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Objectives

This workshop is about:

— Provide everybody in this room hands-on experience in setting-up and running
the xLPR code.

— Develop common “best practice” habits with performing simulations using
XLPR.

What we want to get out of this workshop
Hands-on experience from A-to-Z on how to setup and run the code.

Interactive discussion and use of the code!
Constructive feedback on workshop materials and examples used.

Address any question you may have with the USE of the code.

What this workshop is not about
— Review of the technical basis of the xLPR probabilistic fracture mechanic model.

— Review of the implementation of the models.




Tentative schedule

Thursday March 12t": BASIC USE OF THE CODE

08:00 AM - 08:15 AM
08:15 AM - 09:00AM
09:00 AM - 09:30 AM
09:30 AM -10:15 AM
10:15 AM -10:30 AM
10:30 AM - 11:15 AM
11:15 AM - 12:00 PM
12:00 PM - 01:10 PM
01:00 PM - 01:45 PM
01:45 PM - 02:15 AM
02:15 PM - 03:00 PM
03:00 PM - 03:15 PM
03:15 PM - 04:15 PM
04:00 PM - 04:30 PM

Welcoming introduction (R. Dingreville)

GoldSim basics (C. Sallaberry)

File structure (C. Sallaberry)

Input Set Excel File structure (C. Sallaberry)

Break

XLPR simulation editor ( P. Mariner)

Input creation exercise (P. Mariner)

Lunch break

Internal structure of the code (C. Sallaberry)

Sampling options / Running a simulation (C. Sallaberry)

Error tracking and results visualization (A. Eckert, C. Sallaberry)
Break

Outputting results: Global output vs. local output (S. Sanborn)

Questions

Friday March 13t": ADVANCED USE OF THE CODE

08:00 AM - 08:45 AM
08:45 AM - 09:15 AM
09:15 AM -10:15 AM
10:15 AM -10:30 AM
10:30 AM - 12:00 PM
12:00 PM - 01:00PM

01:00 PM - 04:00PM

Outstanding questions from Day 1 (All)

Pre-processor: Fatigue and Leak Rate (S. Sanborn)

Leveraging pre-existing input decks (P. Mariner)

Break

Scenario simulation / common errors — Hands-on (P. Mariner)
Lunch break

=Pl

Hands-on session / Free format / open questions (All)
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What is GoldSim?

GoldSim is a highly graphical, object-oriented program for carrying
out dynamic, probabilistic simulations of complex systems.

A high-level programming language that requires no programming
expertise.

Similar to a spreadsheet, but:
— Graphical so models are easier to maintain and explain to others
— Understands concept of “time”

— GoldSim models are much more realistic than anything that can be
created using a spreadsheet




GoldSim Design Philosophy

* Models should be constructed in a “top-down” manner
— Capture all key aspects and inter-relationships
— Only add as much detail as required and justified
— Keep focused on the “big picture”

* Must accurately and honestly express our uncertainty in all
aspects of the system

— parameters
— processes
— events

A model that cannot be explained and understood is a
model that will not be used

— No black boxes!

. .
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Building Models with Objects

Graphical objects (elements) used
to create an influence diagram.

Wide variety of specialized
elements.

Outputs of one or more elements
are connected to the to the inputs
of another element.

CPE' ELECTRIC POWER
RESEARCH INSTITUTE




Circ_Crack_Growth

A

T
““""—-———

Tip_maternial_cc

Circ_Crack_Stability

Circ_Crack_Leak Rate Circ_Crack_COD

Previous_inspection_status_cc




GoldSim Quick Tour: quick peak at xLPR

GoldSim elements
Linking elements and units
Dynamic simulation

Feedback
Probabilistic simulation

Discrete events
Building Hierarchical models

. .
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Creating Elements

Use the context menu in graphics pane
— (Right-click, then Insert Basic Element)

GoldSim assigns a default name to each new element
(typenn)
You can change the element’s name when it is first

created or by double-clicking on the element in the
graphics pane

Elements in the same scope must have unigue names
(we will discuss scope later)

Rules for element names

. .
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Data Element

r B
Data Properties : Datal &J

ID and Description

Data Type and Units B sepesrence...
Input fields Doy | (amen) S

Other —

— Appearance

Data Source

— Save flags

Save Results
V| Final Values v | Time History

Cancel
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Expression Element ’f% .

Expression1

The most basic element for
writing expressions

Similar to writing expressions
in a Spreadsheet cell

Create expressions using:

— Standard operators (+ - *
etc.)

— Built-in functions

— Built-in constants

Expression Properties : Expressionl
Definition

Element ID: Expression1]

Description:

Display Units: Type...

Equation

o

Appearance...

Scalar

0.0

Save Results

V| Final Values

V| Time History

Cancel




Integrators

e Stock elements (such as Integrators) accumulate past events and
Brovide systems with inertia and memory. Their outputs are determined
y the previous value of their inputs. They are responsible for internally
generating the dynamic behavior of most systems.

value and a Rate of Change
as inputs, and output a
Current Value:

® |Integrators require an initial
- fit

Integrator

Current Value = Imtial Value + [Rate of Change

® USNRC
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B
Selector Element

Selector1

3 Selector Properties : Selector? - O n
Provides clear way to define Defeston

neStEd If’ Then Iogic Element ID: | Selector | Appearance...

Description:

First column is a condition ey || D s
Selector Inputs

Se CO n d CO I u m n | S u Se r' Note: The if statements are evaluated in order, and the Selector

takes on the value corresponding to the first true statement thatis
encountered. If all statements are false, it takes on the final value.

defined type

If Then

[ false 0.0
Else | 0.0

Add Switch Delete Switch

Save Results
(V] Final Values [] Time History

Cancel
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Time History Result Element

Specify outputs

User-defined labels
Line styles

Y1, Y2, and beyond (for
tables)

Display units

Using Chart styles and
Keywords

Result1

Time History Result Properties : Result1

Definition
Name: Resut1|
Description:
Options
Primary (Y1) Display Units:

Time Display Setting: Simulation Time v

Results

Show Result >>

Secondary (Y2) Display Units:

Global Monte Carlo Result Options: Options...

sye [ V1] v2]

Add Result... Delete Result

[] Disable Element (results will be unavailable in Result Mode).

Export Results To: | None

Close

ECTRIC POWER
EARCH INSTITUTE




Container Element @

Container1

Enca pSU Iate pO rtlons Of Container Properties : Container1 )
t h e Mo d e I General | Graphics | Information

Element ID: | Container 1| Appearance...

MOVQ tO... Description:

Links are maintained Features: [ g Locakzation

[T s% Treat as SubSystem

[~ ! Conditionality
Name Space ™ (2 Internal Clock
[~ ¢ Looping Capability
[ _:‘17\‘ Provide Resources
[T @& Protection
Details: | Creates a private name space for elements in the
Container. They can have the same ID's as other

elements, but their outputs will not be visible in the rest
of the model unless they are exposed.

Save/Enable Results

Cancel
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Lookup Table Element

Res po n Se S u rfa Ce (Eookup T?ble Properties : Tablel |—§3-|‘
1D, 2D, 3D

Global function Dencions

. Result Units:
Interpolation Table Defriin

Dimensions: 1-D .

O ptio Na I IOO ku p mOd ifie rs Independent Variables:

Row:

Definition

ElementID: Tablel| Appearance. ..

Units:

— For example, reverse lookup: Table(X, :
TBL Inverse) Interpolation: |Linear ¥)| |Linea

Result Interpolation: Linear v

External Data Source —

Outside Table Bounds: Fatal Error

— Typically a spreadsheet t entries cdtoeta |

Data Source: None

=N
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DiscreteChange1

Discrete Change Element

r N
Discrete Change Properties : DiscreteChangel l—i-,'

Generates a discrete ———
Change Signal Element ID: DiscreteChangel Appearance...

Description: |

Display Units: Type... |Scalar
ReqUireS an inpUt Value Discrete Change Definition

_ Ad d Value: |0.0

Instrucbon:‘ Add

Triggered by events

— Replace

Activation

Main output is not a value

Save Results

V| Final values | Time History

Close

{”USNRC
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Stochastic Element

Probability distribution to
sample from

Sampling mode
Correlation

Importance sampling

menit

J/\ -

Stochastic1

r

Stochastic Properties : Stochasticl

Definition

ElementID: Stochasticl

Description:

Display Units:

Distribution
Type: Uniform

Mode: @ Sampled once

| ¥ More
Save Results

V| Final Values

Type... |Scalar

Resampled

Cancel

Appearance...




Status Element

&

¢ Output iS a BOOIean Status Properties : Statusl
(True/False) -

ElementID: Statusl Appearance...

 Three inputs:

Description:

— Initial Value

Initial Condition

false

— Trigger(s) to set to True

Trigger to set Status to TRUE

— Trigger(s) to set to False

* Very useful for tracking
key state variables in a
system (on/off) N

| Final Values

Cancel
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Linking to Excel - @ -
(Spreadsheet elements) scaosnces

Already have seen:

- Importing from Excel to
Lookup Table elements

Importing from Excel to
Time Series elements

Exporting to Time History

Result elements
Spreadsheet element
provides generic capability
for importing from and
exporting to Excel

-
Spreadsheet Properties : Spreadsheetl

Definition
ElementID: Spreadsheeti| Appearance... |
Description:

MS-Excel File: Options >>

Inputs and Outputs

Name Location in Spreadsheet

Save Results

Record CPU times in the run log

‘ OK I Cancel

CPE' ELECTRIC POWER
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How Does GoldSim Represent Time?

* GoldSim divides (discretizes) time into a series of
(user-defined) timesteps

 Model calculations are carried out every timestep
e Key assumption of time stepping:
— Variables are assumed constant over a timestep

— In most models you will specify rates (e.g., flow
rates, growth rates, spending rates) and GoldSim
will integrate these rates over time to compute
guantities (e.g., volumes, masses, number of
items, lengths, amount of money)

— These rates are assumed constant over a
timestep

. .
United States Nuclear Regulatory Commission
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Carrying out a Dynamic Simulation

 The timestep length is defined by the user

— Timestep length can vary during a simulation (e.g., monthly
timesteps; telescoping timesteps)

— GoldSim may override the user-defined timestep and insert
additional (unscheduled) timesteps if necessary (not used by
XLPR model)

— NOTE: GoldSim’s time stepping is fundamentally different
from spreadsheet-based simulations in two key ways:

* Spreadsheets have a fixed timestep (every row)
e Spreadsheets deal with quantities, not rates

* After timesteps are defined, we “run the model” to produce
results at every timestep




Simulation Settings

Simulation Settings...
Time | Monte Carlo | Globals | Information

4 ) Specify timestepping options for the model.

* Prior to running a -
simulation, you must Y o Ssid .

specify the simulation S ———
S Ett i n gs Duration: 100 day

Start Time: 7/ 9/2013 [~ | [12:00:00aM 2

* Defined by: '

— Main menu (Model | gy —
S i m u I a t i O n Basic Step: User-specified
Setti ngs.”) Reporting Steps:

None
— Double-clicking on =P
. . . Save Results: |Basic Steps v| Saveevery 1 < BasicSteps
S I m u | a t I O n Sett I n gs 1, 101 scheduled update times, 101 saved
Result Size: 5.62 KB histories, 57 byte final values v Advanced...
button

— Pressing F2

@
¥ USNR LECTRIC POWER
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How Do | Run a Model?

* Press F5 or the Run button

 The Run Controller will appear and the simulation will
start

GoldSim Run Controller

REALIZATION: 0/1 Elapsed Time
TIMESTEP: 0/ 100 0:00:00
0.0 day [5]  Reapy

Simulation Time Status

L/ L® J[>R] (M

e After it completes, it will display a dialog:

r© N
GoldSim -5
ﬂ\ Simulation Complete!

| oK




Simulation Modes

Edit Mode: Can edit model, contains no results. Press
F5 to run the model.

Run Mode: Model is running (or ready to run).
Pause Mode: Model is paused in the middle of a run.

Result Mode: Model has been run and contains
simulation results. You can navigate the model and
view results, but editing is limited. Press F4 to exit.

Scenario Mode: Specialized type of Result Mode (not
used by xLPR)

Scale: 100% Filter ON Result Mode »

. .
United States Nuclear Regulatory Commission
Protecting People and the Environment
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Physical model implementation status

Crack initiation v/

Stress intensity factor v/

Crack Growth v

Transitioning Crack v/

Coalescence (only for circ. Crack) v

Stability (different from SC and [TC, TWC] ) v
Crack Opening Displacement (only for TC and TWC) v/
Leak rate (only for TC and TWC) v

In Service Inspection v/

WRS Importance Sampling %

Fatigue Preprocessing *

Inputs for Crack Initiation Direct Model 2 %
Leak Rate COD Calculation %
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Home Share View

- 4 |H <« xLPR Version 2.0 » March_2015_Workshop » Betav2.1_R3 » w G| | Search Beta v2.1_R3

-

* Favorites T
B Desktop DLLs 3/9/201512:38 PM File folder
{i Downloads ,H Test 1.1 - Circ SCC Growth 3/9/201512:38 PM File folder
ﬁ Recent places ,H Test 1.2 - Axial SCC Growth 3/9/201512:38 PM File folder

“ Test 2.1 - PilotStudy Deterministic 1 3/9/201512:38 PM File folder

15 This PC H Test 2.2 - PilotStudy Deterministic 2 3/9/201512:38 PM File folder
5# C on 5946752 H Test 2.3 - PilotStudy Probabilistic 1 3/9/201512:38 PM File folder
5# D on 5946752 | xLPR main 3/9/201512:38 PM File folder
|j Desktop [# GoldSim Player download link Y

-

Name Date modified Type Size

Home Share Wiew Home Share View

®© - ¢ |j < March_2015_ Workshop » Betav.1R3 » DLLs v c,| [ search DLLs - ¢ ‘j <« March_2015_ Workshop » Betav2.1 R3 b xLPR main v c,| [ Search «LPR main

7 Favorites [~ MName ) Date modified Type e Favorites 1~ Name - Date modified Type Size
[l Desktop fedal_COD_DLL V2.dIl 2/11/2015438PM  Application extens... 961 KB B Desktop || GoldSim Run Log.bet 1/16/20152:36 PM  Text Document 6KB
|lg Downloads i_fatigue v1.2_r3.dll 1/7/2015 742 AM  Application extens... 1,003 KB |8 Downloads || leapor.20150116.131934.sdf 1/16/20152:27PM  SDF File 5,880 KB
5 Recent places irc_COD_DLL_w2.0_R140625.dIl 11/19/201410:22 ... Application extens... 1,029 KB "5 Recent places D leapor.sdf 1/16/2015 2:27 PM SDF File 5,880 KB
Coalescence_DLL v1.6_r2.dll 12/24/201410:22 ... Application extens. 1,003 KB | leapor-inputs.20150116.131934.6¢ 1/16/20152:27PM  Text Decument 56,767 KB
1% This PC crack_init_pwsee_v2.5_r3.dil 1/6/20158:25AM  Application extens... 241 KB 18 This PC || leapor-outputs.20150116.131934.6¢ 1/16/20152:27PM  Text Decument 56,767 KB
53 C on 5046752 CrackGrowth DLL v3.2_r2.dll 11/17/2014 11:57 ... Application extens... 1,263 KB 59 Con 5946752 leapor-unit-tests.20150116.131934.bet 1/16/20151:19PM  Text Decument TIKB
5 D on 5346752 SI_DLL v3.3_r2.dll 11/19/2014 243 PM  Application extens... 913KB 59 D on 5946752 | tiffany-inputs-pre-mitigation.20150116.1...  1/16/20151:11 PM  Text Document 423KB
|4 Desktop kpw_DLL v1.4_r2.dil 12/5/201410:36 AM  Application extens... 974KB | Desktop tiffany-inputs-pre-mitigation.20150212.1...  2/12/2015 208 PM  Text Document 423KB
|F] Documents ltw_DLL_v1.4a.dll 2/5/201512:54PM  Application extens... 906 KB |E] Documents || tiffany-output-pre-mitigation.20150116.1...  1/16/20151:11 PM Text Document 31,785 KB
|8 Downloads 1/16/20152:27PM  SDF File 5,380 KB |8 Downloads || tiffany-output-pre-mitigation.20150212.1...  2/12/2015 208 PM Text Document 31,785 KB
5 Eon 5946752 LEAPOR_v1.0.dll 12/1/20148:33AM  Application extens... 1,782 KB 59 E on 5946752 || tiffany-pre-mitigation.20150212.145328.5df  2/12/2015 2:08PM  SDF File 15,214 KB
(B Music C_Fail_axial_DLL_R4.dll 2/9/20153:221PM  Application extens... 900 KB [l Music || tiffany-pre-mitigation.sdf 2/12/2015:08 PM  SDF File 15,214 KB
|El Pictures C_Fail_multi_DLL_v3.2.dlll 11/26/2014 232 PM  Application extens... 1,063 KB [E Pictures || xLPR_emrors.log 2/12/2015 208 PM  Text Document 1KB
|8 Videos C_Fail_single_DLL_v3.2.dll 12/1/20141:24PM  Application extens... 1,071 KB & Videos E wLPR_Preprocessorl 12/19/2014 203 AM  Microsoft Excel XL... 1,128 KB
8 W on 5946752 af.dll 3/17/2014 3:14 AM Application extens... 118KB ¥ W on 5946752 D ¥LPR_Preprocessor_Usage. pdf 11/24/2014 4:03 PM PDF File 7,396 KB
¥ Y on 5846752 TIFFANY_v1.0.dIl 12/1/20148:33 AM  Application extens... 1,241 KB 55 Y on 5846752 [ xLPR-2.0 Beta2.1_R3 Deterministic.gsm 2/12/20152:50 PM  GoldSim Model 50,149 KB
5 Z on 5946752 || tiffany-post-mitigation.sdf 5/19/2014 7:56 AM  SDF File 15,214 KB # 7 on 5946752 \# xLPR-2.0 Beta2.1_R3 Deterministic.gsp 2/12/20152:50 PM  GoldSim Player 50,142 KB
iy Local Disk (C) || tiffany-pre-mitigation.sdf 2/12/20153:08PM  SDF File 15,214 KB i Local Disk (C:) [ xLPR-2.0 Beta2.1_R3 Probabilistic.gsm 2/12/2013243PM  GoldSim Model 67,077 KB
s Local Disk (D:) )| transition_DLL_v1.0.dll 11/26/201410:18 ... Application extens... 945 KB s Local Disk {D:) (£ xLPR-2.0 Beta2.1_R3 Probabilistic.gsp 2/12/20152:43PM  GoldSim Player 67,071 KB
55 acecker (Msnlih TWC_Axial_Fail_RS.dll 2/10/201512:33 PM  Application extens... 952 KB 52 acecker (\\snl\h xLPR-2.0 Input Set.dsx 2/12/20152:05PM  Microsoft Excel W... 566 KB

twe_fail_circ_v2,0_ROT_DLL_r2.dll 2/2/2015 4:07 PM Application extens... 1,060 KB M

2?‘1&% ‘;tate:n Shared 2;"_rte-n:|s- ;tate:a Shared
ELECTRIC POWER
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Input set Excel file structure




Highlights

Separation of database and input set
Input set worksheet parts

How to use the input set

Formatting to help V&V

Conclusion




Framework input spreadsheet overview

Interface between user and global structure
— Input parameters defined by category (including units)
— Uncertainty distribution associated with each input (including uncertainty type)

User change only input set now, except for GoldSim settings:

— Epistemic sample size (in simulation settings) [can be copied into spreadsheet for
record]

— Epistemic random seed [can be copied into spreadsheet for record]
— Aleatory random seed [can be copied into spreadsheet for record]

GoldSim only runs the simulation. No more going back and forth
between spreadsheet and GoldSim dashboards.

GoldSim input dashboards solely used for viewing input for now. Will
disappear in the future.

Simulation editor (under development) will guide user into creating a
reasonable input set.




Database vs. input set

Input set is set of data required for the run

Database represents a list of pre-defined welds and material
(as well as WRS) that can be used as a reference. It consists of
separate Excel files (material, WRS, etc.) with one or more
sheets of pre-defined inputs.

Database uses same format as input set for tabs
User can copy information from database to input set
Simulation editor will simplify transfer from DB to input set




Structure of the input worksheet

User options: plant operation time, coalescence flag, etc..

Properties: input variables not specifically tied to a single material. E.g. pipe
OD, weld width, operating conditions, loads, inspection and leak detection

props.
Left/Right pipe: materials properties associated with left/right pipe.

Weld: input applied to weld material.

Mitigation: input applied to post-mitigation weld material.

Hoop/axial WRS: defines WRS profile through thickness for both pre/post-
mitigation.

Transient definition: Define transient type |. Up to 20.

TIFFANY inputs: Define type Il and Il transients.

Options: read-onlyused to communicate the spreadsheet file info in more
convenient GoldSim format.

Drop list option: List options available
Material flags: list materials type flags used by various modules.

. .
-——
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Input set worksheet: user options

USER OPTIONS

e All user options will be read from Excel into GoldSim
with the exception of the epistemic sample size,
epistemic random seed, and aleatory random seed.

* These controls were previously set by the user in the
GoldSim dashboard.




Input set worksheet: System properties

SYSTEM PROPERTIES

Lists all the variables used in the model by category.

Also lists the materials associated with a specific weld problem
Defines variable units.

Specifies the material types to be used (base 1, base 2, weld)

Now selection of uncertainty type (alea./epis./constant) is on the same sheet as
deterministic value or distribution

Lists, depending on the choice
— uncertainty type and associated distribution
— deterministic value if constant is selected

Part not used (distribution or constant) “hidden”
Correlations for ISI parameters defined.




Input set worksheet: materials properties (4 tabs)

Lists all materials properties for selected materials.
Defines variable units.

Defines materials flag: 2 initiation and 1 growth (in MISC rows)
[c.f. Material flags tab].

User selects which material is to be used for the left pipe / right pipe / weld
/ and mitigation (inlay or overlay). Assigned to individual tabs.

Same uncertainty characterization as properties for input.
Correlations for material properties defined.




Input set worksheet: WRS (2 tabs) (1/2)

Post-Mitigation Hoop Stress : MSIP

One sheetx %of Hgob WRS and one for axiaAI WRS.

Universal weight function selected. Up to 26 locations can
be used to represent the WRS profile.

Stress can be entered as a constant or distribution (defined
in the properties tab)

Different distribution can be used for each of the 26
locations.

Pre- and post- mitigation WRS defined for both Hoop and

. I
Axial.
. .
United States Nuclear Regulatory Commission
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Input set worksheet: WRS (2 tabs) (2/2)

ost-Mitigation Hoop Stress : MSIP

Weld type (DM, SM, or user option), weld properties, and weld
repair state (0%, 15%, 50%) can be defined (in user options) to

assign the appropriate geometry and material properties to the
problem.

Only deterministic value displayed in Excel.

. .
United States Nuclear Regulatory Commission
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Input set worksheet: transients

20 transients defined.
Copied in worksheet to be used by TIFFANY add-in.

User will input transient definitions (up to 20) into one

of the three transient types (type | only, type | and II,
type Ill) in the user options tab

This tab list all transient | inputs (up to 50 timesteps)

. . ELEC DWER
United States Nuclear Regulatory Commission I A \
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Input set worksheet: TIFFANY Inputs

Type Il Transient Inputs [Thermal Stratification Stress)

A Membs A Bending 5t Start Month Front-Back #of Cycl T ient
embrane ending Stress on End Month {man) ron : = e ) Cycles per HI'ISIE.H
Stress [MPa) [MPa) Loading Event Uncertainty
nan ar =
Type lll Transient Inputs [Additional Mechanical Stress)
A Membrane A Bending Stress Start Month End Month [mon} Frr.-nt—ilal:k e ] #ofCycles per Tmnsielnt
Stress [MPa) Loading Uncertainty

0 10,54 0.10

Transient #

Transient #

clolola(lalrlala(la|a

olo|la|a|e

e List transients Il and transients Il inputs
— Thermal stratification stresses
— Additional mechanical stresses

2 USNRC
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Input set worksheet: options

SAMPLING OFTIONS

The tables of data in this sheet are impored into G r use by the framewark in setting sampling cptions fora
the comect imparied values {pre-defi nstant, pre-defined distibution, user-defined constant or user-defy
sattings in the MASTER sheet. These tebles are not edimble.

sex/Cinkbal D Table: A table mapping consecutive intager indexes 1o global paramater (Ds isimparted fr
Sampling Loop Table: A table mapping parameter giobal IDs to their sampiing loop setfings {0: Mleatory, 1 ) isimported from

wmns Cand D. Thase settings are used o ssiest probabiity levels from the siestory lnop or from the spistemi loop for sach paramater. Theze
probabiity levels are then Usad o sampis distibubons imported into Goldm

importance Sampfing Table: A table mapping parameter giobal IDs toimpartance sampiing settings (0: no, L yes and -1: nfs) is imparted from

Data Source Table: A table mapping parameter giobal IDs to data source settings (O: Pre-Def Constant, 1 Fre-Def Distibution, Z: Use-Def Constant,
3: User-Def Distibution is imported from columns K and L.

Feapsmiss 1om - Canrtant o

P 1101 Epirtumic 101

Prapertior 110z Epirtemic 10z

Frapemiss 1103 - Canrtans 103

Feapertior 1104 Conrtane 104

[ 1105 Canrtant 105

Frapsriss 110¢ Canrtant 106

Frapemiss e Canrtans e

[ 120z Conrtant ez

1203 Canrtant 243

Frapsriss 1204 - Canrtart 204

* Transforms information relative to options
into real numbers for GoldSim

 Will be hidden and protected in the released
version — this should not be changed by the
user

R LRC ErPrR|




Input set worksheet: drop-list option

Distribution Type

Paraml

Param2

Mean

SD

BETAGEN
BETASF

Successes

Failures

BETAPERT

Min

Mode

Number

Probability

EINCM
cumM

#Pairs

#Pairs

DISCRETE
EXPON

Mean

EXTRPROB

Min/Max={

Min/Max=(

Location

EXTRWAL
GAMMA

Mean

SD

LOGNORM

True/Geom

Mean

Numbar

Frobability

NEGRINOM
NORMAL

Mean

SD

Mode

Shape factor
Location

Scale factor

Mean

njz

nfa

Count

V1

V2

STUDENTT

Degof Freedom

njz

n/a

TRIANG

Lin/Log =0/1

Mode

Lin/Log=0/1

Max

UNIFORM
WEIBULL

Min

Mean -Min

Color Codes

Hotes:

Items in brackets [ ] are optional.

stributions can be imparted.

arameter figlds that are unused

* |Informative spreadsheet on how the
distributions are defined

* Should not be changed by user. Will be write-

protected for released version

2 USNRC

United States Nuclear Regulatory Commission
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Input set worksheet: material flags

Informative spreadsheet on
the meaning of material flag F—e—=—0r
in PWSCC CI, Fatigue Cl and e
Crack Growth

Information is used in the
Materials tabs.

Should not be changed by T ——
user. Will be write-
protected for released
version
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Color coding conventions adopted

User sets up the values in up to the first 7 spreadsheet
Everything can be changed by the user

Everything h g I should not be changed (will be
protected in final version of input set)

Everything highlighted orange is for information

Global ID ‘ Brief Description Unit ‘ Value ‘ Input Description

(OPTIONS / CONSTANTS (0000}
General Options [0001-0093]

01 Flant Operation Time

Number of Subunits

Crack Orientation 0: none, 1: Circumferential, 2: Axial, 3: Circumferential + Axial
pling Options (0101-0199]
Sample Size [Epistemic)
Random Seed [Epistemic)
|mp Sampling [Epistemi
Use Adaptive [Epistemic)

Number of guter loops in the simulation (NEED TO BE SET IN GOLDSIM in SIMULATION SETTIMGS)
Random Seed for guter loop [NEED TO BESET IN GOLDSIM in SIMULATION SETTINGS]
for outer loop O: None, 1: Internal, 2: External

= in the simulation
p [NEED TO BE SET Il GOLDSIM in Main_Model Element)
inner loop 0: None, 1: Internal, 2: External

Imp Sampling (Aleato

Use Adaptive [Aleatory)

Use Discretization [Aleato

MEERGEERRRERE
1}

tn

Number of Strata [Aleatory)
tions (0201-0299)
Weld Type Choice DM-RFY Weld type

integer >1 and < aleatory sample size (0

DM Weld Mixture Ratio 0.2

Material 1 (left pipe] Selection sa 502 Base Material 1 Selection [entered in Properties tab)

Material 2 [right pipe] Selection 5182 Base Material 2 Selection [entered in Properties tab)

SCC Grow option in pipe [axial crack) o 0: no PWSCC growth in pipe, 1:PWSCC growthin pipe

Weld Material Selection Inconel 182 'Weld Material Selection (entered in Properties tab)

Weld Repair State 1 \Weld repair state choice (1: None, 2: 155 Inner Diam 360 Repair, 3: 50% Inner Diam 360 Repair)
Mitigation Options [0301-0339]
[mitigstion Type Cf 0 Jo: None, 1:5 ased only, 2: Chemistry-based, 3: Both

United States Nuclear Regulatory Commission

Protecting People and the Environment



Post-MSIP Eval Lengeh Effects

Conditional interpretation

Inspection Month 1 [Pre-Mitigation)

Post-MSIP Eval Length Effects

0: No, 1: Yes

Month 2 [Pre-Mitigation|

Inspection Manth 1 Pre-Mitigation|

Manth 3 (Pre-Mitigation)

Inspection Manth 2 [Pre-Mitigation|

Inspection Month 4 [Pre-Mitigation)

Month 5 [Pre-Mitigation|

Inspaction Manth 3 [Pre-Mitigation

Manth & (Pre-Mitigation)

Inspection Manth 4 [Pre-Mitigation|

Inspection Month 7 [Pre-Mitigation)

Inspection Manth 5 [Pre-Mitigation|

Month 8 [Pre-Mitigation|

Inspection Manth & (Fre-Mitigation)

Manth 3 (Pre-Mitigation)

Inspection Manth7 [Pre-Mitigation|

Inspection Month 10 [Fre-Mitigatior

Inspaction Manth & [Pre-Mitigation

Month 1 [Post-Mitigation)

Inspection Manth 3 [Pre-Mitigation|

Month 2 [Post-Mitigation)

Inspection Manth 10 (Pre-Mitigation

Inspection Month 3 [Post-Mitigation]

Inspection Manth 1 [Past-Mitigation;

Month 4 [Post-Mitigation)

Inspection Manth 2 [Past-Mitigation;

Manth 5 [Pest-Mitigation)

Inspaction Manth 3 [Past-Mitigation

Month 6 [Post-Mitigatian)

Inspection Manth 4 [Past-Mitigation!

Inspection Manth § Past-Mitigation,

Wonth7 [Post-Mitigation)

Inspection Manth & [Fast-Mitigation;

Month 8 [Post-Mitigation]

Inspection Manth7 (Past-Mitigation;

Month 3 [Post-Mitigation)

Inzpaction Month & [Post-Mitigation

Wonth 10 [Fost-Mitigation)

Inspection Manth 9 [Past-Mitigation;

Detectable leskrate

Inspection Manth 10 (Post-Mitigation)

Schedule Input Type

fraquency, 2: By table

Detectable leak rate

Pre-Mitigation Inspection Freq

Frequency of before mitigation

Inspection Schedule Input Type

Past-Mitigation Inspection Freg

Frequencyof mitigaticn

Pre-Mitigation Inspaction Frag

Pre-Mitigation Ligament Flag

No, 1:Yes

Past-Mitigation Inspection Freg

AFMN Bytable
T Dot N
A 4

NOT USED.

Post-Overlay Ligsment Flag

No, 1:Ves

Pre-Mitigation Ligament Flag

Post-MSIP Ligzment Flag

No, 1:ves

Post-Overlay Ligament Flag

No, 1: Yes

Post-Inlay Ligsment Flag

No, 1:Yes

Post-MSIP Ligament Flag

No, 1: Yes

Post-Inlay Trunc Meas Error

No, 1:Ves

Post-iniay Ligamant Fiag

No, 1:Yes

Post-iniay Eval Lengeh Effects

No, 1:ves

Past-Inlay Trunc Meas Error

No, 1: Yes

number of cracks detected

anly. ;1:allcracks detacted v

Post-Inlay Eval Length Effects

No, 1: Yes

[
0.
0:
[
0.
0:
[
0.

number of cracks detected

chanee of detection per crack

sinele chance of detection (only first time) 1: independent chance of detection at each inspection

only deep: 15l cracks detected

* When possible, logic has been added to indicate when a
value is not used in the comment section

 Example: changing inspection schedule tag between
frequency and table will indicate which inputs are used
for the calculation in the description section

R LRC ErPR |,




Tracking material used

Weld Material 3election [ |Inconel 182

* Selected names for material are repeated in
the top of the sheet related to the part of the
system of interest (i.e., left pipe, right pipe,
weld and mitigation)

. . ELEC DWER
United States Nuclear Regulatory Commission — I A \ L
Protecting People and the Environment




Conditional formatting on input characterization

‘Global ID Property Name nit urce Importance Sampling

Crack Initiation Properties (2121-2155)

Fatigue Initiation Properties
2121 Surface Finish Factor, FSURF
21232 Load Sequence Factor, FLOAD
2123 Calibration Factor, FCAL
2124 Stress-Strain Exponent, B
2125 Strain Threshold, STH

2126 multiplier 5TH is ic - NORMAL A
2127 Sulfur Content, SUL 5 Constant 0.0 ‘\
2128 o Constant no

2129 multiplier Co

PWSCC Initiation Properties
2130 Zn Concentration Threshold, ZincTh ppb
2131 £n Factor of Improvement - 1, FOIZn-1
2132 Activation Energy, O klfmol
ion Cold Work Properties

 When user selects the data source (constant or one of the
type of uncertainty) only the relevant value set (either
deterministic value or distribution) is shown in black text.

 However GoldSim reads everything so placeholders (greyed
out) are required to be left even if they are not used.

ErPR |,




Conclusion

e Separation of database and input set allowed
simplifying the input set.

* Should be easier for the user to update and
keep track of changes.

* Not all conditional formatting included. If
some are found missing during V&V, please let
us know and we will try to update in
consequence.

. .
United States Nuclear Regulatory Commission
Protecting People and the Environment
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XLPR SimEditor: Overview

* Purpose: Create an easy to use Graphical User
Interface (GUI) for creating a simulation input
set and for maintenance a database of material
and weld properties.

e 2 modes:
— Simulation mode allows for creation of simulation
Input sets.

— Database mode allows for creating pre-defined,
password locked, data sets and user-defined data

sets.

. .
-—
United States Nuclear Regulatory Commission
Protecting People and the Environment



SimEditor Interactions

e SimEditor reads and writes to Excel files.

* More user friendly than Excel files
— Hides input parameters that are not relevant to the simulation options chosen
— Organizes inputs in a more user-friendly manner
— Includes error-checking for input value ranges
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Status update

e Current Status:
— Input mode finished.
e What’s Next:

— Develop database mode of SimEditor.
— Error checking for input ranges.




XLPR SimEditor: Overview (1/4) — Loading screen

=]

GET STARTED | SHARE TOOLS HELP WEB BUILD 11

i
0 >
Edit Update

Simulstion  Datsbase

Actions

1 xLPR Sim Editoris currently a Development (Beta) version of the software. Development versions of this software should NOT be distributed.

PR

VE
< —
Xtr:

DEVELOPMENT YERSION

= xLPR Sim Editor is currently 3 Development (beta) version of the software.
« Development versions of this software should NOT be distributedior used for a Responser

» Sandia
1| National

‘e Laboratories

PUBLICLY ACCESSIBLE

Development WebBuild 11 Window Size (DEW) w || Memory v| Usage: [l 29

R LRC ==




XLPR SimEditor: Overview (2/4) — General tab

Fls

Cal B

GETSTARTED | SIMULATION | SHARE

TOOLS HELP INSTALLER BUILD ?

Vi

Edit

e ®
Save Weld Options:
DM-RPV

Actions

@ ® o

Operating itigati Cracks

LO)
. =

Conditions Options
Global and Model Settings

Leak Detection

Left Pipe:
SA-508

Right Pipe: Weld:
SA-182 Inconel 182

Material Pro perties

on:
Inconel 1827

WRS: The data shown in this panel is currently hard-coded; it is not from the Excel

g spreadsheet.

A  Simulation Settings
Plant Operation Time
Value: [25

Units: [yr

(1Y be distributed.

Effective Full Power Years (EFPY)

Crack Orientation

Value: |Circumferential & Axial

Number of Subunits

Vaue: 10

A Sampling Approach Epistemic

Sample Size (Epistemic)

Value: (10

Random Seed (Epistemic)

Value: 2

), «LPR Sim Editor is currently a Development (Beta) version of the software. Development versions of this software should NOT

Development Installer Build? | Window Size (DEV) ¥ | [Memory v Usage: [III40% 1z

Errr2l
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XLPR SimEditor: Overview (3/4) — Weld options

xLPR Sim Editor - C:AUsers\gjmadri\xLPR-2.0 Input Set - 11-25-201.
ia S
GET STARTED | SIMULATION ] SHARE TOOLS HELP INSTALLER BUILD ?

a = @ ® o

| Edit Save General | Weld Options: | Operating itigati Cracks 1 ion & Correl LeftPipe:  Right Pipe: Weld: Mitigation:
DM-RPV Conditions Options Leak Detection SA-508 SA-182 Inconel 182 Inconel 1827

Fl

I Actions Global and Model -Sziimis Material -Frugelties

1 7 WRS: The data shown in this panel is currently hard-coded; it is not from the Excel / !\‘ xLPR Sim Editor is currently a Development (Beta) version of the software, Development versions of this software should NOT
" spreadsheet. (2} be distributed.

A Weld Properties
Weld Type
Weld Properties
- S EEEnaesas e Base Material L (Left Pipe) 2
Geometry Base Material 2 (Right Pipe) [A-182

Weld Matesial [Inconel 182

Weld Repair State: None

DM Weld Mixture Ratio:

A Geometry
Pipe Outer Diameter

Data Source: [Epistermic ] Distribution: |NORMAL

Units: ) | Mean: 034

so: |22
Importance Sampling: |

[Min: 0.0

Importance Value: 2
Max): (00

Pipe Wall Thickness

Data Source: Distribution: |NORMAL

Units: [ Mean: [26-2

Importance Sompling: |
— [Min: |00

Maxj: 0.0

Importance Value:

Weld Width
Data Source: | Constant

Value:

| Development Installer Build 2 | Window Size (DEV) | [ Memory | Ussge: N2 5]

CPE' ELECTRIC POWER
em—]
RESEARCH INSTITUTE




XLPR SimEditor: Overview (4/4) — Operating
conditions

2 USNRC

United States Nuclear Regulatory Commission

xLPR Sim Editor - C:A\Users\gjmadri\xLPR-2.0 Input Set - 11-25-2014.xlsx’

(& 1 B & )

Q? GET STARTED | SIMULATION SHARE TOOLS HELP INSTALLER BUILD ?

‘/‘;\. Q 2

$ E @ ® o B8
Edit Sa General Weld Options: | Operating itigati Cracks 1 ion & Correl

DM-RPV Conditions Options
Actions Global and Model Settings

Leak Detection

Left Pipe:  Right Pipe: Weld: Mitigation:
SA-508 SA-182 Inconel182  Inconel 1827

Matenial Properties

: The data shown in this panel is currently hard-coded; it is not from the Exce
1 !WRSThd hi in thi | i ly hard-coded; i f he Excel
~ spreadsheet.

. xLPR Sim Editor is currently a Development (Beta) version of the software, Development versions of this software should NOT

(1Y be distributed.

A General Operating Conditions

Flow Rate

Data Source: | Constant

Unmitigated H2 Level

Data Source: | Constant

Value: [

Units: [ccrg

Unmitigated Zn Level

Data Source: | Constant

New H2 Level
Data Source: | Constant
Value: 5

Units: |ccrkg

3 =
| Development Installer Build 2 | Window Size (DEV) -| | Memory v Usage: [ 38%

Errr2l
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Input creation exercise




* Preparation of an Input Deck Using Sim

Steps for Test Case Creation

— Open a working Input Set Excel file in SimEditor
* xLPR-2.0 Input Set.xlsx

— Save As new file to new simulation directory

Editor

United States Nuclear Regulatory Commission

Protecting People and the Environment

| USER-DERNED INPUTS |
G010 Master Setfings... |
HAVCATION] Inthis sheet, user-defined constant values and distribution type and parameter values are specifisdfor each input. Hyperlinks in the
Go 1o Miszellareows Propertiss.., . ~ . e _ i
navigation manu to the left can be usedte jump to specific input category sections below.
o 1o OperatingCordition Properties...
Go 1o Load/ St ress Properties...
oo Irepection/ Detection Properties... (&5
'Di
ety XL sernaimadWLPR-20 Tnput et - 11-25 201 4atsx I
At SMULATION | SHARE  TOOLS  HELP  INSTALLERBUID?
d9 L BN =
Generat | Weld Options:
DM RV
Actions
— Global Controls Das|
Property Name [Deterministic valee [unit
LIEER-DEFIMEDWSELD
Wlisze laneois Properties (1000} Gioto b
General (0011055)
Effective Full PowerYears (EFPYV) [s0 yr ight Pipe) [SA182
Geometry 11011133) inconel 182
Pipe Outer Diamster 0.381 m Model_Settings 140
Pipe Wall Thicknsss 0.040132 m TR
Length of Camponent 0.01 m
Weld Material Thickness 0.02 m Geometry 120
M| MASTER Inputs (Pre-Def] | Inputs (User-Def) T
Data Source Epntemic Distributions [NORMAL =
= = s 538 | 100
= o e =
Impetance Sampling: [no - | L
Results_Dashhoard importance Vahue e | ©
| Epists| Import 0500 Mot [00 o 50
=
mpertanceS o = 40
Imgortans 0500
20
| Dota Source: [Constant
Value = 0
LN Development Installer Buld ? | Windew Size (DEV) 0 2
q —
. .

K surface

XLPR v1.0

XLPR v2.0
KPW

xLPR v2.0
KTW inner
- xLPR v2.0
KTW outer

4 6 8
Time (yr)

=—ial

LECTRIC POWER
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Practice 1 - SimEditor

* PWSCC growth only with no mitigation

— Similar to Scenario 3 of Scoping Analyses
* This test case considers:

— SCC initiation (direct model 2)

— SCC growth

— Circumferential and axial cracks

— No mitigation

— Probabilistic

. .
United States Nuclear Regulatory Commission
Protecting People and the Environment



Practice 1
Steps for Input Deck Preparation

Open a new Simulation in SimEditor.
—  Open "xLPR-2.0 Input Set.xIsx" from "xLPR main" directory.

Save the opened Input Set into the Practice 1 directory with
same name "XLPR-2.0 Input Set.xIsx".

Look at the entered parameter values in General and Weld
Type.

Open the file in Excel and find the General and Weld Type
inputs there.




Practice 1 Steps (cont.)

5. Change the following inputs in Operating Conditions and Cracks (may need to
change from distributions to constants)

UPDATE LIST Mx (Dead Weight): 1.31 kN-m

Initial flaw length: 6 mm My (Dead Weight): 0.21 kN-m

Initial flaw depth: 1.5 mm Mz (Dead Weight): 1.02 kN-m
Unmitigated H2 level: 25 cc/kg Fx (Thermal Expansion): 3.87 kN
Unmitigated Zn level: O ppb Mx (Thermal Expansion): 65.3 kN-m
Operating pressure: 15.5132 My (Thermal Expansion): -57.54 kN-m

MPa Mz (Thermal Expansion): 52.99 kN-m
Operating temperature: 345 C




Practice 1 Final Steps

Look at other inputs. Compare to spreadsheet.
Save "xLPR-2.0 Input Set.x|sx"

Open the "xLPR-2.0 Beta2.1 _R3 Probabilistic" GoldSim file in
"XLPR main"

9. Saveitin Practice 1 directory.
10. Run it.
11. Check results.

12. Check errors.




Practice 2 — Importance Sampling

* PWSCC growth, inlay at 40 years

— Similar to Scenario 9 of Scoping Analyses
* This test case considers:

— SCC initiation (direct model 2)

— SCC growth

— Circumferential and axial cracks

— Inlay at 40 years

— Probabilistic

. .
United States Nuclear Regulatory Commission
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Practice 2 Steps

Copy the "XLPR-2.0 Beta2.1 R3 Probabilistic” GoldSim
file and "xXLPR-2.0 Input Set.xIsx" from "XLPR main" to
the Practice 2 directory.

Open Input Set (SimEditor or Excel) and add inlay at 40
years (change user options, check Mitigation material,
post-mitigation WRS, etc.)

Change number of aleatory realizations to 2.

Do importance sampling (epistemic) (option 0103).
Importance sample on Comp-to-Comp Variab Factor,
fcomp (Weld, 2592, region of importance 0.99).

Save Input Set.

. .
United States Nuclear Regulatory Commission
Protecting People and the Environment



Practice 2 Final Steps

Open GoldSim file.

Change Simulation Settings (F2), Monte Carlo to 50
realizations.

Run GoldSim file. (4 minutes)
Check results.
10. Save GoldSim file as "Practice 2 with importance sampling”

11. Open Input Set (SimEditor or Excel) and de-select importance
sampling. Save (and close if using Excel).

12. Run GoldSim file again and, when finished, save as "Practice
2 no importance sampling”

. .
United States Nuclear Regulatory Commission
Protecting People and the Environment



Practice 2 Results Comparison

No importance sampling

Indicator Functions ¢¢

pture

3
P
U
3]
c
i
i
3
o
o
8
[
T
a
z
E
[
z

10
Time (y

Mean

——  Main_Madel occurence_rupture Main_Model ccurence_leak
z —  Main_Madel ocourence_crack

R ULDLNING

United States Nuclear Regulatory Comn

Protecting People and the Environment

Importance sampling

Indicator Functions c¢

Reaches lower probabilities

10
Tirme {y1)

Curves will get smoother with more
epistemic and aleatory sampling.
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Internal structure of the code




Internal code structure

mmon_lnpu Crack_Stability_Input

& & ~
5 irc_Crack_Initiation ~
irc_Crack_properties
Crack_Init_Input Sim_Contrals t = *_
\ / \ :
N
@

Col
E@ _@ rcIn_Senice_nspecton B} 20 ;
£
@ f . 14 Circ_Crack_Stability
5

1SI_Input 0D Input

Circ_Crack_Leak_Rate  Circ_Crack_COD

Leak_Rate_Input

S

Landing platform Physical (deterministic)

Definition of all input variables  models

as well as simulation controls.  Definition of all input variables as
well as simulation controls.

U interf In collaboration with the input

ser intertace group (simulation settings) Each container host module
SimEditor and Excel.wo.rkbook and the model group doveloped by the model group
allow the user to define inputs. (input/output of each model). and compiled as a DLL.

This strategy allows for multi-entities to share and work on the framework development in
an efficient and parallel manner.

CPE' ELECTRIC POWER
em—]
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Landing platform: Imports inputs values from the GUI
interface and Excel input spreadsheet into a common “hub”

!
% Crack_Growth_Input T _—
onalescence_lnpu
TIFFANY_Input _Inpi
.@

[\XLPR_hub\Land ingPlatform] Eobines

The landing platform lists and organizes the inputs used by each model.

These containers only include data defined in the GUI and Excel input spreadsheet.

Sim controls have model options such as circ and/or axial; model choices; fatigue and/or PWSCC...
Common input are inputs from the GUI/Spreadsheet that are common to many of the modules.

EPRI| i




Deterministic model: structure using on state variable

integrator elements as vectors
[

/_, « ) [\XLPR_Model]

[y
Circ_Crack_Growth

Tip_material_cc "“
\

\

\

\. {
By ( g‘ o

-
Circ_Crack_nitiation

Circ_Crack

"_"_-1‘55‘/?__.*.‘@§

. Cracl

>
Circ_Crack_properties Cire_Crack_Transition A
RN <>

i L
L e
\\ Results_cc Results_ac
\ D

Cire_In_Semwice_|nspection I ] I
Frcto €0 B Circ_Crack_Stahilty

Circ_Crack_Leak_Rate  Circ_Crack_COD

K [\xLPR_Model\Circ_Crack] /

Circumferential and axial crack evolution have been implemented.

Deterministic model linked to sampling scheme.

State variables and Integrator element used to track crack properties (type, position, depth, inner/outer diam, half-
length) changing over time.

=  Time histories saved and growth calculation using current props as input without recursive error.
= Rate of change in variables, discrete changes.
Vector structure for state variables:
=  Crack sorted by occurrence time.
=  Pipe subdivided in N regions (i.e. maximum 2N cracks possible for each realization in one sim.).

Time loop starts at coalescence and finishes with crack growth. Crack growth rate for variable applied at the end of

EPR| s




Sampling option and running the code




Difference between epistemic and aleatory
uncertainty and spatial variability

Aleatory uncertainty: (Perceived) randomness in the occurrence of future events.

Epistemic uncertainty: Lack of knowledge w.r.t. the appropriate value to use for a quantity that
has a fixed, but poorly known, value in the context of a specific analysis.

Treat questionable uncertainties as epistemic, and then determines the ones that dominate the
epistemic output uncertainty. Only for those that are dominant, additional evaluation becomes
necessary to justify their treatment as epistemic. All other uncertainties can then be allocated to
the aleatory category.

Spatial variability: inherent variability over space of a quantity, that usually cannot be measured
precisely or at the expected scale. Spatial variability is NOT aleatory or epistemic uncertainty.
Variability is linked to uncertainty.

Probability usually used to characterize both aleatory and epistemic uncertainties and spatial
variability.

Alternatives to probability to the representation of epistemic exist, such as evidence theory,
possibility theory, interval analysis and others.

{USNRC =Pl
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Representation and interpretation of results

 Parameters selected either as aleatory or epistemic: Guidance needed

* Inner aleatory loop vs. outer epistemic loop

% Epistemic sampling
1 Aleatory

: E ; sampling

|

|

1

|

Cumula\’ke prob.

2. &8 2 9 =

Cumulative Probability

Performance Characteristic y Performance Characteristic y

* Interpretation of the results:

M

FT:',T}

ccdf curves

apls

AN

consequence consequence

1 cedf curve

Probability event
as big or greater
Probability even
as big or greate

Aleatory uncertainty represents the risk. Epistemic uncertainty represent the level of
Not simply [probability]x[consequence] knowledge we have with respect to this risk
but probability and consequence

{”USNRC




Sampling techniques

Random sampling (Monte Carlo sampling)
Latin Hypercube Sampling (LHS)

Discrete Probability Distribution (DPD)
Importance sampling

Adaptive sampling

Computational

: : /
Simulation Required of th
Model
Analys1s




From mathematical characterization to
implementation: Sampling approach

. Characterization of distributions on the uncertain input values
. Generation of sample from those distributions

. Propagation of sample through analysis execution repeatedly

. Presentation of uncertainty analysis results in the form of
distributions of the outputs

. Determination of sensitivity analysis results
Input
Distributions Output

N samples of X \ Distributions
N realizations of Y

Simulation Output 1

Model ‘

Output 2




LHS vs. Monte Carlo sampling

i i

Random sampling

Preferred when sufficiently large samples
are possible

Easy to implement

Easy to explain

Unbiased estimates for means, variances
and distribution functions

Sufficiently large samples may not be
possible

{USNRC

omo
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LHS

Unbiased estimates for means and
distribution functions

“Force” samples to be spread out across
domain of the input distributions

Dense stratification across range of each
variable

Used when large samples not
computationally practicable and estimation
of high quantiles not required
Uncertainty/sensitivity results robust with
relatively small sample sizes (e. T nLHS =

50to 200) EI:E' FLECHQ]C POWER

RESEARCH INSTITUT




Discrete Probability Distribution (DPD)

 DPD uses discrete values from probability distributions
— Each value can be equally probable or of different likelihood

A

T

/

e Difference with LHS:

— Less dense stratification. Worse than LHS if events of interest occur more for extreme
values of inputs.

Higher combination (i.e. better multidimensional coverage). Better than LHS if events of
interest occur more for combination of inputs.




Importance sampling

Importance sampling is a variance reduction technique that can be used in the
Monte Carlo method
— Certain values of the input random variables in a simulation have more impact on the

parameter being estimated than others. If these "important" values are emphasized by
sampling more frequently, then the estimator variance can be reduced.

— Cannot be applied to all variables!

The basic methodology in importance sampling is to choose a distribution which
"encourages" the important values. The outputs are weighted to correct for the use
of the biased distribution, and this ensures that the new importance sampling
estimator is unbiased.

In red: region of interest in the input space (leading to pipe rupture)
Probability of rupture (50yr) Probability of rupture (50yr)
Areas poorly covered by sampling A lot more sampling

~—3

1
Regular sampling Importance sampling

More than half of the points sampled outside of the region of interest Most of the points sampled in the region of interest ELECTRIC POWER
-
C' El RESEARCH INSTITUTE




Example: DPD using importance sampling

For example, a Fibonacci series works well for interrogating tails of
distributions

The strength of the Fibonacci series can be controlled by an exponenty
between 0 and 1 on the F value

A value z, is selected to split

/ The strata into two groups

Zz

right
I
J

Fibonacci series is used to
generate strata of
unequal size with focus
on the tail




Optimization method: Adaptive sampling

Adaptive sampling promotes importance sampling by using model results
to identify and focus on space of interest

Adaptive sampling can cover more densely disparate regions in the input
space, and reduces the number of samples needed to confidently estimate

low probability (~10°)

Weighted Failure Points for Adaptive Method with Ny, = 200 no LHS and y= 0.25

Probability of rupture (with leak rate detection =1 gpm)

65

¢

c0ECE

ceeeee
77773
€

¢ ¢

Time (yr)

il |

c(t(‘((
6(?&“

ﬁf

[ 8

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Quantiles of Xc distribution
1000 2000 3000 4000 5000 6000 7000 8000 9000 1

CPE' ELECTRIC POWER
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Sampling correlated inputs

Correlation can be used to force behavior between two or more
variables in order to remain in a physically acceptable input space

— Individual inputs are not independent

Correlation control should be done for a limited selected variables
based on model/input recommendations




Sampling strategy

epistemic
sampling

aleatory

E§ sampling

Two loops can be considered (one can be ignored by setting the sampling
size to 1). For each loop, on can select from the following options:

Simple random sampling or Latin Hypercube Sampling (LHS)
DPD

Importance sampling applied to selected values
Use of optimization instead of importance sampling for selected values

Example: Possibility of creating 12 sampling combination: [LHS vs.
RS]x[DPD vs. no DPD] x[No importance vs. importance vs. adaptive] for
each loop (totaling 122 combinations)

=ErrR|




Error tracking and results




Error Dashboard (1/3)

e Currently accessible from:
\Main_model\xLPR_Model

 Link to Dashboard via result dashboard

o
.
United States Nuc
rotecting Peo;

Protecting Peopl

S-
lear Re;
le an.

d the Ej

gulatory Commission
pe Lanv menit

CPE' ELECTRIC POWER
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Error Dashboard (2/3)

Circumferential Error Dashboard Legend

J No Error

 Each dashboard lists

Crack Initiation

status for each

model

* Following symbols

are used

Legend
Mo Errar

Warning Error

Fatal Error

Crack Initiation
Fatigue

]

Crack Initiation
Fatigue after
inlay/onlay

=

Crack Initiation
PWSCC

@

Crack Initiation
PWSCC after
inlay/onlay

]

[ GoTo Eror Lt |

[ GoToEmor st |

[ GoToEror st |

| Go To Eror Lt |

Go to time history

K solution
Partial Wall
(Surface) Crack

Go To Time History

K solution
Through Wall
Crack

=

[ Go To Emor st |

[ Go To Emor st |

Go to time history

Coalescence

Coalescence
DLL

Go To Ermor List
Crack Stability

Multiple SC
Nominal

=]

Go to time: history

Multiple SC
Seismic

=

Go to time history

Single SC
Nominal

=]

Go to time history

Crack Growth

Crack growth
rate for ID

v

Crack growth
rate for Depth

4

/’I \ Warning Error
Fatal Error

w Multiple unique
errors/wamings

E Module not called

Crack growth
rate for OD

v

[ Ga To Ermor st |

| GoTo Emor it |

[ GoTo Emor it |

Go to time history

Crack Transition
Crack

Transition DLL
Error 1

v

Go to time history

Crack
Transition DLL
Error 2

4

[ Go To Eror st |

[ o To Emor Lt |

Goto time history

Single 5C
Seismic

=

Go to time history

Single TWC
Nominal

=

Go to time history

Single TWC Single TWC
Seismic seismic (if single
SC fails seismic)

8 8

[ GoToEmorLst |

[ Go To Erer st |

[ GoTo Eror List |

[ Go To Eror st |

[ Go To Emor Lt |

Go to time history

Go to time histary

Go to time history

Goto time history

Go to time history

Go to time history

Go to time history

Crack Opening Displacement

R USNRC

United States Nuclear Regulatory Commission

Multiple unigue
errors/warnings

E Module not called

COD DLL
Membrane

=

COD DLL
Bending

=

| Go To Ewor List |

Go to time history

Go to time history

18I Inspect

4

ISI Evaluation

4

[ Go To ErorList |

[ GoTo Evor List |

Go to time history

Go to time history

CPE' ELECTRIC POWER
em—]
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Error Dashboard (3/3)

| DESCRIPTION OF ERRORS
Error elements tracked T

Crack#  Ermor Flag Number of subunits is out of range of validity

@ =~ @ B oW ha =

o w

Material type flag is out of range of validity
Initiation location random variable is out of range of validity
Duration for one or more time intervals is out of range of validity
Zinc concentration for one or mare time intervals is out of range of validity
Q O Zinc concentration threshold is out of range of validity
m e a n I n gs p rOVI d e d fo r Zinc factor of improvement is out of range of validity
Component temperature for one or mere time intervals is out of range of validity
Stress threshold for Direct Model 1 is out of range of validity
O O Stress exponent for Direct Model 1 is out of range of validity
() TI m e h I Sto ry re S u ItS Proportionality constant for Direct Model 2 is out of range of validity
CW-SCC threshold parameter 1 for Direct Model 2 is out of range of validity
. CW-SCC threshold parameter 2 for Direct Model 2 is out of range of validity
CWW microcracking resistance parameter 1 for Direct Model 2 is out of range of validity
a Va I | a b I e fo r e a C h e r ro r - CW microcracking resistance parameter 2 for Direct Model 2 is out of range of validity
Environment CVW exponent for Direct Model 2 is out of range of validity
General CVW parameter 1 for Direct Model 2 is out of range of validity
° Ad d L | d | Yield stress is out of range of validity
' r | Ultimate stress is out of range of validity
It I O n a eve O p e nt Elastic modulus is out of range of validity
. Best Weibull slope for Weibull model is out of range of validity
a n d d e b u ggl n g Pivot time for Weibull model is out of range of validity
Percent of components with crack at pivot time for Weibull model is out of range of validity
. . . . Weibull slope for Weibull model is out of range of validity
Stress exponent for Weibull model is out of range of validity
CO nt I n u I n g W It h te St I n g’ Reference temperature for Weibull model is out of range of validity
Reference stress for Weibull model is out of range of validity

r m d I r b n 1 t Current subunit number is out of range of validity

p e O u e p e S u u I Number of time intervals is out of range of validity
Activation energy is out of range of validity
Universal gas constant is out of range of validity

e | e I I I e n t General CW parameter 2 for Direct Model 2 is out of range of validity
General CVW parameter 3 for Direct Model 2 is out of range of validity

i n C | u d i n rev i Si n e r ro r Initiation time random variable for Weibull model is out of range of validity

g g Initiation time is out of range or non-numeric

Initiation time model flag is out of range of validity

List of error code
Proportionality constant for Direct Model 1 is out of range of validity
General CW parameter 4 for Direct Model 2 is out of range of validity
Direct Model 2 input parameters result in log(0) or DIVO condition

\‘{j‘USNRC EPE' ELECTRIC POWER

RESEARCH INSTITUTE

United States Nuclear Regulatory Commission
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Running a Simulation

Run a simulation by clicking the “Play” button
in the GoldSim Run Controller

Run Controller will display the status if the
Si m U |ati0 n I GoldSim Run Controller —

|npuits
i | DETERMINISTIC  Elapsed TIMe |

STATIC MODEL 1 00 07 | nputs

GoldSim Run Controller D da:,.l Iil HESU LTS
- Cin . .
DETERMINISTIC ] apsed Time Simulation Time Status I :

STATIC MODEL » 00:00:00 l ,.i"“ - HI-IFE‘.JiH | e e O

Oa

GoldSim ==

m Simulation Complete!
Mormal Op, WRS, TIFFANY an

L Matenal 1O

dith MSIFP and 50% Repair

:,{jUS NRC EPE' ELECTRIC POWER

RESEARCH INSTITUTE

Protecting People a; d the



Results

YLPR Version 2.0 * Navigate to results
dashboard from
& & .
Global Controls Dashboard Mode!_Settings Dashboard t h e M a I n M O d e I

rj\ b""’ﬁc" = =

Main_Model s_Weight — 3
1& — 3

Results Dashboard cc
= — - m

Spatial_Variability

{jUS NRC EPE' ELECTRIC POWER

RESEARCH INSTITUTE

Protecting People a; d! E



Results

RESULTS DASHBOARD EPR #Us. - Va riOUS
results can be

displayed
from the

Go to Global Settings Go to Model Settings

Crack #1 Crack #2

results
dashboard

\g USNRC EPE' ELECTRIC POWER
United Scates Naclear Regalacory Commission RESEARCH INSTITUTE

Protecting People and the Environment




Analysis of Simulation Results




Finding Simulation Results

 Click on a result icon to view simulation results
for a specified value

XLPR Version 2.0

Glohal Gontrals Dashhoard Model Settine s Daghhoard WA
A

Crack_type_co_A1 Crack_type_cc_A2
Indicator Functions 1~ Grow_depth_cc_Al

— f;{ . ] Chart| =1 Table  Display:[History (SubMode] =E3

5 Main_Model Epis_Weight
Model_Settings Grow_iHL_ce_a1 Grow_iHL_cc_a2 Grow_depth_cc_A1

o

oAl

=]
o

31 |
B>l ™ /\ - Grow_depth_ce_A1 Grow,_depth_cc_A2

Results_Dashboard  gpistamic_realization Episteric_PLewels

=
@ Grow_oHL_cc_Al Grow_oHL_cc_A2

Spatial_Variahility

ath

=] =]
I (2]

=]
k2

GoldSim Run Contraller

Elapsed Time
00: 07 Paosition_cc_A1 Position_cc_A2

Main_hodel Grow_de

=]
o

B Resuwts
Simulation Time Status 30

CAIRI — Time (yr)

o

Realization #1
Main_Model Grow_depth_cc_A1




Simulation Results

Global Controls Dashboard lndel_Settings Dashhoard

XLPR Version 2.0

*¥LPR_Hub #LPR_Model

] Property_Imports
=] B e
L~ 16

Results_Dashboard  gpicternic_realization Enpistemic_PLevels Circ_Crack Axial_Crack

'@
Walue_Selections Yiew Properties_Dashboards
Spatial_Variability .@ > >

Results_ac

From Main I\/Iodel, Circumferential Cracks
navigate to the

circumferential crack
results Container_ ktype_vsTime Paosition_vsTime

Results of Test Case 2_1

= V\N
iHL wsTime Depth_vsTime A
= = =

Results of Test Case 2_2

oHL_vsTime

\QTUSNRC EPE' ELECTRIC POWER

RESEARCH INSTITUTE

United States Nuclear Regulatory Commission

Protecting People and the Environment



imulation Results

LL Depth_wsTirme

Circumferential Cracks — Disploy [Feglzsion___ ] |

Depth_vsTime

WA

My ~A

Cracktype_vsTime Pasition_vsTime

Crack Extent

Results of Test Case 2_1

WA

A

HL_vsTime Depth_vsTime

Titne (yt)

Results of Test Case 2_2 Realization #2
Grom_depth_ce[#1] Grow_depth_ce[42] Grow_depth_cel43]
VW Grow_depth_ce[Ad] Grow_depth_ce[A5] Grow_depth_cclAs]

Gron_depth_se[A7] Grow_depth_oe[A5] Grow_depth_ce[49]
Py Grow_depth_ce[A10] Graw_depth_ce[A11] Graw_depth_cc|212]
Grow_depth_ce[A13] Graw_depth_ce[A14] Graw_depth_cc|215]

Grow_depth_co[A15] Graw_depth_ce[A17] Graw_depth_co|A13]
- Grow_depth_co[A10] Graw_depth_ce[A20] Graw_depth_co|A21]

oH L_VSTIm £ Grom_depth_oe[AZ2] Grow_depth_oe[AZ3] Grow_depth_occlA24]
LL oHL_wsTime Growi_depth_ce[AZ5] Grow_depth_ce[AZ6] Grow_depth_co[A27]

-, Grow_depth_sc[AZ8] Grow_depth_ce[A28] Grow_depth_cclA30]
mim Display: | Realization
L iHL_wsTime

i . oHL_w=Time
mim Table  Display: | Realization R

HL _v=Time

Results can be
viewed by

| N clicking on

_ results
containers.

Grovw (HL_cof4d] Grovw iHL_oc[AZ] Grove iHL_ec[43] Grown_oHL_gelAd] Grown_oHL_ee[AZ] Grow_oHL_cc[A3]
Grovw_iHL_colAd] Grov_iHL_oclAS] Grov_iHL_ocAB] Frow_oHL_ce[A4] Frow_oHL_ce[AS] Grow_oHL_ce[AS]
Grow_iHL_co[A7] Grow_iHL_ce[As] Grow_iHL_ce[Aa] Grow_oHL_celAT] Grow_oHL_celAS] Grow_oHL_celAd]
Grow_iHL_ce[A10] Grow_iHL_ce[A11] Grow_iHL_ce[A12] @row_oHL_ce[A10] @rom_oHL_ce[Ad1] @rom_oHL_ce[A1Z2]
Srow_iHL_cclA13] Srow_iHL_ce[A14] Srow_iHL_ce[A15] Grow_oHL_co[A13] Grow_oHL_co[A14] Grow_oHL_co[A15]
Grou_iHL_ce[A16] Grow_iHL_ce[A17] Grow_iHL_ce[A18] Grow_oHL_ce[A16] Grow_oHL_ce[A17] Grow_oHL_ce[A15]
Grow_iHL_ce[A19] Grow_iHL_ce[A20] Grov_iHL_ce[A21] Grow_oHL_ce[A19] Grow_oHL_ce[A20] Grow_oHL_ce[A21]
{ Grow_iHL_cclA22] Grow_iHL_sc[A23] Grow_iHL_cc[A24] Grow_oHL_co[AZ2] Grow_oHL_co[AZ3] Grow_oHL_ce[A24]

Grow_iHL_ccla25] Grow_iHL_cc[A26] Grow_iHL_cc[A27] erow_oHL_ce[AZ5] erow_oHL_ce[AZE] Grove_oHL_ce[AZ7] ELE CTR | C POW E R
Grow_HL_scf428] Grow_iHL_cc[A29] Grov_iHL_cc[430] Srow_oHL_ce[AZS] Srow_oHL_ce[AZ9] Grow_oHL_ce[A430] l r— P E

o
= o

Crack Halt-Length (fraction of ma:)
o

=
=4

Crack Half-Length (fraction of max)

o

United ¢

RESEARCH INSTITUTE
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Adding additional outputs




Global Results

GoldSim Pro - xLPR-2.0 BetaZ.1_R3 Probabilistic.gsm®

FE i

= C a n p u t re S u I t S 5 @ <« EsLn:Model Path:|\xLPF{_ModeI\Reflts_cc
a nyWhere |n Circumferential Cracks vy
model.

- S a y W e W a n t ype_vsTime_cc Position_vsTime_cc =
average half- W By

iHL_vsTime_cc Depth_vsTime_cc

e n gt h VS . ti m e . Results of Test Case 2_2

nsert Element -> _
Results -> Time ' e

Paste Functions

b Events
Zoom

ISto 'y heSu t -

View - -

Results [ Time History Result

Properties... | Distribution Result

| Multi-Variate Result

lug, Array Result
Decision Analysis
98 y

2'USNR

nited d St

ment



Global Results

GoldSim Pro - xLPR-2.0 Beta2.1_R3 Probabilistic.gsm*

e Search or browse for ol

@ % SubModel Path: [wLPR_Made\Resuts_cc

Circumferential Cracks

output(s) needed.

Results of Test Case 1_1

Cracktype_vsTime_cc Paosition_vsTime_cc

e Add to results and set -

Definition

Name: ‘ Histary 3 ‘ [ Appearance... | Show Result >>

display settings as |

Options

.
d e S I r e d Time Display Setting: Select the output to link to:
e Restts # | v

Search Options... Previous  Home
wl-fdt Grow_depth_ce ~
- fdt Grow_iHL_cc
- fdt Grow_oHL_cc
s 1 Initial_Position_cc
fat Position_cc
Related_expressions_cc
S
fe Crack_iLength_cc
Fe Crack_iLength_m_cc
Fe Crack_olength_cc
fi Crack ol ength_m_cc
Fe Depth_m_cc
[ pisable Element {results will be unavailable in Result Made). S Find_leaks_cc
fe Find_SC_cc
Fe HLm_ce
Fe HL_rad_cc
Fe Num_leaks_cc
#e Num SC cc

ok || cancd || el

CH INSTITUTE



GoldSim Pro - xLPR-2.0 Beta2.1_R3 Probabilistic.gsm*®

i B &

| (@ @ SubModel Path: |'wLPR_Medel\Circ_Crack'\Circ_Crack_lnitiation

Module Result

bf.-—-b'[b S S Lafi»;»p'@
X » . X .
New_oacdype_co Add_oradiype_cc Reset_gacdype_inlay_co New_gacityps_WOL_cc Reset_aackype_WOL oo
Lednit_selector_sc f Time History Result Properties : History 2 -
B> f;( IS o [ Definiton

Init_Depth1_ce Bﬂf Name: ‘ H Appearance... | Show Result »> ]
o

* Say we want to check that =+ ] — )

it_Depth1_ce. inlay Options

O O O B f e Primary (1) Display Units: |:| Secondary (2) Display Units: l:|
= T}
Init HL_co Time Display Setting: Monte Carlo Restt Options:

— Results

is less than the depth. o (== e e e o |

Init_depth_selector_cc (Vector) : Int_depth_selector_cc Mean (defaul) ||  Edt
Init_HL_selector_cc (Vector) Init_HL_selector_cc Mean (defaul) |v|[  Edt
C dd It i | t
module.

* |nsert -> Results ->
Distribution Result

T

T

i

Rl &Rl =
oo

New

AddResult... || Delete Result ove Up Go to Resuit >

[ isable Element (resuits wil be unavailable in Result Mode). Export Results To:

r»! B Interrupt Properties : Intermupt6 [x]
e Search or brows for R (e —
outputs needed .
 Can add interrupter to
pause simulation when = A
needed (e.g. Etime > 50 yr R S v
[ o |[ ome |[ b |

\EUSNRC EPE' ELECTRIC POWER
United Scaces Nuclear Regulatory Commission RESEARCH INSTITUTE
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Running preprocessors




Pre-processors: steps (1/3)

xLPR-5VIN trunk F

* Each pre-processor (TIFFANY pre-

mitigation, TIFFANY post-mitigation, P
LEAPOR) creates a .sdf database for the it

& | leapor-outputs.20150116.131934 bt

Fra mework to read . % leapor-unit-t 161319346
& | tiffany-inputs ation.20150116.1..  2/13
& | tiffany-inputs ation.20150212.1...  2/13

— .ixt files created for human readable o g 121

&  tiffany-output-pre-mitigation.20150212.1...  2/13
A 1% tiffany-pre-mitigation.20150212.145328.5df  2/13
QA purposes A
1 |_vﬁ ¥LPR_errors.log 2/13
° St p t p p ) |l xLPR_Preprocessordl
e s O ru n re rocesso rS i g{xLPR_Praprocazsor_U:age‘pdf
i .Q' xLPR-2.0 Beta2.1_R3 Deterministic.gsm

1. Ensure you have Microsoft .NET ) P20 B2 R Dt g

%) xLPR-2.0 Beta2.1_R3 Probabilistic.gsm
Framework 4 or later installed (one Darsoronmi
ti m e a n d it m ay a I rea dy be i n Sta | | ed *xLPR-SVN trunk Framework Source Code Beta v2.1_R3 DLLs
on your computer)

| Axial_COD_DLL_Va.dil

Have required files in your directory Gz

(latest release has these already for & Cotmcmce s o

you) Bometnises
In run folder & i

| LEAPOR_v1.0.dll

XLPR_Preprocessor.xll 5 o st 1 i

| SC_Fail_multi_DLL_v3.2.dll

In DLLs folder TIFFANY_v1.0.dll, M —
LEAPOR_v1.0.dll, and sdf.dll i

qj tiffany-pre-mitigation.sdf

| transition_DLL_v1.0.dll
| TWC_Auxal_Fail_R5.dll




Pre-processors: steps (2/3)

» Steps to run preprocessors (cont.)

3. Set-up TIFFANY and LEAPOR inputs in XLPR-2.0 Input
Set.xlsx

* Next release will have these color-coded (pastel pink
and yeIIow) in the input file.

4. Open xLPR Preprocessor xll. Pop-up security window ->
enable add-in.

5. Use the xLPR Preprocessing tab in the ribbon.
Hl'd
ﬁ Home Insert Fage Layout Formulas Data Review View xLPR. Preprocessing
I T T L

Inspect SDF Run TIFFAMNY: Run TIFFAMNY: Run LEAPOR:
Databases Pre-Mitigation 5tate Post-Mitigation State TCOTWC Leak Rates

- Je| 0.5




ad XLPR Preprocessor ? B

Inspect and Compare SDF Databases

File 1: ‘t\’rfany—pre—m\t\gation,sdf | Browse.

Pre-processors: steps (3/3) - i \

Header 2: |Header2rBui\d_CDnﬂgr\nte\(R) Visual Fortran Compiler XE 12.1.4.325[IA-32]with Update 10.325 ‘

Location: D:\Shared\)dpr\xLPRVersmn2,0\Subversmn\trunk\Framewd Number of datasets: 13502

Files match!

Hash Code: |30-8E-CC-EQ|

Fe iy s it n
gation.20150212.143328.5df match.

tiffany-pre-

The hash code for tiffany-pre-mitigat sdf is

pre-mitigation.s
File 2: tiffany-pre-mitigatiol 30-8E-CC-EC-26-23-12-DF-52-SE-4F 5-70-AD-BC-63-EB-2E-F6 Browse.
o Header 1:  |Header1:TIFF. The hash code for tiffany-pre- mitigation.20150212.145328.sdf is 015 ‘
e S O r u n re ro C e S S O rS 30-8-CC-E0-2€-23-12-DF-52-9E-4E-22-C5-70-AD-8C-63- E8-2€-F6 .
Header 2: |Header2-Ruild date 10 325
= | O

( con t ) i XLPR TIFFANY Preprocessing
TIFFANY - Thermal Stress Intensity Factors For Any Coolant History

5' Use the XLPR Ly XLPR LEAPOR Preprocessing ==
Preprocessing tab in the
ribbon.

- I n S pe Ct d ata ba Se ( n Ot The leak rates are stored in lookup tables, where the
mass and volumetric flow rates are functions of COD, crack
n e e d e d b u t Ca n b e length, wall thickness, pressure, temperature, and crack face morphology.

helpful in determining if | summary of 1nput pata

Pipe Outer Diameter: 885.825 [mm]; See Properties Cell [H26]

t h e p re- p rocessors nee d Nominal Wall Thickness: 66.675 [mm]; See Properties Cell [H27]

Maximum Pressure: 15.913 [MPa]; See User Options Cell [E139]

to b e re ru n ) Minimum Pressure: 14.824 [MPa]; See User Options Cell [E140]
Maximum Temperature: 340 [°C]; See User Options Cell [E141]

LEAPOR: Leak Analysis of Piping - Oak Ridge

The preprocessor will run LEAPOR to caculate leak rates associated with
transitioning (TC) and through-wall (TWC) cracks.

Minimum Temperature: 280 [?C]; See User Options Cell [E142]

- R u n TI F FA N Y P re_ a n d This preprocessing operation may take several minutes to create the
P OSt— IVI it i ga t i O n QA tracking text files and a binary database of leak rates.

— Run LEAPOR

£ During LEAPOR execution, this Excel workbook will be locked.

| Start | | Close

2'USNR Ready

States Nuclear Regulatory Commission

Protecting People and the Environment




Running pre-processing steps

Running the pre-processors can take time (~10 mins)

If the TIFFANY pre- or post-mitigation or LEAPOR inputs have not
changed, and you have the databases already, you will not need to
rerun that particular pre-processor.

If you are not using fatigue then you won’t need to run the TIFFANY
pre-processors (you still need some dummy .sdf file in the directory)

Caveat: Next (or the following) release will move from a .sdf to
multiple .txt files for TIFFANY to speed up fatigue runs.

Details installing and running preprocessors are on Subversion and
Wiki:

— TIFFANY preprocessor slides from Paul W.

— LEAPOR preprocessor slides from Paul W.



https://scfm.ornl.gov/wiki/download/attachments/7963635/xLPR_Preprocessor_LEAPOR_ORNL_ptw.pdf?version=1&modificationDate=1395935661240&api=v2

EPII | eseirer msmiure




Running xLPR v2.0

e Excel (xLPR-2.0 Input Set.xlsx)
— When copying and pasting, paste values
 Otherwise, you can ruin conditional formatting, etc.
* Running xLPR v2.0
— Error dashboard
e Can watch during simulation
e Saves error history for current realization
— Interrupt warnings
e Saves information to log file

 Some may be false positives (e.g., WARNING: Axial
surface crack stability calculations were not run
despite next test time being reached.). These will be
addressed.

. .
United States Nuclear Regulatory Commission
Protecting People and the Environment
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Troubleshooting xLPR v2.0

1

* Runs that hang
— ldentify realization e

numbers (outer and inner e e
loop) and time step

* Found by hovering over Run
Controller

— To save results up to that  [Zrerees

File Options View Help

poi nt Applications | Processes | Services | Performance | Networking | Users

>
Image Name User Name CPU  Memory (... Description
accrdsub.exe pmarine 3,040K  ActivIdentity card eventh...

® Sta rt ki | I i n g D L L_ eXe p ro Ce S S e S i n acevents.exe pmarine 2,172K  ActivIdentity Event Service

acrotray.exe *32 pmarine 644K AcroTray
Ta S k M a n a ge r acsagent.exe pmarine 1,884K  ActivClient Agent
atiedxx. exe 1,456 K
CCC.exe pmarine 13,908 K Catalyst Control Centre: ...
W h k A | | t h A h t t h ccSvcHst.exe *32 pmarine 2,372K  Symantec Service Framew...
en you I e rlg One[ e crp32002.ngn *32 pmarine 1,444K  orp32002.ngn
7176 K

run Wi“ issue an error and you : pmarine 2,584K  External element out of pr...

- pmarine 2,280 K  External element out of pr...

Ca n S a Ve t h e re s u Its DLLServer.exe 32  pmarine 3,204K  External element out of pr...
DLLServer.exe 32 pmarine 2,296 K External element out of pr...

DLLServer.exe *32  pmarine 2,312K  External element out of pr...

DLLServer.exe *32  pmarine 2,420K  External element out of pr...

| # Show processes from all users End Process

\{i| ].S.NRC Processes: 145 CPU Usage: 3% Physical Memory: 80% YWER

United States Nuclear Regulatory Commission | New—y | | | e | | RESEARCH INSTITUTE




Troubleshooting xLPR v2.0

* Reporting bugs
— Save the xLPR-2.0 Input Set.xIsx file
— Create a Word file with the following info

Epistemic realization, aleatory realization, time step of stoppage
Total # of epistemic realizations sought (determines LHS quantiles)
Description

Snip or copy of error message

XLPR v2.0 beta release version

— Zip the xLPR-2.0 Input Set.xIsx and Word file
— Send or post the zip file




Common Errors

User Errors
—  Lognormal input: Param1 is True/Geom (0/1) flag
—  Other input distributions (uniform, triangular, etc.): Check parameters needed in Drop-List Options sheet
— Afew cases of inputs are defined with a shift included. E.g. Peak to valley ratio is defined as P-1
—  GoldSim -4 value for lookup table: typically results from Fatigue initiation error code

—  GoldSim cannot find .dll file — appears at start of run. Make sure .dll files are the release version files and in
the correct folder.

Scenario Errors

—  Within-component variation factor. The upper limit on this factor had to be reduced from 2.04 to 1.6 so that
the model could run. There appears to be a problem with how GoldSim assigns the upper quantile in this
instance. (Scenario 2)

Axial cracks grow and leak on every realization but fatal COD error 112 occurs (p/pL > 0.6). Simulations are
not stopped for this error. There are no axial ruptures. (Scenario 3, 9)

When 1000 epistemic realizations, this hangs at realization 164, aleatory realization 7 at 35.67 yrs. DLL error.
(Scenarios 4a MSIP and 5a MSIP)

Scenario 4b WOL and 5b WOL will not run due to GoldSim floating point error. The run from Set 1 works ok,
however.

e Setl
— 100 epistemic, 20 aleatory; No importance sampling; ISI inputs not updated; All scenarios run
e Set2

— 163 of 1000 epistemic, 20 aleatory; Runs crash at 164 due to DLL run error; Importance
sampling on fcomp (SCC initiation variable); ISl inputs updated; WOL not run (GoldSim floating
point error)
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Scenarios

5 Flaw )
PWSCC and Flaw . . Stress Stress . . Chemical o .. .
. - - 4 - - - - . = o - _'\ 3 _-\ .
Fatigue crientation: orientation: DR T R Chemical Chemucal ot B Aitigation fitigation Probability of

e S el cuctjrm:‘;]‘c_r—{elnml (WOL. MSIF) (ialay) nmutigation: Zn | mutigation: I and H timing: 20 yrs | tinung: 40 yrs rupture

PWSCC Fatigue

Scenario Flaw mitiation
Growth only | Growth only

1. Risk analysis | Initial flaw as
due to fatigue an mnput v v

2. Fully
unmitigated
PWSCC circ.

PWSCC
initiation

3 Fully
unmitigated
PWSCC axial

PWSCC
initiation

4 Fully
mutigated
PWSCC 20yrs

PWSCC
initiation

5. Fully
mitigated
PWSCC 40yrs

PWSCC
initiation

6. Chemical
mitigation
PWSCC. Zn

PWSCC
initiation

7. Chemical
mitigation
PWSCC. H

PWSCC
initiation

8. Chemical
mitigation
PWSCC. Zn&H

PWSCC
initiation

9. Inlay PWSCC
mitigation initiation

10. Full PWSCC and
Mitigation fatigue
fatigue. PWSCC initiation

11 Fatigue Fatigue
initiation only initiation

2 USNRC
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