 use Excel sort function to sort data as required

M 4 » M| Hotes ~ Summary Template -~ Method 2 Plot .~ Method 1 Plot .~ Method 3 [l

Ready S

Fig. 30 Paste to a spreadsheet program using provided template (see notes on first tab).
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Fig. 31 Paste to a spreadsheet program and proceed to sort and plot the results.
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3.4 How to visualize deterministic results

In this section, we explain how to visualize results for the deterministic base case defined in the XxIPR
Pilot Study Problem Statements [10].

Step 1. Select the deterministic case to run at the Run SIAM-PFM xLPR dialog as shown in Fig. 32.

¥~ SIAM-PFM xLPR Execute Utility E=8(ECE ™3

Command: c:\SIAM_XLPR_v1.01\src\controller\xLPRController.py

# | Run SIAM-PFM xLPR (7 ==
Epistemic Sampling Procedure Number of Realization Trials

Execution Mode Random Number Generator Initial Seeds

Monte Carlo with uncertainties Seed #1 | 1234597890

@ Deterministic Baseline Case #1

Seed #2 | 123456789
Deterministic Baseline Case #2
Output Options
V| debug mode DBM file: Casel.dbm

(v ] (e ] [ome ]

Fig. 32 Open the Run SIAM-PFM xLPR dialog and select a deterministic case to execute.
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Step 2. Once the run completes (see Fig. 33), there are two possible alternatives Open the
<work space>/<project name>/run/<case#>_timeloop details.out file as shown below in Fig. 34:

'}~ SIAM-PFM xLPR Execute Utility [o)E==

Command: -uc:\SIAM_XLPR_v1.01\src\controller\xLPRController.py c-d 1 -e 1-a 1 —-seed1 1234597890 --seed2 123456789 -g -x -fCasel.dbm

Number of constant xLPRvariate objects = 89

Number of constant xLPRvariable objects = 433

Executed 1 trials out of 1 for epistemic: 1 ;aleatory: 1 ; seconds: 0.224000 ; initiated cracks: 1

Saving epistemic sampled inputs to database

Execution corlifeted successfully.
exitCode = 0 exitStatus = 0

'}~ SIAM_XLPR Execute Utility

Saving aleatory sampled inputs to database

Saving outputs to database

Syncing database

Total run time: 0.279000 seconds = 0.004650 minutes
Size of datastore file: 0.409600 Mbytes

iseedl = 1106018990 iseed2 = 1715849705

Closing case1.dbm

Finished

terminated exitCode= 0 exitstatus = 0 =

Realizations

(rm ] (oo ] [ gese ]

Fig. 33 Deterministic Run Complete.

) SIAM-PFMxLPR - Project: SIAM_v1.01_S2.1 00001 001
Project Settings Tools Help

[E=EjEcE "]

[ZA%Y 5
Project Explorer Problem Setup | Material ropertes | Crack Iniabon and Growth | Operating, Loading, and Mitigaton | _In-Service Inspection (iSI) | _Post-Processing Optons | Executon =
4 @ EASIAM_v1.01 Proble
+ 0 SAMMO 214 | | eaizatons [
o input
i output Exeaute
M post '} SIAM-PFM xLPR v1.01 -- Open File =
8 samions] Lookin: 1, e, o004 5., OO0 JooouEE
Output Fles & My Compu..| [ Name - Sze  Type Date
B ] Casel.dbm 400K8 dbm File 10728
e ] Casel input.dbm 60MB dbm File 10728
I tput g Jies) 7] Casel_timeloop.out 8KB outFile 10/28)
| lwlsd_umdonp_dmﬂs.om 14KB out File 10/28,
Post Processng
Exeate
Post processing Fies
(Ve |
|« m »
Visuakze Results
Flename: | Case1_tmeloop_detais.out [open ]
niimey| Fies of type: [Fles ("og "t %9 <) [ concel |
( Siunts VewDstributon | CaseDatabase:  Caseldom Bromse. save Reset to Defauts
<m v =

Console - SIAM-PFM

Wekome to SIAM-PFM xLPR v1.01-rc2
This window i a Python command Ine console.

Browse output log files

Fig. 34 Open *_timeloop_details.out file
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Select all (see Fig. 35)

Project  Settings  Tools  Help
=208
Project Explorer Problem Setup | Material Properties | Crack Initiation and Growth | Operating, Loading, and Mitigation | _In-Service Inspection (IsI) | Post-Processing Options | Execution =
4 9 E\SIAM_vL01 Proble
4 @9 SAMMOLS214| | Reaizatons -
b @ input Entering xLPR_TimeLoopModule.timeloop.run(); Key = 000001_000001_000001
b @ output icrack itime current_time depth half_length leakrate POND bending bending mitigate bendin
» f post 1 0 0.000000E+00 1.9515S56E-03 3.401080E-03 0.000000E+00 5.441126E-01 2.068786E+02 0.000000E+00 2.646184
B o 1 1 B8.333333E-02 2.438868E-03 3.90071SE-03 0.000000E+00 4.3027SSE-01 2.068786E+02 0.000000E+00 2.646184 L
£ SAM01S! 1 2 1.666667E-01 2.953966E-03 4.494106E-03 0.000000E+00 3.09947SE-01 2.068786E+02 0.000000E+00 2.646184 /=
SR —— 1 3 2.500000E-01 3.489473E-03 5.175796E-03 0.000000E+00 1.848518E-01 2.068786E+02 0.000000E+00 2.646184
1 4 3.333333E-01 4.038544E-03 5.939839E-03 0.000000E+00 6.250810E-02 2.068786E+02 0.000000E+00 2.646184
[ 1 S 4.166667E-01 4.594917E-03 6.779959E-03 0.000000E+00 6.2505S8E-02 2.068786E+02 0.000000E+00 2.646184
1 6 5.000000E-01 5.153022E: 7.689696E-03 0. 6.250306E-02 2.068786E+02 0.000000E+00 2.646184
1 7 5.833333E-01 S 7080sam 2 £62531E-03 0.000000E+00 6.2500S4E-02 2.068786E+02 0.000000E+00 2.646184
1 & 6.666667E | Copy CtrieC 0. 6 2.068786E+02 0.000000E+00 2.646184
Post Processing 1 9 7.500000E  Selectall 7181E-02 0.000000E+00 6.249563E-02 2.068786E+02 0.000000E+00 2.646184
1 10 8.333333 =y 0. 2 2 2.068786E+02 0.000000E+00 2.646184
1 11 9.166667E| 0. 6. 2.068786E+02 0.000000E+00 2.646184
1 12 1.000000E & printpreview 5411E-02 0.000000E+00 6.248871E-02 2.068786E+02 0.000000E+00 2.646184
1 13 1.083333 X 0. 6 2.068786E+02 0.000000E+00 2.646184 E
3 14 1.166667E % | Print.. CukP 0. 6. 2.068786E+02 0.000000E+00 2.646184
Post-processing Files i 15 1.250000E Clear 4716E-02 0.000000E+00 6.248222E-02 2.068786E+02 0.000000E+00 2.646184
E 16 1.333333] 745SE-02 0.000000E+00 6.248012E-02 2.068786E+02 0.000000E+00 2.646184
E] : 4 17 1.416667E+00 1.067939E-02 2.072927E-02 0.000000E+00 6.24780SE-02 2.068786E+02 0.000000E+00 2.646184
1 18 1.S00000E+00 1.113133E-02 2.210911E-02 0.000000E+00 6.247600E-02 2.068786E+02 0.000000E+00 2.646184
1 19 1.583333E+00 1.157722E-02 2.351206E-02 0.000000E+00 6.247398E-02 2.068786E+02 0.000000E+00 2.646184
1 20 1.666667E+00 1.201746E-02 2.493626E-02 0.000000E+00 6.247199E-02 2.068786E+02 0.000000E+00 2.646184
1 21 1.750000E+00 1.245254E-02 2.638007E-02 0.000000E+00 6.247002E-02 2.068786E+02 0.000000E+00 2.646184
1 22 1.833333E+00 1.288299E-02 2.784201E-02 0.000000E+00 6.246808E-02 2.068786E+02 0.000000E+00 2.646184
1 23 1.916667E+00 1.330941E-02 2.932073E-02 0.000000E+00 6.24661SE-02 2.068786E+02 0.000000E+00 2.646184
1 24 2.000000E+00 1.373241E-02 3.081508E-02 0.000000E+00 6.246423E-02 2.068786E+02 0.000000E+00 2.646184
1 25 2.083333E+00 1.415266E-02 3.232400E-02 0.000000E+00 6.246233E-02 2.068786E+02 0.000000E+00 2.646184 +
QO P —] »
B "] ( Stunts | [ viewDstribuon | Case Database:  Case1.dom Bowse.. | [ Save | [ Resettovefouts |
< i) » >
Console - STAM-PFM 8 x
Welcome to SIAM-PFM xLPR v1.01-rc2
“This window is a Python command ine consoe.
>>>

Fig. 35 Select all contents of the *timeloop_details.out file

And copy it to a MS Excel worksheet as shown in Fig.36.

37



Project  Settings Tools Help

B2OE

| Project Explorer

4 9 E\SIAM_v1.01 Proble

4 @ SIAMV1.01 521 ¢
> @ input
> @ output
> @ post
> @ run

F SAM_1.01S]

«

<l .

b [ swas ] [ vewbsibuton | CaseDatabsse:  Casel.cbm

Welcome to SIAM-PFM xLPR v1.01-rc2
‘This window is a Python command line console.

>>>

Copy selected text to the clipboard

Option #2:

Fig. 36 Copy contents of the *timeloop details.out file

Execute the post-processing utility: (see Fig. 37)
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Project  Settings Tools Help

B2OE

Project Explorer
4 @ EASIAM_v1.01_Problems_Workspac|
> @8 SIAM_v1.01_52.1 00001 001

Creating file: Casel variables_list.txt
Creating file: options.txt

file: EXP_options.txt
Creating file: Casel times.txt
Creating file: Casel_inspection.txt
Creating file: Casel_gquantiles.txt

Executing transformers . . .
This could take several minutes.
Reading options.txt

Reading parameter of interest files.
file: Casel_pnd_001.txt
file: Casel pnd 001 _COR.TXT
file: Casel_pnd_002.txt
file: Casel_pnd_002_COR.TXT
file: Casel pnd_003.txt
file: Casel pnd 003_COR.TXT
file: Casel_pnd_004.txt
file: Casel_pnd_004_COR.TXT
file: Casel pnd_005.txt
file: Casel_pnd_005_COR.TXT
file: Casel pnd_006.txt
file: Casel_pnd_006_COR.TXT
file: Casel_pnd_007.txt
file: Casel_pnd_007_COR.TXT
file: Casel_pnd 008.txt
file: Casel _pnd_008_COR.TXT

bl [ swws ] ([ vewdstbuton ] coseDatabose:  Caserom

<[ v [

Console - SIAM-PFM

Welcome to SIAM-PFM xLPR v1.01-rc2
‘This window is a Python command line console.

Execute post-processing utility

Fig. 37 Po

-processing execution.
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Click in the Post-processing Files, ‘View’ button, and open the <case#> depth 001 COR_exp.txt file
(see Fig. 38), which is an output from the Transformers and Expectation modules.

Project Settings Tools Help
2O E
Project Explorer
4 ) E\SIAM_v1.01_Problems_Workspact

Problem Setup | Material Properties | Crack Initiation and Growth | Operating, Loading | in-Service Inspection (is)_| _PostProcessing Options | Executon |

b i SIAM_v101 52100001 001 PR Creating file: Casel variables_list.txc “
Creating file: options.txt
_ Creating file: EXP_ =
[[Beate ]| | crcating ri1e:  cand =
Creating file: Cas¢g
Creating file: Casd lookin: [ E\SIAM v101 Probems LvLoLs2 100001000005t ] G © O LI @@
OutputFles &4 My Compu.. || Neme . Sze  Type Dat +
] || Casel_ctype 019 COB 69 KB bt File 10/
Mew G o ) =Ppe.019_COR_stat0000050.txt 10/
This could take seve || Casel_depth_001.t¢ 6 KB txt File
Reading options.txt ] Casel_depth_001_CORTXT 18 KB TXT File 10/,
Post Processing Reading parameter of || Casel_depth_001_COR_ccdf0000050.6xt 26 bytes bt File 10/
Reading file: Casel | || Casel_depth f\Q1_COR_exp.bt 18KB tt File 10/
Writing file: Casel | || Casel_depth 091_COR log.bt 0 bytes txt File 10/ A
Reading file: Casel | Ca 69KB tet File B
Writing file: Casel 'u 2KB el 10/
Reading ] Casel_depth. 000" B txt File 10/
’M | Casel_depth 002 CORTXT 18 KB TXT File 10/
q || Casel_depth_002_COR_ccdf0000050.6xt 26 bytes b File 10/
o 5 || Casel_depth_002_COR_exp.txt 18KB bt File 10/
(Browse post = || Casel depth 002 COR logxt 0 bytes b File 0/,
. o~ Reading file: Casel < " J D
Writing file: Casel | i
Reading file: Caser] FETMe:  Coseldepth 001COR et [ open |
m Writing file: Casel N S
| Fies of type: [Fies ™ Cancel
- Reading file: Casel oftype: (Fles (oo ] '” ]
Writing file: Casel Losoe -

R —p— »

] [ viewDstributon | Case Database:  Case1.dom

< '
Console - SIAM-PFM

Welcome to SIAM-PFM xLPR v1.01-rc2
‘This window is a Python command line console.

[ J 13

>>>
Browse post-processing output iles

Fig. 38 Open *depth_001_COR_exp.txt file.

Open that file and copy and paste its contents in a MS Excel spreadsheet

| Project Explorer | Problemsenp | | Initiaton and Growth | Operating, Loadng, and Mtgaton | Executon E
4 @ E\SIAM_V1.01 Problems Workspac
> 8 SIAM_v1.01 521 00001 001 0.0000E+00 1.9516E-03 B
8.33338-02 2.4389E-03 3
1.6667E-01 2.9540E-03
2.5000B-01 3.4895E-03
3.3333B-01 4.0385E-03
4.1667E-01 4.5949E-03
5.0000E-01 5.1530E-03
5.83338-01 5.7080E-03
6.6667E-01 6.2560E-03
7.5000B-01 6.7936E-03
8.33338-01 7.3124E-03
9.1667E-01 7.8286E-03
1.0000B400 €.3227E-03
1.0833E400 £.8068E-03
1.1667B400 9.2847E-03
1.2500B400 9.7562E-03 =
1.33338400 1.0221E-02 N
1.4167B400 1.0679E-02
Post processing Fies 1.5000B+00 1.1131E-02
1.5833E400 1.1577E-02
) 1.6667E400 1.2017E-02
1.7500B400 1.2452E-02
1.8333B400 1.2883E-02
1.9167E400 1.3309E-02
Visaize Results 2.0000B400 1.3732E-02
2.08338+00 1.4153E-02
2.2500B400 1.4988E-02
2.3333E400 1.5404E-02 -
Rl P—— ’

i | stunts VewDstrbuton | Case Database:  Casel.dbm [ save | [ mesetwooere
< [ v [« i | ’
‘Console - STAMPFM 8 x
VWelcome to STAM-PFH XLPR v1.01-rc2
“This window is @ Python command ine console.
>>>
Text brower to view/print output log files

Fig. 39 Contents of *depth_001_COR_exp.txt file
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Finally, another option is to use SIAM-xLPR Post-Processing Utility, by clicking the “View Results,
Open” button.

3.5 SIAM-xLPR Post-Processing Utility

The “View Results — Open” button will open three windows, one for each of the two uncertainty
types (aleatory inputs and epistemic inputs) and one to aid in visualizing selected output parameters.

3.5.1 Aleatory Inputs

The results of sampling all aleatory inputs can be visualized in the Aleatory Input window. Use the
drop-down comboBox to select the aleatory variate and click on the Refresh Plot button. The
imposition of correlation restrictions for correlated bivariate parameters can be checked by using the
scatter plot option after selecting the correlated pair with the second drop-down comboBox and then
refreshing the plot.

‘Sampled Aleatory Inputs. weld_C

mean: 292.35208189 T R S O T e
118.01926293 3,500 5 i

10%: 13960061289 .

medan:  258.362534697 1y 3000

90%: 489.490167203

95%: 566.401584967 2,500

variance:

tdevs
’ 2,000
stewness: 21073732155

lurtosis:  9.11178194279
1,500

Alloy182 JIc

1,000 -

[ ExportPlotata |
500 o

=
Rerespiot ] [ viewDamiuton ] |

(I T e T e e e e e
1,000 1,200 1,400 1,600 1,800

Ry
Alloy182 C

Fig. 40 Aleatory inputs window to check sampling of aleatory variates.

Additional functionality is provided in the buttons on the lower right-hand corner of the dialog as
shown in Fig. 41.

| ExportPlotData |

Refresh Plot] [ View Distribution ]

Fig. 41 Additional functionality include export plot data to text file, view input distribution, and
zoom plot to re-scale axes.
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The “View Distribution” button allows the user to inspect the input continuous statistical distribution
from which the aleatory variate was sampled.

"}~ SIAM-PFM xLPR Variate Distribution Editor [ole)=s

Vriate Nome:  Aloy182C Wiy

Units: nondim -]
L
Shape: 1.621629

Scale: 2%0.1

0.0035 -

Location: 0.0
0.003 -
‘Apply Truncation Boundaries

0.0025 -

Specify Plot Type
0.002 -

°
LI S ®eoaa,,
oo,
000

© density df cadf
0.0015 -

Moments.

mean: 292.34 -
0.001 '

variance:  22500.1
]

skewness: 167439 5
lurtosis:  5.36634
0.0005 | i
[(Refresnpot | [ | | i
i °
R °

T T T 1
600 700 800 900

Carr ) (o ] (o ] 0 100 200 300 400 s00
i 5 Alloy182 C

x= +828393, y = -6.29921e-06 N

Fig. 42 “View Distribution” button brings up window showing the input distribution from
which the variate is being sampled.

3.5.2 Epistemic Inputs

The second dialog window presents the same functionality for epistemic input variates.

i
inspection_pod_betal

‘Sampled Epstemic Inputs

PR T —
Htgamto.sns: 1 =
PotType o
at
il 60
© scatterplot  [pod_beta2 ~] wl
»
SunmaryDescrptve Satstcs

sample sze: 500
mean: 270758836743
B 2.3631354%677 0025
10%: 244009909238
medan:  2.70767029404
0% 297489968019 0.02

95%: 305314060751
variance:  0.043175344608

sevi  o.amerreres Noois-|
L 3
kurtosis: -0.100248770818 gl o
8 oo ]
[ovstrioon]) 0.005 ]

Reepot] [venberten ) | A | o
= !

Fig. 43 Epistemic inputs window to check sampling of epistemic variates.
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3.5.3 Visualization of Qutputs

The third window provides the user with ability to visualize selected output parameters that have been
calculated by the post-processor module. The post-processor must first be executed before these plots

become available.

- SIAM-PPM xLPR Post-Processng Utilty
Cutput Averaged Over Aestory ncertanty 19

Epstemic Trls: 500

COA1 -]
Crack Number: 1 COA3 |
FirstInit

>
>
3
2 >
% 10% © percenties 9 FirstLeak
e Dl FracArea =l
groue |
> |
s |
-
» depth
>
>
>
>
>
>
>
>
>

SelectPlot Type.
OutputParameter: | Rupture

Uoter 90 %

I

o e
|, Rupture _SSE
coa
“elctrack  prcntle oot
half_length

leakrate bl

&

Probability of Pipe Rupture

yoxslogerttec [ LosdDatabase
Caserdom Browse..

[ Eportpotoata |

Revenpot] (o ] | o

T T T T T ]
0 100 200 300 400 500 600 700 800
Time (months)

Fig. 44 Selected outputs can be visualized as an x vs y plot of the mean and user-selected
percentiles.

'} SIAM-PFM xLPR Post-Processing Utilty

Output Averaged Over Aleatory Uncertaity 14 5
Epstemic Trls: 500
>

'}~ Post-Processing Utilty -- Save x-y plot data in text file. =
QU [) « SIAM_v1.01.5222 10000004 » BEE »

P
st B

OutputParameter: | Rupture - =
13

Crack Number: 1 -
>

: . Pt
o 3 - A
B0 - st || san 0152201000 g0k
.
.
.

MANUALS

yauskogaitme [ Losapataigl

CaseLdom

0.2
[ Eportpotoata |

Revenpot] (o ] | o

T T T T ]
0 100 200 300 400 500 600 700 800
Time (months)

Fig. 45 The plotted data can be saved to a text file by clicking the Export Plot Data button.

3.6 Analysis of deterministic sample problem

In this section, we present the results of a deterministic problem proposed by the collaborative xLPR
Computational Group as a means of verification and benchmarking some of the individual modules in the xLPR
pilot project [10]. This problem was devised specifically for the purpose of verification and the results have no

technical significance for the final probabilistic results that will be developed by the project. Fig. 46 shows the
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evolution over time of the growth of three inner surface cracks that all initiate at time 0. Crack 1 coalesces with
crack 2 at 33 months into the analysis, when combined crack 1/2 now becomes a combined and larger surface
crack with a new location. The combined crack 1/2 then transitions to through-wall crack at 53 months and then

coalesces with crack 3 at 62 months into the analysis. At 64 months combined cracks 1/2/3 fail the weld.

Deterministic Case #2 : Normalized Depth

1.0 T I
Ri=0.15037 m
040132 m T
09 5=150 MPa
0.143 .
08 6.14 MPa
276 MPa
grower alpha=2.01e-12
growerbeta= L6
07 ————
grower 0/R = 15636
grower fweld = 1.074897 Il "
06 | growerp= 9.5 ]
- [
growerch2=22.5 .
grower h2=25.0 .
* [ Nsubunits=19 i
5 o ;
L) e
- SeeE L4 *
0.4 s
.". L .0”'.‘.
0 3
e et
03 st e -t
N .,.“ = Crack 1-SIAM_xLPR_v1.01
L o
I e
0.2 Te o4 ® Crack 2-SIAM_XLPR_v1.01
TEReY
i
¥ fe
0.1 it * o Crack 3:SIAM_xLPR_v1.0L
)
0.0
o 10 20 30 a0 50 60 70
Time (months)
Deterministic Case #2 : Normalized Half-length
0.50 | ‘
045 —— Ri=0.15037 m
thick=0.040132 m
—a— Crack 1:SIAM_xLPR_v1.01
0.40 | —— —
sigh = 176.14 MPa
sigh = 62.276 MPa —e—Crack 2:SIAM_xLPR_v1.01
035 | groweralpha=2.01e-12 o
growerbeta=1.6 —— Crack 3:SIAM_sLPR_v1.0L
grower O/R=15636
030 T growerfweld = 1.074897
growerp = 9.5
growerch2 =22.5

| growerh2=25.0
Nsubunits=19

.

|

ML
N

¥

i
\

Time (months)

(b)

Fig. 46 Deterministic verification problem: evolution over time of (a) normalized crack depth
and (b) normalized crack half-length for three surface crack initiating at time 0.
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3.7 Analysis of summary results from probabilistic problem

Fig. 47 shows some selected summary results from the baseline specification of the xLPR problem. For each of
50,000 trials, the test weld was analyzed over a 60 year plant time horizon, and any leakages or pipe ruptures
were recorded. The results were then post-processed using the Transformers/Expectation post-processing

module to produce probabilities of occurrence for first initiation, first leakage, and finally pipe rupture.

1.E+00

1TE-01

1E-02

1E-03

——~Base Rupture - SIAM 1000{e) 50(a)

Probability of Occurrence

——~Base First init - SIAM 1000(e) 50(z)

TE-04 H4--1-f---m----o ol el s s e ek Ak Sk 2 ) Y =l
——Base First Leak - SIAM 1C00(e) 50(a)

1E-05

0 10 20 30 40 50 60 70
Time, yzars

Fig. 47 Probabilistic results of the of SIAM-xLPR pilot study: (a) cumulative probability of first
initiation, first leakage, and pipe weld rupture.
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4 Integrating and Testing New xLPR Modules

Note: The following section assumes that the user has some working knowledge of integrating Python and

Fortran codes integration. The online help file “Help on f2py” provides detailed information.

Because the modules that implement the models composing the xXLPR core (see Fig. 2 and Fig. 3) can change
over time, STAM-xLPR comes equipped with a utility to integrate upgrades in the Fortran modules. This utility
incorporates a new module into the SIAM-xLPR framework and creates the required software wrapper code
files that together will work as a communicating “bridge” between the Fortran module and the rest of the

SIAM-xLPR framework.

The SIAM-xLPR framework has been developed primarily using the Python v.2.6 programming language. To
use the Python/Wrapper f2py Utility (see Fig. 48), the user selects “Fortran to Python Utility” under the Tools
menu and follow the instructions given below. As the first step, we advise clearing the temporary folder used to
create a temporary copy of the files, by clicking the 'Clear Temp' button in the Source Files Build List. To check
the availability of the Fortran 95 and C compilers click on the 'Check’ buttons on the right side of the Compilers

section.
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- Python/Wrapper f2py Utility

L - W — - - - Elélg
Eile Edit f2py Settings Help
FPOEHHAGBREE D¢ WO OMAa RN - Gwawi=dwwwe

Check on Availability of Fortran 95 and C Compilers
F95 Compiler  gnugs

C Compiler mingw32

Create Python,C API Extension Module

1

Signature Name

Wrapper Name Create Wrapper

Commit Wrapper to Service Layer ]

Source Files Build List

1

G |

»

Service Layer Files

itemp
4 service (Fortran source)
expectation_v1.1.f90
load_v1.1.f90
RandomGeneratorfor

m

RandomGenerator2.for
transformers_v1.1.f90
4 timeloop |5
Coalescense_v2.2.f90
COD_v2.1.f90
TWCFail_v21.f90 |
kSurf_v1.1.f90
1S v2.1./90
SCFail_v2.1.f90
I KTWC v1.1.f90

Fig. 48 Python Wrapper f2py Utility Window.

4.1 How to integrate or test a change in one of the
timeloop modules

Because the timeloop module is integrated as a unit, compilation of all modules components is
required for each change to any of the modules or to the timeloop module itself. This process in

outlined in the steps below.
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1. Select the module to create:

1.1 Add Signature Name:
1.1.1. In the 'Service Layer Files' panel, navigate to the service (signature)>timeloop
and select TimeLoopSignature.pyf
1.1.2. Right click on TimeLoopSignature.pyf and select 'Add file to list'. This will
add the TimeLoopSignature.pyf file name in the 'Signature Name' input field on the
'Create Python/C API Extension Module' panel.

1.2 Add Wrapper Name:
1.2.1. In the 'Service Layer Files' panel, navigate to the service (wrapper
binaries)>Windows> and select TimeL.oopWrapper.pyd
1.2.2. Right click on TimeLoopWrapper.pyd and select 'Add file to list'. This will add
the TimeLoopWrapper file name in the 'WrapperName' input field on the 'Create
Python/C API Extension Module panel'.

2. Add the 'Source Files Build List':
2.1. In the 'Service Layer Files' panel, navigate to the service (Fortran source)>timeloop> and
per each Fortran file:
2.1.1 Right click on it and select 'Add file to list'
Note: To ensure that a files compiles, select a file in the ‘Source Files Build List' and

click on 'Compile Check' button.

3. Create PYF. At the 'Create Python/C API Extension Module' panel, click on 'Create PYF".

4. Create Wrapper. At the 'Create Python/C API Extension Module' panel, click on 'Create
Wrapper'.

The creation of the wrapper will take a few minutes and the output of the process will be presented on
the right side panel of the screen. If the process completes successfully, the exit code will be zero (0).

Otherwise, check the output, fix the issues and repeat the process above.

5. Commit changes. So far, all changes have taken place in a 'Temporal' directory. To commit the

changes to the SIAM-XLPR framework, click the 'Commit' button.
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4.2  How to integrate or test changes to modules not in the timeloop
To integrate changes to other modules such as the Load module or the Random Generator module, the

process is simpler, as the number of required files is smaller. This process in outlined in the steps
below.
1. Select the module to create:
1.1 Add Signature Name:
1.1.1. In the 'Service Layer Files' panel, navigate to the <name>Signature.pyf file.
1.1.2. Right click on <name>Signature.pyf and select 'Add file to list'. This will add
the file name in the 'Signature Name' input field on the 'Create Python/C API
Extension Module' panel.
1.2 Add Wrapper Name:
1.2.1. In the 'Service Layer Files' panel, navigate to the service (wrapper
binaries)>Windows> and select <name>Wrapper.pyd
1.2.2. Right click on <name>Wrapper.pyd and select 'Add file to list'. This will add
the file name in the "WrapperName' input field on the 'Create Python/C API

Extension Module panel'.

2. Add the 'Source Files Build List":
2.1. In the 'Service Layer Files' panel, navigate to the Fortran source file:
2.1.1 Right click on it and select 'Add file to list'
Note: To ensure that a files compiles, select a file in the ‘Source Files Build List' and

click on 'Compile Check' button.

3. Create PYF. At the 'Create Python/C API Extension Module' panel, click on 'Create PYF'.

4. Create Wrapper. At the 'Create Python/C API Extension Module' panel, click on 'Create
Wrapper'.

The creation of the wrapper will take a few minutes and the output of the process will be presented on
the right side panel of the screen. If the process completes successfully, the exit code will be zero (0).

Otherwise, check the output, fix the issues and repeat the process above.

5. Commit changes. So far, all changes have taken place in a ‘Temporal’ directory. To commit the

changes to the SIAM-XLPR framework, click the 'Commit' button.
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6 Installation of SIAM-PFM on Windows OS Computers
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6.1 PREPARING FOR INSTALLATION

Administrative privileges are required for installing SIAM_xLPR. If you are not logged in with full-time administrative privileges then you will
need to obtain temporary administrative privileges before proceeding with the installation. The following instructions assume that you are

working with temporary administrative privileges.

6.2 INSTALLATION

SIAM_xLPR is installed by executing the following three binary installers in the order specified:

1. SIAM xLPR <version>.exe
2. SIAM_ Dependenciesl.exe
3. SIAM Dependencies2.exe

On computers running the Microsoft XP operating system, right click on the executable file name in Windows Explorer and select “Run As...”.
Next select “The following user:”, enter the administrative user name and password, and click “OK”. These instructions also work for Windows 7
and Vista. However, the executable can be run on Windows 7 and Vista simply by double clicking on the executable file name. The user will be
prompted for an administrative user name and password when needed. On Windows XP computers double clicking the executable file name will

result in a partial install culminating in the display of an error message. When the executable is re-run with administrative

Step 1. Locate (on desktop or in a file folder) and run the three SIAM binary installers in order as shown below:
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7
SIAM_xLPR is installed on MS Windows computers ExpertFit

by executing three binary installers in the following order:

(1) SIAM_xLPR_beta.exe
(2) SIAM_Dependencies1.exe
(3) SIAM_Dependencies2.exe

Wk
() 25 administrator

Exclude this icon from Fences' quick-hide
dit with Notepad-+

) TortoiseHG
U Scan for threats...

9 WinZip
Pin to Start Menu
Add to Quick Launch
Restore previous versions

Send To

Cut
Copy

Create Shortcut
Delete

Rename

Properties

> Yplorer - SIAM Inst. ?) Timeline - xLPR - M. 5 Tnbox - Microsoft O clipse W CorelDRAW XA - [C: S ! Beta_Us. W 6 1042 AM

Fig. 49 Locate and run the SIAM_xLPR installer.
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Step 2: Click “Next” on the STAM_xLPR executable welcome screen, see figure 50 below:

1] SIAM_XLPR_beta - InstallShield Wizard e

I

Welcome to the InstallShield Wizard for
ﬂ SIAM_X1LPR_beta

The InstallShield(R) Wizard will install SIAM_XLPR._beta on your
computer. To continue, dick Mext.

Fig. 50 STAM_xLPR Installation Wizard.
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If the user is not logged into the system with full administrative privileges, Windows 7 and Vista will automatically prompt for a temporary

administrator user name and password in a dialog similar to Fig51. An example of the Windows XP administrative privileges dialog is shown in
Fig. 54.

F ‘ - N
'.g' User Account Control ﬁ
e ————————————————

Do you want to allow the following program from an
unknown publisher to make changes to this computer?

A

Program name:  Ch\Users\kpfAppDataLocalhDownloaded
Installations\{6BFDEAFT-09DD..\SIAM_XLPR_beta.msi
Verified publisher: Unknown

File crigin: Hard drive on this computer

To continue, type an administrator password, and then click Yes.

| Aornl_admin |

Domain: LAPWFI1688

Fingerprint

Scan an enrclled finger on the finge...

(%) Show details Yes || Mo |

Fig. 51 Administrative privileges dialog for Windows 7 and Vista.
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Step 3: A status dialog informs the user of progress as installation files are copied to the installation directory.

ﬁ SIAM_XLPR_beta - InstallShield Wizard = =

Installing SIAM_XLPR_beta
The program features you selected are being installed.

Extremely Low dnhuhi ity of Rupture

Flease wait while the Installshield Wizard installs SIAM_XLPR_beta. This may
take several minutes.

Status:

InstallShield

< Back Mext = Cancel

Fig. 52 SIAM_xLPR installation status dialog.
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Step 4: Another dialog is displayed when installation is completed successfully:

o SIAM_XLPR_beta - InstallShield Wizard

InstallShield Wizard Completed

The InstallShield Wizard has successfully installed
SIAM_XLPR_beta. Click Finish to exit the wizard.

Cancel

Fig. 53 SIAM_xLPR installation completed dialog.
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Step 5: Run SIAM_Dependencies and enter administrative privileges user name and password when prompted.

(&
& Which user account do you want to use to run this program?

() Current user (ORNL\ptw)

ses from harming your

cause the

(®) The following user:

User name: € WILLIAMSPT3\ORNL_Admin ¥ |

Password: ’ '"K“"l ‘

[ OK ” Cancel ]

& SIAM_Dependencies1

The installer will guide you through the steps required to install SIAM_Dependencies on your
computer.

Fig. 54 Windows XP administrative privileges dialog and SIAM_Dependencies] installation welcome dialog.
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Select install for “Everyone” on the Select Installation Folder dialog. The folder selected in this dialog is used for temporary file space and is not
the location where the permanent files will be located.

i& SIAM_Dependencies1 EI g‘

' .;\‘. 4 EI

r

The installer will install SIAM_Dependencisg

Toinstall in this folder, click "Next". To instg

Folder: The installer is ready to install SIAM_Dependencies on your computer.
CATemp),

Click "Next" to start the installation.

Install SIAM_Dependencies] for){}surse

(®) Everyone
() Justme

[ concel || <Back || New> |
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The SIAM_Dependencies] executable first installs the GNU Fortran 95 compiler. On some small-screen laptops, you may need to move the
“Installing SIAM_XLPR” window to the side in order to see this “GNU Fortran compiler Setup” window.

Next install the GNU Fortran 95
compiler: “gfortran”

i& SIAM_Dependencies1

&' GNU Fortran compiler Setup: License Agreement [_—|

Please review the license agreement before installing GNU Fortran

SIAM_Dependencies] is being installed.
compiler. If you accept all terms of the agreement, click I Agree.

GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Please wait...
I | oo cotee Fouaton i, <atpdiag
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.
Preamble
The GNU General Public License is a free, copyleft license for

software and other kinds of works.
v

The licenses for most software and other oractical works are desianed

carce
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The install folder for the Fortran compiler MUST be changed from “C:\Program Files\gfortran” to “C:\gfortran”. Installation in the Program Files
directory may cause problems in the execution of SIAM due to the space in the file name.

Be sure to change the installation directory from
“C:\Program Files\gfortran” to “C:\gfortran”

ii&' GNU Fortran compiler Setup: Installation Folder E] 8] i&' GNU Fortran compiler Setup: Installation Folder Q L] 8]

Setup will install GNU Fortran compiler in the following folder. To install in Setup will install GNU Fortran compiler in the following folder. To install in
a different folder, click Browse and select another folder. Click Install to ; a different folder, click Browse and select another folder. Click Install to
start the installation. start the installation.

Destination Folder Destination Folder

I C:\gfortran

Browse...

Space required: 86.4MB Space required: 86.4MB
Space available: 19.1GB Space available: 19.1GB

Cancel < Back | Install | Cancel < Back | Install |
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Complete the installation of “gfortran”

& GNU Fortran compiler Setup: Installing

[1! Extract: Overview.html
sl | |

& GNU Fortran compiler Setup: Completed Q‘EHZ‘

Completed
=~ ANANNENENEENEEEEEEEENEEEEEEEER

~

o]
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Next install the “Minimalist GNU for Windows” MinGW
port of the GNU Compiler Collection (GCC) and
GNU Binutils which includes C and C++ compilers.

® MinGW 3.4.2 Setup Q}E\

Welcome to the MinGW 3.4.2
Setup Wizard

This is a wrapper package containing the following files:
- binutils-2,15.91-20040904-1.tar.gz

- gcc-core-3.4.2-20040916-1.tar.gz

- gcc-g++-3.4,2-20040916-1.tar.gz

- mingw32-make-3.80.0-3.exe

- mingw-runtime-3.7.tar.gz

- w32api-3.2.tar.gz

For more information about MinGW, visit
http: /fwww . mingw.org.

[ Next > ] [ Cancel
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Accept the GNU License agreement and install in the default folder.

® MinGW 3.4.2 Setup

License Agreement

Please review the license terms before inst 8’ MinGW 3.4.2 Setup

Choose Install Location
Press Page Down to see the rest of the agr]

GNU GENERAL PUB .

Version 2, June Installing
Setup will install MinGW 3.4.2 in the followin Please wait while MinGW 3.4
Copyright (C) 1989, 1991 Free Software H Browse and select another folder. Click Insta

59 Temple Place, Suite 330, Boston, M
Everyone is permitted to copy and distriby
of this license document, but changing it i

Extract: numeric

Completing the MinGW 3.4.2 Setup
Wizard

Preamb
Extract: ctype_inline.h

If you accept the terms of the agreement, Extract: ctype_noninline

agreement to install MinG\W 3.4.2. Click Ne: Destination Folder Extract: gthr-defaulth MinGW 3.4.2 has been installed on your computer.
Extract: gthr-posic.h i) G o
% accept the terms in the License Agree Extract: gmr.;ngh;,h Click Finish to close this wizard.
(M do not accept the terms in the License| Extract: gthr.h
Extract: messages_me
Space required: 57.9MB Extract: os_defines.h
Space available: 19.0GB Extract: time_members,
Output folder: C:\MiInG
Extract: new

Extract: numeric
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Install Python 2.6 for all users.

i Python 2.6.5 Setup

Select whether to install Python 2.6.5
for all users of this computer.

@ Instal for all users
P (O Install just for me (not available on Windows Vista)

ks

python
windows

Next > ] [ Cancel
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Accept all defaults and proceed with the installation.

python

for

windows

X

Select Destination Directory

Please

QP

(il
()

(1Scrf
(Shd

python

fl i

windows

[

Customize Python 2.6.5

Install Python 2.6.5

Please wait wh
minutes.

Status: Copy

python

f: i

windows

Completing the Python 2.6.5 Installer

Special Windows thanks to:
Mark Hammond, without whose years of freely
shared Windows expertise, Python for Windows
would still be Python for DOS.

Click the Finish button to exit the Installer.

X|
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The next step is to install the SIAM_XLPR
Python dependencies by running the
SIAM_Dependencies2.exe installer.

i& SIAM_Dependenciesi

SlAM_Dependencies] has been successfully installed.

Click "Close" to exit.

Close ‘
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Internet Tecplot
EXplorer:

The installer will guide you through the steps required to install SIAM_XLPRs Python dependencies

f on your computer.
é! Run As

Tecpioth
01
Which user account do you want to use to run this program?

(O Current user (ORNL\ptw)

(@) The following user:

User name: \ﬁ WILLIAMSPT3\ORNL_Admin v

Password: ’ '“&""]r l

OK H Cancel ]

= e
Pin to Start menu
B Adobe Drive €54
Send To
Cut
Copy
Create Shortcut

Delete
Rename

Properties

| 4 start &3 xplorer? - [FAV... | % CorelDRAW X4 ... A g S &) O cem gy e 12:15PM
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Be sure to install for Everyone.

i SIAM_Dependencies

The installer will install SIAM_Dependencies to the following folder.

To install in this folder, click "Next". To install to a different folder, enter it below or click "Browse".

Folder:
Citemp', [ Browse... ]

| DiskCost. |

Install SIAM_Dependencies for yourself, or for anyone who uses this computer:

O] EWryone

() Justme

| concel || <Back ||  News> |

After the installation is complete,
you can delete the installer files in
the “C:\temp” folder.
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i& SIAM_Dependencies

i SIAM_Dependencies

The installe

Click "Next" SlAM_Dependencies is being installed.

Please wait...

Cancel < Back Next >
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Install Amara and accept the defaults.
Be sure to install in the Python 2.6
site-packages folder when prompted.

X X|

This Wizard will install Amara on your computer. Click Nextto continue or Cancel to
exitthe Setup Wizard.

A collection of Python/XML processing tools to complement 4Suite {http://4Suite

Author: Uche Ogbuiji
Author_email: uche.oghbuji@fourthought.com

Description: Amara XML Toolkit: a collection of Python /XML processing tools
Name: Amara

PYTHON Utl: hitp:/ fuche.ogbuijinet/tech/4suite famara/
Powered Version: 1.2.02

<
Built Tue Oct 27 16:22:12 2009 with distutils-2.6.4

| Next > I Cancel
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Install 4Suite-XML and accept all defaults.
i& Setup - 4Suite-XML E] O 8]

Welcome to the 4Suite-XML Setup
Wizard

1§ Setup - 4Suite-XML

License Agreement

Please read the followi
1§ Setup - 4Suite-XML

Select Destination Location
Where should 4Sudeaddl e inctalled
& Setup - 4Suite-XML

Please read the followi
before continuing with

License and copyright

Select Components
Which compgnents should be installed?

- Setup will

4Suite software copyri

To continue, click & Setup - 4Suite-XML

The copyright on 4Suit [C:\Python2H) Selectthe c Select Start Man aldao
(USA). Copyright an thg Click Next wi Whigre sh §4 Setup - 4Suite-XML
source code: mostfileg e e
ownership, and a CvS FuII installat
authorship or last revis Ready to Install
[V] 45 uite- - 5 Setup is Nov et e et
@ acceptthe agreem Doct aH i& Setup - 4Suite-XML
| do not accept the o Test EE
Click Install
2
Wizard
Atleast 0.7 MB of

Current sele:

Click Finish to exit Setup.

OX

Completing the 4Suite-XML Setup

Setup has finished installing 4Suite-XML on your computer. The
application may be launched by selecting the installed icons

(]} -
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Install Numpy to the Python 2.6 site-packages folder.

This Wizard will install numpy on your computer. Click Nextto continue or Cancel to
exitthe Setup Wizard.

S' Numpy super installer Setup: Completed

PYTHON
powered

Completed
[IIlllllllllllllllllllllllllllllllllllllIIlIIIIIIIIIIIIIIIIIIIIIII]

Show details

74



Install Scipy to the Python 2.6 site-packages folder.

This Wizard will install scipy on your computer. Click Next to continue or Cancel to
exitthe Setup Wizard.

SciPy (pronounced "Sigh Pie") is open-source software for mathematics,
science, and engineering. The SciPy libra

PYTHON
Powered

nun Completed
giv IllllllllllllllllllllllllllllllllllllllllllllllIllllllllllllllllll

Show details

Builf
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Install SciTools to the Python 2.6 site-packages folder.

This Wizard will install SciTools on your computer. Click Next to continue or Cancel
to exitthe Setup Wizard.

Author: Johannes H. Ring, Hans Petter Langtangen, limar Wilbers, Rolv E. Bre
Author_email: <hpl@simula.no>

Description:

SciTools is a Python package containing lots of useful tools for

scientific computing in Python. The package is built on top of other
Pouwered widely used packages such as NumPy, SciPy, ScientificPython, Gnuplot,
Matplotliib, VTK etc.

PYTHON

The SciTools package contains a lot of modules:

- easyviz: package for unified Matlab-like plotting syntax
- basics: imports from numpy. scipy, scitools.numpytools 3

<
Built Mon Feb 1 19:44:47 2010 with distutils-2.5.1

l Next > I Cancel
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Install PyQt GPL v4.5.4 and accept all defaults.

® PyOt GPL v4.5.4 for Python v2.6 Setup

EOX

Welcome to the PyQt Setup Wizard

W ® PyOt GPL v4.5.4 for Python v2.6 Setu A
© .0 , : COoX
License Agreement
Please review the license terms before installing PyOt. &J )
o ® PyOt GPL v4.5.4 for Python v2.6 Setup
ol Press Page Doy Choose Components o
Ch hich —
| S ® PyOt GPL v4.5.4 for Python v2.6 Setup (m]} <
PyQt is Copy Installing
Check the comy Please wait vailaRunt is hain joctallod )
You may use install. Click Nej —
GNU General # PyOt GPL v4.5.4 for Python v2.6 Setup Q{Q‘ X
displayed bell  sSelect the type
Extract: Q " -
or, select the o Completing the PyQt Setup Wizard
components yol LLLL
install:
[ If you accept

agreement to

Space required

PyQt has been installed on your computer.

Click Finish to close this wizard.

Get the latest news of PyQt here
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Install PyQwt and accept all defaults.
® PyQwt-5.2.0 Setup BE

Welcome to the PyQwt Setup
Wizard

® Pyowt-5.2.0 Setup LOK

License Agreement

Please review the license terms before installing PyQwt. “ 'y,

® Pyowt-5.2.0 Setup

Press Page D 1
LEE ) S Choose Components

Choose which
® Pyowt-5.2.0 Setup

Copyright (C) 198 i Choose Install Location —
51 Franklin s ek the comy Choose the folder in which to install PyQwt. W
: install. Click Nej yowt
Everyone is permif =
of this license doc Select the ype o PyOwt-5.2.0 Setup D D x
or, select th Selpwil Installing
T, selectiieq  gnd select ( 9
The licenses for components yol Please wait while PyOwt is being alled, 9
Pty : install:
® Pyowt-5.2.0 Setup (]
If you accept the te
agreement to instal Extract: qwt__plid ”
T Completing the PyQwt Setup
_ Wizard
Destinatig Show details
Space required PyQwt has been installed on your computer.
Click Finish to close this wizard.
Space requ
Space avai

Get the latest news of PyQwt here
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Finally, install SpringPython

This Wizard will install springpython on your computer. Click Next to continue or
Cancel to exitthe Setup Wizard.

Spring Python is an offshoot of the Java-based SpringFramewaork, targeted for F

Author: Greg L. Turnguist

Author_email: greg.turnquist at springsource dot com
Description: Spring Python

Name: springpython

PYTHON Url: http:/ /springpython webfactional.com
Powered Version: 1.1.0.RCI

<
Built Fri Jul 09 11:34:23 2010 with distutils-2.6.5

| v

| Next > | Cancel
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This completes the installation.

i& SIAM_Dependencies

SlAM_Dependencies has been successfully installed.

Click "Close" to exit.

Cancel < Back k Close
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On some installations on Windows XP, VISTA, and 7, it has been
necessary to grant the User “Full Control” for the SIAM_XLPR

installation folder.

File Edit

O Back 1

Address |

Expand

open_x2

Search...

Explore

Open

JDiskReport 1.2.1
Copy using LeechGet

Folders

P

Sharing and Security...

[+
[ =

g
@ S TortoiseHG 4
* LU scan for threats...
g
% [ @ winZp 4
* L% combine supported files in Acrobat...

d
# (¢ & Adobe Drive C54 ’
Send To 4

Cut
Copy

Delete
Rename

OB =
Pl 3 —ul —f =l =

® g

Y Properties
:
# ) SIMULIA
# | 2) SmartDraw

) SmartDraw PDF Filter
# | 2) SYIN
® ) sysprep

) Tecplot_Workspace
® ) temp
# ) temp2
® |Z) TERRY

- OX

]
ll'

v B Go
7 ! Administrator I All Users

||t —
/I cy3 !/I not

| owner 1/I ptw
7 qos ] swscisveacets
——— —
] sys Y
— —
I tyd ‘7 } utk
L L

Use Explorer to navigate to “C:\SIAM_XLPR”
Right click and select “Properties” from the
context menu.
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On the SIAM_XLPR Properties
dialog, select the “User” from
the “Group or user names” panel
on the “Security Tab”.

SIAM_XLPR Properties edd

| General | Sharing | Security | Web Sharing | Customize |

Group arusernames:

€7 Administratars (WILLIAMSPT 3YAdministrators)
€7 CREATOR OWNER
€7 SYSTEM

€7 Users (WILLIAMSPT3\Users) AI IOW € F u I I CO ntro I "
in the “Permissions for
Users” panel.

Permissions for Users

Full Control

Modify

Read & Execute
List Folder Contents
Read

Write

Snerial Parmiscinne

Click “Apply”

For special permissions or for advanced settings,
click Advanced.
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7 Appendix B SIAM-xLPR input parameters

7.1 Problem Setup Tab
7.1.1  Source of Flaws:
Parameter Name Parameter Description Reference
PWSCC Initiated xLPR Program Plan [4]

7.1.2  Problem Specification — Monte Carlo Setup

Parameter Name

Parameter Description

Value

Reference

Number of aleatory realizations Number of aleatory realizations 20 xLPR Program Plan [4]
Number of epistemic realizations Number of epistemic realizations 52 xLPR Program Plan [4]
Total Number of realizations Number of aleatory realizations X 1040 xLPR Program Plan [4]

Number of epistemic realizations

Initial Random Number Generator
Seeds

Initial Random Number Generator
Seeds

Seedl = 1234567890
Seed2 = 123456789

P. L’Ecuyer and S. Cote,

[11]

7.1.3

Surface Crack Failure Criteria

Parameter Name

Parameter Description

Reference

Net-section plastic collapse

xLPR Program Plan [4]

7.1.4 Through-Wall Crack Failure Criteria

Parameter Name

Parameter Description

Reference

Net-section collapse of LBB.ENG2 EPFM

xLPR Program Plan [4]
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7.1.5 Setup Plant Time Horizon, Time Increment for Analysis, and Mitigation Schedule

Parameter Name Parameter Description Value Units Reference
tfinal Plant time horizon 720 Months xLPR Program Plan [4]
time mts Number of futures to 1 Non-dimentional xLPR Program Plan [4]
simulate; 1= no mitigation
time_step Time step interval used for 1 Months xLPR Program Plan [4]
time integration
7.1.6 Pipe/Weld Geometry
Parameter Name Parameter Description Value Units Reference
pipe_outer diameter Pipe/weld outer diameter 0.381 Meters xLPR Pilot Study Model
Problem Statements [10]
pipe_wall thickness Pipe/weld wall thickness 0.040132 Meters xLPR Pilot Study Model
Problem Statements [10]
7.1.7  Setup Analysis Methods
Parameter Name Parameter Description Value Reference
method_cod COD analysis method [integer], 0 COD_v2.0 Conceptual Description
unitless [22]
= (0, blended GE/EPRI
> (), reserved for future methods
method_initiation Initiation Probability method. Two 2 Crack Initiation v2.0 Conceptual
approaches are available: Description [23]
1. Direct: Initiation time given as
explicit function of stress and
temperature, with randomness in
parameters in the function.
2. Weibull: The initiation time is taken
to be Weibull distributed with a slope
of 3 and a scale parameter that
depends on stress and temperature.
method_scfail SC analysis method [integer], 1 SC Fail v2.0 Conceptual

unitless

= 0, constant depth surface crack
NSC

= 1, semi-elliptical surface crack

Description [24]
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NSC

> 1, reserved for future methods

7.2.1 AS516 Gr70

7.2 Material Properties

Parameter Name Parameter Description Value Unit Reference
A516Gr70 elasticModulus modulus of elasticity 186300 MPa xL.PR Program Plan [4]
A516Gr70 F F _A516 Gr 70: F factor for 911.5219 MPa xLPR Program Plan [4]
Ramberg-Osgood model
A516Gr70 n n_A516_Gr_70: n exponent for | 4.288899 nondim xLPR Program Plan [4]
Ramberg-Osgood model
A516Gr70 ultimateStrength sigu A516 Gr 70: ultimate 519.1096 MPa xLPR Program Plan [4]
strength
A516Gr70 yieldStrength sigy A516_Gr_70: yield 227.4765 MPa xLPR Program Plan [4]
strength
7.2.2 TP 304
Parameter Name Parameter Description Value Unit Reference
TP304 elasticModulus modulus of elasticity 177100 MPa xLPR Program Plan [4]
TP304 F F_TP304: RO_F =F factor 562.1217 MPa xLPR Program Plan [4]
for Ramberg-Osgood model

TP304 n n TP304: RO n=n 4.260565 nondim xLPR Program Plan [4]
exponent for Ramberg-
Osgood model

TP304 ultimateStrength sigu TP304: ultimate 450.6127 MPa xLPR Program Plan [4]
strength

TP304 yieldStrength sigy TP304: yield strength 168.763 MPa xLPR Program Plan [4]

7.2.3  Alloy 182

| Parameter Name Parameter Description | Value Unit Reference
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Alloy182 C C_Alloy 182: Resist C= 260.1 Non-dimensional xLPR Program Plan [4]
ductile-tearing J-R curve
parameter C

Alloy182 E Alloy600 Young's modulus for Alloy 207000 MPa xLPR Program Plan [4]
600

Alloy182 elasticModulus modulus of elasticity 203100 MPa xLPR Program Plan [4]

Alloy182 JIc JIc_Alloy 182: Resist Jlc= | 482.7 kJ/m**2 xLPR Program Plan [4]
ductile-tearing initiation Jlc

Alloy182 m m_Alloy 182: Resist m = 0.612089 Non-dimensional xLPR Program Plan [4]
ductile-tearing J-R curve
parameter m

Alloy182 sigUS Alloy600 ultimate strength for Alloy 689.5 MPa xLPR Program Plan [4]
600

Alloy182 sigY'S Alloy600 yield strength for Alloy 600 | 344.7 MPa xLPR Program Plan [4]

Alloy182 ultimateStrength sigu Alloy 182: ultimate 580.1362 MPa xLPR Program Plan [4]
strength

Alloy182 yieldStrength sigy Alloy 182: yield 361.5464 MPa xLPR Program Plan [4]
strength

7.3 Crack Initiation and Growth
Parameter Name Parameter Description Value Unit Reference
grower_alpha reference alpha parameter 2.01E-12 Nondim (see note Grower_v2.0 Conceptual
for PWSCC growth model below) Description [13]

Note: The unit is hard
coded as: (m/s)/(MPa-
m0.5)1.6

System presents as
nondim to prevent
user from changing it.

grower beta

reference beta parameter for
PWSCC growth model

1.6

nondim

Grower v2.0 Conceptual
Description [13]
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grower_ch2 c: characteristic width of 22.5 mV Grower_v2.0 Conceptual
crack growth rate curve. Description [13]
Growth Rate Curve *(mV)
grower fweld f weld: weld fabrication 0.99894 nondim Grower v2.0 Conceptual
factor Description [13]
grower h2 concentration of hydrogen 25 cm**3/kg Grower v2.0 Conceptual
in primary water (cc/kg- Description [13]
STP)
grower_kth reference k threshold 0 nondim Grower_v2.0 Conceptual
parameter for PWSCC Note: The units are Description [13]
growth model. hard coded as:
(MPa(m)”0.5) MPa(m)"0.5 System
presents as nondim to
prevent user from
changing it.
grower p peak to valley ratio 9.5 nondim Grower v2.0 Conceptual
Description [13]
grower _qoverr reference Q/R for PWSCC 15636 K Grower v2.0 Conceptual
growth model Description [13]
grower_tref reference temperature Tref | 598.15 K Grower_v2.0 Conceptual
for PWSCC growth model Description [13]
grower_zinc concentration of zinc in 0 cm**3/kg Grower v2.0 Conceptual
primary water Description [13]
initiation A A: Heat to heat - Method 1 | 3.163 nondim Crack Initiation v2.0
median - within heat Conceptual Description
sampling [23]
initiation AWH_Stdev geometric stdev for within nondim Crack Initiation v2.0
heat Method 1 2.9153795 Conceptual Description
[23]
initiation AWHO Method 1 - quantile for 0.5 nondim Crack Initiation v2.0
median within heat Conceptual Description
(lognormal) [23]
initiation B1 B1: Heat to heat - Method 2 | 1.20E-09 nondim Crack Initiation v2.0
median - within heat Conceptual Description
sampling [23]
initiation BIWH_Stdev geometric stdev for within 1.741941 nondim Crack Initiation v2.0
heat Method 2 Conceptual Description
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[23]

initiation BIWHO Method 2 - quantile for 0.5 nondim Crack Initiation v2.0
median within heat Conceptual Description
(lognormal) [23]
initiation_C1 parameter for Method 3 0.04 nondim Crack Initiation v2.0
Conceptual Description
[23]
initiation_crack depth init initial crack depth 0.0015 m Crack Initiation v2.0
Conceptual Description
[23]
initiation_crack half length init initial crack half-length 0.003 m Crack Initiation v2.0
Conceptual Description
[23]
initiation_qoverr reference Q/R for PWSCC | 22000 K Crack Initiation v2.0
initiation module Conceptual Description
[23]
initiation RandU30 RandU3: Method 3 - 0.5 nondim Crack Initiation v2.0
initiation time sampling Conceptual Description
[23]
initiation_ RandULoc0O random number sampled for | 0.5 nondim Crack Initiation v2.0
use in crack placement Conceptual Description
[23]
initiation_SigTH SigTH: threshold stress for | 137.9 MPa Crack Initiation v2.0
Method 1 Conceptual Description
[23]
initiation_subunits number of circumferential 19 nondim Crack Initiation v2.0
subunits in weld Conceptual Description
[23]
initiation XN1 parameter for Method 1 4 nondim Crack Initiation v2.0
Conceptual Description
[23]
initiation XN3 parameter for Method 3 4 nondim Crack Initiation v2.0

Conceptual Description
[23]
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7.4.1 Operating Conditions

7.4 Operating, Loading and Mitigation

Parameter Name Parameter Description Value Unit Reference
ambient pressure ambient pressure 0.1013565 MPa xLPR Program Plan [4]
pressure Pressure: internal pressure 15.5132 MPa xLPR Program Plan [4]
temperature Temperature: metal 344.9 degC xLPR Program Plan [4]

temperature
7.4.2 Loading Conditions
Parameter Name Parameter Description Value Unit Reference

DW_Fx Axial force due to dead Load Module v1.0
weight [kN], Fx axial force Conceptual Description [14]
component 0.31 kN

DW_Mx Moment due to dead weight Load Module v1.0
(Mx) [KN-m], Mx moment Conceptual Description [14]
component 1.31 m*kN

DW_My Moment due to dead weight Load Module v1.0
(My) [kN-m], My moment Conceptual Description [14]
component 0.21 m*kN

DW_ Mz Moment due to dead weight Load Module v1.0
(Mz) [kN-m], Mz moment Conceptual Description [14]
component 1.02 m*kN

NT Fx Axial force due to normal Load Module v1.0
thermal [kN], Fx axial force Conceptual Description [14]
component 3.87 kN

NT Mx Moment due to normal Load Module v1.0
thermal (Mx) [kN-m], Mx Conceptual Description [14]
moment component 65.3 m*kN

NT My Moment due to normal Load Module v1.0
thermal (My) [kN-m], My Conceptual Description [14]
moment component -57.54 m*kN
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NT Mz Moment due to normal Load Module v1.0
thermal (Mz) [kN-m], Mz Conceptual Description [14]
moment component 52.99 m*kN

P Fx Axial force due to pressure Load Module v1.0
[MN], Fx axial force Conceptual Description [14]
component 1.10195056 kN

P Mx Moment due to pressure Load Module v1.0
(Mx) [kN-m], Mx moment Conceptual Description [14]
component 0 m*kN

P My Moment due to pressure Load Module v1.0
(My) [kN-m], My moment Conceptual Description [14]
component 0 m*kN

P Mz Moment due to pressure Load Module v1.0
(Mz) [KN-m] Conceptual Description [14]
, Mz moment component 0 m*kN

SSE Fx Axial force due to SSE (safe- Load Module v1.0
shutdown earthquake) [kN], Conceptual Description [14]
Fx axial force component 28.02 kN

SSE Mx Moment due to SSE(safe- Load Module v1.0
shutdown earthquake) (Mx) Conceptual Description [14]
[kN-m], Mx moment
component 32.39 m*kN

SSE My Moment due to SSE (safe- Load Module v1.0
shutdown earthquake) (My) Conceptual Description [14]
[kN-m], My moment
component 59.25 m*kN

SSE Mz Moment due to SSE (safe- Load Module v1.0
shutdown earthquake) (Mz) Conceptual Description [14]
[kKN-m], Mz moment
component 94.89 m*kN

TS Fx Axial force due to normal Load Module v1.0
thermal stratification [kN], Conceptual Description [14]
Fx axial force component 17.39 kN

TS Mx Moment due to normal Load Module v1.0
thermal stratification (Mx) Conceptual Description [14]
[KN-m], Mx moment
component 2.51 m*kN

TS My Moment due to normal -80.79 m*kN Load Module v1.0
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thermal stratification (My) Conceptual Description [14]
[kN-m], My moment
component

TS Mz Moment due to normal Load Module v1.0
thermal stratification (Mz) Conceptual Description [14]
[kN-m], Mz moment
component 87.9 m*kN

7.4.3 Normal WRS State

Parameter Name Parameter Description Value Unit Reference

SOWRS sig0 wrs: weld residual stress xLPR Program Plan [4]
parameter SOWRS 300.3 MPa

WRSRand OD_stress_random: random xLPR Program Plan [4]
number U(0.5,1) WRSRand 0.5 nondim

XcWRS Xc: weld residual stress xLPR Program Plan [4]
parameter 0.25 nondim

7.4.4 Mitigation WRS State

Parameter Name Parameter Description Value Unit Reference

SOWRS mitigate sig0_wrs_mitigated: weld residual xLPR Program Plan [4]
stress parameter SOWRS after
mitigation -344.75 MPa

WRSRand_mitigate OD stress random_mitigated: xLPR Program Plan [4]
random number U(0.5,1) req'd after
mitigation 0.5 nondim

XcWRS mitigate Xc_ mitigated: weld residual stress xLPR Program Plan [4]
parameter Xc after mitigation 0.38 nondim

7.5 In-Service Inspection (ISI)

Parameter Name Parameter Description Value Unit Reference
inspection_pod_betal POD_betal: probability of Inspection v2.0 Conceptual
detection model betal 2.7076 nondim Description [15]
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parameter

inspection_pod_beta2

POD_beta2: probability of
detection model beta2

Inspection v2.0 Conceptual
Description [15]

parameter 0.0031 nondim
inspection_Urnd POD_detection: used in SC Inspection v2.0 Conceptual
inspection module 0.5 nondim Description [15]
7.6 Post-Processing Options
7.6.1 Include CCDFs in analysis
Parameter Name Parameter Description Value Reference
Include CCDFs in analysis CCDF option (yes or no) Selected = yes Expectation v1.0 Conceptual
Description [17]
Time of interest (yrs) Time to use for CCDF (optional) 50 Expectation v1.0 Conceptual
Description [17]
Number of Points Number of discretization points 30 Expectation v1.0 Conceptual
Description [17]
Specify Discretization basis for Specify Discretization basis for Linear Expectation v1.0 Conceptual
parameter of interest (POI) parameter of interest (POI): Linear Description [17]
or Logarithmic.
7.6.2 Treatment after Rupture
Parameter Name Parameter Description Value Reference
Maximum over time (create Take max over time or not (1 = Selected by default. Transformers v1.0 Conceptual
running maximum) max; 0 = no change) Description [16]
Apply no changes to framework If the output of interest needs to be | Not selected by default. Transformers v1.0 Conceptual
results taken as it is calculated by the Description [16]
framework or if it needs to be
transformed such that the
maximum over time is taken at
each time step (integer =0 for no
change and 1 if max over timestep
is taken).
Quantiles of Interest Listing of the quantiles of interest 1) 0.05 Transformers v1.0 Conceptual
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2) 0.25 Description [16]
3) 0.50
4) 0.90
5) 0.95
6) 0.99
7.6.3 Include in-service inspections (ISI)
Parameter Name Parameter Description Value Reference
Include in-service inspection s(ISI) | Include in-service inspection s(ISI) | Not selected by default. Transformers v1.0 Conceptual
for post-processing. Description [16]
Inspection Times (yrs) Inspection time in years 1) 15.0 Transformers v1.0 Conceptual
2) 30.0 Description [16]
3) 45.0

Specify Conditional Dependency
Rule

Specify Conditional Dependency
Rule: independent or dependent

Independent option selected by
default.

Transformers v1.0 Conceptual
Description [16]

Specify Treatment of Multiple

Specify Treatment of Multiple

Use minimum PND option

Transformers v1.0 Conceptual

Cracks Cracks: use minimum PND or selected by default. Description [16]
multiple PNDs
7.6.4 Create Indicator Function
Parameter Name Parameter Description Value Reference
Create Indicator Function The second set of changes that can | Not selected by default Transformers v1.0 Conceptual
then by applied to the data for any Description [16]
variable is to change it into an
indicator function (a set of 0 and 1)
in case the user would be interested
in threshold values.
Limit-type Operator type of threshold: 0:"<" default Transformers v1.0 Conceptual
0:"<" Description [16]
1. n=n
2. |I>||

Time option

When to apply transform time
option: at time of event or after
event.

At time of event option
selected by default

Transformers v1.0 Conceptual
Description [16]

93




Threshold value

Threshold value for the 1.0
transformed

Transformers v1.0 Conceptual
Description [16]

7.6.5 Include leakage rate threshold correction

Parameter Name

Parameter Description

Value

Reference

Include leakage rate threshold
correction

leak rate threshold correction: 1
= threshold, 0=no threshold.
Default=0

Not selected by default

Transformers v1.0 Conceptual
Description [16]

detection LOCA_TS Limit

If correction with respect to leak
rate threshold is applied (integer -
>0 for no and 1 for yes). The
following option is added only if
this option is 1 (Leak rate threshold
(real)). The leak rate threshold is
called the LOCA TS Limit in the

1 m**3/s

Program Plan.

Transformers v1.0 Conceptual
Description [16]; xLPR Program
Plan [4]

7.7 Execution

7.7.1 Epistemic Sampling Procedure

Parameter Name

Parameter Description

Value

Reference

Epistemic Sampling Procedure

Epistemic Sampling Procedure
either Random Sampling or LHS

LHS selected by default.

xLPR Program Plan [4]

7.7.2 Execution Mode

Parameter Name Parameter Description Value Reference
Execution Mode The execution mode options are: | Monte Carlo with uncertainties | XLPR Pilot Study Model Problem
Monte Carlo with uncertainties, | selected by default Statements [10]

Deterministic Baseline Case # 1
and Deterministic Baseline Case
#2
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7.7.3 Output Options

Parameter Name

Parameter Description

Value

Reference

Debug mode

For the deterministic cases

Not selected.

xLPR Pilot Study Model Problem
Statements [10]
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